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INTRODUCTION 
 
Avian Chlamydiosis is caused by Chlamydia psittaci (C. 
psittaci), which is a Gram-negative obligate intracellular 
bacterium. It causes respiratory or systemic infection, 
known as psittacosis in humans or ornithosis in birds. 
Transmission of C. psittaci is mainly through inhalation of 
contaminated aerosol. Avian/mammalian hosts and 
humans primarily show respiratory distress, lesions are 
manifested as congested lungs, fibrous exudations, and 
multiple inflammations at various tissues. Chlamydia can 
be detected and diagnosed by nucleic acid amplification 
tests, direct antigen immunostaining or serological 
analysis. Tetracycline is the most effective drug, but long-
term use of such antibiotics can increase risks of 
generation of resistant strains. Therefore, natural 
antimicrobial extracts and herbal formulae seem to be 
ideal alternative therapies. Although vaccines against C. 
psittaci infection are developed and commercialized in 
poultry, vaccine-elicited full protection still needs more 
investigation. 
 
Morphology and development cycle 
 
Chlamydia psittaci is an obligate intracellular bacterium, 
which has the unique biphasic life cycle. It passes through 
two morphological forms during developing process: 
Infectious extracellular elementary bodies (EBs), and 
metabolically active intracellular reticulate bodies (RBs). 
EBs are small, round, electron dense, ‘spore-like’ particles 
(200-400 nm), while RBs are larger than EBs (800-2000 
nm), their cytoplasm appears granular with diffuse, 
fibrillar nucleic acids, in contrast with the highly 
condensed nucleic acid content of the EBs. Infectious EB 
first attaches to host cell membrane, using bacterial 
proteins to bind host receptors on the surface, then injects 
pre-loaded effectors inside the host cytosol through type 
III secretion system (T3SS). EB is subsequently 
internalized and form a vesicle called the inclusion inside 
host cell. Residing inside the inclusion, EB is transformed 
into RB, which is metabolically active and proliferates 
through binary fission. Inclusion travels along 
microtubules until reaches the nutrient-rich peri-Golgi 
region, the organism utilizes metabolites from host cells 
to support its own growth and expands the size of 
inclusion to harbor more RBs. At the end of development 

cycle, the expanded inclusion fills up most of the host cell 
cytoplasm and then RBs are transformed back to EBs. 
Then these newly formed EBs exit the host cell by cell lysis 
or extrusion and infect other cells (Escalante-Ochoa et al. 
1998; Gitsels et al. 2019), as has been shown in Fig. 1. 
 
Taxonomy and History 
 
Chlamydia psittaci belongs to the genus Chlamydia, family 
Chlamydiaceae, order Chlamydiales and class/phylum 
Chlamydiae. For decades, the nomenclature and 
classification of Chlamydia has evolved in parallel with the 
increasing knowledge on its biology. In 1879, Ritter Jacob 
first described an outbreak of pneumonia and identified 
its association with imported exotic birds. The disease was 
named as pneumotyphus. Parrots and finches were 
considered as infectious vectors but there was no sign of 
person-to-person transmission (Ritter 1879). In 1895, 
Morange first applied the term ‘psittacosis’ which was 
derived from the word ‘parrot’ in Greek. Edmond Nocard 
isolated a bacterium from the bone marrow of parrot died 
of psittacosis and named it as Bacillus psittacosis. 
However, it was later recognized as Salmonella 
typhimurium, a conditioned pathogen (Sara et al. 1930). In 
1930, Levinthal, Coles and Lillie reported a filterable virus 
from organ emulsion as the cause of psittacosis (Bedson et 
al. 1930; Krumwiede et al. 1930; Levinthal 1930). The virus 
was named after Levinthal-Coles-Lilly (L.C.L.) body. 
Agents of so-called psittacosis-lymphogranuloma 
venereum-trachoma (PLT) group were unified into the 
genus of Chlamydia in 1945 (Page 1966). After that, two 
species, Chlamydia trachomatis and Chlamydia psittaci, 
were differentiated based on their relative stable 
morphology and chemical characteristics. The term ‘virus’ 
is no longer used when these bacteria are mentioned 
(Page 1968). In 1971, a new order, Chlamydiales ord. nov., 
for Chlamydia species was named and species were 
considered independent from the order of Rickettsiales 
according to chlamydial unique biphasic developmental 
life cycle by Bedson and Bland (Storz and Page 1971). By 
phylogenetic analyses of the 16S and 23S rRNA genes in 
1999, the genus of Chlamydia was divided into 
Chlamydophila gen. nov. (including Chlamydophila 
pecorum comb. Nov., Chlamydophila pneumoniae comb. 
Nov., Chlamydophila psittaci comb. Nov., Chlamydophila 
abortus sp. nov. and Chlamydophila caviae sp. nov.) and  
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Fig. 1: Development cycle of Chlamydia psittaci (Scheme drafted 
by Zonghui Zuo). 
 

