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Abstract In Egypt, knowledge about the coagulase negative staphylococci (CNS) involved in mas-

titic animals is limited. CNS have emerged to be pathogens causing intramammary infections in

Egyptian dairy herds. Therefore, the current study was conducted to investigate the occurrence

of CNS in dairy ruminants (cattle, buffaloes, sheep and goats). A total of 884 quarter milk samples

were investigated to study the prevalence of CNS among mastitic and subclinically mastitic cows,

buffalo–cows, ewes and does in Egypt. Identification of the isolates was achieved using API staph

test and polymerase chain reaction (PCR). CNS were isolated from the examined subclinical mas-

titic cattle, buffaloes, sheep and goats with percentages of 16.6%, 59.4%, 50% and 55.6%, respec-

tively. Staphylococcus xylosus, Staphylococcus cohnii, Staphylococcus haemolyticus, Staphylococcus

hominis, Staphylococcus saprophyticus, Staphylococcus chromogenes, Staphylococcus lentus, Staphy-

lococcus lugdunensis and Staphylococcus simulans were identified as CNS that recovered from the

examined milk samples. The CNS as mastitis-causing agents could not be neglected as they can

cause substantial economic losses.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Veterinary Medicine, Cairo

University.
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1. Introduction

Mastitis continues to cause a huge economic burden for the
dairy industry. To date, more than 50 Staphylococcus species

and subspecies have been characterized to cause staphylococ-
cal mastitis. The genus is divided into coagulase positive staph-
ylococci and coagulase negative staphylococci (CNS) based on

their ability to coagulate plasma [1]. The major bacterial
agents incriminated in intramammary infection (IMI) are
Staphylococcus aureus, streptococci, coliforms, Mannheimia

species, Arcanobacterium pyogenes, Pasteurella species, etc.
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While coagulase-negative staphylococci and Corynebacterium
bovis were considered as minor pathogens causing mastitis.
These kinds of pathogens were considered to be minor based

on the fact that the minor pathogens are not reported quanti-
tatively from each laboratory diagnosing mastitis [2].

CNS have become the most common bacterial pathogens

isolated from milk samples in many countries causing bovine
intramammary infections [3,4] and could be described as
emerging mastitis pathogens [1]. They are opportunists and ad-

here to metal devices to produce a protective biofilm. The abil-
ity to produce biofilm enables CNS to persist on milking
equipment as well as on the milker’s hands, which serves a ma-
jor source of staphylococcal spread [5]. CNS have traditionally

been considered to be normal skin microbiota, which as oppor-
tunistic bacteria can cause mastitis. In dairy farms that have
successfully controlled mastitis caused by S. aureus and Strep-

tococcus agalactiae, CNS became the frequently associated
cause of bovine mastitis instead [6]. The knowledge concerning
CNS involved in mastitis in Egypt is still very limited. There-

fore, the aim of the current investigation is to study the role
of CNS among mastitic cows, buffaloes, sheep and goats in
Egypt.

2. Materials and methods

2.1. Sampling

A total of 884 quarter milk samples were collected from 158

cows, 43 buffaloes, 20 sheep, and 20 goats in different dairy
farms in Egypt as shown in Table 1. A clinical examination
of each udder (4 quarters in cows and buffaloes–2 halves in
sheep and goats) was conducted in order to detect the animals

with signs of clinical mastitis. Each teat was thoroughly
washed and then disinfected. The first few streams of foremilk
were discarded and the middle stream of each milk sample was

aseptically collected into sterile containers [7]. Samples col-
lected from apparently normal quarters of the udder were sub-
jected to California Mastitis Test (CMT) using mastitis

indicator test kit (Frieso-test) obtained from Impfstoff work
Friesoythe Gmbh-Germany as a field test recommended by
the American Public Health Association [8] to detect the inci-
dence of subclinical mastitis.

2.2. Isolation and identification of CNS isolates

Each milk sample was incubated for 18–24 h at 37 �C. Prelimin-

ary incubation of milk samples was used to isolate the colony-
forming units of the organisms below the detection limit in milk
samples. The present study was focus on isolation and identifi-

cation of CNS organisms [9,10]. A loopfull from each sample
was cultured on mannitol salt agar (Oxoid Ltd., Hampshire,
Table 1 Types and numbers of the collected milk samples.

