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Abstract: Background: Streptococcus agalactiae (GBS), a major cause of neonatal morbidity and mortality, 

is transmitted from mother to neonate via placenta or during birth. Biofilm formation is an important factor in 

GBS pathogenesis. This study aimed to determine effects of pH, different culture media and nutritional 

composition on in vitro biofilm forming ability of GBS isolated from pregnant women. Methods: A total of 30 

confirmed isolates of GBS from pregnant women were tested for biofilm formation in Todd Hewitt Broth (THB) 

at pH 4.5,6 and 7. Ten of these isolates were tested for biofilm formation in growth media THB, brain heart 

infusion broth, tryptic soy broth, Mueller Hinton broth and nutrient broth. Further they were tested for influence 

of glucose on biofilm formation using crystal violet and MTT assay. Results: Of 30 GBS isolates strong biofilm 

formation (SBF) was observed at pH 7 in 56.6 %(n=17) while 36.6%(n=11) isolates showed weak biofilm 

formation (WBF). At pH 4.5, 43.3% (n=13) were non biofilm formers. In THB without glucose, all 10 isolates 

were SBF while THB with 1% glucose, 3(30%) isolates were SBF, 5(50%) isolates were moderate biofilm 

producers and 2(20%) isolates were WBF. Ten isolates tested in 5 types of growth media did not show 

statistically significant difference in biofilm forming ability. Conclusion: All tested vaginal GBS isolates were 
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HIGHLIGHTS 
 

 Maximum biofilm formation of GBS is at neutral pH (pH 7).  

 At a pH of 4.5, there is a greater reduction in viable cells than at other pH value. 

 At Normal vaginal pH (3.5 – 4.5), biofilm formation by GBS is low. 

 Glucose concentration in the media influences biofilm production. 

 Nutrient rich culture media support biofilm growth. 
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able to produce biofilms, maximum biofilm formation of GBS was at pH 7.0. and pH 4.5 is not favorable, thus 

in normal vaginal pH (3.5 – 4.5), GBS finds it difficult to grow biofilms. 

Keywords: Group B Streptococcus 1; Biofilm 2; Vaginal pH 3; Growth media 4. 

INTRODUCTION 

Streptococcus agalactiae (Group B Streptococcus, GBS) is a Gram-positive chain forming cocci and an 

inhabitant in normal flora in the gastro-intestinal tract and the vagina of healthy women. It causes neonatal 

sepsis, meningitis and pneumonia and leads to neonatal morbidity and mortality by reaching the newborn 

through the birth canal before or during birth. Global mean incidence of early onset and late onset neonatal 

infection is 0.53 cases of GBS per 1000 live births [1]. It causes adverse effects in pregnancy and also could 

result in bacteremia, skin and soft tissue infections, pneumonia, osteomyelitis and urinary tract infections in 

the elderly and in immuno-compromised people [2].  

Highly enriched liquid or solid media are used to cultivate GBS. However, bacteria show entirely different 

behavior in-vivo than in vitro [3]. Sessile bacteria grown on nutrient-limited media show slow growth while 

planktonic bacteria multiply rapidly [3,4]. Therefore, planktonic bacteria are more susceptible to antibiotics, 

environmental and host factors compared to its sessile biofilm [3]. Colonization and disease progression of 

bacteria is linked with biofilm formation and it is an important virulence determinant. Biofilms facilitate chronic 

infections and antibiotic resistance. Bacteria are protected against the host immune system by biofilms. 

Consequently, these biofilm forming strains could be responsible for recurrent infections.  Further biofilm like 

structure production could be a virulence factor in the role of pathogenesis of GBS in pregnant women and 

neonatal infection [5-7]. The presence of structures of the extracellular matrix typical of bacterial biofilms has 

not been investigated in GBS. Therefore, additional studies are also needed to confirm the in- vitro biofilm 

formation ability of GBS.  

pH of the host environment fluctuates from neutral pH to acidic pH of the vagina. GBS strains should be 

able to adapt to this range as a colonizer of the vagina. Normal vaginal pH of women varies 3.5 – 4.5. 

Lactobacillus spp. produce lactic acid from glycogen and maintain the acidic pH of the vagina [8]. Some 

studies concluded that the biofilm formation of GBS is pH dependent and bacterial biofilm formation varies 

due to pH and the growth medium [6]. Some studies investigated GBS biofilm formation under neutral and 

acidic pH conditions and found that higher biofilm formation occurred at pH 6.5 or 7 than normal vaginal pH 

4.2. However, Ho et al found that biofilm formation was enhanced at low pH, 4.2 [9]. Conflicting data have 

been reported regarding biofilm forming ability at different pHs. 

