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Abstract

Equines are usually subjected to wounds during racing or even breeding from sharp edges. These
wounds may be contaminated with various bacterial species resulting in wound infection which
mostly become chronic if not treated. A total of 50 wound swab samples were collected from differ-
ent equine farms and veterinary hospitals at Giza and Cairo Governorates from the period of Octo-
ber 2016 to March 2017 and analysed microbiologically for aerobic and anaerobic bacteria using
standard bacteriological techniques and antibiotic susceptibility testing was performed by disc diffu-
sion method according to following CLSI guidelines. Both single and mixed infections were re-
corded. Among single infection, S. aureus was the predominant bacteria, P. mirabillis, E. coli, K.
pneumoniea, C. perfringens and P. stuartii were recorded while mixed infection was found in 8
cases with the isolation of S. aureus with E. coli and 6 cases S. aureus with C. perfringens and P.
miabillis. The isolated strains varied in their sensitivity against different 12 antimicrobial agents. By
PCR assay, resistance genes for erythromycin, beta-lactamase, tetracycline, sulphonamides and
trimethoprim sulphate were detected in some isolates and the results showed that C. perfringens was
harboured tetracycline, erythromycin and beta-lactamase resistance genes, while S. aureus possessed
beta-lactamase gene resistance. On the other hand, E. coli and K. pneumoniea had resistance gene
against trimethoprim sulphate. Field recommendation to avoid wound infection and its complication
was discussed.
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Introduction prevalent in horses and represent a significant
The basic nature of horses seems to put them at management challenge to veterinary surgeon
risk for traumatic injuries. One of the most (Carter et al., 2003). Particular concern exists
common reasons that clients present their in equine wounds that are at risk from infec-
horses to the veterinarian is trauma that results tion.
in skin and soft tissue wounds. The extensive usage of drugs has led to many
problems like the emergence of multidrug-
Lower limb wounds are particularly suscepti- resistant bacteria (Zunita et al, 2008). The
ble to colonization from microorganisms and existing approaches for treating animal dis-
are notoriously problematic. The risk of infec- eases in developing countries, without being
tion is heightened because horses are exposed sure what microorganisms exactly are involved
to a vast array of microorganisms that have the in producing the diseases, would build an army
ability to colonize open wounds. Maintaining a of indestructible organisms that will become
wound microenvironment that helps to sup- more resistant to new drug (Levy, 2002).
press microbial proliferation at problematic
anatomical sites, such as dorsal tarsocrural re- Clark et al., (2008) found that the most com-
gion, is of paramount importance. (Westgate monly isolated bacteria from contaminated
et al., 2010). horses wounds were Enterobacteriaceae, non-f3
Both acute and chronic wounds are highly -hemolytic streptococci and coagulase negative
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staphylococci. They added that due to the in-
clusion of septic foals and iatrogenic infec-
tions, there was a high rate of antimicrobial
resistance and concluded that the combination
of a cephalosporin and amikacin became the
standard recommended antimicrobial therapy
for all musculoskeletal infections.

Shuaib et al., (2016) threw the light on bacte-
rial infections on skin wounds in equines,

the study revealed 10 different species of aero-
bic and anaerobic bacteria including S. aureus,
S. epidermidis, S. citreus, Streptococcus spe-
cies, Pseudomonas species, E. coli, Salmonella
species, Clostridium species, Shigella species
and Klebsiella species.

With the increase in multiple antibiotic resis-
tances, treating these infected wounds is not as
cut-and-dried as it used to be. (Beckstett,
2016). Today veterinarians cannot just reach
for the nearest antibiotic, they must consider
the wound s entire ecology, the patients im-
mune health, and the pathogens involved.

This study was aimed to identify different bac-
terial species isolated from incurable chronic
wounds in horses and to throw the light upon
sensitivity and resistance profile of these iso-
lates against different antibiotics. Moreover,
detection of antibiotic resistance genes of some
isolates by PCR was carried out.

Materials and Methods

1. Animals: This study was carried out on 50
horses suffering from chronic wound infections
at different sites of the body (shoulder,
whither, hind quarter, fore and hind limbs) in

some equine farms and veterinary hospitals at
Cairo and Giza Governorates during period
from October 2016 to July 2017.

2. Samples: A total of 50 wound swab samples
were collected in duplicate from the infected
horses using sterile swabs. The collected swabs
were preserved in transport media (Amies,
Ox01d-CM425) and kept in an ice box and sent
to the laboratory without delay for bacterio-
logical examination (Aerobic and anaerobic).
The distribution of the samples according to
the location of collection and location of
wound are illustrated in table 1.
3.1dentification _of bacterial isolates:
(Koneman ef al. 1997 and Quinn et al,
2011).

