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1. INTRODUCTION

One major disease that increases the cost of production on dairy farms is mastitis (Dufour et al., 2012). The welfare
of dairy cows can be negatively impacted due to a high incidence of mastitis in their milk (Hogeveen, Huijps, & Lam,
2011). Farmers incur a significant amount of economic loss as a result of mastitis infection in cows which leads to a
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reduction in milk yield (Ampe, Goethals, Laevens, & Duchateau, 2012; Halasa et al., 2009). Thousands of bacteria have
been reported to cause mastitis in dairy animals (Batavani, Asri, & Naebzadeh, 2007). Of the numerous bacteria linked
with mastitis infections in dairy farms, Staphylococcus species stands out (Sawant, Gillespie, & Oliver, 2009; Taponen,
Simojoki, Haveri, Larsen, & Pyorild, 2006). This species is largely divided into two groups, namely coagulase-negative
staphylococci (CNS) (e.g., Staphylococcus epidermidis, Staphylococcus sciuri, Staphylococcus haemolyticus,
Staphylococcus hyicus) and coagulase-positive staphylococci (CPS) (e.g., Staphylococcus aureus). The CNS group
consists of a class of species that differ in the way they cause mastitis infection in animals (Waller, Aspan, Nyman,
Persson, & Andersson, 2011; Zhang & Maddox, 2000).

Lately, CNS has become more significant as a bovine-mastitis-causing organism (Simojoki, Salomiki, Taponen,
[ivanainen, & Pyorild, 2011). Isolates of CNS species are habitually identified in bovine milk as a cause of intramammary
infection (Tenhagen, Koster, Wallmann, & Heuwieser, 2006). They cause both clinical and subclinical mastitis in cattle
(Supré et al., 2011), though clinical mastitis caused by CNS species may be placid in some cases (Taponen & Pyorili,
2009). Common CNS species isolated from bovine mastitis include Staphylococcus chromogenes, Staphylococcus
xylosus, Staphylococcus epidermidis, Staphylococcus sciuri, and Staphylococcus haemolyticus (Kot et al., 2012;
Tenhagen et al, 2006). Other CNS species (e.g., Staphylococcus saprophyticus, Staphylococcus hominis,
Staphylococcus warneri, Staphylococcus capitis) causing bovine mastitis have been well documented (Sampimon, Lam,
Mevius, Schukken, & Zadoks, 2011).

Several nations have identified CNS species to be a preponderant agent causing mastitis infections in cows when
compared to other mastitis-causing agents (Piepers et al., 2007; Pitkald, Haveri, Pyorild, Myllys, & Honkanen-Buzalski,
2004; Pyorild & Taponen, 2009). However, the prevalence of CNS varies from country to country (Taponen & Pyorila,
2009). Additional factors like farm area and environment (Piessens et al., 2012), farm management systems (Ayano,
Hiriko, Simyalew, & Yohannes, 2013), and season may influence the incidence of the bacterial species on a farm.

A survey carried out in South Africa, for instance, indicated that CNS was a major cause of both clinical and sub-
clinical mastitis infection (Petzer, Karzis, Watermeyer, Van der Schans, & Van Reenen, 2009). Various factors were
linked to the CNS spread among cow herds in South Africa, including large herd size, meager milking practice,
inefficient milking machine maintenance, an influx of new stock of cows, and high milk yield by cows. Most studies
reported CNS as a group and not at their species level. Various CNS species differ in their ability to cause infection in
cows due to their different virulence (Simojoki et al., 2011). The distribution of CNS also varies in different regions of
a particular country (Koivula, Pitkdld, Pyorild, & Mintysaari, 2007; Shekhan, Al-Rodhan, & AL-Janabi, 2011).
Influences such as time of the year and parity and stage of lactation have also been indicated as factors determining the
distribution of CNS pathogens in various regions within a country (Grohn et al., 2004; Koivula et al., 2007; Taponen,
Koort, Bjorkroth, Saloniemi, & Pyorild, 2007). Thus, the need to identify CNS at the species level is important for
effective mastitis control programs (Supré et al., 2011).

