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Abstract

The uropathogens is the main cause of urinary tract infection (UTI). The aim of the study
was to isolate bacteria from urine samples of UTI patients and find out the susceptibility of
isolated bacteria. Bacteria were identified using both conventional and molecular methods.
Sanger sequence procedure used for 16S ribosomal RNA and phylogenetic analysis was
performed using Molecular Evolutionary Genetics Analysis (MEGA-7) software. In this
study, Escherichia coli, Klebsiella pneumonia, Staphylococcus were reported as 58, 28 and
14.0% respectively. Phylogenetic tree revealed that 99% of sample No. Ai (05) is closely
related to E. colito (NR 114042.1 E. colistrain NBRC 102203). Aii (23) is 99% similar to K.
pneumoniae to (NR 117686.1 K. pneumonia strain DSM 30104) and 90% Bi (48) is closely
linked to S. aureusto (NR 113956.1 S. aureus strain NBRC 100910). The antibiotic suscep-
tibility of E. coli recorded highest resistance towards ampicillin (90%) and least resistant to
ofloxacin (14%). Some of the other antibiotics such amoxicillin, ciprofloxacin, gentamicin,
ceftazidime, cefuroxime and nitrofurantoin resistance were observed 86, 62, 24, 55, 48 and
35% respectively. The cefuroxime showed the highest antibiotic resistance against K. pneu-
moniae with 85% followed by amoxicillin, ciprofloxacin, gentamicin, ceftazidime, ampicillin
and nitrofurantoin resulted in 60, 45, 67, 70, 75 and 30% respectively. The resistance of S.
aureus against erythromycin, cefuroxime and ampicillin were found with 72%. The resis-
tance against amoxicillin, gentamicin, ceftazidime and ceftriaxone found 57, 43, 43 and 15%
respectively. Phylogenetic analysis shows that sequences are closely related with the refer-
ence sequences and E. coliis the dominant bacteria among UTI patients and is resistant to
the commercially available antibiotics.
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Introduction

The most common infection caused by microbes is urinary tract infection. It occurs in the peo-
ple belonging to all age groups, in which Escherichia coli has significant etiologic factor ranging
from 50-80 percent of cases. Strains isolate from UTT, like E. coli are known as uropathogenic
[1,2]. Among human, the most common bacteria that causes UTI is E. coli, K. pneumoniae, E.
faecalis, S. marcescens, P. aeruginosa, S. aureus S. saprophyticus and Proteus mirabilis [3]. The
prevalence of UTI in pediatrics has been high in Asian countries. The frequency of UTI
reported in Nepal at different time from different areas that were 15.88% and 57% [4]. Another
study conducted in India, 48% prevalence shown [5] and in Nigeria, the incidence of UTI
among adolescents and children was 11.9% [6]. Study in Kenya on the contribution of UTI to
the burden of febrile diseases in young children reported a proportion of approximately 11.9%
[7]. Different studies are conducted in different research groups in Ethiopia. The results
among pediatric patients at referral hospital of Hawassa showed that the UTI prevalence was
27.5% [8]. UTI is a major concern for women in particular; almost 50% of women get at least
one UTI in their lifespan and about 25% of those will have one or more repeated infections [9].
UTI status has been not described in Mongolia, but 60.3% of all patients with chronic pyelone-
phritis were females between 20 and 40 years of age [10]. The main cause of community-
acquired UTIs (70-95%) and a large portion of nosocomial UTIs (50%) are strains of uro-
pathogenic Escherichia coli (UPEC), responsible for major medical costs and morbidity world-
wide [11].

Escherichia coli is the main etiological agent responsible for all UTIs with 70-90% [12].
Microbes create such situation in which they can damage healthy body in time through gene
transfer mechanisms and supported as the amount of pathogenicity-associated islands [13]. In
microbial ecology, identification of bacterial species widely used to determine the biodiversity
of environmental samples and to diagnose infected patients through medical microbiology.
Bacteria can be classified using conventional methods of microbiology, such as microscopy,
specific media growth, biochemical and serological testing, and assays of antibiotic sensitivity.
Molecular methods of microbiology have revolutionized bacterial identification in recent
decades. 16S (rRNA) gene sequencing is a popular method. This method is not only faster and
more accurate than conventional methods, but also enables to identify the strains which are
difficult to grow under laboratory conditions. In addition, strain differentiation at the molecu-
lar level allows discrimination between phenotypically identical bacteria [14].

