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Abstract

Objectives: The purpose of this study was to identify bacteria in urine samples of pregnant women of asymptomatic and symp-
tomatic women by 16S rRNA gene sequencing. This study aims to identify different strains of microbes causing urinary tract infec-
tion (UTI).

Methods: In the semi-quantitative culture technique, bacterial isolates such as Escherichia coli, Klebsiella, Pseudomonas, Staphylo-
coccus, Coagulase-negative Staphylococcus, and Proteus were subjected to 16S rRNA gene sequencing followed by BLAST analysis and
phylogenetic tree formation. The 16S rRNA gene sequencing was carried out to identify the specific strains of bacteria causing UTI.
Results: According to the BLAST analysis, sample 1 revealed a 100% similarity to E. coli strain U5/41. Likewise, samples 2, 3, 4, 5 and
6 exhibited a 100% similarity to Klebsiella aerogenes strain F26, Pseudomonas entomophila strain 2014, Staphylococcus aureus strain
NCTC13616, Staphylococcus saprophyticus strain FDAARGOS_355, Proteus mirabilis strain NCTC 11938, respectively.

Conclusions: Six bacterial isolates were analyzed by 16S RNA gene sequencing followed by the construction of a phylogenetic
tree construction up to the species level. This method was a valuable tool for cost-effective and accurate diagnosis of an array of

uropathogens in both asymptomatic and symptomatic pregnant women.
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1. Background

Urinary tract infection (UTI) in pregnant women is a
common healthcare problem, which is commonly caused
by pathogens normally residing in the intestine and geni-
tal tract. Occasionally, the diagnosis of UTI is difficult, and
many patients are treated based only on signs and symp-
toms, the error rate was 33%. The microscopy and culture
method of diagnosis takes two days for identification and
antibiotic sensitivity of bacteria. The patients treated em-
pirically encounter a risk of antimicrobial resistance. The
main advantage of molecular diagnosis is identifying the
cause within hours up to species level. 16S real-time PCR
was narrated by Lehmann et al. using probes specific to
a large number of genus/species (1). All bacteria contain
the 16S rRNA gene, thereby making the sequencing-based
bacterial identification plausible (2). In addition, the 16S
rRNA gene comprises variable regions interspersed with
nucleotide sequences, which provide a species-specific sig-
nature sequence that is the hallmark of bacterial identi-

fication. The obtained sequences are compared with the
known sequences in the database (3). The method is valu-
able in the case of a mixture of a wide range of pathogens.
Also, it is useful in detecting bacteria that are difficult
to grow as well as those in samples obtained from pa-
tients’ post-antibiotic treatment. Strain 131 of E. coli has
been found to be multi-drug resistant (MDR) (4). Interest-
ingly, MDR ST131 is resistant to fluoroquinolones such as
Ciprofloxacin and aminoglycosides like Amikacin and Gen-
tamicin. In hospitalized and community-acquired cases
of UTI, strains ST95, 73, 69 of E. coli are frequently isolated
and persist in non-extended spectrum beta-lactamase iso-
lates (5). Extra-intestinal pathogenic E. coli, including
uropathogenic E. coli, consists of specific phylogenetic
groups with different sets of virulence genes and is com-
monly associated with human diseases.
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2. Objectives

This prospective study was carried out in the Depart-
ment of Microbiology, Patna Medical College, Patna and
the Department of Microbiology, GLA University, Mathura.
In the following, 16S rRNA gene sequencing was carried
out at the BioAxis DNA Research Centre, Hyderabad, India.
Urine samples from pregnant women, both asymptomatic
and symptomatic, were collected and subjected to screen-
ing methods, followed by culture on MacConkey’s media.
The antimicrobial sensitivity test was carried out on the nu-
trient agar.

3. Methods

3.1. DNA Isolation

The isolated bacteria were subjected to DNA isolation
using BiopureTM kits (BioAxis DNA Research Centre).

3.2.16S rRNA Gene PCR

16S rRNA gene was amplified by PCR from the DNA iso-
lated above. The primers used for amplification of the gene
were as follows:

o Forward 27F - 5’-AGAGTTTGATCMTGGCTCAG-3’

« Reverse 1492R- 5-CGGTTACCTTGTTACGACTT-3’

The temperature conditions of PCRwere: 5 min at 94°C,
60 secat 94°Cin 35 cycles, 45 sec at 53°C, 90 sec at 68°C and
10 min at 68°C. 4°Cwas set as hold temperature to keep am-
plicons safe for the next use.

