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Using recombinant DNA technology in bacterial identification from vaginal 
swabs
Aymen Mohammed Khaleel1, Rayan Mazin Faisal2*, Hiyam Adel Altaii2

Abstract: Many bacterial pathogens fail to be isolated on cultural media for several reasons. Accordingly, specimens are 
misdiagnosed as unfavorable, where they might carry some pathogenic microbes. Developing new strategies for bacterial 
identification is essential to provide better health quality. Therefore, this study aimed to employ Thymine-Adenine cloning 
(TA cloning) in bacterial diagnosis from vaginal swabs. For this purpose, 20 vaginal swabs were collected from patients 
hospitalized in Mosul city hospitals. Swabs were exposed to traditional methods for bacterial isolation and identification. 
Results showed that 55% of the samples produced bacterial colonies on cultural media, while 45% failed to produce 
colonies. On the other hand, genomic DNA was directly isolated from the identical 20 vaginal swab specimens and was 
used to amplify the 16S rRNA gene. PCR products were cloned to pGEM-T easy vector via TA cloning and sequenced to 
identify the bacterial pathogens involved. Results showed that all vaginal swabs amplified 16S rRNA gene products, and 
when cloned to pGEM-T easy vector and sequenced, multiple miss-diagnosis cases were noticed. This method requires 
more time and skills and gives highly accurate results that traditional forms of isolation and identification do not provide.
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Introduction
Health care and control of infection transmission rely on 

the correct methods in identifying the causative agent. Cul-
ture and biochemical tests are currently the gold standards 
for bacterial pathogen detection in diagnostic microbiology 
labs. This approach is commonly used in hospitals in most 
middle-income nations1. Early detection of pathogens in cli-
nical samples is necessary for improved diagnosis and ma-
nagement of diseases2. Due to a variety of reasons, some 
organisms may need help to detect using standard culture 
techniques employed in most laboratories. Some significant 
reasons are strict growth requirements, non-viable organis-
ms, the inhibition of pathogenic organisms caused by the 
production of bacteriocins by other microbes or the admi-
nistration of antibiotics by the patient3. Traditional techni-
ques for detecting bacterial pathogens are time-consuming 
and frequently require an ideal bacterial concentration of at 
least 105 cfu/ml in the sample to generate accurate results; 
otherwise, false adverse effects are expected4. In research 
that expanded for 27 years, researchers found that when 
traditional identification methods were used in identifying 
bacterial meningitis, around 13% of the time, identification 
may fail5. The possibility of acquiring false negative results 
increases with the decrease of bacterial concentration pre-
sent in the specimen. Regardless of the pathogen present 
in CSF samples, only 25% were detected correctly when 
the concentration decreased below 103 cfu/ml6.

The last ten years of the twentieth century they were 
allowed for an exponential increase in the knowledge of mo-
lecular biology techniques following the cellular and protein 
era of the 1970s and 1980s. This explosion of technologies 
has had major consequences and has allowed for signifi-

cant developments in many areas of life sciences, including 
bacteriology7. Introducing PCR tests in clinical laboratories 
was an important step that helped directly detect bacteria 
from clinical specimens and find genes encoding antibiotic 
resistance8. A recent publication using direct PCR on CSF 
and blood samples could identify pathogens not previous-
ly detected using traditional microbiological techniques9. 
However, CSF and blood specimens are sterile; once in-
fected, the infection is usually caused by a single pathogen. 
Unlike these samples, vaginal swabs contain a consortium 
of microbes, thereby direct PCR on these samples will not 
be an appropriate idea. One way to sequence 16S rRNA 
gene fragments is by sequencing next-generation sequen-
cing. High throughput technology and bioinformatics identify 
pathogens accurately and may identify the presence of no-
vel uncultured pathogens in the sample.

Nevertheless, this technique is costly, requires high 
knowledge in analyzing genome sequences and is ti-
me-consuming as well10. This paper introduced a new me-
thod to separate mixed sequences of 16S rRNA fragments 
obtained from direct amplification of 16S rRNA gene from 
vaginal swabs. This method is based on cloning DNA frag-
ments on a pGEM-T easy vector via TA cloning followed by 
DNA sequence.

Materials and methods 

Collection of clinical specimens
A total of 20 vaginal swabs were collected from different 
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clinical cases of hospitalized patients from Mosul-Iraq from 
December 2021 to April 2022. All specimens were collec-
ted in appropriate sterile swabs containing 5 mL of normal 
saline. Swabs were transported to the laboratory in cooled 
containers for bacterial identification using traditional and 
molecular methods3.

Traditional culture methods for bacterial isolation
Samples from vaginal swabs were streaked on three di-

fferent media (blood agar, chocolate agar, and MacConkey 
agar). Plates were incubated at 37°C for 24–48 hours. Tra-
ditional bacterial colony diagnoses depended on morpholo-
gical features and simple biochemical tests, including oxi-
dase and catalase. To examine the morphology of the cells 
and how they interacted 0with the dye, pure cultures were 
Gram-stained11.