Molecular and genetic research approaches have been used mostly for phylogenetic rela-
tionships between various bacteria using different genomic regions. The comparative analysis
of different rRNA genes are routinely used to study the phylogenetic diversity of different bac-
terial species due to their highly conserved nature and ease of amplification [15]. The 16S
rRNA gene sequence comparison, however, has become a gold standard genetic technique for
differentiating different species, identifying unknown bacteria, and comparing the genetic
relationship between isolates, thus grouping closely related organisms into clonal complexes
[16]. UTI and antibiotic resistance is a major concern and less knowledge is available in the
studied population therefore, this study was planned to conduce.

Materials and methods
Sample collection

The study population was drawn from patients suspected for UTI coming to Lady Reading
Hospital and private clinics / laboratories. A total of fifty early morning mid-stream urine
specimens were collected in sterile, dry, wide-mouth leak proof containers. The samples were
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labelled and instantly transported to the microbiology research laboratory at Abasyn Univer-
sity, Peshawar, for further processing. The authors have confirmed that this specific study was
reviewed and approved by Abasyn University, Peshawar review board (ethics committee)
before the study began. The written consent was taken which was documented and witnessed
by Abasyn University, Peshawar review board (ethics committee).

Inclusion and exclusion criteria

Male and female of all age, ethnic group and races were included in this study, in addition,
people who were diagnosed with UTTI in real time PCR laboratory while people not having
UTI or with other renal problem and infection were excluded from the study.

Macroscopic/ microscopic examination of urine

Urine samples were physically examined by swirling or inverting the bottles for the presence
or absence of cloudiness or turbidity. Turbidity indicated the presence of bacteria, proteins,
crystals, leucocytes, precipitation of urates (acids) or phosphates and carbonates (alkaline).

Culture media used

Different media were used for the culturing of samples i.e. Nutrient Agar, MacConkey Agar
Media and Cysteine Lactose Electrolyte Deficient (CLED) Agar [17].

Identification of isolates

To identify uropathogens morphologically and biochemically different identification tests
were used for their isolation. Colonies were identified after incubation at 37°C for 24-48 hours
using Gram staining, Biochemical Identification [18].

Molecular identification

Pure bacteria culture of nutrient agar was sent to Macrogen Company Korea for 16S rRNA
sequencing. The data were analyzed by using Finch TV software, version 1.4.0 (www.geospiza.
com) [19]. Codon-code aligner version 9.0.1 was used to obtain contig sequences [20]. The
contig sequences were compared to the reference 16S rRNA sequences at National Center for
Biotechnology Information (NCBI) database by using Basic Local Alignment Search Tool
(BLAST) algorithm. Phylogenetic tree was constructed based on the nucleotide sequences by
using Molecular Evolutionary Genetic Analysis (MEGA-7), version 10.2.2 (Build No.
10201106-x86_64) software [21].

Antibiotic susceptibility testing

Sensitivity test was done by the Rule of modified Kirby-Bauer disk diffusion method and Clini-
cal laboratory standard institute (CLSI) guidelines. According to the procedure followed by
Panthi et al., [22]. Discs containing the following antibacterial agents were used: Amoxicillin/
Clavulanate, Ciprofloxacin, Gentamicin, Cefuroxime, Ceftazidime, and Ampicillin, Nitrofur-
antoin against Gram negative bacteria and Amoxicillin/Clavulanate, Cloxacillin, Erythromy-
cin, Ceftriaxone, Gentamicin, Cefuroxime, Ceftazidime against gram positive bacteria.

Kirby Bauer disk diffusion method. The bacteria were collected having identical mor-
phology with almost 3 isolated colonies. Mannitol Salt Agar (MHA) were prepared for discs
diffusion method. It is then autoclaved for 15 min at 121°C. MHA media poured into sterilized
petri plates. Then all isolated colonies were picked up by sterile swab from fresh culture and
streaked on MHA plates for making more than one colony. Different antibiotics discs were
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used for checking susceptibility. Specific antibiotic discs placed through sterile forceps for each
specific species of culture at same distance. Finally, the plates incubated for 24 hours at 37°C
and zones of inhibition were measured in millimeter. According to the CLSI, 2020, the inter-
pretative chart which derived from the zones of inhibition of standard organisms were used
and the zone size of each antimicrobial agent was interpreted.

Results

In this study, totally 50 urine positive samples were obtained from Lady Reading Hospital
(LRH) and private clinics / laboratory at district Peshawar, Khyber Pakhtunkhwa (KP) Paki-
stan. Samples were collected from adult male and female and processed for identification on
the basis of gram staining, colony morphology and biochemical test.