There is increased use of antimicrobials to treat mastitis on many farms (Walther, Rossano, Thomann, & Perreten,
2008) during lactation and in the dry cow stage treatment (Sawant, Sordillo, & Jayarao, 2005). However, several
Staphylococcus species are resistant to antimicrobials (Sampimon et al, 2011). According to the World Health
Organization (2000), the increase of bacterial resistance to antibiotics is worrisome.

Dairy farmers in the Eastern Cape Province of South Africa are aware of Staphylococcus aureus as a cause of
mastitis, but not the other species. Farmers acknowledge mastitis as one of the greatest challenges they face on their
dairy farms. This study investigates the incidence of Staphylococcus species and the in-vitro antimicrobial sensitivity
pattern of these species in cows” milk collected over a nine-month period in 2012 from a dairy farm located in the
Eastern Cape of South Africa.

2. MATERIAL AND METHODS
2.1. Study Site Description

The study was conducted on a dairy farm located in Middle Drift of Raymond Mhalaba municipality in Eastern
Cape Province of South Africa. The farm was on 250 hectares of land with 600 milking cows, producing 3,000-3,500
liters of milk per day. The average annual rainfall of the farm is 591 mm per annum. Rainfall between May and
September is less than 25 mm per annum and 50-100 mm between November and March. The topography of the
farmland is flat with a gentle slope, and it has an altitude of 420 - 470 m. In July, the average daily temperature is
between 28.2°C and 30.0°C.

2.2. Animal Description

Three dairy breeds (Friesian, Jersey, and their crosses (Friesian x Jersey) were kept for milk production. Milk
samples were collected from each breed for bacterial examination during the nine-month study. Each cow used for milk
sampling was identified based on their colors, information from the farmers, and ear-tags. Data including lactation
stage and parity of the cows were taken at each sampling.

2.8. Milk Sample Collection

Composite raw milk samples were collected from selected cows in a 10 ml sterile sampling bottle after pre-milking
tests (strip cup test and California mastitis test) were carried out on the cows. Milk sampling bottles were then labeled
appropriately and immediately stored in a cooler box with ice before they were transported to the laboratory for
bacterial culture analysis. Milk samples were collected between March and November 2012, which accounted for three
different sampling periods (hot-wet, cold-dry, and hot-dry), and this was done twice for each sampling period.
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2.4. Culturing of Milk Samples in Mannitol Salt Agar

The milk samples were aseptically streaked in a freshly prepared Mannitol salt agar within 24-48 hours of
collection from the farm and incubated at 37°C for 24-48 hours. Isolates that gave a yellow color when fermented on
Mannitol salt agar were sub-cultured in nutrient agar.

2.5. Sub-Culturing of Milk Samples in Nutrient Agar

Presumed isolates that were positive in Mannitol salt agar were sub-cultured again in a freshly prepared nutrient
agar (within 24 hours) and then placed in an incubator for 24-48 hours. This was done to get a pure colony of the
bacteria isolate.

2.6. Gram’s Staining Test

All cultures of presumed Staphylococcus species were subjected to gram’s stain. A few colonies of pure cultured
isolates were aseptically picked from the nutrient agar and smeared on a sterile glass slide. The smeared culture was
heat fixed. Crystal violet (0.5%) was added to the smear and left for 1 minute. Water was used to wash the stain from
the slide. A sufficient solution of iodine was added to the smear and left for 1 minute. Water was used to wash the stain.
Ethanol (95%) was used to rinse the stain from the slide. Safrani solution was finally added to the smear for 2 minutes
before being washed with water. The smear was allowed to dry for a few minutes before being viewed under a light
microscope to determine the colony structure of the bacteria species. The smear of each bacteria species was viewed
under the 10x, 40x, and 100x magnification. Gram’s stain smears that were positive displayed a grape-like cluster shape
with deep blue to purple color.