Under in- vitro conditions, the composition of the culture medium is an important factor to produce biofilm 

[10,11]. Todd Hewitt broth (THB) is useful for cultivating GBS since it is a highly nutritious medium and the 

pH of the medium is 7.8±0.3. Further, it is reported to be the most commonly used medium to study biofilm 

forming ability of GBS. Nutrition component of the brain heart infusion broth (BHI) is almost similar to THB 

except the pH (pH 7.4 ± 0.2). Other media used for the cultivation of microorganism include, Muller Hinton 

broth (MHB), Tryptic soy broth (TSB) and nutrient broth (NB). One study found that the biofilm formation was 

induced in nutrient limited medium than in rich media [6] and also Konto-Ghiorghi et al. concluded that biofilm 

formation was reduced in nutrient rich media by GBS serotype III [12]. It is observed that presence of glucose 

or sucrose in the THB induces biofilm formation of GBS serotype Ia [13].   

Relatively few studies have been published on GBS biofilm formation and factors affecting such as pH 

level of the medium, influence of different growth media and glucose for biofilm formation of GBS. Additional 

studies are needed to confirm the biofilm formation of GBS, and optimum conditions relevant to biofilm 

formation in vitro. In order to determine biofilm formation ability artificially, it is essential to identify and 

standardize different growth media components and nutritional conditions for biofilm formation of GBS. Earlier 

recommendations of appropriate growth medium for testing of GBS biofilm formation yielded controversial 

results, thus this study aimed to determine a suitable pH and medium. Considering above facts this study 

was formulated to satisfy the gaps in knowledge on biofilm formation by GBS. 

MATERIAL AND METHODS  

Test Strains 

In this study a total of 30 confirmed isolates of GBS yielded from vaginal swabs from pregnant women 

at > 35 weeks of gestation were tested for biofilm forming ability.  The isolates were initially identified by 
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standard microbiological methods including characteristic colonies with beta haemolysis, Gram-positive cocci 

in chains (by Gram stain), negative catalase test, negative reaction in bile aesculin agar, positive by Christie-

Atkins-Munch-Petersen (CAMP) test and detection of capsular polysaccharide antigen by latex agglutination 

(Streptococcal Lanced field grouping kit, Oxoid, UK). Isolates were stored in skimmed milk at -80 oC. 

Ethical approval 

Ethical approval was obtained from the ethics review committee of the Faculty of Medical Sciences, 

University of Sri Jayewardenepura, Sri Lanka (No.89/17). 

Biofilm forming ability 

Colonies of 24 hour old cultures grown on blood agar were inoculated separately in THB and incubated 

at 37 °C overnight. After incubation cell pellets were obtained by centrifugation at 3000 rpm for 10 min. Cell 

pellets were washed twice with sterile phosphate buffered saline (PBS). Standard inoculum of each GBS 

strains were adjusted to the optical density (OD) 0.1 at 595 nm wavelength ((Multiskan EX, Thermo Scientific, 

USA) (0.1 OD corresponds to 1x108 cells/mL)) and 200µL of standard cell suspensions were added into each 

well. The plates were sealed and incubated at 37°C for 24 hours in sterile flat bottomed 96-wells microtiter 

plates [6]. Following incubation, the medium was removed carefully and the wells were washed three times 

with 200 µL of sterile phosphate buffered saline (PBS) to remove unattached bacteria. Crystal violet (CV) 

and tetrazolium salt 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT) assays were then 

performed to quantify bacterial biomass and cell viability, respectively. A known biofilm former, 

Staphylococcus aureus (ATCC 25923) was used as positive control. The experiment was carried out in 

triplicate with three independent experiments to maintain the reproducibility [14,] 

Effect of pH changes on S. agalactiae biofilm 

THB acidified to pH 4.5, 6 and 7. pH was adjusted in the class II bio safety cabinet near the flame. THB 

was prepared and poured in to 3 sterile universal containers (labeled as pH 4.5,6.0 and 7.0).  Initial pH of 

THB was 8.2. Few drops of concentration HCl was added separately into 3 bottles by using sterile pasture 

pipette. Small portion of media was taken in to 3 sterile containers separately and pH was measured by pH 

meter. This procedure was repeated until it reached the correct pH values. Biofilm formation was assessed 

as described. The pH value of 4.5 was used to reproduce the normal vaginal pH and pH 6 and 7 were taken 

as representative of abnormal vaginal pH.  

