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Urinary tract comprises of kidney, ureter, urethra and genital organ and under normal circumstances
these organs are sterile. Inflammation of these organ and parts may indicate the possibility of Urinary
Tract Infection (UTI). It may be due to the colonization of wide range of bacteria either from normal
microflora that is Escherichia coli or from other Gram negative or Gram positive bacteria. The present
study was carried out to determine the prevalence of urinary tract infection in children and adolescents
of hilly areas of Garhwal region of Uttarakhand, India. The sample collection was done from April 2013
to December 2013 from the Out Patient Department (OPD) and In Patient Department (IPD) of Hemvati
Nandan Bahuguna Base Hospital, Srinagar Garhwal at an average height of 560 m (1837 ft) above sea
level at foothills of Himalayas. Clean voided mid-stream urine samples were collected in sterile
universal containers from 76 children of age group 0 to 10 years and 129 adolescents of age group 11 to
20 years. Bacterial counts greater than or equal to 1x10° CFU/mL in culture plates were taken as
positive, which was an indication of UTI as introduced by Kass. Colony morphological characteristics
were used for identification of bacterial isolation followed by Gram’s staining and biochemical tests.
Our study showed a high prevalence of E. coli as the most dominant bacteria causing UTI in children
and adolescents of hilly Garhwal region of Uttarakhand.

Keywords: Urinary tract infection (UTI), coagulase negative staphylococcus (CoNS), outdoor patient
department (OPD), indoor patient department (IPD).

INTRODUCTION

Urinary tract infection (UTI) is one of the commonest their lifetime (Foxman et al., 2000; Foxman, 2002; Al-
conditions encountered by medical practitioners (Najar et Badr and Al-Shaikh, 2013). Worldwide, about 150 million
al., 2009) and women (Fry, 1969; Royal College, 1995; people (Brumbaugh and Mobley, 2012; Stamm and
Car, 2006; Nicolle et al., 2006). It was estimated that 60% Norrby, 2001) are diagnosed with UTI each year, costing
of all women reported usually have UTI at least once in in excess of 6 billion dollars (Gonzalez and Schaeffer,
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1999). Among both outpatients and inpatients,
Escherichia coli is the most common isolate, accounting
for 75 to 90% of uncomplicated UT]I isolates (Junuzovic et
al., 2014; Uzunovi¢, 2009; Gupta et al, 2001).
Staphylococcus saprophyticus, Klebsiella sp., Proteus
sp., Enterococcus sp. and Enterobacter sp. are
organisms less commonly isolated from outpatients
(Hooton, 2012; Smith, 2002). It is the common practice of
medical practitioner and health officer to prescribe broad
spectrum antibiotics on the empirical basis before the
final bacteriology that is, antibiotic sensitivity results
become available. Therefore, it is essential to have area-
specific  monitoring  studies to document the
microorganisms causing UTI and their antimicrobial
susceptibility is important for helping the selection of an
effective empirical treatment (Smith and Coast, 2002).
UTIs are often treated with different broad-spectrum
antibiotics when commonest or narrow spectrum
antibiotics activity may be appropriate because of
concerns about infection with resistant organisms (Daoud
and Afif, 2011). Fluoroquinolones are preferred as initial
agents for empiric therapy of UTI in area where
resistance is likely to be of concern (Schaeffer, 2002;
Biswas et al., 2006). This is because they have high
bacteriological and clinical cure rates, as well as low
rates of resistance, among most common uropathogens
(Goldstein, 2000; Gupta et al.,, 2002). Kulkarni et al.
(2017) analyzed 1000 urine samples from a Tertiary Care
Hospital of North Eastern Karnataka in which 395 cases
were culture-positive for Escherichia coli. These isolates
were also tested for antibiotic susceptibility by disk
diffusion method. Majority of E. coli isolates are multi
drug resistance (MDR) and show resistance to most
commonly used antibiotic which was used to treat UTI.
The resistance pattern of community acquired UTI
pathogens has not been studied extensively (Goldstein,
2000). The extensive uses of antimicrobial agents have
invariably resulted in the development of antibiotic
resistance, which, in recent years, has become a major
problem worldwide (Kumar et al., 2006). The etiology of
UTI and the antibiotic resistance of uropathogens have
been changing over the past years, both in a community
and nosocomial or hospital acquired infection (Manges et
al., 2006; Kahan et al., 2006). However, there is need for
study on etiology and resistance pattern of community
acquired UTls in India. This retrospective study was done
to compare the frequency and drug resistance pattern in
uropathogens isolated from patients with UTls in Garhwal
region, India. The diagnosis and treatment of UTI in
children have been considered to be particularly
important due to both short term and long term sequelae.
UTI is one of the causes of serious bacterial illness in
infants requiring hospital admission and has been
associated with significant morbidity (Doern and
Richardson, 2016). UTI has also been thought to
associate with the development of renal scarring and
later to renal failure, hypertension, and pre-eclampsia
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(Byington et al., 2003).