Percentage on the basis of bacterial isolated species

There were 50 samples of patients suffering from UTI, which showed E.coli (58.0%), K. pneu-
moniae (28.0%), and S. aureus (14.0%) as shown in Fig 1.

Prevalence on the basis of gender. Total 20 positive isolates were recovered from male
while 30 urine specimens were positive from female patients as shown in Fig 2.

Colony characteristics of Isolated Bacteria on Cystine Lactose-Electrolyte-Deficient
(CLED) agar media. In our data, three bacterial isolates were observed with different colony
characteristic. E. coli observed with yellow opaque colonies with deeper yellow center, K. pneu-
moniae with yellow to whitish blue colonies very mucoid and S. aureus with pale to deep yel-
low colonies shown in Table 1.

Further these isolates were identified by different biochemical test such as oxidase, lactose
fermentation, indole, ureases, and citrate test for gram negative bacteria and catalase test and
mannitol fermentation for gram positive bacteria through bergey’s manual identification flow
charts. The results are summarized in Table 2.

Percentage

80%
70%

58%
60%
50%

W E.coli

40% - )
0 28% .pneumonia
30% S.aureus
20% 14%
10%
0%

E.coli K.pneumonia S.aureus

Fig 1. Percentage of bacterial species isolated from urine samples.

https://doi.org/10.1371/journal.pone.0262952.g001
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Percentage on base of gender

m Male

W Female

Fig 2. Gender base distribution of positive isolates.

https://doi.org/10.1371/journal.pone.0262952.9002

Molecular identification of isolated bacteria of urine samples

Among the 50 isolated samples, three different bacterial species were obtained (E. coli, K. pneu-
monia, and S. aureus). From these isolates samples No. Ai (05), Aii (23) and Bi (48) were further
evaluated for 16S rRNA sequencing through Macrogen, Korea. The results were submitted to
NCBI. After processing, accession numbers were allotted to the samples as given in Table 3.

Subsequently, phylogenetic tree were made with similar sequences by using neighbor join-
ing method for each isolated bacterial strain (Figs 3-5). The phylogenetic tree showed that Ai
(05) is 99% related to (NR 114042.1 E.coli strain NBRC 102203). Aii (23) is 99% similar to (NR
117686.1 K. pneumonia strain DSM 30104). Bi (48) is 90% related to (NR 113956.1 S. aureus
strain NBRC 100910).

The 16S rRNA sequences of Ai (05) (NR 114042.1 E. coli strain NBRC 102203), Aii (23)
(NR 117686.1 K. pneumonia strain DSM 30104) and Bi (48) (NR 113956.1 S. aureus strain
NBRC 100910), were submitted to NCBI (https://submit.ncbi.nlm.nih.gov/subs/genbank/) for
the allotment of accession number through web portal of NCBI. NCBI issued Accession num-
bers to the submitted sequences after proper processing as given in the Table 4.

Susceptibility pattern of isolated bacteria (E. coli) from UTI patients. In the study, total
8 antibiotics were checked for susceptibility of isolated bacteria (E.coli) for sensitivity and resis-
tivity. As a result, E.coli disclosed highest resistance towards ampicillin 90% and sensitivity
10% while least resistance was observed towards ofloxacin 14% and sensitivity 86%. The result

Table 1. Colony characteristic on CLED agar media.

Bacteria Colony characteristics

E.coli A yellow Opaque colonies with a slightly deeper yellow center
K. pneumoniae Yellow to whitish blue colonies very mucoid

S. aureus Yellow Pale to deep yellow colonies.

https://doi.org/10.1371/journal.pone.0262952.t001
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Table 2. Identification of gram negative and gram positive bacteria on basis of biochemical test.

Bacterial isolates Gram staining 'y =
58 2 = 2 g 2 H 5=
SE ok e3 sz gy £g =% =8
2 2 ¥ =3 £ =3 s £ 5
Z 2 =) 3 = = O ] S s
= =3
ol

29 E.coli -ve _ LF + NA _ NA NA

14 K. pneumoniae -ve _ LF _ NA NA NA NA

07 S. aureus +ve NA NA NA NA NA + +

Symbol: (-) negative, (LF) lactose fermentation, (NA) (+) positive, (NA) not applicable.

https://doi.org/10.1371/journal.pone.0262952.t1002

showed resistance towards other antibiotic such as amoxicillin (86%), ciprofloxacin (62%),
gentamicin (24%), ceftazidime (55%), cefuroxime (48%) and nitrofurantoin (35%). The sensi-
tivity of E.coli towards these antibiotics, amoxicillin, ciprofloxacin, gentamicin, ceftazidime,
cefuroxime and nitrofurantoin were reported 14, 38, 76, 45, 52 and 65% respectively. The
results are summarized as shown in Fig 6.

