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ABSTRACT
Introduction. Feline chlamydiosis is a disease caused by Chlamydia felis, it is characterized by conjunctivitis (unilateral or bilateral), 
lacrimation and lesions of the respiratory and reproductive tracts. This pathogen is a gram-negative bacterium with a strictly obli-
gate intracellular parasitic nature. In the early 1940s, Chlamydia were considered an intermediate link between viruses and bacteria. 
Until the 1960s, Chlamydia were classified as viruses due to their small size and inability to grow on artificial nutrient media. Their 
unique two-phase developmental cycle allows the pathogen to persist in the body of an animal or human for a long time with-
out clinical manifestations. Treatment of chlamydiosis must be systemic, addressing both etiological therapy (use of antibiotics) 
and symptomatic therapy. Immunity against chlamydiosis is weak, with cellular immunity being more important than humoral 
immunity. Currently, both attenuated and inactivated vaccines are available on the market, which can protect against the clinical 
manifestation of the disease but not against infection. Chlamydiosis is a globally widespread disease, with detection rates showing  
a consistent year-on-year increase.
Objective. To review and systematize current data on feline chlamydiosis caused by Chlamydia felis.
Results. The article reviews global prevalence data of feline chlamydiosis. It examines the biological properties of the infectious 
agent, the clinical signs of the disease, and the pathological findings. Data on immunity are presented, and disease control measures 
are discussed.
Conclusion. Chlamydia felis is a worldwide spread pathogen capable of infecting not only cats and other animals but also humans, 
which indicates its zoonotic potential. Such factors as complex life cycle, adeptness at host immune evasion and ability to establish 
persistent infections hinder its effective eradication. The required extended treatment regimens and propensity for chronic infections 
compromise companion animal welfare and pose a risk of transmission to humans. A more profound understanding of Chlamydia felis 
pathogenesis is essential for developing effective treatment and prevention strategies.
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Хламидиоз кошек (обзор)
И. С. Цыганов, С. В. Щербинин, Т. С. Галкина, К. Н. Груздев
ФГБУ «Федеральный центр охраны здоровья животных» (ФГБУ «ВНИИЗЖ»), ул. Гвардейская, 6, мкр. Юрьевец, г. Владимир, 600901, Россия

РЕЗЮМЕ
Введение. Хламидиоз кошек – болезнь, вызываемая Chlamydia felis, характеризуется конъюнктивитом (одно- или двух-
сторонним), слезотечением, поражением респираторного и репродуктивного трактов. Данный возбудитель относится 
к грамотрицательным бактериям со строго облигатным внутриклеточным паразитизмом, однако в начале 40‑х гг. ХХ века 
хламидии считали промежуточным звеном между вирусами и бактериями. До 1960‑х гг. из-за малых размеров и неспособ-
ности развиваться на искусственных питательных средах хламидии классифицировали как вирусы. Необычный цикл раз-
вития, состоящий из двух фаз, позволяет возбудителю долгое время персистировать в организме животного или человека 
без клинических проявлений. Лечение хламидиоза должно быть системным и затрагивать как этиологическую терапию 
(применение антибиотиков), так и симптоматическую. Иммунитет против хламидиоза слабый, клеточный иммунитет имеет 
большее значение, чем гуморальный. В настоящее время на рынке представлены аттенуированные и инактивированные 
вакцины, позволяющие защитить от клинического проявления болезни, но не от заражения. Распространен хламидиоз 
практически повсеместно, при этом заметна тенденция к росту выявляемости из года в год.
Цель исследования. Актуализация и систематизация данных по хламидиозу кошек, вызываемому Chlamydia felis.
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Результаты. В статье обозреваются данные о распространенности хламидиоза кошек в мире. Рассмотрены биологические 
свойства описываемого инфекционного агента, клинические признаки хламидиоза кошек и патолого-анатомическая картина, 
приведены данные об иммунитете, освещаются меры контроля болезни.
Заключение. Chlamydia felis является распространенным патогеном, способным поражать не только кошек и других жи-
вотных, но и человека, то есть имеющим зоонозный потенциал. Сложный цикл развития, наличие способности обходить 
иммунитет хозяина, продолжительная персистенция в организме усложняет его эрадикацию. Длительный курс лечения 
и переход в хроническую форму снижают качество жизни животных-компаньонов и создают угрозу передачи патогена 
человеку. Для разработки схем успешного лечения и профилактики хламидиоза требуется более детальное практическое 
изучение Chlamydia felis.
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INTRODUCTION
Feline chlamydiosis is a  contagious disease 

