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ABSTRACT 

 

A total number of 240 milk samples was collected from clinical (88 quarter milk samples; QMS), subclinical 

(108 QMS) and bulk tank (44 BTM) cow's milk selected from different dairy farms for detection of some 

phenotypic virulence factors and some putative virulence associated genes by polymerase chain reaction (PCR) 

in the isolated S. uberis strains. Also detection of antibiotic resistance for the isolated strains using conventional 

assay was applied. Using biochemical tests and molecular assay, the confirmed S. uberis strains was 48 out of 74 

Streptococcus species (64.9%). The % of S. uberis isolation from the total examined milk samples was 20%. The 

higher S. uberis incidence was detected in bulk tank milk samples (45.5%) followed by clinical and subclinical 

milk samples (18.2 % and 11.1%, respectively). In studying the phenotypic virulence factors of the collected S. 

uberis isolates, it was found that β-haemolysis and positive CAMP factor like reaction were detected in only 

6.25% of S. uberis isolates for each of them, while slime production as indicator for biofilm formation was 

detected in 75% of these isolates. A total of 48 isolates was tested for their in vitro antimicrobial sensitivity. 

Some of the isolates were highly sensitive to a limited number of antibiotics. On the other hand, the majority of 

the isolates were highly resistant to a large number of other antibiotics. In studying the genotypic virulence 

genes, gapC gene was detected in all the isolated strains of S. uberis while oppF, cfu and sau genes were 

detected in 93.8%, 68.8% and 62.5%, respectively. On the contrary, lbp gene couldn't be detected in any of the 

isolated strains of S. uberis. At least 2 of the five different virulence genes were detected in each isolate of S. 

uberis. There were some strains harboring 4 virulence genes and the higher rate of these strains was detected in 

that isolated from clinical mastitis. Moreover, the higher strains harboring 3 virulence genes were detected in 

that isolated from subclinical mastitis. In conclusion, it was observed that S. uberis should be given a great 

concern as a threat for the dairy cows. As it caused both clinical and subclinical mastitis as well as it was isolated 

with high percentage in BTM. Moreover, this pathogen nowadays emerges as resistance to different 

antimicrobial agents especially for those commonly utilized. Furthermore, S. uberis harbors different virulence 

factors and genes that capable it to persist in the mammary gland of the dairy animals for a long time and 

speeding of infection from cow to cow may occur resulting in higher prevalence rates of infection between 

different dairy farms. 

   

Key words: S. uberis mastitis; haemolysis; CAMP; biofilm; antimicrobial sensitivity; PCR assays; virulence 

genes.  

 

 
INTRODUCTION  

 
Mastitis caused by Streptococcus uberis has 

been detected increasingly in dairy farms over the last 

decades. Infection with some strains can induce mild 

subclinical inflammation whilst others induce severe 

inflammation and clinical infections of the bovine 

udder. It represents the leading pathogen in a growing 

amount of dairy herds (Kromker et al., 2014 and 

Günther et al., 2016).  
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Coagulase negative staphylococci, S. uberis and S. 

dysgalactiae are considered to be both contagious and 

environmental pathogens (Taponen and Pyorala, 

2006). S. uberis pathogen is ubiquitous for which it is 

considered as environment-associated. Not only straw 

bedding and pasture, but also the bovine skin and 

digestive mucosae are typical localizations inhabited 

by S. uberis. Due to its capacity to persist within the 

mammary tissue, some infections may eventually turn 

cow-associated. In other cases, the infection was 

short, but in any case, there was a high risk of re-

infection. Although many varieties remained 

susceptible to most antimicrobial agents, the problem 

for the dairy farm lied in the high rate of re-infection 

(Kromker et al., 2014). It should be concluded that S. 

uberis caused the increase in total bacteria count, 
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somatic cell count (SCC) and the decrease in κ-casein 

level, which significantly affects the technological 

quality of cows’ milk (Pecka-Kiełb et al., 2016).  

 

S. uberis is an important pathogen that has been 

implicated in bovine mastitis but the virulence factors 

associated with pathogenesis are not well understood 

(Reinoso et al., 2011). Others, however, have 

proposed numerous virulence traits that may be 

associated with the ability of S. uberis to cause 

mastitis as the ability to form biofilm (Varhimo et al., 

2011). 

 

Molecular diagnostic methods revealed that S. uberis 

may be subdivided into many different varieties with 

different epidemiological properties (Kromker et al., 

2014). Despite the severe economic impact caused by 

the high prevalence of S. uberis in many well-

managed dairy herds, virulence factors associated 

with pathogenesis were not well understood and 

constituted a major obstacle for the development of 

strategies to control this important mastitis pathogen 

(Oliver et al., 1998). Several putative virulence 

associated genes of S. uberis have been described. 

Among these, lactoferrin binding proteins 

(Moshynskyy et al., 2003), adherence to and invasion 

of epithelial cells mediated by S. uberis specific 

adhesion molecule (SUAM) (Almeida et al., 2006), 

CAMP factor (Jiang et al., 1996), a surface 

dehydrogenase protein gapC (Pancholi and Fischetti, 

1993) and opp proteins involved in the active 

transport of solutes essential for growth in milk 

(Smith et al., 2002) have been found. 

 

The aim of this work was to determine the incidence 

rate of S. uberis infection in both mastitic cows and 

bulk tank milk of different dairy farms based on both 

phenotypic and genotypic assays. Also, detection of 

some phenotypic virulence characteristics and some 

putative virulence associated genes in the isolated S. 

uberis strains were performed. Additionally, 

antibiotic susceptibility of the isolated S. uberis 

strains was investigated using disk diffusion method. 

