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Abstract
Objective: To compare organism recovery from canine corneal ulcers using two different bacterial culture processing methods:
culturette inoculation into growth media immediately after collection (direct plating), and transport of culturettes with inoculation

at the reference laboratory (culturette).
Design: Exploratory pilot study.
Animals: Thirteen client-owned dogs diagnosed with complicated corneal ulceration from one referral hospital.

Procedures: Bacterial samples were collected by direct sampling of infected corneal ulcerations with a culturette followed by two
methods of sample processing: 1) direct inoculation of the culturette onto four culture media (blood, MacConkey, chocolate, Sab-
ouraud dextrose) and shipment of plates to an outside laboratory, 2) sample collection by culturette followed by transport to the
same outside laboratory for plating there for aerobic bacterial culture and sensitivity testing. Corneal cytology was collected from all

corneal ulcerations immediately after culture samples were obtained.

Results: Direct plating detected bacterial infection in 5/13 (39%) dogs, culturette submission in 6/13 (46%) dogs. When combining
the two culture methods, 7/13 (54%) dogs had positive cultures. The most common bacteria that were cultured from the corneal
ulcerations were beta-hemolytic streptococcus spp. (n = 3), and gram-negative bacilli (n = 3). There was not sufficient evidence to
suggest bacterial detection differed between the two culture methods (p = 1.00).

Conclusions and Clinical Relevance: Some laboratories recommend direct plating for better bacterial growth from corneal cul-
tures. Direct plating is more time consuming than submitting a culturette. This study suggests that submitting a culturette does not

result in different bacterial growth than direct plating.
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Introduction

Bacterial ulcerative Keratitis, also known as a type of compli-
cated corneal ulceration, is one of the most common canine ocular
diseases [1]. If not properly treated, this painful disease can prog-
ress rapidly due to both bacterial and host-derived factors (i.e.,
toxins and proteinases), possibly leading to loss of vision or even
loss of the globe [2,3]. When a corneal ulceration is complicated
by bacterial infection, medical management is lengthy, costly, and
may eventually require surgical intervention to save the eye [1].
Treatment of complicated corneal ulcerations usually includes fre-
quent application of topical antibiotics, anti-collagenolytics, mydri-
atic agents, and oral pain medications [1]. Successful resolution re-
quires appropriate antimicrobial therapy ideally based on culture
and sensitivity results [1,4,5]. However, due to the delay between
culture submission and results, broad-spectrum antimicrobial se-
lection is usually instituted prior to obtaining culture results [1].
Unfortunately, this contributes to poor antimicrobial stewardship
that contribute to emerging resistance within populations of com-
monly isolated organisms and subsequent treatment failure. Com-
mon bacterial organisms isolated from complicated corneal ulcer-
ations worldwide include Staphylococcus spp., Streptococcus spp.,
Pasteurella multocida, Pseudomonas aeruginosa, Corynebacterium
spp., Neisseria spp., and Escherichia coli [4,6-9]. There have been
many recent studies in veterinary medicine confirming antimicro-
bial resistance in these bacteria, especially for topical aminoglyco-

sides and second-generation fluoroquinolones [6,7,9-11].

The conventional technique for obtaining corneal bacterial
samples utilizes culturette collection (containing culture media)
and transport to a microbiology laboratory where the sample will
be plated [8,12-15]. Another less common culture technique utiliz-
es immediate (direct) innoculation of the bacterial swab at the time
of collection, with transport of the agar plates. In conjunction with
corneal culture, cytology is one of the most commonly used and
cost-effective laboratory procedures available to veterinary prac-
titioners [8]. Cytology has several advantages as a complement to
bacterial culture. Results are available rapidly to help guide antimi-
crobial selection, samples are assessed for concurrent inflamma-
tion and intracellular localization of organisms that can help dis-
tinguish pathogens from contaminants, and in some cases cytology
can identify fastidious organisms that are not amenable to culture
or can demonstrate organisms when there is compromise of the

culture samples. Studies have been performed to support culture
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is more sensitive than cytology, however there is an advantage to
using both methods for positive bacterial identification [15,16].
Other less common diagnostic methods for bacterial identification
in both veterinary and human medicine include PCR, serology, and

next-generation DNA sequencing [8,17-20].