-Aerobic bacteriological examination: Swabs
were cultivated into nutrient broth and then
plated onto blood agar, manitol salt agar and
McConkey agar media and incubated aerobi-
cally at 37°C for 24 hours.

- Anaerobic bacteriological examination:
The collected swabs were inoculated in
cooked meat broth and were incubated anaero-
bically at37°C for 24 hours then plated onto
blood agar and neomycin blood agar (with 200
ug neomycin sulphate) plates and incubated
anaerobically at 37° C for 24 hours.

The growing surface on all media colonies
were identified by colony characters, micro-
scopical examination, biochemical characters
and API test.

Table (1). Distribution of samples according to location of sample collection and wound location

Location of S ample col- No. of samples Site of wounds No. of samples

lection

Centre (1)/Giza 8 Shoulder 8

Centre (2)/Giza 10 Whither 3

Centre (3)/Cairo 7 Hind quarter 14

Centre(4)/Cairo 8 Fore limb 10

Vet. Faculty Hospital 17 Hind limb 15

Total 50 50
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4. Antibiogram test (CLSI, 2006):

The isolated bacterial species were tested for
their antibiotic sensitivity by culture onto Mul-
ler Hinton agar (Bauer-Kirbys disc diffusion
method) according to clinical laboratory stan-
dard institute (CLSI) guidelines (CLSI, 2006)
to check the sensitivity of microorganism.
Twelve different antibiotics were used to de-
tect the susceptibility and resistance of isolates.
Sensitive microorganisms show zone of inhibi-
tion around the disc. Resistance gene profiles
were examined using PCR to confirm the anti-
biogram results.

5. Detection of resistance genes of the bacte-
rial isolates using PCR:

DNA extraction: DNA extraction from iso-
lates was performed using the QIAamp DNA
Mini kit (Qiagen, Germany, GmbH) with
modifications from the manufacturer’s recom-
mendations. Briefly, 200 ul of the sample sus-
pension was incubated with 10 pl of proteinase
K and 200 pl of lysis buffer at 560C for 10
min. After incubation, 200 pl of 100% ethanol
was added to the lysate. The sample was then
washed and centrifuged following the manu-
facturer’s recommendations. Nucleic acid was
eluted with 100 pl of elution buffer provided in
the kit.

Oligonucleotide Primer: Primers used were
supplied from Metabion (Germany) are listed
in table (2). PCR amplification. Primers were
utilized in a 25- pl reaction containing 12.5 ul
of Emerald Amp Max PCR Master Mix
(Takara, Japan), 1 ul of each primer of 20
pmolconcentration, 4.5 pul of water, and 6 ul of
DNA template. The reaction was performed in
an applied biosystem 2720 thermal cycler.

6. Analysis of the PCR Products (Sambrook
et al., 1989): The products of PCR were sepa-
rated by electrophoresis on 1.5% agarose gel
(Applichem, Germany, GmbH) in Ix TBE
buffer at room temperature using gradients of
5V/cm. For gel analysis, 15 pl of the products

was loaded in each gel slot. Gelpilot 100 bp
ladder (Qiagen, Germany, GmbH) and a gen-
eruler 100 bp ladder (Fermentas, Germany)
were used to determine the fragment sizes. The
gel was photographed by a gel documentation
system (Alpha Innotech, Biometra) and the
data was analyzed through computer software.
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Table (2). Primers sequences, target genes, amplicon sizes and cycling conditions.