3.3. Electrophoresis

Electrophoresis of the amplified PCR product was done
on1kb DNA ladder with 1% agarose gel and TAE as a buffer,
which was subsequently visualized by staining with ethid-
ium bromide (Figure 1).

3.4. Elution

Purification of the PCR product was done by washing
with 70% ethanol and sodium acetate, followed by elution
from the gel. Electroelution causes rapid and isolation of
large fragments of DNA. The DNA band presented in the gel
fragment was excised and dialyzed against the TAE buffer.
The DNA was precipitated out by an electric current. For
separation of agarose from DNA, agarose used is of low
melting point agarose is commonly used as it does not de-
nature the DNA structure. Subsequently, the sample was
subjected to sequencing.

3.5. Sanger Sequencing Using Dye Terminators

The PCR amplicon was sequenced on ABI 3730XL au-
tomated DNA Sequencer. In this method, different flu-
orescent markers are used for labeling every dideoxynu-
cleotide in a capillary tube. Different colored bands are
produced by DNA fragments of different sizes separated
in a capillary tube. For a given size DNA fragment, there
is a separate band and, the colors indicate different bases
at which termination of the fragment has occurred. The
bases represented by short fragments, moved first in the
capillary. When the light emitted by the laser falls on the
capillary tube, the light emitted by the fluorescent dye was
recorded on the detector. The signal from the detector of
each colored band was analyzed by the sequencer and ap-
peared on the graph as a peak. Each base had a separate
peak.

3.6. BLAST Reference

The assembled DNA sequence was used to carry out
BLAST with the nr database from NCBI.

3.7. Phylogenetic Tree Construction

Top ten similar sequences of BLAST were retrieved, and
a phylogenetic tree was constructed using Clustal omega.

4. Results

The semi quantitative culture technique identified the
following bacterial isolates: E. coli, Klebsiella, Pseudomonas,
Staphylococcus, coagulase-negative Staphylococcus, and Pro-
teus spp. These were subjected to 16S rRNA gene sequenc-
ing, and the results are as follows:

4.1. Sequence Obtained for Sample 1

ATGACCAGCAACACTGGAACTGAGACACGGTCCAGA-
CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATG-
GGCGCAAGCCTGATGCAGCCATGCNGCGTGTATGAAGAA-
GGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGG-
GAGTAAAGTTAATACCTTTGCTCATTGACGTTACCCGCA-
GAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTA-
ATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGT-
AAAGCGCACGCAGGCGGTTTGTTAAGTCAGATGTGAAAT-
CCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGCAA-
GCTTGAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAG-
CGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCG-
AAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTGCGA-
AAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTC-
CACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTG-
AGGCGTGGCTTCCGGANNTAACGCGTTAAGTCGACCGCC-
TGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTG-
ACGGGGGCCGCACAAGCGGTGGAGCATGTGGTTTAATTC-

Arch Clin Infect Dis. 2020;15(3):e101136.



Lakshmi P et al.

Gel Picture of the Amplicons

1-Ikb Marker

2-Sample1
3-Sample 2
4-Sample 3
5-Sample 4

1-Sample 5
2-Sample 6
3-1kb Marker

Figure 1. Agarose gel electrophoresis

GATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCAC-
GGAAGTTTTCAGAGATGAGAATGTGCCTTCGGGAACCGT-
GAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTG-
AAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTAT-
CCTTTGTTGCCA

4.1.1. Inference

The sequence obtained was 100% identical to the par-
tial gene sequence of 16STRNA of Escherichia coli strain U5/41
(Figures 2 and 3).

