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Abstract

Background: Commensal bacterial and fungal flora of the conjunctival sac has been described in horses and other
animals. The identification of commensal flora of the conjunctival sac may aid in the diagnosis of ocular
inflammatory diseases, such as conjunctivitis or more severe ulcerative keratitis, common in horses. Moreover,
damage of ocular protective barriers may lead to an opportunistic infection. The study was carried out in Silesian
horses kept at a single breeding center in South-western Poland, in order to limit any breed-dependant and
climate-dependant variables affecting the results. Following an ophthalmic examination that revealed no
abnormalities, sterile swabs were collected from conjunctival sac in 26 adult horses and 11 foals. The obtained
swabs were subjected to bacterial culture testing. In case of Staphylococcus spp. isolation, susceptibility to
methicillin was evaluated.

Results: Forty- three bacterial isolates, representing eleven genera of bacteria were cultured from 30 (81%) horses.
Gram-positive bacteria were the dominant isolates (72%) (p < 0.001). The most commonly isolated Gram-positive
bacteria were Staphylococcus spp., while Moraxella spp. were the most frequently isolated Gram-negative bacteria.
There was no significant influence of sex and age on the frequency and type of microbial isolates.

Conclusions: Commensal flora is present in the conjunctival sac of healthy horses in Poland. Age does not affect

the abundance and type of microbial isolates.
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Background

Under physiological conditions, the surface of the eye is
protected by a number of innate and adaptive immune
systems, such as mucin and epithelium barrier functions,
tear film that enables flushing of the ocular surface, anti-
microbial tear components (lysozyme, beta-lysin, lactofer-
rin, blood cells, IgA), antigen presenting cells and special
antigen-recognition receptors called Toll-like receptors
[1-3]. Commensal flora also protects against microbial
pathogens by producing antibacterial substances, limiting
the surface of growth of other microorganisms and de-
creasing the nutrient content on the surface of the corneal
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and conjunctival epithelium [3-5]. Commensal bacterial
and fungal flora of the conjunctival sac is commonly re-
ported in horses and other animals [3, 5-14]. The most
common Gram-positive bacterial isolates from the con-
junctival sac in horses include Staphylococcus spp.,
Streptococcus spp., Corynebacterium spp. and Bacillus
spp. [3, 5-9]. Gram-negative bacteria, such as Pseudomo-
nonas spp., Moraxella spp. and Acinetobacter spp., are
much less common [6-8]. Studies on the commensal flora
of the conjunctival sac report a mixed growth of at least
two bacterial species, characterised by meagre growth
often accompanied by fungi (i.e. Aspergillus spp., Penicil-
lium spp., Fusarium spp., Cladosporium spp.) [6-8, 10,
11]. The study by Moore et al. 1988 did not find anaerobic
bacteria in conjunctival swab cultures in healthy horses
[5]. Damage of the protective barriers of the ocular
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surface, including injury to the cornea, may lead to the
formation of pathological bacterial and fungal flora [1, 9,
15]. Under pathological conditions, commensal flora may
become opportunistic (eg. Pseudomonas aeruginosa) (3, 7,
15, 16]. The most commonly isolated bacteria in the case
of equine ulcerative keratitis include: Pseudomonas aerugi-
nosa, Streptococcus equi subspecies zooepidemicus and
Staphylococcus spp. [1, 16—-18]. According to Moore et al.,
Gram-negative bacteria are isolated more commonly than
Gram-positive bacteria in the course of ulcerative keratitis
[5]. The identification of the physiological commensal
flora in the conjunctival sac is essential in order to diag-
nose inflammatory ocular disorders and to choose the
most effective antibacterial treatment prior to obtaining
antibiogram results.

To date, no studies have been carried out in
East-Central Europe assessing the commensal microbial
flora of the conjunctival sac in horses. According to sev-
eral studies, the geographical location, the climate zone
and the age and breed of the horses may affect the type
of bacterial flora in the conjunctival sac [5, 7]. The pre-
sented study was carried out in one breed of horse, in
animals stabled in a single facility in South-Western
Poland, in order to eliminate any possible effects of
breed and climate on the results. The aim of the study
was to assess the presence of commensal flora in the
conjunctival sac of healthy adult horses and foals and to
determine the effect of sex, age and housing type on the
amount of this flora. To the authors’ best knowledge,
there are no reports assessing commensal flora in the
conjunctival sac of foals or the effect of age on the fre-
quency and type of microbial isolates.