 

MATERIALS AND METHODS 

 
A- Collection of milk samples: 

Total number of 240 milk samples; included 88 QMS 

collected from clinical mastitic cows, 108 QMS 

collected from subclinical mastitic cows and 44 BTM 

samples, were included in the present study. The 

quarter milk samples were collected from a single 

visit at milking time at the farms using physical 

examination and California mastitis test (CMT). 

Samples were subjected to somatic cell count (SCC) 

in order to confirm the subclinical status of mastitis 

(> 250,000 cells/ml) of the collected samples using 

the Nucleocounter SCC-100 (Chemometric 

Nucleocounter Family, Denmark) (Lasagno et al., 

2011).  

B- Bacteriological isolation: One standard loop of 

milk samples was streaked on 7% sheep blood agar, 

Edward's media, macConkey agar and mannitol salt 

agar (Himedia, Mumbai, India). The inoculated plates 

were incubated aerobically at 37°C. The plates were 

checked for growth after 24-48h. Primary 

identification of Streptococci especially S. uberis was 

based on colony size, shape, colour, haemolytic 

characteristics, Grams reaction and catalase test 

(Quinn et al., 2011).  

 

C- Phenotypic characterization of S. uberis: 

1- Colony characteristic on Edward's media as 

selective medium for S. uberis:  

Colonies that were primary identified as Streptococci 

were streaked on Edward's media plates as a selective 

medium, incubated at 37
o
C and examined after 24-48 

h for growth and change in colour of the medium. 

The presence of growth, haemolysis and esculin 

hydrolysis (dark background) were indications of S. 

uberis. Then, colonies which grew on Edward's media 

were picked and streaked on macConkey agar. The 

absence of growth on macConkey agar was an 

indication of S. uberis. The isolates were initially 

identified using standard conventional biochemical 

tests according to Quinn et al. (2011). Since S. uberis 

is a fastidious bacterium, so it was sub-cultured on 

brain heart infusion agar for further PCR assays. 

 

2- Detection of slime production by Congo red 

agar method. 

Slime production as an indicator for biofilm 

formation was evaluated by cultivation of S. uberis 

isolates on Congo red agar (CRA) plates as described 

by Mathur et al. (2006). Isolates were interpreted 

according to their colony phenotypes. Black colonies 

with dry consistency and rough surface and edges 

were considered a positive indication of slime 

production, while both black colonies with smooth, 

round and shiny surface and red colonies with dry 

consistency and rough edges and surface were 

considered as intermediate slime producers. Red 

colonies with smooth, round, and shiny surface were 

indicative of negative slime production. 

 

3- CAMP factor like reaction: 

Bacteria were screened for CAMP factor activity as 

previously described by Jiang et al. (1996). Briefly, S. 

uberis strains were streaked perpendicular to a streak 

of β-haemolytic S. aureus on blood agar plates and 

after 6-20 h incubation at 37°C, they were observed 

for haemolysis. 

 

4- Antibiotic susceptibility testing of the isolated S. 

uberis:  
Antimicrobial susceptibility of S. uberis strains to 14 

antibiotics using Disk diffusion technique was 

performed according to the National Committee for 

Clinical Laboratory Standards (NCCLS, 2008) on 

Mueller Hinton agar (Himedia, Mumbai, India) using 

commercially available antimicrobial test discs  

[ciprofloxacin; CIP (5μg), norfloxacin; NOR (10μg), 
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florfenicol FFC (15μg), chloramphenicol; C (30μg), 

amoxicillin-clavulanic acid; AMC (30μg), 

amoxicillin; AMX (25 μg), ampicillin; AM (10μg), 

penicillin; P (10 U), tetracycline; TE (30μg), 

neomycin; N (30μg), erythromycin; E (15μg), 

streptomycin; S (10μg), cloxacillin; CX (1μg) and 

oxacillin; OX (1μg)]. Results were recorded by 

measuring the inhibition zones and scored as 

sensitive, intermediate susceptibility and resistant 

according to the NCCLS recommendations. 

 

C- Genotypic characterization of S. uberis: 

1. DNA extraction from Streptococcus isolates: 

Crude DNA template was prepared by boiling 

followed by snap chilling into ice according to 

method previously reported by Asfour and Darwish 

(2011). Briefly, the colonies grown over the surface 

of brain heart agar plates were harvested and washed 

twice by phosphate buffer saline. A small quantity of 

bacterial pellets was dissolved in 200 µl TE buffer 

(10 mM Tris, 1mM EDTA pH 7.6) and boiled in a 

boiling water bath for about 10 min and then 

immediately snap chilled into ice. A centrifugation 

step was followed at 8000 rpm for 10 min. to 

sediment debris while the supernatant was aspirated 

and kept at -20°C until time for PCR. Five microliters 

of this lysate was used as a template in PCR assays. 

 

2. Primers: 
Different primers were used in this study. Primer 

sequences, their references, product sizes and 

annealing temperatures are listed in table 1. 

 
Table 1: Primers used in the study, their nucleotide sequences, species specific, references, Annealing 

temperatures (Ta) and their PCR products sizes. 