Susceptibility pattern of isolated bacteria (K. pneumoniae) from UTI
patients

Antibiotic susceptibility for k. pneumoniae was reported in which cefuroxime highest antibi-
otic resistance (85%) against K. pneumoniae with least sensitivity 15%. The resistance towards
amoxicillin, ciprofloxacin, gentamicin, ceftazidime, ampicillin and nitrofurantoin resulted 60,
45, 67,70, 75 and 30% respectively. The highest sensitivity observed towards nitrofurantoin
(70%), followed by amoxicillin (40%), ciprofloxacin (55%), gentamicin (33%), ceftazidime
(30%) and ampicillin (25%) as given in the Fig 7.

Susceptibility pattern of isolated bacteria (S. aureus) from UTI patients

The sensitivity and resistance of S. aureus was tested towards 7 different antibiotics, highest
resistance was found against erythromycin, cefuroxime and ampicillin which is 72% while
28% sensitivity was observed. The result showed highest sensitivity of S. aureus to ceftriaxone
(85%), followed by amoxicillin (43%), gentamicin (57%) and ceftazidime (57%). The resistance
against amoxicillin, gentamicin, ceftazidime and ceftriaxone found were 57, 43, 43 and 15%,
respectively as shown in the Fig 8.

Discussion

Urinary tract infection is a common infection in all age of groups caused by bacteria. The bac-
teria most responsible causing UTI known as uropathogenic such as E. coli, K. pneumoniae, E.
faecalis, S. marcescens, P. aeruginosa, S. aureus S. saprophyticus, and Proteus mirabilis. Simi-
larly, 50 urine positive sample were collected from both adult male and female genders.
Among which 20 positive isolates were from male while 30 from female patients. Our study

Table 3. NCBI Accession number strain abbreviation and other description of three isolates.

S. No. Description Strain Abbreviation NCBI Accession No.
1. E. coli Ai (05) MW451080
2. K. pneumoniae Aii (23) MW453025
3. S. aureus Bi (48) MW453043

https://doi.org/10.1371/journal.pone.0262952.t003
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— Cortig 05

—— NR 114042 1 Escherichia coli strain NBRC 102203 165 ribosomal RNA

— NR074902.1 Escherichia fergusonil ATCC 35489 165 ribosomal RNA

— NR026331.1 Shigella flexneri strain ATCC 29903 165 nbosomal RNA

— NR (0263321 Shigella dysentenae strain ATCG 13313 165 ribosomal RNA

NR 104826.1 Shigella sonnei strain CECT 4887 165 ribosomal RNA

NR 027549.1 Escherichia ferqusoni ATCC 35469 165 ribosomal RNA

NR 136472 1 Escherichia marmotae strain HT073016 165 ribosomal RNA
NR 104901.1 Shigella boydi strain P288 165 ribosomal RNA
— NR 114079 1 Escherichia ferqusonil strain NBRC 102419 165 ribosomal RNA

Fig 3. Phylogenetic tree of E. coli (Ai 05).

https://doi.org/10.1371/journal.pone.0262952.9003

— NR 025569.1 Escherichia albertii strain Albert 19982 165 ribosomal RNA

showed similarities with Asadi Manesh et al., [23] that highest prevalence was found in female
than male In a relevant study samples screened from UTI patients. In an another study Taye,
et al., [24] was checked the prevalence on the basis of UTI factors, bacterial isolates and antibi-
otic susceptibility which is similar to our work.

The outcome of the phylogenetic tree was created with similar sequences by using the

neighbor joining method for each isolated bacterial strain from the phylogenetic tree showed
that Ai (05) is 99% closely related to E. Coli (NR 114042.1 E.coli strain NBRC 102203) Aii (23)
is 99% closely related to K. pneumoniae (NR 117686.1 K. pneumonia strain DSM 30104). Bi
(48) is 96% closely related to S. aureus (NR 113956.1 S. aureus strain NBRC 100910). The phy-
logenetic tree of both studies showed similarities with the study of Mohammed et al. [25]. The

— NR 1176884.1 Klebsiella pneumoniae strain DSM 30104

—— NR 117683.1 Klebsiella pneumoniae strain DSM 30104
MR 1176851 Klebsiella pneumoniae strain DSM 30104

