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Abstract: Vaginitis is still considered to be a global health problem for females. It is 

mainly occurred by bacterial vaginosis, trichomonal, candidal, and gonococcal vaginal 

infections. This study is aimed identify Staphylococcus haemolyticus in females infected 

with vaginitis and determine some of their virulence genes. A total of 250 vaginal swabs 

were collected from females with vaginitis. Of the 250 vaginal swabs, 40 isolates were 

showed bacterial growth of S. haemolyticus. In susceptibility testing, S. haemolyticus 

isolates were sensitive to some antibiotics, whereas other isolates were resistant. The 

amplified 16S rRNA gene was in all isolates, using conventional PCR, icaA, blaz, mecA, 

and SodA genes were detected in 30, 23, 32, and 24 samples, respectively. The sequencing 

analysis of all local isolates appeared slight mismatching in their sequencing. The PCR 

products of virulence factors of S. haemolyticus showed slight variations. This may explain 

different clinical manifestations and the infection severity. 

 

Keywords: 16S rRNA, S. haemolyticus, antimicrobial susceptibility, resistance genes, 

virulence genes. 

1   Introduction 

      Vaginal infections (vaginitis) are mainly included bacterial vaginosis, trichomonal, 

candidal, and gonococcal vaginal infection which are a global problem for females [1]. This 

infection is characterized by symptoms such as vulvovaginal pain, itching, and burning. The 

diagnosis of the disease depends on the presence of yellow purulent WBCs (10 cells per field), 

and the existence of endocervical bleeding resulting from ersioned tissue [2]. The molecular 

diagnosis of vaginitis causative agents has proven that practical and can increase the accuracy 

more than cultures, also for detecting low levels of fungi [3], [4]. The molecular diagnosis 

approaches of the three major common causes of vaginitis are now available, depending on the 

collection of 1-2 vaginal swabs [4]. Staphylococci consider as bacterial normal flora that 

colonizes the human skin and mucosal membranes and cause opportunistic infection. However, 

S. haemolyticus returns to the Staphylococcus epidermidis group [coagulase-negative 

Staphylococci] that is mostly isolated from the axillae, perineum, also from human inguinal 

areas [5]. It can cause a local or systemic infection. Since its high antibiotic-resistant phenotype 

and the ability to the formation of biofilms make S. haemolyticus more resistant to the drug [6], 

[7]. However, S. haemolyticus biofilms are polysaccharide intercellular adhesin [1] that may be 

used for determining S. haemolyticus isolates from biofilm structure [8], [9]. 

IMDC-IST 2021, September 07-09, Sakarya, Turkey
Copyright © 2022 EAI
DOI 10.4108/eai.7-9-2021.2314816



2 

 

S. haemolyticus genome contains a chromosome and three plasmids. The size chromosome is 

near form S. aureus and S. epidermidis and has a G+C similar content [5]. S. haemolyticus 

genome also contains many insertion sequences [ISs], those elements may promote frequent 

genomic rearrangements which accelerate the diversification of the species. Theoretically, these 

adaptations might help S. haemolyticus overcome the adverse effects of chemical exposure [10]. 

In molecular diagnosis, the 16S rRNA gene is mostly used to the identity of bacteria spp. for 

many reasons, [i] nearly, it is found in all bacteria [ii] the function of the 16S rRNA gene does 

not change with overtime, this meaning random sequence changes are a more accurate measure 

of evolution and [iii] the 16S rRNA gene (1, 500 bp) is a large fragment enough for informatics 

purposes [11]. Generally, there is little information about a molecular aspect of vaginitis 

causative agents, so the current study is aimed to identify and to characterize S. haemolyticus 

isolated from females, as the main causative of vaginitis and define some of the genetic 

determinants of virulence factors of these isolates.  

2   Materials and methods 

2.1   Samples Collection 

 

Vaginal swabs were collected from 250 female patients who attended the consulting clinic at 

Bint Al-Huda Hospital of the Maternity and Children in Al-Nasiriyah city at Thi-Qar province 

southern Iraq, from the beginning of February to the end of December 2020. The age of the 

patients is ranged between 17-50 years. However, two vaginal swabs were taken from each 

patient, then transported to the laboratory after inoculating these swabs into sterile tubes 

containing a transport medium, one of the swabs was directly exanimated via staining with Gram 

stain and wet mounted film, and another swab was used for inoculation onto the SDA medium, 

CHROM agar for Candida, CHROM agar orientation CHROM agar for Staphylococci, Eosin 

methylene blue agar, MacConkey's agar, for microbiological investigation and phenotypic 

diagnosis. The biochemical tests were accomplished by Vitek 2 system. The susceptibility test 

was carried out using the disk diffusion method according to CLSI [12]. 

