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Summary

Staphylococci are human and animal mucosal surface and
skin commensals that can cause a variety of infections,
such as purulent skin infections, otitis externa, pyoderma,
urinary tract infections, and postoperative infections.
Dog skin is one of the protective barriers for animals.
However, dogs can have and transmit a variety of micro-
organisms on their skin, including staphylococci. Most
studies have compared plasma coagulating and non-coa-
gulating Staphylococcus spp. by dog breeds, sex, and
coat length. The aim — to identify plasma coagulating
and non-coagulating Staphylococcus spp. in skin samples
from dogs and its resistance to antibiotics by place of re-
sidence. Staphylococci were detected in more than half
of the samples tested, one third of which were plasma
coagulating and the remaining two thirds were non-coa-
gulating plasma. Plasma non-coagulating staphylococci
were mainly increased among dogs living at home and
plasma coagulating - among dogs living outdoors, the
difference between these groups is statistically signifi-
cant. Staphylococcus aureus was predominantly resistant
to penicillin and clindamycin, while plasma non-coagu-
lants were resistant to fusidic acid.

Introduction

Animal skin is one of their protective barriers. The skin
is a complex ecosystem inhabited by many different micro-
organisms [2]. Bacteria are most commonly found on the
surface of the skin, and their entire population is called a
microbiota [3]. It has been found that the microbiota of dog
skin varies greatly in different parts of the body. The innate

and adaptive skin immune response can modify the skin
microbiota, however the microbiota itself also promotes the
development of the immune system. Bacterial colonization is
determined by the ecology of the skin surface, which varies
greatly depending on the topographical location, endogenous
host factors and exogenous environmental factors [7].

The surface of canine epimers is dominated by four ma-
jor bacterial families — Corynebacteriaceae, Propionibac-
teriaceae, Staphylococcaceae and Micrococcaceae [12].
Staphylococci are widespread in the environment and are
Gram+, spherical (coca) shaped bacteria, which are arranged
in irregular groups and belong to the family Staphylococ-
caceae [6]. They are non-spore forming, immobile, having
a cell wall optional aneorobes [9]. Although staphylococci
do not form spores, at rest they can remain viable for se-
veral months — in sputum, bedding, dust, and pus [1]. Due
to this ability to adapt to the environment, Staphylococcal
bacteria are a major concern treatment facilities due to the
development of antibiotic-resistant strains, which increase
the number of staphylococcal infections [11]. Staphylococci
belonging to the family Staphylococcaceae are clinically
divided into two groups: plasma coagulants — Staphylococ-
cus aureus and non-coagulating plasma — Staphylococcus
epidermidis, Staphylococcus saprophyticus, Staphylococcus
lugdunensis, Staphylococcus warneri, Staphylococcus homi-
nis, Staphylococcus simulans, Staphylococcus haemolyticus,
Staphylococcus capitis, Staphylococcus pettenkoferi [4].

Plasma coagulating S. aureus usually forms gray or deep
gold colonies. Staphylococci synthesize the enzyme cata-
lase, this helps to distinguish them from streptococci. They
also slowly ferment a lot of carbohydrates forming lactic
acid (without gas), and pathogenic staphylococci synthesize
many non-cellular substances [8]. They are spread by touch
— from hands on objects, from objects on wounds or food,
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and air droplets [6]. Most staphylococci are spread by pus
and dehydrated exudate, which is excreted from infected
wounds, sputum and burns [1].

Studies have shown that Staphylococcus spp. most com-
monly found in dogs wet areas — in the folds of the armpits
and groin. The inner ear cup has the greatest variety of bac-
teria, and in the anus at least, however, most different species
of bacteria were found [2]. In most studies were compared
plasma coagulating and non-coagulating Staphylococcus spp.
according to the dog‘s breed, sex, coat length. Noted that
they were not assessed on the basis of residence, this raised
the question whether there is a difference between plasma
coagulation and non-coagulation Staphylococcus spp. growth
on the skin of dogs relative to their place of residence.

The aime of this study was to determine plasma coa-
gulating and non-coagulating Staphylococcus spp. from in
skin samples from dogs and their resistance to antibiotics.

Research methodology

The study identified plasma coagulating and non-coa-
gulating Staphylococcus spp. on the skin of dogs and their
resistance to antibiotics. Qualitative microbiological research
was performed at Kaunas university, Department of Medi-
cal Technology and Dietetics, in a Microbiology laboratory
according to occupational safety rules. All samples for dog
skin smear, werw taken from the abdominal area with a ste-
rile cotton swab into the transport medium ,, TRANSWAB®“.
Samples were tested no later than 48 hours after collection.
Samples were stored at +4°C until analysis.

Data analysis was performed using IBM SPSS Statistic
software. Descriptive statistics (frequency), group compari-
son (CHI square), and relationship calculation (contingency
factor) were used.