MATERIALS AND METHODS
Study population

Urine samples were collected from a total of 205 patients in which
76 children and 129 adolescents between the ages of 0 to 20 years,
0 tol10 years children and 11 to 20 years (adolescents) - during the
period of April 2013-December 2013. All these persons were IPD
and OPD patients visiting the H.N.B. Base Hospital, Srikot
Ganganali, Srinagar Garhwal, Uttarakhand. For the collection of
urine from patients the following exclusion criteria were used: 1.
sample in non-sterile container; 2. samples of patients on antibiotics
were excluded from the study.

Sterilization of media and materials

The media used for the experiments were nutrient agar (NA),
MacConkey agar (MCA), blood agar (BA) and Muller Hinton agar.
All medium were purchased from Hi Media laboratory Ltd. All
glassware and media was sterilized by autoclaving at 121 Ibs for 15
min before setting an experiment.

Urine sample collection

Clean catch mid-stream urine specimens were obtained from
patients in sterile universal containers which were given to their
parents/attendant for collections and transported to the laboratory
immediately for urine analysis.

Isolation of uropathogens from urine samples

Ten-fold serial dilutions were made by transferring 1.0 ml of the
sample in 9.0 ml of sterile normal saline (0.85% NacCl); 1 ml was
then added into molten nutrient agar in Petri dishes and rotated
gently to mix. The contents were allowed to set and the plates were
then incubated at 37°C for 24 h. Bacterial colonies appearing on the
plates after the incubation period were enumerated to determine
urine samples with significant bacteriuria. A loop full of each urine
sample was also streaked on MacConkey agar and blood agar
plate for the isolation of the bacteria present in the urine. After
incubation, plates with growth were selected, the colonies were
isolated using an inoculating loop and subsequently sub-cultured on
agar slants for use in further tests.

Bacterial identification

Bacterial isolates were identified and characterized on the basis of
Grams stain followed by a microscopic examination, motility test
and other conventional biochemical tests such as catalase,
oxidase, IMVIC, urease, H»S production, TSI etc. (Chandra et al.,
2016).

Antibiotic sensitivity test

Antimicrobial sensitivity testing was done by using the agar disc
diffusion method as described by Bauer et al. (1966). The turbidity
of the bacterial suspension was compared with 0.5 MacFarland’s
standard. The standardized bacterial suspension was then swab-
inoculated onto Muller Hinton agar using sterile cotton swabs, and
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Table 1. Organism isolated for urinary tract infection in children.

Count value number (%)

Organism isolated

Male Female Total
Sterile 19 (25) 17 (22.4) 36 (47.4)
Escherichia coli 10 (13.2). 9(11.8) 19(25.0)
Klebsiella spp. 1(1.3) 3(3.9) 4 (5.3)
Citrobacter spp. 1(1.3) 1(1.3) 2 (2.6)
Proteus mirabilis 0 (0) 1(1.3) 1(1.3)
Acinetobacter spp. 1(1.3) 1(1.3) 2(2.6)
Staphylococcus aureus 0 (0) 2 (2.6) 2 (2.6)
CoNS 1(1.3) 3(3.9) 4(5.2)
Enterococcus spp. 0 (0) 2(2.6) 2(2.6)
Candida albicans 1(1.3) 1(1.3) 2(2.6)
Candida non-albicans 2(2.6) 0(2.6) 2 (2.6)
Total 36 (47.4) 40(52.6) 76 (100)

