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Abstract: Staphylococcus aureus, an opportunistic pathogen, is a gram positive, spherical or ovoid bacterium that causes
serious diseases in men and animals. The occurrence and etiological significance of Staphylococcus aureus was studied
in 623 samples which included 157 samples from man, 394 from animals (including mastitic cattle and dogs) and 72
samples from environment (39 from mangers and 33 from milking equipments). Each specimen was obtained aseptically
and was subjected to direct smear by Gram’s technique as well as cultured on four microbial media (nutrient agar,
mannitol salt agar, mlood agar and Staphylococcus agar). The inoculated media were incubated at 37°C for 24-48 hours
for microbial growth. Among 623 samples, 35 isolates of S. aureus were obtained, giving prevalence rate of 5.62 per
cent. The prevalence of S. aureus in human, animal and environment was 2.55 (4/157), 6.35 (25/394) and 8.33 (6/72) per
cent, respectively. Of the 35 isolates of S. aureus, the prevalence noted in human beings, dogs and cows was 13.79,
20.69 and 65.52 per cent, respectively. Similarly, the location-wise prevalence of S. aureus was found to be 2.85 per cent
in skin infections, 5.71 per cent in throat swabs, 2.85 per cent in normal human skin, 17.14 per cent in canine otitis, 31.43
per cent in mastitic milk, 8.57 per cent in normal cow milk, 14.28 per cent in udder & teat skin, and 17.14 per cent in
milking equipments. All 35 Staphylococcus aureus isolates were subjected to in vitro drug sensitivity testing using seven
drugs by disc diffusion technique. Tetracycline was found to be the most effective chemotherapeutic agent (85.72%)
followed by enrofloxacin, gentamicin, ampicillin (each 71.43 %), ciprofloxacin, co-trimaxazole (48.57 %) and
furazolidone (40.00 %) against S. aureus obtained from different sources. In conclusion, these findings suggest that Staph
auerus plays an important role in the pathogensis of mastitis in cows, otitis in dogs and skin infection in human beings,
and that tetracycline is the drug of choice followed by enrofloxacin, gentamycicin and ampicillin in the medical and
veterinary management of staphylococcosis of these natures.
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INTRODUCTION in hospitals [21]. It can be distinguished from other

Staphylococcosis, an infectious bacterial
zoonosis of global significance, is caused by
Staphylococcus aureus a Gram positive, non-
capsulated, non-motile, catalase positive non-sporulated
organism, 0.8-1.0 um in diameter. Staphylococcus
aureus occurs as normal flora of the skin, nose and
mucous membrane of men and animals. The pathogen
produces various types of heat-stable enterotoxins and
enzymes. It is an important cause of clinical and
subclinical mastitis in dairy animals [29] and otitis
externa of dogs [35]. The mastitis is of great risk to
human health as the mastitogens of public health
significance are excreted in the mastitic milk of dairy
animals [25]. The organism is also implicated in
cutaneous lesions, inflammatory conditions of bones,
joints, vascular structure, in septicemia, toxic shock
syndrome, pneumonia and meningitis, besides food
poisoning [28]. Staphylococcus aureus is the chief
pathogen responsible for skin and nosocomial infections

species of Staphylococcus by a coagulase positive test
[33]. Most important reservoir of S. aureus in cows is
the infected mammary gland [14, 32]. The in vivo and
in vitro sensitivity of this organism to different
antimicrobials used in treatment of various ailments
vary greatly. Hence, the present study was targeted to
isolate and characterize S. aureus from men, animals
and environment of certain ecological areas like dairy
farms, primary health centers (PHCs) and veterinary
hospitals in Gujarat; and test their in vitro antibiotics
sensitivity pattern.

MATERIALS AND METHODS

This work was carried out in the Department
of Veterinary Public Health of the College at Anand.
The locations of sampling included dairy farms,
primary health centers (PHCs) and veterinary hospitals
in and around Anand city in Gujarat. The sterile cotton
swabs of Hi-Media were used in duplicate to collect
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clinical samples from the otitis in dogs, the ear, throat,
pus forming lesions, nostrils, skin, nail of human and
teat orifice, teat and udder of animals as well s cattle
manger and milking equipments etc. Milk samples from
healthy and diseased/mastitic cows of university farm
were collected aseptically in sterile wide mouth glass
stoppered bottles after properly cleaning the udder and
teats with potassium permanganate solution (1:1000). In
all, 623 samples of men, animals and environmental
niche were collected aseptically, cultured and were
examined for presence of S. aureus isolates.

