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ABSTRACT

Background: Chlamydophila felis, formerly known as Chlamydia psittacivar. felis, is frequently
associated with ocular, respiratory, and occasionally reproduction tract infections.

Even though the infection is sometimes asymptomatic, it potentially results in a latent
immunosuppressive infection.

Objective: This study aimed to identify occurrences of feline chlamydophilosis, rarely
reported in cats in Indonesia.

Methods: The observation was conducted in three cats with clinical signs of Cp. felis
infection, particularly relapsing conjunctivitis. The cats' histories were recorded based

on owners' information. Conjunctival swabs were sampled for cytology examination and
molecular assay detection. A phylogenetic tree was generated using MEGA-X software to
reveal group clustering. A post-mortem examination was performed on the cat that died
during an examination.

Results: Cp. feliswas detected in both cytological examination and polymerase chain
reaction assay. The phylogenetic tree demonstrated that the Cp. felis isolated in this study
clustered with several other isolates from the other countries. Cp. felis can be isolated from
cats with different clinical manifestations and levels of severity. The chronic fatal infection
demonstrated interstitial broncho-pneumonia under histopathological examination.
Conclusions: Molecular assay of Cp. felis is always recommended to obtain a definitive
diagnosis of feline chlamydophilosis since the disease can have various clinical
manifestations. Even though it may be subclinical and is often not fatal, an infected cat may
be a carrier that could spread the pathogen in the surrounding environment. Serious disease
management is suggested to avoid high costs associated with regularly relapsing disease.

Keywords: Cat; feline chlamydophilosis; Chlamydophila felis; co-infection; conjunctivitis

INTRODUCTION

Chlamydophila felis (Cp. felis), formerly Chlamydia psittaci var. felis, is frequently associated with
ocular, respiratory, and occasionally reproduction tract infection [1]. The pathogen is a
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member of Chlamydiales, in which the bacterial membrane contains major outer membrane
proteins (MOMPs) and polymorphic outer membrane proteins (POMPs) [2]. Cp. felis cannot
survive outside the host and is transmitted directly by host-to-host contact [3]. Additionally,
evidence of zoonotic transmission from animal to human has been mentioned in several
reports related to ocular conjunctivitis in humans [4,5]. Even though the pathogen's
characteristics are well known, the disease still frequently occurs. Hence, a study of Cp. felisis
needed to develop new strategies for the management or control of chlamydophilosis.

The main characteristics of Cp. felis infections are ocular conjunctivitis and upper respiratory
disease. In cats, conjunctivitis and upper respiratory disorder are also related to several
other infectious pathogens, including feline herpesvirus type 1 (FHV-1), feline calicivirus,
and Mycoplasma spp. [1]. Therefore, clinical diagnosis in the absence of sufficient laboratory
findings is challenging. Improper treatment may worsen the host's condition and result in
higher medical costs. Furthermore, an underdiagnosed asymptomatic cat will be a pathogen
carrier that can spread the disease more widely. Ocular swabs are generally used to diagnose
Cp. felis infection, but a polymerase chain reaction (PCR)-based technique is preferred for
diagnosis [2].

This report highlights disease manifestation and pathogen species-specific detection. It
reveals the disease's occurrence and existence based on molecular-level evidence. Molecular
detection is helpful for species identification and proof of pathogen presence. Herein, it
provides information on the occurrence of chlamydophilosis in cats in Indonesia. The result of
this investigation may increase concern and awareness levels regarding its zoonotic potential.

MATERIALS AND METHODS

Samples and clinical signs

The patient's data, specimen samples, and publication permission were obtained with the
owners consent. This study was also a part of feline infectious peritonitis (FIP) research
project specifically related to secondary infection; hence all conducted procedures were
approved and supervised by the Faculty of Veterinary Medicine Universitas Gadjah Mada
(UGM) Ethical Clearance Committee (005/EC-FKH/06/2017).

The included patients were two cats under 2-years-old (local breed, male cats, weighing

0.9 kg and 1.2 kg) and one 5-year-old, local breed, female cat, weighing 3 kg. The patients
were admitted to the UGM Veterinary Medicine Animal Clinic after showing recurrence

of eye disorders. After a full examination and relevant sampling, the patients were treated
with 10 mg/day oral doxycycline for 4 weeks. A cat with mild clinical signs (Fig. 1A) showed
improvement, while the two other cats with severe conditions (Fig. 1B and C) did not survive.