MR 1176861 Klebsiella pneumoniae strain DSM 30104

MR 119278.1 Klebsiella pneumoniae strain ATCC 13883
contig 23(79)

— NR 117682 .1 Klebsiella pneumoniae strain DSM 30104
— MR 036794.1 Klebsiella pneumoniae strain DSM 30104

— NR 114715.1 Klebsiella pneumoniae strain DSM 30104
— NR 1137021 Klebsiella pneumoniae strain MERC 14940

—— NR 113240.1 Klebsiella pneumoniae strain JCM 1662

Fig 4. Phylogenetic tree of K. pneumoniae (Aii, 23).
https://doi.org/10.1371/journal.pone.0262952.g004
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— NR 024665 1 Staphylococcus caprae strain ATCC 35538

— NR 1134031 Staphylococcus saccharolyticus strain JCM 1768

NR 027519 1 Staphylococcus capitis subsp. realyticus strain HAW 8436
NR 132590.1 Staphylococcus pefrasil subsp. craceilyticus stran MCG10046

— NR 037007 2 Staphylococcus aureus strain 33
— NR 118997 2 Staphylococcus aureus strain ATCG 12500

NR (043146.1 Staphylococcus simiae CCM 7213
NR (36828 1 Staphylococcus aureus subsp. anaerobius strain MVF-7

Fig 5. Phylo,

NR 113956.1 Staphylococcus aureus sirain NBRG 100910
contig 48
— NR 1156061 Staphylococcus aureus strain ATCC 12500

genetic tree of S. aureus (Bi, 48).

https://doi.org/10.1371/journal.pone.0262952.9005

results of the phylogenetic analysis revealed compatibility values more than 98-99% of prox-
imity and the genetic dimension among themselves in the world.

Phylogenetic trees were created with similar sequences by using BLAST method for each
isolated bacterial strain. The phylogenetic tree exposed that Ai (05) is 99.25% closely related to
E. coli (NR 114042.1 E. coli strain NBRC 102203). Aii (23) is 99% closely related to K. Pneumo-
niae, Bi (48) is 96% closely related to S. aureus. The phylogenetic tree of showed similarities
with the previous study [26-28] who find out bacteria in urine samples from UTI patients by
16S rRNA gene sequencing. The outcome of our study was sensitivity and resistance of S.
aureus, tested towards 7 different antibiotics, highest resistance found against erythromycin,
cefuroxime and ampicillin. The highest sensitivity of S. aureus ceftriaxone 85% and displayed
highest antibiotic resistance against K. pneumoniae with least sensitivity in this study. The
resistance towards amoxicillin, ciprofloxacin, gentamicin, ceftazidime, ampicillin and nitrofur-
antoin resulted in 60, 45, 67, 70, 75 and 30% respectively. The highest sensitivity was observed
towards nitrofurantoin (70%), followed by amoxicillin (40%), ciprofloxacin (55%), gentamicin
(33%), ceftazidime (30%) and ampicillin 25%. Both studies showed variation due to some

Table 4. The E. value, similarity and other description of three isolates.

Description g

£

]

=

<)

St

=

=

<

=

‘=

&

)
E. coli Ai (05)
K. pneumonia Aii (23)
S. aureus Bi (48)

https://doi.org/10.1371/journal.pone.0262952.t1004

Query cover (%)
E. value
Identity (%)
Accession No.

99% 0.0 99% MW451080
99% 0.0 99.59% MW453025
96% 0.0 90% MW453043
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Fig 6. Susceptibility pattern of E.coli towards antibiotics.
https://doi.org/10.1371/journal.pone.0262952.9g006

environmental factors. The find out of our results closely related with the study of Mubanga
et al. [29] which were study on clinical symptoms of UTI patients through chemistry and
microscopy and urine culture. The use of antibacterial drugs are usually helpful to control UTI
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Fig 7. Susceptibility pattern of K. pneumoniae towards antibiotics.

https://doi.org/10.1371/journal.pone.0262952.9007
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Fig 8. Susceptibility pattern of S. aureus towards antibiotics.

https://doi.org/10.1371/journal.pone.0262952.9008

bacteria but there are also harmful effects which may leads towards serious and chronic condi-
tions of urinary tract infection [30-35].

Conclusion

The study concludes that participants suffering from UTI showed high growth of E. coli, fol-
lowed by K. pneumoniae, and S. aureus. Phylogenetic study shows that sequences are closely
linked and useful as they provide the similarities and differences among the isolates. The anti-
biotic susceptibility profiling revealed that E. coli and S. aureus are most resistant towards
most of the commercially available antibiotics.
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