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ABSTRACT
Introduction: Urinary tract infections (UTIs) are an increasing public health problem caused by
a range of uropathogens. UTI is a major health concern among tribal women due to lack of ad-
equate health facilities at regional public health centers and district hospitals. The objective of
the study was to investigate the prevalence and antibiotic susceptibility of bacteria isolated from
urine samples of tribal women suffering from UTI. Urine samples were collected from 550 tribal
women who visited the Outpatient Department (OPD) of the District Hospital of Anuppur, Mad-
hya Pradesh, India. Methods: The samples were cultured on different selective and differential
media and identified by colony morphology, Gram staining and biochemical tests. Results: Out
of 550 urine samples, 360 (65.45%) were culture-positive and 190 (34.55%) were culture-negative.
Klebsiella pneumoniae, Proteusmirabilis, Escherichia coli & Pseudomonas aeruginosa have been iden-
tified as major uropathogens. K. pneumoniae is the most prevalent bacteria followed by P. mirabilis,
E. coli and P. aeruginosa. The drug sensitivity analysis of bacterial uropathogens was performed
against different antibiotics. The antibiotic susceptibility profiling showed that most of the isolates
of K. pneumoniae, P.mirabilis and E. coliwere resistant against penicillin (86.67-100%) and rifampicin
(72.73-97.67%). Conclusions: Gentamycin, kanamycin and streptomycin were the most active an-
tibiotics against the isolates of P. aeruginosa (76, 80 and 76%), P. mirabilis (76.62, 66.23 and 75.32%),
K. pneumoniae (55.81, 20.93 and 44.19%) and E. coli (50.48, 37.14 and 62.86%), respectively, andmay
be the drug of choice for treatment of UTI in this region at present.
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INTRODUCTION
Urinary Tract Infections (UTIs) are the most com-
mon infections, affecting almost 50% of the human
population, particularly women, at least once in their
lifetime1. It is one of the major causes of morbidi-
ties and discomfort among women, especially in de-
veloping countries. UTI is the third most common
infection in India, which affects women of all age
groups2. Acute and uncomplicated UTIs are most
commonly found in women and it has been estimated
that more than 60% of women have UTI at least once
in their lifetime1. It has also been reported that the
rate of UTI is 10.57% higher in sexually active fe-
males and teenage girls. Although different microbes
such asAcinetobacter baumannii, Citrobacter freundii,
Enterobacter aerogenes, Enterobacter cloacae, Entero-
coccus faecalis, Enterococcus faecium, Escherichia coli,
Klebsiella oxytoca, Klebsiella pneumoniae, Morganella
morganii, Proteus mirabilis, Proteus vulgaris, Provi-
dencia stuartii, Pseudomonas aeruginosa, Staphylococ-
cus saprophyticus, Streptococcus agalactiae and yeast

(Candida albicans) have been reported in UTIs, but
bacterial isolates are most prevalent3. The most com-
mon bacteria involved in UTIs are E. coli, K. pneumo-
niae and Staphylococcus aureus 4.
UTI may be treated easily on the identification of
causative bacteria followed by the analysis of antibi-
otic susceptibility pattern and prescription of suit-
able antibiotics5. The non-judicious use of an-
tibiotics without antibiotic susceptibility tests, self-
medication, overdose and misuse of antibiotics has
led to the development of antibiotic resistance, result-
ing in treatment failure6. According to the World
Health Organization report of 2014, increasing an-
timicrobial resistance is a global threat for public
health, especially in developing countries, such that
the problem must be dealt with high priority7.
The schedule tribes (STs) are the weakest section of
the Indian population from the economic and edu-
cational perspectives. In tribal societies, the women
are the main sufferers. The tribal women carry the
major burden of disease due to multiple factors such
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as poverty, illiteracy and lack of awareness, malnu-
trition, unhygienic habitat and superstitions. Due to
poor personal hygiene and sanitation, UTIs have be-
come widely prevalent among the tribal women. UTI
not only affects the quality of life of the women but is
a social stigma in less educated tribal societies.
The study herein aimed to investigate the bacteria as-
sociated with UTI and their antibiotic susceptibility
patterns among tribal women in District Anuppur,
Madhya Pradesh, India. The study will help in for-
mulating guidelines for establishing proper empirical
therapies for UTIs in this region.

MATERIALS - METHODS

Collection of Urine Specimens

The urine samples were collected from women hav-
ing symptoms of UTI, who visited the Out Patient
Department (OPD) of the District Hospital, Anup-
pur, Madhya Pradesh, India. To avoid contamination,
midstream urine was collected from suspected UTI
patients in sterile tubes and stored in the refrigerator
(4 0C) unit until use.