of  felids, characterized by  ocular and respira-
tory tract lesions and caused by  bacteria be-
longing to the genus Chlamydia. While the dis-
ease can be caused by different Chlamydia 
species, such as C.  pneumoniae, С.  psittaci, 
C.  abortus, the  primary agent is  Chlamydia 
felis (previously known as  Chlamydophila fe-
lis and earlier classified as  Chlamydia psittaci 
variant felis). Given the historical classification  
of C.  felis and C.  psittaci as the  same species, 
it can be assumed that past cases in  domes-
tic cats attributed to C.  psittaci were indistin-
guishable from those caused by C.  felis due 
to the  limitations of  molecular diagnostics at 
the time. Although C. psittaci and C. felis exhib-
it different host specificities and cause distinct 
clinical syndromes, these pathogens are close-
ly related [1, 2, 3, 4, 5]. The reference strain for 
C. felis is the FP Baker strain [6, 7, 8, 9, 10, 11]. 
This species is also a zoonotic pathogen capa-
ble of causing infection in humans [12, 13, 14]. 
Regarding host range, C. felis can asymptomati-
cally infect dogs, with the manifestation of con-
junctivitis being a  rare event; however, sero-
conversion to this pathogen does occur  [13]. 
Consequently, dogs may play a  potential role 
in the  zoonotic transmission of  Chlamydia, 
making C.  felis an important pathogen to  di-
agnose in dogs as well. In humans, C. felis can 
cause symptoms of keratoconjunctivitis, follic-
ular conjunctivitis, respiratory tract patholo-
gy, hepatosplenomegaly, glomerulonephritis 

and endocarditis  [15, 16, 17, 18, 19, 20]. It has 
also been reported that C.  felis was detected  
in conjunctival swabs from an adult Eurasian 
lynx with unilateral ocular lesions [21].

In the early 1940s, Chlamydia were con-
sidered an intermediate link between viruses 
and bacteria. Until the 1960s, they were classi-
fied as viruses due to their small size and inabil-
ity to grow on artificial nutrient media. At the 
beginning of the 21st century, after genome se-
quencing, this pathogen was classified as a bac-
terium  [22,  23]. The first reports of  Chlamydia 
infection in cats with symptoms of ocular and 
respiratory system lesions were in 1971 [17].

The relevance of this work lies in the fact 
that the  review presents the  biology of 
the pathogen C. felis and describes the features 
of the disease caused by this pathogen, which 
is widespread almost everywhere among 
stray and domestic cats (Felis catus). This is 
facilitated by inadequate pet care standards, 
uncontrolled breeding, and expanded stray 
population. The topic is critically important for 
developing strategies to  enhance the  health 
of  companion and breeding animals  – a  sig-
nificant concern given the  high costs of  vet-
erinary care – and for mitigating the zoonotic 
risk to humans. As chlamydiosis is found on all 
continents, improving diagnostic and preven-
tive measures is essential.

The novelty of this article lies in its analy-
sis of current data on the epizootiology, clinical 
presentation, pathology, diagnosis, and vac-
cine prevention of feline chlamydiosis.
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Fig. Phylogenetic classification of Chlamydia species according to 16S and 23S rRNA gene sequence analysis as of 2019 [32]. 
Icons indicate the primary host species for each strain, though all members of the Chlamydia genus are considered polyhostal

The objective of this review is to update 
and systematize data on  feline chlamydiosis 
caused by C. felis.

EPIZOOTIC SITUATION
Information on  feline chlamydiosis epizo-

otic situation does not  reflect the true prev-
alence of the disease. Data on the frequency 
of feline chlamydiosis cases caused by C. felis 
from various geographical regions are based 
on molecular test results. For instance, in 
the  United States in  2014, the  percentage 
of cats testing positive for C. felis was 24% [24]. 
In China, between November 2022 and Octo-
ber 2023, the proportion of PCR-positive sam-
ples from cats was 15.75% [25]. In European 
countries over the  last 20  years, the  leaders 
in C.  felis detection rates have been the  fol-
lowing countries: Slovakia  (45.16%), Hunga-
ry (33.3%), Poland (25%), Italy (20%), Switzer-
land (16%) and Sweden (15.3%) [9, 13, 26, 27]. 
In Russia, from  2018 to  September  2019, 

the  proportion of  positive results for C.  felis 
was  11.2%  [28]; specifically for  Moscow 
in  2019,it was  7.2%  [29]. According to  some 
reports, bacteria of this species were detect-
ed in approximately 26.3% of stray cats in Ja-
pan  [26]. These data, without considering 
sampling and diagnostic rates, demonstrate 
a high incidence of chlamydiosis in cats. Cas-
es caused by C. felis are characterized as enzo-
otic, and epizootiological studies conducted 
in various countries indicate the presence of 
this pathogen in 23% of  cats suffering from 
conjunctivitis. Higher morbidity rates are ob-
served in cats kept in groups, such as in ani-
mal shelters [2].