Animal

species

No. of examined

animals

Apparently

healthy quarters

Clinical mastitic

quarters

Cow 158 620 12

Buffaloes 43 168 4

Sheep 20 40 0

Goat 20 40 0

Total 241 868 16
UK) and 5% sheep blood agar. All plates were incubated at
37 �C for 18–24 h and examined for bacterial growth. Sus-
pected colonies were analyzed for: hemolytic pattern on sheep

blood agar, lecithinase activity on Baird Parker medium (Oxoid
Ltd., Hampshire, UK), supplemented with egg yolk tellurite
emulsion [11,12]. Also, API-Staph Kit (bioMérieux SA, l’Eto-

ile, France) was used for identification of CNS isolates follow-
ing the instructions of kit’s insert and then the strips were read
by the mini API instrument and associated software.

2.3. PCR for identification of CNS isolates

A rapid procedure was used to prepare template DNA as de-

scribed previously [13]. Multiplex PCR assay was performed
utilizing two sets of primers: 16SrRNA specific primers for
Staphylococcus genus (16SrRNA f – 50-GTA GGT GGC
AAG CGTTAT CC-30 and 16SrRNA r – 50-CGC ACA

TCA GCG TCA G-30) [14] which amplified 228 bp product
and S. aureus specific primers (Nuc 1 – 50-GCGATTGATGGT
GATACGGTT-30 and Nuc 2 – 50-AGCCAAGCCTTGAC-

GAACTAAAGC-30) [15] to amplify 279 bp products. The
PCR assay was established using a total volume of 25 ll reac-
tion mixtures contained 5 ll of DNA as template, 20 pmol of

each primer and 1· of PCR master mix (5· Taq Master/High
yield, Jena Bioscience). The amplification cycles were carried
out in a PT-100 Thermocycler (MJ Research, USA). Reaction
conditions were optimized to be 94 �C for 4 min. as initial

denaturation, followed by 35 cycles of 94 �C for 60 s, 55 �C
for 60 s and 72 �C for 60 s. A final extension step at 72 �C
for 10 min. was followed. Positive DNA isolated from S. aur-

eus strain ATCC# 25923 and negative control (no template)
were included in each PCR run to ensure no cross contamina-
tion or amplification failure due to presence of inhibitors. The

PCR product was visualized on a 1.5% agarose gel by using
UV trans-illuminator (UVP, Fisher Scientific) [16]. To assure
that the amplification products were of the expected size, a

100 bp DNA ladder (Promega) was run simultaneously as a
marker.

3. Results

3.1. Identification of CNS isolates

All isolates were Gram positive non-spore forming cocci, ar-
ranged in clusters, and catalase positive. The isolates were:
Staphylococcus lugdunensis, Staphylococcus xylosus, Staphylo-

coccus cohnii, Staphylococcus hominis, Staphylococcus sap-
rophyticus, Staphylococcus haemolyticus, Staphylococcus
chromogenes, Staphylococcus lentus and Staphylococcus simu-

lans that have been identified biochemically by API-Staph
Kits. By using PCR, it was clear that staphylococci specific
genus primer (16srRNA) generated 228 bp amplicon from all

CNS isolates, while the selected S. aureus primer (Nuc) could
not generated 279 bp amplicon from all CNS isolates as shown
in Fig. 1. So, amplification of both 228 and 279 bp bands was
recorded among S. aureus ATCC# 25923 (standard strain).

3.2. Occurrence of CNS among the examined cows and buffaloes

It is clear from Table 2 that CNS could not be detected from

clinical mastitic cow and buffalo samples. On the other hand,



Fig. 1 The multiplex PCR assay to detect Staphylococcus

isolates. M: 100 bp DNA ladder (Fermentas). Lane 1: S. aureus

ATCC 25923 reference strain (228 and 279 bp amplified bands).

