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Staphylococcal mastitis is a major and costly problem of dairy cattle all over the world.
The objective of this study was to isolate and identify the main staphylococcal species causing
bovine mastitis in 7 dairy herds located in 4 different areas of East and West Azerbaijan provinces,

Iran; Iran. Of the 158 mastitic milk samples collected, 113 staphylococcal isolates were identified (71.5%)

PCR-RFLP;
Staphylococcal species

on the basis of cultural and biochemical features as well as by genus specific PCR. Then, species
level identification of staphylococcal isolates was carried out using restriction fragment length

polymorphism (RFLP) analysis of the gap gene (933 bp). On the basis of polymerase chain
reaction-RFLP, 10 different patterns were identified. Of 113 isolates, 5 (4.4%) were Staphylococcus
aureus and 108 (95.6%) were coagulase-negative staphylococci (CoNS). Overall, nine different
species of CoNS were identified as: 44 Staphylococcus haemolyticus (40.7%), 17 Staphylococcus
chromogenes (15.7%), 11 Staphylococcus epidermidis, Staphylococcus warneri and Staphylococcus
cohnii each (10.2%), 6 Staphylococcus simulans (5.5%), 4 Staphylococcus hominis (3.7%), 3
Staphylococcus capitis (2.7%) and 1 Staphylococcus xylosus (0.9%). S. haemolyticus, S. chromogenes
and S. warneri were the only species identified from clinical mastitis. No significant difference in
staphylococcal IMI was found among the studied herds and regions. This study demonstrated that
CoNS, especially S. haemolyticus and S. chromogenes, were predominant and thus be considered as
emerging pathogens causing mastitis in the North West of Iran. Our results also revealed that the
gap PCR-RFLP was useful for identifying staphylococcal isolates derived from bovine mastitis at

species level.
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1. Introduction

Staphylococci are the main etiological agents of mastitis in
dairy cows [1], comprises 45 species and 21 subspecies [2].
Although Staphylococcus aureus has been described as one of
the most important mastitis pathogens in cattle, coagulase-
negative staphylococci (CoNS) are increasingly becoming
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recognized as etiologic agents associated with intramammary
infections (IMI) in most countries [3,4]. However, their clini-
cal/pathogenic relevance when cultured from milk remains a
point of discussion. Some consider them as true mastitis
pathogens with important virulence factors [5], a high level
of antimicrobial resistance [6], and the ability to cause chronic
infections [7]. Others regard them as minor pathogens in dairy
cows [8,9]. Today more than 15 CoNS species have been
identified that cause IMI in dairy cows, but Staphylococcus
chromogenes, Staphylococcus simulans, Staphylococcus xylosus,
Staphylococcus  epidermidis, Staphylococcus hyicus, and
Staphylococcus haemolyticus are the most commonly isolated
CoNS from bovine mastitis [10,11]. A number of other species
have also been reported. Because of the increasing significance
of CoNS in bovine mastitis, identification of CoNS at the
species level is needed to develop effective control strategies
for CoNS mastitis [12]. Also, evaluating the epidemiology of
individual CoNS species is of great importance to understand
their respective significance [13]. Currently the identification
methods for staphylococci are under reassessment and molec-
ular based methods are reported to be accurate alternatives
and are superior to phenotypic identification of CoNS
[14,15]. DNA sequence-base species identification is currently
the most accurate method for CoNS identification and is con-
sidered as the gold standard [16], but is expensive and time
consuming. The polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) assay of gap gene,
which encodes glyceraldehyde-3-phospahte dehydrogenase,
has proved to be a simple, more reliable and reproducible
method for differentiating staphylococcal species and allow
the identification of 28 species within the genus [17,18].
Although the role of S. aureus as etiological agents of bovine
mastitis has been elucidated previously [19,20], studies on the

Figure 1

relative importance of specific CoNS in bovine mastitis have
not been undertaken in Iran. Therefore, the overall aim of
the present study was to improve the knowledge on prevalence
and significance of different staphylococci species with empha-
sis on distribution of CoNS species.