BIOLOGICAL PROPERTIES OF THE PATHOGEN
Chlamydia felis is a gram-negative, coccoid 

bacterium with strictly obligate intracellular 
parasitism. It belongs to the family Chlamy-
diaceae, genus Chlamydia  (Fig.). Its size de-
pends on the phase of the  developmental 
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cycle, which occurs in two stages: non-infec-
tious reticulate bodies – RB (diameter from 0.5 
to 1.6 µm) and infectious elementary bodies – 
EB (diameter from 0.2 to 0.6 µm) [7, 30].

Initially, all chlamydial isolates obtained 
from cats with upper respiratory symptoms 
since 1942 were classified as C. psittaci. Subse-
quent 16S  rRNA sequence analysis, however, 
led to a reclassification of the family Chlamy- 
diaceae into two genera: Chlamydia and Chla
mydophila, with the feline agent being placed 
in the latter [8, 22, 30, 31]. This taxonomy was 
revised again in 2009 following whole-genome 
sequencing studies, which consolidated all 
pathogenic chlamydias into the single family 
Chlamydiaceae and a single genus, Chlamydia, 
within the expanded order Chlamydiales [11].

PATHOGEN RESISTANCE TO ENVIRONMENTAL  
FACTORS AND DISINFECTANTS
Chlamydias are inactivated by heat, with ex-

posure to 55, 70, and 75 °C proving lethal after 
45, 2, and 1 minute, respectively. While low tem-
peratures have a preservative effect, the patho-
gen is susceptible to disinfectants (e.g., form-
aldehyde, chloramine, phenol) in standard 
concentrations that are effective against chla-
mydias [28, 32]. Low pH levels are detrimental, 
with an optimal pH range of 7.0–7.4. Chlamydias 
can persist in tap water at room temperature 
for 2–3  days and are sensitive to  ultraviolet  
radiation [33].

MOLECULAR BIOLOGICAL CHARACTERISTICS 
OF THE PATHOGEN
The causative agent of chlamydiosis has a sin-

gle circular chromosome with a genome size 
of just over 1.166 million base pairs; the gua-
nine-cytosine content is 39.1–39.4%. It also 
contains a cryptic plasmid, pCfe1, approximate-
ly 7.6  thousand base pairs in size, with eight 
genes [31, 34].

The chlamydial genome is highly conserved 
and compact, a feature characteristic of C. felis 
as well [20, 35]. Due to their intracellular lifestyle, 
chlamydias have undergone genome reduction, 
which is an adaptation rather than degrada-
tion [22]. The chlamydial envelope consists of 
three layers: an inner bilipid membrane, an inter-
membrane structure (periplasmic space), and an 
outer lipopolysaccharide membrane containing 
inclusions of the major outer membrane protein 
(MOMP) and polymorphic outer membrane pro-
teins (POMP – pmp1, pmp7, pmp13, and others), 
as well as cysteine-rich proteins. POMP includes 
the outer membrane proteins OMP1 and OMP2. 
These proteins are involved in the pathogen’s 
adhesion to host epithelial cells [31, 34, 33, 36]. 
MOMP and OMP2 proteins contain genus-, 
species-, and type-specific epitopes, which can 

lead to cross-reactions. The MOMP protein (also 
known as OmpA – outer membrane protein A) 
is found in both EB and RB and functions as both 
an adhesin and a porin [31, 35, 37]. Outer mem-
brane proteins are highly conserved among 
isolates [38].

