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ABSTRACT: Gardnerella vaginalis is gram-negative to gram-variable, small,
pleomorphic rods thatis non motile and does not have endospores, or capsules. It is
a part of the female vaginal microflora. This bacterium is associated with a condition
called bacterial vaginosis (BV). The treatment of bacterial vaginosis is by metronidazole
and/or clindamycin according to the recommendations of centets for disease control
and prevention (CDC).

Amis: To determine the prevalence of Gardnerella vaginalis among women with
bacterial vaginosis, assess the association between intrauterine device (IUD) use and
bacterial vaginosis, identify the prevalence of metronidazole and clindamycin resistance
genes among the isolates and to investigate the genetic diversity using 16S rRNA gene
sequencing and phylogenetic analysis.

Methods: 224 high vaginal swabs were collected from symptomatic women. Amsel’s
criteria were used to diagnose bacterial vaginosis. PCR was performed in order to detect
Gardnerella vaginalis, also metronidazole and clindamycin resistance genes were
detected. 16StRNA gene sequencing was done to investigate genetic diversity and
phylogenetic analysis.

Results: Out of 224 vaginal specimens, bacterial vaginosis was diagnosed in (25%). G.
vaginalis was detected in (81.48%) of the BV positive samples. Erm a gene was detected
in (50%) of the isolates while Rdx genes was not detected in all bacterial isolates (100%0).
16 S tfRNA gene sequencing confirmed all G. vaginalis isolates (98.18%-100%) identity,
and phylogenetic tree analysis showed close genetic relatedness with minor sequence
variation.

Conclusions: Gardnerella vaginalis was prevalent in women with bacterial vaginosis.
No significant relationship was found between the use of intrauterine device (IUD) and
the occurrence of bacterial vaginosis. G. vaginalis isolates harbored Erm a gene which
suggest a potential risk of clindamycin resistance among the isolates, Rdx gene was
absent in all isolates. 16S rRNA gene sequencing and phylogenetic tree confirmed the
identity of the isolates and revealed minor genetic variation.

Gardnerella vaginalis is gram-negative to gram-variable, small, pleomorphic rods that is non motile and does not have

endospores, or capsules (1). It can grow in microaerophilic conditions. It is a part of the female vaginal microflora. This

bacterium is associated with a condition called bacterial vaginosis (BV) (2). Bacterial vaginosis is a type of gynecological

diseases, associated with a depletion in Lactobacillus species, and an increase of anaerobic bacteria, and abundant microbial
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imbalance. Also, it is related to pelvic inflammation, miscarriage neonatal infection, premature birth, and infertility (3). The
treatment of bacterial vaginosis is by metronidazole and/or clindamycin according to the recommendations of centers for
disease control and prevention (CDC). Metronidazole, a first-generation nitroimidazole, is effective against anaerobes, but it
has little or no activity against aerobes. G. vaginalis is also sensitive to the hydroxymetabolite of metronidazole. Clindamycin,
as a lincosamide, has anti-inflammatory properties with a broader range of activity against BV than metronidazole (4).
Metronidazole and clindamycin are available as oral capsules and vaginal ointments (5).

AMIS:

The purpose of this study was to determine the prevalence of Gardnerella vaginalis among women with bacterial vaginosis,
evaluate the association between intrauterine device (IUD) use and bacterial vaginosis, identify the prevalence of
metronidazole and clindamycin resistance genes among the isolates, to investigate the genetic deversity using 16S rRNA gene

sequencing and phylogenetic analysis.
MATERIALS & METHODS

Sample Collection: The study was conducted from April to December, 2025. 224 sample were collected from patients
who attended to hospital in Kirkuk city, high vaginal samples were collected by using sterile cotton swab from posterior
vaginal fornix. Two swabs were collected from each patient, one was transported in to Amies transported medium for
Amsel’s criteria and the second swab was collected in to Tris—Buffer (TE-Buffer) for further molecular test (6). Information

such as name, age, using of intrauterine device (IUD) were collected.