Molecular techniques

DNA Extraction
Genomic DNA was isolated from vaginal swabs using 

a Geneaid isolation kit provided by (Geneaid company, Tai-
wan). Genomic DNA was directly isolated from vaginal swab 
samples by taking 1mL of the normal saline containing the 
soaked swab; then, genomic DNA isolation was conducted 
as recommended by the manufacturer. Genomic DNA was 
kept at -20°C until further used12.

Polymerase Chain Reaction
PCR was conducted in a 20µl volume reaction using 

GoTaq G2 Green Master Mix supplied by Promega (USA) to 
amplify the 1495bp region of the 16S rRNA gene. The uni-
versal primers used were 27F AGAGTTTGATCMTGGCT-
CAG and 1522R AAGGAGGTGATCCARCCGCA. The final 
concentration of primers and the total amount of template 
DNA were added as recommended by the manufacturer. 
The PCR program used to amplify the 16S rRNA gene was 
set as follows: initial denaturation at 95oC for 3 minutes fo-
llowed by 30 cycles of amplification, including a denatura-
tion step at 95oC for 30 seconds, annealing at 55oC for 30 
seconds, and extension at 72oC for 1 minute. A final exten-
sion step was set at 72oC 9. PCR products were separated 
on 1% agarose gel and stained with Midori Green Advance 
DNA stain. A 100bp DNA marker (New England Biolabs) 
was used as a molecular weight marker13.

Thymine: Adenine cloning (TA Cloning)
The 16S rRNA gene fragment was cloned via the TA 

cloning kit supplied by Promega (USA) to the linearized 
plasmid, pGEM-T easy vector (3Kb). The reaction was con-
ducted in a 10µl volume sample containing 5µl 2X rapid 
ligation buffer (T4 DNA Ligase), 1µl pGEM-T easy vector 
(50ng), 1µl T4 DNA ligase, a variable amount of insert DNA 
required to create a 3:1 insert: vector ratio, and the final 
volume was completed to 10 µl with nuclease-free distilled 
water. The ligation mixture was incubated overnight at 4oC 
as recommended by Promega14. A 3 µL sample from the 
ligation mixture was used to transform E. coli DH5α compe-
tent cells and plated on LB agar plates containing ampicillin 
(50µg/ml) and Xgal (80µg/ml) as mentioned elsewhere15.

Plasmid isolation
Plasmid DNA was isolated from three colonies of white 

E. coli DH5α that appeared on LB agar plates containing 
ampicillin and X-gal using the plasmid DNA isolation kit pro-
vided by Promega (USA) following the recommended steps 
of the company. Plasmid DNA was digested with EcoRI to 

identify the presence of the 16 rRNA gene fragment insert. 
Verified clones were stored at -20°C until further used15.

DNA sequencing and Homology search
pGEM-T easy vector clones containing the 16S rRNA 

gene fragment were purified and sent for sequencing at 
Psomagene sequencing company (USA) using the primers 
T7 promoter 5’ TAATACGACTCACTATAGGG 3’ and SP6 5’ 
ATTTAGGTGACACTATAG 3’. Retrieved sequences were 
searched for homology against published genes submitted 
in GenBank using the BLAST tool at NCBI.

Results and discussion

Traditional methods for isolation
Traditional bacterial isolation and identification methods 

from vaginal swabs detected 11 out of 20 positive samples, 
as shown in Table 1. Lactobacillus was found to be the sig-
nificant member in vaginal swab cultures as it was detected 
in 9 out of the 11 positive cultures using traditional methods 
for isolation, which is acceptable as this genus, along with 
Bifidobacterium which is the most prevalent normal flora 
found in the vagina and the presence of lactobacilli helps in 
eliminating other pathogens16. Recent studies have shown 
that the administration of Lacticaseibacillus rhamnosus 
and Lacticaseibacillus paracasei probiotics increased the 
number of lactobacilli and decreased the numbers of some 
vaginal pathogens, particularly enterococci, staphylococci, 
Gardnerella and Candida17.

The pathogens detected in vaginal swabs using tradi-
tional methods were Staphylococcus, Enterococcus and E. 
coli. These pathogens are well known for causing vaginitis. 
In a recent study, 66.7% of vaginal swabs were diagnosed 
as normal flora, 10.4% as intermediate flora, and 22.9% as 
pathogenic flora. Aerobic vaginitis was the primary causati-
ve agent for vaginal infections, which E. coli and E. faeca-
lis18 mostly dominated. S. aureus is also one of the common 
causative agents of vaginitis. A study in Iran has shown that 
the presence of Gram-positive bacteria was higher than 
Gram-negative bacteria. S. aureus appeared in 57.33% of 
the samples, followed by E. coli, 25.33 %19.

Recombinant DNA method for bacterial identification
Amplification of the 16S rRNA gene from the genomic 

DNA isolated directly from vaginal swab samples showed 
that all samples amplified the 1495bp fragment of the 16S 
rRNA gene, as shown in Figure 1. This was expected as the 
vagina is not a sterile environment, and many normal flora 
are present; therefore, when using bacterial universal pri-
mers, all members of the vaginal microbiome will be ampli-
fied20. In our recent publication, we showed that molecular 
identification by direct 16S rRNA improves the standards 
of identification in specimens that are known to be sterile, 
particularly blood and cerebrospinal fluid9. However, direct 
amplification followed by sequencing for vaginal swabs is 
not appropriate in this case because this method will ge-
nerate mixed amplicons, which must be separated before 
sequencing. One way of separating mixed sequences is via 
TA cloning21. 

