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Abstract

The first part of the present review gives an oM@won the history of infectious agents of
the orderChlamydiales and the general infection biology 6hlamydophila (C.) psittaci, the
causative agent of psittacosis. In the second gatclassification o€C. psittaci strains, as
well as issues of epidemiology of avian chlamydigsilisease transmission routes, clinical
disease, public health significance, present latisi and recommendations for prevention

and control are reviewed.

Keywords. Chlamydophila psittaci, review, infection biology, epidemiology, diagn®si

zoonosis, prevention.
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1. History
In 1879, psittacosis or parrot fever was documenrieedhe first time when Ritter
(1880) described an epidemic of unusual pneumasacated with exposure to tropical pet

birds in seven individuals in Switzerlan@he term “psittacosis”, however, dates back to

1893, when transmission from parrots to humansroindectious agent causing flu-like
symptoms was observed (Morange, 1895).

In 1907, Halberstaedter and von Prowazek were ifs¢ to make drawings of
chlamydia-infected conjunctival cells of trachon@hl@mydia trachomatis) patients. They
took the observed vacuoles for "mantled" protozoal @onsequntly designated them
Chlamydozoa after the Greek wordchlamys' for mantle (Halberstaedter and von Prowazek,
1907). In the following years, similar infectiveeags causing inclusion conjunctivitis of the
newborn or infection of the adult genital tract wetescribed. The inability to grow these
germs, in facChlamydia. trachomatis organisms, on artificial media made scientistsiaes
that they were viruses. The relatedness to thetagfepsittacosis as discovered by Ritter
(1880) had not yet been realised.

During the winter of 1929-1930, a pandemic of hunpaittacosis occurred in the
United States and Europe. The disease was attiliatéhe importation of Green Amazon
parrots from Argentina. Shortly afterwards, 174esasf human psittacosis were reported
from the Faroe Islands in the period from 1930988L The human death rate was 20% and
was especially high (80%) in pregnant women (RasenrEjde, 1938). Humans contracted
the infection while capturing juvenile fulmarBumarus glacialis) and preparing them for
cooking. Herrmann et al., (2006), presented phylegie data on the outer membrane protein
A (ompA) gene supporting the speculation that fulmars onFRhes acquired psittacosis
from infected and dead parrots thrown overboarihdushipment from Argentina to Europe

in 1930.
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The agent of psittacosis was finally identifiedhtamans by Bedson et al. (1930) and
was classified as a virus of the psittacosis-LG\Wugr;, alongside the simultaneously
identified causative agent dymphogranuloma venereum (LGV). Bedson et al., (393
defined the unique biphasic developmental cycléhese "viruses”, and the organisms were
referred to aBedsoniae in the following years. Hereafter, Thygeson natieel resemblance
between the developmental cycles of the agentsachdma and psittacosis. He suggested
that lymphogranuloma venereum (LGV) strains and mh@use pneumonitis strain also
belonged to the same unique group of viruses (T$oy@el963). In the next years, the
“viruses” were propagated in chorio-allantoic cherkbryo membranes, monkey brains and
mice. In 1965, with the development of electronnescopy, scientists could actually see that
the chlamydial agent was not a virus, but a baateriPage (1966) proposed to combine all
organisms of the psittacosis-LGV-trachoma group tire single genusChlamydia.
Nevertheless, chlamydiae were considered to batRirkettsiae for some time, but later on
were found to be different because of the abseh@n e@lectron transport system, lack of
cytochromes and the apparent inability to syntlee®i§P and GTP in the same way as
Rickettsiae. Finally, chlamydiae were classified as Gram-niegaintracellular bacteria
because they were found to divide by binary fissitm have cell walls comparable in
structure to those of Gram-negative bacteria, sess DNA containing nucleoids without
membranes between the nucleoid and the cytoplasthtogpossess ribosomes with antibiotic
susceptibilities characteristic for prokaryotic adomes. Shortly afterwards, the genus
Chlamydia was placed in the familZhlamydiaceae of the orderChlamydiales. In the late
1960s, two species were distinguished within theug€hlamydia: Chlamydia trachomatis
(Capponi and Haider, 1969) ar@hlamydia psittaci (Tamura et al.,, 1971), to which the
speciehlamydia pneumoniae (Grayston et al., 1989) ai@hlamydia pecorum (Fukushi and