The chlamydial envelope lacks peptidogly-
can but contains a polypeptide that, together 
with covalently bound lipoproteins, lipopoly-
saccharides, and outer membrane proteins, 
provides mechanical strength to the  enve-
lope [26, 31, 39]. Experimental data show that 
polymorphic membrane proteins (pmp) possess 
multiple biological and immune functions, in-
cluding evasion of the host immune response, 
induction of inflammatory and immune reac-
tions, and tissue tropism. The pmp genes show 
a high degree of intra- and interspecies hetero-
geneity in their amino acid sequences and si
zes, but they can be identified by the presence 
of conserved amino acid sequences GGA(I, L, V) 
and FxxN, repeated in the  N-terminal region 
and the C-terminal translocation block / β-do-
main  [40, 41, 42]. The number of pmp genes 
varies among Chlamydia species, ranging from 9 
to 21; 12 have been identified in C. felis. The simi-
larity between the nucleotide sequences of pmp 
is high, with non-synonymous single nucleotide 
polymorphisms (SNPs) limited to one site in each 
of the pmp1, pmp9, and pmp20 genes. It can 
be assumed that the pmp genes of C. felis are 
highly conserved among strains from different 
geographical regions [9, 37, 41, 42]. Pmp1 and 
pmp7 are likely immunodominant proteins [42].

Cryptic plasmid genes were found in cats 
with severe clinical symptoms of chlamydial 
infection. The cryptic plasmid is often associ-
ated with chlamydial virulence  [18,  43]. The 
plasmids contain non-coding RNA and 8 open 
reading frames (ORF1–8), with the  functions 
of 5 of them being sufficiently studied. Analysis 
of the nucleotide sequences of the open read-
ing frames showed that the proteins encoded 
by  ORF1  (pgp7) and  ORF2  (pgp8) are homo-
logs of integrase and recombinase, respective-
ly, and are responsible for regulating plasmid 
replication, while ORF3 (pgp1) is an analog 
of DnaB helicase and is involved in unwinding 
double-stranded DNA during replication. ORF4 
encodes the pgp2 protein, whose function 
has not yet been determined. One of the main 
frames is  ORF5, encoding the  pgp3 protein, 
which may be a  marker of  chlamydial infec-
tions. ORF6 encodes the pgp4 protein, contain-
ing 101–102 amino acids, and ORF7 and ORF8 
encode the pgp5 and pgp6 proteins, respec-
tively, which may be involved in plasmid rep-
lication. The plasmids encode various proteins 
involved in the replication of the plasmid itself,  
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but it is not established whether they affect 
communication with the host cell; it has only 
been demonstrated that the pgp3 protein is se-
creted in the cytosol of Chlamydia-infected cells. 
The role of plasmids is not yet fully understood, 
although it has been shown that pgp1 (ORF3), 
pgp2 (ORF4), pgp6 (ORF8), and pgp8 (ORF2) are 
essential genes for plasmid maintenance, while 
pgp3 (ORF5), pgp5 (ORF7), and pgp7 (ORF1) are 
less essential [43].

Chlamydiae possess a  specialized type  III 
secretion system  (T3SS), which allows these 
bacteria to inject virulence factors directly into 
the cytosol of the target cell of a susceptible 
organism, leading to  disruption of  adaptive 
immune response mechanisms (hindering the 
fusion of the phagosome with the host cell lyso-
some) [32, 33]. Type III secreted effectors include 
the translocated actin-recruiting phosphopro-
tein, necessary at the initial stage of infection, 
the  family of  inclusion membrane proteins 
(internal compartments) required for the de-
velopment of  this inclusion, and the effector 
chlamydial outer protein  N  (CopN), involved  
in the late disruption of type III secretion activ-
ity. Other key factors include proteins playing 
a central role in chlamydial development and 
gene regulation, such as histone-like proteins 
HctA and HctB; cysteine-rich proteins (OmpA 
and OmpB); proteins responsible for the per-
meability of the outer membrane to nutrients 
(OmpA and PorB), as well as the global gene 
regulatory factor Euo [11].

Comparison of the C. felis genome with other 
members of the genus Chlamydia revealed that 
795 genes are common to them, while 47 genes 
are unique to C. felis. It was also found that or-
thologous genes show a similar divergent pat-
tern, except for 14 genes that have accumula
ted the most mutations, suggesting that these 
C. felis genes may be involved in evolutionary 
adaptation [31]. There is diversity among C. felis 
strains, which differ in their virulence [5, 8].

