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Bacterial culture and antibiotic sensitivity from the ocular conjunctiva of horses
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ABSTRACT: The aim of this study was to identify the conjunctival bacterial flora of healthy horses in Brasilia (Distrito Federal, Brazil), and to evaluate
the antimicrobial susceptibility of the isolated strains. We examined 200 eyes of 100 healthy adult horses without any eye problems, belonging to the Ist
Regiment of the Cavalry Guard (RCG) of the Brazilian Army in Brasilia. Samples were collected from the inferior conjunctival fornix of both eyes. Drug
sensitivity test was performed with the antibiotics gentamicin (10ug), tobramycin (10ug), chloramphenicol (30ug) and ciprofloxacin (5ug). Of the 200
samples collected, 131 (65.5%) were considered positive for bacterial growth. A total of 208 bacterial strains belonging to 19 genera were isolated, where
there was prevalence of gram-positive bacteria (65%), with Staphylococcus sp. being the species of greatest incidence. It was observed that 94, 85, 81
and 68% of the isolates were sensitive to ciprofloxacin, gentamicin, chloramphenicol and tobramycin, respectively. These results can guide the empirical
selection antimicrobial therapy for infections of the ocular surface of horses, pending the identification of the etiologic agent.

Key words: eye, horse, bacterial flora, antibiogram.

Cultura e sensibilidade bacteriana da conjuntiva ocular de equinos

RESUMO: Obyjetivou-se identificar a flora bacteriana conjuntival de cavalos saudaveis, residentes de Brasilia (Distrito Federal — Brasil), e
avaliar a susceptibilidade antimicrobiana das cepas isoladas. Foram avaliados 200 olhos de 100 equinos higidos, adultos, saudadveis e sem
alteragées oculares, provenientes do 10 Regimento de Cavalaria de Guarda (RCG) do Exército de Brasilia. As amostras foram coletadas do fornix
conjuntival inferior de ambos os olhos. O teste de sensibilidade foi realizado para os antimicrobianos: gentamicina (10mcg), tobramicina (10mcg),
cloranfenicol (30mcg) e ciprofoxacino (5mcg). Das 200 amostras coletadas, 131 (65,5%) foram consideradas positivas para o crescimento
bacteriano. Um total de 208 bactérias pertencentes a 19 géneros foram isoladas, verificando-se prevaléncia de bactérias gram-positivas (65%),
sendo Staphylococcus sp, a espécie de maior incidéncia. Foi observado que 94%, 85%, 81% e 68% das bactérias isoladas foram sensiveis
ao ciprofloxacino, a gentamicina, ao cloranfenicol e a tobramicina, respectivamente. Tais resultados podem direcionar a escolha empirica da
terapéutica antimicrobiana nas afecgées da superficie ocular de equinos, enquanto se aguarda a identificagdo do agente etiologico.
Palavras-chave: olho, cavalo, flora bacteriana, antibiograma.

INTRODUCTION Some eye infections, however, can be caused
by resident microorganisms, which become potentially
pathogenic after their virulence is increased by external
factors, such as trauma, stress, aging and reduction in
commensal microbiota(COGEN etal.2008; WILLCOX,
2013). Horses are probably more susceptible to corneal
lesions, compared to other species, since they have
bulging eyes susceptible to trauma associated with their
physical activity and the environment where they live
(PISANI et al., 1997, WADA et al., 2010).

The ocular surface is naturally inhabited
by microorganisms that constitute its normal
microflora. In different animal species, including
horses (ANDREW et al., 2003; JOHNS et al., 2011),
mules (TAMARZADEH & ARAGHI-SOOREH,
2014), donkeys (FOTI et al., 2013), sheep (BONELLI
et al., 2014), dogs (PRADO et al., 2005) and rabbits
(ORIA et al., 2014). Bacterial population often isolated
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from healthy eyes is composed of gram-positive
bacteria, although strains of methicillin-resistant to
Staphylococcus (MRS) and gran negative strains, have
also been identified (SANTOS et al., 2009; JOHNS et
al., 2011; WILLCOX, 2013; MOUNEY et al., 2013).
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Injury to the cornea, invaded by resident,
pathogenic or potentially pathogenic microorganisms,
leads to keratitis or infected corneal ulcers, which
can be difficult to treat and can result in vision loss
(MOORE et al. 1988; KURODA et al., 2015).
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Knowledge of the eye microflora of healthy horses
allows us to establish a suitable antimicrobial therapy,
which can be modified after obtaining the results of
sensitivity tests, thereby reducing the development
of antibiotic-resistant strains (SAUER et al., 2003;
KELLER & HENDRIX, 2005; TAMARZADEH &
ARAGHI-SOOREH, 2014). Accordingly, the aim of
this study was to determine the conjunctival bacterial
flora of healthy horses in Brasilia (Distrito Federal —
Brazil), and to evaluate the antimicrobial susceptibility
of the strains isolated to four antibiotics.

