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Abstract

Introduction: Upper respiratory tract disease (URTD) is common in cats, particularly in multi-
cat environments such as shelters. The disease can lead to severe ocular pathology and, in some 
cases, may require enucleation due to endophthalmitis or panophthalmitis. 
Methods: Eyes from 16 young cats with URTD that were enucleated because of severe ocu-
lar disease (previously ruptured or markedly buphthalmic eyes) were evaluated using Next 
Generation DNA Sequencing (NGS) with universal bacterial primers to evaluate the entire 
bacterial population. Eyes were assessed for the presence of feline herpesvirus-1 (FHV-1) and 
feline calicivirus (FCV) by qPCR and RT-qPCR, respectively.
Results: All eyes had a high relative abundance of Burkholderia, ranging from 43.8 to 98.3%. 
Burkholderia was the most abundant bacterial genus in 15 of the 16 samples (94%). Of the 16 
samples, 8 were positive for FHV-1 (50%), while 1 was positive for FCV (6%).
Conclusion: This study identified an organism that has not been previously associated with 
severe ocular disease in cats with URTD, and provides a new approach to understanding patho-
gens by evaluating entire bacterial populations rather than targeting specific microorganisms.

Keywords: upper respiratory tract disease; cats; eye; DNA sequencing; ocular disease; Burkholderia; 
panophthalmitis; endophthalmitis

Upper respiratory tract disease (URTD) is com-
mon in cats, particularly in multi-cat envi-
ronments such as shelters. Pathogens most 

frequently found in cats with URTD are Feline herpes-
virus-1 (FHV-1), Feline calicivirus (FCV), Mycoplasma 
felis (M. felis), Chlamydophila felis (C. felis), and Bor-
datella bronchiseptica (B. bronchiseptica). Prevalence of 
infection reaches as high as 59% with FHV-1, 67% with 
FCV, 24% with C. felis, 84% with M. felis, and 33% with 
B. bronchiseptica.1–4

Of the two viruses causing URTD, FCV is often dis-
missed as an ocular pathogen, although it was found in 
48% of cats with conjunctivitis, with no accompanying 
co-infection with M. felis, C. felis, or FHV-1 in over one 
third of those cats.5 FHV-1 is the most frequent cause of 
conjunctivitis and is the only primary viral pathogen that 
causes feline keratitis.6–8 Ulceration of the conjunctiva and 
cornea secondary to FHV-1 can lead to symblepharon, 
adhesions between the palpebral conjunctiva and other 
structures of the eye that can result in reduced vision.9 
There is also evidence that FHV-1 is associated with ante-
rior uveitis,10 which can result in synechiae, adhesions of 

the iris to the cornea or lens, secondary glaucoma, and a 
non-visual, shrunken globe referred to as phthisis bulbi.11,12

While FHV-1 can cause extensive corneal ulceration 
and stromal keratitis, secondary bacterial infections are 
thought to cause deeper ulcers. The most common sec-
ondary bacterial pathogens cultured from eyes of cats 
with conjunctivitis and keratitis are from the genera 
Streptococcus, Staphylococcus, Pseudomonas, Pasteurella, 
Enterobacter, and Escherichia.13–15 C. felis has long been 
considered the primary bacterial pathogen causing feline 
ocular disease, found in as many as 60% of cats with con-
junctivitis.16 Hartmann et al. found nearly equal preva-
lence of Mycoplasma sp. (49%) and C. felis (56%), with 
only 27% prevalence of FHV-1.14 Another study showed 
M. felis to be the most prevalent organism associated 
with conjunctivitis (9.6%), followed by FHV-1 (6.7%) and 
C. felis (3.2%).17 Mycoplasma sp. was also found more 
commonly in cats with conjunctivitis as compared to 
those who had no history of conjunctivitis, and cats with 
Mycoplasma sp. were not co-infected with FHV-1. This 
provides support for Mycoplasma sp. acting as a primary 
bacterial pathogen.
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Infectious keratitis is characterised by a defect of the 
corneal epithelium with inflammation of the underly-
ing corneal stroma following invasion by pathogens.18 
This infection can lead to rapid destruction of the cor-
nea, with stromal malacia and progressive deepening of 
ulcers leading to perforation and rupture of the globe.19,20 
Infectious endophthalmitis results if  pathogens invade the 
anterior or posterior chamber of the eye. This can be due 
to an exogenous or an endogenous source (hematogenous 
spread from a primary source). Infectious endophthal-
mitis may present with concurrent blepharospasm, con-
junctivitis, corneal perforation, periocular swelling, third 
eyelid elevation, ocular discharge, keratitis, uveitis, and 
chorioretinitis.21 If  endophthalmitis occurs along with 
involvement of the sclera and surrounding extraocular 
tissues, the term panophthalmitis is more appropriate. 
Clinical signs of panophthalmitis can include chemo-
sis, proptosis, and limited ocular movement. If  scleral 
involvement is substantial, thinning and perforation may 
occur, resulting in rupture of the eye.19 With or without 
corneal or scleral rupture, enucleation is often necessary 
because of the severity of the damage.

