Lamees A. Abdul-Lateef et al /J. Pharm. Sci. & Res. Vol. 10(12), 2018, 3216-3218

ISSN:0975-1459

Journal of Pharmaceutical
Sciences and Research

www.jpsr.pharmainfo.in

Biofilm formation by Streptococcus agalactiae is affected by
PH changes in vitro

Dr. Lamees A. Abdul-Lateef?, Dr. Asmaa Kadhim Gatea?, Taiseer Safaa Jwad®
Dept. of Microbiology/ College of Medicine /Babylon University, Hilla, Iraq
2Dept. of Gynecology and Obstetrics/ College of Medicine /Babylon University, Hilla, Irag
3Al- Hilla surgery Teaching Hospital, Irag

Abstract

Background: The capacity of Streptococcus agalactiae to cause infections is related to their ability to produce biofilms which allow bacteria
to adhere to tissues causing pathogenesis and promote their resistance to antibiotics resulting in prolonged infections. Therefore, the aim of
current study was to study the ability of these bacteria to form biofilms and the effects of pH changes on this ability.

Materials and Methods: A total of 25 confirmed isolates of Streptococcus agalactiae were collected in this study. The isolates were obtained
by vaginal swaps from pregnant women who were complaining from abnormal vaginal discharge. Biofilm was detected by semi- quantitative
microtiter plate test (biofilm assay) using TSB supplemented with 1% glucose.

Results: In this study, all strains of GBS were biofilm former and 52% of them were strong biofilm formers while 48% were moderate
biofilms formers. Also, results showed that the ability of the studies isolates to form biofilms was weak at low pH and enhanced at high pH.
Therefore, high pH plays a critical role in the pathogenesis of chronic vaginal bacterial infections.
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1. INTRODUCTION
Group B streptococcus (GBS) or Streptococcus agalactiae is a
Gram-positive encapsulated bacterium exhibiting B-hemolysis on
blood agar. The organism lives commensally in the
gastrointestinal and genitourinary tracts of up to 30% of healthy
adults. In addition, GBS is facultative anaerobic, catalase-negative
and gram-positive cocci. Their metabolism is mainly fermentative
and lactic acid is the predominant end product 1.
Colonization and persistence of bacteria in different host niches is
dependent on the adherence capacity of GBS to host cells and
tissues. This adhesion facilitates bacterial cells aggregation and
formation of sessile communities known as biofilms. Bacterial
biofilms represent well-known virulence factors with a vital role
in persistence and chronic infections 2. In the host environment,
bacteria are often protected from the immune system by building
sessile colonies embedded in an extracellular matrix of
polysaccharides representing the biofilm. For GBS the bacterial
capsule and type lla pili have been demonstrated to play an
important role in biofilm formation 2. Biofilm formation is a
complex aggregation of microorganisms growing on a solid
surface. Biofilms are usually found on solid substance submerged
in or exposed to some aqueous solution .
Biofilms allow long-term bacterial persistence and protect
bacteria from recognition by immune system and controlling the
expression of bacterial surface-associated structures, such as pili
and the capsule, which are both involved in promoting bacterial
biofilm formation .
A decrease in the number of normal flora lowers the
concentrations of H,O, and lactic acid and results in proliferation,
and subsequent biofilm formation, of pathogenic bacteria. In
addition, biofilms formation is poor in acidic environment while
an increase in pH enhances bacterial bacterial ability to form
biofilms F1.
Taken together, the aim of current study was to investigate the in
vitro effects of pH changes on biofilms formation in
Streptococcus agalactiae bacterial strains.

2. MATERIAL AND METHOD

Bacterial samples

All samples were obtained by vaginal swaps from pregnant
women performed by a gynecologist who admitted them to Al-
Hilla Surgical Teaching Hospital and Babylon Maternity and
Paediatrics Hospital during the period from February to
November 2017. however, out of 300 samples collected , only
twenty five isolates of Strep. agalactiae were obtained.