MATERIALS AND METHODS

The horses were randomly selected. We
evaluated both eyes of 100 healthy horses, without any
ocular or previous systemic alterations, adults (between 4
and 15 years old), 60 males and 40 females. Of these, 92
were of the Brasileiro de Hipismo breed and the others of
different breeds; the horses belonged to the 1st Regiment
of the Cavalry Guard (RCG) of the Brazilian Army in
Brasilia. All the horses were placed in similar individual
bares, covered, with water and hay, and belonged to the
same Regiment, located in the city of Brasilia.

For inclusion in this study, all animals
were subjected to a routine ophthalmic examination,
by a veterinarian with experience in ophthalmology,
which was done on the same day as the collection of
the samples for microbiological analysis.

Samples from the ocular conjunctiva for
microbiological examination were collected with a
sterile swab in the inferior conjunctival fornix of both
eyes, avoiding touching the eyelashes or eyelids, and
were placed test tubes with Stuart transport medium,
which were sent to the Microbiology Laboratory
of the Universidade de Brasilia (UnB). Collections
were done between the months of February and June,
when the temperature was 16 to 25°C and the mean
relative humidity was 73%, according to the Instituto
Brasileiro de Estudos Espaciais (INPE).

Samples were seeded in Petri dishes
containing sterile 5% sheep blood agar culture
medium, and incubated at 37°C for 48 hours, under
aerobic conditions. Plates that did not show bacterial
growth within the incubation period were considered
negative. After growth, the colonies were subjected to
identification according to Gram staining and the use
of biochemical tests of oxidation/fermentation glucose
(OF), catalase, oxidase, KOH, gelatin and urea.

The test for sensitivity to antibiotics was
performed for all bacteria isolated using the disk
diffusion assay. Each bacterial strain was inoculated
in Mueller Hinton broth and incubated for 24h.

Bacterial suspension was seeded on the surface of a
Muller Hinton agar plate, using sterile swabs, and
paper disks impregnated with antibiotics were placed
on the agar: gentamicin (10pg), tobramycin (10png),
chloramphenicol (30pug) and ciprofloxacin (5pug).
Plates were incubated for 24h in an incubator, and
growth inhibition around each disk was then analyzed,
classifying the bacteria as sensitive, intermediate or
resistant to the antibiotic. The criteria for the choice of
antimicrobials testes were based on the active principles
most frequently used in the ophthalmic routine of
horses in the Federal District, in addition, topical
gentamicin and chloramphenicol are the antibiotics
indicated for the preventive treatment of corneal ulcers
in horses (SAUER et al., 2003; WADA et al., 2010;
JOHNS et al., 2011), with chloramphenicol being still
effective against strains of MRS, an emerging infection
among equines (KURODA et al., 2015).

RESULTS AND DISCUSSION

In the literature, there is a variation of
52% to almost 100% with respect to the frequency of
bacteria isolated from the ocular conjunctiva of horses
without eye problems (VIDAL et al., 2010; JOHNS
et al., 2011; FOTI et al, 2013; TAMARZADEH
& ARAGHI-SOOREH, 2014). Such discrepancy
has been attributed to the ambient temperature and
management to which the animal is subjected (PISANI
et al., 1997; JOHNS et al., 2011); although, some
authors have not identified any significant difference in
the number or types of microorganisms isolated during
different seasons of the year (ANDREW et al., 2003).
Of the 200 samples collected in the present study, 131
(65.5%) showed bacterial growth (Table 1).