 

2.2   Ethical Agreement 

 

It was obtained from University Committee (Al-Ayen University). Participants in the study were 

volunteers.  The written consent was taken from all patients who were free to withdraw at any 

time.  

 

2.3    Genomic Extraction 

 

All of S. haemolyticus isolates were subculture in BHI broth (10 mL) and incubated at 37 ͦC 

overnight,  then centrifuged (8000 xg). The sediment was collected to extract the genomic DNA 

according to kit user manual guidelines (Geneaid, Taiwan). Using a Nanodrop 

spectrophotometer, DNA concentration and purity were checked. The extracted DNA was 

preserved by freezing at -20°C until used in PCR amplification. 

 

2.4    Molecular Diagnosis and DNA Sequencing 

 

Using NCBI-Gene Bank database and Primer 3 design online, all PCR primers of blaz, icaD, 

mecA, and SodA genes were designed and supplied by Macrogen Company, Korea. The 16S 

rRNA gene forward primer: CGTGGAGGGTCATTTGGGAA, and reverse primer: 

GTTTGTCACCGGCAGTCAAC (559bp), SodA gene F: TCTGCAGTTGAGGGAACAGA, 

R:AACCTGAACCGAAACGAGCT (262bp), icaA gene F: ATGGTCAAGCCCAGACA 

GAG, R: ACAAACAAACTCATCCATCCGA (236bp), blaz gene F: TGCTTCGACTTCA 

AAAGCGA, R:GGTTCAGATTGGCCCTTAGGA (564bp), and mecA gene F: TGGCCAA 

TACAGGAACAGCA, R: CGTCAACGAT TGTGACACGA (426bp). The PCR master mix 

was provided by AccuPower®PCR PreMix kit (Bioneer, Korea). The PCR master mix 
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components included 5 μl of DNA template, 1.5 μl of each F and R primers, and 12 μl of 

nuclease-free water that was placed in a standard PCR tube. The PCR thermocycler conditions 

were an initial denaturation set at 95°C for five min, then 30 cycles as followed denaturation set 

at 95°C for 20 s., annealing was 60°C for 20 s. of 16Sr RNA, fnbA, icaD genes, 58°C for 20 s. 

of Sod A, MecA genes and 61°C for 20 s of blaz gene and extension set at 72°C for one min. 

The final extension was at 72°C for five min.   PCR products were electrophoresed with Agarose 

gel (1%) and bromide ethidium (0.25μg/ml). DNA ladder (100 bp) (Bioneer) was used as a 

molecular marker for each gel. The gel was photographed at a UV Transilluminator [13].  

The DNA sequencing was applied as a confirmative identification for PCR positive samples and 

to analyse the phylogenetic relationships. The visualized gene isolates were purified using a gel 

purification kit and then sent to Macrogen Company in Korea to perform the sequencing of 

DNA. The phylogenetic tree analysis was performed using the Maximum Likelihood Process 

and Molecular Evolutionary Genetics Analysis using MEGA V. 6 software. 

 

2.5   Statistical Analysis  

 

The study data were analysed with SPSS version 23 [the chi-square test]. A statistical 

significance was accepted if p≤0.05. 

3   Results and discussion 

      Of the 250 vaginal swabs, 130 isolates were showed bacterial growth and 100 isolates were 

showed fungal growth, whereas 20 isolates did not appear any growth. A total of 40 out of 250 

cultured vaginal swabs were classified as S. haemolyticus isolates. A high number of the isolates 

were observed as sensitive for meropenem, imipenem, ciprofloxacin, cefotaxime, cefixime. 