2.7. Ozidase Test

A few colonies of isolates presumed to be Staphylococcus species were picked from the nutrient agar aseptically
using a sterile loop and placed on an oxidase test strip paper. All isolates that turned purple on the test strip paper after
10 seconds were suspected to be Staphylococcus species.

2.8. Catalase Test

Pure cultures of presumed Staphylococcus species from nutrient agar were aseptically transferred onto a clean
glass slide. A few drops of 3% H202 were then added to the cultures. Positive cultures of Staphylococcus species gave
out bubbles of oxygen within 5 seconds of adding H202.

2.9. API Staph Kit Test for Identification of Staphylococcus Species

All presumed isolates were finally confirmed to their species level using the API staph kit (bioMerieux, France).
Using the API Staph medium, homogeneous inoculums of pure cultured isolates were prepared with turbidity
equivalent to 0.5 McFarland. A pipette was used to fill the microtubes of the API kit with the inoculated API Staph
medium. Mineral oil was added to the arginine DiHydrolase (ADH) and urease (URE) tests to ensure anaerobiosis.
The incubation box of the API kit was filled with 5 ml of distilled water and closed tightly before incubating at 37°C
for 24hrs. After incubation, one drop of API Staph reagent was added to the inoculated microtubes to determine their
reactions. The reactions of the inocula were read using the APIweb TM identification software (Biomerieux., Inc

Quebec).

2.10. Minimum Inhibitory Concentration (MIC) Determination

Isolates identified to their species level were subjected to in-vitro drug sensitivity testing using the disc diffusion
method as postulated by the Clinical and Laboratory Standards Institute (2015). Briefly, a few colonies of isolates were
aseptically inoculated in normal saline to the desired turbidity (0.5 McFarland standards). With the aid of a sterile
cotton swab, the inocula were evenly spread on Muller-Hinton agar in a petri dish plate. The antibiotic discs were then
gently pressed on the agar and placed in an incubator for 24 hours at 37°C. The MIC of each isolate was then
determined by measuring (in millimeters) the zones of inhibition in the Mueller-Hinton agar with a meter rule to obtain
the diameter of inhibition of the different isolates. Among the antibiotics used were Levofloxacin, Ciprofloxacin,
Kanamycin, Meropenem, Ofloxacin, Tetracycline, Gentamicin, Erythromycin, Imipenem, Chlorofenicol, Nalidixic acid,
Amoxicillin, Penicillin, Ampicillin, and Vancomycin.

2.11. Statistical Analysts

Data were analyzed using Microsoft Excel (2007) and SAS (2003). Descriptive statistics to generate percentage
distribution was performed. A chi-square test (p < 0.05) was employed to assess the association between the incidence
of Staphylococcus species and risk factor variables, such as stage of lactation, parity number, and period of the year
during the milk sample collection.

3. RESULTS

Of the 217 raw milk samples examined for bacterial growth, 13 different Staphylococcus species were isolated from
86 (39.63 %) positive samples. The distribution of Staphylococcus species is presented in Table 1. The most frequently
isolated Staphylococcus species were Staphylococcus xylosus (22.09%), Staphylococcus hominis (15.11%),
Staphylococcus haemolyticus (11.63%), Staphylococcus sciuri (10.64%), and Staphylococcus warneri (9.8%). About
3.38% of the remaining species were due to Micrococcus spp. Of the 86 positive isolates bacterial species identified, the
proportion of Staphylococcus species across the different sampling periods was 10%, 38%, and 38%, respectively (Table
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2). Of the 13 different Staphylococcus species isolated from milk samples, Staphylococcus xylosus (10%, 10.52%, and
36.84%), Staphylococcus epidermidis (10%, 2.63%, and 5.26%), Staphylococcus haemolyticus (40%, 5.26%, and 10.65%),
and Staphylococcus sciuri (10%, 7.89%, and 138.15%) were identified in each of the different sampling periods. There
was a significant difference in the incidence of Staphylococcus species and some risk factors on the farm, including the

period of milk sample collection and the stage of lactation at p < 0.05 Table 3.