Hirai, 1992) were added in the 1990s.
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2. Infection biology
2.1. Morphology

Morphologically distinct forms o€hlamydophila are termed elementary body (EB),
reticulate body (RB), and intermediate body (IB)eTEB is a small, electron dense, spherical
body, of about 0.2-0.3 mm in diameter (Costertoalgt1976; Carter et al., 1991; Miyashita
et al., 1993). The EB is the infectious form of tirganism, which attaches to the target cell
and finally enters it. The EBs are characterizealhghly electron-dense nucleoid, located
at the periphery and clearly separated from antrelealense cytoplasm. The chromatin is
maintained condensed by the histon H1-like protictl. Following entry into the host cell,
the EB expands in size to form the RB, which isititeacellular metabolically active form.
Differentiation of EBs into RBs is accompanied bgramatin dispersal as chlamydiae
become transcriptionally active. The RB is largagasuring approximately 0.5-2.0 mm in
diameter. The inner and outer bacterial membramd®Bs are relatively closely apposed.
The RB divides by binary fission and thereafter uned into new EBs. During this
maturation, morphologically intermediate forms (IB)easuring about 0.3-1.0 mm in
diameter can be observed inside the host cell.IBH&as a central electron-dense core with
radially arranged individual nucleoid fibers sumding the core. Cytoplasmic granules are
tightly packed at the periphery of the IB and agpagated from the core by a translucent
zone. At the end of the replication cycle, less aighly condensed EBs can be observed
(Litwin et al., 1961; Eb et al., 1976; Costertorakt 1976; Louis et al., 1980; Soloff et al.,
1982; Matsumoto 1982a; Matsumoto 1988; Vanrompal.etl996; Rockey and Matsumoto
2000). Immature, less condensed EBs have few fibedements transmigrating the granular
cytoplasm towards the condensed electron-denseeaidclThe latter lies adjacent to the

inner bacterial membrane. Mature, more condenses [Essess a homogeneous ovoid,
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112 elongated or irregular electron-dense nucleoid rsegd from cytoplasmic elements by a very
113 distinct electron-transparent space.

114 Electron microscopy and freeze-fracture structwlearly indicate the existence of

115 curious surface projections on both EBs (Fig 1) &B$ (Fig 2) (Matsumoto et al., 1976;

116 Matsumoto 1982b). These projections extend fromctilamydial surface into the inclusion

117 membrane. Matsumoto also observed images of an@geadtes in negatively stained EB
118 preparations. It is tempting to speculate that éhdsme-like and needle-like surface
119 projections correspond to Type Ill Secretion parssd to deliver virulence proteins into the
120 host cell (Bavoil and Hsia 1998).

121

122  2.2. Developmental cycle

123 C. pdgittaci is an obligate intracellular bacterium replicatiwghin a non-acidified
124 vacuole, termed an inclusion. Within the inclusi@n,psittaci undergoes anique biphasic
125 developmental cycle alternating between the EBctviguarantees extracellular survival and
126 infection of host cells and RB, which is resporsilibr intracellular replication and
127 generation of infectious progenitor bacteria.

128 Infection is initiated by attachment and subseqyeemasite-mediated endocytosis of
129 the infectious EB. The EBs are sometimes seendocagion with clathrin-coated pits. In
130 vitro, EBs rely on the actin cytoskeleton to faeile their entry into host cells. Once
131 internalized, EBs are redistributed from the pegighof the cell and aggregate at the Golgi
132 region of the cell that corresponds to the MicrotebOrganizing Centre (MTOC). While
133 internalized EBs occupy small vesicles or inclusitimey avoid fusion with lysosomes and
134 other endocytic organelles. Thus, the nascent smmuis derived from host plasma
135 membrane proteins and lipids. Within the first feaurs after internalisation, EBs begin to

136 differentiate into RBs, which is characterised bgss in infectivity, nucleoid decondensation
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137 and enlargement of the organism. By 8 hours pdetiion, RBs start to replicate by binary
138 fission and remain in close association with tletusion membrane. Numerous mitochondria
139 surround the inclusion (Vanrompay et al., 1996).stHkinesin possibly plays a role in
140 mitochondrial recruitment to the inclusidd. psittaci may not be as capable of generating its
141 own ATP as other chlamydial species, and, theretoodose association of the inclusion with
142  mitochondria might provide an alternative mechantigrabtain ATP from the host.