Amplif. . Amplification (35 cycles) .
Primers segment Primary S d Final
Target gene —— (bp) Denature. ::;’:tui:g’.' Annealing Extension e:it::ll- Reference
GAA AAG
GTA CTC
AAC CAA
ErmB ATA 638 94°C 94°C 57°C 72°C 72°C Soge et al.,
(C. perfrin- AGT AAC 5 min. 30 sec. 40 sec. 45 sec. 10 min. (2009)
gens) GGT ACT
TAA ATT
GTT TAC
ATGAAA-
GAAGTTC
Bla | AAAAATA 94°C 94°C 50°C 72°C 72°C | Catalén et al.,
(C. perfrin- TTTAGAG 780 S min 30 sec 40 sec 45 sec 10 min (2010)
gens) TTAGTGCC ' ’ ’ ’ ’
AATTGTTC
ATGATGG
TTATGGTG
tetK GTTGTAG
. CTAGAAA . . . . . Ghola-
(C Pe’f)”m' AAAGGGT 382 594 C 3%4 C 4%0 C 42)2 c 132 C miandehkordi
gens TAGAAAC min. sec. sec. sec. min. et al., (2009)
TCTTGAA
A
ACTTCAA
CACCTGCT
blaZ GETTTC 94°C 94°C 54°C 72°C 72°C Duran et al.,
(S. aureus) TGAC- 173 5 min 30 sec 30 sec 30 sec 7 min, (2012)
’ CACTTTTA ) : : : )
TCAGCAA
CC
Sull CGGCGTG
(E. coli, K. GGCTACC
pneumoniea, TGAACG
C. perfrin- 433 94°C 94°C 60°C 72°C 72°C Ibekwe et al.,
gens, S. GCCGATC 5 min. 30 sec. 45 sec. 45 sec. 10 min. (2011)
aureus and GCGTGAA
P. mirabil- GTTCCG
lis)
TGGTAGC
TATATCG
dhd AAGAATG
(E éﬁ’li K GAGT 425 94°C 94°C 60°C 72°C 72°C Grape et al.,
pne.umm;iet‘z) TATGTTA- 5 min. 30 sec. 45 sec. 45 sec. 10 min. (2007)
GAGGCGA
AGTCTTG
GGTA

Results

Prevalence of wounds among animal bodies:

part of animal body is the whither (only 3 sam-

According to the number of samples collected,

it had been shown that hind limbs were mostly
infected with wound (15 samples as 30%), fol-
lowed by hind quarter (14 samples as 28%),
fore limbs (10 samples as 20%), shoulder (8
samples as 16%) and lastly the less affected

ples were collected as 6%) as shown in table

3).
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Table (3). Prevalence of wounds among animal bodies

. . Collected wound samples

Serial Animal body No. p%
1 Hind limb 15 30
2 Hind quarter 14 28
3 Fore limb 10 20
4 Shoulder 8 16
5 Whither 3 6

*9% calculated according to the No. of samples examined (50)

Prevalence of bacterial species: rial species isolated from wound swabs. Mixed
All wound samples collected from infected infections were recorded in 14 samples out of
horses were positive for different bacterial 50.

species. Table (4) illustrates the various bacte-

Table (4). Bacterial species isolated from wound swabs of examined horses

Bacterial isolates No. of samples No. of isolates
Single infection: No. %
Staphylococcus aureus 9 9 12.9
Echerichea coli 10 10 14.3
Proteus mirabillis 5 5 7.1
Klebseilla pneumoniea 5 5 7.1
Providence stuartii 1 1 1.4
Clostridium perfringens 6 6 8.6
Mixed infection No. %
S. aureus + E. coli 8 16 22,9
C. perfringens + S. aureus + P. miabillis 6 18 25.7
Total 50 70

*percentage was calculated according to the total number of the isolates

Twenty three S. aureus isolates were detected an incidence of 7.1%, 1.4%, 17.1%, respec-
out of total microbial isolates in an incidence tively.

of 32.9% while E. coli was isolated in an inci-

dence of 25.7%. Moreover, 15.7% of the

wound samples were P. mirabillis. K. pneumo-

nia, P. stautti, C. perfringens were detected in
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Table (5). Prevalence of bacterial species isolated from wound swab of examined horses in relation to the

total number of samples examined (50)

Total number of samples examined Organisms Positive samples
No. %
S. aureus 23 46
E. coli 18 36
50 C. perfringens 12 24
P. mirabillis 11 22
K. pneumoniea 5 10
Providence stuartii 1 2

*Calculated % was according to the No. of samples examined (50).

From presented data in table (5), it had been
shown that S. aureus was detected in 23 sam-
ples out of 50 examined ones (46%), E. coli
was detected in 18 samples out of 50 examined
ones (36%), C. perfringens was detected in 12
samples (24%) and lastly, P. mirabillis was
detected in 11 samples (22%). On the other
hand, 5 samples were positive for K. pneumo-
niea and only one sample was positive for
Providence stuartii (10%, 2%) respectively.

Antibiotic sensitivity of the isolated bacterial
species:

Table (6) shows the antimicrobial sensitivity
test of the isolates against 12 antibiotics. S.
aureus was proved to be resistant to Amoxicil-
lin, Kanamycin, cloxacillin and tetracyclin.

