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Abstract: 

    Internalization and biofilm formation  is an important step in staphylococcal 

mastitis pathogenesis . Twenty  five staphylococcal isolates  of coagulase 

negative and coagulase positive  were collected from clinical mastitis in cows, 

and biofilm production were studied for these isolate by three different methods. 

Tube method , tissue culture plate and Congo red agar method. The first two 

methods were used to study effect of glucose addition as source of 

polysaccharides that important in biofilm formation. The results  showed 

significant increase in biofilm formation by addition of glucose in staphylococci 

coagulase negative  diagnosed by tissue culture plate method. Congo red agar 

method results showed  increase number of positive isolates by increasing  

incubation time. The results showed  that tissue culture plate method 

(Spectrophotometric method) was the best method for the diagnosis of biofilm 

formation in comparison with both tube method and Congo red agar method. 
 

الغشاء الحيوي في المكورات العنقودية المعزولة من التهاب الضرع  إنتاجالكشف عن 
 مسح مختلفة دام تقييم ثلاث طرقباستخ
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 :الخلاصة
التددددامل مدددي النوددديل تكدددليي اليعددداخ الحيدددلي يعتبدددر مطدددل  مضمدددة فددد  امرا دددية التضددداب ال دددر       

ممدددع لوعدددرلي ويندددة مدددي جدددراايع المكدددلرال ل العنولديدددة الودددالبة لالملجبدددة للكلاكيدددللي  جمعدددل 
ي ابودددار مةدددابة بالتضددداب ال دددر  لدرودددل ةدددحة انتدددام اليعددداخ الحيدددلي باودددتعمال اددد   طدددر  مددد

ممتلحددددة لهدددد  طريوددددة ا نبددددلب لطريوددددة طبدددد  الدددد ر  النودددديج  لطريوددددة هدددد ع كلنيددددل ا حمددددر 
الطريوتدددداي ا لليتدددداي اوددددتمدمتا لدراوددددة تددددااير ا ددددافة  وددددكر الكللكددددل  كمةدددددر لتكددددليي الوددددكر 

ليعددداخ الحيدددلي  الضدددرل النتددداول  يددداد  معنليدددة فددد  انتدددام اليعددداخ الحيدددلي المتعددددد المضدددع فددد  انتدددام ا
ونددددد ا ددددافة الكللكددددل  فدددد  جددددراايع المكددددلرال العنولديددددة الوددددالبة للكلاكيددددللي  لالتدددد  عمةددددل 
بطريوددددة الطبدددد  ال رودددد   كمددددا الضددددرل نتدددداول هدددد ع الكلنيددددل ا حمددددر  يدددداد  العدددد  ل الملجبددددة 

لح ددددي   لالضدددددرل النتددددداول اي طريوددددة الطبددددد  النوددددديل لتكددددليي اليعددددداخ الحيددددلي ب يددددداد  فتدددددر  ا
رنتضدددددا مدددددي الطريوتددددداي ال روددددد  هددددد  ا ف دددددل فددددد  تعدددددمي  انتدددددام اليعددددداخ الحيدددددلي وندددددد موا

 ا مريتاي 
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Introduction: 

    Bovine mastitis is a disease 

characterised by mammary gland 

inflammation, usually caused by 

intramammary infections. This 

condition is difficult to eradicate and 

responsible for severe economic 

losses for dairy producers.(1). 

Staphylococcus aureus remains a 

major pathogen of chronic mastitis, 

but also Staphylococcus epidermidis 

has emerged as a relevant mastitis 

pathogen.(2).Internalization is an 

important step in staphylococcal 

mastitis pathogenesis (3). In vitro 

studies have shown that 

Staphylococci are able to adhere to 

and invade bovine mammary 

epithelium [4].Biofilm production by 

Staphylococci an important 

virulence factor(5),(6) .During 

intramammary infection bacterial 

clusters may develop within the 

udder, and biofilm structures may 

facilitate Staphylococci adherence 

and colonization of the mammary 

gland epithelium (3).Biofilms  are 

complex bacterial communities that 

adhere to a variety of surfaces, 

including metals, plastics, medical 

implant materials, and tissue, 

biofilms are characterized by 

“attached for survival” because once 

they are formed, they are very 

difficult to destroy, depending on 

their locations, biofilms can either be 

beneficial and detrimental to the 

environment, for instance, the 

biofilms found on rocks and pebbles 

underwater of lakes and ponds are an 

important food source for many 

aquatic organisms;  on the contrary,  

 

those that developed on the interiors 

of water pipes might cause clogging 

and corrosions (7,8). Biofilm 

formation is considered a selective 

advantage for staphylococci mastitis 

isolates, facilitating bacterial 

persistence in the udder, it requires 

attachment to mammary epithelium, 

proliferation and accumulation of 

cells in multilayers and enclosing in 

a polymeric matrix, being regulated 

by several loci, as biofilm formation 

can proceed through different 

pathways and time ranges, its 

detection may differ according to the 

time of observation(9) ,(10).  