 
 

Primer 

name 

Sequence 5'-3' 

(reference) 

Target taxon/gene Ta °C Product 

size  bp 

St F 

St R 

5' TTATGCTCGTCTTGCTCTTTACGG 3' 

5' GCACACGTCCAAGTGATGTAGCTG 3' 

(Almeida et al., 2013 ) 

Genus Streptococcus 58 281 bp 

Hsp40 F 

Hsp40 R 

5' AATTACGAGGTGCTGGACAA 3' 

5' TTCTTGACCACTTGCCTCAG 3' 

(Chiang et al., 2008) 

S. uberis 62 119 bp 

cfu F 

cfu R 

5' TATCCCGATTTGCAGCCTAC 3' 

5' CCTGGTCAACTTGTGCAACTG 3' 

(Reinoso et al., 2011) 

CAMP factor coding gene 56 205 bp 

gapC F 

gapC R 

5' GCTCCTGGTGGAGATGATGT 3' 

5' GTCACCAGTGTAAGCGTGGA 3' 

(Reinoso et al., 2011) 

Glyceraldehydes 3- phosphate  

dehydrogenase protein gene 

(GAPDH) 

56 200 bp 

oppF F 

oppF R 

5' GGCCTAACCAAAACGAAACA 3' 

5' GGCTCTGGAATTGCTGAAAG 3' 

(Smith et al., 2002) 

Oligopeptide permease gene 53 419 bp 

lbp F 

lbp R 

5' CGACCCTTCAGATTGGACTC 3' 

5' TAGCAGCATCACGTTCTTCG 3' 

(Reinoso et al., 2011) 

Lactoferrin-binding proteins gene 53 698 bp 

sau F 

sau R 

5' ACGCAAGGTGCTCAAGAGTT 3' 

5' TGAACAAGCGATTCGTCAAG 3' 

(Reinoso et al., 2011) 

S.uberis specific adhesion molecule 

gene 

63 776 bp 
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3. Molecular confirmation of presumptive 

Streptococcus isolates by PCR: 

All presumptive isolates were subjected to 

Streptococcus general specific PCR assay using the 

primer pair (St F and St R) that was specific to all 

Streptococcus species. PCR was performed in 25µl 

reaction volumes containing 5 µl of DNA template, 

20 pmol of each primer and 1X of PCR master mix 

(Dream Taq Green PCR Master Mix, Fermentas Life 

Science). Amplification was carried out in a Nexus 

gradient Master cycler (Eppendorf, Germany) under 

the following conditions: one cycle of initial 

denaturing at 95°C for 5 min and 40 three-step cycles, 

which included denaturation at 94°C for 30s, 

annealing at 58°C for 30s, and extension at 72°C for 

45s. PCR products were analyzed in 2% agarose gel 

stained with ethidium bromide. Amplification of 281 

bp products confirmed the isolate to be Streptcoccus 

spp. 
 

4. Molecular confirmation of S. uberis amongst 

PCR confirmed Streptococcus isolates: 

All Streptococcus confirmed isolates were subjected 

to S. uberis specific PCR using Hsp40 F and Hsp40 R 

primer set using the above mentioned amplification 

condition except 62°C for annealing temperature. 

Amplification of 119 bp confirmed the isolate to be 

S.uberis. 
 

5. Detection of virulence genes amongst S. uberis 

confirmed isolates by PCR: 
Five different virulence markers were assayed by 

different PCR assays. Amplification conditions used 

for these PCR assays were as previously mentioned 

but with the specified annealing temperatures shown 

in table 1. 
 

RESULTS 
 

From the total number of 240 milk samples under the 

current study, 74 Streptococcus spp. were isolated 

with a percentage of 30.8%. PCR using Streptococcus 

specific primer set confirmed all the isolates to be 

Streptococcus species. Based on both biochemical 

tests and S. uberis specific PCR assay, 48 out of 74 

Streptococcus isolates were confirmed to be S. uberis 

with a percentage of 64.9%. Figure 1 (A & B) 

showed the specific PCR products of both 

Streptococcus specific and S. uberis specific PCR 

assays. Table (2) showed the incidence of S. uberis 

isolated from different types of milk samples. It was 

found that, the overall percentage of S. uberis 

isolation in the examined milk samples was 20%. 

Additionally, the higher incidence of S. uberis was 

found in bulk tank milk samples (45.5%) followed by 

clinical and subclinical milk samples (18.2 % and 

11.1%, respectively). 
 

 

 

Figure 1: (A) Positive amplification of 281 bp PCR products of Streptococcus species specific PCR assay. Lane 

1: 100 bp ladder DNA marker, lane 2-9: positive Streptococcus isolates and lane 10: negative control.  

(B) Positive amplification of 119 bp PCR products of S. uberis specific PCR assay. Lane 1: 100 bp ladder DNA 

marker, lanes 2-8: positive S. uberis isolates, Lane 9: negative control. 

 

Table 2: Incidence rate of S. uberis in different cow's milk samples. 
 

Cow's milk samples 

 

No. of  

milk samples 

Isolated S.uberis 

No % 

Subclinical mastitic milk 108 12 11.1% 

Clinical mastitic milk 88 16 18.2 % 

BTM 44 20 45.5% 

Total 240 48 20% 
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All confirmed 48 S. uberis isolates were examined for 

their virulence using three different tests including 

haemolysis type, CAMP factor reaction and slime 

production status. Figures (2 and 3) showed the 

positive CAMP factor reaction and slime production 

on Congo red agar plates of S. uberis isolates, 

respectively. Table (3) showed the haemolysis types, 

CAMP factor reactions and slime production status of 

S. uberis confirmed isolates. The results indicated 

high prevalence of S. uberis isolates with α 

haemolysis, negative CAMP factor reaction and slime 

production between (87.5%, 93.75% and 75%, 

respectively). On the other side, the percentages of S. 

uberis with β-haemolysis and positive CAMP factor 

reaction were 6.25% for each of them. 

 

 

 

 

 

 

Figure 2: A synergistic haemolytic CAMP-factor like reaction of S. uberis isolates on sheep blood agar within 

the zone of β- haemolytic S. aureus represented by the head of an arrow haemolysis. 

 

 
Figure 3: (A) Dry black crystalline strong biofilm producer S. uberis isolate. (B) Dry red intermediate biofilm 

producer S. uberis isolate. (C) Smooth red non biofilm producer S. uberis isolate. 