While K. pneumoniea was resistant to manyan-
tibiotics  specially trimethoprim  sulphate,
cephalothin, erythromycin and penicillin.
Mean while, P. mirabilis was almost resistant
to all antibiotics except to epicoflocin. How-
ever, E. coli was totally resistant to
Trimethoprim sulphate and in a large extent to
erythromycin and tetracyclin. Finally,
C.perfringens was completely resistant to
streptomycin and amikacin and 75% of their
isolates were resistant to kanamycin and
oxytetracyclin.
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Results of PCR:

One random isolate of each of C.perfringens,
S.aureus, E.coli and K pneumoniea was sub-
jected to PCR test to investigate the presence
of resistance genes against some antibiotics
that show little or no inhibitory effect on them
in sensitivity test. Photo (1) shows resistance
pattern of C.perfringens against some antibiot-
ics. Resistance genes against tetracyclin, eryth-

Photo (1): Agarose gel electrophoreses for the amplified
product of some antibiotic resistance genes in
C.perfringens : tetracycline (tetK) at 382 bp.:

lanel: the positive tested sample, lane2: negative control,
lane3: positive control; erythromycin (ermB) at 638 bp:
lanel: the positive tested sample, lane2: negative control;
lane3: positive control and beta lactamase (bla) at 780bp:
lanel: the positive tested sample, lane2: negative control;
lane3: positive control. L: the ladder (100-1000).

romycin and beta-lactamase were detected at
382,638 and 173 bp. While photo (2) illustrates
the resistance pattern of S.aureus against beta-
lactamase at 173 bp. On the other hand, E.coli
and K.pneumoniea had resistance gene against
trimethoprim gene (drfA) at 425 bp as shown
in photo (3). Meanwhile, resistance gene of
sulphonamide was detected in all isolates at
433 bp. (photo 4)

Photo (2): Agarose gel electrophoreses for the amplified product
of beta latamase (blaZ) in S.aureus eat 173 bp.; lane no.2:the
positive tested sample ; Neg.: negative control; Pos.: positive
control; L: ladder(100-600).

Photo (3): Agarose gel electrophoreses for the amplified
product of trimethoprim (dfr4) at 425 bp in E,coli posi-
tive tested sample (lanel) and K.pneumoniea positive
tested sample (lane3), negative sample of C.perfringens
(lane4), negative sample of S.aureus

(lane5), L:ladder; Pos.: positive control; Neg.: negative
control.

photo (4): Agarose gel electrophoreses for the amplified prod-
uct of sulphonamide (su//) at 433bp; L:ladder; Pos.: positine
control; Neg.: negative control; lanel:E.coli positive tested sam-
ple; lane2: K.pneumoniea positive tested sample, lane3:
S.aureus positive tested sample.; lane4: C.perfringens positive
tested sample and lane5:P.mirabillispositivetested sample
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Discussion

Horse wound have a high risk of becoming in-
fected due to their environment. Infected
wounds harbour diverse populations of micro-
organisms, however in some cases, these mi-
croorganisms can be difficult to identify and
fail to respond to antibiotic treatment resulting
in chronic-healing wounds (Westgate et al.,
2011). In this study, different samples were
collected from wounds at different sites in in-
fected horses. Hind quarters and hind limbs
were the most affected sites (28% and 30%
respectively). Westgate ef al., (2010) stated
that microorganisms in lower limb wounds are
particularly susceptible to colonization and are
notoriously problematic. The risk of infection
is heightened because horses are exposed to a
vast array of microorganisms that have the
ability to colonize open wounds. They added
that specific anatomical reasons for the failure
of distal limb healing that have been proposed,
include a relatively poor blood supply and re-
duced tissue oxygenation compared to the tho-
racic region. A more meaningful classification
of the microbial status of wound infection is
the point when the host’s immune response is
triggered (Kingsley, 2001).

In this study, 50 swabs of horse wounds at dif-
ferent sites of the body were collected and ex-
amined for the microbial status. Single and
mixed infections with Gram +ve and Gram —ve
bacteria were detected. Six types of bacteria
were detected and included Staph. aureus
(46%), E. coli (36%), C. perfringens (24%),
Proteus mirabilis (22%), K. pneumonae (10%)
and lastly Providence stuartii (2%). The most
detected isolates were S. aureus, this finding
were in agreement with the finding of Shuaib
et al, (2016) and Bzdil et al, (2017) who
stated that S.aureus causes supportive wound
infection, septicaemia, pyoderma and subcuta-
neous abscesses and this may be slightly differ-
ent from that recovered by (Westgate et al.,
2011) who found that pseudomonas spp. was
the most predominant species recovered from
chronic wound and surgical in horses.

Providence stuartii are G-ve ubiquitous in the
environment and are also known to cause noso-
comial infection. Providence stuartii able to
adhere to and include Hela epithelial line,
these is important for understanding the mo-
lecular mechanism of pathogeneses and control
infections caused by Providence stuartii Kur-
masheva et al., (2018).