Bacterial identification

The samples were processed on blood and Edward modified

medium agars, incubated at 37 °C. The identification of gram

positive bacteria was performed by standard biochemical methods
using Catalase, CAMP and Oxidase tests.

Detection of biofilm formation

Tissue culture plate method (TCP) assay (also called semi

quantitative microtiter plate test (biofilm assay) described by ©

was considered as a standard test for detection of biofilm
formation as follow:

1- Isolates from fresh agar plates were inoculated in TSB
containing 1% glucose and incubated aerobically for 72 hrs
at 37°C and then diluted 1:100 with TSB.

2-  Individual wells of sterile, polystyrene, 96 well-flat bottom
tissue culture plates wells were filled with 150 pl of the
diluted cultures and only broth served as control to check
non-specific binding of media. Each isolate was inoculated in
triplicate.

3-  The tissue culture plates were incubated for 24 hrs at 37°C.
After incubation, content of each well was gently removed
by tapping the plates. The wells were washed four times with
phosphate buffer saline (pH 7.2) to remove free-floating
bacteria.

4-  Biofilms formed by adherent sessile organisms in plate were
fixed by placing in oven at 37°C for 30 minutes.

5-  All wells stained with crystal violet (0.1 % v/v). Excess stain
was rinsed-off by thorough washing with deionized water
and plates were kept for drying.

6- 150 pl of acetone/ethanol (20:80, v/v) mixture was added to
dissolve bounded crystal violet. The optical density (O.D.) at
360 nm was recorded and the results were interpreted
according to ™ (Table 1).

Table 1 Classification of bacterial adherence and biofilm formationby

TCB method
Mean of O.Ir?r.nvalue at630 Adherence Biofilm formation
<0.120 Non Non
0.120 - 0.240 Moderately Moderate
> 0.240 Strong High

Effect of pH changes on biofilm formation

TSB was prepared and pH was adjusted to 4,5,6 using HCI or
NaOH. These pH values were used to reproduce the vaginal pH in
normal conditions (pH 4) and in case of infection (pH 5 ,6) [©/.
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3. RESULTS AND DISCUSSION

Results of current study revealed that all strains of GBS were
biofilm former, however, 52% of isolates were strong biofilm
former while 48% were moderate biofilm former with 1% glucose
concentration. Results showed that all isolates were able to
produce biofilm in different quantities which provided strong
evidence that GBS isolates could be the main pathogens in vaginal
infections. Also, results showed that all GBS isolates have high
capacity to grow as biofilms (Table 2).

Table 2 Capacity of biofilm production by GBS (n= 25)

Capacity of Biofilm production No. of GBS isolates (%0)
Strong 13 (52)
moderate 12 (48)
Weak 0(0)
Total 25 (100)

This assay was repeated as triplicate to increase its accuracy.
According to the mean OD value at 630 nm, the results were
interpreted as none, moderate and high biofilm former when the
means of OD value were <0.120, 0.120-0.240, and >0.240,
respectively. In addition, the results revealed that all GBS isolates
were biofilm former high and moderate mode were account for
(52%,48%) respectively while there is no isolates that express non
biofilm formation ,as shown in table(2) J=i¥l ey S 238N 12a)
(48, The crystal violet microtiter plate test was a simple and
rapid method to quantify biofilm formation of different bacterial
strains.

Crystal violet is a basic dye known to bind negatively-charged
molecules on cells surfaces, to nucleic acids and to
polysaccharide, therefore, it gives an overall measure of whole
biofilm. It has been used as a standard technique for rapidly
accessing cell attachment and biofilm formation in a range of
Gram positive bacteria .

In present study results showed that all isolates were able to
produce biofilm in different quantities which gave strong evidence
that GBS isolates could be the main colonizer in vaginal infection
(L=l Se o380 138, Allso results showed that all GBS isolates have
high capacity to grow as biofilm.

Effect of pH changes on biofilm formation

Fluctuations in pH values (from 4 to 6) had their effects on
bacterial biofilms formation. The results of current study showed
that the isolates of interest formed biofilms at pH 6 and pH 5 but
not at pH 4 (Table 3).

