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Effect of pH on the Adherence,  
Surface Hydrophobicity and the Biofilm  

Formation of Gardnerella Vaginalis
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ABSTRACT
Background: Bacterial vaginosis is a common cause of the 
abnormal vaginal discharge in women of the reproductive age 
group. Although bacterial vaginosis is prevalent, not much 
progress has been made in identifying the factors which are 
responsible for and those which are associated with bacterial 
vaginosis and its pathophysiology. Here, we would like to 
evaluate the effect of the change in the pH of the vagina on 
the virulence factors of Gardnerella vaginalis, the main organism 
which has been indicated in this vaginal condition.

Objective: The objective of the present study was to observe 
the effect of pH on the adherence, surface hydrophobicity and 
the biofilm formation of 10 strains of Gardnerella vaginalis which 
were isolated from cases of bacterial vaginosis.

Result: We found that the adherence to the vaginal epithelial 
cells and the surface hydrophobicity was maximum at a lower 
pH (pH- 3,4,5) and minimum at a higher pH (pH- 6,7), but the pH 
did not have a significant effect on the biofilm formation. 

Conclusion: An increase in the pH of the vagina which is 
observed during bacterial vaginosis, probably occurs much 
later during the disease. During the early part of the disease, 
the bacteria adhere to the vaginal epithelium, multiply in large 
numbers and form a thick biofilm which is not affected by the 
rise in pH, which occurs probably due to the metabolic activities 
of this large bacterial population. This also explains the fact 
that all women with bacterial vaginosis do not have an elevated 
vaginal pH.

INTRODUCTION
Bacterial vaginosis represents a unique and complex change in 
the flora of the vagina, which is characterized by a reduction in 
the prevalence and the number of lactobacilli and an increase 
in the concentration of Gardnerella vaginalis and the resident 
anaerobic bacteria [1,2]. Gardnerella vaginalis, Bacteroides 
spp, Peptostreptococcus spp, Mobiluncus spp. Prevotella spp. 
Porphyromonas spp., Atopobium vaginae and Mycoplasma hominis 
are the microorganisms which are usually associated with cases of 
bacterial vaginosis [1,2]. G.vaginalis is considered as an indicator 
organism for bacterial vaginosis because of its regular association 
with it [3,4]. In a study, most of the isolates of G.vaginalis which were 
isolated from cases of bacterial vaginosis showed good adherence 
to the vaginal epithelial cells, they formed a biofilm, they showed 
good surface hydrophobicity and they produced phospholipase 
C and protease enzymes [5]. Another study confirmed a greater 
virulence potential of Gardnerella vaginalis which was related to 
that of other bacterial vaginosis associated anaerobes [6].

Although bacterial vaginosis is prevalent, not much progress has 
been made in identifying the factors which are responsible for and 
are associated with bacterial vaginosis and its pathophysiology 
[7]. The normal vaginal ecosystem in mature women is maintained 
by lactobacilli that secrete lactic acid and hydrogen peroxide. The 
resulting pH < 4.5 is thought to limit the overgrowth of opportunistic 
microbes [7, 8]. The lactobacilli maintain their dominance through 
a combination of acidity, hydrogen peroxide, lactocins, and other 
bacteriocins to inhibit the growth of other bacteria [8]. In the present 
study, we intended to learn the effect of pH on the adherence, 
surface hydrophobicity and the biofilm formation of G.vaginalis. 

MATERIALS AND METHODS
Vaginal swabs were collected from 10 women who were known 
cases of bacterial vaginosis. The swabs were inoculated onto 
human blood bilayer agar with Tween 80 and a G.vaginalis 
selective supplement and the agar plates were incubated at 37ºC 
for 2 days [9]. G.vaginalis was isolated and identified on the basis 
of the colony morphology, gram staining and standard biochemical 
reactions [9]. This study had the approval of the institutional ethics 
committee.

Bacterial strains: This study was conducted on 10 vaginal 
isolates of G.vaginalis which were isolated from cases of bacterial 
vaginosis. A control strain, G.vaginalis ATCC14018 was included 
in every assay. 