The clinical signs of chlamydophilosis, including ocular and upper respiratory disorders,
have been previously described [1], [2]. Specimen samples from ocular conjunctival swabs
were obtained from three clinically suspected chlamydophilosis cat patients with relapsing
conjunctivitis. The ocular conjunctival swab was collected in a sterile tube containing 0.9%
NaCl and used for cytological assessment and PCR assay. The moribund patient with severe
manifestations was subsequently necropsied. A post-mortem and a histological examination
of lung tissue were performed.
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Fig. 1. Chlamydophila felis isolated from cats with different clinical manifestations. (A) Unilateral conjunctivitis with muco-purulent ocular and nasal discharge
(arrows). (B) Corneal opacity and purulent nasal discharge. (C) Unilateral eye-globe rupture with purulent ocular and nasal discharge.
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Cp. felis detection

The cytological examination was performed using May-Griinwald-Giemsa staining to
evaluate cellular composition. Cp. felis is identified as basophilic, bright magenta stained,
round to oval inclusion bodies of various sizes in epithelial cells [6,7].

The DNA extraction was performed from the conjunctival swabs specimens using a
commercial extraction kit (PureLink Genomic DNA Kits, Invitrogen, USA) and following
the manufacturer's guidelines. Molecular detection was conducted following previously
described methods [8,9] to amplify the conserved region of the chlamydial outer membrane
protein gene (277 base pairs).

The phylogenetic tree was generated using MEGA-X software to identify the clustering of the
study isolates with other isolates. Multiple alignments of each segment were performed using
ClustalW, and maximum-likelihood phylogenetic trees were constructed. The best substitution
gene models were determined based on the corrected Bayesian information criterion value as
implemented in MEGA-X. The model used in this study was Tamura 3-parameter (T92). The
reliability of the branching order was estimated from 1000 bootstrap replicates.

RESULTS

Cp. felis was detected in all three cats with clinically suspected feline chlamydophilosis.
During the examinations, the cats showed conjunctivitis with inflammation of conjunctival
tissue that showed redness and swelling with or without ocular discharge. Interestingly, in
this study keratitis characterized by corneal opacity was observed in one cat, and a whole eye-
globe rupture accompanied by a purulent discharge accumulation was observed in another
(Fig. 1). According to the owner's information, the eye-globe rupture had been observed
when the cat was rescued. The cats were admitted to animal clinics after showing severe
respiratory disorders. Other general clinical signs, including lameness and inappetence for
days, were recorded.

Basophilic, oval intra-cytoplasmic inclusion of ocular epithelial cells was observed in the
cytological results of two specimens (Fig. 2). The inclusions were easily visualized as dark
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Fig. 2. Ocular conjunctiva epithelial cell contains basophilic, intra-cytoplasmic inclusion body of Chlamydophila
felis (Giemsa staining, 100x).

purple, round to granular shapes of various sizes. However, inclusions were absent in one
sample, which only exhibited degenerated neutrophils and abundant coccus bacteria cells.

Molecular detection using PCR assay and gene sequencing supported evidence of Cp. felis
infection in the three cat patients with suspected chlamydophilosis. In addition, the generated
phylogenetic tree demonstrated that the Cp. felisisolates in this study clustered with other Cp.
felisisolates from other countries (Fig. 3). The study's isolate sequences were submitted to the
GenBank database with accession numbers MW720855, MW720856, and MW720857.

A post-mortem examination was performed in the cat that died during examination. Notable
pathological changes were observed in lung tissue, indicating interstitial-bronchopneumonia
(Fig. 4) characterized by thickening of interstitial alveolar septa by inflammatory cells
infiltration and an inflammatory exudate within the bronchial tissue.

4 CFICat-wtIDN/UGM-YK-01
4 CFiCatwiIDNMUGM-YK-02
o3 | 4 CFICatwiIDN/UGM-YK-03
H(Q1335353 Cp felis strain Cello Brazil

AP00G861 Cp felis Fe/C-56 Fe/C-56 DNA Japan

X61096 Chlamydophila felis MOMP UK

— AF269282 Chlamydophila caviae

CP019792 Chlamydia gallinacea strain JX-1

LS450856 Chlamydia abortus strain 15-49d3 Poland

CP031646 Chlamydia abortus strain 84/2334
5 CP047319 Chlamydia psittaci strain AMK Russia
71 ' CP041038 Chlamydia psittaci strain Rostinovo-70 Russia

0.5 0.4 0.3 0.2 0.1 0

Fig. 3. Phylogenetic tree of Chlamydophila felis isolated in this study (#) compared to several Chlamydia spp.
from other countries and based on 277 bp nucleotide sequences of the outer membrane protein gene.
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Fig. 4. A photomicrograph of lung tissue indicates interstitial-bronchopneumonia is characterized by thickening
of interstitial alveolar septa and infiltration of inflammatory cells (hematoxylin and eosin staining, 10x).