4.2. Sequence for Sample 2

ATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAA-
TGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGG-
ATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTC-
CTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCG-
CAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCC-
TTCGGGTTGTAAAGTACTTTCAGCGAGGAGGAAGGCGTT-
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AAGGTTAATAACCTTGGCGATTGACGTTACTCGCAGAAG-
AAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATAC-
GGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAG-
CGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCC-
GGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTA-
GAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGT-
GAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGG-
CGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGC-
GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG-
CCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGC-
GTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGG-
GAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGG-
GGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAT-
GCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGA-
ACTTAGCAGAGATGCTTTGGTGCCTTCGGGAACTCTG
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1i Alignments [e}
Description Max | Total | Query ldent Accession
SCOM0  SCOre  cover  value

Escherichia coll strain U 541 16S ridosomal RNA gene. partial sequence 1481 1481 100% 0.0 100.00% NR_024570.1
Escherchia fergusonil strain ATCC 35469 16S mbosomal RNA, compiete sequence 1471 1471 100% 0.0 99.40% NR 0742021
Eschedchia fergusonil strain NBRC 102419 16S rdosomal RNA gene. partial secuence 1471 1471 100% 0.0 99.40% NR_114079.1
Eschedchia coll strain JCM 1649 16S ribosomal RNA gene, partial sequence 1471 1471 100% 0.0 99.40% NR_112858.1
Escherichia fergusonil strain ATCC 35469 16S rbosomal RNA gene. partial sequence 1471 1471 100% 0.0 99.40% NR_027549.1
Shigelia fexnerd strain ATCC 20903 16S ridosomal RNA gene. partial sequence 1471 1471 100% 0.0 99.40% NR_026331.1
Eschedchia coli strain NBRC 102203 16S ridosomal RNA gene. partial sequence 1467 1467 100% 0.0 99.28% NR_1140421
Shigela boyail sirain P288 16S ribosomal RNA gene. partial sequence 1466 1466 100% 0.0 99.28% NR_1048011
Shigelia sonnel strain CECT 4887 16S rbosomal RNA gene. partial sequence 1466 1466 100% 0.0 99.28% NR_104826.1
Brenneria aini strain 20 16S ridosomal RNA gene, partial sequence 1466 1466 100% 0.0 99.28% NR_116340.1

Figure 2. BLAST reference of Escherichia coli
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Figure 3. Phylogenetic tree of Escherichia coli

4.2.1. Inference

The sequence obtained was 100% identical to the par-
tial gene sequence of 16S rRNA of Klebsiella aerogenes strain
F26 (Figures 4 and 5).

4.3. Sequence for Sample 3

ATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGT-
GAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGA-
GGAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTA-
CCGACAGAATAAGCACCGGCTAACTCTGTGCCAGCAGCC-
GCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACT-
GGGCGTAAAGCGCGCGTAGGTGGTTCGTTAAGTTGGATG-
TGAAAGCCCCGGGCTCAACCTGGGAACTGCATCCAAAAC-
TGGCGAGCTAGAGTATGGTAGAGGGTGGTGGAATTTCCT-
GTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCA-
GTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAG-
GTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTG-
GTAGTCCACGCCGTAAACGATGTCAACTAGCCGTTGGAA-
TCCTTGAGATTTTAGTGGCGCAGCTAACGCATTAAGTTG-
ACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAT-
GAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGT-

TTAATTCGAAGCAACGCGAAGAACCTTACCAGGCCTTGA-
CATGCAGAGAACTTTCCAGAGATGGATTGGTGCCTTCGG-
GAACTCTGACACAGGTGCTGCATGGCTGTCGTCAGCTCG-
TGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAA-
CCCTTGTCCTTAGTTACCAGCACGTTATGGTGGGCACTC-
TAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGA-
TGACGTCAAGTCATCATGGCCCTTACGGCCTGGGCTACA-
CACGTGCTACAATGGTC

4.3.1. Inference
The sequence obtained was 100% identical to Pseu-
domonas entomophila strain 2014 (Figures 6 and 7).

4.4. Sequence for Sample 4

ATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGT-
GATGAAGGTCTTCGGATCGTAAAACTCTGTTATTAGGGA-
AGAACATATGTGTAAGTAACTGTGCACATCTTGACGGTA-
CCTAATCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC-
GCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATT-
GGGCGTAAAGCGCGCGTAGGCGGTTTTTTAAGTCTGATG-
TGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAAC-
TGGAAAACTTGAGTGCAGAAGAGGAAAGTGGAATTCCAT-
GTGTAGCGGTGAAATGCGCAGAGATATGGAGGAACACCA-
GTGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGAT-
GTGCGAAAGCGTGGGGATCAAACAGGATTAGATACCCTG-
GTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGG-
GGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCA-
CTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAA-
GGAATTGACGGGGACCCGCACAAGCGGTGGAGCATGTGG-
TTTAATTCGAAGCAACGCGAAGAACCTTACCAAATCTTG-
ACATCCTTTGACAACTCTAGAGATAGAGCCTTCCCCTTC-
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LakshmiPet al.