then left to dry for 10 min before placing the antimicrobial sensitivity
discs. Antibiotics impregnated discs of 6 mm in diameter were used
for the test. Discs containing the following antibacterial agents were
placed onto the agar surface and incubated for 18 to 24 h.
Thefollowing antibiotics were used for antibiotic sensitivity testing

ampicillin,  amoxicilin-clavulanic  acid, amikacin, cefazolin,
cefotaxime, cefuroxime, chloramphenicol, co-trimoxazole,
oxacillin/cephoxitin,  ciprofloxacin,  erythromycin,  gentamicin,
netilmicin,  penicillin,  tetracycline,  piperacillin  tobramycin
nitrofurantoin aztreonam, cefoperazone- sulbactum, cefepime,
clindamycin, meropenem, rifampicin, ticarcillin-clavulanic acid,
linezolid, teicoplanin, piperacillin- tazobactam polymixin-B,

azithromycin, colistin and vancomycin. All antibiotic used for
antibiotic sensitivity were purchased from HiMedia laboratory Ltd,
India. After incubation, the diameter of the zone of inhibition was
measured and compared with a zone diameter interpretative chart
from HiMedia to determine the sensitivity/resistance of the isolates
to the antibiotics. The procedure is intended for in vitro susceptibility
testing of common rapidly growing and certain fastidious bacterial
pathogens (Colle et al., 1996).

RESULTS

The results obtained from data analysis are represented
in the following tables. Table 1 shows the microorganism
responsible for causing UTI in children. For the children
of age group 0 to 10 years, the most prevalent bacteria
responsible for urinary tract infection is E. coli followed by
Klebsiella sp. and coagulase negative Staphylococcus
(CoNS).

It was evident from Table 1 that the organism highly
responsible for urinary tract infections in children is E.
coli; it is a causative organism of UTI in 13.2% male and
11.8% female children, which is 25% approximate of all
the isolates. The other pathogens which were isolated in
the urine sample in children population 0 to 10 year(s)
age group, are Citrobacter sp. (2.6%), Candida albicans
(2.6%), Candida non-albicans (2.6%), Acinetobacter sp.
(2.6%) and Enterococcus sp. (2.6%).

The Klebsiella spp. is responsible in 5.3% children

Table 2. Organism isolated from urinary tract infection of
adolescents.

Count value number (%)

Organism isolated

Male Female Total
Sterile 29 (22.5) 39 (30.2) 68 (52.7)
Escherichia coli 3(2.3) 20 (15.5) 23 (17.8)
Klebsiella spp. 1(0.8) 3(2.3) 4 (3.1)
Citrobacter spp. 1(0.8) 0 (0) 1(0.8)
Proteus mirabilis 2(1.6) 0(0) 2(1.6)
Acinetobacter spp. 1(0.8) 3(2.3) 4 (3.1)
Staphylococcus aureus 1(0.8) 5(3.9) 6 (4.7)
CoNS 6 (4.7) 5 (3.9) 11 (8.6)
Enterococcus 2(1.6) 1(1.6) 3(2.3)
Candida albicans 0 (0) 3(0) 3(2.3)
Candida non albicans 0 (0) 1(0) 1(0.8)
Candida spp. 0 (0) (20) 1(0.8)
Mixed growth 0 (0) 2 (0) 2(1.6)
Total 46 (35.7) 83 (64.3) 129 (100)

population (1.3% male and 3.9% female) for causing
urinary tract infections, which is highest after E. colj;
CoNS is responsible for causing urinary tract infections in
5.2% (1.3% male, 3.9% female) while the Citrobacter sp.
is responsible for causing urinary tract infections only in
1.3 and 2.6% children population.

Table 2 shows the organism isolation in adolescent
population that is, 11 to 20 years (age group). The main
responsible organisms for causing the urinary tract
infection among adolescents population was found to be
E. coli. It was evident from the above table that the
organism highly responsible for urinary tract infections is
E. coli, meaning that it is the main pathogen for UTI in
2.3% male and 15.5% female adolescents, which is
approximately 17.8%. The other bacteria isolated in the
samples responsible for causing the wurinary tract
infections in the adolescent population are CoNS (8.6%),
Staphylococcus aureus (4.7%), Klebsiella sp. (3.1%),
Enterococcus (2.3%) and C. albicans (2.3%).