Table 1. Proportion of Staphylococcus species isolated from 86 positive bovine milk samples.

Staphylococcus species Number (%)
S. epidermidis 4 (4.65)
S. xylosus 19 (22.09)
S. aureus 3 (8.48)
S. haemolyticus 10 (11.63)
S. hominis 13 (15.11)
S. sciuri 9 (10.46)
S. chromogenes 5(5.81)
S. warneri 8 (9.3)
S. auricularis 4 (4.65)
S. hyicus 1(1.16)
S. saprophyticus 2 (2.32)
S. cohnii- cohnii 3 (8.48)
S. cohnii- urealyticus 2 (2.32)
Others 3 (3.48)
Total 86 (100)

Table 2. Distribution of Staphylococcus species isolates identified from milk samples at different sampling periods of the year.

Staphylococcus species N="176 N=81 N=60
Cold-dry (%) Hot-wet (%) Hot-dry (%)

S. epidermidis 1(10) 1(2.63) 2 (5.26)
S. xylosus 1(10) 4 (10.52) 14 (36.84)
S. aureus 2(20) - 1(2.63)
S. haemolyticus 4(40) 2 (5.26) 4 (10.52)
S. hominis 1(10) 12(81.57) -

S. sciuri 1(10) 3 (7.89) 5(13.15)
S. chromogenes - 3 (7.89) 2 (5.26)
S. warneri - 6 (15.78) 2 (5.26)
S. auricularis - 4 (10.52) -

S. hyicus - 1(2.63) -

S. saprophyticus - - 2 (5.26)
S. cohnii- cohnii - - 3 (6.97)
S. cohnii- urealyticus - - 2 (5.26)
Others - 2 (5.26) 1(2.63)
Total 10 (100) 38 (100) 38 (100)

Note: N represents total number of milk examined at each sampling period.

The antibiotic sensitivity test results for 78 isolates of CNS species against 15 different antibiotics are presented
in Table 4. On the whole, the antimicrobial resistance test of the Staphylococcus species showed the highest rate of
susceptibility against Levofloxacin (1.8%), Imipenem (2.6%), Ofloxacin (2.7%), Gentamicin (5.1%), Ciprofloxacin (5.1%),
Chlorofenicol (5.1%), Meropenem (6.8%), and Kanamycin (7.7%). Whereas Staphylococcus species isolates showed the
highest resistance to penicillin (83%), Nalidixic acid (79%), and Ampicillin (63%). Considering individual
Staphylococcus species, Staphylococcus cohnii-urealyticus was 100% resistant to Erythromycin, Nalidixic acid,
Imipenem, Vancomycin, Penicillin, and Ampicillin; Staphylococcus saprophyticus to Vancomycin, Penicillin,
Amoxicillin, and Amoxicillin; and Staphylococcus cohnii-cohnii to Nalidixic acid, Penicillin, and Ampicillin.

4. DISCUSSION

From an aggregate of 217 milk samples collected throughout the three sampling periods, 86 (39.63%) were positive
for Staphylococcus species. Thirteen different Staphylococcus species were identified among the 86 isolates that tested
positive. Staphylococcus xylosus (22.09%), Staphylococcus hominis (15.11%), Staphylococcus haemolyticus (11.63%),
and Staphylococcus sciuri (10.46%) were the most frequently isolated species in this study. This result is somewhat in
line with a study carried out in Canada (Davidson, Dohoo, Donald, Hariharan, & Collins, 1992). Also, in the study by
Kot et al. (2012), Staphylococcus xylosus was the most frequently isolated species. Farm management systems and
farm surroundings may be a possible reason for our findings (Ayano et al., 2013; Bendahou, Lebbadi, Ennanei, Essadqui,
& Abid, 2008). Piessens et al. (2012) reported that a farm’s environment may sometimes be a reservoir for
Staphylococcus species. Some Staphylococcus species, including Staphylococcus xylosus, Staphylococcus hominis, and

13



Asian Journal of Agriculture and Rural Development, 12(1)2022: 10-19

Staphylococcus haemolyticus, are known to be opportunistic and may find their way into the mammary glands of cows
(Schukken et al., 2009). These Staphylococcus species have been reported to cause intra-mammary infections in cows
(Quirk et al., 2012).

