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Abstract

Th e natural habitat of Gardnerella vaginalis is a vagina since it could be located among  of women 

who have no signs of vaginal infection and in the vagina of as many as , girls. G. vaginalis is almost 

certainly identifi ed among women diagnosed with bacterial vaginosis as well as in the urethra of their 

sexual partner. Th e increase in prevalence and concentration of G. vaginalis among patients diagnosed 

with this syndrome confi rms that G. vaginalis plays a signifi cant role in its pathogenesis. In our research, 

based on Amsel criteria for three or more clinical signs of bacterial vaginosis, it was diagnosed in , of 

women with subjective problems of vaginal infection, and in , of women with subjective symptoms 

characteristic of this disease. G. vaginalis was isolated from vaginal secretion of women without clinical 

signs characteristic of bacterial vaginosis. In , of cases it was solitary, while in , it was found in 

combination with other aerobic and anaerobic bacteria and, in , women combined with Candida 

albicans. Th e isolation of G. vaginalis was signifi cantly increased (p<,) in the group of women with 

clinical signs of bacterial vaginosis in comparison to the group of women without these signs. Frequent 

recurrence of bacterial vaginosis, which is found in - of women within a three months treatment, 

is explained as reinfection with other biotype of G. vaginalis, diff erent from a source biotype or as a con-

sequence of wrong treatment. Following Piot biotype scheme, biotypes ., . and . G. vaginalis are sig-

nifi cantly more often isolated from women who suff er from bacterial vaginosis. Biotype . G. vaginalis, 

isolated from the group of women without clinical signs of bacterial vaginosis, accounted for , cases. 

Following Benit biotype scheme, biotypes IVa, IVc and IIc were identifi ed in , cases, while biotypes 

IIIa, IIa, Ia, IVb, IIb were found in , cases. Lipase-positive isolates of G. vaginalis were signifi cantly 

more frequently accompanied by the syndrome of bacterial vaginosis.
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Introduction

Bacterial vaginosis is chronic or recurrent syndrome 

related to unidentifi ed factors, and its pathogenesis is 

polymicrobic and multicausal (). It was internation-

ally defi ned in  as “replacement of vaginal Lactoba-

cillus with specifi c group of bacteria due to which the 

characteristics of vaginal discharge are changed” ().

Bacterial vaginosis is a result of replacement of nor-

mal vaginal flora (Lactobacillus) with mixed bacte-

rial flora including Gardnerella vaginalis, anaerobic 

bacteria (Prevotella biva, P. disiens, P. species, Peptostrep-

tococcus spp., Mobiluncus species) and Mycoplasme 

hominis. It has been proven that G. vaginalis is a 

dominant microorganism in  of women with clini-

cal signs of vaginosis even though it is isolated from 

vaginal discharge of  to  of healthy women. 

In the last (th) edition of “Bergey’s Manual of System-

atic Bacteriology”, G. vaginalis is listed in volume , sec-

tion  of Facultative anaerobic Gram-negative rods.

This is oxidasis and catalase negative, noncapsulated 

immobile pleomorphic rod. Indole, nitrate and urea 

are negative. In order to grow, it requires thiamine, ri-

bofl avin, niacin, folic acid, biotin and two or more pu-

rine and pyrimidine bases. It is incubated at  oC in 

an environment enriched with carbon dioxide. It pro-

duces diffuse β hemolysis in blood agar with human 

but not with sheep blood. It ferments raffinose, glu-

cose, maltose and sucrose but not mannitol and me-

libios, and hydrolyses starch and sodium hippurate ().

Based on biochemical characteristics such as the ac-

tivity of lipase and β galactosidase as well as hippurate 

hydrolysis, G. vaginalis is classified into specific bio-

types (, ). By using their own biotype scheme, Piot 

and associates () established eight separate biotypes, 

while Benito and associates () identified seventeen 

biotypes. Distribution of specific biotypes of G. vagi-

nalis from female vaginal discharge diff ers in various 

geographic regions. Among the isolates of G. vagina-

lis from vaginal discharge of women with symptoms 

of bacterial vaginosis, Scot and associates () and Ison 

and associates () found that biotypes ., . and . were 

the most prevalent while the data on presence of cer-

tain types of G. vaginalis in asymptomatic women have 

not been released since they have not been tested yet. 