Chlamydiae are characterized by a  unique 
developmental cycle consisting of two phases: 
extracellular and intracellular. In the  extra-
cellular phase, the  pathogen is  represented 
by EBs, which are infectious. In the intracellular 
phase, the pathogen exists as non-infectious 
RBs  [8,  26,  32]. Elementary bodies, responsi-
ble for infecting target cells, are protected by 
a  three-layer envelope, which, together with 
their spherical shape, provides resistance 
to physical and chemical factors in the extra-
cellular environment. Reticulate bodies are also 
spherical but have a reticulate structure, making 
them polymorphic and possessing a thin enve-
lope [14, 17, 32]. Briefly, the reproduction cycle 
consists of sequential stages: 1) adsorption onto 

host cell receptors; 2) penetration of EBs into the 
cell via endocytosis and residence in a phago-
some; 3) suppression of phagosome-lysosome 
fusion; 4) differentiation of EBs into RBs; 5) mul-
tiplication of RBs by binary fission; 6) differenti-
ation of RBs into EBs; 7) release of EBs from the 
cell via lysis [44].

The cycle initiates when a susceptible host 
cell encounters the pathogen, the EBs first ad-
here to sialic acid on the cell membrane and 
then penetrate into the cytoplasm. Once inside, 
they form intracytoplasmic inclusions near the 
host cell nucleus, Golgi apparatus and endo-
plasmic reticulum. The metabolic activity of EBs, 
constrained by a limited set of enzymes, is sus-
tained by the host cell’s reserves. From these 
reserves, EBs obtain the necessary metabolites 
and adenosine triphosphate (ATP) for their rep-
lication. Inside the inclusions, EBs transform 
into RBs, which then replicate via binary fission. 
Following replication, RBs differentiate back 
into infectious EBs. These new EBs are released 
from the host cell either by lysis or extrusion, en-
abling the infection to spread. The entire cycle is 
completed within 48 to 72 hours [8, 17, 30, 31, 
32, 33, 45].

Currently, another stage of the chlamydial de-
velopmental cycle is recognized: the persistence 
stage. This latent form, also known as non-in-
fectious aberrant bodies (ABs), is induced under 
stressful conditions, such as exposure to β-lact-
am antibiotics (e.g., penicillins, cephalosporins, 
carbapenems). In this state, the bacteria do not 
transform into EBs and become a non-replicat-
ing intracellular form; ABs are characterized by 
the absence of MOMP and the overproduction 
of  stress proteins, notably Chsp60 (chlamyd-
ial heat shock protein  60, 60  kDa heat shock 
proteins). This response allows the  infection 
to  persist, contributing to  chronic inflamma-
tion. The latent form is reversible if the stress-
or is removed: ABs will revert to the RB form, 
begin the replication phase, and continue de-
velopment, transforming into EBs [31, 45]. Re-
ticulate bodies differ from EBs in that they are 
dedicated to nutrient uptake and replication, 
a process that can lead to their asynchronous 
differentiation back into EBs. The latter can per-
sist for long periods in the intercellular space 
without being phagocytized. There is a constant 
resilience between the host and the pathogen, 
and some clinical chlamydial infections can be 
asymptomatic for several months [17, 31, 33].

Chlamydiae exhibit epitheliotropism. Chla-
mydial replication in  epithelial cells leads  
to the destruction of the epithelial layer with 
the formation of scars and adhesions. During 
prolonged persistence in  epithelial cells, 
the pathogen can enter the bloodstream and 
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hematogenously spread to parenchymal organs 
and lymphoid tissues. C. felis affects the eyes 
and upper respiratory tract (nose or throat) 
of cats [8, 33]. The pathogen is most common-
ly found in multi-cat households, shelters, and 
catteries. The  main carriers of the  pathogen 
are diseased cats, however, dogs can also serve 
as a  reservoir for  C.  felis. Transmission occurs 
mainly through contact with infected material, 
such as ocular discharge [46]. There is evidence 
that animals can become infected through sex-
ual contact. In female cats, the pathogen locali- 
zes in the cervix, while in male cats, the testes are 
infected and the pathogen is shed during ejac-
ulation [47]. It was later proven that C. felis can 
be isolated from rectal and vaginal swabs taken 
from cats with natural and experimental chla-
mydial conjunctivitis, but the possibility of sexual 
transmission is unclear; likely, the intestine and 
reproductive organs may be sites of persistent 
infection [8, 35]. Experimental ocular infection 
of cats led to the isolation of Chlamydiae from 
the vagina and rectum in 50% and 40% of cases, 
respectively, demonstrating that C. felis is not lim-
ited to the conjunctival mucosa [35].