While little information regarding the prevalence of 
infectious keratitis, endophthalmitis, and panophthalmi-
tis with globe rupture in cats is available, the author rou-
tinely sees young cats with acutely ruptured globes and 
active infections as well as cats with phthisis bulbi or other 
evidence of previous rupture. Many times, even with the 
use of topical and systemic antibiotics and antivirals, ocu-
lar infections are poorly responsive and the eyes rupture 
despite treatment. The purpose of this study was to use 
molecular methods to identify potential pathogens in eyes 
that were enucleated due to severe URTD-associated ocu-
lar disease to ultimately allow for more effective diagnosis 
and treatment of patients.

Methods
A total of 16 cats from southwestern Pennsylvania that 
presented to a non-profit veterinary clinic between June 
2017 to May 2018 with severe URTD-associated ocular 
disease were included in this study. The clinic, located in 
the greater Pittsburgh area, predominantly provided spay/
neuter services to cats from the community and regional 
animal welfare organisations, with a caseload of over 
7,000 cats annually. Vaccination, medical treatment, and 
other surgical procedures, including enucleations, were 
performed in addition to sterilisation. All cats that needed 
enucleation in this time period due to URTD-associated 
ocular disease were included in the study. Only cats with 
obvious non-infectious causes of ocular disease (i.e. 
trauma, tumours) were excluded.

All cats had URTD, based on physical examination 
by the veterinarian (first author), as well as endophthal-
mitis or panophthalmitis that necessitated enucleation. 

The majority presented with previously ruptured globes, 
but three globes were buphthalmic (Fig. 1). The cats were 
all from different households or animal rescues, and were 
between the ages of 6 weeks and 7 months of age. Some 
of the cats were treated with various topical and systemic 
antibiotics prescribed by other veterinarians prior to pre-
sentation for surgery. No antiviral medications were uti-
lised. All cats were negative for Feline Leukemia Virus 
(FeLV) and Feline Immunodeficiency Virus (FIV). Other 
than clinical signs of URTD, no other abnormalities were 
noted on physical examination for any of the cats.

A combination of butorphanol (0.2 mg/kg), dexmede-
tomidine (0.01 mg/kg), and ketamine (4.5 mg/mL) was 
administered intramuscularly. After intubation, cats were 
maintained at a surgical plane of anaesthesia with 1.5 to 
2.0% isoflurane. The skin surrounding the eye being enu-
cleated was shaved and the area (skin and eye) was rou-
tinely prepped with 2.0% chlorhexidine scrub and rinsed 
with isopropyl alcohol. Aseptic technique was used to 
perform a routine transconjunctival enucleation (by the 
first author), without rupturing or re-rupturing the globe. 
The eye was kept on the sterile drape during closure and 
was subsequently transferred to a sterile container. The 
enucleated tissue was stored at -20°C for up to 6 months 
prior to nucleic acid extraction. All cats from this study 
received one dose of procaine penicillin G (50,000 units/
kg) administered at the time of surgery and kittens with 
evidence of URTD characterised by mucopurulent nasal 
or ocular discharge were treated with a course of doxycy-
cline (10 mg/kg PO q24h) or amoxicillin with clavulanic 
acid (12.5 mg/kg, PO q12h) for 10 days.