Methods

The study samples were collected from the “Ksigz Stallion
Stud Farm” (coordinates: 50°50'35.6”N 16°17'58.4"E) on
a single day in July 2017. Consent by the owner was ob-
tained prior to sample collection. According to the present
law in Poland (Experiments on Animals Act from January
15th 2015, Journal of Laws of the Republic of Poland from
2015, item. 266), the study did not require the approval of
the Ethics Committee. The highest ambient temperature
during the day was 18.5 °C during sample collection. Ac-
cording to the information provided by the owner of the
horses, none of the animals had any ocular disorders and
no systemic or topical ophthalmic drugs were used. A
screening ophthalmic examination including the assess-
ment of the eye accessory organs, the pupillary light reflex
and the eye was carried out using a source of light
(Ri-light, Riester, Jungingen, Germany). An assessment of
the corneal surface, the anterior chamber, lens, the vitre-
ous chamber and the ocular fundus with imaging of the
optic disc was carried out using a direct ophthalmoscope
(Ri-scope L2, Riester, Jungingen, Germany). The
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examination was performed by a qualified veterinary sur-
geon in a darkened environment. The cornea was not
stained with fluorescein due to its potential bactericidal ef-
fect on the culture [19]. The clinical examination was nor-
mal. Thirty-seven horses were included in the study,
which were divided into three groups: L. adult stallions (15
horses), with a mean age of 6.6 years (range: 3-16); IL.
adult mares (11 horses), with a mean age of 11.1 years
(range: 5-18); III. healthy foals of both sexes up to
6 months old from mares from group II (11 horses), with
a mean age of 4.1 months (range: 2—6 months). The stal-
lions in group I were kept in uniform conditions in separ-
ate stalls in one stable with one to two hours of training/
lunging per day. Groups II and III were stabled together.
Groups II and III had a 9-10 h access to a pasture and
spent the remaining time in a common stable without
boxes. Straw (from the same source) was used as bedding
in both stables, and the horses were fed hay ad libitum
and oat according to their requirements. The swabs were
collected from the right eye of each horse without sed-
ation or local anaesthesia. The globe was retropulsed in
order to visualise the conjunctiva of the lower eyelid and
third eyelid, which was protruded. The sample was col-
lected from the external surface of the third eyelid using a
sterile swab (Sarstedt, Copan, Italia) covered by sterile sa-
line. The swab was moved toward the conjunctival sac
avoiding contact with the palpebral margin, eyelashes and
vibrissae. The swabs were placed directly on an Amies
(Sarstedt, Copan, Italia) transport medium and trans-
ported for analysis within an hour in temperature 4 °C.
The microbiological analysis was carried out at Epi-Vet, a
veterinary diagnostic laboratory operating at the Depart-
ment of Epizootiology with Clinic for Birds and Exotic
Animals of the Wroclaw University of Environmental and
Life Sciences, in accordance with the prevailing microbio-
logical regulations (according ISO 9001:2008) [20].

Obtaining isolates

The samples were placed in a liquid medium containing
broth and glucose (Oxoid, USA) and were then incubated
at 37 °C for 24 h under aerobic conditions. Following in-
cubation, the samples were cultured on a solid medium
containing Columbia agar with 5% sheep blood (Oxoid,
USA), Mannitol Salt Agar (Oxoid, USA), MacConkey
Agar with Crystal violet (Oxoid, USA). The plates were in-
cubated at 37 °C for another 24 h under aerobic condi-
tions. The colonial morphology was assessed using
commercial biochemical tests, described below.