PAT H O G E N E S I S  A N D  C L I N I C A L  S I G N S  
O F  C H L A M Y D I O S I S
The incubation period ranges from  5 to 

15 days [32]. Infection caused by C. felis leads to 
the development of acute or chronic conjuncti-
vitis in cats. The infection typically begins in one 
eye and may subsequently spread to the other, 
resulting in bilateral conjunctivitis. Other clin-
ical manifestations include unilateral or  bi-
lateral epiphora, hyperemia of the nictitating 
membrane, blepharospasm, mucoid/mucous/
serous/seropurulent discharge, inflammation 
and chemosis of the conjunctival membranes. 
These symptoms persist for 22–45 days. Mean-
while, a  mild form of  conjunctivitis can last 
for several months  [9, 35, 46, 48, 49]. Clinical 
signs from the respiratory system are usually 
minimal  [48,  49]. Some cats may experience 
weight loss. Fever, decreased or loss of appe-
tite, lethargy, sneezing, serous nasal discharge, 
and enlargement of the submandibular lymph 
nodes are also possible [8, 32, 35]. The condition 
of most cats remains satisfactory, but a small 
number of animals develop serious respiratory 
distress, severe wheezing, which, if left untrea
ted, can lead to death from pulmonary edema 
or  asphyxia due to  poorly developed mouth 
breathing. In the case of systemic infection, 
which is rare, the pathogen spreads through 
the  bloodstream to  almost all organs, joints, 
the brain and spinal cord, which is highly likely 
to be fatal [8, 17, 32]. Most untreated cats deve- 
lop chronic conjunctivitis, which is characterized 

by mild conjunctival hyperemia and scant ocular 
discharge, or they may develop a follicular form 
of the condition [32, 35]. Ocular discharge re-
solves within 60 days, but the absence of clinical 
symptoms does not guarantee recovery; chla-
mydial infection can persist asymptomatically 
for several months [17, 35]. Co-infection caused 
by a combination of C. felis with other patho-
gens (feline calicivirus, feline herpesvirus type 1, 
mycoplasmas) increases the severity of the dis-
ease and the duration of chlamydial shedding 
into the environment. Chlamydial infection can 
manifest as peritonitis [8, 50]. In experimental 
infection of cats, chlamydiae were detected  
in conjunctival swabs for up to 8 months after  
infection, suggesting a long period of asymp-
tomatic carriage. Aerosol and oral administration 
of the pathogen to cats led to the development 
of upper respiratory tract pathology and mild 
gastritis. An association between chlamydial in-
fection and lameness in sick cats has also been 
identified, manifesting two weeks after the on-
set of conjunctivitis in 10 out of 19 infected an-
imals, although this fact requires more detailed 
study [8, 17, 35]. Furthermore, experimental in-
oculation of the pathogen into the genital tract 
resulted in chronic salpingitis with subsequent 
spread to the oviduct [46]. Literature data are 
conflicting regarding reproductive disorders; it 
has been suggested that the pathogen is a cause 
of abortions or missed pregnancy in cats. Some 
authors have indirect evidence that C. felis can 
cause abortion, neonatal mortality, and infertil-
ity, but definite cause-and-effect relationships 
have not been established [8, 10]. Infertility and 
abortions are the  most serious consequenc-
es of the  chronic form of  chlamydiosis  [40].  
It is believed that some metabolites (isoleucine) 
may act as inhibitors of chlamydial growth and 
contribute to the latent course of chlamydial in-
fection [32]. Although chlamydiosis can be as-
ymptomatic and usually not fatal, the infected 
animal remains a carrier capable of transmitting 
the pathogen [51].

PATHOLOGICAL CHANGES IN CHLAMYDIOSIS 
OF CATS
Post-mortem examination reveals the  fol-

lowing pathological changes: hyperemia and 
enlargement of the liver and spleen, lymph 
nodes; signs of pneumonia and pericarditis; 
hemorrhages on serous membranes and under 
the renal capsule; lesions of the digestive tract. 
The most characteristic changes are observed 
in lung tissues, mediastinal and bronchial 
lymph nodes [32, 47]. At the macroscopic level, 
the  following phenomena are visible: serous 
conjunctivitis, hyperplasia of splenic lymphoid 
nodules, catarrhal bronchitis, subtotal and total 
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interstitial pneumonia and pneumosclerosis, 
hyperplasia and serous lymphadenitis of re-
gional lymph nodes. Histological examination 
reveals the  following morphological criteria 
of chlamydial infection at the microscopic lev-
el: interstitial pneumonia, pneumosclerosis,  
fibrinous-purulent pleuropneumonia, intersti-
tial bronchopneumonia (thickening of intersti-
tial alveolar septa due to infiltration of inflam-
matory cells and exudate in bronchial tissue), 
hyperplasia and serous lymphadenitis of medi-
astinal and bronchial lymph nodes, hyperplasia 
of lymphoid nodules of the spleen and intestinal 
mucosa, venous hyperemia of the liver and kid-
neys, fatty and granular dystrophy of the liver. 
There is also marked congestion of organs with 
diapedesis phenomena around capillaries and 
hyperplasia of the islet regions secreting insu-
lin in the pancreas. Mild external clinical symp-
toms may be combined with serious degenera-
tive, destructive changes in internal organs and  
tissues [17, 41, 52].