Table 3. Chi-square test for potential risk factors associated with the incidence of Staphylococcus species.

Risk factor Group Number examined P- value
First lactation 25
Parit Second lactation 68 0.9845
Y Third lactation 57 '
Fourth lactation 67
Early (1-100) 28
Stage of lactation Mid (101-200) 117 0.0039
Late (201<) 72
Cold-dry 76
Sampling intervals Hot-wet 81 0.0001
Hot-dry 60
as
40
35
30
25
® number of isolates
20
15
10
5 I

-1 V- VI VII- IX X=X KIH-XV

Figure 1. Distribution of multiple drug resistance to 15 antimicrobials drugs among 78 isolates of Staphylococcus species
from bovine milk.

Note: I-III= Ciprofloxacin, Levofloxacin and Ofloxacin, IV-VI= Meropenem, Erythromycin and Nalidixic, VII-IX= Imipenem,
Vancomycin and Penicillin, X-XII= Gentamicin, Tetracycline and Kanamycin, XIIT-XV= Amoxicillin, Chlorofenicol and Ampicillin.

On account of the period of the year that the milk samples were collected, more Staphylococcus species (at the
species level) were observed in the hot and dry period of the year compared with the other periods. The reason for this
may be due to the adaptive ability and persistent nature of some Staphylococcus species to the mammary glands of
cows (Piessens et al., 2012). In the current study, a particular Staphylococcus species was assumed to persist when
isolated at least once in each sampling across the three different sampling periods. Thus, Staphylococcus epidermidis,
Staphylococcus xylosus, Staphylococcus haemolyticus, and Staphylococcus sciuri were assumed to persist in cow
udders. In another study by Taponen et al. (2007), Staphylococcus epidermis and Staphylococcus haemolyticus were
also reported to persist in cow udders, but Staphylococcus xylosus was transient. Staphylococcus species (especially
CNS) may differ in their degree of persistence (Taponen et al., 2007). Also, incidences of specific bacteria species vary
along with the months of the year (Koivula et al., 2007).

In all, Staphylococcus xylosus and Staphylococcus hominis (22.09% and 15.11%) were the most frequently isolated
species observed in the study. They often occur as harmless organisms in human bodies and some parts of an animal’s
skin (Taponen, Bjorkroth, & Pyorild, 2008). However, they have been isolated from the milk of lactating cows (Kenar,
Kuyucuoglu, & Seker, 2012). The least isolated Staphylococcus species was Staphylococcus hyicus (1.16%). This is
different from the study carried out in Turkey, where Staphylococcus hyicus (33.33%) was the most frequently isolated
Staphylococcus species (Kirkan, Goksoy, & Kaya, 2005). In another study carried out in Morocco, similar results to our
study were observed (Bendahou et al., 2008). The variation in the frequency of isolation of these species may be a result
of different study areas, which may have resulted from analysis of milk samples for bacteria growth before and after
milk were collected from the farm (Koivula et al., 2007).

From the current finding, Staphylococcus cohnii-cohnii was the ninth-most frequently isolated Staphylococcus
species. This result was similar to the study carried out by Kirkan et al. (2005).

Staphylococcus aureus is a major mastitis-causing pathogen on dairy farms. It was observed in this study to be the
eighth-most (3.48%) frequently isolated Staphylococcus species. The distributions of other Staphylococcus species
include Staphylococcus warneri (9.8%), Staphylococcus auricularis (4.65%), Staphylococcus saprophyticus (2.32%), and
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Staphylococcus cohnii-urealyticus (2.32%). A few Staphylococcus species that were identified, including Staphylococcus
warneri and Staphylococcus saprophyticus, may have resulted from contamination from the milking clusters used on
the farm. These species were also isolated from the milking clusters and not from farmers’ hands and may have been
transferred from one cow to another from milk droplets in the milking clusters.