 
 
Fig. 2: Phylogeny of 11 Chlamydia species in single genus of 
Chlamydia based on almost complete 16S rRNA genes (Sachse et 
al. 2015).  
 

 
 
Fig. 3: Transmission of C. psittaci among wild birds, 
domesticated animals, and humans. Red arrows indicate 
zoonotic transmission. Blue arrow indicates confirmed 
transmission. Arrows with dotted line are assumed transmission 
without solid evidence at present (Schema drafted by Zonghui 
Zuo). 
 
Chlamydophila gen. nov. (including Chlamydia 
trachomatis, Chlamydia muridarum sp. nov.  and 
Chlamydia suis sp. nov.) (Everett et al. 1999).  
In 2015, Sachse et al. (2015) proposed a single genus to 
include all eleven identified Chlamydia species (Fig. 2). 
Based on genomic similarity, neither cut-off values 
(94.5%) of 16S rRNA sequence identity nor parameters 
were used to distinguish species from two genera.  
 
Transmission and Epidemiology 
 
C. psittaci is a natural focus pathogen, which possesses a 
wide spectrum of hosts. It spreads all over the world and 
infects avian and mammalian hosts, as well as human 
beings (Fig. 3). Birds are primary targets. By far, at least 

465 avian species, ranging from domesticated birds 
(chicken, duck, geese, turkeys) to pet birds (psittacines, 
pigeons, ratites, peacocks and many other species), can be 
infected (Kaleta and Taday 2003). Birds infected with C. 
psittaci are major sources of infection, because they can 
excrete infectious agents via feces or respiratory 
discharges. Bacterial shedding period is associated with 
strain, route, dose and individual immune status, which 
may last from a few days to several months (Vanrompay et 
al. 1995). Chlamydial shedding in feces is usually 
intermittent and influenced by stressors from external 
environment, such as cold weather, overcrowding, 
migration, long transportation and improper handling; or 
internal factors like malnutrition, breeding, egg laying and 
presence of other infections or inflammation. Excreted 
bacteria can stay infectious in moist soil or water habitats 
for long time (Harkinezhad et al. 2009). In general, direct 
inhalation of contaminated aerosol is considered as the 
primary transmission route in avian hosts (Vanrompay et 
al. 1995). At first, epithelial cells of the upper respiratory 
tract are infected, then C. psittaci descends to infect 
epithelium of lower respiratory tract, as well as 
macrophages in the airway cavity. Intense propagation 
happens after colonization, Chlamydia enters blood 
stream (septicemia) and uses monocytes as shuttles to 
travel and spread to various tissues all over the body (Page 
1959). Ingestion of contaminated feed also plays a critical 
role. Oral infection can lead to a systemic dissemination of 
C. psittaci in spleen, liver, lungs and segments of digestive 
tract (Thierry et al. 2016). In the wild, raptors and 
scavenger birds can spread C. psittaci by preying on 
infected animals or carcasses as well. Although 
transmission through arthropod is believed not likely, 
recent studies show a high prevalence of Chlamydiales 
DNA within bloodsucking ectoparasites, like mites or 
ticks, which suggests possibility transmission (Page et al. 
1975; Pilloux et al. 2015). Vertical transmission has been 
described in several avian species, even though this is not 
commonly reported (Lublin et al. 1996; Wittenbrink et al. 
1993). An experimental study has demonstrated that the 
transmission is due to penetration of C. psittaci through 
eggshell (Ahmed et al. 2017). 
C. psittaci can also affect domestic animals, wild mammals 
and human beings. Reports of infection of C. psittaci in 
this group of hosts are rare, with pathogenesis and 
pathology are not completely clear (Radomski et al. 2016). 
An experimental model has shown that C. psittaci 
respiratory-infected calves can show bronchopneumonia, 
from mild to severe, depending on infectious doses 
(Reinhold et al. 2012). Prevalence studies, either on 
molecular or serological level, have indicated C. psittaci to 
be ubiquitous in cattle  (Domeika et al. 1994; Kaltenboeck 
et al. 1997; DeGraves et al. 2003). However, these infections 
are clinically inapparent. Due to the lack of association 
between infection and clinical disease, as well as the 
tendency to produce persistent infection, the pathogenic 
significance of non-avian C. psittaci in cattle is intensely 
discussed. Therefore, one theory suggests that the virulent 
of C. psittaci might sharply reduce in the process of 
passaging bacteria   from  avian  hosts  to non- avian hosts 
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Fig. 4: Serial chest computed tomography (CT) scans of a patient 
with severe Psittacosis pneumonia. The CT scans showed air-
space consolidation with inflammatory exudation (unpublished 
data). 
 