 
Table 3: Prevalence of different haemolysis types, CAMP factor reaction and slime production status among S. 

uberis isolates. 
 

No. of 

S. uberis 

 

Haemolysis types CAMP factor reaction Slime production 

α 

No. (%) 

β 

No. (%) 

ϒ 

No. (%) 

Positive 

No. (%) 

Negative 

No. (%) 

Positive 

No. (%) 

Negative 

No. (%) 

48 42 3 

(6.25%) 

3 

(6.25%) 

3 

(6.25%) 

45 

(93.75%) 

 

36 

(75%) 

12 

(25%) (87.5%) 

 

All 48 S. uberis isolates were tested for their in vitro 

antimicrobial sensitivity using disk diffusion method. 

Table (4) showed the numbers and percentages of 

both sensitive and resistant S. uberis isolates for each 

type of antibiotics. Figure (4) showed both a highly 

sensitive and a highly resistant S. uberis isolates on 

Muller Hinton agar plates. The results cleared that the 

majority of the isolates were highly sensitive to FFC, 

C, NOR and CIP (89.6%, 77.1%, 70.8% and 66.7%, 

respectively). More than half of S. uberis were 

susceptible to AMX and AMC (58.3% and 56.3%, 

respectively). On the other hand, most of the isolates 

(ranged between 77.1% and 95.8% of them) were 

highly resistant to E, S, TE, OX, P, AM, N and CX 

(Table 4). 
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Figure 4: Highly resistant (left) and highly sensitive (right) S. uberis isolates to different antibiotics. 

 

Table 4: Antimicrobial susceptibility patterns of S. uberis isolates. 
 

Antibiotic disks Sensitive strains Resistant strains 

No. % No. % 

FFC 43 89.6% 5 10.4% 

C 37 77.1% 11 22.9% 

NOR 34 70.8% 14 29.2% 

CIP 32 66.7% 16 33.3% 

AMX 28 58.3% 20 41.7% 

AMC 27 56.3% 21 43.7% 

E 11 22.9% 37 77.1% 

S 8 16.7% 40 83.3% 

TE 5 10.4% 43 89.6% 

OX 2 4.2% 46 95.8% 

P 2 4.2% 46 95.8% 

AM 2 4.2% 46 95.8% 

N 2 4.2% 46 95.8% 

CX 2 4.2% 46 95.8% 
 

All 48 S. uberis isolates were also screened for the 

presence of five virulence associated genes using 

different PCR assays. Figures 5 (A-D) showed the 

positive amplification products of different PCR 

assays used for detection of gapC, oppF, sau and cfu 

genes, respectively. 
 

 

 

 

Figure 5: (A) Positive amplification of 200 bp PCR products of gapC gene. Lane 1: 100 bp ladder DNA marker, lanes 2-11: 

gapC positive S. uberis isolates and lane 12: negative control. (B) Positive amplification of 419 bp PCR products of oppF 

gene. Lane 1: 100 bp ladder DNA marker, lanes 2-11: oppF positive S. uberis isolates and lane 12: negative control. (C) 

Positive amplification of 776 bp PCR products of sau gene. Lane 1: 100 bp ladder DNA marker, lanes 2-6; 8; 10-11: sau 

gene positive S. uberis isolates; lanes 7& 9: sau gene negative S. uberis isolates and lane 12: negative control. (D) Positive 

amplification of 205 bp PCR products of cfu gene. Lane 1: 100 bp ladder DNA marker, lanes 2-9, 11: cfu gene positive 

isolates and lane 10: cfu gene negative isolate; Lane 12: negative control. 
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Table (5) showed the number and percent of S. uberis 

isolates positive for each type of virulence genes. As 

shown in table 5, gapC gene was detected in all the 

isolated strains of S. uberis while oppF, cfu and sau 

genes were detected in percentages of 93.8%, 68.8% 

and 62.5%, respectively. On the contrary, lbp gene 

couldn't be detected in any of the isolated S. uberis. 

The prevalence of different virulence genes among S. 

uberis isolates from different types of milk samples 

was shown in table (6). It showed that S. uberis 

isolates contained at least two types of virulence 

genes while some isolates carried three or four 

virulence genes. The higher rate of S. uberis 

harboring 4 virulence genes was detected in that 

isolated from clinical mastitis. Moreover, the higher 

strains harboring 3 virulence genes were detected in 

that isolated from subclinical mastitis. 

 

Table 5: Prevalence of different virulence gene types in S. uberis isolates. 
 

Types of virulence genes Positive isolates 

Number % 

gapC 48 100% 

oppF 45 93.8% 

cfu 33 68.8% 

sau 30 62.5% 

lbp Not detected 0 

 
Table 6: Prevalence of virulence genes among the S. uberis isolates from different milk samples. 
 

Cow's milk samples No. of  

isolates 

No. of detected genes/no. of S. uberis isolates (%) 

4 genes 3 genes 2 genes 

Subclinical mastitic milk 12 0 8 (66.7%) 4 (33.3%) 

Clinical mastitic milk 16 9 (56. 25%) 3 (18.75%) 4 (25%) 

BTM 20 8 (40%) 9 (45%) 3 (15%) 

Total 48 17 (35.4%) 20 (41.7%) 11 (22.9%) 

 
DISCUSSION 

 
Streptococcus uberis is a worldwide pathogen that 

causes intra-mammary infections in dairy cattle. S. 

uberis has been described as an opportunistic 

pathogen that utilizes nutritional flexibility to adapt to 

a range of ecological niches, including the mammary 

gland (Ward et al., 2009 and Collado et al., 2016). It 

was suggested that cow-to-cow transmission of S. 

uberis potentially occurring in the majority of herds 

and may be the most important route of infection in 

many herds (Davies et al., 2016). 
 