University of Minnesota’s Veterinary Medical Center uses an
outside laboratory for microbiology diagnostics. This laboratory
recommends direct plating on four different agar plates (blood,
MacConkey, chocolate, Sabouraud dextrose) for all corneal micro-
biology cultures to increase the likelihood of bacterial growth. Di-
rect plating can be more challenging and time consuming for the
clinician [21,22]. In a nationwide survey in the United States, less
than 50% of human medical practitioners had access to supplies
necessary for direct plating [21]. To the author’s knowledge, there
are no studies in veterinary medicine comparing direct plating with
culturette submission. If the superior culture method can be identi-
fied and implemented, antibiotic selection for veterinary patients
will be more accurate, presumably resulting in a higher success
rate for medical management of complicated corneal ulcerations
and improving antimicrobial stewardship. The aim of this study is
to determine whether there is a difference in positive culture rates
between direct plating and culturette submission from complicat-
ed corneal ulcerations in dogs, and whether previous antibiotic use
influences culture results. A secondary goal is to evaluate how the
ancillary diagnostic technique of cytology compares with bacterial

culture for the detection of infectious agents.

Materials and Methods
Animals studied

All study procedures were approved by the University of Min-
nesota Institutional Animal Care and Use Committee (Protocol
#1511-33205A). In this exploratory pilot study, client-owned dogs
presenting to the ophthalmology service at University of Minne-
sota’s Veterinary Medical Center were enrolled from December
2015 to November 2016. To be included in the study, client-owned
dogs were required to have a complete ophthalmic examination
performed by a veterinary ophthalmologist and a clinical diagnosis
of “complicated corneal ulceration”. Data collected from the study
patients included age, breed, sex, and previous topical antimicrobi-
als used prior to presentation. Superficial corneal ulcerations that
were diagnosed as either simple (non-infected) or indolent by a

veterinary ophthalmologist were excluded from the study.
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Ophthalmic examination

Complicated corneal ulcerations were diagnosed following a
thorough ophthalmic examination performed by a board-certified
veterinary ophthalmologist (CCL or MdLH). Examinations included
Schirmer tear test (Merck Animal Health, USA), tonometry (Tonovet,
icare, Finland Oy), neuro-ophthalmic evaluation including menace
response, dazzle reflex, pupillary light reflex (direct and indirect),
and palpebral reflex, as well as slit-lamp biomicroscopy (Kowa Ltd,
Japan) of adnexal, and anterior segment structures. Stromal loss
and cellular infiltration of the corneal ulceration were identified on
slit lamp biomicroscopy. Binocular indirect ophthalmoscopy (Kee-
ler Inc., Malvern, PA, USA) with a 28D or 2.2D condensing lens (Volk
Optical, Mentor, OH) was performed on patients unless corneal
opacity and/or miotic pupil precluded fundic examination. Culture
and cytology samples were obtained per the study protocol (see
‘Specimen collection’ below). Following culture and cytology, fluo-
rescein stain (Bio-Glo; HUB Pharmaceuticals, Scottsdale, AZ, USA)
was applied to both eyes (OU).

Specimen collection

Prior to collection of corneal samples, one drop of topical an-
esthetic (0.5% proparacaine hydrochloride, Akorn Inc, Lake For-
est, Illinois, USA) was applied to the cornea. To maximize corneal
anesthesia, a second drop was applied five minutes after the first
application [23]. A new bottle of proparacaine was used for each
new patient to prevent contamination. Two culture samples (one
sample for direct plating and one sample for culturette submis-
sion) and three cytology samples were collected from each affected
eye by CCL or MdLH. The order for which the two different cultures
were collected was randomized based off a coin flip. For the direct
plating method, four different agar platers were removed from the
refrigerator 30 minutes prior to culture collection. A sterile cul-
turette swab (COPAN, Murrieta, CA, USA) was used to gently rub
the complicated corneal ulceration, using care to avoid contact
with any adnexal tissues or hair. The swab was then directly plated
on four different agar plates in the same order each time (blood,
MacConkey, chocolate, Sabouraud dextrose). The plating was per-
formed in the ophthalmology examination room immediately fol-
lowing sample collection. The plates were then submitted to the
hospital laboratory for incubation until shipment to an outside
laboratory (Marshfield Labs, Marshfield, WI). For the culturette
submission method, the complicated corneal ulceration was sam-
pled in the same fashion, but the culturette swab was then placed
in media within a standard aerobic and anaerobic culturette tube
(BBL™ CultureSwab™ Plus, Copan Italia SpA, Italy). The culturette
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was shipped to the same outside laboratory as for the direct plat-
ing. The outside laboratory would perform the plating upon arrival
on the same four agar plates as described above. Culture samples
were stored at room temperature prior to shipping, and time from

arrival to analysis was on average three days.