Effect of pH on the adherence of G.vaginalis to the vaginal 
epithelial cells: The adherence of G.vaginalis to the vaginal 
epithelial cells was studied by performing an adherence assay, as 
has been described previously [10]. Vaginal swabs were collected 
from healthy volunteer women. The vaginal discharge was eluted 
into 2ml of 0.85% sterile saline. The vaginal epithelial cells were 
washed in sterile saline 3 times until the vaginal epithelial cells 
were washed free of the adherent bacteria. Finally, the cells were 
suspended in citrate phosphate buffered saline of 5 different pH 
values (pH 3–pH 7). 

The vaginal isolates of G.vaginalis were inoculated on human  
blood agar plates and these were incubated at 37ºC for 48 hours in 
a candle jar [9]. The colonies were harvested from 3 human blood 
agar plates by using 0.15 M sterile saline and they were centrifuged 
at 2500 rpm for 15 minutes. The pellet was resuspended in 0.15 M 
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sterile saline. This process was repeated 2 times and the pellet was 
then suspended in citrate phosphate buffered saline of 5 different 
pH values (pH 3–pH 7). The concentration of the bacterial cells was 
adjusted to give an OD540 of 0.1. 

1ml of the standard bacterial suspension was mixed with an equal 
volume of the standard vaginal epithelial cell suspension and 
this was incubated at 37ºC in a shaker water bath at a speed of 
35 rotations per minute for 45 minutes. The epithelial cells were 
washed free of the non-adherent bacteria by passing them through 
a membrane filter of pore size, 8 μm. The membrane filter was 
carefully removed and inverted over a slide, air dried, alcohol fixed 
and gram stained. The average number of bacteria which were 
adherent to 30 cells was counted. We considered an average of > 
10 adherent bacilli /cell as moderate adherence [10]. 

Effect of pH on the surface hydrophobicity of G.vaginalis: A 
standard bacterial suspension was prepared in citrate phosphate 
buffered saline of pH 3–7, as has been described above. The 
concentration of the bacterial cells was adjusted to an OD600 of 0.3 
(OD initial). To 3ml of the bacterial suspension, 300 μl of ρ-Xylene 
was added and this was vortexed for 1 minute. The suspension 
was allowed to stand at 25ºC for 30 minutes. The aqueous and 
the hydrocarbon phases got separated. The OD600 of the aqueous 
phase was determined (OD final) [10,11]. The hydrophobicity index 
was calculated by using the following formula [10].

 OD initial – OD final

  Hydrophobicity index = --------------------------- × 100

 OD initial

Surface hydrophobicity index ≤ 20 was graded as low and >20 as 
high [10, 11].

Effect of pH on the biofilm formation of G.vaginalis: A standard 
bacterial suspension was prepared in citrate phosphate buffered 
saline of pH 3–7, as has been described above. Then, 200 μl of 
the suspension was dispensed into microtitre plate wells. The plate 
was incubated at 37ºC for 18 hours. The microtitre plate wells were 
washed with 0.85% sterile saline and 100 μl of Bouin’s fixative 
was added. The plate was incubated at room temperature for 10 
minutes. The contents were aspirated and washed in 0.85% saline, 
20 μl of 1% crystal violet was added to this and it was kept for  
1 minute. The plate was vigorously washed with water and air dried. 
The absorbance was read at 490 nm by using an ELISA reader. 
All the tests were performed in duplicate. The biofilm formation 
was graded as, OD of < 0.1 – weak or non-biofilm producers; OD 
of 0.1–0.2 – moderate and an OD of > 0.2 – high. Sterile saline 
which was incorporated into one of the wells, served as a blank.  
P. aeruginosa ATCC 27853 was used as a positive control [12,13]. 

Statistical analysis: The statistical analysis was done by the 
Kruskal Wallis test. We used SPSS, version 11.5 software for the 
statistical analysis. 