In this study, a total number of 240 different milk 

samples were collected from clinical, subclinical and 

bulk tank milk samples of different dairy cow farms 

aiming to isolate S. uberis that cause bovine mastitis 

to study its phenotypic and genotypic characteristics. 

Based on both phenotypic and genotypic 

identification, the number of Streptococcus spp. 

isolated from all tested milk samples was 74 (30.8%). 

Also, the confirmed S. uberis strains were 48 out of 

74 Streptococcus spp. (64.9%). Previously, lower and 

higher percentages of S. uberis detection in mastitic 

milk samples, ranged from 39.9%, 55.38%, 55.38% 

and 18.48% of the isolated Streptococcal spp. were 

reported by Rossitto et al. (2002); Amosun et al. 

(2010); Adesola (2012) and Kia et al. (2014), 

respectively.  

 

In contrast to the total examined milk samples, the 

incidence of S. uberis was 20%. Nearly similar, 

Ebrahimi et al. (2008) isolated S. uberis from normal, 

sub-acute and acute cow mastitic cases with a 

percentage of 18%. A higher incidence rate of 

Streptococcus spp. were isolated from mastitic cows 

(55 %) but a lower S. uberis was isolated with a 

percentage of 15.3% was detected by El-Jakee et al. 

(2013). Also, a higher incidence of S. uberis as the 

predominant pathogen was recorded by Steele et al. 

(2015) in cow's milk samples (46%). This variation in 

the results might be attributed to the difference in 

herd management between herds. Some practices can 

decrease the incidence as teat dipping before and after 

milking, washing milkers hands before and after 

milking, preparation of clean towel for each lactating 

cow, milking of infected cow lastly, using dry cow 

therapy method and treating clinical cases at early 

stage (Teklemariam et al., 2015).  

 

http://www.sciencedirect.com/science/article/pii/S0264410X1630370X
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In the current study, the higher S. uberis incidence 

rate was detected in bulk tank milk samples (45.5%). 

A higher incidence rate was detected by Zadoks et al. 

(2004) who cultured BTM samples from 48 dairy 

herds and found 81% positive for S. uberis. Very high 

incidence was reported by Katholm et al. (2012) who 

found S. uberis in 95% of BTM. Otherwise, Bi et al. 

(2016) isolated S. uberis in only 8.9% of BTM. 

Dogan and Boor (2004) suggested that high numbers 

of S. uberis in BTM were more likely to reflect high 

numbers of S. uberis shed by mastitic cows, rather 

than multiplication of these organisms under cooling 

conditions required for production of Grade A milk.   

 

In clinical and subclinical mastitic milk samples, S. 

uberis was detected in 18.2 % and 11.1%, 

respectively. Higher incidence of S. uberis was 

recovered from milk of clinical mastitic cows with 

26.3 %, while in subclinical mastitic milk samples, S. 

uberis was detected in 16.7% (El-Jakee et al., 2013). 

In contrary, Teklemariam et al. (2015) found that, the 

prevalence of S. uberis isolation in subclinical 

mastitis was higher than that of clinical mastitis (88.9 

% and 11.1%, respectively). 

 

The differences in the incidence rates of S. uberis 

clinical and subclinical mastitis in the previous 

researches was explained by Günther et al. (2016) 

who demonstrated that all S. uberis isolates from 

clinical and subclinical mastitis evaded the immune 

surveillance of the mammary epithelial cells (MEC), 

representing by far the most abundant first line 

sentinels of the udder. Failure to activating their 

immune alert early after infection explained the 

commonly observed belated and weak onset of udder 

inflammation during S. uberis mastitis. On the other 

hand they proved that macrophages can indeed mount 

a vigorous immune response against S. uberis. 

 

In this work we studied some of phenotypic 

characteristics of the isolated strains of S. uberis that 

indicated to virulence factors. The 1
st
 step on 

detecting phenotypic virulence factors of S. uberis 

isolates was their haemolytic effect on sheep blood 

agar. The higher percentage of S. uberis isolates 

showed α haemolysis (87.5%), while β or ϒ 

haemolysis was recorded in only 6.25% (for each of 

them) of the isolates. In this side of work, Kia et al. 

(2014) reported that all S. uberis in their study were α 

haemolysic strains. 

 

The role of CAMP factor in pathogenicity is unclear, 

although it can't be ruled out as a putative virulence 

factor (Lasagno et al., 2011). Considering CAMP 

factor like reaction only 6.25% of the tested S. uberis 

isolates were positive for CAMP factor reaction in 

our study. While, Christ et al. (1988); Lämmler 

(1991); Khan et al. (2003) and Lasagno et al. (2011) 

found 10%, 25%, 3.9% and 28% CAMP positive S. 

uberis strains, respectively. 

 

Biofilms provide a sheltered and protected area for 

bacterial growth allowing them to be resistant to 

antibiotics; disinfectants and host defenses, thus the 

difficulties of treating recurrent infections may be 

related to the ability of the infecting pathogens to 

produce biofilms (Melchior et al, 2005). Therefore, 

the ability of S. uberis to produce slime might be a 

desirable virulence factor during colonization of the 

udder. It has been shown that slime production is 

important; allowing the bacteria to aggregate and 

form biofilms (Arciola et al., 2002). 

 

Slime production indicating biofilm formation was 

detected in 75% S. uberis isolates in this study. 

Moore (2009) detected strong S. uberis biofilm 

former in 78% of the tested strains isolated from 

mastitic cows and when evaluated for slime 

(polysaccharide) production, all 27 strains were 

positive by the Congo red agar method. Recently, 

Collado et al. (2016) reported that different S. 

uberis strains have the ability to form biofilm in vitro. 