Cultural Examination of Specimens:

The swabs collected from different lesions of
cutaneous surface of men, animals and environment as
well as heavy loopful of the milk samples were
inoculated onto the plates of four different microbial
media (nutrient agar, mannitol salt agar, blood agar and
Staphylococcus agar) and incubated at 37°C in an
incubator. The plates were examined after 24-48 hrs of
incubation  for  bacterial growth and colony
characteristics.

Identification of bacterial isolates:

The detailed identification of the isolates was
done according to the method described by Malik [16].
The colonies, which appeared smooth pasty and golden
yellow in colour on nutrient agar, and revealed grapes
like clusters of cocci were tentatively considered as S.
aureus colonies. Such colonies were subjected to
subculturing on various microbial media slants for
fermentation tests, Gram’s staining and were confirmed
by coagulase and catalase tests [16].

RESULTS
In vitro Antibiotics Sensitivity Tests:

All the bacterial isolates of S. aureus (n=35)
obtained from different sources such as skin & throat
lesions of human, otitis of dogs, and mastitis, normal
milk and milking equipments of dairy cows were
subjected to standard in vitro antimicrobials
susceptibility testing by disc diffusion technique [2].
Antibiotic discs (Hi-Media) of Tetracycline (30 ),
Ciprofloxacin (5 pug), Co-trimaxazole (25 pg),
Ampicillin (10 pg), Enrofloxacin (10 pg), Furazolidone
(50 pg) and Gentamicin (10 pg) were used for the
purpose.

Prevalence of S. aureus in Humans:

Out of ten patients with cutaneous lesions
attending the OPD of a Primary Health Centre (PHC),
Staphylococcus aureus was isolated in pure form on
microbial media from only one patient (10.00 %, Table
1, Fig. 1). Out of remaining 9 specimens 5 revealed
bacteria other than S. aureus and 4 were found sterile.
For normal skin swabs examined from 37 persons of a
livestock farm and PHCs, S. aureus was recovered only
from one solitary case (2.70 %). A total of 23 persons

working either in livestock farm or attending the OPD
of PHCs were investigated for the prevalence of S.
aureus in their throat. S. aureus was cultured only from
2 out of 23 swabs (8.70 %) as a pure growth, while six
specimens of throat swabs yielded bacteria other than S.
aureus. Further, none of the 87 swabs cultured from
different other body sites of human beings yielded S.
aureus colonies (Table 1).

Prevalence of S. aureus in Animals

Out of the 29 clinical mastitic milk samples
collected aseptically from the affected cows and
examined culturally, S. aureus (Fig. 2) was isolated
from 11 (37.93 %) cases, while amongst 78 normal
milk samples of apparently healthy cows, S. aureus was
isolated only in 4 (3.85%) cases (Table 1). Moreover,
51.72 (15/29) and 35.90 (28/78) per cent mastitic and
normal milk samples were found sterile on cultural
examination and rests showed a mixed isolates other
than S. aureus.

Out of 28 and 32 swabs cultured from the teat
skin and teat orifices of the heifers maintained on the
livestock farm, only 3.57 (1/28) and 0.00 (0/32) per cent
swabs, respectively, yielded S. aureus. Similarly, the
swabs were collected from the various body sites, such
as the forehead, belly, nose, ear and vagina of bovine
heifers to study the ecology of S. aureus. No isolations
could be made from any of these sites of the heifers.

Out of 32 and 41 swabs cultured from washed
(PP lotion) and unwashed udders of the lactating cow,
S. aureus was isolated from 2 (6.25 %) and 3 (7.31 %)
specimens, respectively.