Quantitative analysis

Quantitative analysis of microbes in the urine sample
was determined as cfu/ml (colony forming units per
ml) by plate count method (spread plate technique)
on nutrient agar. Urine samples with significant bac-
terial growth (≥ 105cfu/ml) were considered to be
culture-positive and processed further. Samples with
no growth or growth ≤ 105Cfu/ml were considered
culture-negative8.

Isolation and identification of bacteria

Bacteria were isolated & identified using conventional
microbiological methods. Selective and differential
media (such as MacConkey, Hi Chrome UTI Agar
and Cetrimide Agar) were purchased from Hi-Media
(Mumbai, India) and were used for identification of
bacteria. Briefly, 0.01 ml of positive urine sample was
streaked aseptically on various selective and differen-
tial media. The plates were incubated aerobically at
37◦C for 24 hours. The uropathogens were tentatively
identified based on their growth in selective and dif-
ferential media, color generation, as well as colony
morphology. The individual colonies from the selec-
tive and differential media were further subcultured
to isolate the single pure culture of the selected bacte-
ria. The identity of the isolated pure culture was fur-
ther established by colony morphology, Gram stain-
ing and biochemical tests9.

Antimicrobial sensitivity test
The antimicrobial susceptibility of the isolated and
identified bacteria against the commonly prescribed
antibiotics was carried out by the Kirby-Bauer disk
diffusion method. Sterile Mueller-Hinton agar
(MHA) plates were prepared for this test. Using ster-
ile cotton swabs, the test organisms were inoculated
on MHA plates for preparing bacterial lawn. The cul-
tures were allowed to dry on the plate for 5-10 min-
utes at room temperature in laminar airflow. Discs
of selected antibiotics were placed on the surface of
the agar medium. The discs were gently pressed with
the help of sterile forceps for better contact and ef-
fective diffusion of the antibiotics into the medium.
The plates were incubated in an inverted position for
16-18 hours at 370C and the zone of inhibition was
measured for estimation of antibiotic sensitivity 10.
Drug sensitivity profilingwas assessed for each antibi-
otic as ‘Sensitive’, ‘Resistant’ or ‘Intermediate’, as per
the measured diameter of growth of inhibition zone
in millimeters (mm) as shown in Table 1, and as per
previously established methods11.

Antibiotics used for the study
The commonly prescribed antibiotics for the treat-
ments of UTI were selected for susceptibility test-
ing. The discs of gentamicin (GEN, 10 µg), ampicillin
(AMP, 10 µg), penicillin-G (P, 10 µg), kanamycin (K,
30 µg), streptomycin (S, 10 µg), norfloxacin (NX, 10
µg), nalidixic acid (NA, 30 µg), amoxicillin (AMC, 30
µg), rifampicin (RIF, 5 µg), chloramphenicol (C, 30
µg), co-trimoxazole (COT, 25 µg), tetracycline (TE,
30 µg) and ciprofloxacin (CIP, 5 µg) were procured
from Hi Media.

RESULTS
Quantitative analysis of urine culture
Out of a total of 550 urine samples collected for anal-
ysis, 360 (65.45%) were culture-positive with bacteri-
uria ≥ 105cfu/ml and 190 (34.55%) were culture-
negative with no growth or growth≤ 105cfu/ml.

Isolation and identification of 
uropathogens in selective and differential 
media
The bacteria from culture-positive samples were ten-
tatively identified based on specific color produced
on various selective and differential media. On Mac-
Conkey agarmedia, E. coli andK. pneumoniae showed
red/pink colonies while P. mirabilis and P. aeruginosa
were observed as colorless. On Hi Chrome UTI me-
dia, E. coli produced magenta color, K. pneumoniae
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Table 1: Interpretation of zones of inhibition for Kirby-Baurer antibiotic susceptibility test

Antibiotics Disc concn Diameter of growth inhibition zone (mm )