2. Material and methods

2.1. Herds and cows

In total, 158 milk samples were collected from 31 clinical
(recognized by physical examination and observable changes
in the udder and the presence of abnormalities in the milk)
and 127 subclinical (determined by CMT and bacteriological
culture) mastitis of dairy cows during 2012. Seven herds (la-
beled A-G) located in four areas (including Jolfa, Khosrow-
shahr, Azarshahr, and Miandoab) of FEast and West
Azerbaijan provinces from North West of Iran (Fig. 1) were
selected for this study: A (29 cows), B (24 cows), C (26 cows),
D (23 cows), E (22 cows), F (12 cows), and G (22 cows). The
farms were representative of Iranian dairy herds regarding cow
number, milk production, and management routines (housing,
feeding, and milking). In the year of the study, cows were in
3—4 parity, the mean herd size was 48 with a range from 25
to 70 Holstein cows, the average milk production was
27.8 kg/cow per day (range 25.2-30.4 kg/d). Cows on each
herd were milked twice daily in a milking parlor. On all 7
farms, milkers did not wear gloves during the milking process.
Post milking teat disinfection and dry cow therapy were
practiced in all herds. Cows were housed in open shed with
concrete floor and dried manure solids (DMS) were used as
bedding for dairy cows.

Different sampling locations of bovine mastitic milks from the north west of Iran; Jolfa, Khosrowshahr, Azarshahr (located in

East Azerbaijan province) and Miandoab (located in West Azerbaijan province). %, the capitals of East Azerbaijan (Tabriz) and West

Azerbaijan (Urmia).
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2.2. Milk sampling and analysis

Milk samples were collected according to the procedures of the
National Mastitis Council [21]. Milk samples (15 ml) were
taken into the sterile tube after cleaning of the teat ends using
the alcohol soaked cotton and discarding the first streams of
milk. Samples were shipped on ice to the laboratory, and
bacteriological analysis was initiated within 24 h after
sampling. 100 pl of milk was streaked on 5% sheep blood agar
plates (Merck, Germany), and incubated aerobically at 37 °C
for 18-24 h. Colonies suspected of being staphylococci were
initially identified by their colony morphology and Gram
staining. For Gram-positive cocci, catalase test was performed
to distinguish catalase-negative Streptococcus spp. from
catalase-positive Staphylococcus spp. Coagulase production
by coagulase-positive staphylococci (CoPS) was examined
using the tube coagulase method [22]. Then, all initially identi-
fied isolates were further confirmed as Staphylococcus using
genus specific oligonucleotide primers Sta I (5-GGA ATA
ACG TGA CAT ATT GTA-3) and Sta II (5-TTC ACT
CGG TTT TGC TTG G-3') previously described by Forsman
et al. [23]. DNA extraction from isolates was carried out by
using the genomic DNA purification kit under the conditions
described by the supplier (Fermentas, Germany). Then,
isolates were stored in brain heart infusion broth with 15%
glycerol at —70 °C until further identification.

2.3. PCR-RFLP of the gap gene

Species level identification of staphylococci isolates was carried
out by PCR-RFLP of the gap gene. The primers GF-1 (5'-
ATG GTT TTG GTA GAA TTG GTC GTT TA-3') and
GR-2 (5-GAC ATT TCG TTA TCA TAC CAA GCT G-3')
were used to amplify the 933-bp gap gene fragment [17]. The
PCR was performed on Corbett thermal cycler (model CP2-
003, Australia) in a final volume of 50 pl containing 6 pl of
the DNA as the template, 1.25 U Taqg DNA polymerase, 5 pl
of 10x PCR buffer, 0.4 mM dNTPs, 0.8 uM of each primer,
3mM MgCl, and 17 pl distilled water. The PCR conditions

3000bp —

1000 bp —

500 bp —
400 bp ——

300 bp ——

200 bp —

100 bp —

were as follows: initial denaturation at 94 °C for 5 min,
40 cycles of amplification (DNA denaturation at 94 °C for
20 sec, annealing of primers at 55 °C for 30 sec, and extension
at 72 °C for 40 sec), and final extension at 72 °C for 5 min.
S. aureus ATCC 29213 was used as positive control. PCR
products were analyzed by agarose gel electrophoresis in
0.5x Tris—borate-EDTA (TBE) buffer. The size of the ampli-
con was determined by comparison with the GeneRuler™
100 bp plus DNA ladder (Fermentas, Germany).