Otitis externa was diagnosed in 33 dogs
attending OPD of Veterinary College Clinic, Anand. On
cultural examination S. aureus (Table 1, Fig. 3) was
identified in 6 (18.18 %) dogs of either sex and of
different age groups.

Prevalence of S. aureus in Environment

From the 33 swabs of milking equipments of a
dairy farm, S. aureus was isolated in 6 (18.18 %)
equipments on microbial media. Further, a total of 39
swabs from cattle manger (calf pen - 21, milking
parlour - 18) were collected for the study. Interestingly,
none of the specimens yielded growth of S. aureus
(Table 1, 2).

Overall, species wise prevalence of S. aureus
was found to be 2.55, 1.82 and 5.26 per cent among
157, 33 and 361 samples examined of men, dogs and
cows, respectively, being higher in cows. Moreover, out
of 72 environmental samples (dairy equipments and
mangers) 8.33 per cent were found positive for S.
aureus isolates (Table 2).

Available Online: https://saspublishers.com/journal/sjavs/home

174


https://saspublishers.com/journal/sjavs/home

Table-1: Prevalence of Staphylococcus aureus in men, animals and environment

Sr. Type of infection/ No. of Positive for S. aureus % distribution
No. Sources samples of S. aureus
. No. %
examined
1 | Infected skin (human) 10 1 10.00 2.85
2 | Throat (human) 23 2 8.70 5.71
3 | Normal skin (human) 37 1 2.70 2.85
4 | Otitis (dogs) 33 6 18.18 17.14
5 | Mastitis (cows) 29 11 37.93 31.43
6 | Normal milk (cows) 78 3 3.85 8.57
7 leferen_t sites of human body (skin, 87 0 0.00 0.00
nose, nail, ear)
8 | Different sites of animal body
(forehead, udder & teat skin, teat 254 5 1.96 14.28
orifice, belly, vagina etc)
9 Milking equipments 33 6 18.18 17.14
10 | Cattle manger (calf pen, milking 39 0 0.00 0.00
parlour)
Total 623 35 5.62 100.00

Table-2: Species wise distribution of Staphylococcus aureus strains

Sr. No. Species No. of samples Positive for S. aureus % Distribution of S.

examined No. % aureus

1 Human 157 4 2.55 13.79

2 Dog 33 6 1.82 20.69

3 Cow 361 19 5.26 65.52

Total 551 29 5.26 100.00

Environment 72 6 8.33 --
Identification of Isolates and maltose; and showed positive results with

All the 35 isolates recovered from total 623
samples of men, animals and environment were
identified by studying their gross, cultural,
morphological,  physiological and  biochemical
characteristics as per Malik [16]. On nutrient agar
culture media all the isolates except of canine origin
produced golden yellow colonies after 48 hours of
incubation at 37°C (Fig. 1, 2). The isolates of dogs
produced small white colonies onto the plates of
nutrient media at 37°C (Fig. 3). The smears prepared
from these isolates when observed under light
microscope after Gram’s staining revealed grapes like
cocci or irregular clusters (Fig. 4). Sub-culturing of
golden yellow colonies on different media slants
resulted in fermentation of glucose, lactose, mannitol

coagulase and catalase tests.

In vitro Antibiotics Sensitivity Tests

The in vitro antibiotics sensitivity testing of
the 35 isolates of S. aureus from different sources
showed the resistance pattern ranging from 14.29 to
60.00 per cent. Tetracycline was found to be the most
effective drug (85.72 %) followed by enrofloxacin
(71.43 %), ampicillin (71.43 %), gentamicin (71.43 %),
ciprofloxacin (48.57 %), co-trimaxazole (48.43 %) and
furazolidone (40.00 %). The isolates were highly
sensitive to the above antibiotics to the extent of 54.29,
22.86, 14.29, 17.14, 8.57, 5.71 and 0.00 %, respectively
(Table 3).