Influence of glucose on S. agalactiae biofilm 

Ten S. agalactiae isolates were tested for their biofilm forming ability with THB and THB supplemented 

with 1% glucose. One gram of glucose was measured and dissolved in THB. The solution was filtered by 

Seitz filter in to sterile container and final volume was adjusted up to 100ml with THB. Biofilm formation was 

detected as mentioned above. 

Effect of growth media on biofilm formation 

Biofilm forming ability of 10 GBS isolates were further tested on Todd Hewitt Broth (Oxoid), brain heart 

infusion broth (Oxoid), tryptic soy broth (Oxoid), Mueller Hinton broth (Oxoid) and nutrient broth (Oxoid). 

Five types of broth media were prepared to standard protocol. Colonies of 24 hour old cultures grown on 

blood agar were inoculated separately in five types of growth media and incubated at 37 °C overnight. 

Standard inoculum of each GBS strains were adjusted to the optical density (OD) 0.1 at 595 nm 

wavelength in 5 types of growth media separately. Biofilm formation was detected as described.  

Crystal Violet assay 

Crystal violet (CV) assay was performed as follows. The wells were stained for 10 min with 200 µl of a 

0.5% solution of CV. After rinsing with distilled water, bound dye in stained cells was eluted with 200 µl of 

30% glacial acetic acid. Biofilm formation was quantified by measuring the OD595 of the solution with a 

microplate reader assay. Wells filled only with growth medium were included as negative controls. OD of 

stained bacterial films were measured at 595 nm using ELISA plate reader (Multiskan EX, Thermo Scientific, 

USA) 
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OD (isolate) < OD (cut) = non-biofilm-producing 

OD (cut) < OD (isolate) < 2OD (cut) = weak-producing 

2OD (cut) < OD (isolate) < 4OD (cut) = moderate-producing 

4OD (cut) < OD (isolate) = strong-producing 

were categorized compared with the negative control (culture medium only). (ODcut = ODavg of negative 

control + 3 × standard deviation of ODs of negative control). [14,15]. 

(OD (cut) - Optical density cut-off value, OD (isolate) - Optical density isolate, ODavg - Optical density 

average). 

MTT viability assay 

MTT (tetrazolium salt 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide; Sigma-Aldrich) 

assay [14,15], was done as follows. The working solution of 1 mg/mL MTT was prepared by dissolving in 

sterile distilled water and was filtered. Viable cell mass was quantified by adding 50 μL of working solution in 

to each well and incubated at 37 ° C for 4 h. The micro titer plates were then covered by aluminum foil. The 

remaining MTT solution was aspirated carefully after incubation and 100 μL of dimethyl sulfoxide (Sigma-

Aldrich) (DMSO) was added to each well to solubilize the black purple colour formazan end product.  

Absorbance was measured at 570 and 630 nm wavelengths. [16]. 

Statistical analysis 

The data were analyzed using the statistical package GraphPad Prism version 9 by one-way ANOVA 

and Microsoft Excel 2016. Values with a p < 0.05 was considered as statistically significant. 

RESULTS  

Effect of pH changes on biofilm formation 

Biofilm formation was assessed for the 30 isolates under varying pH conditions of pH 4.5, 6 and 7 by CV 

assay. Biofilm formation was higher with increasing pH in the growth medium. (Figure 1) 

 

 
Figure 1. Percentage of Biofilm formation by GBS at different pH by CV assay 
Legend: Thirty GBS strains isolated from pregnant women were grown in 96-well polystyrene plates in THB medium at 
pH levels 4.5, 6.0 and 7.0 for 24 h. Biofilm formation was quantified by crystal violet assay. 

At pH 7, seventeen (56.6%) GBS isolates gave OD more than 0.712 and were categorized as strong 

biofilm formers, while 11 (36.6%) GBS isolates gave OD between 0.178 and 0.356 and were weak biofilm 
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formers. The growth was reduced at pH 4.5 and 13 (43.3%) GBS isolates gave OD less than 0.178 and were 

non biofilm formers. 