Cytology was collected from all patients as a supportive diagnos-
tic test to microbiology, to evaluate for presence and type of inflam-
mation and presence or absence of intracellular bacteria. Cytology
samples were collected immediately after the culture sampling was
complete. Three cytology slides were collected on each patient, us-
ing a new sterilized cytobrush (Microbrush, Grafton, WI) for each
microscope slide. Cytology slides were submitted to the clinical pa-
thology laboratory at University of Minnesota’s Veterinary Medical
Center. Two smears were stained with Wright Giemsa and one slide
was stained with Gram stain. All cytologic preparations were evalu-

ated by board-certified veterinary clinical pathologists.

Data analysis

The age, sex, and breed of each dog were recorded, and descrip-
tive statistics were computed. Summary statistics (frequency and
relative frequency) were computed for each culture and cytology
result. Comparisons of interest were as follows: (i) culture results
of direct plating versus culturette submission, (ii) detection of bac-
teria using microbiology culture versus detection of bacteria on
cytology (bacteria +/- neutrophils), and (iii) positive culture rates
between eyes that received previous antimicrobial therapy versus
eyes that had not received antimicrobial therapy. To compare mi-
crobiology culture with cytology, the results of direct plating and
culturette submission were combined by recording a ‘presence’ if
at least one of the culture samples was positive for bacteria, and

‘absence’ if both cultures were negative for bacterial growth.

McNemar’s Test, adapted for small sample sizes, was used to
compare the yield of culture by means of direct plating versus cul-
turette. All statistical analyses were carried out in the statistical
software “R” (R Core Team (2020)). A significance level of 0.05 was

used for all statistical tests.

Results

A total of 13 dogs were included in this study. All dogs were uni-
laterally affected with a complicated corneal ulceration. The me-
dian age was 10 years of age (range 6-15 years), including seven
neutered males, five spayed females, and one intact female. Eight

different dog breeds were represented in the study population, the
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most common being the Boston Terrier (n = 4) followed by Boxer
(n = 2). The remaining breeds included Shih Tzu (n = 1), Dachs-
hund (n = 1), Miniature Pinscher (n = 1), Chihuahua (n = 1), Vizsla
(n = 1), and West Highland White Terrier (n = 1). Eight out of 13
(62%) complicated corneal ulcerations occurred in the right eye
(OD), while five out of 13 (38%) complicated corneal ulcerations

occurred in the left eye (0S).

Culture

The direct plating method detected the presence of bacterial in-
fection in five out of 13 complicated corneal ulcerations (39%). The
culturette submission method detected the presence of bacterial

infection in six out of 13 complicated corneal ulcerations (46%). A
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total of 11 out of 26 culture samples (42%) had positive bacterial
growth. When combining the two culture methods’ results, seven
out of 13 complicated corneal ulcerations (54%) were positive for
bacterial growth. Four out of five (80%) eyes with a positive cul-
ture using the direct plating method also had a positive culture us-
ing the culturette collection method. Four of six (67%) eyes with
a positive culture using the culturette collection method also had
a positive culture using the direct plating method. Both the direct
plating and the culturette collection methods had identical culture
results in ten out of 13 eyes (77%; 4 eyes with positive cultures, 6
eyes with negative cultures). There was no evidence of a difference
in culture yield between the two culture methods (p = 1.00). Cul-

ture results are summarized in table 1.

Bacteria Detection Method N % 0dds Ratio (95% CI) P

Direct plating (38.5)

Culturette 6 (46.2)

Detection agreement 10 (76.9) 2.00 (0.104,117.994) * 1.00
Presence 4 (30.8)
Absence 6 (46.2)

Cultures (combined) 7 (53.8)

Cytology (bacteria) 4 (30.8)

Detection agreement 8 (61.5) 0.25 (0.005, 2.526) 375
Presence 3 (23.1)
Absence 5 (38.5)

Cultures (combined) 7 (53.8)

Cytology (neutrophils) 8 (61.5)

Detection agreement 6 (46.2) 1.33 (0.226,9.102) 1.00
Presence 4 (30.8)
Absence 2 (15.4)

Cytology (bacteria) 4 (30.8)

Cytology (neutrophils) 8 (61.5)

Detection agreement 9 (69.2) ¢ 125
Presence 4 (30.8)
Absence 5 (38.5)