(Non-avian host strains of C. psittaci are classified as BSL-
2, but avain strains are classified as BSL-3) (Radomski et 
al. 2016). 
 
Zoonotic hazards 
 
C. psittaci is an important zoonosis. Humans can get 
infected through inhalation of contaminated aerosols, as 
well as close contact with sick birds or avian carriers. The 
first case of human psittacosis was reported by Ritter 
Jacob (Ritter 1879). After that, between the late 19th 
century and the early 20th century, there were several 
pandemics reported in multiple regions of Europe and 
America, which were all mainly caused by handling exotic 
birds (Chu et al. 2021). C. psittaci infects humans via 
respiratory system, then it spreads to whole body through 
blood circulation (West 2011). The incubation period is 
around 5 to 14 days or even longer. Vital organs, such as 
lung, spleen, liver and central nervous system, can be 
affected (Fig. 4). Clinical signs are variable from case by 
case, depending on individual immune status and the 
virulence of the causative strain. Typical symptoms of 
Psittacosis in humans consist of abrupt onset of headache, 
malaise, chills, fever, nonproductive coughing, myalgia, 
and dyspnea (Balsamo et al. 2017). Further observed 
complications comprise hepatitis, endocarditis, arthritis, 
myocarditis, encephalitis, keratoconjunctivitis and 
atypical pneumonia (Balsamo et al. 2017). Psittacosis can 
be lethal as well, most dead cases are due to late or mis-
diagnosis. Now-a-days, timely treatment with antibiotics 
makes death extremely rare. Although the prevalence of C. 
psittaci is rather low in ordinary populations, it raised 
occupational hazards among poultry workers, pet bird 
owners, butchers and veterinarians (Laroucau et al. 2009a, 
2009b; Dickx et al. 2010; Dickx and Vanrompay 2011; Lagae 
et al. 2014;Hulin et al. 2015). Awareness of the danger and 

proper handling of infected birds or cultures by following 
biosafety regulations are critical to protect susceptible 
population from infection. Moreover, C. psittaci is also 
reported related to community-acquired pneumonia and 
ocular adnexal MALT (mucosa associated lymphoid 
tissue) lymphomas (Ferreri et al. 2004; Dumke et al. 2015). 
 