143 Unlike bacteria that replicate in the host celiospl and have free access to cytosolic
144  nutrients,C. psittaci must import host nutrients across the inclusiomim@ne. Chlamydial
145 organisms indeed require amino acids and nucleofiten host pools, but the mechanisms
146 that facilitate delivery of these molecules inte tinclusion have not been clearly defined.
147 Because the inclusion is disconnected from the smdal/lysosomal pathway, delivery of
148 nutrients by fusion of endocytic vesicles is unljkd-urthermore, although exocytic vesicles
149 containing sphingomyelin are known to fuse with thelusion, and may be a source of
150 nutrients and lipids, the luminal contents of thgssicles have not been identified. Recent
151 data demonstrate that the inclusion membrane eyfigermeable to small molecules with a
152 molecular weight of 100-520 Da (Hackstadt, 1999e6&raber et al., 2002). After delivery
153 into the lumen by passive diffusion, specific meam®& transporters located in the bacterial
154 membrane would facilitate uptake into the organisimsmselves. In addition, specific
155 membrane transporters would still be needed tepan molecules larger than 520 Da across
156 the inclusion membrane. However, no such membrearesporters have been found to be
157 localised to the inclusion membrane yet.

158 As the developmental cycle progresses, the inatusitdlarges to accommodate the
159 increasing numbers of bacteria. The growing indusintercepts biosynthetic membrane
160 trafficking pathways and acquires the ability teduvith a subset of Golgi-derived vesicles,

161 thereby increasing its membrane surface (Hacksi&$9). When more and more RBs are
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actively replicating the following 20 hours (eacB Ran be responsible of a progeny of up to
1000 new RBSs), the inner side of the inclusion memé becomes overcrowded, leading to
RB detachment from the inclusion membrane. Thidcctwe the signal for RBs to convert
into intermediate bodies and new infectious EBsth&t end of the cycle, approximately 50
hours post infection, the host cell and its inaugs) either lyse or the EBs and some non-
differentiated RBs are released via reverse endeyt
In some cases, the developmental cycle can beedlter favour of persistence.

Persistent chlamydiae fail to complete their depelent from RBs into infectious EBs, but
retain metabolic activity. Persistent RBs appearpmologically aberrant from oval shaped to
strongly enlarged and form small inclusions. Wiiiley accumulate chromosomes because of
continuing DNA replication, they do not divide. Bistent growth forms have been
associated with chronic infections. These crypéicsistent forms can rapidly retransform into
normal RBs and infectious EBs. How chlamydiae mattubetween normal and persistent

growth is not yet understood (Belland et al., 2088gan et al., 2004; Gieffers et al., 2004).

3. Avian chlamydiosis

3.1. Classification and typing of strains

The family Chlamydiaceae was recently reclassified into two genera and rspecies
(Everett et al., 1999). The new gen&hllamydia and Chlamydophila correlate with the
former specie€hlamydia trachomatis and Chlamydia psittaci. The genusChlamydia now
includes the species @hlamydia trachomatis (main host: humans§hlamydia suis (swine),
and Chlamydia muridarum (mouse, hamster). The gen@klamydophila includesC. psittaci
(birds), C. felis (cat), C. abortus (sheep, goat, cattle};. caviae (guinea pig), and the
previously defined species @. pneumoniae (human) andC. pecorum (ruminants). All

known avian strains belong to the speciegsittaci, which comprises six avian serovars, i.e.
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A to F, and two mammalian isolates, i.e. WC and Nja6dersen, 1991; Vanrompay et al.,
1993; Vanrompay et al., 1997). The isolates WCMBE originated from epizootics in cattle
and muskrats, respectively. The avian serovarsedaéively host-specific. Serovars A and B
are usually associated with psittacine birds ageéqms, respectively. The natural hosts of the
other serovars are more uncertain. Serovar C hamly been isolated from ducks and
geese, and serovar D mainly from turkeys. Serovaa$ isolated from a psittacine bird and
from turkeys. The host range of serovar E is thetndoverse among these types, as it was
isolated from about 20% of pigeons, from many caddstal chlamydiosis in ratites, from
outbreaks in ducks and turkeys, and occasionatiynfhumans. All serovars should be
considered to be readily transmissible to humans.