TA cloning results showed that the nine samples that 
did not show growth using traditional methods produced 
white colonies on LB agar plates containing ampicillin and 
X-gal. Digestion of plasmids from white colonies using 
EcoRI showed that they contain a 1495bp fragment (figu-
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Table 1. Results obtained from traditional and molecular-based methods. Molecular-based methods were done in tripli-
cates. When no pathogens were detected, the normal flora was listed.

Figure 1. Amplification of 16S rRNA 
gene from a selection of bacterial ge-
nomic DNA isolated from vaginal swab 
samples. L: 100bp DNA ladder, 1-9: ran-
dom samples selected.
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re 2). Sequencing of plasmids isolated from white colonies 
showed that the vaginal swabs with no growth contained the 
normal flora Lactobacillus iners and the pathogens Strepto-
coccus pyogenes, Pseudomonas synxantha and Lancefiel-
dello rimae. These results come in agreement with a study 
by Mattei et al. as they found that the majority of the vaginal 
swabs contained the genus Lactobacillus, followed by Pre-
votella, Streptococcus, Ruminococcaceae and finally, Co-
riobacteraceae22.

Lancefieldella is a strictly anaerobic bacterium that was 
formerly known as Atopobium. This lactic acid-producing 
bacteria was shown to be resistant to some antibiotics, par-
ticularly clindamycin, penicillin, moxifloxacin, and metroni-
dazole23. Atopobium vaginae is a member of this genus and 
were first isolated from a vaginal swab of a healthy person24; 
however, to our knowledge, the species Lancefieldella ima-
ge has not been previously isolated from vaginal swabs, 
this is probably because when using traditional methods 
cultures are usually incubated aerobically. In contrast, by 
using TA cloning method it is possible to detect all types of 
bacteria regardless of their type of nutrition or cultivation 
requirements. Even though Lancefieldella rimae is a lactic 
acid-producing bacteria, this bacterium has been shown to 
cause oral and dental infections, abdominal wound infec-
tions and tubo-ovarian abscesses25. The detection of Lan-
cefieldella rimae in vaginal swab samples could result from 
tubo-ovarian infections that may spread to the vaginal area. 
More studies are required to identify the role of this bacte-
rium in pathogenesis.

Streptococcus pyogenes is a Gram-positive pathogen 
customarily known to infect mucosal membranes and skin, 
causing pharyngitis, pyoderma and impetigo. In immuno-

compromised patients, Streptococcal infections may be 
life-threatening. Therefore, antibiotic administration is man-
datory26. Due to its ability to colonize mucosal membranes, 
S. pyogenes is also a causative agent of vulvovaginitis. 
Special virulence regulators were expressed when present 
in the vagina27. However, due to inefficient methods used 
for detection, the rates of streptococcal infections could be 
higher in adults. In a study to identify the antibiotic resistan-
ce spread among vaginitis in pregnant women, S. pyoge-
nes was detected at the lowest ratio (11.6%) compared to 
S. aureus and E. coli, which were detected at (23.8% and 
21.6%), respectively28. A murine vaginal colonization model 
has been recently developed to detect group A and group B 
Streptococci to improve isolation and detection29. Our me-
thod using TA cloning successfully detected this pathogen 
and all other pathogens that might be found in the vagina. 
S. pyogenes was detected from a vaginal swab that did not 
show growth using traditional culture methods; this indica-
tes the importance of molecular methods in identification.

Pseudomonas was also shown to be rare in vaginal 
swabs compared to other locations in the body. This was 
found in a study conducted in Nigeria, as it was found that 
Pseudomonas was mainly found in wound swabs (44%) fo-
llowed by urine (30%) ear swabs (12%) and the least pre-
valence was seen in sputum and vaginal swab (0.67%)30. 
Our method detected Pseudomonas in one out of 20 tested 
samples (5%) and successfully identified the species as P. 
synxantha. Detection of species by our method is another 
advantage that can be added to the method understudy and 
would improve the results hospitals give if such methods 
were involved.

Figure 2. Digestion of pGEM-T easy vector containing 16S rRNA gene using EcoRI. L: 1Kb plus DNA ladder, 1-7: Plasmid 
DNA was digested with EcoRI from random samples that were selected and isolated from white colonies.
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Conclusions
As technological methods improve, new methods for 

bacterial identification are introduced. This study attempts 
to introduce recombinant DNA technology in medical labo-
ratories. Results showed higher accuracy in bacterial detec-
tion from specimens that are non-sterile of microbes, parti-
cularly vaginal swabs. Using TA cloning method for bacterial 
detection from vaginal swabs successfully detected both 
normal flora and pathogenic microbes isolated by traditional 
methods and other microbes not detected by traditional me-
thods. Molecular tools should be considered by diagnostic 
laboratories worldwide for better health quality.
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