    Bacterial biofilms may impair 

eradication of chronic mastitis, 

rendering antibiotherapy less 

effective. Detection of biofilm-

forming ability in mastitis isolates 

may provide useful information for 

the establishment of a more adequate 

therapeutic regimen(9) wherever, 

biofilm are not susceptible to 

macrophage phagocytosis and they 

become resistant to certain 

antibiotics(11). Our  research point 

toward studying ability of 

staphylococcus spp. to form biofilm 

and evaluated the reliability of three 

different method in order to 

determine most suitable screening 

method. 

 

Materials and methods:  

1.Twenty –five isolate of 

staphylococcus species were taken 

from  mastitis infected cows from 

the period between  January to 

March of  2011 in Al-Faluja. 

http://www.ncbi.nlm.nih.gov/pubmed/11003225
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    All study isolate were well 

bacteriologically identified and 

confirmed by biochemical tests. 

Bacteria were stored in brain heart 

infusion broth (BH I) medium 

containing 20% glycerol. Before 

each experiment one aliquot was 

thawed at 37c for 24hr. 

2.Qualitative biofilm formation 

assay: (Adhesion assay or Tube 

method): 

    The procedure was made as 

described by Christensen et al. (12) 

A. two to three colonies of the 

isolates were inculated  into 5ml of 

BHI broth in plastic white tube in the 

presence of glucose which is the 

substrate for polysaccharides.  

B. Saccharide free basal medium 

(BHI) broth  without glucose that 

lacks the substrate for 

polysaccharides was used as control. 

Both groups of cultures were 

incubated at37C for 18-20hr. The 

continents were aspirated, one tube 

was examined unstained and one 

each stained  with crystal violate and 

safranin. Slim positivity  was judged 

by the presence of the tube  

3.Quantitative biofilm formation 

assay : (Spectrophotometric 

method): 

    The procedure was made as 

described by Christensen et al. (13).  

    working culture were prepared by 

inoculation on blood agar and 

incubated  aerobically at 37C for 

24hr the culture. The  culture used to 

prepare bacterial suspension in 

sterile distilled water adjacent to a 

0.5 McFarland stander. The 

suspension obtained were inoculated 

to brain heart infusion broth after 

that poured in to the wells of plastic 

microplate. 

    The well of sterile 96-well  flat-

bottomed plastic microplate (tissue 

culture plate) were filled with  250µl 

of BHI broth. Negative control wells 

contained the broth only. 20µl of 

bacterial suspension was then added 

to each well. The plate were 

incubated at 37C for 24hr. following 

incubation the content of each well 

was aspirated and each well was 

washed three times with 300µl of 

sterile distilled water. The remaining 

attached bacteria were fixed with 

200µl of methanol per well, and 

after 15 min. the plate were emptied 

and left to air dry. after that the 

plates were stained for 5min with 

160µ per well of crystal violet . 

Excess stain was rinsed off placing 

the plate under running tap water. 

After the plate were air dried, the 

dye which was bound to the adherent 

cells was resolublized with 160µl of 

33%(V/V) glacial acetic acid per 

well. The optical density (OD) of 

each well was measured at630 By 

ELISA reader. 

4.Congo red agar method: 

    Phenotypic characterization of 

biofilm production was performed 

by culture of the staphylococci  

isolates on CRA plates as proposed 

by Freeman et al. (14). 

According to the authors, biofilm 

producers form black colonies on 

CRA, whereas non-producers form 

red colonies. The Congo red dye 

directly interacts with certain 

file:///D:/2010.htm%23B26
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polysaccharides, forming colored 

complexes.(15).  

Statistical analysis was conducting 

according to (16). 
 

Results: 

    Our results show obvious increase 

of bifilm formation in same isolates 

of staphylococci coagulase negative 

after addition of glucose , this is was 

clearly showed in both tube method 

and Spectrophotometric method( or 

tissue culture method), as illustrated 

in table No.1 .

 

Table No.1 : Biofilm formation in Coagulase negative staphylococci 

evaluated by two method : tube method and tissue culture method. 
  

Nutritional 

supplement 

No. of 

isolate 

Tube methode Tissue culture 

No. of +Ve % of +ve No. of +ve % of +ve/  

without glucose 
17 8 47% 10 59% 

a* 

with glucose 
17 11 64% 13 76% 

b 
 

*Different small letters refer to significant variation between different 

nutritional supplement. 
 