Sensitive Intermediate Resistant

Ampicillin (AMP) 10 mcg 14 or more 12 – 13 11 or less

Amoxicillin (AMC) 30 mcg 18 or more 14 – 17 13 or less

Chloramphenicol (C) 30 mcg 18 or more 13 – 14 12 or less

Co–trimoxazole (COT) 25 mcg 16 or more 11 – 15 10 or less

Ciprofloxacin (CIP) 5 mcg 18 or more 16 – 20 15 or less

Gentamicin (GEN) 10 mcg 15 or more 13 – 14 12 or less

Kanamycin (K) 30 mcg 18 or more 14 – 17 13 or less

Norfloxacin (NX) 10 mcg 17 or more 13 – 16 12 or less

Nalidixic acid (NA) 30 mcg 19 or more 14 – 18 13 or less

Penicillin-G (P) 10 mcg 29 or more 21 – 28 20 or less

Rifampicin (RIF) 5 mcg 20 or more 17 – 19 16 or less

Streptomycin (S) 10 mcg 15 or more 12 – 14 11 or less

Tetracycline (TE) 30 mcg 19 or more 15 – 18 14 or less

produced blue color, while P. mirabilis and P. aerugi-
nosa produced light brown and colorless colonies, re-
spectively. The Citramide agar was used for the selec-
tive culture of P. aeruginosa which showed yellowish
colored colonies. Single colonies were further isolated
and plated on the fresh selective and differential me-
dia, with Hi chrome UTI agar and Cetrimide agar be-
ing the most accepted conventional media with spe-
cific identifying color characteristics, for further con-
firmation of different uropathogens.

Identification of bacteria by Gram staining
and biochemical tests
The presumptively identified isolated bacteria in cul-
ture were further characterized by Gram staining, mi-
croscopic examination of colony, and specific bio-
chemical tests viz. catalase, IMViC (Indole, Methyl
red, Voges-Proskauer, and Citrate). The results are
summarized in Table 2.

Prevalence of different bacterial isolates in
urine samples
The uropathogens were isolated and identified from
360 culture-positive urine samples. K. pneumoniae (n
= 318) was the most prevalent isolate followed by P.
mirabilis (n = 240), E. coli (n = 141) and P. aerug-
inosa (n = 69) (Figure 1). The results also showed
the presence of polymicrobial culture growth, i.e. the
various combinations of bacteria belonging to differ-
ent genera, in urine culture. The combination of K.

pneumonia with P. mirabilis was most frequently iso-
lated (34.17%), followed by E. coli/K. pneumoniae/P.
mirabilis combination (17.50%) (Figure 2).

Figure 1: No. of bacterial isolates isolated from
Urine culture (n = 360).

Antimicrobial sensitivity profiling

Antibiotic sensitivity profile of E. coli

From the total isolates of E. coli, 63.81% were sen-
sitive to DNA replication inhibitor antibiotics nor-
floxacin, 62.86% were sensitive to streptomycin, and
50.48% were sensitive to gentamicin. E. coli showed
the highest resistance against RNA synthesis inhibitor
rifampicin (97.67%), followed by penicillin (86.67%),
co-trimoxazole (60.47%) and nalidixic acid (60.47%).
The percentage of isolates with intermediate sensitiv-
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Figure 2: Percentage (%) combination of different uropathogen isolated fromUrine culture (n = 360).

Figure 3: Antibiogram of isolates of E. coli (n = 144).
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Table 2: Gram staining, morphology and biochemical tests

Gram
Stain

Shape Colour of colony in various selective and
differential media

Biochemical Tests

S.No. Bacteria MacConkey Hi Chrome
UTI

Cetramide V M Cat I C

1 E. coli (-) Rod Red/Pink Magneta No growth (-) (+) (+) (+) (-)

2 K. pneumoniae (-) Rod Pink
(mucoid)

Blue No growth (+) (-) (+) (-) (+)

3 P. mirabilis (-) Rod Colourless Light
brown

No growth (-) (+) (+) (-) (+)

4  P. pseudomonas (-) Rod Colourless Colourless Yellow (-) (-) (+) (-) (+)

[Methyl red test (M), Indole test (I), Voges-proskauer (V), Citrate test (C), Catalase test (Cat), Positive (+), Negative (-)

itywere low formost of the antibiotics except for tetra-
cycline (44.19%) (Figure 3).

Antibiotic sensitivity profile of           
K. pneumoniae

From the total isolates of K. pneumoniae, 55.81%
were sensitive to protein synthesis inhibitor antibiotic
gentamicin, 48.84% to chloramphenicol, and 46.51%
to ciprofloxacin. K. pneumoniae showed the high-
est resistance against β -lactam antibiotic penicillin
(100%), followed by rifampicin (97.67%) and ampi-
cillin (72.09%). Most of the isolates were either sen-
sitive or resistant to the tested antibiotics. The num-
ber of isolates with intermediate sensitivity was very
low for most of the antibiotics except for tetracycline
(44.19%) (Figure 4).