Benito and associates, based on their own identifi cation 

scheme confi rmed that biotypes IIa, IIa, IIb, IIIa, IIIc and 

IVa were more frequent among women diagnosed with 

vaginosis, while biotype IVa was more frequent among 

women without symptoms of this disease. Briselden 

and Hillier (), using slightly changed typization scheme, 

found that lipase-positive biotypes were more frequent-

ly associated with clinical signs of bacterial vaginosis. 

The natural habitat of G. vaginalis is a vagina since it 

could be identifi ed among  of women who have no 

signs of vaginal infection and in the vagina of as many 

as , girls. G. vaginalis is almost certainly located 

among women diagnosed with bacterial vaginosis as 

well as in the urethra of their sexual partners. Urethra of 

male sexual partners is colonized with the same type of 

G. vaginalis that infects the female partner. Certain bio-

types of G. vaginalis are accompanied by clinical signs 

of bacterial vaginosis (). Th e increase in prevalence and 

concentration of G. vaginalis among patients with this 

syndrome emphasizes the fact that G. vaginalis plays 

a signifi cant role in pathogenesis of bacterial vaginosis 

since it presents a pre-condition for its development. 

Pathogenesis of bacterial vaginosis is very complex and 

has not been fully clarifi ed. However, it is evident that 

numerous factors are included in this process, such 

are adhesines, cytotoxines and enzymes of G. vaginalis, 

which enable its colonization and invasion of vaginal and 

urethral epithelia. G. vaginalis adheres to epithelial cells 

with the assistance of submicroscopic extensions, cilia.

Adherence to urogenital epithelial cells enables the 

colonization of those organs by G. vaginalis from within 

thus reducing the possibility of its being washed out by 

urinal or vaginal discharge (). G. vaginalis produces 

cytotoxin, which enables its incorporation into lipid 

membranes. It is known nowadays that bacteria mor-

photypes G. vaginalis, Bacterodes spp., and Prevotella 

spp. excrete enzymes: mucinase, sialidase and IgA 

protease. Th ese enzymes are factors of virulence since 

they destroy mucines, which play a signifi cant role in 

functioning of female reproductive tract, and they also 

facilitate adherence of bacteria to epithelial cells of 

urogenital tract. Sialidase also infl uences the reduction 

of unspecified defensive mechanism of the host. ()

Previous studies (,,, ) did not establish any sig-

nifi cant diff erences in distribution of certain biotypes of 

G. vaginalis among women with clinical signs of vagino-

sis (increased vaginal discharge of fi shy odor, test result 

“clue cells”, positive amino odor test, pH above ,) and 

those without signs of vaginosis. By using a modifi ed 

biotype scheme it was proven that certain biotypes such 

as ., ., . and . of G. vaginalis were more frequently 

accompanied by clinical signs of bacterial vaginosis ().

Frequent recurrence of bacterial vaginosis, which 

appear in - of women during a three-month 

treatment, is explained with reinfection caused by 

other biotype of G. vaginalis, diff erent from the source 

biotype, or as a consequence of wrong treatment. 
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Among microbiological laboratory methods for the diag-

nosis of bacterial vaginosis is the method of cultivation of 

G. vaginalis on human two-layer Tween blood agar ().

Minimal diagnostic criteria for identifying G. vagi-

nalis are: appearance of β hemolysis on two-lay-

er Tween blood agar, typical morphology of the 

colonies, and typical morphology of microorgan-

ism using Gram-color staining set, negative cata-

lase test and positive test for hippurate hydrolysis. 