Genetic diversity based on 16S rRNA gene sequeiscésss than 0.8 % amor@
psittaci strains. Several strains were found to have araextomosomal plasmid, and many
strains are susceptible to bacteriophage Chpl dtet al., 1989a; 1989b). At present,
analysis of the gene encoding outer membrane prdtgompA) is often used to classify
avianC. psittaci strains into genotypes A to F and E/B (Geens.e28D5). So far, genotype

E/B has been isolated mainly from ducks.

3.2. Epidemiology

The psittacosis outbreaks of 1929-1930 and 193®@-¥88e attributed to psittacine birds.
However, in the following years it became cleat tBapsittaci infections were not limited to
psittacine birds, but could also affect other avspecies. In 1939, the agent was isolated
from two South African racing pigeons, and soonitimthl pigeon isolates were obtained,
this time from Californian racing pigeons. At thismhe, cases of psittacosis in two New York
citizens could be attributed to contact with inégttferal pigeons. In 1942, serological

evidence showed ducks and turkeys to be frequénfiigted, and, within the next 3 years,
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213 human infections due to contact with infected duelese reported in California and New
214 York. In the early 1950<C. psittaci could be isolated from turkeys and humans in ainta
215 with infected turkeys during severe respiratoryboedks in the US turkey industry (Meyer,
216 1967). The incidence of sevdtepsittaci epidemics in US poultry declined during the 1960s.
217 However, avian chlamydiosis remained a continuhrgdt to both birds and humans. In the
218 1980s, chlamydiosis in turkeys was again repomettié US (Grimes and Wyrick 1991), and
219 in the 1990s also in Europe (Ryll et al., 1994; Mampay et al., 1997; Sting et al., 2006).
220 Nowadays,C. psittaci is nearly endemic in the Belgian turkey industAari Loock et al.,
221 2005; Verminnen et al., 2006), and there is eviddnassume that it is also endemic in other
222 European countries (Hafez and Sting, 1997; Van kaal., 2005). However, in contast to
223 the devastating explosive outbreaks in the fir$it dfathe 20th century, the present outbreaks
224  are characterised by respiratory signs and low afityrt More recently, an increase in the
225 number of outbreaks in ducks affecting contact gesswas reported (Laroucau, 2007,
226 personal communication; Laroucau et al., 2008; Aswle and Vanrompay, 2008). Human
227 infections associated with outbreaks in ducks Hexhdy been described in past two decades
228 (Arzey and Arzey, 1990; Arzey et al., 1990; Martinand Popov, 1992; Newman et al.,
229 1992; Hinton et al., 1993; Goupil et al., 1998; st and Muller, 1999; Bennedsen and
230 Filskov, 2000).

231 The list of avian species in whih psittaci infections occur increased rapidly. Tod&y,
232 psittaci has been demonstrated in about 465 bird specrapreging 30 different bird orders
233 (Kaleta and Taday, 2003). The highest infectionesatire found in psittacine birds
234 (Psittacidae) and pigeons Golumbiformes). The prevalence in psittacine birds ranges
235 Dbetween 16 and 81 %, and a mortality rate of 58 %ven higher is not unusual (Raso et al.,
236 2002; Dovc et al., 2005; Dovc et al., 200/%ittacidae are major reservoirs of chlamydiae,

237 especially under captive conditions, but also amtwge kept as pets (Chahota et al., 2006;
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Vanrompay et al., 2007).

Data on the seropositivity of racing pigeons rafigen 35.9 to 60 %. Free-living pigeons
are present in urban and rural areas all over trédvand get in close contact with people in
public places. Thirty-eight studies on the seroplence ofC. psittaci in feral pigeons
conducted from 1966 to 2005 revealed a seropdyitrgte ranging from 12.5 to 95.6 %
(Tanaka et al., 2005; Haag-Wackernagel 2005; Lanowt al., 2005; Mitevski et al., 2005;
Prukner-Radovcic et al., 2005). More recent stugieformed in feral pigeons in lItaly,
Bosnia and Herzegovina, and Macedonia showed gasitivity of 48.5%, 26.5% and
19.2%, respectively (llieski et al., 2006; Residingg et al., 2007; Ceglie et al., 2007).

Birds living on sea shores and other waters, sscheas, ducks, gulls and penguins are
more frequently infected than hens, pheasants aailsqKaleta and Taday, 2003). Common
reservoirs ofC. psittaci include wild and feral birds, such as sea gullsks, herons, egrets,
pigeons, blackbirds, grackles, house sparrows,kéluer, all of which freely intermingle
with domestic birds. Highly virulent strains @f. psittaci can be carried and extensively

excreted by sea gulls and egrets without any appaféect on the hosts themselves.