Biofilm formation was assessed for the 30 isolates under varying pH conditions of pH 4.5,6 and 7 by 

MTT assay. (Table 1)  

Table 1. Percentage of Biofilm formation by GBS at different pH by MTT assay. 

pH value 

Percentage of Biofilm formation by GBS 

Strong No∗(%) Moderate No∗(%) Weak  No∗ (%) Non biofilm No∗(%) 

4.5 0 0 3 (10%) 27 (90%) 
6.0 5 (16.6%) 5 (16.6%) 19 (63.3%) 1 (3.3%) 
7.0 13(43.3%) 11 (36.6%) 6 (20%) 0 

Legend: Thirty GBS strains isolated from pregnant women were grown in 96-well polystyrene plates in THB medium at 
pH levels 4.5, 6.0 and 7.0 for 24 h. Biofilm formation was quantified by MTT assay. No∗ - Number of GBS bacterial 
isolates. 

Strong biofilm formation (SBF) was observed at pH 7. Thirteen (43.3%) GBS isolates gave OD more 

than 0.248 and were categorized as strong biofilm formers and 11 (36.6%) GBS isolates gave OD between 

0.248 and 0.124 and were moderate biofilm formers (MBF), however, growth was reduced at pH 4.5 with 27 

(90%) GBS isolates being non biofilm formers (NBF) giving OD value less than 0.062. 

Influence of glucose on S. agalactiae biofilms 

Determination of the influence of addition of glucose on the ability of biofilm formation of 10 isolates of 

GBS was done. THB with and without 1% glucose was tested. In THB medium without glucose, 100% isolates 

were strong biofilm producers while THB with glucose 3 (30%) isolates were strong biofilm producers, 5 

(50%) isolates were moderate biofilm producers and 2 (20%) isolates were weak biofilm producers. (Figure 

2) 

 

Figure 2. Influence of glucose on S. agalactiae biofilm 

Legend: Ten GBS isolates were tested for their biofilm forming ability with THB and THB supplemented 
with 1% glucose by MTT assay. 
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Effect of growth media on biofilm formation 

Ten isolates were tested to detect biofilm formation in 5 types of growth media. OD values represent 

biofilm forming ability of ten isolates in different culture media. THB was used as control medium. TSB showed 

the least average OD value, therefore TSB medium supported GBS biofilm formation to the least extent, 

while the growth of biofilms of other four media were comparatively high. A one-way between groups analysis 

of covariance was conducted to compare the biofilm formation of GBS of five different culture media. The 

independent variable was the five types of culture media (BHI, TSB, NB, THB, MHB) and the dependent 

variable was optical density of biofilm of GBS after overnight incubation. Optical density of different culture 

media (without GBS) was used as the covariate. There was no significant difference between the five types 

of culture media on biofilm formation ability of GBS, indicating that growth of biofilm did not differ with the 

media used. (Figure 3). 

 
Figure 3. Effect of different growth media on GBS biofilm formation. 
Legend: GBS biofilm formation in 5 different growth media: Brain Heart Infusion broth (BHI), Tryptic Soy 
Broth (TSB), Nutrient Broth (NB), Todd Hewitt Broth (THB), Mueller Hinton Broth (MHB). The error bars 
represent ±2 SD.  

DISCUSSION 

Investigating the biofilm forming ability of GBS is important in determining the virulence of the pathogen 

[6]. Limited nutrients, variations of pH, effects of disinfectants and antibiotics can be tolerated better by the 

biofilm producers than planktonic organisms [17]. Dominant microbiota of the healthy vagina are lactobacilli. 

They maintain the vaginal acidity by producing lactic acid [18].  Normal vaginal pH is around 4.5. Disrupting 

normal flora of the vagina increases the pH and is a favorable condition for the biofilm formation of pathogenic 

bacteria. Lactobacilli inhibit the colonization of bacterial pathogens by maintaining the vaginal acidity. They 

produce lactic acid, hydrogen peroxide, and bacteriocins which has antibacterial properties against vaginal 

pathogens including GBS [19,20]. A study  reported that the presence of Lactobacillus was significantly lower 

whereas Gram negative bacteria and streptococci were significantly higher in GBS positive pregnant mothers 

[21]. GBS survival and biofilm production could be influenced by increased vaginal pH [18,20,22].  This study 

observed that the maximum biofilm formation of GBS was at the neutral pH (pH 7) and acidic pH is not 

favorable for growth of GBS. At a pH of 4.5, there was a greater reduction in viable cells than at other pH 

value, thus demonstrating that in normal vaginal pH, GBS finds difficult to grow biofilms. These results are in 

agreement with Borges et al. (2011) who observed a reduction of viable cells at pH 4.2 than at pH 5.5 and 

6.5 and further that GBS survived longer at higher pH than at normal vaginal pH [5]. H. Kuar et al (2009) 

found that the biofilm formation was more sensitive to pH changes and decreased at pH below 6.0 [22]. 