The RFLP procedure was performed with 10 pl of the PCR
products using Alul restriction endonuclease (Fermentas,
Germany) according to the manufacturer’s recommendation.
The resulting fragments were separated by electrophoresis on
a 1% (wt/vol) agarose gel (sigma, Germany) at 80 V for 4 h
and were visualized under UV light. The size of digested
bands was determined using GeneRuler™ 50 bp DNA ladder
(Fermentas, Germany). The banding patterns from the
PCR-RFLP of gap gene were compared with known profiles
from the Yugueros et al. [17,18], to determine the species of
staphylococci isolates. To ensure the reproducibility of gap
PCR-RFLP, banding patterns obtained from triplicate assays
of all isolates was also compared.

2.4. Statistical analysis

Chi-square test was performed using SPSS Software version 22
(IBM SPSS Statistics for Windows, Armonk, NY, USA: IBM
Corp.) to compare the staphylococcal IMI between the studied
herds and regions. For the test, P < 0.05 was considered
statistically significant.

3. Results

A total of 113 staphylococci were isolated from bovine mastitic
milk samples, 20 (17.7%) of those from clinical and 93 (82.3%)
from subclinical cases. Amplification with the genus specific
PCR successfully confirmed the isolates as Staphylococcus
spp. by amplification of DNA fragments ranging in size from
100 bp to 300 bp (Fig. 2). PCR amplification with the primer

— 3000bp

—— 1000 bp

—— 500 bp
— 400 bp

— 300 bp

— 200 bp

—— 100 bp

Figure 2 Agarose gel electrophoresis of the PCR products from different staphylococcal species amplified with genus specific primers Sta |
and Sta II. Lanes M: GeneRuler™ 100 bp plus DNA ladder; lane 1: positive control (S. aureus ATCC 29213); lane 2: negative control;
Lane 3: S. aureus; Lane 4: S. cohnii; Lane 5: S. hominis; Lane 6: S. haemolyticus; Lane 7: S. xylosus; Lane 8: S. epidermidis; Lane 9:
S. warneri; Lane 10: S. chromogenes; Lane 11: S. capitis; Lane 12: S. simulans.
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Figure 3  Agarose gel electrophoresis of the PCR product of gap gene for DNA extracted from analyzed staphylococci isolates. Lane M:
GeneRuler™ 100 bp plus DNA ladder; lane 1: positive control (S. aureus ATCC 29213); lane 2: negative control; lanes 3—12: showing

amplified gap gene in isolates.
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Restriction fragment length polymorphism (RFLP) patterns of PCR products from the gap gene of 10 represented

Staphylococcus species after digestion with A/ul restriction enzyme. Lanes M: GeneRuler™ 50 bp DNA ladder; Lane 1: RFLP pattern
characteristic for S. aureus; Lane 2: pattern for S. cohnii; Lane 3: pattern for S. hominis; Lane 4: pattern for S. haemolyticus; Lane 5:
pattern for S. xylosus; Lane 6: pattern for S. epidermidis; Lane 7: pattern for S. warneri; Lane 8: pattern for S. chromogenes; Lane 9:
pattern for S. capitis; Lane 10: pattern for S. simulans; Lane 11: RFLP pattern of S. aureus ATCC 29213.

set of GF-1 and GR-2 produced a single amplicon of 933 bp in
all staphylococci isolates (Fig. 3).

Among the 113 staphylococci milk isolates, 10 species were
identified according to the restriction profile of the gap gene
using Alul endonuclease (Fig. 4). The RFLP patterns were
reproducible and generated the identical banding patterns by
analyzing all isolates in triplicate. Overall, S. aureus (n = 5;
4.4%) and 9 different coagulase-negative staphylococci
(CoNS) (n = 108; 95.6%) were identified. Among CoNS,
S.  haemolyticus (n = 44; 40.7%) and S. chromogenes
(n = 17; 15.7%) were the most common findings followed by
S. epidermidis, Staphylococcus warneri, and Staphylococcus
cohnii (n = 11; 10.2% each), S. simulans (n = 6; 5.5%), S.
hominis (n = 4; 3.7%), Staphylococcus capitis (n = 3; 2.7%)

and S. xylosus (n = 1; 0.9%). The distribution of staphylococcal
isolates within herds and detailed information about their
incidence in clinical and subclinical cases is given in
Table 1.