3.3. Transmission between birds

Transmission o€. psittaci primarily occurs from one infected bird to anoteasceptible
bird in close proximity. The agent is excretedardes and nasal discharges. Faecal shedding
occurs intermittently and can be activated throstyass caused by nutritional deficiencies,
prolonged transport, overcrowding, chilling, brewgi egglaying, treatment or handling.
Bacterial excretion periods during natural infextican vary depending on virulence of the
strain, infection dose and host immune status. RWeweshedding may occur for several
months. Transmission of chlamydiae occurs mainkpugh inhalation of contaminated

material and, sometimes, ingestion. Large numbér€.opsittaci cells can be found in
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263 respiratory tract exudate and faecal material dédred birds. The importance of the
264 respiratory exudate has become more apparentrikeys; the lateral nasal glands become
265 infected early and remain infected for more thard@@s. Choanal/oropharyngeal swabs are
266 more consistent for isolation of the agent tharcdewabs, especially during early stages of
267 infection. Direct aerosol transmission through aelisation of respiratory exudate must be
268 considered as the primary method of transmission.

269 Avian species, including domestic poultry shariggatic or moist soil habitats with wild
270 infected aquatic birds may become infected via @mmated water. Granivorous birds like
271 pigeons, doves, pheasants and house sparrows roaynéanfected by dust inhalation in
272 faeces contaminated barnyards and grain storagge 3ihe consumption of infected carcasses
273 may transmitC. psittaci to host species that are predators or scavengietber birds.

274 Transmission ofC. psittaci in the nest is possible. In many species, such as
275 Columbiformes, cormorants, egrets, and herons, transmission fpanent to young may
276 occur through feeding, by regurgitation, while @nination of the nesting site with infective
277 exudates or faeces may be important in other spesiech as snow geese, gulls and
278 shorebirds. Furthermor&. psittaci can be transmitted from bird to bird by blood-sngk
279 ectoparasites such as lice, mites and flies os tEsnmonly, through bites or wounds
280 (Longbottom and Coulter, 2003). TransmissiorCofsittaci by arthropod vectors would be
281 facilitated in the nest environment.

282 Vertical transmission has been demonstrated ineywk chickens, ducks, parakeets,
283 seagulls and snow geese, although the frequen®aeppo be fairly low (Wittenbrink et al.,
284 1993). However, it could serve as a route to intoedchlamydiae into a poultry flock.

285 C. psittaci can be introduced into susceptible pet birds andtyy through the wild bird
286 population. Contaminated feed or equipment can bBisa source of infection, and feed

287 should therefore be protected from wild birds. @areleaning of equipment is extremely
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288 important a<C. psittaci can survive in faeces and bedding for up to thdeys. Cleaning and
289 disinfection with most detergents and disinfectamils inactivate C. psittaci, as this Gram-
290 negative bacterium has a high lipid content.

291

292 3.4.Clinical disease

293 Depending on the chlamydial strain and the avast,ithlamydiae cause pericarditis, air
294  sacculitis, pneumonia, lateral nasal adenitis,tpeitis, hepatitis, and splenitis. Generalised
295 infections result in fever, anorexia, lethargy,rdiaea, and occasionally shock and death.
296 Chlamydiosis is a very common chronic infection psittacine birds. Infections cause
297 conjunctivitis, enteritis, air sacculitis, pneumis)i and hepatosplenomegaly. Droppings are
298 often green to yellow-green. Many of the birds beeochronically infected, but show no
299 clinical signs until stressed. These birds oftemdsbhlamydiae intermittently and serve as a
300 source of infection of humans and other birds.

301 Chlamydiosis is also a common chronic infectionpageons. Clinical signs include
302 conjunctivitis, blepharitis, and rhinitis (Anders&896). Survivors can become asymptomatic
303 carriers.