Not much work has been done on the incidence of CNS (at the species level) concerning the time of the year milk
samples are collected (Gillespie, Headrick, Boonyayatra, & Oliver, 2009). However, some studies have indicated that
the time of the year influences the prevalence of mastitis-causing pathogens in milk (Gillespie et al., 2009; Osteras,
Solverod, & Reksen, 2006). According to Koivula et al. (2007), Staphylococcus aureus was prevalent during the cold-
and-dry period of the year, more than any other period of the year. The reasons given for their findings were linked
with cow’s calving periods and farm management styles. Shpigel, Winkler, Ziv, and Saran (2000) reported that there
was an increase in the incidence of mastitis caused by coliform bacteria in the wet-and-cold period of the year, but a
lower incidence of coliform bacteria was observed in the hot-and-dry period. In another study in Norway,
Staphylococcus aureus and Streptococcus uberis were prevalent in the hot-and-dry period of the year but, Streptococcus
dysgalactiae and CNS (reported as a group) were more prevalent in the cold-and-dry period (Osteras et al., 2006). This
may give a rational insight for a probable link in the time of milk sampling and the incidence of Staphylococcus species
on farms (Gillespie et al., 2009).

More Staphylococcus species (at the species level) were isolated during the hot-and-dry period of the year in the
current study. The numbers of species-specific isolates identified were 11, 10, and 6 during the hot-dry, hot-wet, and
cold-dry periods, respectively. The difference in the results may be due to the variation in the climatic conditions
(Piessens et al., 2012; Sampimon et al., 2011). The prevalence of mastitis-causing pathogens on a farm is linked to
multiple complex factors, including environment, cowherd, the clinical state of the cow’s udder, and the farm itself
(Ayano et al., 2013; Supré et al., 2011; Thorberg, Danielsson-Tham, Emanuelson, & Waller, 2009).

Some Staphylococcus species cause damage to the mammary of the cow udder rather than depending on their
virulent attribute like others (Thorberg et al., 2009; Zhang & Maddox, 2000). Their role to cause damage in mammary
tissues of cows (mostly CNS) and to initiate a mastitis infection has not been plainly defined (Kirkan et al., 2005).
However, relationships have been reported to exist between the stage of lactation and the incidence of Staphylococcus
species (Abera, Demie, Aragaw, Regassa, & Regassa, 2010; Taponen et al., 2007). Heifers and primiparous cows are
known to be infected with mastitis by Staphylococcus species more often when compared with multiparous cows,
though the reason for this is not yet clear (Taponen et al., 2007). There was no significant difference (p = 0.984:5) in
the incidence of Staphylococcus species and the number of lactating cows Table 3. A significant association was,
however, observed for the incidence of Staphylococcus species in relation to the stage of lactation (p = 0.0039) and the
period of year of milk sampling (p = 0.0001). Abera et al. (2010) also reported no significant difference in the incidence
of Staphylococcus aureus and the number of lactations in cows but reported a significant association between the stage
of lactation and the prevalence of Staphylococcus aureus in bovine milk. A lack of cleanliness of cow udders during dry
periods was suggested by Abera et al. (2010) to influence the increase of bacteria on the skin of a cow’s teat leading to
possible high infection of bacteria in the udder.

Today, many farms are becoming dependent on antibiotics (Carter, Sun, & Jump, 2016). The use of antimicrobials
in dairy farms plays a significant role in controlling mastitis. Information about the variation that exists among species-
specific Staphylococcus species is essential for mastitis therapy and management (Sawant et al., 2009). A large
proportion of Staphylococcus species from this study were resistant to Erythromycin, Nalidixic acid, Vancomycin,
Penicillin, Tetracycline, Amoxicillin, and Ampicillin (Table 4). There has been an increasing evolutionary trend of
antibiotic resistance in infectious diseases in recent times (Davies & Davies, 2010). This may be the reason for the
observed result in the current study. One hundred percent resistant was observed by several Staphylococcus species
isolates to Ampicillin in the current study (Table 4). This was contrary to Sawant et al. (2009), where most of the
Staphylococcus species were susceptible to Ampicillin from their study.