i1 Alignments [ GenBank ¢ oy

Description st:;z :;;f; S:::g value Ident Accession

) Klebsiella aerogenes strain F26 16S ribosomal RNA gene. partial sequence 1504 1504 100% 0.0 100.00% MKS59555.1
) Klebsiella aerogenes strain NCTC 10006 genome assembly. chromosome: 6 1504 8950 100% 0.0 100.00% LR134126.1
Klebsiella aerogenes strain NCTC 10006 genome assembly. plasmid: 2 1504 1504 100% 0.0 100.00% LR134122.1
Klebsiella aerogenes strain FDAARGOS_513 chromosome, compiete genome 1504 12012 100% 0.0 100.00% CP033817.1

) Klebsiella aerogenes strain CB461 16S ribosomal RNA gene. partial sequence 1504 1504 100% 0.0 100.00% MK014300.1
Klebsiella aerogenes strain FDAARGOS_327 chromosome, compiete genome 1504 12008 100% 0.0 100.00% CP031756.1
Klebsiella aerogenes strain DAS43 16S rbosomal RNA gene. partial sequence 1504 1504 100% 0.0 100.00% MH819718.1
Klebsiella aerogenes strain gol2 16S ribosomal RNA gene, partial sequence 1504 1504 100% 0.0 100.00% MNK426816.1
Klebsiella aerogenes strain NCTC9735 genome assembly. chromosome: 1 1504 11945 100% 0.0 100.00% LR1344751

Figure 4. BLAST reference of Klebsiella

ACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGC-

LR134126.1 0.32504
CP033817.1 029918 GAAAGCCTGACGGAGCAACGCCGCGTGAGTGATG

CP031756.1 0.30468 AAGGGTTTCGGCTCGTAAAACTCTGTTATTAGGGAA-

LR134122.1 0.26417

LR134475.1 0.26854 GAACAAATGTGTAAGTAACTGTGCACGTCTTGAC

seq2 -0.00322 GGTACCTAATCAGAAAGCCACGGCTAACTACGTGCC-

MK014300.1 0.00071

Mka26816 1 0.00105  AGCAGCCGCGGTAATACGTGTGGCAAGCGTTATC

m:g;:;;:: %00%1(;"11 CGGAATTATTGGGCGTAAAGCGCGCGTAGGCGGTTT-

MH388434 1 0.0001 CTTAAGTCTGATGTGAAAGCCCACGGCTCAACCG
TGGAGGGTCATTGGAAACTGGGCTTGAGTGCAGAAG-

Figure 5. Phylogenetic tree of Klebsiella aerogenes AGGAAAGTGGAATTCCATGTGTAGCGGTGAAATG

CGCAGAGATATTAGTGGAGGAACACCAGTGGCGAAG-

GCGACTTTCTGGTCTGTAACTGACGCTGATGTGC

GGGGGACAAAGTGACAGGTGGTGCATGGTTGTCGTCAGC- GAAAGCGTGGGGATCAAACAGGATTAGATACCCTGG-

TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG- TAGTCCACGCCGTAAACGATGAGTGCTAAGTGTT

CAACCCTTAAGCTTAGTTGCCATCATTAAGTTGGGCACT-CT AGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCA-
TTAAGCACTCCGCCTGGGGAGTACGACCGCAAGG

44.1 Inference TTGAAACTCAAAGGAATTGACGGGGACCCGCACAAG-

CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCG
AAGAACCTTACCAAATCTTGATGAAAACTCTAGAGA-
TAGAGCCTTCCCCTTC

The sequence obtained was 100% identical to Staphylo-
coccus aureus strain NCTC13616 (Figures 8 and 9).

4.5. Sequence for Sample 5
4.5.1. Inference

TTTATGGAGAGTTTGATCCTGGCTCAGGATGAACGC- The sequence obtained was 98.47% identical to Staphy-
TGGCGGCGTGCCTAATACATGCAAGTCGAGCGAA lococcus saprophyticus strain FDAARGOS_355 (Figures 10 and
CAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGG- 11).