Additional diff erential-diagnostic characteristics of G. 

vaginalis are negative mannitol fermentation as well 

as the appearance of inhibition zones on nutritive agar 

with  micrograms of metronidazole and  micrograms 

of trimethoprim. Enzymatic tests (ELISA), molecular-

biological (DNA-DNA-hybridization), direct or indirect 

immunofl uorescence (DIF and HF) with polyclonal an-

tibodies are applied for specifi c detection of G. vaginalis. 

Our study goals were to: 

. Determine frequency of Gardnerella vaginalis isolates 

from vaginal swab among:

 -women with clinical signs of bacterial vaginosis,

 -women without clinical signs of bacterial vaginosis;

. Perform biotypization of isolated types of G. vaginalis;

. Study relation between infection caused by certain 

biotypes of G. vaginalis and clinical symptoms and signs 

of bacterial vaginosis. 

Material and Methods

The research was conducted at the Depart-

ment for Microbiology and at the Gynecologi-

cal and Obstetric Department at the Tuzla Uni-

versity Clinics Center, as well as at the Clinic for 

Women Health Care at the Tuzla Health Center. 

A total of  women - years of age were in-

cluded in the prospective study. Based on clinical 

examination and presence of one or more signs of in-

ternationally accepted Amsel criteria, the examinees 

were divided into the test and the control group (). 

Test group consisted of  subjects with one or sev-

eral Amsel signs of bacterial vaginosis. Control group 

consisted of  subjects without Amsel signs of 

bacterial vaginosis. Each subject, besides register-

ing personal and anamnestic data relevant for diag-

nosing bacterial vaginosis, was subjected to clinical 

and microbiological examination. Three swabs of 

vaginal discharge were taken for microbiological ex-

amination, and they were subjected to series of tests. 

A direct microscopic preparation was made from 

the material taken by one swab, using Gram staining 

method. Using the system for counting characteristic 

microorganisms of Gardnerella, Prevotella, Mobilun-

cus and Lactobacilus morphotypes, the condition of 

vaginal flora was assessed following Nugent method 

(). Th e test results values from  to  are marked as 

normal vaginal fl ora, from  to  as changed vaginal fl ora 

while the values from  to  signify bacterial vaginosis.

Th e second swab sample was cultivated in commercial 

selective medium for G. vaginalis produced by “Sanofi ” 

Pasteur. After the cultivation for  hours at ºC, in 

atmosphere enriched with CO

, the identification of 

grown colonies was conducted by application of stan-

dard microbiological methods. Isolated types of G. 

vaginalis were identifi ed based on reaction to the fol-

lowing tests: catalase, oxidase, hippurate hydrolysis, ac-

tivity of lipase and ß galactosidase, arabinose and xylose.

Test results are presented both graphically and in 

tabular form. χ test and student t-test were used for 

statistical data processing, student t-test (Computer 

application SPSS for Windows release). Rate varia-

tions χ > , were considered statistically signifi cant. 

Results

Test results of clinical signs of bacterial vaginosis ac-

cording to Amsel 

After clinical examination,  (/) of the sub-

jects were found with one or more clinical signs of 

bacterial vaginosis according to Amsel (Table .) 

Based on finding of three or more clinical signs 

of bacterial vaginosis according to Amsel, bacte-

rial vaginosis was diagnosed in , of women 

who were examined at the Department for Wom-

en Health Care in Tuzla, after complaining of sub-

jective discomfort, characteristic of this disease.

Comparative analysis of the results of microbiologi-

cal and parasitological examination of vaginal swab 

between the groups 

TABLE 1. Distribution of subjects according to the number of Amsel 

signs present

Number of Amsel signs N %

One 37 18,5

Two 6 3

Th ree 11 5,5

Four 30 15

No signs 116 58

Total 200 100,0
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Anaerobic and aerobic bacteria and yeast were 

isolated from the samples of vaginal discharge 

of examinees from both control and test group, 

but protozoa were isolated only from vagi-

nal discharge examinees test group (Table ). 

In comparison to the control group, G. vagina-

lis, Trichomonas vaginalis and Veilonella species 

were significantly more abundant in the test group.