The microbiological study consisted of six stages —
sampling, medium preparation and quality control, primary
inoculation of samples into the sampling medium, identifi-
cation of microorganisms detected in the samples and eva-

Table 1. Sociodemographic indicators of the study dogs

Analyzed dogs | Groups Percentage
Indoors 33.33
Residence Outdoors 33.33
Shelter 33.33
Sex Females 57
Males 43
Up to 1.5 years 7
1.5-2 years 12
Age 2-8 years 63
Over 8 years 18

luation of results, secondary inoculation, determination of
antibiotic resistance.

1. Sampling. Samples were taken from the abdominal
area of the dogs with a sterile cotton swab placed in the trans-
port medium. Sterile transport medium with samples was
stored according to the manufacturer‘s recommendations:
+4°C for up to 48 hours.

2. Primary inoculation of samples into the selective
media. Samples from the transport medium are seeded on
mannitol salt agar and incubated for 24-48 hours with a
control (unseeded) Petri dish +37°C thermostat.

3. Identification of the micro-organisms and eva-
luation of the results. After 24-48 hours incubation, Petri
dishes are removed from the thermostat and those dishes in
which bacterial growth is detected are selected for further
examination. Also, the cultural properties were evaluated
that can help differentiate the bacteria grown in the growth
medium. Colony size, color, shape, and consistency, or even
the ability of bacteria to ferment mannitol by changing the
color of the medium, can be described.

4. Secondary inoculation. The found staphylococci are
inoculated into Mueller Hinton agar to hold the culture and
perform a biochemical study.

5. Determination of antimicrobial resistance. Staphy-
lococcus spp. colonies with an optical density of 0,5 Mac
Farland units, were inoculated into Mueller Hinton agar with
a sterile cotton swab, antibiotic discs were placed according
to established rules and incubated in a thermostat for 16-20
hours. At a temperature of +37°C.

As the bacterial culture grows, it is necessary to evaluate
its purity. Smear of isolated bacterial colonies was performed
and t the smear was stained by the Gram method. The stai-
ned smear was microscopically immersed in an immersion
system and the morphological properties of the bacteria are

m Detected Staphy lococcus spp. n Did not detected Staphylococous sop.

Figure 1. Staphylococcus spp. in analyzed samples (N = 60)
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assessed: color, shape, size, and distribution.

After assessing the morphological and
cultural characteristics of the cultured bac-
teria, studies of biochemical properties are
performed to help more accurately identify
grown bacterial colonies.

Staphylococcus spp. identification tests

Decomposition of mannitol. A sample
from the transport medium was transferred
to mannitol salt agar to assess the ability of
the microorganisms to degrade mannitol.
After 24-48 hours at +37°C S. aureus bacte-
ria grow S-shaped on a solid medium, with
bright and shiny colonies (smooth surface
and edges) which are yellow due to the bio-
chemical property of S. aureus to ferment
mannitol to acids and change the color of
the medium from pink to yellow.

Plasma coagulase test. Lyophilized
rabbit plasma was used to determine this
property. Isolated pure bacterial culture
was added to a tube containing 0.5 ml of
lyophilized rabbit plasma. The sample was
incubated for 24 hours at +37°C thermos-
tat. After incubation, plasma coagulation is
monitored — if plasma coagulated, then the
plasma coagulase test is positive and if did
not — the micro-organism does not coagulate
the plasma.

DNA testing. This test was performed
to find out if the growing microorganism
breaks down the DNA. The medium con-
taining the DNA was prepared and inocu-
late the test culture with a microbiological
loop and was incubated in a thermostat for
24 hours at +37°C. After incubation, 1 per
cent HCL (Hydrochloric acid) solution was
added to the control and pure culture. The
test is considered positive when a clear area
forms around the spotted colony and a gray
area forms on the control plate.

Results and their discussion

60 dogs were included in this study,
which were proportionally distributed
according to their place of residence (Table
1) — 33.3 per cent outdoors, 33.3 per cent
indoors and 33.3 per cent in a shelter. It was
observed that there were more female (57
per cent) than male (43 per cent).

A microbiological test was performed to detect Staphylococcus spp. gro-
wing on dog skin. In this study, staphylococci were detected in 23 samples
(38 per cent) out of 60 samples, and spore rod-like microorganisms were
detected in the remaining 37 samples (62 per cent) (Fig. 1). In a similar study,
staphylococci were isolated from 203 (67.3 per cent) samples taken from
303 dog skin swabs [10].

Detection of the coagulase enzyme was performed in further analysis.
The results showed that out of 23 cultivated Staphylococcus spp. coagula-
ted plasma only eight (35 per cent) and the remaining 15 did not have this
property (65 per cent). In a previous study [10], found 20 non-coagulation
plasma staphylococcal species and only 3 coagulation plasma species in
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Figure 2. Antibiotic resistance of Staphylococcus aureus
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Figure 3. Non-coagulating Staphylococcus spp. antibiotic resistance
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samples removed from dogs and cats.