A total of 19 genera, of which 8 comprised
gram-positive bacteria and 11 gram-negative bacteria,
were identified in this study (Table 1). The gram-
positive bacteria displayed a predominance of 86.6%
among the strains isolated, in accordance with findings
for a series of domestic and wild animals (PRADO
et al., 2005; SANTOS et al., 2009; SPINELLI et al.,
2010; BONELLI et al., 2014; ORIA et al., 2014).

Staphylococcus sp. and Bacillus sp. are
gram-positive microorganisms that make up part of the
conjunctival microflora and the most frequent bacteria
isolated from the ocular conjunctiva of horses without
ophthalmic problems (VIDAL et al., 2010; FOTI et
al, 2013; TAMARZADEH & ARAGHI-SOOREH,
2014). This was also reported in the present study,
where these genera represented 43 and 13% of the total
strains isolated, respectively (Table 1). ANDREW et al.
(2003), however, identified Corynebacterium as the most
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Bacterial culture and antibiotic sensitivity from the ocular conjunctiva of horses. 3

Table 1 - Bacteria isolated from the conjunctival fornix of 200 eyes of 100 healthy horses, given in quantity of samples isolated and

percentage in relation to the whole sample.

Bacteria Cocci/Bacilli
Staphylococcus sp. Cocci
Bacillus sp. Bacilli
Rhodococcus equi Cocci
Corynebacterium sp. Bacilli
Actinomyces sp. Cocci
Micrococcus sp. Cocci
Listeria sp Bacilli
Streptococcus sp. Cocci
Proteus mirabilis Bacilli
Pasteurella sp. Cocci
Flavobacterium sp. Bacilli
Francisella tularenses Bacilli
Acinetobacter sp. Cocci
Campylobacter sp. Bacilli
Enterobacter gergovial Bacilli
Enterobacteriace Bacilli
Haemophylus sp. Bacilli
Serratia liquefaciens Bacilli
Yersinia enterocolitica Bacilli
Total isolates

Absent

important genus in the ocular conjunctiva of healthy
horses, followed by Staphylococcus and Bacillus. In the
present study, Corynebacterium sp. was the fourth most
common microorganism isolated, which has also been
demonstrated in eyes of dogs (PRADO et al., 2005) and
sheep (BONELLI et al., 2014) without eye problems, but
at a lower prevalence as that observed in our animals.

Although staphylococcus are commensal
bacteria in horses, some strains have acquired a greater
pathogen potential by expressing a gene called mec, which
encodes a binding protein to an altered penicilin, making
the use of all beta-lactam antimicrobials used in veterinary
medicine ineffective (MADDOX et al., 2015; VAN
SPIJK etal., 2016). Colonization or infections specifically
caused by methicillin-resistant Staphylococcus aureus
(MRSA), has become a serious condition in equines, and
a complex concern among animals, people and public
health (TIROSH-LEVY et al., 2015, MADDOX et al.,
2015, VAN SPIJK et al., 2016). In horses, several sites
of MRSA infection have been reported, including skin,
respiratory, urinary and reproductive tract (VAN SPIJK
et al., 2016). MRSA-infected keratitis has been described
in humans (ONGs et al., 2013) and dog (TAGIMA et
al., 2013), and recently in a race mare resulting in a fatal
condition (KURODA et al., 2015).

Methicillin-resistant Staphylococcus
(MRS), however, are rarely isolated from healthy
animals, but in those hospitalized, the prevalence is

Gram stain No. of isolates % of isolates
Positive 90 43.26
Positive 27 12.98
Positive 27 12.98
Positive 25 12.01
Positive 5 2.4
Positive 3 1.44
Positive 2 0.96
Positive 1 0.48
Negative 8 3.84
Negative 7 3.36
Negative 4 1.92
Negative 2 0.96
Negative 1 0.48
Negative 1 0.48
Negative 1 0.48
Negative 1 0.48
Negative 1 0.48
Negative 1 0.48
Negative 1 0.48

208 100
69

much higher (KURODA et al., 2016). In the present
study, the search for MRS strains was not performed,
but according to the researches published so far,
healthy horses that have not undergone any recent
surgical procedures and that are not under antibiotic
treatment, are not predisposed to MRS infections.