Amsel’s criteria: The Amsel’s criteria comprise elevation of pH (pH >4.5), presence of gray, homogeneous, vaginal
discharge, release of a fishy odor after adding of 10% potassium hydroxide (KOH)to the secretion, and presence of clue cells.
The presence of at least three of the above criteria is considered as BV (7).

DNA Extraction: Genomic DNA was extracted from the suspended samples using the ABIOpure Extraction Kit according
to the manufacturer’s instructions. The samples were lysed with proteinase K and buffer BL, followed by the addition of
ethanol. The lysates were transferred to spin columns, washed sequentially with buffers BW and TW, and the DNA was
finally eluted with 60ul of buffer AE and stored for further molecular tests. Lyophilized primers were reconstituted in
nuclease-free water to prepare stock solutions of 100pmol/ul based on the manufacturer’s instructions. Primers and their

sequences were summarized in Table(1).

Table(1): Primer Sequences and PCR Amplification Conditions

Primer Name Sequence (5°-3") Annealing Product Reference
Temp. (C°) | Siz¢ PP) No.

G. vaginalis-F GGGCGGGCTAGAGTGCA 52 210 8

G. vaginalis-R GAACCCGTGGAATGGGCC

Erma-F AACACCCTGAACCCAAGGGACG 55 405 9
Erma-R CTTCACATCCGGATTCGCTCGA

Rx-F GCAGGAGCATCAGATAGTTCT 62 169 9
Rdx-R GGGATTTTATTGTATGCTACAA

Polymerase Chain Reaction (PCR): PCR amplification was performed using specific primers. The components of the

reaction mixture and thermal cycling parameters were set based on the manufacturer’s instructions.
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Agarose Gel electrophoresis: PCR products were analyzed by electrophoresis on 1.5% agarose gel prepared in 1x TAE
buffer and stained with ethidium bromide (10mg/ml). Electrophoresis was performed at 100Vfor approximately 60min.
DNA fragments were visualized using a gel documentation system.

Standard Sequencing: The products of PCR were sent for Sanger sequencing using ABI3730XIL, automated DNA
sequencer, by Macrogen Corporation—Korea. The results were received by email then analyzed using geneious software.

RESULTS AND DISCUSSION

Table (2): Pattern of Vaginal Discharge Among Patients with Bacterial Vaginosis

Discharge Number Percentage (%)

Thin, grey, homogenous 14 25.%

Thick white 39 69.64%

No discharge 3 5.35%
Total 56 100%

¥ - 36.838 **
(P-value) (0.0001)
**(P=0.01).

** Highly Significant

Table (3): Distribution of Positive and Negative Results According to Amsel’s Criteria

Criteria Positive No. Negative No. x2 P-value
pH 56 168 56.00 ** k(P<0.01
Whiff Test 16 208 164.57 ** *+x P<0.01
Clue Cell 56 168 56.00 ** **x P<0.01
B |

’_‘

Figure (1): Microscopic Appearance of Clue Cell in a vaginal Smear

As in Table (2) out of 224 patients, 14(25%) had Thin, grey, homogenous, 39(69.64%) showed white, thick discharge
whereas 3(5.35%) had no discharge. Statistical analysis demonstrated a highly significant difference among the observed
discharge patterns (P<0.01), suggesting that the distribution of vaginal discharge characteristics was not random within the
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studied population. the majority of these women produced characteristic vaginal discharge (94.64%), in contrast to the study
by (10) in Malaysia who was reported lower rate (78.7%). In our study 56(25%) of patients showed elevated pH>4.5 while
168(75%) showed =4.5 Table(3). Statistical analysis revealed a highly significant difference between the two categories (P<
0.01) indicating that the distribution of vaginal pH values in the study population was not random. This finding was lower
than that reported by (11, 12) ) who observed elevated pH in (67.6%, 64%) of cases. O Also among the 224 samples only
16(7.1%) gave positive Whiff test, while 208(92.85%) of specimens gave negative result, statistical analysis revealed highly
significant difference between positive and negative Whiff test findings (P<0.01), so the distribution was unlikely to be due to
random variation. This finding was close to result that reported by (13) who documented (15.5%) whereas lower than that
revealed by (14) who reported (93%). Clue cells were identified in 56(25%) of the specimens. The highly significant P-value
(P<0.01) confirms that the variation in clue cell results among the examined specimens was not due to random variation.
They were observed under microscopic examination using Gram stain as illustrated in figure (1). In our study clue cells were
found in all BV women (100%). This finding consistent with (15) who also reported the presence of clue cells in all BV
positive cases (100%).