The following biotypes were found among the iso-

lated types of G. vaginalis: biotype  ( isolate), bio-

type  ( isolates), biotype  ( isolates), biotype  

( isolates), biotype  ( isolates), biotype  ( iso-

lates). The most common biotypes were: ,  and . 

Among the total of  tested samples of vaginal swabs, 

Candida albicans was isolated in  samples (,), and 

Trichomonas vaginalis was found in  samples (,).

Analysis of G. vaginalis isolates 

After the analysis of biochemical characteristics of all 

G. vaginalis isolates, biotypization was completed for 

all types / () following Piot method, while 

Benit method produced the results in  of  (,).

Signifi cant diff erence was registered in abundance of 

biotypes ., . and . between the test and control group 

(p<,) (Table ).

The biotypization analysis results showed that bio-

type . G. vaginalis was significantly more present in 

comparison to the other causative agents that are as-

sociated with the clinical signs of bacterial vaginosis. 

Following Piot method based on χ test, a significant 

difference related to the presence of biotype  be-

tween the test and control group is registered (Table ).

A total of nine types of G. vaginalis from test group and 

three types of G. vaginalis from control group could 

not be typed following Benit scheme. The remaining 

G. vaginalis belonged to following biotypes, accord-

ing to Benit: Ia, IIa, IIb, IIc, IIIa, IVa, and IVc (Table ). 

Relation between signs of bacterial vaginosis and iso-

lation of G. vaginalis

The isolation of G. vaginalis directly depends on the 

number of noticeable clinical signs of bacterial vaginosis. 

Th e highest percentage of G. vaginalis isolates was found 

among persons who exhibited all four clinical signs. G. 

vaginalis was not isolated from samples of vaginal dis-

charge of subjects who exhibited only one clinical sign. 

χ test also confi rmed that signifi cantly larger number 

(χ=,) of isolates were found in persons with all 

four clinical signs. G. vaginalis was not isolated from 

the samples of vaginal discharge of subjects with only 

one clinical sign, which is signifi cantly less (χ=,) 

in comparison to subjects with several signs (Table ).

TABLE 2. Various bacteria, yeast and protozoa found in women in the 

control and test group

TABLE 3. Biotypes of G. vaginalis, following Piot method, isolated 

from samples of vaginal discharge of subjects in both test and control 

group

TABLE 4. Biotypes of G. vaginalis, according to Benit, isolated from 

samples of vaginal discharge of subjects in test and control group

Microorganism
Test group 

N=84

Control group 

N=116
p

Anaerobic bacteria 

Gardnerella vaginalis 31 3 p<0,01

Bacteroides spp. 0 2 p>0,05

Prevotella spp. 2 0 p>0,05

Veilonella spp. 5 0 p<0,05

Peptostreptococcus 7 2 p>0,05

Gram-negative aerobic 

bacteria

Escherichia coli 25 33 p>0,05

Proteus mirabilis 4 5 p>0,05

Klebsiella spp. 2 0 p>0,05

Citrobacter spp. 2 0 p>0,05

Gram-positive aerobic 

bacteria

Streptococcus foecalis 26 36 p>0,05

Staphylococcus aureus 9 13 p>0,05

Streptococcus agalctiae 6 16 p>0,05

Streptococcus pneu-

moniae
2 1

Yeast

Candida albicans 15 26 p>0,05

Protozoae 

Trichomonas vaginalis 7 0 p<0,01

Biotype
Test group 

N=31

Control group 

N=3
p

Test of 

signifi cance 

χ2>3,84

Biotype 1 1 0 p>0,05 0,810

Biotype 2 7 0 p<0,05 0,011

Biotype 3 10 0 p<0,05 0,601

Biotype 4 3 0 p>0,05 0,321

Biotype 5 3 0 p>0,05 0,321

Biotype 7 7 3 p<0,05 5,248

Biotype
Test group 

N=31

Control group 

N=3
p

Biotype IVa 4 0 p>0,05

Biotype IVc 4 0 p>0,05

Biotype IIc 4 0 p>0,05

Biotype IIa 2 0 p>0,05

Biotype Ia 2 0 p>0,05

Biotype IVb 2 0 p>0,05

Biotype IIb 2 0 p>0,05

Non-classifi ed 9 3 p>0,05
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Discussion