LABORATORY DIAGNOSIS OF CHLAMYDIOSIS
Laboratory diagnosis is based on the direct 

detection of the pathogen in the material and 
the determination of anti-chlamydial antibodies 
through serological reactions (enzyme-linked 
immunosorbent assay, complement fixation test, 
long-term complement fixation test). Serologi-
cal reactions in the diagnosis of chlamydiosis are 
screening tests requiring further confirmation 
by other methods. There are laboratory meth-
ods for detecting RBs and EBs. These include cy-
tological (this analysis does not require special 
equipment, but its sensitivity and specificity are 
quite low), immunological (direct and indirect 
immunofluorescence assay, enzyme immuno-
assay), cultural (considered the gold standard 
but labor-intensive and time-consuming, used 
in scientific practice), and molecular biological 
(polymerase chain reaction – the most sensitive, 
rapid, and reliable) methods [33, 53, 54]. Mo-
lecular analysis is the most reliable for making 
a definitive diagnosis of “feline chlamydiosis”, as 
the disease can have various clinical manifesta-
tions and occur in a subclinical form (bacterial 
carriage) [51].

Due to the  inability of  Chlamydia to  grow 
on artificial nutrient media, 6–7-day-old spe-
cific pathogen-free chicken embryos are used 
for their cultivation, infected into the yolk sac. 
Embryo death within the  first two days after 
infection is considered non-specific. The incu-
bation period lasts up to 13 days, which is its 
main disadvantage. Cultivation in chicken em-
bryos until 1965 was the only method for iso-
lating and propagating Chlamydia; however, 
the subsequent use of cell cultures simplified 

this procedure  [17, 55]. To  reduce cultivation 
time to  48–72  hours, sensitive cell cultures 
are used; in particular, for growing C. felis, cell 
lines such as Vero (a continuous cell line from 
the kidney of the African green monkey Chlo-
rocebus aethiops), McCoy (a hybrid line of hu-
man synovial cells and mouse fibroblasts), CrFK 
(a  continuous cell culture of  feline kidney), 
BHK-21 (a cell line from the kidney of a new-
born Syrian hamster), HeLa  (human cervical 
cancer cells), L929 (a mouse fibroblast cell line) 
are used  [17, 42, 50]. To  increase the adsorp-
tion and penetration of Chlamydia into the cell, 
centrifugation or  physicochemical methods 
to  reduce the resistance of  cell cultures are 
used. For example, polycations (DEAE-dextran –  
diethylaminoethyl-dextran) are used to  treat 
the  monolayer before infecting cell cultures; 
they neutralize the anionic surface of Chlamy
dia, creating conditions for contact. After con-
tact, antimetabolites are added to the nutrient 
medium, which slow down the  metabolism  
of the cells but do not affect Chlamydia, indirect-
ly stimulating their reproduction. Most often, 
Chlamydia are cultured on cell cultures treated 
with cycloheximide or analogs (L-cysteine hy-
drochloride, hydrocortisone, colchicine)  [56]. 
Conjunctival, rectal, and vaginal washes are 
used to isolate the bacteria, placed in a special 
transport medium; the biological material must 
be examined no later than 24 hours after collec-
tion, as freezing and thawing can be detrimental 
to C. felis [50].

TREATMENT AND PROPHYLAXIS OF CHLAMYDIOSIS
Due to the systemic course of chlamydiosis, 

local therapy is ineffective [8]. Antibiotics such 
as doxycycline, azithromycin, and amoxicillin 
are used in long courses, supplemented by lo-
cal treatment. For prophylaxis, melatonin, sero-
tonin, or their derivatives can be used. According 
to some data, melatonin inhibits the initial pro-
gression of the chlamydial developmental cycle, 
preventing the occurrence of intracellular infec-
tion and the transformation of EBs into RBs [57]. 
Chlamydial bacteriophages can also be used as 
an alternative to antibiotics, thereby addressing 
the problem of antibiotic resistance. In particu-
lar, antibiotics are unable to suppress chlamyd-
ial EBs, which are metabolically inert and diffi-
cult to eradicate [42]. Chlamydiaphages cause 
inhibition of the developmental cycle and delay 
the transition of RBs to EBs, thereby reducing 
the possibility of infecting other cells. Chlamyd-
ial bacteriophages are found in only six species, 
including C. felis [43].