RESULTS AND DISCUSSION
Effect of pH on the adherence of G. vaginalis to the vaginal 
epithelial cells: The presence of clue cells in the vaginal discharge 
of the cases of bacterial vaginosis indicated the role of the 
adherence which was exhibited by G.vaginalis in the pathogenesis 
of bacterial vaginosis. In the present study, the rate of the 
adherence differed in the different vaginal isolates. All the isolates 
showed good adherence at an optimum pH of 5. We found that 
the average adherence was better at a lower pH (pH- 3,4,5) than 
at a higher pH (pH- 6,7) P < 0.001 [Table/Fig-1]. Adherence is not 

always a property of pathogens, because some studies showed 
that lactobacilli which are the predominant normal flora in normal 
women, also exhibited good adherence. The vaginal epithelial 
cells and the bacteria have a net negative charge that creates 
an electrostatic repulsive force which is reduced at a lowered pH 
[14]. It is known that the optimum adherence of G.vaginalis to the 
vaginal epithelial cells is at pH-5.4 and that of lactobacilli is at pH- 
4.4. At a higher pH (4.8 and 5.4), the lactobacilli do not compete 
for the binding sites which are occupied by G.vaginalis [15].

Effect of pH on the Surface hydrophobicity index: The surface 
hydrophobicity and adherence are directly proportional to each 
other. All the isolates showed a good surface hydrophobicity at an 
optimum pH of 5. We found that the average surface hydrophobicity 
index increased at a lower pH (pH -3, 4, 5) and that it decreased at 
higher pH (pH- 6, 7) P < 0.05 [Table/Fig-2].

Effect of pH on the biofilm formation: A recent study which 
investigated the composition and the spatial organization of the 
bacteria which were associated with the vaginal epithelium in 
biopsy specimens by using a broad range of fluorescent bacterial 
group-specific rRNA-targeted oligonucleotide probes, concluded 
that even though bacterial vaginosis was associated with a variety 
of bacterial groups, only G.vaginalis developed a characteristic 
adherent biofilm that was specific for bacterial vaginosis [16]. A 
biofilm which was comprised of confluent G.vaginalis, with other 
bacterial groups being incorporated in the adherent layer was a 
prominent feature of bacterial vaginosis [15]. In the present study, 
all the isolates were found to be good biofilm producers at the 
pH range which was under study. So, a change in the pH did not 
affect the biofilm formation p = 0.1 [Table/Fig-3]. Another study 
showed that the biofilm type of growth protected G.vaginalis from 
the lactic acid and the hydrogen peroxide which were produced by 
lactobacilli [17]. Thus, the biofilm formation is a protective virulence 
factor of G.vaginalis. 

[Table/Fig-1]: Effect of pH on adherence (average numbers of bacteria 
adherent/ vaginal epithelial cell) of G.vaginalis to vaginal epithelial cells  
(A mean of adherence assays performed on 10 isolates) P < 0.001

[Table/Fig-2]: Effect of pH on surface hydrophobicity of G.vaginalis 
(Mean of surface hydrophobicity indices of 10 vaginal isolates) P < 0.05
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CONCLUSION
An increase in the pH of the vagina which is observed during 
bacterial vaginosis probably occurs much later during the disease. 
During the early part of the disease, the bacteria adhere to the 
vaginal epithelium, multiply in large numbers and form a thick biofilm 
which is not affected by the rise in pH, which occurs probably due 
to the metabolic activities of this large bacterial population. This 
also explains the fact that all women with bacterial vaginosis do not 
have an elevated vaginal pH. 
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Strain 
no.

a Biofilm formation at various pH

pH 3 pH 4 pH 5 pH 6 pH 7

1 0.13 0.14 0.17 0.11 0.12

2 0.20 0.22 0.19 0.14 0.16

3 0.19 0.15 0.19 0.13 0.21

4 0.21 0.22 0.23 0.18 0.26

5 0.15 0.20 0.23 0.20 0.21

6 0.13 0.15 0.16 0.12 0.11

7 0.20 0.32 0.30 0.26 0.18

8 0.18 0.20 0.19 0.12 0.19

9 0.15 0.17 0.19 0.16 0.13

10 0.38 0.35 0.24 0.17 0.14

Biofilm 
(Mean 
OD490 ± 
SD )

0.19 ± 
0.07

0.21 ± 
0.07

0.21 ± 
0.04

0.16 ± 
0.05

0.17 ± 
0.05

[Table/Fig.3]: Effect of pH on biofilm formation by 10 G.vaginalis isolates
a The ability to produce biofilm is not affected by the change in pH P = 0.1.