    Coagulase positive staphylococci 

show no difference of biofilm 

formation before and after addition 

of glucose evaluated by tube method 

while tissue culture method showed 

significant increase in biofilm 

formation of same isolate after 

glucose addition. Table No.2 . 

demonstrate our results apparently. 

   

Table No.2 : Biofilm formation by Coagulase positive staphylococci 

evaluated by two methods : tube method and tissue culture method. 
 

Nutritional 

supplement 

No. of 

isolate 

Tube methode Tissue cultur 

No. of 

+Ve 

% of 

+ve 

No. of 

+ve 

% of 

+ve  

without glucose 8 5 62% 6 75% 

with glucose 8 5 62% 7 87% 

 

Congo red agar method was used to 

evaluate biofilm formation in 

staphylococci of mastitis isolates in 

different periods  of incubation and 

our results summarized in table No.3  
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Table No.3: biofilm formation  in staphylococci evaluated by Congo red 

agar method in two different periods of incubation. 
 

 No. of 

isolate 

After 24 hrs After 48 hrs 

No. of 

positive 

% of 

positive 

No. of 

positive 

% of 

positive 

Coagulase 

 -ve 

17 5 29 7 41 

Coagulase 

+ve 

8 2 25 2 25 

 
    

The results showed  that tissue 

culture plate method 

(Spectrophotometric method) was 

the best method for the diagnosis of 

biofilm formation in comparison 

with both tube method and Congo 

red agar method. The results also  

showed that  there are significant 

increase in diagnostic results of the 

same isolates of staphylococci 

diagnosed by tissue culture plate 

method  in comparison with the 

results of diagnosis by tube method 

and Congo red agar method, 

furthermore, tube method showed 

significant increase in the diagnostic 

results in comparison with Congo 

red agar method, these results well 

summarized in the table No.4 :

   

Table No.4 :  comparison among three different methods used for 

evaluation of  biofilm formation. 
 

Tube method Tissue culture  Congo red agar method 

without with without with After24hrs After48hrs 

52% 

*B 

64% 

AB 

64% 

AB 

80% 

A 

28% 

C 

36% 

C 
 

*Different capital  letters refer to significant variation among different 

diagnostic  method. 

Considering TCP as standard, data from TM and CRA methods were compared. 

Parameters of sensitivity and specificity were calculated as explained in the 

table No.5 below: 
  

Table No.5 : Sensitivity and specificity of Tube method and Congo red agar 

method in compared with tissue culture plate method. 
 

 T_M  CRA_M 

sensitivity 84% 76% 

specificity 100% 100% 
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Discussion: 

    Staphylococcus spp. utilizes the 

biofilm mode of growth to initiate 

and
 
establish recalcitrant infections 

(17) . The prevalence of bovine 

staphylococcus mastitis range from 

7% to 40% of all dairy cattle and this 

infection is associated with bacterial 

biofilm (18).  In the view of the large 

number of infections caused by 

biofilm-producing bacteria, a 

reliable method for their diagnosis is 

necessary. The present study 

examined biofilm formation in three 

different method. In first two  

method ( tube method and tissue 

culture method ), the study found 

that addition of glucose increase 

biofilm formation in staphylococci  

in both groups coagulase positive & 

negative, this is because of that the 

addition of large amounts of sugar to 

a medium induces a stress condition 

which, in turn, stimulates 

fermentation, thus increasing the 

production of polysaccharide 

intercellular adhesion  and 

consequent biofilm production (19). 

    In agreement with that of (20). 

which was  done on Pseudomonas 

aeroginosa  and klebsiella spp., The 

results show no significant variation 

between presence or absence of 

glucose ,and this is probably due to 

small size of clinical isolates in both 

researches, while Tissue culture 

method  succeeded to reach the level 

of  significancy in  variation between 

absence and presence of glucose this 

may be due to highly sensitivity 

level of this method in compared 

with other two methods, this result is  

 

in agreement with that of kim (21) 

and T. Mathur et.al.  how found that 

addition of glucose increase biofilm 

formation in staphylococcus isolates 

using relatively  large size samples 

(152 isolates) diagnosed by tissue 

culture plate method . (22).   

    Congo red agar method show 

increasing  number of positive cases 

by increasing  time of incubation this 

result is in agreement with that of (9) 

and this is due to that not all 

staphylococcus spp. are  heavy 

biofilm producer , some isolate are 

moderate and  weak (23). , and 

longest time of incubation give 

largest chance to these isolate to 

produce the stain.The results show 

that TCP method is highly sensitive 

& specific method and can be 

recommended for biofilm 

identification, These observations 

are entirely in agreement with 

observations reported by the Adilson 

Oliveira et al (19) and T Mathur et al 

(22) and BOSE S. et al. (24) and 

(25)and that probably because  this 

method depend on ELISA  reader to 

analyze the positive & negative 

results while both other test depend 

on naked eyes.   
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