Antibiotic sensitivity profile of P. mirabilis
From the total isolates of P. mirabilis, 76.62% were
sensitive to protein synthesis inhibitor antibiotic gen-
tamycin and 75.32% to streptomycin. Also, > 60%
isolates of P. mirabilis were sensitive to amoxicillin,
kanamycin, ampicillin and norfloxacin. P. mirabilis
showed the highest resistance against β -lactam an-
tibiotic penicillin (100%), followed by rifampicin
(72.73%) and nalidixic acid (55.84%). The inter-
mediate sensitivity of isolates was low for most of
the antibiotics except for co-trimoxazole (50.65%)
(Figure 5).

Antibiotic sensitivity profile of P. aeruginosa
P. aeruginosa isolates showed 76% sensitivity to the
protein synthesis inhibitor gentamycin, and > 70%
sensitivity to ampicillin, tetracycline, streptomycin,
amoxicillin and nalidixic acid. P. aeruginosa showed

the highest resistance against β -lactam antibiotic
penicillin (100%) (Figure 6).

DISCUSSION
Gram-negative bacteria are the chiefly isolated
causative organisms from UTI patients. In our study,
K. pneumoniae was the most prevalent (88.33 %)
bacteria alone and in combination with other bacte-
rial isolates; it was responsible for infections in tribal
women of this demography, followed by P. mirabilis
(66.67%). Although E. coli has been reported as
the major causative organism in UTIs accounting
for 75% to 90% of UTI isolates, K. pneumoniae
(65%), P. aeruginosa (50%), Staphylococcus (20%), P.
mirabilis (5%) and Candida Spp. (5%) have also been
prevalent UTI isolates among the Paliyar tribal group
of India12.
Chopra et al., in 2008, reported that the most fre-
quently isolated UTI pathogens in decreasing order
were Klebsiella, E. coli, Pseudomonas and Enter-
obacter 13.The prevalence of K. pneumonia has also
been reported to increase in UTIs mainly due to in-
creased antibiotic-resistant phenotypes14. Therefore,
our findings of Klebsiella being the most prevalent
among the isolates is in accordance with some of the
earlier reports.
The updated knowledge of prevailing bacterial
uropathogens and resistivity for the various antibi-
otics in use is of prime importance for the proper use
of antimicrobial drugs and empirical treatment of
UTIs. Poor clinical practices as well as non-judicious
use of antibiotics has led to the development of
multi-drug resistant (MDR) strains15. Hence, the
evaluation of antimicrobial sensitivity of the isolated
pathogens is of paramount importance for effective
treatment of UTI.
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Figure 4: Antibiogram of isolates of K. pneumoniae (n = 318).

In the present study, we observed that the broad
spectrum β -lactam aminopenicillins, ampicillin and
amoxicillin, showed better efficacy as compared to
the narrow spectrum β -lactam antibiotic, penicillin.
All the major clinical isolates showed a high degree
of resistance against penicillin, e.g. E. coli (86.67%),
K. pneumoniae (100%), P. mirabilis (100%), P. aerug-
inosa (100%). Ampicillin and amoxicillin showed
moderate to good activity by inhibiting isolates of
E. coli (48.57 and 44.19%), P. mirabilis (63.64 and
67.53%) and P. aeruginosa (76 and 72%), respectively.
Amoxicillin was active against 44.19% isolates of K.
pneumoniae but ampicillin was only active against
25.58% of isolates. Possibly, the high resistance
against penicillin may be due to it being a narrow
spectrum antibiotic as well as its indiscriminate us-
age over the time in this region. An important mech-
anism of antibiotic resistance among uropathogens
is through extended spectrum beta-lactamase (ESBL)
production. ESBL hydrolyzes oxyimino-β -lactams
such as cephalosporin and monobactum16. E. coli is
one of the main ESBL-producing pathogens. ESBL
production is transmitted from one bacterium to an-
other through plasmids. These plasmids can carry
multiple drug-resistant genes against aminoglyco-
sides, quinolones and sulfamethoxazole at the same