Table 3 Effects of pH value on biofilm formation by Strep.
agalactiae (n=25).

Biofilm formation by GBS
pH value Strong Moderate Weak
*No. (%) No. (%) No. (%)
0 (0.0%) 0 (0.0%) 25 (100%)
5 8 (32%) 10 (40%) 7 (28%)
6 13 (52%) 12 (48%) 0 (0.0%)

* Number of GBS bacterial isolates.

This result is in agreement with results reported by previous
studies % 1 in which biofilm production was investigated under
neutral and acidic pH conditions. They found that larger amounts
of biofilm were formed at pH 6.5 compared to pH 4.2. Probably it
could be due to poor bacterial growth at low pH. In contrast,
another study ™ found that low pH could induce biofilm
formation .

In the present study there was no biofilm formation at pH 4,
maybe there is an association between vaginal pH and the

presence of pathogens as reported by ™. However, patients who
are carrying potentially pathogenic bacteria (including GBS)
had a conditions of altered microbiota such as bacterial
vaginosis (BV) ™. In the latter , vaginal pH is increased because
Lactobacillus spp. are replaced by anaerobic bacteria, perhaps,
enabling the colonization of GBS 1.

The use of TSB media with pH (5 to 6) had changed the ability
of bacteria to produce biofilm with an increase in the percentage
from 32% to 52%. As a result, we could conclude thatbiofilm
formation by bacteria is pH-dependent and the increase in pH of
media resulted in increased ability of bacteria to produce biofilm.
Thus, a rise in vaginal pH may contribute to extended survival of
colonizing GBS. These results were similar to those reported by
191 where biofilm formation by GBS in TSB varied with pH and
the amounts of cells attached were increased with the increase of
pH. Moreover, it was suggested that increasing vaginal pH could
be a risk factor for vaginal infection as it may influence both GBS
survival and biofilm production !,

Healthy women normally show in vaginal fluid (Gram-stain
smears) a prevalence of lactobacilli microflora composed of
Lactobacillus spp. The latter support and maintain a vigorous
ecosystem by producing lactic acid, hydrogen peroxide, and
bacteriocins. These products have antibacterial properties against
vaginal pathogens. Some Lactobacillus spp. also produce, in vitro,
thick protective biofilm that protects them from harmful microbial
proliferation ¢,

Lactic acid is thought to play a critical and complex role in
maintaining healthy vaginal environment 1. It is thought that one
important function of lactic acid is inhibiting the growth of
potentially pathogenic organism. Instillation of probiotic
lactobacilli has potentially significant impact on the health of
women and, therefore, it is important to understand how the
?{g]ginal microbes change and adapt to the presence of these strain

4. CONCLUSION
Streptococcus agalactiae have the ability to produce biofilms and
this ability was weak at low pH value and moderate to strong at
high pH values. Also, it seemed that high pH could be a risk
factor that promotes bacterial vaginal infections.

Ethical Clearance: It was obtained from Ethics Committee at Al-
Hilla Surgical Teaching Hospital and Babylon Maternity and
Paediatrics Hospital.

Financial Disclosure: There is no financial disclosure.
Conflict of Interest: None to declare.

REFERENCES

1-  Hannoun A, Shehab M, Khairallah MT, Sabra A, Abi-Rached R,
Bazi T, Yunis KA, Araj GF. and Matar GM. Correlation between
group B streptococcal genotypes, their antimicrobial resistance
profiles, and virulence genes among pregnant women in Lebanon.
International journal of microbiology. 2010.

2- Di Xia F, Mallet A, Caliot E, Gao C, Trieu-Cuot P. and Dramsi S.
Capsular polysaccharide of Group B Streptococcus mediates biofilm
formation in the presence of human plasma. Microbes and infection.
2015; 17(1): 71-76.

3-  Maraffini LA; Dedent AC; and Scheewind O. Sortase and the art of
anchoring proteins to the envelopes of Gram —positive bacteria .
Microbiol. Mol.Biol.Rev. 2006; 70: 192-221.