Table 1: Summary statistics (frequency (%)) for each comparisons (direct plating vs culturette; cultures (combined) vs cytology (intra-

cellular bacteria); cultures (combined) vs cytology (neutrophils), cytology (intracellular bacteria) vs. cytology (neutrophils)); ‘n’ in the

second column indicates the number of dogs with positive bacterial growth on their culture method, and ‘%’ indicates the frequency of

when the methods agreed on presence and absence (n = 13)."0dds ratio can be interpreted as the odds of detection with culturette is

approximately twice the odds of detection with direct plating. *Odds ratio estimate not calculated due to having zero observations that

were detected as positive by cytology (bacteria), and negative by cytology (neutrophils).
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Eight different bacterial isolates were identified between the
two culture methods: Beta-hemolytic Streptococcus spp. (35%, n =
6), gram-negative bacilli (12%, n = 2), Staphylococcus intermedius
(12%, n = 2), Escherichia coli (12%, n = 2), Corynebacterium ulcer-
ans (12%, n = 2), Staphylococcus aureus (6%, n = 1), Capnocyto-
phagia spp. (6%, n = 1), Enterobacter cloacae (6%, n = 1). Sixof 11
eyes (55%) yielded one isolate, four of 11 eyes (36%) yielded two
isolates, and one of 11 eyes (9%) yielded three isolates. No sample

yielded more than three isolates.

Cytology
Eight of 13 (62%) cytology results from the complicated corneal

ulcerations showed evidence of suppurative inflammation with no
etiologic agent identified (“neutrophils only”). Of those eight eyes,
four (50%) were positive for bacteria on aerobic culture. Four
out of 13 (31%) eyes identified intracellular bacteria on cytology
(“bacteria +/- neutrophils”). Of those four eyes, three (75%) also
had a positive bacterial culture, and one (25%) was negative on
both culture methods. One hundred percent of eyes positive for in-
tracellular bacteria on cytology also showed evidence of suppura-
tive inflammation. Additionally, four out of 13 (31%) eyes that had
a positive bacterial culture (using either culture method) but were
negative for bacteria on cytology. When combining the culture re-
sults of direct plating with culturette submission, aerobic culture
detected the presence of bacteria (54%, 7/13) more frequently
than cytology (31%,4/13), however there was not sufficient evi-
dence to suggest a difference between culture and cytology detec-
tion (p =.375).

Antibiotic use

Of the 13 dogs in the study, seven of 13 complicated corneal ul-
cerations (54%) were on a topical antibiotic at the time of culture
and cytology collection. The most common topical antibiotic was
neomycin-polymyxin B-bacitracin ophthalmic ointment (Bausch &
Lomb Incorporated, Tampa, FL, USA; n = 3), followed by tobramycin
0.3% ophthalmic solution (Bausch & Lomb, Bridegwater, NJ, USA; n
= 2), ofloxacin 0.3% ophthalmic solution (Akorn, Inc., Lake Forest,
IL, USA; n = 1) and ciprofloxacin 0.3% ophthalmic solution (Altaire
Pharmaceuticals, Aquebogue, NY, USA; n = 1). Four of seven com-
plicated corneal ulcerations (57%) that were treated with a topical
antibiotic were negative for bacterial growth on their microbiol-

ogy culture, while three of seven complicated corneal ulcerations
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(43%) that were treated with a topical antibiotic were positive for
bacterial growth. Of the six complicated corneal ulcerations with-
out topical antibiotic use at the time of specimen collection, two
out of six (33%) was negative for bacterial growth, and four out of
six (67%) were positive for bacterial growth. There was not suf-
ficient evidence to suggest a difference between bacterial growth
or no growth when the use of topical antibiotics versus no use of
topical antibiotics prior to culture were evaluated (p = .85). The
use of systemic antibiotic therapy was not recorded for any of the

13 dogs in this study.

Discussion

This exploratory pilot study compared culture results of com-
plicated corneal ulcerations from direct plating and culturette
submission. The direct plating method was positive for bacterial
culture in 39% of cases, with culturette submission positive in 46%
of cases, though this difference was not found to be statistically
significant. A similar study was performed in human ophthalmol-
ogy to determine the microbiological yield of corneal ulceration by
direct inoculation of culture media versus indirect inoculation by
means of transport medium [24]. Like the current study, Mcleod.,
et al. 2005 reported that cultures obtained by means of culturette
submission and held for up to 24 hours had similar positive culture
results to that of direct plating. The results of this study suggest
that direct plating and culturette submission are equivalent for
obtaining positive culture results. Given added time and technical
demands of direct plating, culturette transport appears to be the

more practical alternative for most practitioners.