Lanes 2–9: CNS isolates (228 bp only).
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S. lugdunensis, S. xylosus, S. cohnii, S. haemolyticus, S. homi-

nis, S. saprophyticus and S. lentus were detected in subclinical
mastitic cow samples. Among apparently hea
lthy cases (Negative for CMT), S. xylosus, S. cohnii, S. homi-

nis, and S. chromogenes were identified. Among subclinical
mastitic buffalo samples, S. xylosus, S. cohnii, S. hominis, S.
lugdunensis and S. simulans were detected and among appar-
ently healthy cases, S. xylosus, S. cohnii, S. hominis, and S. lug-

dunensis were identified. S. aureus was detected from negative
CMT, subclinical mastitis and clinical mastitis cow and buffalo
samples with different rates as shown in Table 2.

3.3. Occurrence of CNS among the examined sheep and goat

S. hominis, S. lugdunensis and S. saprophyticus were detected in

subclinical mastitic goat samples, while S. cohnii and S. lugdun-
ensis were detected in subclinical mastitic sheep samples. On
the other hand, S. aureus was detected from negative CMT

and subclinical mastitic goat and sheep samples with different
rates as shown in Table 3.
Table 2 The prevalence of CNS among the examined cows and bu

Isolated bacteria Cow milk samples (N= 632)

Negative CMT (N= 161) Subclinical

mastitic samples

(N= 459)

n (n/N) % n (n/N) %

S. aureus 66 41 235 51.2

S. xylosus 17 10.6 30 6.5

S. cohnii 4 2.5 5 1.1

S. haemolyticus – 0 1 0.2

S. hominis 10 6.2 19 4.1

S. saprophyticus – 0 5 1.1

S. chromogens 4 2.5 0 0

S. lentus – 0 4 0.9

S. lugdunensis – 0 – 0

S. simulans – 0 – 0

S. aureus and S. lugdunensis 0 0 12 2.6

S. aureus and S. xylosus – 0 – 0

No bacterial growth 60 37.3 148 32.3

Total CNS 35 21.7 76 16.6

N=Number of total samples.

n=Number of positive samples.

% was calculated according to the number of examined samples.

CMT= California mastitis test.
4. Discussion

The importance of coagulase-negative staphylococci (CNS)
has increased and they have become the predominant patho-

gens isolated from subclinical mastitis in several countries
[17–19]. In the present investigation, the occurrence of CNS
among 884 quarter milk samples collected from mastitic cows,

buffaloes, sheep and goat was studied.
The present data illustrated that S. aureus was the predom-

inant isolate recovered from the examined cow, buffalo, sheep
and goat samples. The predominance of S. aureus among the

mastitis causing agents was recorded earlier in cattle and sheep
[5]. The high rates of S. aureus may be due to that the rates
were calculated according to the isolates recovered from each

quarter (4 among bovine and 2 among sheep and goat) rather
than from each animal. In addition, S. aureus is localized in-
side and/or outside the udder and causes both clinical and sub-

clinical mastitis, however, the concerning samples may give
negative results with CMT. False positive and false negative
reactions still occur with CMT and there is misclassification

biases as well [2].
CNS were detected from clinically and subclinical mastitic

cows, buffaloes, sheep and goat in a relatively high rates (Ta-
bles 2 and 3). It is quite common for CNS to be recovered from

about 15% to 20% of bovine milk samples obtained from cows
experiencing subclinical and clinical mastitis [20–22]. Many
studies in different regions worldwide have been investigated

the prevalence of CNS causing mastitis. The occurrence of
intramammary infections with CNS was reported in Finland
where CNS were isolated from 50% of the quarters positive

for bacterial growth in a nationwide survey [23]. In a similar
study that was conducted in Norway, the occurrence of CNS
was 16% [24], while in Germany, CNS were isolated from

9% of the quarter milk samples in a total of 80 dairy herds
[17]. In two dairy herds in Canada, CNS were the most
ffaloes.