The high incidence of biofilm formation among the 

isolated strains may be due to that milk or its 

components could contribute to the pathogenesis of S. 

uberis mastitis by assisting in biofilm production as 

the indigenous flora of raw milk appears to contribute 

to biofilm formation by S. uberis since limited 

amounts of biofilm were produced when indigenous 

flora were removed from milk (Almeida et al., 

2015a). 

 

Recent increase in antibiotics resistance of bacterial 

strains isolated from cow milk with mastitis 

represented a strong motivation to study the most 

efficient antibiotic for treatment (Nadǎş et al., 2014). 

In studying the antimicrobial susceptibility of the 

isolated S. uberis strains, it was noticed that they were 

highly susceptible to FFC and C. Guérin-Faublée et 

al. (2002) and Moges et al. (2011) recorded that all S. 

uberis strains isolated from mastitic milk were 

susceptible to C. On the other hand most of the 

isolates (ranged between 77.1% and 95.8% of them) 

were highly resistant to E, S, TE, OX, P, AM, N and 

CX. In accordance with our results, Ebrahimi et al. 

(2008) also observed a high resistance rate among S. 

uberis isolates against S, P, AM and CX. According 

to Piepers et al. (2007) S. uberis was more frequently 

resistant to the penicillin within the class of 

penicillins. Adesola (2012) illustrated that, all their 

studied S. uberis isolates were resistant to AM, N and 

TE. Recently, Petrovski et al. (2015) reported that all 

streptococcal isolates demonstrated resistance to 

aminoglycosides (N and S). Discordant isolates of S. 

uberis that were susceptible to penicillin, but resistant 

to OX, were also found demonstrated cross-resistance 

to the cephalosporins tested. So they recommended 

that the treatment of bovine mastitis caused by 

Streptococci, particularly S. uberis, with isoxazolyl 

penicillins should be discouraged nationally and 

internationally. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Dogan%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15259215
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boor%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=15259215
http://www.sciencedirect.com/science/article/pii/S0264410X1630370X
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S. uberis is an important pathogen that has been 

implicated in bovine mastitis but the virulence factors 

associated with pathogenesis are not well understood 

(Reinoso et al. 2011). Our study aimed to detect 5 

putative and known virulence-associated genes by 

PCR assays in 48 S. uberis strains isolated from 

different cow's milk samples of different dairy farms. 

The results revealed that gapC gene was detected in 

all the isolated strains of S. uberis. While oppF, cfu 

and sau genes were detected in 93.8%, 68.8% and 

62.5%, respectively. On the contrary, lbp gene 

couldn't be detected in any of the isolated strains of S. 

uberis.  

 

GapC was included because in several pathogenic 

bacteria GAPDH protein has been described as being 

associated with virulence (Maeda et al., 2004) due to 

its ability to bind several host proteins (Pancholi and 

Fischetti, 1993) or to confer resistance against 

reactive oxygen species produced by host phagocytic 

cells (Holzmuller et al., 2006). 

 

Our result was higher than that recorded by Reinoso 

et al. (2011) who found gapC only in 62 (79.4%) of 

S. uberis isolated from bovine mastitis. But in another 

recent work of Reinoso et al. (2015) they recorded 

the presence of sua, cfu, and gapC genes in the most 

of S. uberis strains. 

 

Another gene included in this study was oppF, which 

is another important factor playing a significant role 

during growth of S. uberis in milk. The essential 

amino acids can be taken up by S. uberis through the 

expressed oligopeptide binding protein encoded by 

the oppF gene (Smith et al., 2002 and Taylor et al., 

2003). The oppF gene was successfully detected in 

93.8% of S. uberis isolates. On the contrary, it was 

reported to be absent by Zadoks et al. (2005) while 

Reinoso et al. (2011) found it in 64.1% of the strains.  

 

The gene cfu, coding for CAMP factor in S. uberis, is 

a further putative virulence factor homologous to Fc 

binding (Reinoso et al., 2011). cfu gene was detected 

in 68.8% in this study, however, a positive CAMP 

reaction was observed only in 6.25% using 

phenotypic method. This difference was also 

supported by (Reinoso et al., 2011) who found cfu 

gene in 76.9% of the strains examined although a 

positive CAMP reaction was observed in only 23% of 

S. uberis strains. Our result was in contrast to those of 

Khan et al. (2003), who reported positive cfu gene in 

3.8% of S. uberis strains corresponding to a 

phenotypically positive CAMP-reaction only. These 

conflicted results suggested that the presence of this 

gene might not be related to expression of the CAMP 

factor (Reinoso et al., 2011). This may explain the 

difference observed here and by Khan et al. (2003). 

On the other hand, Ward et al. (2009) showed that a 

coding sequence for CAMP factor was not identified 

in S. uberis 0140J that is pathogenic for both the 

lactating and non-lactating bovine mammary gland.  

 

Adherence to and internalization into MEC are 

central mechanisms in the pathogenesis of S. uberis 

mastitis. The ability to adhere to and invade into 

bovine mammary epithelial cells (BMEC) was 

potentially mediated by the S. uberis adhesion 

molecule (SUAM). Through these pathogenic 

strategies, S. uberis reaches an intracellular 

environment where humoral host defenses and 

antimicrobials in milk are essentially ineffective, thus 

allowing persistence of this pathogen in the mammary 

gland (Prado et al., 2011 and Almeida et al., 2015b). 

In our study the presence of sua gene was declared in 

62.5% of the tested S. uberis isolates however many 

previous works reported higher prevalence of the sua 

gene. Reinoso et al. (2011) reported a prevalence of 

the sua gene of 83.3 % in their study. Shome et al. 