Table-3: In vitro antimicrobial drug susceptibility pattern of S. aureus strain

Sr. | Antimicrobial Number of S. aureus strains

No. | drugs tested Highly sensitive Sensitive Resistant

1 Tetracycline 54.29 31.43 14.29
2 Gentamicin 17.14 54.29 28.57
3 Enrofloxacin 22.86 48.57 28.57
4 Ciprofloxacin 8.57 40.00 51.43
5 Co-trimaxazole 5.71 42.86 51.43
6 Furazolidone 0.00 40.00 60.00
7 Ampicillin 14.29 57.14 28.57
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Fig-1: Staphylococcus aureus cultured in pure and
luxuriant growth from the cutaneous lesions of a 10-
year- old girl on Mannitol Salt Agar at 37° C.

Fig-2: Forty-eight hr old growth of S. aureus on
nutrient agar at 37°C, isolated from milk of a 8-year-
old mastitic cow.

Fig-3: Forty-eight hr old growth of S. aureus on
nutrient agar at 37°C, isolated from a 5-year-old
male dog with otitis

,

T A y 4’" -
L s X

Fig-4: Micro‘photog'r'aph showing grébes like
clusters of S. aureus in the smear prepared from
mastitic milk of a 12-year-old cow. Gram’s stain (x
240).

DISCUSSION

Mastitis is the reaction of the milk secreting
tissue to injury produced by physical force, chemicals
introduced into the gland or most commonly from
bacteria and their toxins [4]. However, mastitis is also
caused by fungi, actinomycetes and algae [26]. The
disease is of great economic importance as it results
into tremendous losses to the dairy industry. In addition,
it causes great risk to human health as the mastitogens
of public health significance are excreted in the mastitic
milk of dairy animals [14, 25]. The most important
reservoir of S. aureus in cows is the infected mammary
gland [34]. Staphylococcus aureusis a major food
borne pathogen due to its capability to produce a wide
range of heat-stable enterotoxins. S. aureus from
infected udders may contaminate bulk milk and,
subsequently, raw milk products. Peles et al. [27]
reported that 14 of 20 Hungarian dairy farms were
contaminated with S. auerus. 16 (27.1%) of the
S. aureus isolates tested by multiplex PCR were found
to be positive for enterotoxin genes.

Staphylococcus  aureus, the  principal
etiological agent of staphylococcosis, occurs as normal
flora of the skin, nose, throat and mucous membrane of
man and a wide variety of animals including the avians
[24]. The disease staphylococcosis is a highly infectious
bacterial zoonosis of global significance, which causes
considerable morbidity and mortality among the
susceptible subjects [24]. About 15-40 % of healthy
humans are carriers of S. aureus as they have the
bacteria on their skin usually the nostrils without any
active infection of disease [5, 18]. Staphylococcus
aureus (CPS) are considered to be the main bacterial
agent in canine otitis [7, 35].

Isolation of Staphylococcus from clinical
specimens is usually done by inoculating the specimens
on nutrient media, staphylococcus agar, mannitol salt
agar and blood agar. Staphylococcus aureus forms a
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fairly large yellow colony on rich medium,
Staphylococcus aureus is often haemolytic on blood
agar but S. epidermidis is non haemolytic.
Staphylococci are facultative anaerobes that grow by
aerobic respiration or by fermentation that yields
principally lactic acid. Staphylococcus aureus isolated
from the dog produces white colony.

In the present study, the bacterial colonies on
nutrient agar plates were usually round, 1.2 mm in
diameter, convex, opaque and glistening with an entire
edge and soft or butter like in consistency. Typical
growth was golden yellow after 24 - 48 hrs of
incubation. On blood agar plates, the colonies were
usually larger and certain varieties were surrounded by
zones of haemolysis. On mannitol salt agar plates, the
colonies were usually golden yellow with yellow zones
due to fermentation of mannitol. These observations
were in accordance with the earlier reports [16, 23].

The present work showed 37.93 per cent
incidence of clinical mastitis due to S. aureus. The
pathogen was also isolated from 3.85 per cent of
apparently normal milk samples indicating subclinical
mastitis. All the 14 milk isolates of S. aureus showed
smooth, pasty and golden yellow colour on nutrient
agar, revealed gram positive, grape like clusters (cocci)
in Gram stain, fermented glucose, lactose, mannitol and
maltose; and showed positive results with coagulase
and catalase tests. These results simulate with the
previous works of isolating Staphylococcus spp. from
15 of the 48 quarters showing chronic mastitis (3], and
also recovering 46 isolates of S. aureus from clinical
and subclinical udder infections in 28 Holstein cows
[20]. In Orissa state of India, the prevalence of S.
aureus was found in 33.1 per cent of the subclinically
infected quarters [19], whereas in another study S.
aureus was reported as the chief pathogen (27%)
causing mastitis in bovine [6].