Pathology  
 
Pathological impact of C. psittaci on avian hosts is largely 
associated with the virulence of strain and route of 
infection, as well as the species of host. C. psittaci strains 
can be categorized as highly virulent strains, which cause 
acute infection with a mortality of 5–30%, and low virulent 
strains that cause asymptomatic and progressive 
infections (Vanrompay 2020). Major outer membrane 
protein (MOMP) is a key virulent factor and fundamental 
structural component of C. psittaci, which is coded by the 
outer membrane protein A (ompA) gene (Baghian et al. 
1990). The ompA genotyping with real-time PCR or DNA 
microarray method is commonly applied to differentiate 
and classify C. psittaci strains, as certain genotypes occur 
more regularly in a specific order of birds (Van Lent et al. 
2012) (Table 1). Inhalation of C. psittaci-contaminated 
aerosols is regarded as the natural route of infection. Most 
infections caused by low virulent strains are subclinical, 
with inapparent signs and long incubation time. Highly 
virulent strains are able to result in quick death in hosts, 
with lesions characterized by extensive vascular 
congestion, fibrinous discharges and inflammation of vital 
organs (Vanrompay et al. 1994). Typical symptoms and 
lesions of various tissues are summarized in Table 2 and 
gross  lesions  are  shown  in  Fig.  5.  
 
Both types of strains adversely affect egg production and 
hydrosalpinx or oviduct cysts can be observed in some 
cases by autopsy (Zhang et al. 2008; Lin et al. 2019). 
Further descriptions of pathological changes in turkeys, 
chicken, ducks, pigeons, and other avian species are well 
reviewed (Vanrompay, 2020; Fang et al. 2021). 
 
Diagnosis 
 
There are multiple ways for diagnosis of avian 
Chlamydiosis in the laboratory. These assays detect either 
the existence of bacteria or the presence of Chlamydia-
specific antibodies. Cell cultures and immunofluorescence 
staining are the golden standards for defining infection 
and the most recommended methods with respect to both 
sensitivity and specificity.  
 
Sample collection 
 
Quality of samples is essential for accurate diagnosis. 
Swab sampling is commonly applied in live birds. 
Pharyngeal or conjunctival swabs are preferred when birds 
showing respiratory symptoms or conjunctivitis. Cloacal 
swabs are less used due to intermittent shedding of 
Chlamydia in some birds. Collection of organs with lesions 
in dead birds postmortem is viable as well. Lungs, air sacs,  
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Table 1: Mainly affected hosts of different genotypes of C. psittaci strains 

Genotype Subgroup Primary infected species Other infected species Reference 

A VS1, 6BC, 8455 Psittacidae Turkey, Duck, Pigeon, Passeriformes (Vanrompay et al. 1994) 
B  Columbiformes Chicken, Turkey, Duck, Psittacidae, 

Passeriformes 
(Vanrompay et al. 1997) 

C  Anseriformes Chicken, Duck, Pigeon (Vanrompay et al. 1993) 
D NJ1, 9N Turkey Chicken, Pigeon (Vanrompay et al. 1997) 
E (Cal-10/MN/MP)   Turkey, Pigeon, Duck, Ostrich, Rhea (Geens 2005) 
F VS225, Prk Daruma, 

84/2334, 10433‐MA 
Psittacine Turkey  (Everett et al. 1999) 

E/B E30, 859, KKCP Duck Parrot, Pigeon, Turkey (Vanrompay et al. 1997) 
M56  Muskrat, Hare  (Spalatin et al. 1966) 
WC  Cattle  (Everett et al. 1999) 

 
Table 2: Lesions of avian hosts infected with highly virulent C. psittaci 

Tissues and organs Lesions Reference 

Lungs Congestion, Hemorrhage, Fibrinous exudation (Vanrompay 2020) 

Air sacs Thickened membrane, Fibrinous exudation 

Pericardium Thickened and congested membrane, Fibrinous exudation 

Heart Enlargement, Thick fibrin plaques or exudation 

Liver Enlargement, Decolorization, Thick fibrin coating 

Spleen Enlargement, Tissue darken and soften, gray‐white focus 

Peritoneal serosa and mesentery Congestion, Fibrinous exudation 
 Oviduct Follicular inflammation, peritonitis, salpingitis (Fang et al. 2021) 

 
spleen, liver and exudations in body cavity are the most 
suitable for identification and isolation of Chlamydia. 
Aseptic handling of samples is necessary during the 
process. Antibiotics, such as gentamycin, streptomycin, 
amphotericin and vancomycin, which are not affective 
against Chlamydia can be used for reducing 
contamination by other microorganisms. Specimens 
containing Chlamydia should be stored in 2-sucrose-
phosphate (2-SP) solution at 4°C before analysis (Dubuis 
et al. 1997). For longer preservation, specimens should be 
soaked in sucrose–phosphate–glutamate (SPG) buffer and 
stored at -80°C (Warford et al. 1984). 
 