Processing began by thawing the enucleated eyes. 
Removal of tissue and aqueous humour from the enucle-
ated eyes was performed using aseptic technique. DNA 
and RNA were extracted from the samples and positive 
controls using EasyPrep™ DNA/RNA Miniprep Kit 
(Bioland Scientific), RNeasy® Mini Kit (Qiagen), and 
the silica-based method previously described by Boom et 
al.22 Quantification and assessment of DNA purity was 
performed with the NanoDrop Lite Spectrophotometer 
(Thermo Scientific), followed by normalisation to a 
concentration of 15 ng/µL. Real time reverse transcrip-
tase PCR (qRT-PCR) for FCV was performed using 
Genesig® Feline Calicivirus Kit and qPCR for FHV-1 
with Genesig® Feline Herpesvirus Kit (Primerdesign™ 
Ltd) and AzuraQuant™ Green Fast qPCR Mix LoRox 
following manufacturer’s instructions, and with the use of 
positive controls with viral nucleic acid and negative con-
trols with no nucleic acid template. Internal controls were 
also used to ensure that negative results were not because 
of degradation of the nucleic acids. Next Generation 
Sequencing (NGS) with universal bacterial primers, 
corresponding to highly conserved regions of the 16S 
rRNA gene, was performed at Wright Labs (Huntington, 
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PA) using the Illumina MiSeq platform. This resulted in 
amplification of 253bp fragments of DNA from all bac-
terial species present in the samples. Sequences were ana-
lysed through the Linux based Howard Hughes Medical 
Institute (HHMI) compute cluster at Juniata College 
using QIIME, with quality filtering and assignment of 
Operational Taxonomic Units (OTUs). From the OTUs, 
bacterial taxa were identified to the genus level via the 
UCLUST algorithm and Greengenes v. 13.8 database. 
Relative abundance, the percentage of each bacterial 
genus present in a particular sample, was also established. 

Next Generation Sequencing data collected from cats 
for previous studies (unpublished data) or diagnostic 
purposes were evaluated to act as a control and provide 
additional context for interpretation of the results of 
this study. Conjunctival swabs were obtained from 35 
community cats that were brought in by a rescue group 
during the same time period that the enucleated eyes were 
collected. The cats were found in the same geographical 
area and, similar to the cats that required enucleation, 
ranged in age from approximately 6 weeks of age to 4 
months of age. While 25 of the kittens had evidence of 
URTD and ocular disease, 10 had no signs of URTD 

(Table 3). All were negative for FeLV and FIV. Samples 
were stored at -20°C for approximately 1 month prior to 
DNA extraction. NGS was performed on the DNA com-
bined from swabs of both eyes. Swabs of the oral cavity 
or extracted teeth from18 cats ranging from 6 months to 
6 years of age, with and without dental disease (Table 4), 
were collected 2 years after the data from the enucleated 
eyes were produced. All cats were negative for FeLV and 
FIV, and did not demonstrate any clinical signs of URTD. 
The swabs and extracted teeth were stored at -20°C for 
approximately 1 year prior to processing. A third NGS 
data set was produced from a study using samples from 45 
deceased cats that were either found frozen or died shortly 
after removal from a large-scale hoarding case. Tissue was 
collected from the lungs, heart, liver, spleen, and kidneys 
of deceased cats. These samples had been in storage at 
-20°C for approximately 10 years as part of the specimen 
bank maintained by the first author. DNA from each of 
the 5 organs was pooled after normalisation prior to send-
ing for NGS. Other laboratory procedures and data anal-
ysis were the same as described earlier for all three data 
sets. Because the study utilised discarded tissues or teeth 
and NGS data from swabs taken for diagnostic purposes, 

Fig. 1.  Six cats with endophthalmitis or panophthalmitis prior to enucleation of the eye(s). Cats in panels a, c, d, and e demon-
strate globe rupture while cats in panels b and f  show intact, but severely buphthalmic globes.

http://dx.doi.org/10.56771/jsmcah.v4.117


4

Becky L. Morrow and Diana Ruggiero

Citation: Journal of Shelter Medicine and Community Animal Health 2025, 4: 117 - http://dx.doi.org/10.56771/jsmcah.v4.117

Institutional Animal Care and Use Committee approval 
was not necessary.