304 Infected turkeys show vasculitis, pericarditis, epmonitis, air sacculitis, and
305 hepatosplenomegaly, and lateral nasal adeniti®atopsy. Mortality rates of 540 % may
306 occur unless early antibiotic treatment is intraetl¢Grimes et al., 1970; Andersen 1996).
307 Experimentally, virulent turkey strains cause diftlf any, disease in chickens, pigeons, and
308 sparrows; however, cockatiels and parakeets succeapitly to infection by these agents.
309 Outbreaks in turkeys with low mortality and litttwr no human involvement usually are
310 caused by the "pigeon serovar”. The mortality imtgsually less than 5%.

311 Chlamydiosis in ducks is rare in the United Stgiesdersen 1996), but is a serious

312 economic and occupational health problem in Eur@y@@oucau et al., 2008). Trembling,
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313 conjunctivitis, rhinitis, and diarrhea are obseruedhfected ducks. Mortality ranges to up to
314 30 %.

315

316 3.5. Public health significance

317 C. psittaci can infect humans and should be handled carefmter conditions of bio-
318 containment. Humans most often become infectednbgling the organism when urine,
319 respiratory secretions or dried faeces of infedieds are dispersed in the air as very fine
320 droplets or dust particles. Other sources of exgosciude mouth-to-beak contact, a bite
321 from an infected bird or handling the plumage assuies of infected birds. Therefore, post-
322 mortem examinations of infected birds and handfgcultures should be carried out in
323 laminar flow hoods or with proper protective equgmh Human infection can result from
324 transient exposures. The disease is of significémcpublic health because of the popularity
325 of psittacine birds as pets and the increased plantof these birds in child care facilities
326 and in homes for the elderly. The risk of catchpsgtacosis is not only associated with direct
327 contact to birds, but is also relevant in ruralissvments and gardening activities, such as
328 lawn mowing and trimming without a grass catchdrere individuals can be exposed to the
329 infectious agent (Telfer et al., 2005; Fenga et 2007). Person-to-person transmission of
330 psittacosis is possible, but is believed to be (Heghes et al., 1997; Ito et al., 2002).

331 The incubation period is usually 5-14 days, butgmnincubation periods are known.
332 Human infections vary from inapparent to severeéesye disease with interstitial pneumonia
333 and occasionally encephalitis. The disease is yrafafal in properly treated patients;
334 therefore, awareness of the danger and early ds&grave important. Infected humans
335 typically develop headache, chills, malaise andIgigawith or without signs of respiratory
336 involvement. While pulmonary involvement is commanscultatory findings may appear to

337 be normal. A number of severe cases of human psgis, i.e. atypical pneumonia, were
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338 reported recently (Chorazy et al., 2006; Haas.e8D6; Pandeli and Ernest, 2006; Strambu
339 et al., 2006). Beside£;. psittaci has been associated with ocular lymphoma, althaligh
340 still is a matter of debate as conflicting resulisse been found (Ferreri et al., 2004; Chanudet
341 etal., 2006; Rosado et al., 2006; Zhang et abO72MHowever, severe cases of psittacosis are
342 probably only the tip of the iceberg. Apart fronese, there seems to be a larger number of
343 less severe, clinically unnoticed infections, whiale misdiagnosed due to symptoms
344  suggesting involvement of other respiratory patimsges well as asymptomatic infections
345 (Harkinezhad et al., 2007; Vanrompay et al., 200hg impact of these types Gf psittaci

346 infections on human health is difficult to determinrOne can try to extrapolate present
347 knowledge on avian infections to human psittacosssin birds, the carrier status might be
348 common, as well as pathogenic synergies with athasiratory pathogens (Van Loock et al.,
349 2006).

350 Diagnosis ofC. psittaci infection can indeed be difficult and is usualgcamplished
351 through testing paired sera, or only one serum fgmging the micro-immunofluorescence
352 (MIF) test, which is more sensitive and specifiarttthe complement fixation test, which was
353 frequently used in the past. However, the MIF telsbws cross-reactivity with other
354 chlamydial species. Highly sensitive nucleic acithpéfication assays can be used to
355 specifically detectC. psittaci. Culture is also possible, but technically ratdéficult for

356 requiring biosafety level 3 laboratories. Like inds, tetracyclines are the drugs of choice for
357 treating human psittacosis. Doxycycline or tetrdiogc is usually administered, unless
358 contraindicated, like in the case of pregnant woraed children under 9 years, where
359 erythromycin can be used. The length of treatmeahtvary with the drug, but should be

360 continued for at least 14 days for tetracycline.