In the study by Kot et al. (2012), high resistance to Penicillin was observed in Staphylococcus species. Penicillin
and Ampicillin were the most commonly used antimicrobials on the farm where this study was conducted. However,
from our results, Penicillin and Ampicillin may not be the proper choice treating Staphylococcus species. According to
Kot et al. (2012), Staphylococcus species usually have high resistance against Penicillin and Ampicillin. The highest
percentage of Staphylococcus species isolates that were resistant to Penicillin was Staphylococcus xylosus,
Staphylococcus hominis, Staphylococcus warneri, Staphylococcus sciuri, and Staphylococcus haemolyticus, as
presented in Table 4. All the isolates of Staphylococcus epidermidis displayed 100% resistance to Penicillin (Table 4).
This result is in accordance with Sampimon et al. (2011) and Kot et al. (2012), who reported that Penicillin resistance
in Staphylococcus epidermidis was very high.

One hundred percent resistance was observed for Staphylococcus cohnii-urealyticus and Staphylococcus
saprophyticus. Likewise, 100% resistance for six out of fifteen antimicrobial agents was observed for Staphylococcus
cohniiurealyticus, while Staphylococcus saprophyticus gave resistance (100%) to four out of fifteen antimicrobial agents
used. Staphylococcus xylosus gave resistance (10%, 10%, 5%, 70%, 65%, 80%, 90%, 5%, 10%, 15%, 66% and 88%) to
Ciprofloxacin, Ofloxacin, Meropenem, Erythromycin, Nalidixic, Vancomycin, Penicillin, Gentamicin, Tetracycline,
Kanamycin, Amoxicillin, and Ampicillin, respectively. The next Staphylococcus species with high resistance (9 out of
15) to multiple antimicrobial agents was Staphylococcus sciuri.
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Table 4. Distribution of resistant Staphylococcus species against different antibiotics.

Number of antimicrobial resistant isolates (%)

Staphylococcus spp N CIP | LEV | OFX | MEM E NAL IMI VA PG GM T K AM C AP
S. haemolyticus 9 0 0 0 0 3(33) 7(78) 0 6(71) 6(71) 0 3(33) 0 2(33) 0 9(100)
S. aureus 3 0 0 0 0 1(33) 2(67) 1(33) 2(67) 2(67) 2(67) 1(338) 0 0 0 3(100)
S. sciuri 7 2(29) 0 0 0 4(57) 7(100) 0 4(57) 5(71) 1(14) 0 3(438) 0 3(48) | 6(86)
S. hominis 14 0 0 0 0 0 13(938) 0 2(14) 13(93) 0 4(29) 0 1(7) 0 NA
S. epidermidis 3 0 1(33) 0 0 2(67) 1(33) 0 1(33) 3(100) 0 1(33) 0 2(67) 0 NA
S. xylosus 20 | 2(10) 0 2(10) 5 14(70) | 13(65) 0 16(80) | 18(90) 1(5) 2(10) | 8(15) | 13(66) 0 18(90)
S. auricularis 4 0 0 0 0 0 3(75) 0 0 3(75) 0 2(50) 0 1(25) 0 NA
S. chromogenes 4 0 0 0 0 1(25) 3(75) 0 1(25) 3(75) 0 1(25) 0 1(25) 0 0