Table(4) showed that bacterial vaginosis (BV) was identified in 56(25%) of the examined cases according to Amsel’s criteria.
168(75%) of women were BV negative. Statistically there was highly significant difference (P<0.01), revealed that the
observed results was unlikely to have occurred by chance. Our finding was close to the result by (16) in Zakho City/
Kutdistan /Iraq. who demonstrated (27.33%). in Brazil (17) was repotted higher rate (70%).

Table(4): Prevalence of Bacterial Vaginosis Among Study Population

Total Number of Positive BV Negative BV Chi-Square
Samples No. (%) No. (%) (P-value)
224 56 168 56.001 **
(25.00%) (75.00%) (0.0001)
** (P<0.01).

Intrauterine Device (IUD) Use and Its relationship to Bacterial Vaginosis: Intrauterine device (IUD) a type of
contraceptive option to prevent pregnancy. The relationship between intrauterine device (IUD) use and bacterial vaginosis
was assessed. Our result showed although there were differences in the distribution between of BV cases between IUD users
and non-users, statistical analysis revealed no significant association between IUD and BV (P>0.05) Table (5). IUD wasn’t
the risk factor for the development of bacterial vaginosis. This finding was align with the previous studies conducted by (18),
in contrast to the study by (19) who revealed that IUD have been related to higher rates of microbial dysbiosis.

Table (4.2): Association Between IUD and Bacterial Vaginosis Among the Studied Women

IUD BV Positive BV Negative
Number (%) Number (%)
IUD user 15(26.78%) 43(25.59%)
IUD Non User 41(73.21%) 125(74.40%)
Total 56(100%) 168(100%)
¥ 0.031
(P- Value) (0.860)
(P>0.05)
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Identification of Gardnerella vaginalis by PCR: Vaginal samples that were detected as positive for bacterial vaginosis wete
further tested by polymerase chain reaction (PCR). PCR amplification of the target DNA fragment produced the expected
amplicon size of 210pb following agarose gel electrophoresis Figure(2). The gel image showed clear DNA ladder, distinct
bands at 210pb for all tested samples. Of the 56 samples identified as positive according to Amsel's criteria, 27samples was
further analyzed using PCR for molecular confirmation. 22samples gave positive (81.48%) results, whereas a five samples
(18.51%) gave negative result, statistically there was a highly significant association in the detection of Gardnerella vaginalis
between the study groups (P=0.01), confirming that the distribution of detected and non-detected cases varied significantly
and was not due to chance Table (5) Our result was close to the finding of (1) in Tikrit city, who identified that the
prevalence of G. vaginalis was (87.7%). A study by (20) was reported a lower prevalence rate (65%) than that observed to our

study.

LI | ) IR B oK mwn m ol o

Figure (2) Agarose gel electrophoresis PCR amplification products of G. vaginalis showing the expected 210pb bands. M:100
ladder

Table(5): Distribution of G. vaginalis Among BV women

Bacterial Type Positive NO. (%) Negative NO. (%) Total
Gardnerella vaginalis 22 (81.48%) 5 (18.51%) 27(100%)
x= 10.703 ** -
(P-value) (0.0001)
**(P=<0.01).

Detection of Antibiotic Resistance Genes

Detection of Erm a gene: A Polymerase chain reaction test was performed to examine if G. vaginalis isolates carried the e
a gene which is known to be linked to clindamycin resistance, agarose gel electrophoresis of the PCR products revealed
distinct DNA bands at 405pb Figure (3) The result demonstrated that 10(50%) of the examined isolates carried this gene
with no statistically significance (P NS) as showed in Table (6). in Hilla city a study by (9) reported a much lower prevalence
(10%) among the isolates. In contrast, (21) documented a prevalence of (61.8%) which was closely aligned with the finding
of our study. The resistance mechanism mediated by em a includes methylation of 23S fRNA binding of ribosomes. This
methylation changes the antibiotic binding site, so decreasing the affinity of macrolides, lincosamides and strepogramin B
antibiotics (22).
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Figure (3) Results of the amplification of Emz a gene of Gardnerella vaginalis were fractionated on 1.5% agarose gel
electrophoresis stained with Eth. Br. M: 100bp ladder marker. Lanes 198- 212, lanes 205, and 209 resemble 405bp PCR
products.