Three species (S. haemolyticus, S. warneri, S. chromogenes)
were found in both clinical and subclinical cases of mastitis,
while seven species (S. aureus, S. cohnii, S. hominis, S. xylosus,
S. epidermidis, S. capitis, and S. simulans) were found only in
subclinical cases. S. haemolyticus, S. chromogenes, S. epidermidis
and S. cohnii were the most common finding in subclinical
mastitis.

Statistical analyses demonstrated that the staphylococcal
IMI was not significantly different among the studied herds
and regions.



Table 1 Distribution of staphylococci species isolated from clinical and subclinical mastitis bovine milk samples on seven dairy herds (A-G).

Herd Location No. of samples No. of S. aureus S. cohnii S. hominis S. haemolyticus S. xylosus S. epidermidis S. warneri S. chromogenes S. capitis S. simulans
Staphylococcus spp.
A Azarshahr
Clinical 7 5 - - - 2 - - -
Subclinical 22 15 - 1 10 1 - 1 - 2
B Azarshahr
Clinical 6 - - 2 - - 2 - -
Subclinical 18 13 - 3 8 1 1 - - -
C Miandoab
Clinical 6 - - - - 2 - - -
Subclinical 20 16 - 2 2 4 4 - 1 1
D Miandoab
Clinical 7 4 - - 1 - 1 2 - -
Subclinical 16 13 1 - 4 4 - 1 - 2
E Khosrowshahr
Clinical - - - - - - - - - -
Subclinical 22 12 1 1 4 1 - 3 - -
F Khosrowshahr
Clinical 3 3 - - 2 - 1 - - -
Subclinical 9 8 2 1 2 - - 1 1 1
G Jolfa
Clinical 2 2 - - 1 1 -
Subclinical 20 16 1 3 5 - - 6 1 -
Total 158 113 5 11 44 11 11 17 3 6

100000[Ayde)s oA e3au-ase[n3eod Jo JurdIowy URI] JO I1SOA\ UMON U3 UI SHISBW dUIAOQ )M PjeIdosse sarads [ea00o0jAyderg
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4. Discussion

Staphylococcal mastitis are the most common and costly
mammary disease of dairy cattle worldwide [24]. In Iran, the
prevalence of Staphylococcus spp. causing bovine mastitis
has not been reported, so far. In this study, a total of 113
staphylococci isolates were identified in 158 milk samples
(71.5%) by cultural as well as the genus specific PCR. This re-
sult is in agreement with the findings of Hashemi et al. [25] and
Atyabi et al. [26] who introduced staphylococci as the most
common isolated bacteria in other regions of Iran. Molecular
assays targeting some housekeeping genes such as gap [17,18]
have been used for reliably identifying and classifying
staphylococci. In this study, gap PCR-RFLP assay was per-
formed for species level identification of isolated staphylococci.
According to the results, coagulase-negative staphylococci
(CoNS) accounted for 68.35% while S. aureus accounted for
3.2% of intramammary infection (IMI). This indicates that
CoNS play a prominent role in bovine mastitis. Similar finding
on the growing importance of CoNS as mastitis pathogens
have reported by others from different countries [8,27,28].
However, the prevalence of CoNS mastitis varies between
studies as reviewed by Pyorala and Taponen [27]. The high
percentage of CoNS IMI shows that current mastitis manage-
ment in the studied herds (such as teat disinfection and dry
cow therapy) is less successful in controlling CoNS IMI. There
have been reports of a remarkably high frequency of CoNS
infections in some herds (for unknown reasons), despite the
use of preventive practices have substantially reduced the inci-
dence of contagious major pathogens [8,29]. One speculation
for the high presence of CoNS may be decreased teat sphincter
patency as a consequence of high parity and late lactation
which can result in CoNS being propelled into the mammary
gland. Dried manure solids (DMS), as bedding in the studied
herds, may also be a risk factor for CoNS mastitis. It has
demonstrated that cows housed with organic or sand bedding
had the most prevalence of CoNS IMI compared with cows
housed with no bedding [30].