ACGGGTGAGTAACACGTGGGTAACCTACCTATAA
GACTGGGATAACTTCGGGAAACCGGAGCTAATACCG-

4.6. Sequence for Sample 6
GATAACATTTGGAACCGCATGGTTCTAAAGTGAA

AGATGGTTTTGCTATCACTTATAGATGGACCCGCGC- TGGGGTTGATCATGGCTCAGATTGAACGCTGGCGGC-
CGTATTAGCTAGTTGGTAAGGTAACGGCTTACCA AGGCCTAACACATGCAAGTCGAGCGGTAACAGGA

AGGCGACGATACGTAGCCGACCTGAGAGGGTGATCG- GAAAGCTTGCTTTCTTGCTGACGAGCGGCGGACGGG-
GCCACACTGGAACTGAGACACGGTCCAGACTCCT TGAGTAATGTATGGGGATCTGCCCGATAGAGGGG

Arch Clin Infect Dis. 2020;15(3):e101136. 5
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i1 Alignments
Description

) Pseudomonas entomophila strain 2014 chromosome, compiete genome

) Pseudomonas entomophila strain 1257 chromosome, complete genome

- Bacterium strain E70 16 ribosomal RNA gene, partial sequence

Pseudomonas putida strain CK223 16S ribo

) Pseudomonas sp. strain AZ5 16S ribosomal RNA gene, partial sequence

) Pseudomonas guariconensis strain njensis 16S ribosomal RNA gene, partial sequence

)| RNA gene, partial sequence

o}

Total
score

11279
1139

Max
score

1611
1611
1611
1611
1611
1611

Query E
cover value

100% 0.0
100% 0.0
100% 0.0
100% 0.0
100% 0.0
100% 0.0

I[dent  Accession

100.00%
100.00% 4338.1
100.00%
100.00%
100.00% MK125505.1

CP034337.1

1611
1611
1611

MHZO8436.1

MH889110.1

1611 100.00% MK318549.1

) Pseudomonas sp. strain BYT-1 16S ribosomal RNA gene. partial sequence

) Pseudomonas sp. WCHPs060039 16S ribosomal RNA gene, partial sequence

1611
1611
1611

1611
1611
1611

100% 0.0
100% 0.0
100% 0.0

100.00%
100.00% MH428810.1
100.00%

Figure 6. BLAST reference of Pseudomonas

MG674355.1 O
MG674358.1 O
MH428810.1 0.00738
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MHS539878.1 -0.00479
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segence3 -0.01235
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CP034338.1 0.00261
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Figure 7. Phylogenetic tree of Pseudomonas entomophila

GATAACTACTGGAAACGGTGGCTAATACCGCATAAT-
GTCTACGGACCAAAGCAGGGGCTCTTCGGACCTT
GCACTATCGGATGAACCCATATGGGATTAGCTAGTA-
GGTGGGGTAAAGGCTCACCTAGGCGACGATCTCT
AGCTGGTCTGAGAGGATGATCAGCCACACTGGGACT-
GAGACACGGCCCAGACTCTACGGGAGGCAGCAGT
GGGGAATATTGCACAATGGGCGCAAGCCTGATGCAG-
CCATGCCGCGTGTATGAAGAAGGCCTTAGGGTTG
TAAAGTACTTTCAGCGGGGAGGAAGGTGATAAGGTT-
AATACCCTTGTCAATTGACGTTACCCGCAGAAGA
AGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAAT-
ACGGAGGGTGCAGGCGTTAATCGGAATTACTGGG
CGTAAAGCGCACGCAGGCGGTCAATTAAGTCAGATG-
TGAAAGCCCCGAGCTTAACTTGGGAATTGCATCT
GAAACTGGTTGGCTAGAGTCTTGTAGAGGGGGGTAG-
AATTCCATGTGTAGCGGTGAAATGCGTAGAGATG
TGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGAC-

AAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAG
CAAACAGGATTAGATACCCTGGTAGTCCACGCTGTA-
AACGATGTCGATTTAGAGGTTGTGGTCTTGAACC
GTGGCTTCTGGAGCTAACGCGTTAAATCGACCGCCT-
GGGGAGTACGGCCGCAAGGTTAAAACTCAAATGA
ATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGG-
TTTAATTCGATGCAATGCGAAGAACCTTACCTAC
TCTTGACATCCAGCGAATCCTTTAGAGATAGAGGAG-
TGCCTTCGGGAACGCTGAGACAGGTGCTGCATGG
CTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAG-
TCCCGCAACGAGCGCAACCCTTATCCTTTGTTGC
CAGCACGTAATGGTGGGAACTCAAAGGAGACTGCCG-
GTGATAAACCGGAGGAAGGTGGGGATGACGTCAA
GTCATCATGGCCCTTACGAGTAGGGCTACACACGTG-
CTACAATGGCAGATACAAAGAGAAGCGACCTCGC
GAGAGCAAGCGGAACTCATAAAGTCTGTCGTAGTCC-
GGATTGGAGTCTGCAACTCGACTCCATGAAGTCG
GAATCGCTAGTAATCGTAGATCAGAATGCTACGGTG-
AATACGTTCCCGGGCCTTGTACACACCGCCCGTC
ACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGC-
TTAACCTTCGGGAGGGCGCTTACCACTTTGTGAT
TCATGACTGGGGTGAAGTCGTAACAAGGTAACC

4.6.1. Inference

The sequence obtained was 100% identical to the par-
tial gene sequence of 16S rRNA of Proteus mirabilis strain
NCTC 11938 (Figures 12 and 13).

Arch Clin Infect Dis. 2020;15(3):e101136.
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1 Alignments

Description

Staphylococcus aureys strain NCTC13616 genome assembly, chromosome: 1

Staphylococcus aureus straln NCTC4163 genome assembly, chromosome: 1
Staphylococeus aureus strain NCTC11965 genome assembly, chromosome: 1
Staphytococcus aureus straln NCTC4137 genome assembly, chromosome: 1
Staphyiecoccus aureys strain NCTCI55S genome assembly, chromosome: 1
Staphylococcus aureus straln NCTC5660 genome assembly, chromosome: 1

Staphyiococcus gureys straln NCTCT7121 genome assembly, chromosome: 1

Staphylococeus aureys strain NCTC13142 genome assembly, chromosome: 1

Staphylococcus aureus straln NCTC 12233 genome assembly, chromosome: 1

o
s | sae | cov e | 10| Asssn
1439 8632 100% 0.0 100.00% LR134193.1
1439 8621 100% 0.0 100.00% LR134139.1
1439 8621 100% 0.0 100.00% LR134093.1
1439 7176 100% 0.0 100.00% LR134091.1
1439 8615 100% 0.0 100.00% LR134090.1
1439 7187 100% 0.0 100.00% LR134088.1
1439 7181 100% 0.0 100.00% LR134087.1
1439 8637 100% 0.0 100.00% LR134086.1
1439 8632 100% 0.0 100.00% LR134085.1

Figure 8. BLAST reference of Staphylococcus aureus

sequence4 0.53459
LR134193.1 0
LR134086.1 0
S.au.NCTC4163 0
LR134090.1 0.00125
LR134084.1 0
LR134085.1 0.00302
LR134091.1 0.00057
LR134087.1 -0.00057
LR134093.1 0.00365
LR134088.1 0.00391

[
—L_—

Figure 9. Phylogenetic tree of Staphylococcus aureus

5. Discussion

In the present study, a comprehensive molecular char-
acterization of six bacterial isolates was carried out. We
observed that the sequence in sample 1 was 100% iden-
tical to the partial gene sequence of 16S rRNA of E. coli
strain U5/41. Phylogenetically strains included U5/41, E. fer-
gusonii strain ATCC35469, E. fergusonii strain NBRC102419, E.
coli strain JCM1649, E. fergusonii strain ATCC35469, Shigella
flexneri strain ATCC29903, E. coli strain NBRC102203, Shigella
boydii strain P288, Shigella sonnei strain CECT4887, and Bren-
neriaalni strain pvfi20. Campos et al. also conducted a
study in Brazil, of E. coli isolated from urine samples of
hospitalized patients and identified strains 131 and 69 as
the most frequently found E. coli strains (6). Strain 69 was
found to be associated with both community-acquired and
healthcare-associated UTIs (7). The MDR manner of these
strains was attributed due to the dfrA17-aadA5 gene, which
makes these strains resistant to Trimethoprim, aminogly-

Arch Clin Infect Dis. 2020;15(3):e101136.

cosides. The other ST groups identified by Campos et al. in-
cluded ST648, ST405, ST73, and ST10.