DISCUSSION

The three cat patients came from different cat houses; however, they had similar living
conditions and environmental backgrounds, typical of high-population, multi-age, and
poor sanitation rescue shelters. According to the owners' information, the diseased cats
were rescued stray cats with no vaccination records. Two of the three diseased cats were
approximately 2-years-old, and one cat was older than two years and had been living in the
shelter for more than a year. The shelter staff complained that the cat exhibited relapsing
conjunctivitis and a respiratory disorder for the previous four to eight months.

According to a previous study, poor environmental conditions are associated with a high
percentage of feline chlamydophilosis incidence [10]. The detection of Cp. felis in stray
cats in a multi-cat environment supports previous evidence of a higher prevalence of
chlamydophilosis in a multi-cat environment and in younger and stray cats [11,12]. In this
study, Cp. felis was also detected in an older cat which was in a severe and fatal condition.
It was assumed that chlamydophilosis was not the only disease of that cat as there was

a possibility of co-infections. Additionally, clinical manifestation showed uncommon
chlamydophilosis manifestations, including corneal inflammation involvement and whole
eye-globe rupture.

According to a previous report, even though a chlamydial infection may occur with other
pathogens, such co-infection is not significantly associated with the disease severity [10].
Corneal involvement in chlamydophilosis is not commonly observed; hence, it is assumed
that a viral co-infection disease may be related to the observed manifestation. Based on
several reports, an ocular disorder is sometimes associated with other diseases such as FIP
caused by feline coronavirus (FCoV) [13,14]. However, in this study, the potential presence of
FCoV was rejected due to the negative PCR assay and immunohistochemistry tissue staining
results (data not shown). Furthermore, upper respiratory disease is closely related to ocular
disease such as keratitis in FHV-1. Unfortunately, the presence of FHV-1 was not investigated
in this study. It may be assumed that the recurrent and incidentally fatal manifestation of
chlamydophilosis in one of the cats in this study was caused by an underdiagnosed pathogen
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or co-infection disease. Therefore, clinical manifestations should be followed by laboratory
tests aimed at gaining a definitive diagnosis.

The observed histopathological changes supported the initial diagnosis of suspected
chlamydophilosis. Feline pneumonitis characterized with bronchiolitis, thickening of the
septum, and infiltration of inflammation cells are typically observed in chlamydophilosis
cats. However, it may be assumed that besides Cp. Felis, concomitant infections may be
present. According to a previous report, severe feline pneumonitis is commonly observed in
viral respiratory infections or in immunosuppressed hosts following bacterial intervention
[15]. Additionally, Cp. felis can suppress a host's immune system, allowing other pathogens
to complicate the initial Cp. felis infection. Therefore, due to the presence of overlapping
manifestations, we suspect that the pathological manifestation in the sampled lung tissue of
one of the cats was not solely caused by Cp. felis.

Routine cytological examination is a reliable diagnostic tool for detecting Cp. felis [16]

since its morphological characteristics are easily recognizable. However, in subclinical or
chronic cases, Cp. felis is rarely identified by cytological examination. Therefore, a molecular-
level assay is suggested for application in clinically suspected Cp. felis patients due to its
outstanding sensitivity and specificity [2,16,17].

The Cp. felis pathogen may result in severe disease and can gradually but significantly affect
the host's immune system. Therefore, proper and early detection chlamydophilosis could
help prevent spread of this potentially severe and fatal disease. This study reveals evidence
of relapsing Cp. felis infections occurring in cats that live in a high-population shelter.

The disease may become fatal and a burden without the proper treatment. An owner has
suggested regular vaccination of cats with a commercially available multivalent vaccine
product [3]. The results of this study may raise awareness of the potential severity of Cp. felis
infections and increase the level of concern for human health due to the zoonotic potential
Cp. felis [18], notably to cat owners and the surrounding environment.
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