Buffalo milk samples (N= 172)

Clinical

mastitic samples

(N = 12)

Negative

CMT (N = 40)

Subclinical

mastitic samples

(N= 128)

Clinical

mastitic samples

(N= 4)

n (n/N) % n (n/N) % n (n/N) % n (n/N) %

12 100 6 15 47 36.7 4 100

– 0 2 5 19 14.8 – 0

– 0 4 10 5 3.9 – 0

– 0 – 0 – 0 – 0

– 0 4 10 12 9.4 – 0

– 0 – 0 – 0 – 0

– 0 – 0 – 0 – 0

– 0 – 0 – 0 – 0

– 0 4 10 6 4.7 – 0

– 0 – 0 4 3.1 – 0

– 0 – 0 18 14.1 – 0

– 0 – 0 12 9.4 – 0

– 0 20 50 5 3.9 – 0

– 0 14 35 76 59.4 – 0



Table 3 The prevalence of CNS among the examined goat and sheep.

Bacterial species Goat milk samples (N= 40) Sheep milk samples (N= 40)

Negative CMT (N = 4) Subclinical

mastitic samples

(N= 36)

Negative CMT (N = 16) Subclinical

mastitic samples

(N = 24)

n (n/N) % n (n/N) % n (n/N) % n (n/N) %

S. aureus 0 0 16 44.4 8 50 12 50

S. cohnii 0 0 0 0 0 0 8 33.3

S. hominis 0 0 4 11.1 0 0 0 0

S. lugdunensis 0 0 12 33.3 0 0 4 16.7

S. saprophyticus 0 0 4 11.1 0 0 0 0

No bacterial growth 4 100 0 0 8 50 0 0

Total CNS 0 0 20 55.6 0 0 12 50

N=Number of total samples.

n=Number of positive samples.

% was calculated according to the number of examined samples.

CMT= California mastitis test.
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common bacteria (51%) causing intramammary infection
(IMI) at drying off period [19].

The results of the current investigation reported that CNS
is generally high in subclinical mastitic samples, but low in
samples from animals with clinical mastitis. Reports on the
clinical characteristics of coagulase negative staphylococcal

mastitis are scarce as CNS have been ignored in many studies
on clinical mastitis, so that CNS infection mostly remained
subclinical [1]. Whereas, there was a study has been occurred

in Finland on clinical characteristics of bovine mastitis caused
by CNS [25], in which approximately half of the mastitis cases
recorded were clinical, and the majority of cases showed mild

clinical signs. The authors added that the severity and persis-
tence of intramammary infection were unaffected by CNS
species.

The identified species of CNS from the examined milk sam-
ples in the current study were S. xylosus, S. cohnii, S. haemo-
lyticus, S. hominis, S. saprophyticus, S. chromogenes, S.
lentus, S. lugdunensis and S. simulans. In concordance to our

results, many articles have reported the common staphylococci
isolated from mastitic herds were S. chromogenes, S. hyicus, S.
simulans, S. epidermidis, S. hominis, S. haemolyticus, S. xylo-

sus, Staphylococcus warneri, Staphylococcus sciuri, Staphylo-
coccus capitis, S. saprophyticus and S. lentus [26–29] and they
assured that the environment was found as a reservoir, sug-

gesting that IMI with such bacterial species is possibly consid-
ered as an environmental hazard.

There are moderate increases in the mean of somatic cell
count (SCC) in milk samples infected with CNS (unpublished

data). SCC in quarters infected with CNS is rather low com-
pared with infections caused by S. aureus [30]. Besides increas-
ing SSC, CNS infections also can result in decreased milk

quality, damage of the udder tissue and decrease milk produc-
tion [1]. In general, mastitis leads to changes in milk composi-
tion and reduces its quality. If treated with antibiotics, the

existence of antibiotic in the milk interferes with the process
of dairy products and may cause health problems to a con-
sumer which is considered a public health hazard. On the other

hand, control measure of the subclinical mastitis is much more
important than clinical cases because most of subclinical mas-
titic cows are reservoirs for pathogens that may lead to spread
of infection to other neighboring cows.
It could be concluded that, CNS are emerging as important
minor mastitis pathogens in Egyptian dairy animals. Such spe-

cies can cause substantial economic losses resulting in de-
creased milk production. This reflects the environmental
hazard and therefore, udder health must be followed up and
control of intra-mammary infections is consequently of the

greatest importance for dairy farms. Further investigations
should be occurred on the epidemiology of CNS-causing mas-
titis and more reliable identification methods would be benefi-

cial for dairy industry.
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