Results
The cats, ranging in age from 6 weeks to 7 months, were 
typical of the patients seen with URTD in previous and 
subsequent years. There was no relationship between 
the 16 cats undergoing enucleation for the severe ocular 
disease. All 16 samples had a high relative abundance 
of Burkholderia, ranging from 43.8 to 98.3% (Table 1). 
Burkholderia was the most abundant bacterial genus 
in 15 of the 16 samples (94%), with a higher relative 
abundance of Mycoplasma (55.1%) in the sample with 
43.8% Burkholderia (Fig. 2). Mycoplasma was found in 
seven additional samples in very low amounts, ranging 
from 0.003 to 0.331% of the total bacterial population. 
Chlamydophila was found in two samples (0.003–0.030%), 
Pseudomonas in 15 samples (0.008–1.37%), Streptococcus 
in 5 samples (0.001–0.076%), and Staphylococcus in 15 
samples (0.003–2.52%), all in very low relative abundance 
(Table 2). Of the 16 enucleated eyes, 8 tested positive for 
FHV-1 (50%), 1 tested positive for FCV (6%), and 7 tested 
negative for both FHV-1 and FCV (44%).

Control data provided from the previous analysis of con-
junctival swabs taken from cats over the same time period 
showed that 33 of those cats had either no or extremely 
low (< 1% relative abundance) levels of Burkholderia sp., 
while the remaining 2 had relative abundances of 4.1 and 
1.5% (Table 3). While these 2 cats had URTD including 
unilateral mucopurulent ocular discharge, there was no 

correlation with abundance of Burkholderia sp. and pres-
ence of or severity of URTD. NGS data provided from the 
previous analysis of oral cavity swabs showed 14 out of the 
18 cats also had either no or extremely low (< 1% relative 
abundance) levels of Burkholderia sp. with the remaining 
cats showing relative abundances of 7% or less (Table 4). 
Again, there was no correlation between the presence of 
Burkholderia sp. and the presence of dental disease. The 
internal organ tissue sample control data set, on the other 
hand, showed Burkholderia sp. as the most abundant bacte-
rial organism present in 5 of the 45 cats with relative abun-
dances of 85, 79, 57, 25, and 19% (Table 5). 

Discussion
Based on the sequence analysis, Burkholderia was the 
dominant genus, found at a high relative abundance in 
all enucleated eyes. Burkholderia was first described as a 
genus in 1992, consisting of seven species that had pre-
viously been categorised as Pseudomonas.23 These gram 
negative, rod-shaped, obligate aerobes are found in a wide 
range of environmental niches and number well over 100 
species.24,25 Closely related Burkholderia species, referred 
to as the Burkholderia cepacia complex (Bcc), are oppor-
tunistic pathogens that can cause severe infections in cys-
tic fibrosis (CF) and immunocompromised patients.26 Two 
species, Burkholderia mallei (B. mallei) and Burkholderia 
pseudomallei (B. pseudomallei), are primary pathogens of 
humans and non-human animals.

Because FHV-1, FCV, C. felis, and M. felis are the most 
common pathogens associated with feline eye infections 

Table 1.  The presence of feline herpesvirus-1 (FHV-1), feline calicivirus, M. felis, C. felis, and Burkholderia with relative abundance in 16 enucleated 
cat eyes. FHV-1 and FCV are reported as present or not present since relative abundance cannot be determined from the qPCR/RT-qPCR assays.

Sample FHV-1 FCV
M. felis relative  
abundance (%)

C. felis relative  
abundance (%)

Burkholderia relative  
abundance (%)

1 N N 0 0 97

2 N N < 1 0 98

3 Y N < 0.01 0 98

4 Y N 55 0 44

5 Y N < 1 0 86

6 Y N < 0.1 0 95

7 N Y < 0.01 0 86

8 N N 0 0 91

9 N N < 0.01 < 0.01 95

10 Y N 0 < 0.01 87

11 Y N 0 0 85

12 N N 0 0 84

13 Y N 0 0 83

14 N N 0 0 77

15 N N < 0.1 0 67

16 Y N 0 0 53

FHV-1, feline herpesvirus; FCV, feline calicivirus.
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and URTD, it was expected that one or more of these 
pathogens would be found in the infected eyes. None of 
these pathogens, however, were found in all the tissue sam-
ples (Fig. 2), and no other bacterial species was common 
to all the samples. This suggests that co-infection with 

FHV-1, FCV, C. felis, M. felis, or another bacterial spe-
cies is not necessary for development of endophthalmitis 
or panophthalmitis, and that Burkholderia is the primary 
pathogen. The high relative abundance of Burkholderia 
sp. in all the samples, with several approaching 100% 

Table 2.  Bacterial taxa identified by Next Generation Sequencing in samples and the relative abundance, listed by decreasing relative abundance 
of Burkholderia. Genera representing less than 5% relative abundance in all the samples, with the exception of Chlamydophila, Pseudomonas, 
Streptococcus, and Staphylococcus, are not included. The genus from the Pasteurellaceae family was listed as ‘other’.