It is important to note that while swab transport devices are
used in veterinary and human ophthalmology for ease of sample
collection, swab specimens are inferior to fluid specimens (i.e.,
wound exudate), thus culture yield may be lower in these cases
[25]. Along with potential for decreased positive culture yields with
complicated corneal ulcerations, topical antibiotic use prior to di-
agnostics must be considered as a confounding variable regarding
culture results. A 2007 study by Sharma and colleagues evaluated
positive and negative culture results correlated with cytology and
prior antibiotic use. The study found that more negative cultures
were associated with previous topical antibiotic therapy, however
this was not statistically significant [26]. A similar observation in
the present study was demonstrated, as there was no evidence to

suggest a difference between culture rates of eyes on prior topi-
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cal antibiotic use with eyes that had not received a topical antibi-
otic prior to culture collection. Additionally, one must consider the
low culture rate of fastidious organisms related to negative culture
results. In a 2008 study by Ledbetter and colleagues, mixed infec-
tions with aerobic bacteria were present in 51.2% of cases when
attempting to isolate obligate anaerobes. The authors suspected
this was an under-estimation, as 76.2% of anerobic bacterial ulcers
that were negative for aerobes were receiving topical antimicro-
bial therapy at presentation [27]. This may have been the case in
the current study, as 57% of complicated corneal ulcerations that
were previously treated with a topical antimicrobial were culture

negative.

The commonly identified bacterial isolates in this study were
beta-hemolytic Streptococcus spp., Staphylococcus spp., and gram-
negative bacilli. This is similar to a recent study by Jinks.,, et al. from
2020, which identified Staphylococcus, Streptococcus, and Pseudo-
monas as the most common bacterial genera isolated in dogs [11].
Similar results have been demonstrated in other veterinary oph-
thalmology studies evaluating microbiology from dogs, cats, and
horses [4,9].

In the current study, there was not enough evidence to suggest
a difference between cytology or aerobic culture regarding positive
bacterial identification, though combined culture methods detect-
ed bacteria in 54% of cases compared to 31% of cytology samples.
Bacterial culture is known to be more sensitive for the identifica-
tion of infectious agents, however cytology is still useful due to the
ability to quickly obtain results [1]. Corneal cytology has also been
previously reported to correlate with corneal culture results with
a positive and negative predictive value (PPV and NPV) of 73%
and 52%, respectively, in the horse [28]. Another study showed
the benefit of using more than one diagnostic technique to identify
bacteria. In 48 horses with ulcerative keratitis, bacteria was identi-
fied on cytology in 26 out of 35 infections compared to 29 identi-
fied on bacterial culture, compared to 35 infections using combined
methods [16]. Some discrepancies that lead to misdiagnosis from
cytology can result from sampling technique. Additionally, certain
normal findings such as stain precipitate can be mistaken for bac-
teria [8]. However, a preliminary diagnosis based on cytology can
be crucial in early bacterial identification and implementation of

appropriate antimicrobial therapy.

As the field of medicine continues to grow, advancements in

microbial identification are becoming more promising. In humans,
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the limitations of culture methods for microbial identification
were further elucidated by Willcox., et al. who showed that less
than 80% of healthy human conjunctival swabs yielded cultivable
microbes, despite a known endogenous conjunctival microbiome
[29]. In another human study, next generation sequencing, using
16S ribosomal DNA, was able to positively identify a highly diverse
microbial conjunctival community in each of its samples, with 31%
of microbes classified as “novel” bacteria [30]. In animals, next-
generation sequencing has been used to characterize the ocular
microbiota in the house finch, koala, feline, canine, and equine
[31-35]. Most recently, a 2020 study by LaFrentz., et al. character-
ized the diversity of the equine conjunctival microbiota using next-
generation DNA sequencing in 15 eyes [35]. Conjunctival biopsies
yielded 329 bacterial operational taxonomic units (OTUs) and
found gram negative Proteobacteria to be the dominant phylum.
A similar study was performed in 2019 by Leis at al. to character-
ize the canine ocular microbiota and found that genera previously
thought to account for the majority of the core microbiome only ac-
counted for 2.63% of all sequencing reads, possibly reflecting bias
in organism recovery using standard culture methods [34]. Further
studies are warranted to characterize the general ocular microbi-
ome among various species, but eventually, its use could lead to
the development of novel therapies to prevent corneal dysbiosis
or to identify uncommon fastidious bacterial isolates responsible
for many complicated corneal ulcerations with negative culture re-
sults. This would prompt more judicious use of topical antibiotics

to reduce the spread of antimicrobial-resistant organisms.

Based on results in this pilot study, direct plating and transport
media had comparable positive culture rates. Of the positive cul-
tures using both methods, nearly all isolates identified were identi-
cal. Given that direct plating on culture media is inherently more
difficult and time-consuming, inoculation into transport medium
is a viable and effective alternative. Additionally, as bacterial iden-
tification between cytology and culture methods did not signifi-
cantly differ, implementing corneal cytology is an important way to
quickly identify etiologic agents responsible for complicated cor-
neal ulcerations, thus implementing appropriate treatment prior

to obtaining culture results.
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