Detection of Rdx Gene: The Rdx gene was not identified in any of the isolates and all isolates were negative (100%),
showing a highly significant difference (P<0.01) Table (6), as demonstrated by the absence of the expected 169pb PCR band
on agarose gel electrophoresis Figure(4). This finding was align with that reported by (9). The Rdx A gene encodes an
oxygen-insensitive NADPH nitroreductase enzyme necessary to activate metronidazole into the toxic, antimicrobial
form. When the rdxA gene is inactivated-typically through deletions, mutations, or frame shifts, the bacteria become unable

to activate the drug, leading to metronidazole resistance (23).

Table (6): Distribution of Antibiotic Resistance Genes in Gardnerella vaginalis isolates

Gene Positive Negative P-value Total
No. (%) No. (%)
erm A 10 (50%) 10 (50%) 1.00 NS 20(100%)
Rdx 0 (0%) 20 (100%) 0.0001 ** 20 (100%)
**(P<0.01).

16stRINA Gene sequencing for Identification of Gardnerella vaginalis: The 16stRNA sequencing results of the 21 G.
vaginalis isolates were examined using BLAST. The description of strains, Accession number, query number, percentage
identity and E-value presented in Table (7). In this study 16stRNA gene sequencing was conducted to confirm identification
and assess genetic relatedness with reference strains in the NCBI database. The sequencing data for the positive G. vaginalis
isolates (total number=21) were submitted to the GenBank-NCBI database and designated as (SHA-1, to SHA-21). BLAST
results showed high sequence identity (98.18%-100%) with registered strains, confirming the accuracy of PCR identification.
In our study eighteen (18) isolates showed 100% sequence identity with reference strains deposited in GenBank, indicating
strong genetic conservation. Two isolates showed 99.39% sequence identity and one isolate showed 98.18% suggesting minor
genetic variation, they may represent locally distinct strains within the same species. These findings indicate that 16stRNA
gene sequencing served both as a confirmatory tool and as a method to reveal genetic diversity among the isolates. Previous
studies in Kurdistan/Iraq by (24) identified G. vaginalis with 100% sequence identity. Another study in Al-Diwaniyah city/Iraq
by (25) was detected the presence of identity ranging from 99.44% to 99.86%. In Durban, South Africa a study by (26) was
identified G. vaginalis with 97% sequence identity.
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Table(7): BLAST Alignment Results of 16rRNA Gene Sequences Confirming PCR-I1dentified Gardnerella vaginalis 1solates