Species strain identification

In order to identify the species, the following tests were
carried out: a. the oxidase test (with the use of a 1% so-
lution of tetramethyl-p-phenylenediamine); b. the cata-
lase test was performed with 3% hydrogen peroxide; c.
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detection of the Clumping Factor (CF) of Staphylococcus
(using undiluted rabbit plasma). The species identifica-
tion of the Staphylococcus isolates was determined using
the RapID STAPH Plus (Remel Inc., USA) test. The spe-
cies identification of non-fermenting Gram-negative bac-
terial isolates was determined using the RapID NF Plus
test (Remellnc, USA).The assessment of Staphylococcus
susceptibility to methicillin:

The susceptibility of the Staphylococcus spp. isolates to
methicillin was examined using Mueller-Hinton agar
(Oxoid, USA) and 30 pg cefoxitin discs (Oxoid, USA),
with incubation at 37 °C for 24 h [21].

Statistical analysis

The Chi-squared test was used to assess the differences
in proportions between the groups, and due to the small
sample size, the Yate’s correction was applied. All the
analyses were performed at a 5% significance level
(p = 0,05) using the PQStat for Windows 1.6.2 software.

Results

Positive bacterial cultures were observed in 30 of the 37
healthy horses (81%), including 12 of the 15 stallions (80%),
eight of the 11 mares (72%) and 10 of the 11 healthy foals
(91%). No statistically significant relationship between the
bacteriological result, the sex and the age of the horses was
observed. Forty-three isolates were identified from the sam-
ples. The details of the bacterial isolates are presented in
Table 1. Growth of a single species of bacteria was noted in
17 healthy horses (56.7% positive bacteriological pathogen
detection), including five stallions, six mares and six healthy
foals. Mixed bacterial growth was observed in 13 healthy
horses (43.3% positive bacteriological pathogen detection),
including in seven stallions, two mares and four foals. The

Table 1 Bacterial isolates from normal eyes
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complete results, including the age and sex of the animals,
is presented in Table 2. There was no statistically significant
difference between the type of bacterial growth, the sex and
the age of the animals. There were significantly more
Gram-positive bacteria (31 isolates - 72%) than
Gram-negative bacteria (12 isolates - 28%) (p < 0.001). No
statistically significant difference between the growth of
Gram-positive and Gram-negative bacteria and the age and
sex of the horses was found. The same bacterial isolates
were found in two out of 11 mare-foal pairs. The detailed
results are presented in Table 3. Most of the Staphylococcus
bacteria were coagulase-negative (three isolates were of un-
determined morphology using commercial biochemical
tests) and no methicillin-resistant Staphylococcus spp.
strains were observed.

Discussion

The Silesian horse is a breed of warmblood horse native to
Upper and Lower Silesia in Poland and is part of the Conser-
vation Program of Genetic Diversity in Farm Animals in
Poland. The obtained results are consistent with similar
studies in horses in other geographical regions. Positive bac-
teriological pathogen detection and bacterial culture was
present in 81% of the healthy horses. Other studies often
reported less frequent bacterial growth in samples from
conjunctival sac, occurring in 30 to 52% of the healthy horses
[6, 8]. In the study by Gemensky-Metzler et al. 2005 bacterial
isolates were presented more frequent: in 78% of the corneal
swabs and 90% of the conjunctival sac swabs [3].

This study confirmed the tendency toward a more fre-
quent Gram-positive bacterial culture than a Gram-negative
bacterial culture of conjunctival sac swabs from healthy
horses [3, 5-9]. In the present study, 66.67% of the isolates
from adult horses and 71.43% of the isolates from foals were

Total number of isolates Percent of total isolates

Isolate Gram positive/ Gram negative
Staphylococcus sciuri® Positive
Staphylococcus xylosus® Positive
Staphylococcus spp.*® Positive
Staphylococcus simulans® Positive
Brevibacterium diminuta Positive
Moraxella lacunata Negative
Pseudomonas aeruginosa Negative
Sphingomonas paucimobilis Negative
Burkholderia cepacia Negative
Comamonas acidovorans Negative
Chryseobacterium meningosepticum Negative

Total

16 37.2%
9 21.0%
4 9.3%
1 2.3%
1 2.3%
5 11.6%
1 2.3%
2 4.7%
2 4.7%
1 2.3%
1 2.3%
43 100%