The sequence of sample 2 was 100% identical to that
of the partial gene sequence of 16S rRNA of Klebsiella aero-
genes strain F26. The phylogenetically identified strains
were F26, K. aerogenes strain NCTC10006, K. aerogenes strain
NCTC10006, K. aerogenes strain FDAARGOS_513 chromosome,
K. aerogenes strain CB46l, K. aerogenes strain FDAARGOS_327
chromosome, K. aerogenes strain DAS43, K. aerogenes strain
gol2, K. aerogenes strain NCTC9735, and K. aerogenes strain
CX-122.

In sample 3, the sequence was 100% identical to that
of Pseudomonas entomophila strain 2014. The phylogenet-
ically identified strains were P. entomophila strain 2014, P.
entomophila strain 1257 chromosome, Bacterium strain E70
16S ribosomal RNA gene, P. putida strain CK223, P. spp strain
AZ5, P. guariconensis strain njensis, P. spp strain BYI-1, P. spp
WCHPs060039, P. guariconensis strain MR149, and P. guarico-
nensis strain MR144.

In sample 4, the sequence was 100% identical to that
of Staphylococcus aureus strain NCTCI3616. Phylogeneti-
cally identified strains included S. aureus strain NCTC13616,
S. aureus strain NCTC4163, S. aureus strain NCTC11965, S.
aureus strain NCTC4137, S. aureus strain NCIC9555, S. au-
reus strain NCTC5660, S. aureus strain NCIC7121, S. aureus
strain NCTC13142, S. aureus strain NCTC12233, S. aureus strain
NCIC13552.

In sample 5, the strain identified was Staphylococcus
saprophyticus strain FDAARGOS_355. The other phylogenet-
ically identified strains were S. saprophyticus strain FDAAR-
GOS_355,S. saprophyticus strain FDAARGOS_137, S. saprophyti-
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Description Max | Total |Query| E Per. Accession
Score Score Cover value Ident
Staphylococcus saprophyticus strain FOAARGOS_355 chromosome, complete genome 1825 10914 100% 0.0 98.47% CP022093.2
Staphylococcus saprophyticus strain FOAARGOS_ 168 chromosome, complete genome 1825 10942 100% 0.0 98.47% CP014113.2

Staphylococcus saprophyticus strain FOAARGOS_ 137, complele genome
Staphylococcus saprophyticus subsp, saprophyticus ATCC 15305 16S ribosomal RNA. comp 1825 1825

taphylococcus saprophylicus strain RJ17 16S ribosomal RNA gene, partial sequence 1825 1825
Staphytococcus saprophyticus subsp. saprophyticus ATCC 15305 DNA. compiete genome 1825 10914 100% 0.0

Staphylococcus sp. S04009 16S ribosomal RNA gene, partial sequence

Staphylococcus saprophyticus subsp. saprophyticus straln NCTC7666 genome assembly. ¢ty 1820 10898 100% 0.0
taphylococcus saprophyticus strain FDAARGOS_336 chromosome, complete genome 1820 10909 100% 0.0

1825 10925 100% 0.0
100% 0.0
100% 0.0

98.47% CP014057.2
98.47% NR_074999.2
98.47% KJ540934.1
98.47% AP008934.1
1821 1821 99% 0.0 98.46% MHG643903.1
98.37% LR134089.1

98.37% CPQ22056.2

Figure 10. BLAST reference of Staphylococcus saprophyticus

S.sap336_FDAARGOS 0.56036
sample 0.00322

S.sap.BVC51 0.00153
S.sp.828 0.0017
S.sap.NCTC7666 0.0009
S.sap.137_FDAARGOS 0
S.sap.NR_074999.ATCC15305 0
S.Sap0

e S.sap.355_FDAARGOS 0
L S.sp.S04009 0
S.sap.AP008934.ATCC15305 0

Figure 11. Phylogenetic tree of Staphylococcus saprophyticus

cus sub spp. saprophyticus ATCC 15305, S. saprophyticus strain
RJ17, S. saprophyticus sub spp. saprophyticus ATCC 15305,
Staphylococcus spp. S04009, S. saprophyticus sub spp. sapro-
phyticus strain NCIC7666, S. saprophyticus strain FDAAR-
GOS_336, S. spp 82B, S. saprophyticus strain BVC51.