Additionally, another number of antibiotic-resistant isolates is showed in Table (1). Most of the 

S. haemolyticus isolates were sensitive to fluoroquinolones, carbapenems, quinolones. The 

statistical analysis data showed insignificant differences (P=0.00). However, high multidrug 

resistance may return to difficulty in biofilm penetration (protective nature of biofilm) by 

antibiotics, the slow growth rate of the bacteria, and the presence of antibiotic degradation 

mechanisms [15]. These findings are like the study of Goldenberg et al. [14], also agree with 

the results of Guta [16] but vary on other S. haemolyticus strains that were isolated from non-

vaginal environments [17]. The high antibiotic resistance may return to the random and 

excessive use of antibiotics that leads to creating the resistant strains, these results are very 

important when the physician begins prescribing the correct antibiotic for treatment. The 

antibiotic resistance is occurred by increased Biofilm formation that mostly leads to persistent 

infections [18], [19]. 

 3.1  Molecular Identification and Sequencing of 16S rRNA Gene 

The amplification of 16S rRNA products appeared in all 40 bacterial isolates of S. haemolyticus 

at 559 bp as shown in Fig 1. The 16S rRNA gene contains the 30S subunit region of the ribosome 

of prokaryotic and is a universal gene where find in all bacteria spp. It is very useful for the 

reconstruction of phylogenies because of the evolutionary slow rate of this gene. 16S rRNA is 

used for conferring the relatedness of diverse bacteria and for the determination of the species. 

The similarity percentage of 16S rRNA among species (to define them as identical species) is 

98.7%. In Staphylococci, the 16S rRNA gene is very similar across species, as a result, two 

different species can have identical 16S rRNA sequences [20],[21]. The guidelines of bacterial 

classification proposed the strains that have lower than 97% 16S rRNA sequence identity be 

considered as different bacterial species [22]. The sequencing analysis of local isolate 

[MW485615] revealed that there were differed in only two nucleotides in their linear sequenced 

DNA, and the 16S rRNA sequence showed a very high similarity (99%) between these two local 

isolates and NCBI-BLAST S. haemolyticus SH1 strain [MK886483.1], this result is agreed with 

the study of Ghebremedhin et al. [23]. Both local isolates were recorded in NCBI BLAST 

GenBank as a global scientific website with accession numbers MW485614 and MW485615 
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respectively. The phylogenetic tree as represented in Fig 2 revealed high bootstrap values of 

99% with MK886483.1 isolate. 

Table 1.  Antimicrobial resistance to S. haemolyticus isolated from vaginitis. 

Antimicrobial *S(%) R(%) 

Penicillin group: 

Amoxicillin, clavulanicacid,AMC  15(37.5) 25(62.5)  

Methicillin  6(15)  34(85) 

Cephalosporins: 

cephalothin, KF 10(25) 30(75) 

cefixime, CFM 31(77.5)  9(22.5) 

Cefotaxime, CTX 17(42.5) 23(57.5) 

ceftriaxone, CRO 26(65) 14(35) 

Tetracycline-class : 

doxycycline, DO 25(62.5) 15(37.5) 

Aminoglycoside : 

gentamicin, CN 20(50) 20(50) 

Amikacin, AK 19(47.5) 21(52.5) 

Netilmicin, NET 23(57.5) 17(42.5) 

Nitrofurantoin, NI 16(40) 24(60) 

Carbapenems: 

Imipenem, IPM 33(82.5)  7(17.5) 

Meropenem, MEM 31(77.5)  9(22.5) 

Quinolones: 

Ciprofloxacin, CIP 25(62.5) 15(37.5) 

Levofloxacin, LEV 26(65) 14(35) 

Glycopeptide: 

Vancomycin, V 23(57.5) 17(42.5) 

Sulfonamides: 

Trimethoprim/sulfamethoxazole, TS  21(52.5) 19(47.5) 

Lincosamide: 

Lincomycin, L  25(62.5) 15(37.5) 

 

 

 
Fig. 1. Agarose gel electrophoresis of 16S rRNA gene of S. haemolyticus isolates. Where Marker ladder 

[2000-100bp], lanes [1-9] were positive at 559bp. 

 

 
Fig. 2. Phylogenetic analysis of 16S rRNA gene partial sequence in local S. haemolyticus MW485614 

and MW485615 [IQN. No.1 and IQN. No.2] isolates at total genetic changes (0.005-0.001%). 
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The gel electrophoresis for PCR products of icaA, blaz, mecA, and SodA genes of S. 

haemolyticus was recorded in 30 (75%), 23(%57.5), 32(80%), and 24 (60%) at 583, 564, 426, 

262 bp, respectively as represented in Fig 3. The sequence alignment analysis of the icaA gene 

in local isolates (MW940832 and MW940833) revealed that were 5 substitutions in their linear 

sequenced DNA, the identities for this isolate were 99%. The phylogenetic analysis showed 

that two local S. haemolyticus isolates that showed a close genetic relationship with NCBI-

BLAST S. aureus intercellular adhesion locus at total genetic changes (0.04-0.01%) as shown 

in Fig 4. This result agrees with the results of Barros et al. [24] and with the study of Panda 

and Singh [25] that identified icaA operon in S. haemolyticus that isolated from ocular 

infections and showed a role this operon in the formation of biofilms in S. haemolyticus 

isolates.  