After selecting the appropriate antibiotics according to EUCAST, an
antibiotic study was performed with plasma coagulation and non-plasma
coagulation Staphylococcus spp. cultures. The results showed, all plasma
coagulation cultures of S. aureus (Fig. 2) were sensitive to linezolid (100 per
cent) and vancomycin (100 per cent), cefoxitin (75 per cent) and tetracycline
(75 per cent) were equally sensitive and rifampicin was the least sensitive
(25 per cent). The vast majority of cultures were resistant to penicillin
(50 per cent) and clindamycin (50 per cent), were slightly less resistant
of gentamycin (37.5 per cent) and rifampicin (37.5 per cent). On average,
ciprofloxacin (87.5 per cent), clindamycin (12.5 per cent) and erythromycin
(12.5 per cent) were equally sensitive.

Among non-coagulating Staphylococcus spp. strains (Fig. 3), it was
observed that all strains were sensitive to vancomycin (100 per cent), te-
tracycline (53.33 per cent), fusidic acid (53.33 per cent) and trimethoprim/
sulfamethoxazole (53.33 per cent) were equally sensitive. And the lowest
level of sensitivity was ciprofloxacin (20 per cent). Cultures were equally
resistant to fusidic acid (46.67 per cent) and rifampicin (46.67 per cent),
most resistant to clindamycin (60 per cent) and least resistant to ciproflo-
xacin (6.67 per cent). The moderately most sensitive were cefoxitin (73.33
per cent), rifampicin (13.33 per cent) and trimethoprim/sulfamethoxazole
(13.33 per cent), and the least sensitive were clindamycin (6.67 per cent)
and erythromycin (6.67 per cent).

In this study was found 100 percent of plasma coagulation Staphylococ-
cus spp. in samples collected from dogs indoors. In dogs living outdoors,
plasma coagulation strains were mostly detected at 85.71 per cent, while
non-coagulation plasma levels were almost 6-fold lower at only 14.29 per
cent. These results may be influenced by the fact that dogs living outdoors
are tethered that the host rarely cleans and disinfects, thus creating the
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Figure 4. Plasma coagulating and non-coagulating Staphylococcus spp., according
to the dog’s place of residence

opportunity for microorganisms to repro-
duce. Shelter dogs had 74.43 per cent more
non-coagulating plasma on their skin than
28.57 per cent of non-coagulating plasma.
This result may have been influenced by
the fact that the dogs in the shelters are
supervised by veterinarians and their pens
are cleaned daily (Fig. 4.). A similar study
[5] showed that nine (27.3 per cent) staphy-
lococci were resistant to methicillin and 34
out of 39 (87 per cent) sturgeons were found
in an animal primary care clinic.

Conclusion

Non-coagulation plasma staphylococci
were the most common among dogs living
indoors and plasma coagulation among dogs
living outdoors. All staphylococci found on
the skin of dogs, regardless of where they
lived, were susceptible to vancomycin.
Staphylococci isolated from pet dog skin
were resistant to clindamycin, fusidic acid,
linezolid, staphylococci isolated from field
dog skin were resistant to clindamycin, ri-
fampicin, and gentamicin and were protec-
ted from clindamycin.
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PLAZMA KOAGULIUOJANCIU IR
NEKOAGULIUOJANCIU STAPHYLOCOCCUS SPP.
ISSKYRIMAS NUO SUNU ODOS BEI JU
ATSPARUMAS ANTIBIOTIKAMS
7. Mazeliené, A. Aleksandravitiené, A. Petrauskaité,

L Viliusiené, D. Sakiené

Raktazodziai: Staphylococcus aureus, plazmos nekoaguliuo-
jantys stafilokokai, paplitimas, atsparumas antibiotikams.

Santrauka

Stafilokokai yra zmoniy ir gyviiny gleivinés pavirsiaus bei odos
komensalai, kurie gali sukelti jvairias infekcijas, tokias kaip odos
piilinés infekcijos, iSorinis otitas, pioderma, $lapimo taky infekcijos
ir pooperacinés infekcijos. Suny oda yra vienas i3 §iy gyviiny apsau-
giniy barjery, taciau ant jos gali biiti jvairiy mikroorganizmuy, tarp
ju ir stafilokoky. Daugumoje atlikty tyrimy buvo lyginami plazma
koaguliuojantys ir nekoaguliuojantys Staphylococcus spp. pagal
Suns veisle, lyti, kailio ilgj. Sio tyrimo tikslas — nustatyti plazma
koaguliuojancius ir nekoaguliuojancéius Staphylococcus spp. nuo
Suny odos bei jy atsparuma antibiotikams pagal jy gyvenama vieta.
Daugiau nei puséje tirty méginiy buvo aptikti stafilokokai, i§ kuriy
trecdalis — plazma koaguliuojantys, o likusieji du tre¢daliai — plaz-
mos nekoaguliuojantys. Plazmos nekoaguliuojanciy stafilokoky
daugiausiai iSaugo gyvenantiems namuose, o plazma koaguliuo-
janciy — gyvenantiems lauke Sunims. Staphylococcus aureus buvo
daugiausiai atspariis penicilinui ir klindamicinui, o plazmos neko-
aguliuojanciy atsparumas pasireiskeé fuzido rigsciai.
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