Isolate Description Reference Isolate Query Percent E- New
NO. Accession Accession NO. Identity value | Assess
NO. NO.
SHA-1 Gardnerella vaginalis ATCC CP002104.1 PX906031.1 100% 100% 1e-83 _
14019
SHA-2 Gardnerella vaginalis ATCC CP002104.1 PX906540.1 100% 98.18% le-79 Yes
14019
SHA-3 Gardnerella vaginalis ATCC CP002104.1 PX911526.1 100% 100% 1e-83 _
14019
SHA-4 Gardnerella vaginalis ATCC CP002104.1 PX911524.1 100% 100% 1e-83 _
14019
SHA-5 Gardnerella vaginalis ATCC CP002104.1 PX911525.1 100% 100% 1e-83 _
14019
SHA-6 Gardnerella vaginalis ATCC CP002104.1 PX911527.1 100% 100% 1e-83 _
14019
SHA-7 Gardnerella vaginalis ATCC CP002104.1 PX906600.1 100% 99.39% 6e-83 Yes
14019
SHA-8 Gardnerella vaginalis ATCC CP002104.1 PX919716.1 100% 100% 1e-83 _
14019
SHA-9 Gardnerella vaginalis ATCC CP002104.1 PX919717.1 100% 100% 1e-83 _
14019
SHA- Gardnerella vaginalis ATCC CP002104.1 PX919718.1 100% 100% 1e-83 _
10 14019
SHA- Gardnerella vaginalis ATCC CP002104.1 PX919713.1 100% 100% 1e-83 _
11 14019
SHA- Gardnerella vaginalis ATCC CP002104.1 PX919711.1 100% 100% 1e-83 _
12 14019
SHA- Gardnerella vaginalis ATCC CP002104.1 PX919710.1 100% 100% 1e-83 _
13 14019
SHA- Gardnerella vaginalis ATCC CP002104.1 PX919709.1 100% 100% 1e-83 _
14 14019
SHA- Gardnerella vaginalis ATCC CP002104.1 PX915621.1 100% 99.39% 6e-83 Yes
15 14019
SHA- Gardnerella vaginalis ATCC CP002104.1 PX919708.1 100% 100% 1e-83 _
16 14019
1011
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SHA- Gardnerella vaginalis ATCC CP002104.1 PX919707.1 100% 100% 1e-83
17 14019

SHA- Gardnerella vaginalis ATCC CP002104.1 PX919706.1 100% 100% 1e-83
18 14019

SHA- Gardnerella vaginalis ATCC CP002104.1 PX919705.1 100% 100% 1e-83
19 14019

SHA- Gardnerella vaginalis ATCC CP002104.1 PX919703.1 100% 100% 1e-83
20 14019

SHA- Gardnerella vaginalis ATCC CP002104.1 PX919704.1 100% 100% 1e-83
21 14019

Gardnerella vaginalis ATCC 14019, complete genome
Sequence I0: CPO02104.1 Length: 1667350 Number of Matches: 2

Sange 12 236273 10 236407 Genllank  Coautecy W raxt Match

Score Expoct Tdemtitien Gapn Strand

300 bits{162) 6o-8) 164/165(99%) 0/165(0%) Plus/Plus
Query 1 COGTGOARTGTGTAGATATCGOOAAGMCAL CAATGGLGARGOCAGGTCTCTGEGCTGTT 60
SOICT (23027 Jiaonreetran e sneteraeenerenasrRuerIeenenteresneeiteintente 136332
Query &1 ALTGALGC T GAGANGL GAARGCGTGROGOAGLGAMCAGOAT TAGATALCUTOOTAGTCCAL 120
SBICT MITD. svnvivsatavsms e a nioNTIINTPAT RO NNV SR ST PNV O RN PP OO 15630

Query 121 GOCGTAAACGGTOGACECTGGATGTOOGGC COAGTCCACGEGTTC 165
SR TMIPD. 5o isvveeinassrenasarsraerrasairs ¥esvaeranse 236437

Gardnerella vaginalis ATCC 14019, complete genome
Sequence 1D; CPO02104.1 Length: 1667350 Number of Matches: 2

Range 1t 236277 to 236437 Genfank  Grauhucs W Next Match

Score Expect Identities Gaps Strand

289 bits(156) le-79 162/165(98%) 0/165(0%:) Plus/Plus
Query 1 COGTGOAATGTGTAGATATCGGOAAGACALCAATGGCOGAAGGLAGGTCTCTORGLTGTT 60

L N - R N 236332
Query 61 ACTGACAL TGAGAACAGAAGL G TGOOGAGCGAACAGGAT TAGATACCCTGGTAGTCCAC 120
sbjet 236333 ...... 8riions A A B R A 236392

Query 121 GCCOTAAMGGTGOACGCTGOATGTGOOGCCCATTCCACGLGTTC 165
Sbjct 236393 siveriercsicornos Peadeennnnse tasdessrradennanne 236437

Gardnerella vaginalis ATCC 14018, complete genome
Sequence ID: CPO02104 1 Lengthy: 1667350 Mumber of Matches: 2