Studies on CoNS from bovine milk show a wide variation
with regard to species isolated most frequently. More recently,
the predominant CoNS species isolated from bovine IMI are
S. haemolyticus, S. chromogenes, S. epidermidis, S. simulans,
and S. xylosus [13,31-33] but other staphylococci commonly
isolated include Staphylococcus sciuri, and S. cohnii [9,34]. In
the current study, S. haemolyticus (40.7%) and S. chromogenes
(15.7%) were the most frequently isolated CoNS, indicating that
these are probably the predominant CoNS causing bovine
mastitis in the North West of Iran. A possible explanation for
this might be differences in pathogenic factors and genetic deter-
minants of antibiotics which may cause change in the level of
pathogenicity, sustainability and spreading of CoNS within
and between animals. For example, haemolytic and proteolytic
activity [35], higher tolerance to post milking teat disinfection
[36,37], and ability to evade the immune defense mechanisms
[38] might provide a possible colonization advantage for
S. haemolyticus and/or S. chromogenes in mammary tissue.
However, the present study was not carried out on diffusion
of virulence and resistance genes and thus has no data on genetic
variation among CoNS species. Therefore, the analysis of factors
and comparison among CoNS is helpful in reduction of mastitis.

As results, S. simulans and S. xylosus was rarely detected in
the current study. Compared to the results of the present

study, previous studies, mostly conducted recently, have recov-
ered higher percentages of S. simulans and/or S. xylosus
[9,10,13.33,34]. This might be due to the differences in the
geographical distribution of CoNS, environmental and
management conditions. According to Piessens et al. [13], the
origin of S. simulans and S. xylosus was primarily environmental.
However, more research on this topic needs to be undertaken.
In this study, S. cohnii was also found to be the commonly
isolated CoNS species (10.2%). This result is in agreement with
earlier study [9] in which S. cohnii was isolated more frequently
from bovine IMI, but its herd specific distribution as described
in that study, was not observed in our study. S. warneri,
S. hominis and S. capitis were together accounted for 16.7%
of the CoNS isolates. Dairyman may be a potential source
for colonization of these species in bovine udder tissue, as these
species are commonly found living on the skin and the mucous
membranes of humans [39]. This hypothesis is supported by
identification of S. epidermidis (a prominent member of the
human skin flora) as the third most common CoNS (n = 11;
10.2%) responsible for IMI in this study. Thorberg et al. [40]
found S. epidermidis isolates with same pulsed-field gel
electrophoresis (PFGE) types in samples from milk and
milker’s skin, which indicate that S. epidermidis may be
transmitted from milkers to cows.

In our study, we did not detect significant differences with
respect to the occurrence of staphylococcal IMI among the
studied herds as well as regions. This may be attributed to
same management characteristics, housing environments, and
also climate conditions. However, minor differences were seen
in CoNS species distribution among the herds included in our
study. The herd dependency of CoNS species distribution has
been mentioned in other studies [9,10]. This indicates that
unknown herd level factors or environmental conditions
determine the establishment of particular staphylococcal
species in a dairy herd. For example, it has demonstrated that
post milking teat disinfection influence the distribution of
CoNS species [37]. Further studies on influence of herd-specific
management programs and environmental factors on CoNS
prevalence and distribution are required.

Thought most IMI caused by CoNS tend to remain subclini-
cal and are left untreated, CoNS can also develop clinical mastitis
and persistent intramammary infections [7,41]. In this study,
S. haemolyticus, S. warneri and S. chromogenes were cultured
from clinical bovine mastitis, underscoring the known pathoge-
nicity of these species as mastitis pathogens in cattle. This is
somewhat in line with the finding of Waller et al. [33], where
S. chromogenes, S. simulans and S. haemolyticus tended to be
associated with clinical mastitis more often than other CoNS
species.

In conclusion, the genotypic characterization of staphylo-
cocci isolates from bovine milk samples showed that coagulase-
negative staphylococci (CoNS), especially S. haemolyticus and
S. chromogenes, were a frequent cause of bovine intramammary
infection. Thus, the study suggests the need for continuous mon-
itoring of CoNS in herds, and special attention needs to be placed
on the prevention and control of CoNS mastitis pathogens.
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