(2012) and Yuan et al. (2014) detected sua gene in 

100 % of the examined S. uberis strains. Recenty, 

Perrig et al. (2015) illustrated that the prevalence of 

the sua was 97.8 % of 137 S. uberis isolates from 

bovine milk with subclinical or clinical mastitis. Our 

lower prevalence of sua gene in the tested S. uberis 

isolates may be attributed to an intact sua gene does 

not appear necessary for adherence (Tassi et al., 

2015). 
 

In the current work, lbp can't be detected in any 

isolate of S. uberis under the study, while Reinoso et 

al. (2011) found lbp in 11.5% and this was a very low 

prevalence when compared with other genes they 

detected. This may be attributed to that the presence 

of lbp gene isn't necessary for virulence of S. uberis. 

As Almeida et al. (2015b) reported that S. uberis 

expresses SUAM that has affinity for lactoferrin (Lf) 

and a central role adherence to and internalization of 

S. uberis into BMEC. Mechanisms underlying the 

pathogenic involvement of SUAM rely partially on its 

affinity for Lf, which together with a putative 

receptor on the surface of BMEC creates a molecular 

bridge which facilitates adherence to and 

internalization of S. uberis into MEC (Almeida et al., 

2006 and Patel et al., 2009). Since adhesion is the 

first step in biofilm formation, it is possible that Lf 

contributes to that process. 
 

Finally, we noticed that at least 2 of the five different 

virulence genes were detected in each isolate of S. 

uberis under the study. There were some strains 

harboring 4 virulence genes the higher level of these 

strains was detected in that isolated from clinical 

mastitis (56. 25%). Moreover the higher strains 

harboring 3 virulence genes were detected in that 

isolated from subclinical mastitis (66.7%). Notcovich 

et al. (2016) reported that, there were significant 

differences between the strains in the proportion of 

quarters developing clinical mastitis. These results 

illustrated the difference in the ability of S. uberis 

strains to cause mastitis and the severity of the 

infections caused. In agreement with the present 

results, Reinoso et al. (2011) found that not all genes 

were present in the strains but all of the detected 

virulence-associated genes were present in 
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combination. Also, they found 60.3% isolates carried 

seven to 10 virulence-associated genes and detection 

of virulence-associated genes in individual S. uberis 

strains isolated from infected animals revealed one to 

10 virulence genes. Reinoso et al. (2015) recorded the 

presence of 3 genes in most of S. uberis strains. 

 
CONCLUSION 

  
S. uberis should be given a great concern as a threat 

for the dairy cows. It was isolated from milk of both 

clinincal and subclinical mastitis as well as it was 

isolated with high percentage in BTM. So, S. uberis is 

becoming a major health problem of dairy cows and 

undoubtedly will have an adverse effect on 

productivity of dairy industry. Moreover, this 

pathogen nowadays emerges as resistance to different 

antimicrobial agents especially for those commonly 

utilized. Furthermore, S. uberis harbors different 

virulence factors and genes that allow it to persist in 

the mammary gland of the dairy animals for a long 

time and speeding of infection from cow to cow may 

occur resulting in higher prevalence rates of infection 

between different dairy farms.   
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ٍِ ػْٞخ 828ظبٕشٙ ) اىغٞش( ٗاىضشع أسثبعٍِ ػْٞخ  88ػْٞخ ىجِ ٍِ أثقبس ٍصبثٔ ثاىزٖبة اىضشع اىظبٕشٙ ) 042غ ػذد ٞجَررٌ 

ٕشٝخ بظاىفخ ىينشف ػِ ثؼض اىَ٘اصفبد ٍِ خضاّبد رجَٞغ اىيجِ ٍِ ٍضاسع األىجبُ اىَخزي (ػْٞخ44)( ٗأٝضب اىضشع أسثبع

 اىؼزشاد ٕزٓ ىينشف ػِ ٍقبٍٗخ ٗمزىلؼْٞبد ٕزٓ اىٍٞنشٗة اىَن٘س اىغجحٚ ٝ٘ثشط اىَؼضٗه ٍِ اىجْٞٞٔ اىَزؼيقٔ ثبىضشاٗٓ فٚ ٗ

ث٘اعطخ  حص اىجضٝئٜٗاىف اىزقيٞذٝٔ عزخذاً مو ٍِ اإلخزجبساد اىجٞ٘مَٞٞبئٞخاثٗ .ٝٔاىزقيٞذ طشقثاعزخذاً اىاىَخزيفٔ ىيَضبداد اىحٞ٘ٝخ 

ٍِ اىَن٘ساد اىغجحٞٔ ػزشٓ  44ػزشٓ ٍِ اىَن٘س اىغجحٚ ٝ٘ثشط ٍِ أصو  48رٌ اىزأمذ ٍِ ػضه  اىجيَشٓ اىَزغيغورفبػو  ئخزجبس

خ ػضه ىٖزا جٗقذ ى٘حع أُ أػيٚ ّغ .٪02 رحذ اىذساعٔ ث٘جٔ ػبً٪( ٗمبّذ ّغجخ ػضه ٕزا اىَٞنشٗة ٍِ ئجَبىٚ ػْٞبد اىيجِ 9446)

٪( ٝيٖٞب ػضىٔ ٍِ اىؼْٞبد اىيجِ اىَجَؼٔ ٍِ اىحٞ٘اّبد اىَصبثٔ ثاىزٖبة اىضشع 4444بّذ ٍِ خضاّبد رجَٞغ اىيجِ )اىَٞنشٗة م

ػْذ دساعخ ػ٘اٍو اىضشاٗٓ  .٪ ػيٚ اىز٘اىٜ(8848٪ ٗ 8840اىَصبثٔ ثاىزٖبة اىضشع اىغٞش ظبٕشٙ )ثْغت  ٙ صٌ ريلاىظبٕش