Th e increased prevalence and concentration of G. vagi-

nalis in patients with bacterial vaginosis confi rms the 

fact that G. vaginalis plays a signifi cant role in patho-

genesis of bacterial vaginosis since it actually is a pre-

condition for its development. Pathogenesis of bacterial 

vaginosis is very complex and has not been clarifi ed yet. 

However, it is evident that numerous factors partici-

pate in this process, such as adhesines, cytotoxins, and 

enzymes of G. vaginalis and anaerobic bacteria morpho-

types Bacterodes spp., Prevotella spp., Peptostreptococcus 

spp., Mobiluncus species and Mycoplasma hominis. G. 

vaginalis is proven to be a dominant microorganism in 

 of women with signs of this disease. Almost all au-

thors agree in assessment that culture testing of vaginal 

discharge with intent to establish routine diagnosis of 

bacterial vaginosis is not a method of choice since the 

process itself is very complicated and expensive (, , 

). Positive test result for G. vaginalis does not neces-

sarily imply the disease since G. vaginalis can be iso-

lated in - of healthy women (, ). On the other 

hand, Gardner and Dukes isolated G. vaginalis in  

of women diagnosed with bacterial vaginosis (). Tot-

ten found higher number of isolates in women with 

bacterial vaginosis amounting to as high as  (). 

In this study, G. vaginalis was isolated in  of subjects 

with all signs of bacterial vaginosis, and in , of sub-

jects with one or more clinical signs of bacterial vagino-

sis, as well as in , of examinees without clinical signs. 

Even though the percentage of isolated G. vaginalis is 

not high in tested subjects, and the interpretation of 

positive and negative test results is difficult, it is still 

recommended to cultivate vaginal discharge, for the 

purpose of isolating and biotyping the microorganisms. 

Biotypization of isolated types of G. vaginalis, based on 

hippurate hydrolysis, activities of lipase and ß galactosi-

dasis, as well as on fermentation of arabinose, xylose and 

galactose, serve as an attempt to understand its role in 

pathogenesis of bacterial vaginosis. Commonly accepted 

schemes for biotypization of G. vaginalis, Benit and Piot’s 

schemes, diff er in the specter of tested enzymes (,).

Based on numerous studies of biotypes of G. vaginalis 

in the world, different distribution was found in dif-

ferent geographical regions. Pandit and associates () 

and Piot and associates () in their research conducted 

in the USA, Kenya, India and Belgium found that the 

biotypes . (-), . (-) and . (-) were 

the most frequent. In their research, they found no sig-

nifi cant diff erence in the presence of certain biotypes of 

G. vaginalis in women with and without clinical signs 

of bacterial vaginosis. Among the isolates of G. vagina-

lis from vaginal discharge of women with symptoms 

of bacterial vaginosis, Scot and associates () and Ison 

and associates () found that biotypes ., . and . were 

the most prevalent while the data on the presence of 

certain types of G. vaginalis in asymptomatic wom-

en were not released since they had not been tested. 

The analysis of Piot biotypization results in this 

study confirmed that biotype . was significantly 

more frequent in comparison to other biotypes 

in women diagnosed with bacterial vaginosis. 

This study showed that biotypes ., . and . of G. 

vaginalis were significantly more frequently iso-

lated in women diagnosed with bacterial vaginosis.

Benit and associates (), using their own identifi cation 

scheme, confi rmed that biotypes IIa, IIa, IIb, IIIa, IIIc 

and IVa were more frequently present in women di-

agnosed with vaginosis, while biotype IVa was more 

frequent in women without symptoms of this dis-

ease, but this diff erence was not statistically signifi cant. 