The sequence of the sample was 100% identical to
that of the partial gene sequence of 16S rRNA of Proteus
mirabilis strain NCTC 11938. The phylogenetically identi-
fied strains were P. mirabilis strain NCTC 11938, P. mirabilis
strain PmSCii, P. mirabilis strain NCTC4199, P. mirabilis
strain AR_0029, P. mirabilis strain AR379, P. mirabilis isolate
GN2, P. mirabilis strain AR_0156, P. mirabilis strain AR_0159, P.
mirabilis strain AR_0059, and P. mirabilis strain AOUC-001.

Jenkins et al. obtained pus samples and joint fluids
from 23 patients using 1,343 bp PCR. Of 38 samples using
762/598 bp PCR, 33 samples were negative by both culture
and PCR. Moreover, 16S rDNA was identified in 8/17 culture-
positive samples (8). The bacteria identified were S. aureus,
Streptococcus pneumoniae, Streptococcus viridians, Prevotella
pleuritidis, and Prevotella oulorum. Gene sequencing helped
in identifying anaerobes in samples positive on culture. As
the Gram-positive cell wall is disrupted readily during the

extraction process, it is not identified as easily as Gram-
negative bacteria (9-12). However, Jenkins et al. found that
for both Gram-negative and -positive bacteria, there was no
bias as they could not be identified by PCR (8).

Van der Zee et al. demonstrated that PCR-based detec-
tion can replace the culture-based diagnosis except in the
case of antibiotic sensitivity testing that might be essential
for the adequate treatment of patients. These results were
confirmed by 16S PCR. However, the limitation of this study
was that only a few strains were tested, and hence, the pres-
ence and homology of target genes need further substan-
tiation (13).

Tajbakhsh et al. isolated and detected Gram-negative
bacteria, causing UTI in patients from Shahrekord Hospi-
tals, Iran. The study used PCR, which was found to be an
effective method for diagnosis of bacteria causing UTI, es-
pecially Gram-negative ones and also other infections (14).

Abulmeshah carried out a study to identify organisms
causing UTI by doing 16S rRNA gene sequencing and BLAST
analysis and found that E. coli, K. pneumoniae, S. aureus, P.
mirabilis and P. aeruginosa were the most prevalent organ-
isms (15).

5.1. Conclusions

Six bacterial isolates were analyzed by 16S rRNA gene se-
quencing, followed by the construction of a phylogenetic
tree formation up to the species level. This method was a
valuable tool for a cost-effective and accurate diagnosis of
an array of uropathogens in both asymptomatic and symp-
tomatic pregnant women. If the samples presented MDR
on sensitivity testing, the specific strain isolated by PCR
would provide guidelines for the management of UTI in
pregnant women in the future.

Arch Clin Infect Dis. 2020;15(3):e101136.
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Proteus mirabils strain NCTC 11938 16S fdosomal RNA, partial sequence
Proteus mirablis strain PmSC1111 chromosome, compiete gepome
Proteus miradils sirain NCTC4199 genome assembly. chromosome: 1
Proteus miradils strain AR_0029 chromosome, CoOmpieie genome

Proteus mirabils strain AR379 chromosome. compiele genome

Proteus miradiis isolate GN2 chromosome, compiete genome

Proteus miradils strain AR_0156. compiete genome

Proteus mirabils strain AR_0159, compiete genome

<

Max Total Query E Per.
Score Score Cover value  Ident

2776 2776 100% 0.0 100.00%
2750 19183 99% 0.0 99.80%
2750 19194 99% 0.0 99.80% LR134205.1
2750 19211 99% 0.0 99.80% CPO20725.1
2750 19222 99% 0.0 99.80% CPO29133.1
2750 19200 99% 0.0 99.80% CPO26581.1
2750 19205 99% 0.0 99.80% CPO21852.1
2750 19205 99% 0.0 99.80% CPO21550.1

Accession

Figure 12. BLAST reference of Proteus mirabilis

— CP034090.1 0
R CP029133.1 0

—I: NR_043997.1 0
sample O

fr———— CP021852.1 0
D CP020052.1 0
CP015347 0

Figure 13. Phylogenetic tree of Proteus mirabilis
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