ANDREW et al. (2003) identified
Rhodococcus equi in the horse conjunctiva in five
samples, representing only 0.2% of the total isolates.
In our research, this bacterium was reported in 27
samples, where it accounted for 13% of the isolates
identified. Rhodococcus equi and Corynebacterium
sp. are opportunistic bacteria, the optimal temperature
for their development is about 30°C, and the summer
provides the climatic conditions that promote the
multiplication of these microorganisms (KREWER
et al., 2008), which can explain the high prevalence
of these microorganisms in the present study and their
absence in other reported studies.

Of the 11 genera of gram-negative bacteria
identified, six belonged to the family Enterobacteriaceae,
where the strain Proteus mirabilis was the most often
isolated, representing 28.6% of all gram-negative
bacteria isolated. Similar findings were respectively
reported by SANTOS et al. (2009) and FOTI et al.
(2013) in studies with dogs and horses with healthy eyes.
JOHNS et al. (2011), meanwhile, reported the genus
Acinetobacter as the most representative for the group
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of gram-negative bacteria, and did not identify Proteus
mirabilis in their study. In accordance with these authors,
we reported a high prevalence of Acinetobacter sp.,
probably due to the contamination of the environment
around the horse’s skin, besides being considered part of
the normal microflora of the human skin.

Pseudomonas spp. is a gram-negative bacillus,
considered as one of the most virulent pathogens of the
cornea, with a prevalence between 6 and 14% among
the microorganisms identified in corneal ulcers of horses
(SAUER et al., 2003; KELLER & HENDRIX, 2005;
WADA et al., 2010; WADA et al., 2010). As expected,
this genus was not isolated in the present study; although,
it was previously identified in the eyes of horses without
ophthalmic problems (ANDREW et al., 2003; VIDAL et
al., 2010; JOHNS et al., 2011).

A low prevalence of potential pathogens,
such as Streptococcus sp. and strains of the family
Enterobacteriaceae, such as Enterobacteriace and
Serratia sp. were identified here, and previously
isolated in horses with and without ocular pathologies
(KELLER & HENDRIX, 2003; ANDREW et al.,
2003; JOHNS et al, 2011; TAMARZADEH &
ARAGHI-SOOREH, 2014). Both Streptococcus and
Serratia are commensal microorganisms of the ocular
conjunctiva of horses, but can become pathogenic and
trigger diseases when colonizing wounds (SAUER et
al., 2003; VIDAL et al., 2010).

Corneal infections and endophthalmitis
caused by Streptococcus are not uncommon in horses
and can be devastating (BROOKS et al., 2000). It is
believed that Serratia sp. has the capacity to release
proteases, resulting in liquefactive necrosis and corneal
perforation (LYERLY et al., 1981). Since pathogenic
bacteria are present in the environment, the low
isolation of these microorganisms on the eye surface of
horses in this study suggested that the normal flora can
control or suppress colonization by pathogens.

Lesions on the ocular surface, with the
formation of ulcerative keratitis, are frequent in
horses, due to their anatomic particularities and
activity (WADA et al., 2010; KURODA et al., 2015)
and the immediate use of antibiotics is recommended
to prevent the establishment of infections.

Antibiotics indicated for the preventive
treatment of ulcers of the cornea in horses include topical
gentamicin and chloramphenicol (SAUER et al., 2003;
WADA et al., 2010; JOHNS et al., 2011). According to
MATTHEWS (2009), gentamicin is effective against
gram-positive (cocci) and gram-negative (cocci and
bacilli) bacteria, while chloramphenicol is active only
against gram-positive cocci. This was apparent in the
present study, where the majority of the strains identified