Vaccination for the prevention of chlamydi-
al infection usually begins at 8–9 weeks of age, 
followed by revaccination after 2–4 weeks and 
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then annually. It should be noted that informa-
tion on the duration of immunity is limited. Live 
attenuated and inactivated adjuvanted vaccines 
are available on the market. There are no reliable 
data to compare their effectiveness. Vaccines are 
effective in protecting against clinical symptoms 
of the disease but not against the occurrence 
of infection. They reduce chlamydial replication 
in the body and lessen the clinical manifesta-
tions of  infection. According to  World Small 
Animal Veterinary Association recommenda-
tions, vaccination against chlamydiosis caused 
by  C.  felis is non-core and is recommended  
in cases where there is a risk of infection (out-
door access), as part of disease control measures, 
in crowded conditions, shelters, and for animals 
participating in shows and breeding [30, 50, 58]. 
No strong and convincing correlation has been 
found between the level of specific antibodies 
and the resistance of vaccinated cats to C. felis 
infection [50].

Immunity against the chlamydial pathogen 
is  weak or  short-term and does not protect 
against reinfection. Cats develop resistance 
to infection with age. Both humoral and cellular 
immunity are involved in response to chlamyd-
ial infection [8]. Cellular immunity is considered 
to play a decisive role in protecting the body 
against this pathogen. MOMP and POMP pro-
teins are targets for protective immune respons-
es of the body. Kittens are initially protected 
by antibodies for 9–12 weeks when receiving  
colostrum from recovered queens [8, 30].

At the initial stage of the infectious process, 
polymorphonuclear lymphocytes are involved 
in the immune response. Polyclonal activation 
of  B-lymphocytes is of  primary importance 
in  protection against chlamydiosis. Never-
theless, the  leading role in  immune defense 
against chlamydiosis belongs to  T-helpers, 
which activate the phagocytic activity of mac-
rophages [59].

One of the key virulence factors of Chlamydia 
is the proteasomal protein CPAF (chlamydial pro-
tease / proteasome-like activity factor), which 
suppresses neutrophil activation. In the pres-
ence of CPAF, the expression of the anti-apop-
totic protein myeloid cell leukemia 1 (Mcl-1) is 
induced, which promotes the degradation of 
pro-apoptotic molecules such as BCL-2-like pro-
tein 11 (Bim). Thus, Chlamydia prevents apopto-
sis of host cells, leading to a prolonged period 
of persistence, i.e., replication inside host cells. 
CPAF degrades the  major histocompatibility 
complex  (MHC), hindering antigen presenta-
tion to T-cells. Furthermore, members of the ge-
nus Chlamydia increase the expression of PD-L1 
(Programmed Death-Ligand 1) in host cells. The 
binding of PD-L1 to the  PD-1 (programmed 

cell death protein  1) receptor on the  surface 
of T-cells represents a negative signal that sup-
presses T-cell receptor (TCR) activation  [60]. 
Thus, Chlamydia is a bacterium well-adapted 
to many of the host’s protective mechanisms, 
which complicates the process of its elimination 
and confirms the need for developing effective 
prevention methods.

CONCLUSION
Analysis of modern scientific data on feline 

chlamydiosis allows us to conclude that infor-
mation on the epizootic situation does not re-
flect the true prevalence of this disease. C. felis 
is a pathogen capable of infecting not only cats 
but also other animals and humans.

The complex developmental cycle, the abil-
ity to overcome host immunity, and long-term 
persistence in the body complicate its eradica-
tion. Diagnosis of chlamydiosis is difficult due 
to the  low stability of the  pathogen outside 
the body; the most sensitive method is PCR. The 
long course of treatment, transition to a chronic 
course, and regular relapses reduce the quality 
of life of companion animals, and therapy re-
quires high economic costs.

Prevention involves timely vaccination; how-
ever, immunity against the chlamydial patho-
gen is weak or short-lived and does not protect 
against reinfection. Moreover, cellular immuni-
ty is more important than humoral immunity. 
Hence, the need for preventive measures to pro-
tect animals from the disease arises.

For the purpose of developing successful 
treatment and prevention regimens for feline 
chlamydiosis, a more detailed study of C. felis is 
required.
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