The second highly responsible organism for causing
UTI in adolescent population was found to be CoNS
which caused infection in 8.6% population and third
prevalent organism for causing urinary tract infections
was found to be S. aureus, which is responsible for
affecting 4.7% population.

The antibiotic sensitivity pattern in children and
adolescents in Garhwal region is shown in Table 3. On
the basis of antibiogram, it was observed that
ciprofloxacin (19, 25%), co-trimoxazole (17, 22%),
cefazolin (17, 22%), cefuroxime (17, 22%), amoxicillin-
clavulanic acid (16, 21%), cefotaxime (16, 21%),
ampicillin (15, 20%), gentamycin (13, 17%), ticarcillin-
clavulanic acid (10, 13%), cefepime (9, 12%), and
aztreonam (5, 7%) antibiotics are highly resistant in case
of children, who are of 0 to 10 years age group. The drug
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Table 3. Drug sensitivity pattern in children and adolescents for UTI isolates.

0-10 Years (children)

11-20 Years (adolescents)

Drug

R S NR R S NR
Ampicillin 15 1 60 18 6 105
Amoxicillin-clavulanic acid 16 3 57 21 18 90
Amikacin 5 16 55 8 33 88
Cefazolin 17 2 57 19 9 100
Cefotaxime 16 6 54 24 8 97
Ceftazidime 3 0 73 6 2 121
Cefuroxime 17 2 57 17 7 105
Chloramphenicol 1 5 70 4 8 117
Co-trimoxazole 17 9 50 25 12 92
Oxacillin/Cephoxitin 1 1 74 1 1 127
Ciprofloxacin 19 6 51 26 15 88
Erythromycin 3 3 70 7 5 117
Gentamicin 13 17 46 20 20 89
Netilmicin 0 2 74 1 3 125
Penicillin 1 2 73 1 2 126
Tetracycline 1 0 75 0 0 129
Piperacillin 1 1 74 2 0 127
Tobramycin 0 2 74 0 0 129
Nitrofurantoin 2 22 52 7 24 98
Aztreonam 5 10 61 15 10 104
Cefoperazone- sulbactum 2 17 57 5 19 105
Cefepime 9 7 60 10 8 111
Clindamycin 2 4 70 2 7 120
Meropenem 2 18 56 4 18 107
Rifampicin 2 3 71 0 3 126
Ticarcillin-clavulanic acid 10 3 63 18 4 107
Linezolid 1 4 71 1 5 123
Teicoplanin 0 4 72 1 7 121
Piperacillin- tazobactam 4 18 54 5 20 104
Vancomycin 1 5 70 0 6 123
Azithromycin 1 2 73 0 1 128
Colistin 0 0 76 0 0 129
Polymixin-B 0 0 76 0 0 129

R-Resistance; S, sensitive; NR, No response.

which was found effective against uropathogens isolated
from children was nitrofurantoin (22, 28.9%), meropenem
(18, 23.68%), piperacillin- tazobactam (18, 23.68%),
cefoperazone-sulbactum (17, 22%), gentamicin (17,
22%), amikacin (16, 21%), aztreonam (10, 13.15%) and
co-trimoxazole (9, 12%).

As far as adolescent population is concerned, the
adolescent population showed high resistance for the
drugs ciprofloxacin (26, 20.15%), co-trimoxazole (25,
19.37%), cefotaxime (24, 18.60%), amoxicillin-clavulanic
acid (21, 16.27%), gentamycin (20, 15.50%), cefazolin
(19, 14.72%), ampicillin (18,13.95%)), ticarcillin-clavulanic
acid (18, 13.95%), cefuroxime (17, 13.17%), aztreonam
(15, 11.62%) and cefepime (10, 77.51%). For the

sensitivity for the drugs against uropathogens in the case
of adolescent group, it was found that the adolescent
population showed their sensitivity for the drugs amikacin
(33, 25.58%), nitrofurantoin (24, 18.60%), piperacillin-
tazobactam (20, 15.50%), gentamicin (20, 15.50%),
cefoperazone- sulbactum (19, 14.72%), amoxicillin-
clavulanic acid (18, 13.95%), meropenem (18, 13.95%),
ciprofloxacin (15, 11.62%), co-trimoxazole (12, 9.30%),
and aztreonam (10, 7.75%).