Antigen Detection 
 

Immunofluorescence staining is extensively used in the 
laboratory to detect and identify Chlamydia. This 
technique can detect C. psittaci in tissue smears/sections 
and single-layer cultured cells. C. psittaci in clinical 
samples can be propagated in embryonated eggs or cells. 
Anti-LPS and anti-MOMP monoclonal antibodies 
conjugated with fluorescein isothiocyanate are mostly 
used in commercial kits (Fig. 6). Commercial kits specific 
for C. psittaci are limited; most of them are designed and 
developed for the detection of Chlamydia trachomatis in 
human samples. But some of them can also be applied to 
detect C. psittaci due to the cross-reactivity of anti-LPS 
antibodies. In order to illustrate the relation between C. 
psittaci and pathological focus, immunohistochemical 
staining with anti-LPS antibodies is used to detect 
Chlamydia in tissue slices embedded in paraffin. LPS-
coated ELISA kits are used in the diagnosis of human 
Chlamydia trachomatis, and these kits are able to detect C. 
psittaci as well. Chlamydial LPS shares some epitopes with 
other Gram‐negative bacteria, and these epitopes can 
show cross‐reaction, resulting in a high number of false‐
positive results (Vanrompay et al. 1994). 

Conventional PCR and Real-time PCR 
 
DNA samples can be easily extracted or prepared from all 
kinds of specimens with commercialized kits. Reagents for 
DNA stabilization or preventing DNA from degradation are 
recommended during sampling or storage. 16S-23S rRNA or 
ompA genes are commonly used in C. psittaci detection. 
Detailed information is well summarized by Sachse et al. 
(2009). Application of PCR techniques increase the 
sensitivity of detection and reduce risks of people getting 
infected in laboratories. It has been the replacement of 
traditional isolation and identification of C. psittaci from 
clinical tissues. In recent decade, Real-time PCR has become 
the preferred diagnostic method due to its rapidity, precise 
quantification and high sensitivity. Conventional PCR can 
show similar high sensitivity by using relative short DNA 
segments or nested procedure, but it also increases the risk 
of contamination during the reaction (Van Loock et al. 
2005). Real-time PCR can detect the amplification of 
products, as the products are synthesized, in a bounded 
system. It needs a florescent dye or florescent-labelled probe 
and thermocycler equipped with fluorescent- detection 
capability. A series of progressive detections based on 
different requests are recommended. Amplification of 23S-
rRNA gene is used for identifying Chlamydia-positive cases 
(Geens et al. 2005; Heddema et al. 2006; Pantchev et al. 
2010). C. psittaci-specific detection targets at ompA gene or 
incA gene (Ménard et al. 2006; Opota et al. 2015). In the 
former ompA-based assay, minor groove binding probes are 
applied to exclude possibility of cross-reactions with ompA 
from Chlamydia abortus (Opota et al. 2015). There are other 
ompA-based real-time PCRs for further differentiating 
genotypes of C. psittaci and assisting to trace chains of 
zoonotic transmission (Geens et al. 2005; Heddema et al. 
2015). Protocols are available for the specific detection of 
newly emerged Chlamydia avium and Chlamydia gallinacea 
(Laroucau et al. 2015; Zocevic et al. 2013). 

link:vancomycin
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Fig. 5: Gross lesions caused by C. psittaci infection in birds. (A) 
Fibrin plaques on heart surface in turkey (Vanrompay 2020). (B) 
Lung hemorrhage and congestion in specific pathogen free (SPF) 
chicken (unpublished data). (C) Liver decolorization in SPF 
chicken (unpublished data). (D) Fibrinous exudation in broiler’s 
lung (Zuo et al. 2018). (E) Fibrinous discharge in air sacs of 
broilers (Zuo et al. 2018). 
 