The present findings on dairy animals and
equipments corroborated well with Lee et al. [14], who
evaluated the occurrence of S. aureus in milk and in the
milking environment of 10 small-scale farms (<400
L/d) in Brazil, and isolated S. auerus strains from 56 of
849 samples analyzed (6.6%). These included 12
(5.5%) from 220 milk samples of individual cows, 26
(21.7%) from 120 samples of bulk tank milk, 14 (3.6%)
from 389 samples from equipment and utensils (teat
cups, buckets, and sieves), and 4 (3.3%) from 120
samples from milkers' hands. In our study, S. aureus
could be cultured from 18.18 % milking equipments as
against 100 % reported by Ruzickova [32] from milking
machines.

According to Ruzickova [32], environmental
sanitation plays pivotal and significant role in the health
of animals. We could demonstrate S. aureus only in 5
plates (6.94 %) out of 72 plates examined from different
areas of the dairy farm (39 mangers and 33 milking

equipments). S. aureus has also been recovered from air
inside a milking parlour [17]. Roberson et al. [29]
observed 6.85 per cent prevalence of S. aureus on the
equipment, instrument, housing, water and feedstuffs.
In one more study, they [30] could culture the organism
from milk (70%, 43 of 61 isolates), heifer body sites
(39%, 24 of 61), environmental sites (28%, 17 of 61), or
unidentified source (16%, 10 of 61).

In present study, S. aureus could not be
demonstrated in ear swabs collected from 32 men. This
finding is in contrast with Roland and Stroman [31]
who isolated 7.8 per cent S. aureus from 2048 ears.
Similarly, Suzuki et al. [36] reported that S. aureus is
most common bacteria recovered from middle ear
discharge of human beings. Otitis externa
(inflammation of auditory meatus) is considered the
most common disease of the ear canal in the dog
sometimes involving the pinna [1]. Recent studies [15,
35] confirmed the occurrence of staphylococcal strains
in otitis externa of dogs based on isolation of 44 and 57
strains of Staphylococcus from ear discharge of 65 and
96 dogs, respectively, and the coagulase-negative
species were the most prevalent, representing 61-3 and
72.0 per cent of the isolates. However, other studies
usually reported coagulase-positive species, such
as Staph. intermedius and Staph. aureus as the most
frequent Staphylococcus isolates in otitis externa of
dogs[1,7,8,12].

The present findings on antimicrobial
sensitivity testing of 35 S. auerus isolates from different
sources indicated that the drug of choice against S.
aureus induced mastitis and otitis can be tetracycline.
Moreover, we noticed resistance pattern of S. aureus as
14.29 % to tetracycline, 28.57 % to gentamicin and
51.43 % to co-trimoxazole as against 56.6, 50.7 and
10.2 %, respectively, which concurred with the earlier
report [11]. Gentilini [10] recorded that 3.4 % isolates
were resistant to gentamicin. Our antibiogram findings
also corroborated with several previous studies on
bovine mastitic milk [9, 13, 22]. Silva [35] observed
CPS strains (28 %; S. aureus 8.8%) from otitis externa
of dogs to be highly susceptible to enrofloxacin,
gentamicin,  cephalothin,  chloramphenicol  and
neomycin. Similar results were also noted by earlier
researchers [7, 18]. The findings of the present study
suggest that tetracycline is the drug of choice in the
medical and veterinary management of
staphylococcosis.

CONCLUSION

In conclusion, these findings suggest that
Staph auerus plays an important role in the pathogensis
of mastitis in cows, otitis in dogs and skin infection in
human beings, and that tetracycline is the drug of
choice followed by enrofloxacin, gentamycicin and
ampicillin in the medical and veterinary management of
staphylococcosis of these natures.
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