Page 15 of 34



16

361 Psittacosis is a notifiable disease in Australe S and most European countries,
362 e.g. Belgium, France, Germany, Italy, and SwitzetlaAn overview of reported psittacosis
363 cases in several countries is presented in Table 1.

364

365 3.6. Legidation and recommendations for prevention and control

366 Although research on MOMP-based DNA vaccinationSRF turkeys was very
367 promising (Vanrompay et al., 1999a; Vanrompay et 4999b), there are no vaccines
368 currently available. DNA vaccination significantiiminished clinical signs, lesions and
369 excretion of chlamydiae, but did not provide conplerotection. However, the latter is
370 perhaps impossible. In this situation, we have dty on risk reduction strategies and
371 available treatment. In a worldwide context, recamphations for prevention and control of
372 psittacosis, as well as legislation are focusing@aduction of human morbidity.

373 Until recently, EU legislation for the importatiasf birds other than poultry from
374 third countries was encompassed in Decisions 2660 (CEC, 2000) and 2005/760/EG
375 of the European Commission, which were primarilyn@@ned with restricting the
376 introduction of Newcastle disease or avian inflengZssentially, these decisions stipulate
377 that 1) the birds must come from a flock in therdoy of origin where they were kept for at
378 least 21 days prior to export, 2) the birds aradparted in cages or crates that contain only
379 one species of bird or one species per compartnfetampartmentalised and, 3) the birds
380 are moved to designated licensed quarantine premigieere they are held for 30 days and
381 subjected to at least two veterinary inspectiossially beginning and end, before release.
382 There was only a single mention of the ag€ntpsittaci, i.e. “if during quarantine it is
383 suspected or confirmed th&sittaciformes are infected withC. psittaci, all birds of the
384 consignment must be treated by a method approvethdycompetent authority and the

385 quarantine must be prolonged for at least two mefdahowing the last recorded case”. Thus,
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386 these requirements did not apply to any other bpdcies, nor were there any rules that
387 applied to the management of psittacosis withinEke Therefore, decisions 2000/666/EC
388 and 2005/760/EC were repealed and a new regulate@rEC no. 318/2007, came into force
389 onJuly 1in 2007, after being published in thei€¥df Journal of the EU. This regulation lays
390 down the animal health conditions for imports ofta birds from third countries and parts
391 thereof into the EU. Thus it is not applicable &): poultry, b) racing pigeons, c) birds
392 imported from Andorra, Liechtenstein, Monaco, Noyw&an Marino, Switzerland and the
393 Vatican City, and not to, d) third countries whidn use an animal health certificate referred
394 to in Annex | of the regulation. The regulationalays down the quarantine conditions. For
395 instance: 1) approved quarantine facilities andtresn 2) direct transport of birds to
396 quarantine stations, 3) attestation by the impsrnteitheir agents, 4) quarantine for at least 30
397 days, 5) examination, sampling and testing to beiethout by an official veterinarian, 6)
398 actions in case of disease suspicion, which acase of chlamydiosis: treatment of all birds
399 and prolonged quarantine for at least two montheviing the date of the last recorded case.
400 Importantly, the regulation only allows imports dfirds from approved breeding
401 establishments, thus for birds other than poultnyfly birds bred in captivity carrying an
402 individual identification number and accompanied &y animal health certificate are
403 allowed.

404 In the US, State regulatory agencies may imposeagtiae on intrastate movement
405 of diseased poultry flocks and may require antibiteatment of the flock prior to slaughter.
406 Since regulations may vary from state to state,aiygropriate public health and/or animal
407 health agencies should be consulted as necessamording to USDA regulations,
408 movement of poultry, carcasses, or offal from argnpse is prohibited where the existence
409 of chlamydiosis has been proved by isolation ohlmydial agent. The Animal and Plant

410 Health Inspection Service of the USDA and the USdtment of Health and Human
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Services forbid interstate movement of birds freriected flocks, but there is no restriction
on movement of eggs from such flocks.

In 2006, the US National Association of State Rublealth Veterinarians (NASPHV;
wwwnasphv.org) published a compendium of measupesontrol C. psittaci infections
among humans and pet birds, including preventiahcmtrol recommendations such as: 1)
protect persons at risk, 2) maintain accurate decof all bird-related transactions for at least
one year to aid in identifying sources of infecteis and potentially exposed persons, 3)
avoid purchasing or selling birds that have sigoaststent with avian chlamydiosis, 4)
isolate newly acquired, ill, or exposed birds,&stthirds before they are to be boarded or sold
on consignment, 6) screen groups of birds with desq public contact routinely for anti-
chlamydial antibodies, 7) practice preventive huslog, 8) control the spread of the infection
and, finally, 9) use disinfection measures.