The sequence alignment analysis of the blaz gene in the local isolate (MW940836) revealed 

that were 10 nucleotide substitutions in its linear sequenced DNA, while in the local isolate 

(MW940837) showed 9 substitutions, the identities for this isolate was 98%. The phylogenetic 

analysis based on blaz gene partial sequence in local S. haemolyticus isolates revealed that 

showed a close genetic relationship with NCBI-BLAST S. aureus strain A7 at total genetic 

changes (0.04-0.01%) as shown in Fig 5. The results were consistent with Olsen et al. [26] who 

have confirmed that all penicillin resistance strains were carried the blaZ gene and showed a 

similar organization of blaR1 and blaZ. The sequence alignment analysis of the mecA gene in 

local isolate (MW940834) was shown only 4 substitutions in its linear sequenced DNA, while 

in local isolate (MW940835) was included 3 substitutions in its linear sequenced DNA, the 

identities for this isolate was 99%.  

The phylogenetic analysis based on mecA gene partial sequence in local S. haemolyticus 

isolates were showed a close genetic relationship with NCBI-BLAST S. haemolyticus at total 

genetic changes (1.5-0.5%) as shown in Fig 6. The current result was consistent with Hussain 

et al. [27] study who showed that 83.3% of S. haemolyticus were positive for the mecA gene, 

whereas inconsistent with the study of Xu et al. [28] that proved only 22% of S. haemolyticus 

isolates were carriage this gene. The sequence alignment analysis of the SodA gene in the local 

isolate (MW940838) was shown only 2 substitutions in its linear sequenced DNA, while in 

another isolate (MW940839) was contained 3 substitutions in its linear sequenced DNA, the 

identities for this isolate was 99%. The phylogenetic analysis based on SodA gene partial 

sequence in local S. haemolyticus isolates were showed a close genetic relationship with NCBI-

BLAST S. haemolyticus at total genetic changes (0.04-0.01%) as showed in Fig 7. The result 

was consistent with the study of Poyart et al. [6] that showed the sodA gene constitutes a highly 

discriminative target sequence for differentiating closely related bacterial species. Generally, 

all phylogenetic analyses that showed in Figs 4 to 7 revealed high bootstrap values of 98-99%.  

 

4   Conclusion 

       The 16S rRNA gene is very useful to phylogenies reconstruction because of its 

evolutionary slow rate, the 16S rRNA sequence showed slight variation. The presence or 

absence of virulence genes in the S. haemolyticus genome and the variation of DNA 

sequencing among the isolates may explain the differences of the clinical manifestations or 

reflect the disease severity.  
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Fig. 3. The PCR product analysis of S. haemolyticus genes. Where Marker ladder [2000-100bp], lanes 

[1-9] were positive of: [A] icaA gene at 583bp.[B]: blaz gene at 564bp. [C]: mecA gene at 426bp.[D]: 

sodA gene at 262bp. 

 

 

Fig. 4. Phylogenetic tree analysis of icaA gene partial sequence in local S. haemolyticus MW940832 and 

MW940833(IQN No.1-No.2 ) isolates at total genetic changes (0.04-0.01%). 

 

 

Fig. 5. Phylogenetic analysis of blaz gene partial sequence in local S. haemolyticus MW940836 and 

MW940837 (IQN No.1-No.2 ) isolates at total genetic changes (0.04-0.01%). 

 

 

 



7 

 

 

Fig. 6. Phylogenetic analysis of mecA gene partial sequence in local S.haemolyticus MW940834 and 

MW940835 (IQN No.1-No.2)isolates at total genetic changes (1.5-0.5%). 

 

 

Fig. 7. Phylogenetic analysis of sodA gene partial sequence in local S. haemolyticus MW940838 and 

MW940839 (IQN No.1-No.2) isolates at total genetic changes (0.04-0.01%). 
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