It was also observed that there are some drugs for
which the adolescent population has shown their
resistance as well as sensitivity, meaning that there are
some common drugs for which the population has
showed their resistance and at the same time they also
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showed their sensitivity to the same drugs, applied
against the urinary tract infection causing bacteria (Table
3).

DISCUSSION

The study was undertaken to determine the incidence of
urinary tract infection in children and adolescents as well
as to evaluate the bacterial agents involved in this UTI.
Out of the 76 patients in children group that participated
in this study, pathogens were isolated only in 40 (17
males and 23 females, 52.63%) urine samples while 36
(19 male and 17 females, 47.37%) urine samples were
sterile and out of 129 patients in adolescent group that
participated in this study, pathogens were isolated only
from 61(17 males and 44 females, 47.28%) urine
samples, while in 68 (29 male and 39 females, 52.71%)
urine samples, no pathogen could be isolated.

A large number of microorganisms were isolated from
female patients with high bacteria count. This study
shows a higher incidence of urinary tract infection in
females than males. In this study, 22.36% males and
30.26% of females had positive urine cultures in 0 to 10
years age group, while in 11 to 20 years age group, 17
males (13.17%) and 44 females (34.10%) had positive
urine cultures. This is similar to those obtained by other
studies. Anochie et al. (2001) reported a predominance of
female patients in a study carried out to determine the
influence of instruction on the method of urine collection
and storage on the prevalence of urinary tract infection.
Similar findings were reported by Olowu (1996). The
higher incidence of urinary tract infections in females is a
result of a variety of factors, such as the close proximity
of the female urethral meatus to the anus (Lipsky, 1990).
Short incomplete urethra and in coordinate voiding of
urine in school girls often leads to infection of the urinary
tract (Mond et al., 1970). Alterations in vaginal microflora
also play a critical role in encouraging vaginal
colonization with coliforms and this can lead to urinary
tract infection (Hooton et al., 1997).

The pattern and frequency occurrence of the bacterial
isolates found in this study are similar to those reported
by other workers. Alausa and Onile (1984) reported in
their study that E. coli were the most commonly isolated
pathogen in significant bacteriuria. The findings of
Bishara et al. (1997) in Israel agreed with this statement.
They reported that E. coli were responsible for 52% of
cases of urinary tract infection and Klebsiella spp. (14%)
and Enterococcus spp. in 4%. A higher percentage of the
organisms found in this study were isolated mainly from
females. The pattern reported in this work is similar to
that reported by Okafor et al. (1993) in which 20.7% of
case of urinary tract infection was reported in males. The
result of this study shows that 47% of the isolates were
sensitive to amoxicillin, 33.3% to cotrimoxazole, 50% to
nitrofurantoin 30.6% to colistin, 63.9% to gentamicin,

77.8% to ciprofloxacin and 97.1% to ofloxacin.
Prevalence of high number of E .coli that is, 67% was
also reported by Yilmaz et al. (2016) and resistance rates
of E. coli to antimicrobial agents was for ampicillin was
66.9%, cefazolin, 30.9%, cefuroxime, 30.9%, ceftazidime,
14.9%, cefotaxime, 28%; cefepime, 12%; amoxicillin-
clavulanic acid, 36.9%; trimethoprim-sulfamethoxazole
(TMP-SXT), 20%,; ciprofloxacin, 49.9%; amikacin, 0.3%;
gentamycin, 24%; nitrofurantoin, 0.9%, and fosfomycin
4.3%. They reported no resistance to imipenem or
meropenem and the frequency of ESBL-producing E. coli
strains was 24%.