4-  Shabayek S. and Spellerberg B. Group B Streptococcal Colonization,
Molecular  Characteristics, and Epidemiology. Frontiers in
microbiology. 2018; 9: 437.

5-  Turovskiy Y, Noll KS. and Chikindas ML. The aetiology of bacterial
vaginosis. Journal of applied microbiology. 2011; 110(5): 1105-
1128.

6-  Christensen GD , Simpson WA, Younger JA, Baddour LM, Barrett
FF, and melton DM. Adherence of coagulase negative Staphylococci

3217


https://www.dovepress.com/vaginal-lactobacillus-biofilm-formation-in-vivo-ndash-clinical-implica-peer-reviewed-fulltext-article-IJWH%23ref5

10-

11-

12-

Lamees A. Abdul-Lateef et al /J. Pharm. Sci. & Res. Vol. 10(12), 2018, 3216-3218

to plastic cultures a quantitative model for the adherence of
staphylococci to medical device. J Cli Microbiol. 1985; 22: 996-
1006.

Mathur T, Singhal S, Khan S, Upadhyay DJ, FatmaT, and Rattan A.
Detection of biofilm formation among the clinical isolates of
staphylococci: an evaluation of three different screening methods.
Indian journal of medical microbiology. 2006; 24(1): 25.

Borges S, Silva J. and Teixeira P. Survival and biofilm formation by
Group B streptococci in simulated vaginal fluid at different pHs.
Antonie van Leeuwenhoek. 2012; 101(3): 677-682.

Djordjevic D, Wiedmann M. and McLandsborough LA. Microtiter
plate assay for assessment of Listeria monocytogenes biofilm
formation. Appl Environ Microbiol. 2002; 68: 2950-2958.

Kaur H, Kumar P, Ray P, Kaur J, Chakraborti A. Biofilm formation
in clinical isolates of group B streptococci from North India. Microb
Pathog. 2009; 46(6): 321-327.

Yang Q, Porter AJ, Zhang M, Harrington DJ, Black GW. and
Sutcliffe IC. The impact of pH and nutrient stress on the growth and
survival of Streptococcus agalactiae. Antonie Van Leeuwenhoek.
2012; 102(2): 277-287.

Ho YR, Li CM, Su HP, Wu JH, Tseng YC, Lin YJ. and Wu JJ.
Variation in the number of tandem repeats and profile of surface
protein genes among invasive group B streptococci correlates with

13-

14-

15-

16-

17-

18-

patient age. Journal of clinical microbiology. 2007; 45(5): 1634-
1636.

Caillouette JC, Sharp JR, CF, Zimmerman GJ. and Roy S. Vaginal
pH as a marker for bacterial pathogens and menopausal status.
American journal of obstetrics and gynecology. 1997; 176(6): 1270-
1277.

Locksmith G. and Duff P. Infection, antibiotics, and preterm
delivery. In Seminars in perinatology. 2001; 25(5): 295-309.

Simhan HN, Caritis SN, Krohn MA. and Hillier SL. Elevated
vaginal pH and neutrophils are associated strongly with early
spontaneous preterm birth. American journal of obstetrics and
gynecology. 2003; 189(4): 1150-1154.

Ventolini G. Vaginal Lactobacillus: biofilm formation in vivo—
clinical implications. International journal of women's health. 2015;
7: 243.

Dover SE, Aroutcheva AA, Faro S, Chikindas ML. Natural
antimicrobials and their role in vaginal health: a short review. Int J
Probiotics Prebiotics. 2008; 3; 30-219.

Haya J, Garcerca A, Lopez-Manzanara C, Balawi M. and Haya L.
Importance of Lactic Acid in Maintaining Vaginal Health: A Review
of Vaginitis and Vaginosis Etiopathogenic Bases and a Proposal for
a New Treatment. Open Journal of Obstetrics and Gynecology.
2014; 4: 787-799.

3218