S. warneri 6 0 0 0 0 1(17) 6(100) 0 1(17) 5(83) 0 0 0 0 0 6(100)
S. hyicus 1 0 0 0 0 0 1(100) 0 0 0 0 1(100) 0 0 0 NA
S. cohnii- cohnii 3 0 0 0 0 2(67) 3(100) 0 2(67) 3(100) 0 1(33) 0 0 0 3(100)
S. cohnii-urealyticus 2 0 0 0 0 2(100) | 2(100) | 2(100) | 2(100) | 2(100) 0 0 0 NA 1(50) | 2(100)
S. saprophyticus 2 0 0 0 0 0 1(50) 0 2(100) | 2(100) 0 0 0 2(100) 0 2(100)
Total 78 | 4(5.1) | 1(1.8) | 2(2.7) | 5(6.4) | 30(39) | 62(79) | 2(2.6) | 39(50) | 65(83) | 4(5.1) | 16(21) | 6(7.7) | 22(28) | 4(5.1) | 49(63)

Note: NA: Not available. N: Number of isolates, CIP: Ciprofloxacin; LEV: Levofloxacin; OFX: Ofloxacin; MEM: Meropenem; E: Erythromycin; NAL:
Tetracyline; K: Kanamycin; AMO: Amoxicillin; C:Chlorofenicol; AP: Ampicillin.
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Staphylococcus aureus gave resistance to 8 (Erythromycin, Nalidixic acid, Imipenem, Vancomycin, Penicillin,
Gentamicin, Tetracycline, and Ampicillin) out of the 15 antimicrobials, see Table 4. In Sweden, Persson, Nyman, and
Gronlund-Andersson (2011) observed resistance by Staphylococcus aureus to Penicillin in their study, but not for
Gentamicin and Erythromycin, which is in line with our observation. Staphylococcus aureus was susceptible to
Chlorofenicol and Ciprofloxacin in our study and this is in line with the study carried out by Persson et al. (2011). All
the Staphylococcus aureus isolates identified from this study were susceptible to Kanamycin. However, this was
contrary to the report by Persson et al. (2011). The variation observed in the trend of Staphylococcus species against
antimicrobial agents from this study may be a result of differences in virulence strains of the different species that were
identified. According to Zhang and Maddox (2000), the difference in virulence strains of Staphylococcus species could
lead to their differences in response to antimicrobial agents. The most susceptible Staphylococcus species (11 out of 15)
to multiple antimicrobial agents was observed for Staphylococcus hyicus.

In regards to the number of isolates of Staphylococcus species that were resistant to multiple antimicrobial agents,
18 species were resistant to Imipenem, Vancomycin, and Penicillin. In comparison, ten isolates were resistant to
Meropenem, Erythromycin, and Nalidixic acid (Figure 1). Conversely, four isolates of Staphylococcus species were
resistant to Gentamicin, Tetracycline, and Kanamycin. This result is contrary to a study conducted in Argentina where
all Staphylococcus species tested were susceptible to Gentamicin (Gentilini et al., 2002). The least number of isolates
against multiple antimicrobial agents was observed for Ciprofloxacin, Levofloxacin, and Ofloxacin (Figure 1). The
result of the huge multi-drug resistance witnessed on the farm may be due to the development of resistance by the
Staphylococcus species prevalent to antimicrobial agents used for mastitis therapy. Frequent use of the same
antimicrobial agents on a farm may lead to a transfer of resistant genes among mastitis-disease-causing organisms
(Gentilini et al., 2002).

5. CONCLUSIONS

There was a relatively high incidence of Staphylococcus species with Staphylococcus xylosus, Staphylococcus
hominis, and Staphylococcus haemolyticus identified from milk samples on the farm where this study was conducted.
The stage of lactation and the period of the year during sample collection influenced the incidence of Staphylococcus
species on the farm. A high rate of multiple drug resistance against antimicrobials agents was also observed on the
farm, with Staphylococcus xylosus and Staphylococcus sciuri having the highest resistance against antimicrobial
agents. The high resistance observed by most Staphylococcus species to multiple antimicrobial agents, including
Penicillin and Ampicillin, which are frequently used on the farm, suggests that these drugs may not be effective against
most of the Staphylococcus species for mastitis therapy control and hereby calls for a probable alternative antimicrobial
agent to be used for the treatment of mastitis disease in cows.
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