Equine wounds were polymicrobial and con-
tained pathogens which were significantly
more prevalent in chronic wounds than acute
wounds (Westgate et al., 2011). Mixed infec-
tions were also recovered in this study as F.
coli together with S. aureus were detected in
22.9% of the isolates while, S. aureus, C. per-
fringens and P. mirabillis were detected as po-
lymicrobial infection in about 25.7% of the
isolates. It is interesting that Staph. aureus
dominated which correlates with data obtained
by Songer and Post (2005). The isolation of
multiple bacterial species per sample supports
the theory that equine in vivo wound envi-
roments harbour a polymicrobial community of
microorganisms Freeman et al., (2009).

The resistance pattern of isolates from wound
infection in horses, was found to be a little but
different from those detected by (Osman et al.,
2014) who found that 60.9% of Klebsiella spp.
were susceptible to sulphamethazole/trimey
and 69.6% were susceptible to oxytetracyclin,
while none of Klebsiella spp. isolated in this
study were sensitive to these antibiotics. More-
over, 100% of Klebsiella spp. recovered by
(Osman et al., 2014) were found to be sensi-
tive to kanamycin, while those isolated from
wound infection of horses in our study were
resistant to it. Variations in the results may be
due to strain variations and gene mutations.

Trimethoprim (TMP) affect bacterial folic acid
synthesis by the inhibition of dihydrofolate re-
ductase (DHFR), which catalyses the reduction
in dihydrofolate (Huovinen, 2001 and Skold,
2001). Bacteria may become resistant to TMP
by several mechanisms, including the develop-
ment of permeability barriers, efflux pumps,
the existence of naturally insensitive target
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DHFR enzymes, mutational and regulation
changes in target enzymes and the acquirement
of drug-resistance target enzymes (Huovinen,
2001). On the basis of the length of encoded
polypeptide, TMP resistant drf genes have
been divided into two major types, dfr A and
dfr B (White and Rawlinson, 2001). Resis-
tance to TMP among clinical E. coli isolates
varies greatly, ranging from 10-70% in differ-
ent parts of the word (Kahlmeter and
ECO.SENS, 2003; Lee et al., 2001) In this
study, dfrA gene was detected in E. coli and K.
pneumoniae tested isolates explaining the com-
plete resistance against trimethoprim sulphate
in both microorganisms in sensitivity test with
incidences of 100%.

Proteus mirabilis which belongs to the Entero-
bacteriaceae family and incriminated in uri-
nary tract infections (UTI), can also cause res-
piratory, wound infections, bacteremia and
other infections (Mobley and Belas, 1995;
Rozalski et al., 1997).

Bacteria have developed different mechanisms
render ineffective the antibiotics used against
them. The genes encoding these defence
mechanism are located on the bacterial chro-
mosome or on extra chromosomal plasmids
Thomas et al., (2003). The emergence of bac-
teria resistant to antibiotics is common in areas
where antibiotic are used. The widespread are
of antibiotics in medicine and in intensive ani-
mal husbandry is indicative of the selection
pressure exerted on bacteria Klare, et al.,
(1995).

Conclusion and recommendations

Equine particularly horses are usually sub-
jected to wounds during racing, work or even
breeding from adjacent sharp edges in the sta-
ble.

Wounds affected horses are usually contami-
nated with various species of microorganisms,
mainly staphylococcus aureus, Escherichia
coli, Proteus mirabillis, Klebsiella pneumo-
niea, Providence stuatti and Clodtridium per-
fringens. Some of the bacterial species may be
resistant to the antibiotic treatment either local

or systemic which resulted in complication of
the infected wounds which reflected on the ani-
mal health and their activity.

There is a relatively high prevalence of antibi-
otic resistant K. pneumoniea so monitoring of
drug resistant isolates are urgently needed in
order to better control the emergence and
spread.

Strict hygienic measures by using powerful
disinfectants should be applied in equine farms
to control the distribution of microorganisms.
As possible, avoidance of occurrence of
wounds in horses particularly during parturi-
tion, application of horse shoes, work ect...
and avoid sharp edges in the stable.

Treatment of wounds as soon as possible just
occurred by local antibiotic and systemic anti-
biotic.

Treatment methods that are employed in the
management of horse wounds focus on:

- Rapid and efficient wound evaluation.

- Prolonged after care.

-Variation in healing rates.

The use of antibiotics should be regularly re-
viewed.

Daily care and monitoring of horse wounds can
great assit or imped the progress.
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