(*not subjected to further strain identification)
#MSCNS- methicillin-susceptible coagulase-negative Staphylococcus)
PMSS - methicillin-susceptible Staphylococcus



Zak et al. BMC Veterinary Research (2018) 14:261

Table 2 Bacterial isolates from normal eyes
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Groups Group | - stallions Group Il - mares Group I and Il = adult horses Group Il foals
Number of horses 15 1 26 11
No growth 3 3 6 1
Number of isolates 19 10 29 14
Isolates: Number of Number of Number of Number of
isolates/% isolates isolates/% isolates isolates/% isolates isolates/% isolates
Staphylococcus sciuri® 8/42.1% 4/ 40% 12/ 41.4% 4/ 28.6%
Staphylococcus xylosus® 2/105% 4/ 40% 6/20.7% 3/2145%
Staphylococcus spp.* 2/105% 0 2/69% 2/143%
Staphylococcus simulans® 0 0 0 1/71%
Brevibacterium diminuta 0 0 0 1/71%
Moraxella lacunata 3/157% 0 3/103% 2/143%
Pseudomonas aeruginosa 1/53% 0 1/345% 0
Sphingomonas paucimobilis 1/53% 1/10% 2/69% 0
Burkholderia cepacia 1/ 53% 0 1/345% 1/71%
Comamonas acidovorans 1/53% 0 1/345% 0
Chryseobacterium 0 1/10% 1/345% 0

meningosepticum

(*not subjected to further strain identification)
#MSCNS- methicillin-susceptible coagulase-negative Staphylococcus)
BMSS — methicillin-susceptible Staphylococcus

from the Staphylococcus spp. genus. This finding was con-
firmed in previous studies, where Staphylococcus spp. was re-
ported to be the most prevalent or the second most
prevalent type of isolated bacteria [3, 5-8]. However, this mi-
crobial species was much more common in the present

Table 3 Bacterial isolates from healthy mares and their folas

pair nr mare isolates foal isolates
1. S. sciuri® S. simulans®
2. S.sciur’® S. xylosus®

B cepaciad
3. No growth S. sciurf®

M. lacunata®
4, No growth S. xylosus®
5. S. xylosus® S. sciurf®

S. paucimobilis’

6 S. xylosus® Staphylococcus spp.'
7. S. xylosus© no growth
8 S. sciuri® S. sciuri®
9 S. sciurf® Staphylococcus spp.'
10. no growth S. sciurf®

B. diminuta®
11. S. xylosus® S. xylosus*

Ch. meningosepticum® M. lacunata®

Bacterial isolates from healthy mares and their foals: the overlapping results
are presented in bold (legend: Staphylococcus sciuri, °Staphylococcus simulans,
“Stapylococcus xylosus, “Burkholderia cepacia, *Moraxella lacunata
fSphingomonas paucimobilis, 9Brevibacterium diminuta, "Chryseobacterium
meningosepticum, 'not subjected to further analysis)

study than in previous studies [3, 5-8]. The cause of varying
dominant isolates between studies is not clear, although
hypothetically it may be associated with different mainten-
ance conditions, such as different bedding, hay, weather and
climate. The majority of the isolated Staphylococcus spp. bac-
teria were coagulase-negative. Coagulase-negative Staphylo-
cocci (CNS) are considered non-pathogenic commensal
bacteria, although it is currently believed that they may be a
cause of opportunistic infections [22]. All of the isolates were
methicillin- sensitive using the cefoxitin disc susceptibility
test [21]. According to literature, methicillin-resistant
Staphylococcus aureus (MRSA) was isolated in one case of
ulcerative  keratitis in a horse in Japan [23].
Methicillin-resistant Staphylococci (MRS) were also isolated
from a horse with a surgical wound complication as well as
from the nares and skin of healthy horses [24—26]. MRS are
also a cause of ocular disease in humans [27, 28].