 
 
Fig. 6: C. psittaci was propagated in Vero cells for 36 hours at 
37°C. Chlamydia and cells were stained with anti-MOMP 
fluorescent mAb and Evans blue, respectively (unpublished data) 
 

DNA microarray and metagenomic next-generation 
sequencing (mNGS) 
 

DNA microarray is a powerful tool for high throughput 
screening and detection of Chlamydial infections. This 
method is capable of identification Chlamydiaceae spp. by 
23S rRNA gene amplification, then identification of certain 
Chlamydia species by hybridisation with species-specific 
probes(Borel et al. 2008; Sachse et al. 2005). Furthermore, it 
is able to detect genotype C. psittaci from clinical samples 
based on ompA genotyping system (Sachse et al. 2008). It 
also shows the advantage of differentiating mixed Chlamydia 
infections and direct identification of specific species.  
Metagenomic next-generation sequencing (mNGS) has 
been applied to diagnose human clinical Psittacosis  (Chen 
et al. 2020; Gu et al. 2020). This technique can detect all 
nucleic acids from the same sample and reassign DNA 
sequence data based on reference genomes. Physicians are 
able to understand the presence and relative proportion of 
each kind of microbe in an unbiased and universal 

perspective. At present, mNGS can improve the accuracy 
and reduce the delay in diagnosis of rare disease. 
 
Antibody Detection 
 
Serological tests are not suitable for diagnosis of avian 
Chlamydiosis, because of ubiquitous Chlamydial infections 
in birds, and antibodies against C. psittaci can remain 
persistent for several months. Therefore, serological test 
should be combined with antigen or gene detection assays. 
Beyond that, anti-Chlamydial antibodies in serum can be 
influenced by many factors, such as sampling time and 
antibiotic treatment, which may give a false negative 
result. Meanwhile, a positive serum only indicates that the 
bird was exposed to the pathogen before but does not 
indicate the presence of active intracellular infection.  
Antibody detection tests are frequently applied for 
epidemiological studies (Vanrompay et al. 1995). But the 
complement fixation test (CFT), the immunofluorescence 
(IF) and a latex agglutination test targeted at IgM are 
currently used in routine diagnosis (Andersen 1991; Moore 
et al. 1991). ELISAs based on recombinant MOMP, PmpD 
and Pmp20G have been developed and evaluated. The 
sensitivity and specificity of these ELISAs reached 97.9-
100%, and 100%, respectively  (Verminnen et al. 2006, 
2008; Liu et al. 2016; Cui et al. 2021).  
 
Strategies for the control and treatment of C. psittaci 
infection in poultry 
 
Quarantine of suspicious or diagnosed birds is necessary; 
all birds should be isolated and kept in clean and 
uncrowded places. Any stress, which may cause the 
development of infection or activation of Chlamydial 
shedding, must be eliminated (Balsamo et al. 2017). Sick 
birds may become inappetence, initial treatment with 
medication should be directly delivered through mouth or 
injection. In general, recommended treatment period will 
last about 30 to 45 days, and shorter treatment lasts for 14 
days (Balsamo et al. 2017). But recovered birds must be 
monitored with PCR-related methods to make sure 
complete resolution of infection post treatment. During 
treatment period, birds should be observed daily and 
weighed every 3-7 days. Calcium and mineral supplements 
in feed or drinking water are not recommended, as these 
may interfere with absorption of tetracyclines, or at least 
these products should be administrated after an interval of 
4-6 hours. Fresh food and daily cleaning and disinfection 
are also critical to preventing from opportunistic infections 
(Balsamo et al. 2017). Recovered birds are still susceptible 
to C. psittaci reinfection. Therefore, poultry yards and 
every piece of gear should be thoroughly cleaned and 
disinfected several days before treatment ends. Detailed 
case history and treating procedures need to be well 
recorded in case of further transmission. 
 