Sorl6zano-Puerto et al. (2017) reported similar finding
in which the most prevalent bacterial species was E. coli
which account for 60.3% of isolated uropathogens,
followed by E. faecalis (22.4%) and Klebsiella spp.
(6.5%). The highest E. coli susceptibility rates (>90%)
were for piperacillin-tazobactam, cefuroxime, cefotaxime,
ceftazidime, imipenem, gentamicin, nitrofurantoin, and
fosfomycin, and the lowest were for amoxicillin-clavulanic
acid and cotrimoxazole. They also suggested that empiric
treatment with amoxicillin-clavulanic acid, cotrimoxazole,
cephalosporins, and gentamicin may be inadequate due
to their limited activity against uropathogens. The
antibiotic sensitivity test of this study shows that
ciprofloxacin for 0 to 10 years (19, 25%) and 11 to 20
years ( 26, 20.15%) was the most resistant antibiotic in in
vitro testing followed by co-trimoxazole for age 0 to 10
years (17, 22%) and age 11 to 20 years (25, 19.37%). A
reduced sensitivity to nitrofurantoin was observed in this
study as opposed to the findings of Goldraichi and
Manfrori (2002), who reported a higher efficacy of the
drug against E. coli in vitro. They reported sensitivity of E.
coli to nitrofurantoin of 92, 95 and 94%, respectively over
a three year period. Olowu and Oyetunji (2003) reported
a 57.9% sensitivity of pathogens towards nitrofurantoin.
The most sensitive antibiotic in this study was Amikacin
in 11 to 20 years age group and nitrofurantoin for 0 to 10
years age group followed by nitrofurantoin for age 11 to
20 years and meropenem and piperacillin- tazobactam
for age 0 to 10 years, respectively.

In conclusion, this study specifies the incidence of
urinary tract infection in children and adolescents. It also
highlighted the major bacterial agent involved in this
condition. The pattern of isolates reported in this study is
consistent with the usually reported pattern, with E. coli
being the most common organism isolated in cases of
urinary tract infection. This was followed by Klebsiella
spp., P. mirabilis, E. faecalis and P. aeruginosa. This
study shows a high level of resistance to ciprofloxacin
(19, 25%), co-trimoxazole (17, 22%), cefazolin (17, 22%),
cefuroxime (17, 22%), amoxicillin-clavulanic acid
(16,21%), cefotaxime (16, 21%), ampicillin (15,20%),
gentamicin (13, 17%), ticarcillin-clavulanic acid (10,
13%), cefepime (9, 12%), aztreonam (5, 7%) antibiotics
in 0 to 10 years age group and ciprofloxacin (26,
20.15%), co-trimoxazole (25, 19.37%), cefotaxime (24,
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18.60%), amoxicillin-clavulanic acid (21, 16.27%),
gentamycin (20, 15.50%), cefazolin (19, 14.72%),
ampicillin - (18,13.95%), ticarcillin-clavulanic acid (18,
13.95%), cefuroxime (17, 13.17%), aztreonam (15,
11.62%), cefepime (10, 77.51%) in 11 to 20 years age
group, as such, these antimicrobials may not be suitable
for treating case of UTI in this locality.

However, a large proportion of the isolates were
sensitive to nitrofurantoin (22, 28.9%), meropenem (18,
23.68%), piperacillin- tazobactam (18, 23.68%),
cefoperazone-sulbactum (17, 22%), gentamycin (17,
22%), amikacin (16, 21%) and co-trimoxazole(9,12%) in
0 to 10 years age group and amikacin (33, 25.58%),
nitrofurantoin (24, 18.60%), piperacillin-tazobactam (20,
5.50%), gentamicin (20, 15.50%), cefoperazone-
sulbactam (19, 14.72%), amoxicillin-clavulanic acid (18,
13.95%), meropenem (18,13.95%), ciprofloxacin (15,
11.62%), co-trimoxazole (12, 9.30%), aztreonam (10,
7.75%) in 11 to 20 years age group, and should be
considered as first line drugs for treating cases of urinary
tract infection in this Garhwal region. Ciproflaxin and co-
trimoxazole are however best avoided in both groups
children as well as in adolescents.

Since urinary tract infection may be asymptomatic in
most cases (as this study has shown), it is therefore
suggested that routine screening of patients of Pyrexia of
unknown origin (PUO) be done for urinary tract infection
and the appropriate antimicrobials administered after
antibiotic sensitivity tests have been carried out in order
to prevent the cases becoming symptomatic later with
resultant renal damage.
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