The second most common bacterial isolate was Mor-
axella spp. (11.6%), all of which are identified as Morax-
ella lacunata, which are gram-negative coccobacilli
responsible for opportunistic infections. This finding has
been confirmed in literature, where Moraxella spp. was
reported to be the most prevalent or the second most
prevalent type of isolated gram-negative bacteria [3, 5,
7]. According to Moore et al. 1983, the majority of com-
mensal flora is formed by Gram-positive bacteria, while
Gram-negative microorganisms usually cause septic in-
fections [16]. In the study by Sauer et al. 2003 Pseudo-
monas aeruginosa was the most frequently isolated
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pathogen in the case of equine bacterial ulcerative kera-
titis [17]. Pseudomonas aeruginosa is an opportunistic
bacterium considered to be the most virulent corneal
pathogen, with the capacity to produce proteases and
exotoxins and causing serious damage of the corneal
epithelium and endothelium [1, 15]. In the present
study, P. aeruginosa was isolated from one healthy horse.
P. aeruginosa showed mixed growth with Staphylococcus
sciuri, suggestive of a commensal infection. However,
other authors reported that Gram-positive bacteria, such
as Streptococcus equi subsp. zooepidemicus and
Staphylococcus aureus, were isolated more frequently
from cases of ulcerative keratitis than the Gram-negative
P. aeruginosa [1, 15, 18, 29, 30]. The commensal flora
isolated from the conjunctival sac in the present study
was also isolated in cases of ulcerative keratitis, i.e.
Staphylococcus xylosus, Staphylococcus sciuri, Sphingo-
monas paucimobilis (isolated by Hidaka et al. [18]) and
Burkholderia cepacia (isolated by Sauer et al. 2003) [17,
18]. This confirmed the hypothesis that commensal bac-
teria may act as pathogens in case of damage of the ocu-
lar barrier. One must also keep in mind that bacterial
ulcerative keratitis should be diagnosed based on a swab
obtained directly from the ulcer, as the conjunctival flora
is not directly related to the corneal flora.

There were no statistically significant differences between
the number of isolates, the age and the similarity of the iso-
lates between the mother-foal pairs. This suggests that foals
above two months of age develop their own commensal
flora, independent of their mothers’ flora. Mycological re-
search carried out by Sgorbini et al. 2008 on newborn foals
reported a commensal flora immediately after delivery [10].
Those authors found this flora to be diverse in the first
month of life, which may be associated with later bacterial
colonisation of the conjunctival sac [10]. In order to under-
stand the detailed mechanisms of conjunctival sac bacterial
colonisation, further studies assessing conjunctival swabs
immediately after birth and during the first days of life are
needed. Studies carried out on newborn children immedi-
ately after delivery revealed more prevalent conjunctival sac
bacterial isolates in newborns born vaginally compared with
those delivered by caesarean [31]. However, the number of
bacterial isolates from the conjunctival sac was similar in
both groups in the second day of life [31]. This indicates
contamination of the newborn conjunctival sac with vaginal
commensal bacteria, as well as subsequent colonisation
with bacteria from the children’s carers and from their sur-
roundings [31].

The presence of insects in stables, which often have
contact with horse eyes and mechanically transmit mi-
croorganisms, may be an important factor contributing
to bacterial colonisation of the equine conjunctival sac.
In the study by Butler et al. 2010, Staphylococcus sciuri
and Staphylococcus xylosus, which were isolated from
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the horses in the present study, were isolated from the
surface of the housefly (Musca domestica L) [32]. The
study by Andrew et al. 2003 and Moore et al. 1988 re-
vealed no impact of the season and surroundings on the
conjunctival sac bacterial flora [5, 7]. In the presented
study, the horses from group I spent less time on pas-
ture than horses from group II and III. However, this did
not affect the number of microbiological isolates.

Conclusions

The commensal flora in the equine conjunctival sac of
horses in Poland may vary despite the horses living in
uniform environment conditions. In addition, foals older
than two months of age have fully developed bacterial
commensal flora, independent of the mothers’ flora.

Abbreviations
CNS : coagulase-negative Staphylococcus; MRS : methicillin-resistance
Staphylococcus; MSCNS : methicillin-susceptible coagulase-negative Staphylococcus
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