Antibiotic therapy 
 
Tetracyclines (chlortetracycline, oxytetracycline, 
doxycycline)   macrolides    and   azithromycin  are  in  the  
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Table 3: Herbal formulae for preventing or treating avian C. psittaci infection 
Year & inventor Prescription (parts by weight, pbw) Therapeutic effect References 

(Bingbing 2016) Cone of the lacebark pine 10-15 pbw 
Great burdock achene 1-3 pbw 
chlorite schist 1-3 pbw 
turpentine 1-3 pbw 
fruit of Carthamus tinctorius L. 2-6 pbw 
sargent gloryvine stem 2-6 pbw 
fossil shell of spirifer 2-6 pbw 
tortoise plastron 1-2 pbw 

For prevention 
5-30 days of oral administration in 
pigeons contributed 100% resistance 
when they were exposed to C. psittaci-
infected birds 

(Bingbing 
2016) 

(Feng 2014) Radix scutellariae 65-75 pbw 
Cyrtomium fortune 11-13 pbw 
fructus mume 30-35 pbw 
fructus forsythiae 25-30 pbw 
Polygonum cuspidatum 20-25 pbw 
rhizoma bletillae 9-12 pbw 
ginseng 14-18 pbw 
white atractylodes rhizome 17-20 pbw 
radix sophorae flavescentis 12-15 pbw 
the root of Chinese pulsatilla 16-20 pbw 
Caulis Spatholobi 12-16 pbw 
Kudzuvine Root 7-10 pbw 
Optional:  
pericarpium citri reticulatae 2-5 pbw 
Radix Aucklandiae 1-3 pbw 

For treatment 
one thousand 23-day-old layers infected 
with C. psittaci were orally 
administrated with compound (5 g 
/bird) for 35 days, the recovery rate 
reached 92%. 

(Feng 2014) 

(Ming and Junqing 
2017) 

Belamcanda chinensis 5-25 pbw 
Baphicacanthus root 5-20 pbw 
main fructus arctii 3 pbw 
lithospermum 5-18 pbw 
Dracocephalum moldavica 3-15 pbw 
Papilionaceae Abrus mollis 3-15 pbw 
subprostrate sophora 5-20 pbw 
Lilium brownii 4-18 pbw 
Ficus stenophylla 5-20 pbw  
Codonopsis convolvulacea kurz 3-18 pbw 
white peony root 5-20 pbw 
red halloysite 3-15 pbw 
opium poppy capsule 5-18 pbw 
pummelo peel 3-20 pbw 
Gyrophora hypocrocina Jatta 5-20 pbw 
Honey liquorice 3-18 pbw 
Platycodon grandiflorum 5-20 pbw 

The compound can be manufactured as 
powder or solution by following the 
instruction. Diseased pigeons were orally 
treated with powder or solution at the 
dosage of 2 g or 2 ml per kg weight for 5 
to 10 days. The cure rate was 83%-88%. 

(Ming and 
Junqing 
2017) 

(Ming and Junqing 
2017) 

dogtooth violet 5-30 pbw 
Hibiscus mutabilis L. 5-25 pbw 
Scabiosa comosa Fisch 5-25 pbw 
Commelina paludosa 3-18 pbw 
Humifuse Euphorbia herb 3-20 pbw 
folium isatidis 5-20 pbw 
main fructus arctii 3-20 pbw 
Terminalia chebula Retz 5-25 pbw 
fructus mume 5-25 pbw 
pericarpium granati 5-20 pbw 
Adenophora stricta 3-18 pbw 
parched hawthorn fruit 3-20 pbw 
Honey liquorice 5-25 pbw 
Platycodon grandiflorum 5-20 pbw 

The compound can be manufactured as 
powder or solution by following the 
instruction. Infected chickens were 
orally treated with powder or solution at 
the dosage of 3 g or 2 ml per kg weight 
for 5 to 10 days. The cure rate reached 
93%. 

(Ming and 
Junqing 
2017) 

 
frontline of anti-Chlamydia infection. Chlortetracycline, 
doxycycline, and fluoroquinolone enrofloxacin are the 
most frequently used antimicrobials in poultry and pet 
birds. These products can be administered orally via feed 
or drinking water. Alternatively, they can be 
administrated parenterally through intramuscular or 
subcutaneous routes (Flammer 1989; Butaye et al. 1997).  
These drugs are highly effective against infection and 
dissemination of C. psittaci. Therefore, resolution of 