Sample Burknolderia  
(%)

Mycoplasma  
(%)

Chlamydophila  
(%)

Pseudomonas  
(%)

Streptococcus  
(%)

Staphylococcus  
(%)

Methylobacterium  
(%)

Pasteurellaceae 
(%)

2 98.3 0.089 0 0.008 0 0.004 0.002 0.014

3 98.1 0.005 0 0.020 0.001 0.003 0.005 0

1 96.6 0 0 0.020 0.025 0.044 0 0

9 95.4 0.033 0.030 0.022 0 0.006 0.006 0.003

6 95.1 0.030 0 0.018 0.003 0.003 0 0

8 91.1 0 0 0.083 0 0 0 0

10 87.2 0 0.002 0.397 0 0.039 0.177 0

5 86.0 0.331 0 0.119 0.003 2.522 0.007 0

7 85.7 0.003 0 0.023 0 0.005 0.003 0

11 84.5 0 0 1.366 0 0.003 0 0

12 84.4 0 0 0.036 0 0.009 0 0

13 83.2 0 0 0.357 0 0.350 0.014 0

14 77.3 0 0 0.040 0 0.021 14.165 0

15 66.5 0.015 0 0.700 0 3.324 0.015 0

16 52.8 0 0 0.811 0 0.056 2.406 9.6

4 43.8 55.1 0 0 0.076 0.016 0 0.164

Table 3.  Relative abundance of Burkholderia in conjunctival swabs from 35 cats with and without Upper respiratory tract disease.

Conjunctival 
Swabs

URTD
Relative Abundance of  

Burkholderia sp. (%)
Conjunctival Swabs URTD

Relative Abundance of  
Burkholderia sp. (%)

CS1 Y 4.1 CS19 Y 0.08

CS2 Y 1.5 CS20 N 0.06

CS3 N 0.7 CS21 Y 0.06

CS4 Y 0.7 CS22 Y 0.05

CS5 N 0.6 CS23 Y 0.04

CS6 Y 0.6 CS24 Y 0.03

CS7 Y 0.5 CS25 N 0.01

CS8 Y 0.3 CS26 N 0.01

CS9 Y 0.3 CS27 Y 0.01

CS10 Y 0.3 CS28 Y 0

CS11 Y 0.2 CS29 N 0

CS12 Y 0.2 CS30 N 0

CS13 N 0.1 CS31 Y 0

CS14 Y 0.1 CS32 Y 0

CS15 Y 0.1 CS33 Y 0

CS16 Y 0.1 CS34 Y 0

CS17 Y 0.09 CS35 N 0

CS18 N 0.08

URTD, Upper respiratory tract disease.
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(the equivalent of a pure culture in traditional microbiol-
ogy), further supports Burkholderia as a cause of the eye 
pathology.

Endophthalmitis can occur when bacteria enter the eye 
via intraocular surgery, penetrating injury, after severe ker-
atitis with corneal perforation, or via hematogenous spread 
from a remote primary site.27 The cats included in this study 
had no signs of ocular trauma and had no history of ocular 
surgery. While most of the eyes had previously ruptured, 
the three buphthalmic eyes had intact corneas with no evi-
dence of previous perforation, suggesting an endogenous 
source of infection rather than entry from outside the eye. 
The high relative abundance of Burkholderia sp. in the 
internal organs of five different cats from the control data 
set (85, 79, 57, 25, and 19%), demonstrates the infection 
of internal organs as well as the potential for an endoge-
nous source of this bacteria. The lack of Burkholderia sp. 
found in conjunctival/corneal cultures or by NGS in other 

studies,28 and very low levels in the control data set from 
conjunctival swabs in this study, further support endoge-
nous rather than exogenous infection of the eyes.