After the biotypization of isolated types of G. vaginalis, 

following Benit scheme, this study showed that bio-

types IVa, IVc and IIc were more frequently isolated in 

comparison to other biotypes. Among the types that we 

isolated, there were  types ( isolates from vaginal dis-

charge of women with vaginosis and  from vaginal dis-

charge of women without symptoms) that could not be 

biotyped following the above-mentioned scheme. Th ese 

types draw attention due to diff erences in biochemical 

activity and they will be the subject of our further studies.

The analysis of biochemically-defined types of G. 

vaginalis in this study confirmed that lipase posi-

tive types were more significantly present. At the 

same time, these types were accompanied by the 

clinical syndrome of bacterial vaginosis. Very simi-

lar results were achieved by Brieselden and Hiller 

(), who used slightly changed biotypization scheme. 

Since bacterial vaginosis is a clinical syndrome that 

TABLE 5. Correlation between isolation of G. vaginalis and number 

of present clinical signs of bacterial vaginosis

Number 

of Amsel 

Signs

Number of 

subjects

Number of  

isolates of 

Gardnerella 

vaginalis

% 
χ2 test 

=/>3,840

One sign 37 0 0 20,662

Two signs 6 2 33,33 0,077

Th ree signs 11 5 45,45 0,012

Four signs 30 24 80 15,469

Without 

signs
116 3 2,58
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results from disturbance in mutual relations among 

various bacterial species that are normally present in 

vagina, it is to be expected that, besides G. vaginalis, 

other gram positive and gram negative aerobic and an-

aerobic bacteria may be isolated in abundance. In the 

study, G. vaginalis was isolated in pure culture in only 

. samples, while in the remaining . it was 

accompanied by other bacteria such as: Enterococcus 

foecalis (,); Escherichia coli (), Staphylococ-

cus aureus (,); Streptococcus agalactiae (,); 

Peptostreptococcus (,); Proteus spp. (,); Veil-

lonela spp. (.); and Pseudomonas aeruginosa, Cit-

robacter freundi, Bacteroides spp., Prevotella spp. and 

Streptococcus pneumoniae (,). With the exception 

of G. vaginalis and Veillonella spp., which were isolated 

in significantly larger number in women with bacte-

rial vaginosis, the results for other bacterial species did 

not signifi cantly diff er between test and control group. 

Other authors reached similar results referring to correla-

tion between G. vaginalis and other bacterial species. Ac-

cording to Gupta and associates () G. vaginalis was iso-

lated in pure culture in . of samples, while in , it 

was accompanied by other bacteria, namely: Escherichia 

coli (,); Klebsiella spp. (,); Enterococcus foecalis 

(,); Proteus spp. (,) and Staphylococcus albus (). 

Conclusion

Bacterial vaginosis is diagnosed in , (/) women with subjective discomfort characteristic of vaginal infection, 

and in , (/) women with subjective discomfort characteristic of bacterial vaginosis. 

G. vaginalis was isolated from vaginal discharge of women without clinical signs characteristic of bacterial vaginosis. It 

was solitary in . of women, associated with other aerobic and anaerobic bacteria in ,, and along Candida albi-

cans in , of women. 

Isolation of G. vaginalis was signifi cantly more frequent (p<,) in the group of women with clinical signs of bacterial 

vaginosis in comparison to the group of women without these signs. 

Piot biotypization scheme showed that biotypes ., . and . of G. vaginalis were signifi cantly more frequently isolated in 

women diagnosed with bacterial vaginosis.

In the group of women without clinical signs of bacterial vaginosis, biotype . of G. vaginalis was isolated in , of 

samples.

Benit biotypization showed that biotypes IVa, IVc and IIc were identifi ed in , of cases, and biotypes IIIa, IIa, Ia, 

IVb, IIb in , of cases. Lipase positive types of G. vaginalis were signifi cantly more frequently associated with the 

syndrome of bacterial vaginosis.
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