Hange 1: 236271 to 236437 Geutans Combic ¥ et Match

Score Lxpect Identities Gaps Strand

300 bits(162) Oe-83 164/165(99%) 0/165(0%) Plus/Plus
Query 1 COOTOOAATGTGOTAGA TATUGHOAMAM AL CAATGLCOAAGLCAGGTCTTTGOROOTGTT 60
SDIEE  2IBTTD  wcivenanvecsrsenesnacsracarnnesrreatsnssesectranesrpstrentes 236332
Quary @l A TEACGLTOAGAMGC CAMGLGTEGHONGT GARCAGGAT TAGATACCCTGLTAGTCCAC 120
SOICE 2363IF  suvvcnsinniasrenrsncisrtersnsirbasssasesetersaserressanees 236392

Query 121 LOBTAAMALGGTGEAL GCTGEATOTGEOACCCAGTCOAMCGLETTL 165
SBYER 238393 Liiiecirricirniniinaiarastinnians Teveeasnrnas 236437

Figure (4) Blast alignment of 16s tRNA gene sequence of Gardnerella vaginalis isolates against the reference strain ATCC

14019.
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Sequence alignment analysis of the Gardnerella  vaginalis isolates against the reference strain ATCC 14019 showed high
sequence identities ranging from 98.18% to 99.39% Figure ( ). Insertion or deletion were not detected, there were no gaps
(0%), revealed a high degree of sequence conservation within the analyzed 16sr RNA gene region. However, several
nucleotide substitutions were recorded, representing minor genetic diversity among the isolates. Two isolates displayed
99.39% sequence identity (164/165bp) and shared an identical cytosine to thymine (C to T) substitution, demonstrating the
presence of a point mutation. Another isolate exhibited 98.18% identity (162/165bp), suggesting the presence of additional
nucleotide substitutions. Although these sequence differences, the high identity values and the absence of gaps confirm that
the isolates were highly conserved and fell within the same species, whereas the detected substitutions was represented natural

occurring intraspecies genetic polymorphisms.
Phylogenetic Analysis Based on 16srRNA Gene Sequencing of Gaardnerella vaginalis Isolates

In this study 16StRNA gene sequencing based approach conformed the taxonomic identity of the isolates as Gardnerella
vaginalis, also it revealed interaspecies variation among the local isolates. The phylogenetic tree Figure(4) suggested very
small genetic distance (0.015-0.0175), which confirmed that all isolates within the same species. The topology of the tree
separated the isolates in two genetic clusters. The isolates SHA-2, SHA-7 and SHA-15 formed a sub cluster with almost
negligible divergence, indicating nearly identical 16s rRNA sequences. Whereas the remaining isolates were distributed along a
distinct branch, indicating minor but consistent sequence variation. The pattern strongly consistent with the BLAST identity
percentages obtained against reference sequences in GenBank, were some isolates showed 100% whereas others ranged
between 99.39% and 98.18%. Our results were in agree with the findings of a study in Thi-Qar, Iraq by (27) on G. vaginalis,
where 16s rRNA gene sequence analysis exhibited nucleotides diversity and the distribution of isolates across multiple
phylogenetic branches. The findings of the present phylogenetic were align with the study by (9) in AL-Hilla city, Iraq who
revealed that local isolates of Gardnerella vaginalis clustered closely with reference strains while forming a slightly distinct
branch as a result of a minor nucleotide variations in the 16s tRNA gene. Their isolates showed 98.5% sequence identity with

the reference strain, and small genetic variation (0.5-1.5%) influenced the tree.

Figure (4 ) Phylogenetic Tree Constructed from 16S tRNA Gene Sequences Showing The Evolutionary relationship
Between the Studied Isolates and Reference Strains of Gardnerella vaginalis

CONCLUSIONS:

Gardnerella vaginalis was detected in women with bacterial vaginosis. No significant association was found between intrauterine

device (IUD) use and bacterial vaginosis. Presence of Ermz a gene suggests a potential risk of clindamycin resistance among
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the studied isolates, whereas Rdx gene not detected in any isolate. 16S tRNA gene sequencing and phylogenetic tree revealed

the identity of the isolates and minor genetic diversity.
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