ىنو  ٪ 9404ّحاله اىذً ٍِ اىْ٘ع )ثٞزب( ٗمزىل ػبٍو مبٍت ثْغجٔ ئشف ػِ ٗج٘د الد اىَن٘س اىغجحٚ ٝ٘ثشط رٌ اىنٗاىظبٕشٝخ ىَؼض

رٌ ئجشاء  ٪ فٚ ٕزٓ اىَؼضٗالد.44جٞ٘فٞيٌ قذ ٗجذ ثْغجخ اىمَإشش ىزشنٞو أٗ اىيضٗجٔ اىغشبء اىحٞ٘ٙ  رنِ٘ٝ مبُ فٚ حِٞ ٍَْٖب

اىَؼضٗالد مبّذ حغبعٔ  ثؼضٗأظٖشد اىْزبئج أُ ٔ ٝئخزجبساىحغبعٞٔ ىَؼضٗالد اىَن٘س اىغجحٚ ٝ٘ثشط ىؼذد ٍِ اىَضبداد اىحٞ٘

اىَن٘س  ػزشاد مو فٚاىحٞ٘ٝٔ األخشٙ ىؼذد ٍحذٗد ٍِ اىَضبداد اىحٞ٘ٝٔ فٚ حِٞ أُ ٍؼظَٖب مبُ ٍقبًٗ ىؼذد مجٞش ٍِ اىَضبداد 

ثاعزخذاً ئخزجبس  اىَن٘س اىغجحٚ ٝ٘ثشط ىٔ ػِ اىضشاٗٓ فٚ ٍؼضٗالدئ٘ػْذ دساعخ ثؼض اىجْٞبد اى٘ساصٞخ اىَغ .اىغجحٚ ٝ٘ثشط

ثْغت   sau, cfu, oppFٝضب ٗجذ مو ٍِ اىجْٞبد أٗفٚ مو اىؼزشاد  gapCاىنشف ػِ ٗج٘د جِٞ رٌ  اىجيَشٓ اىَزغيغورفبػو 

َٞنشٗة ثبىالمز٘فٞشِٝ فٚ اىٕزا  ػِ ئسرجبط ئ٘هثَْٞب ىٌ ٝزٌ اىنشف ػِ ٗج٘د اىجِٞ اىَغٚ ٪ ػيٚ اىز٘اى٪9044 ٗ 9848 ٗ٪ 6,48

َخزيفخ فٜ مو اى جْٞبد خَظاىرٌ اىنشف ػِ ٗج٘د ئصِْٞ ػيٚ األقو ٍِ جْٞبد اىضشاٗٓ ٍِ أصو  (lbp). َؼضٗىٔأٙ ٍِ اىؼزشاد اى

ػزشٓ ٍِ ػزشاد اىَن٘س اىغجحٚ ٝ٘ثشط رحذ اىذساعخ. ٗمبّذ ْٕبك ثؼض اىؼزشاد ٍْٖب رحز٘ٙ ػيٚ أسثؼٔ ٍِ ٕزٓ اىجْٞبد ٗاىزٚ 

ػالٗح ػيٚ رىل رٌ اىنشف ػِ ػزشاد  .ب ٍِ حبالد ئىزٖبة اىضشع اىظبٕشٙاألمجش فٚ ريل اىزٚ رٌ ػضىٖ خٗج٘دٕب ثبىْغج ى٘حع

                                                                                                          .اىغٞش ظبٕشٙىزٖبة اىضشع ئحبالد األمجش فٚ ريل اىَؼضٗىخ ٍِ  خأّٖب ٍ٘ج٘دٓ ثبىْغجثقذ ى٘حع ٗجْٞبد ضشاٗٓ  ,أخشٙ رح٘ٛ 

شٓ اىزٚ رٖذد ٗقذ خيصذ ٕزٓ اىذساعٔ ئىٚ أُ اىَن٘س اىغجحٚ ٝ٘ثشط ْٝجغٜ ئػطبؤٓ ئٕزَبً أمجٞش ثاػزجبسٓ ٍِ اىَٞنشٗثبد اىخطٞ

رٌ ػضىٔ ثْغت ال ٝغزٖبُ ثٖب فٚ مو ٍِ اىخضاّبد اىَجَؼٔ ىيجِ ٗأٝضب ٍِ حبالد ئىزٖبة اىضشع اىظبٕشٙ  األثقبس اىحالثٔ حٞش

ىيؼذٝذ ٍِ اىَضبداد اىحٞ٘ٝٔ شبئؼخ اإلعزخذاً فٚ اىَضاسع اىحالثٔ ىؼالج حبالد ئىزٖبة اىضشع.  خاىغٞش ظبٕشٙ ٗاىزٙ أظٖش ٍقبٍٗٗ

ػالٗح ػيٚ رىل فأّ ٝح٘ٙ ٍِ ٍقٍ٘بد اىضشاٗٓ اىظبٕشٝٔ ٗاىجْٞٞٔ اىزٚ رَنْٔ ٍِ اىَن٘س داخو ضشع اىحٞ٘اّبد اىحالثٔ ىفزشاد 

بدح ٍؼذه ئّزشبس اىؼذٗٙ ٍِ حٞ٘اُ ئىٚ أخش ٗسثَب صٝبدح ئّزشبسٓ ثِٞ اىَضاسع اىَخزيفٔ ٍَب ٝإدٙ ئىٚ خغبئش ط٘ٝئ ٍَب ٝزشرت ػيٞٔ صٝ

                                 ئقزصبدٝٔ مجٞشٓ فٚ صْبػٔ األىجبُ.                                                                                             
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