Very few cases of  cats with Burkholderia infections 
have been described. To the author’s knowledge, this 
is the first report of  Burkholderia-associated endoph-
thalmitis or panophthalmitis in the United States. Two 
cats from Australia have been reported with primary 
ocular melioidosis (caused by B. pseudomallei), char-
acterised by acute onset of  a ‘red eye’, blepharospasm, 
and progression to an enlarged, painful, firm globe, 
followed by loss of  vision.29,30 Histopathology on the 
enucleated tissue from those two cats showed pyogran-
ulomatous uveitis and panophthalmitis with extensive 
destruction of  intraocular structure, as well as moder-
ate numbers of  gram-negative bacilli on cytology of  the 
ocular fluid.29 There was no known injury or evidence 
of  primary focus of  the infection in those cats. B. pseu-
domallei endophthalmitis was also reported in a human 
patient, where there was no history of  eye injury but 
were signs of  systemic illness and documented bacte-
remia.31 Several cases of  B. pseudomallei in humans 
have been described where trauma to the affected eye 
resulted in endophthalmitis characterised by severe 
corneal ulceration, chemosis, mucopurulent discharge, 
and hypopyon.32

Burkholderia cepacia complex (Bcc) has also been doc-
umented in cats, but not in association with ocular signs. 
Five cats with Bcc showed signs of lethargy, inappetence, 
and non-healing wounds with purulent discharge after 
contact with a contaminated bottle of chlorhexidine sur-
gical scrub.33 Two of the three cats were euthanised due to 
severe pyogranulomatous cellulitis and were found to have 
fibrin thromboses in multiple organs secondary to septi-
caemia. In humans, Bcc is best known for its opportunis-
tic infections in CF and chronic granulomatous disease 
patients, and those arising from exposure to contaminated 
pharmaceuticals, disinfectants, and medical devices.34 

Table 5.  Relative abundance of Burkholderia in internal organ 
tissues of 45 cats from a large-scale cruelty case.

Tissue 
samples

Relative abundance 
of Burkholderia  

sp. (%)

Tissue 
samples

Relative abundance  
of Burkholderia  

sp. (%)

TS1 85 TS14 3

TS2 79 TS15 2

TS3 57 TS16 2

TS4 25 TS17 1

TS5 19 TS18 1

TS6 17 TS19 1

TS7 9 TS20 0.7

TS8 6 TS21 0.6

TS9 5 TS22 0.5

TS10 4 TS23 0.4

TS11 4 TS24 0.4

TS12 4 TS25 0.3

TS13 3 TS26–TS35 < 0.1

Table 4.  Relative abundance of Burkholderia in oral cavity swabs (healthy) or extracted teeth (dental disease) from 18 cats with and without 
dental disease. (PD – periodontitis).

Oral cavity  
samples

Dental disease
Relative abundance of 

Burkholderia sp. (%)
Oral cavity  
samples

Dental disease
Relative abundance of 

Burkholderia sp. (%)

OC1 Stomatitis 7 OC10 N 0.01

OC2 N 4 OC11 Moderate PD 0.01

OC3 Severe PD 3 OC12 N 0

OC4 N 2 OC13 N 0

OC5 Mild PD 0.7 OC14 Mild PD 0

OC6 N 0.4 OC15 Moderate PD 0

OC7 N 0.3 OC16 Moderate PD 0

OC8 Mild Tartar 0.3 OC17 N 0

OC9 N 0.1 OC18 N 0
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Bcc contaminated pharmaceuticals have been well docu-
mented as the cause of post-operative endophthalmitis in 
humans, as well as some cases of keratitis.35

Although a few species can cause severe disease, most 
species of Burkholderia are not pathogenic for healthy 
individuals.36 Even after exposure to B. pseudomallei 
and B. mallei, the two species associated with severe, 
life-threatening infections, many people were asymp-
tomatic even when they were found to be seropositive.37 
Disease due to infection with B. pseudomallei has also 
occurred many years after exposure.37 This suggests that 
complex pathogen-host-environment interactions are at 
play. The Burkholderia genus is composed of a rapidly 
increasing number of recognised species with a great 
diversity in specific environmental niches, interactions 
with other microbes and plants, and antimicrobial resis-
tance mechanisms.38 