were gram-positive cocci, and these antimicrobials
exhibited an efficacy of 85 and 81% against the bacterial
isolates, respectively (Table 2). The same was not
observed by TAMARZADEH & ARAGHI-SOOREH
(2014), reporting Staphylococcus, Bacillus, and
Corynebacterium as the bacteria most often identified,
with low efficacy of gentamicin and chloramphenicol.
KELLER & HENDRIX (2003)
demonstrated a similar effectiveness as in our study,
finding 78% of bacterial strains sensitive to gentamicin
and chloramphenicol. These authors, along with
WADA et al. (2010), reported that chloramphenicol was
efficacious against all Strepfococcus sp. isolates, which
are gram-positive cocci, but not against Pseudomonas,
while gentamicin was effective against both types of
bacteria, corroborating the findings of Matthews (2009).
In addition, chloramphenicol was effective against
MRSA that contaminated keratitis in horses (KURODA
et al., 2015). Despite the evident activity of gentamicin,
resistance among microorganisms associated with
keratitis in horses has been increasingly reported, as
reported for Streptococcus sp. and Pseudomonas sp.
(SAUER et al., 2003), and Staphylococcus aureus
resistant to methicillin (MRSA) (KURODA et al., 2015).
Tobramycin was the least effective antibiotic
against the bacteria identified, showing activity
against 68% of the isolates, similar to KELLER &
HENDRIX (2003) studies, finding that only 41% of the
microorganisms isolated were sensitive to tobramycin,
despite showing high activity against Pseudomonas
sp. WADA et al. (2010) observed 88% efficacy with
the use of tobramycin, but most of the bacterial isolates
were Pseudomonas sp. In these two studies, tobramycin
was ineffective against Streptococcus sp. Tobramycin
has shown to be equally ineffective against methicillin-
resistant Staphylococcus aureus (MRSA), isolated from
ulcerative keratitis in animals (KURODA et al., 2015).
Such findings justify the prescription of this antibiotic in
infections by gram-negative bacilli. Accordingly, the low
bacterial sensitivity to tobramycin was expected, since the
majority of the strains isolated here were gram-positive.
Ciprofloxacin belongs to fluoroquinolones
class, which a broad spectrum of activity against gram-
positive and gram-negative organisms, and anaerobic
microorganisms as well (SILVA & HOLLENBACH,
2010), explaining its effectiveness in the present study, as
observed by KELLER & HENDRIX (2003), and also by
SAUER et al. (2003) and WADA et al. (2010), but with
the use of other fluoroquinolones. Ciprofloxacin should
be reserved for severe cases, or infections where bacterial
susceptibility is confirmed (SILVA and HOLLENBACH,
2010; WADA etal., 2010), because besides having a broad
antimicrobial activity, it is known that its use inhibits the
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Table 2 - Sensitivity of bacteria, cultured from the ocular surface of healthy horse, to the different antibiotics given as percentage in

relation to the isolates analyzed.

Bacterium No. of Isolates Gentamicin Tobramycin Chloramphenicol Ciprofloxacin
Staphylococcus sp. 90 85.6% 76.7% 85.5% 96.7%
Bacillus sp. 27 81.5% 70.4% 77.8% 92.6%
Rhodococcus equi 27 92.6% 51.9% 85.2% 92.6%
Corenybacterium sp. 25 84% 72% 88% 100%
Proteus mirabilis 8 100% 87.50% 75% 100%
Pasteurella sp. 7 57.1% 28.6% 71.4% 71.4%
Actinomyces sp. 5 100% 60% 40% 100%
Flavobacterium sp. 4 25% 25% 25% 25%
Micrococcus sp. 3 66.7% 66.7% 66.7% 100%
Listeria sp. 2 100% 100% 50% 100%
Francisella tularenses 2 100% 50% 50% 100%
Acinetobacter sp. 1 100% 100% 100% 100%
Campylobacter sp. 1 100% 0% 100% 100%
Enterobacter gergovial 1 100% 0% 100% 100%
Enterobacteriace 1 100% 0% 100% 100%
Haemophylus sp. 1 100% 100% 100% 100%
Serratia liquefaciens 1 Inconclusive Inconclusive Inconclusive Inconclusive
Streptococcus sp. 1 100% 100% 100% 100%
Yersinia enterocolitica 1 100% 100% 100% 100%
Total percentage of sensitive isolates 208 84.6% 68.3% 80.8% 93.8%
migration of epithelial cells in the cornea, which can ACKNOWLEDGEMENTS

compromise wound healing (HENDRIX et al., 2001).

Although we have evaluated an expressive
number of animals, as the horses came from the
same place and are exposed to similar environmental
conditions, we should consider that our results have
not the same approach for animals from different
regions. We encourage studies involving samples
from all regions of our country.

CONCLUSION

The identification of the normal microflora of
the ocular conjunctiva from horses, and their sensitivity to
the antimicrobials used in the current study is important
because it helps the clinicians to find the correct course
of prophylactic treatment in case of corneal ulcer, until
the results of the culture and antibiogram are available,
which can take days, and consequently result in vision
loss, especially if appropriate antimicrobial treatment is
delayed, and/or performed with inappropriate antibiotics.
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