Lamees A. Abdul-Lateef et al (2018) also concluded similar results to current study that the GBS isolates 

formed biofilms at pH 6.0 and pH 5.0 but not at pH 4.0 [20]. Controversial findings were reported by Ho et al. 

(2013) who reported that biofilm formation of GBS induced at low pH in nutrient limited medium and not in 

THB which is a rich media [6]. Majority of the studies in keeping with the findings of the current study indicate 

that GBS biofilm forming ability is less in normal vaginal pH. This finding is favorable for healthy women as 

the normal vaginal pH inhibits GBS biofilm formation. 
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However, the presence of vaginal pathogens may inhibit lactobacilli in the vagina. Reduction of 

lactobacilli in the vagina results in change of the low pH to a high pH. It is reported that GBS either as a 

colonizer and or a pathogen, could change the vaginal pH [23]. Increasing the pH level is favorable for biofilm 

formation of GBS. Enhanced biofilm formation is associated with a magnitude of issues such as antibiotic 

resistance.  

Carbohydrate content, was found to influence streptococcal biofilm formation in vitro. Several studies 

concluded that the addition of glucose is necessary for the biofilm formation. Konto-Ghiorghi et al. found a 

uniform biofilm formation on Luria-Bertani (LB) and Roswell Park Memorial Institute Medium (RPMI 1640), 

supplemented with 1% glucose [12]. Rinaudo et al observed that addition of 1% glucose to THB increased 

the GBS biofilm formation [13]. By contrast, another study concluded that by adding various sugars to enrich 

the medium does not favor the biofilm formation of GBS and further it was observed that starvation conditions 

initiate biofilm formation [22]. In the present study we observed that addition of 1% glucose to THB decreased 

the biofilm formation ability and all the tested isolates formed strong biofilms in the absence of 1% glucose.  

Further in this study, the absence of supplemented 1% glucose in the basal media (THB) favored biofilm 

growth, however, it is not statistically significant.  It is envisaged that the production of acid by the fermentation 

of glucose, decreases the pH of the medium. Therefore, the biofilm formation is less favorable in glucose rich 

medium due to low pH level as seen in this study. 

The composition of growth medium affects biofilm formation of bacteria. Biofilm formation of some 

bacterial species such as Streptococcus gordonii and Enterococcus faecalis can be observed in nutrient poor 

media while Vibrio cholerae needs nutrient-rich media to form biofilm [6,24].  

In several studies TSB and BHI were the media of choice to detect the biofilm formation of bacteria 

[20,22] however THB is the medium used most of the time to grow GBS biofilms [6,25].  However, Singh et 

al concluded that BHI broth was more effective for biofilm formation than TSB [26].  It was found that 

Staphylococcus epidermidis showed better biofilm formation in TSB than in MHB.  Borges et al (2011) found 

that Listeria monocytogenes produces more biofilm in nutrient-rich media such as TSB than in nutrient-poor 

media and further concluded in 2012 that GBS biofilm formation ability was higher in TSB than simulated 

vaginal fluid [5,8]. However, Konto-Ghiorghi et al.  demonstrated that biofilm formation by GBS serotype III 

was reduced in nutritionally rich media (THB) compared to weaker media (RPMI) [12]. In the present study 

we investigated GBS biofilm forming ability in 5 different media such as THB, BHI, TSB, MHB and NB.  This 

study hypothesized that the other four growth media would have similar biofilm formation abilities by GBS 

when compared to growth medium of choice; THB. 

According to findings of this study,all tested media facilitated GBS biofilm formation. These data to some 

extent confirms the findings of Borges et al. who showed that the high nutrient composition broth media could 

facilitate to produce biofilms. Although THB has been the choice of medium for GBS biofilm formation, in the 

absence of statistically significant difference of mean OD values of five different media, it can be inferred that 

any medium described could be used to detect biofilm of GBS.  

CONCLUSION 

All tested vaginal GBS isolates were able to produce biofilms, maximum biofilm formation of GBS was 

at neutral pH (pH 7) and acidic pH was not favorable for growth of GBS. At pH 4.5, there was a greater 

reduction in viable cells than at higher pH values, thus demonstrating that in normal vaginal pH, GBS finds it 

difficult to grow biofilms. In laboratory settings glucose concentration in the medium was non favourable for  

biofilm production. GBS showed comparable biofilm formation abilities in all five tested media. 
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