The pathogenesis or clinical signs produced from the 
infection may also depend on the route of infection. 
B. mallei, for example, is the cause of glanders and can 
cause URTD, ulcerations of the airways, and pneumo-
nia if  the organism is inhaled, or pustular skin lesions, 
multiple abscesses, and sepsis after percutaneous inocula-
tion.36 B. pseudomallei can present with skin lesion, nasal 
lesions, pneumonia, and clinical signs arising from organs 
infected via hematogenous spread.37 As was mentioned 
earlier, B. pseudomallei has been found in cats with signs 

of systemic illness and endophthalmitis, presumably from 
hematogenous spread. Even though barriers such as the 
blood-ocular barrier and blood-brain barrier exist, patho-
gens can gain entry when bacteria escape the phagocytic 
machinery and survive within leukocytes.39 This can be 
another reason for host differences in pathogenesis since 
genetic differences will affect the ability of the leukocyte 
to act as a ‘shuttle’.

Improved clinical surveillance and laboratory diagnosis 
are needed to understand the significance of Burkholderia 
spp. and the association with severe ocular disease in cats. 
Burkholderia spp. are not fast-growing organisms and do 
not always grow in culture. This may be why Burkholderia 
has not been identified in cats with ocular disease in cul-
ture-based studies. Even if  a species of Burkholderia can 
grow in culture, the other bacterial species most com-
monly isolated from the eyes of cats with conjunctivitis 
and keratitis grow more rapidly and can easily outcom-
pete Burkholderia. If  a species of Burkholderia is, in fact, 
able to grow on culture, there is still an issue with proper 
identification since this genus can alter their metabolic 
and biochemical profile, making phenotypic methods of 
identification incorrect.40

The use of molecular identification methods will 
prevent misidentification and demonstrate the pres-
ence of bacteria in a sample regardless of the ability to 
grow in culture. Traditional and real-time PCR (qPCR) 

Fig. 2.  Relative abundance of bacterial species. Burkholderia was the dominant genus in the enucleated eyes.
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have been used in many studies, but mostly use primers 
that are specific to the organism of interest. NGS and 
other sequencing-based assays can amplify all bacteria 
using universal bacterial primers, then determine what 
species are present by DNA sequencing. NGS can give 
insight into entire bacterial populations and the relative 
abundance of the various species present in health and 
disease.

Limitations of the study
Because all the samples were collected from cats in the 
same geographical location, further studies from other 
regions are needed to determine if  these findings can be 
replicated. This can help establish whether these find-
ings have broader applicability and can provide more 
information on the relationship between Burkholderia 
and severe ocular disease in cats. Although this study 
includes control data demonstrating high relative abun-
dances of  Burkholderia sp. in internal organs of  cats, it 
does not provide evidence for hematogenous spread of 
the bacteria to the eyes. Also, because this study uti-
lised frozen tissue, culture and antimicrobial sensitiv-
ity was not able to be performed, and the fragments 
of  DNA produced by the NGS were not large enough 
to discriminate between Burkholderia species. Although 
these data are lacking, it is reassuring that there were 
no post-surgical complications, even in patients that 
were not likely to have ideal immune system function, 
and that enucleation appears to be curative. While it 
is uncertain if  antibiotic treatment was necessary in 
addition to enucleation, it is worth noting that the anti-
biotics utilised in the cats (doxycycline, penicillin and 
amoxicillin with clavulanic acid) are commonly used to 
treat B. pseudomallei infections in humans.41 Further 
studies to determine the species and antibiotic sensi-
tivity will provide stronger evidence that can be used to 
inform clinical practice guidelines and appropriate use 
of  antimicrobials.

Conclusions
The purpose of this study was to use molecular methods 
to identify potential pathogens in eyes that were enu-
cleated due to severe URTD-associated ocular disease. 
Burkholderia, an organism that has not been previously 
associated with severe ocular disease in cats with URTD, 
was found in high relative abundance in all the enucleated 
eyes. While our future goal is to identify the species of 
Burkholderia and determine antibiotic sensitivity, it is 
our hope that this study will be a first step to understand 
the significance of Burkholderia to the feline population 
and will encourage the use of NGS within the veterinary 
industry to identify bacterial pathogens that may evade 
detection by traditional methods.
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