respiratory symptoms can quickly occur post treatment. 
However, in some cases, Chlamydia can keep shedding 
without significant decrease for up to 14-days post-
treatment of antibiotics (Prohl et al. 2015). The extensive 
use of tetracycline and long-term treating periods can 
result in plasma drug concentrations below therapeutic 
range, promoting the emergence of drug-resistant C. 
psittaci strains (Tell et al. 2003; Guzman et al. 2010; 
Krautwald-Junghanns et al. 2013).; Moreover, the 
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widespread abuse of penicillin G makes Chlamydia stay in 
a persistent state and contributes to the occurrence of 
chronic infections (Goellner et al. 2006). Resistance to 
chlortetracycline in the avian strains has been reported, 
but it does not raise serious problem. Routine screening 
and surveillance of C. psittaci isolates with antibiotic-
resistance in poultry yards or cattle farms are urgently 
needed, which is of great help for assessment of actual 
situation (Bommana and Polkinghorne 2019). 
 
Alternative treatment 
 
Abusive use of antibiotics in poultry is a worldwide 
phenomenon. Now-a-days, it raises many animal and 
human health problems, endangers food safety and 
environment. Many countries have completely banned or 
restricted the use of antibiotics in animal industry. 
Routine prophylactic antibiotic treatment is no longer 
recommended because it may cause adverse effects and 
generate resistant strains of C. psittaci and other bacteria. 
Consequently, birds become more vulnerable to C. 
psittaci. Extracts from natural materials offer potential 
solutions to control Chlamydia infection (Brown et al. 
2016). Polyphenolic substances disrupt membranes to 
inhibit Chlamydial growth, promote cell apoptosis or 
improve immune surveillance (Daglia 2012). Lipids, such 
as fatty acids, monoglycerides or peptides can directly 
disrupt the cell membrane of EBs (Peter 2010). Transferrin 
interferes with Chlamydial attachment and internalization 
(Van Droogenbroeck et al., 2008, 2011). Cellular 
metabolites and probiotic bacteria can inhibit Chlamydial 
growth by modulating host immunity. Moreover, 
formulae of traditional medicine prescriptions are 
alternative ways to tackle with this challenge as well. 
Several prescriptions have been proved remarkably 
effective in poultry (Table 3). More descriptions of natural 
antimicrobials are well reviewed by Brown et al. (2016). 
 
Vaccination 
 
In the early time of exploration of vaccines against C. 
psittaci, the most successful vaccines targeted at 
infections in sheep and companion cats. These vaccines 
are developed based on inactivated or live attenuated 
elementary bodies (Shewen et al. 1980; Wills et al. 1987; 
Anderson et al. 1990; Chalmers et al. 1997),  but they can 
only provide adequate protection against diseases 
resulting from Chlamydia instead of infection itself 
(Entrican et al. 2001; Gruffydd-Jones et al. 2009). 
Inactivated vaccines are unable to prevent Chlamydial 
shedding and usually cause local inflammation at 
administration site. Attenuated vaccines seem ideal, but 
recurrence of virulence of live bacteria may occur in 
future. Chlamydia abortus 1B strain, a temperature-
sensitive mutant, is wildly applied to fight against ovine 
enzootic abortion (OEA) (Wheelhouse et al. 2010). 
However, it is reported that epidemical outbreaks of OEA 
in 1B-vaccinated sheep across Europe are related to 1B 
strain, and genomic evidence has also been 
found(Laroucau et al. 2018; Longbottom et al. 2018). The 

development of vaccines against avian C. psittaci started 
in the end of 1990s. Vaccine candidates were related to 
major outer membrane protein (MOMP), MOMP-based 
DNA vaccine (Vanrompay et al. 1999), recombinant 
MOMP subunit vaccine or a combination of DNA and 
MOMP, viral-vectors (Zhou et al. 2007), transgenic rice 
(Zhang et al. 2009), HVT-PmpD vaccine (Liu et al. 2015) 
and inactivated whole EBs vaccine ( Zuo et al. 2021). The 
detail of efficacy and type of vaccines in poultry has been 
well addressed in a review article (Quilicot et al. 2017). 
Overall, although veterinarians have made progress, there 
is still no effective licensed commercial vaccine against C. 
psittaci infection. 
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