Large-scale commercial import of psittacine birdsled in the US in 1993 with the
implementation of the Wild Bird Conservation Acthd Veterinary Services of the Animal
and Plant Health Inspection Service of the USDAUlaig the legal importation of pet birds
set forth in the Code of Federal Regulations, €T] Chapter 1). The Department of the
Interior (DOI) monitors and regulates wildlife shipnts at US ports of entry and conducts
investigations on smuggling and interstate traffigkof endangered and protected species
including birds, which is extremely important agsh birds are a potential source of r@w

psittaci infections in domestic birds.
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693 Figure captions

694 Fig. 1. Electron micrographs of elementary bodiEBY) of C. psittaci and Chlamydia

695 trachomatis.

696 a) Transmission electron microscopic image of & dE C. psittaci strain Cal 10. The
697 sample was treated with ruthenium red to enhaneeeibctron opacity of the surface
698 projections (arrows). The most obvious featurénes eéccentric, electron dense (black) DNA
699 core (n), which is tightly packed onto chlamydi@tbne protein. Histones are basic DNA-
700 binding proteins commonly found in higher plantsl @mimal cells, but unusual in bacteria.
701 Note that the cytoplasm of EBs (c) has a granupgrearance due to the presence of 70S
702 ribosomes. Surrounding the cytoplasm is a lipidoplgsmic membrane and a rigid outer
703 envelope (both ~8 nm) containing a regularly packeragonal structure of 16.7 nm. This
704  structure, together with extensive -S-S- bridgingtioe sulphur amino-acid rich outer
705 envelope proteins, probably accounts for much efailiter envelope's rigidity (bar 0.15 pum).
706 Adapted from Matsumoto (1988). b) Rotational syrtrgnef EBs fromC. psittaci strain Cal
707 10. A rosette comprising 9 subunits is presentedt @D nm). Adapted from Matsumoto
708 (1979). c) Negatively stained envelope fragmenEB$ fromC. psittaci strain Cal 10. Note
709 the dark centred rosettes (arrows; bar 0.1 um)pfsdafrom Matsumoto (1979). d) Deep
710 freeze-etching replica of EBs fro@hlamydia trachomatis strain D-12N within a McCoy cell
711 inclusion at 44 hours p.i. Note the projectionsatidg from the surface of each EB (bar 0.1

712 um). Adapted from Matsumotttp://www.chlamydiae.com/docs/biology biol EByase)

713 Rosettes on the surface of EBs fr@hlamydia trachomatis strain D9-3 exposed by deep
714 freeze-etching. In contrast @ psittaci, this rosette seems to be composed of 8 subunaits (

715 0.1 pm). Adapted from Matsumogbal. (1999).

716
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717 Fig. 2. Electron micrographs of reticulate bodi€Bg¢) of C. psittaci and Chlamydia
718 trachomatis. a) Transmission electron micrograph of RBs filOnpsittaci strain Cal 10. Note
719 the surface projections penetrating the inclusimiorane (IcM), the latter being treated
720 with tannic acid to reveal the projections (arrowar, 0.1 pm). Adapted from Matsumoto
721 (1988). b) Transmission electron micrograph of ammature inclusion ofChlamydia
722 trachomatis LGV 404. The micrograph shows a mixture of smbedt&on dense EBs (E) and
723 much larger and less dense RBs (R). Note the homoogegranular cytoplasm of the RBs,
724 due to the presence of many ribosomes and theatypiourglass profile of a dividing
725 reticulate body (DR) (bar 1.0 um). Adapted from Wr988). c) Carbon replica of a freeze-
726 fractured face of &. psittaci Cal 10 inclusion at 18 hours p.i. (bar 0.1 um)teNihe clusters
727 of projections studding the inclusion membrane. gtdd from Rockeyet al. (2000). d)
728 Negatively stained outer membrane of a RB fr@mpsittaci strain Cal 10, showing the
729 rosettes (bar 0.1 pm). Adapted from an electron ragraph of Matsumoto.

730 (http://www.chlamydiae.com/docs/biology/biol_RB.asp

731
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