time17. ESBL-producing E. coli (ESBL-EC) and
ESBL-producing K. pneumoniae (ESBL-KP) are re-
sistant to penicillins, cephalosporins and monobac-
tams. The ESBL producers can also develop co-
resistance to other classes of antimicrobial agents,
such as fluoroquinolones, co-trimoxazole and amino-
glycosides, which are frequently used for UTI treat-
ment18. Penicillin being highly prone to degradation
by β -lactamase may be a strong reason for all these
bacteria being highly resistant to it. There have been
reports of ESBLs being capable of conferring bacte-
rial resistance to the penicillins, first-, second- and
third-generation cephalosporins, and aztreonam via
hydrolysis of these antibiotics19.
Since β -lactam antibiotics, including penicillins, have
been the choice of physicians for treating UTI infec-
tions. Prolonged and increased resistance against β -
lactam antibiotics can be explained by the production
of SHV-1 (β -lactamase encoded on the chromosome
or a transferable plasmid)20. Ampicillin and amoxi-
cillin being of broad-spectrum nature show better ac-
tivity compared to penicillin.
The protein synthesis inhibitor aminoglycoside,
which produces its antibacterial action by binding to
the 30S ribosomal subunit of bacteria, was among
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Figure 5: Antibiogram of isolates of P.mirabilis (n = 240).

the most active antibiotics in this study. Gentamycin,
kanamycin and streptomycin were active against
the isolates of P. aeruginosa (76, 80 and 76%), P.
mirabilis (76.62, 66.23 and 75.32%), K. pneumoniae
(55.81, 20.93 and 44.19%), and E. coli (50.48, 37.14
and 62.86%), respectively. However, another 30S ri-
bosomal subunit binding protein synthesis inhibitor,
tetracycline, showed good to moderate activity
against the bacterial isolates of P. aeruginosa (76%),
K. pneumoniae and E. coli (44.19%), and P. mirabilis
(37.66%). Chloramphenicol which inhibits bacterial
protein synthesis by binding to 50S ribosomal
subunit showed moderate to low activity against the
isolates of P. aeruginosa (56%), K. pneumoniae and
E. coli (48.84%), and P. mirabilis (33.77%). The study
indicated that aminoglycosides were more active as
compared to tetracycline and chloramphenicol.
Quinolones are a recent class of antibiotics introduced
for management of UTIs. Out of the three quinolones
used as antibiotics in the present study, norfloxacin
showed the highest activity against P. aeruginosa
(68%), followed by E. coli (63.81%), P. mirabilis
(61.04%) andK. pneumoniae (46.51%). Ciprofloxacin
was moderately active in P. aeruginosa (60%), fol-
lowed by P. mirabilis (51.95%), and E. coli and K.

pneumoniae (46.51%). Nalidixic acid being the old-
est quinolone showed the highest activity against P.
aeruginosa (72%), followed by P. mirabilis (36.36%),
but showed very poor activity in E. coli and K. pneu-
moniae (11.63%). Although quinolones are among
the most effective drugs in treating UTI, studies have
also revealed an increasing resistance to these drugs.
Resistance to fluoroquinolones increased from 2.9%
in 2000 to 11.3% in 200221. The results of other
studies have also revealed the resistance of E. coli to
ciprofloxacin, the most effective quinolone for treat-
ing UTI, and that it increased from 46.6 to 59.4% dur-
ing the years 1998-200022.
The major finding of our study is the high resis-
tance against rifampicin, a newer generation antibi-
otic. Isolates of E. coli and K. pneumoniae showed
97.67% resistance and isolates of P. mirabilis showed
72.73% resistance. The antimetabolite sulfa drug co-
trimoxazole showed moderate activity in P. aerugi-
nosa (56%), low activity in E. coli and K. pneumo-
nia (30.23 %), and very low activity in P. mirabilis
(12.99%).
Resistance to two or more antibiotics has led to
the development of MDR strains of uropathogens,
rendering treatment difficult. Studies conducted in
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Figure 6: Antibiogram of isolates of P. aeruginosa (n = 69).

West Bengal and around other different parts of In-
dia have indicated that Klebsiella spp. is the sec-
ond most resistant uropathogen after E. coli, against
various classes of anti-microbial agents23. K. pneu-
moniae, E. coli and P. mirabilis showed high rates
of resistance to ampicillin, streptomycin, amoxi-
cillin, tetracycline, sulfonamide, co-trimoxazole, and
carbenicillin-trimethoprim 24. In our present study,
K. pneumoniae, E. coli, and P. mirabilis showed mod-
erate to high resistance against different classes of
antibiotics. The resistance range in K. pneumoniae
against the tested antibiotics was from 25.58% (in the
case of co-trimoxazole) to 100% (in the case of peni-
cillin); the rest of the antibiotics showed resistance
above 50%. Similarly, E. coli and P. mirabilis showed
moderate to high resistance to most of the antibiotics.
The high MDR in the present study might be due to
widespread misuse of antibiotics, inappropriate pre-
scription of drugs, and lack of knowledge about drug
resistance in the study area.

CONCLUSION
Assessment of prevalence and identification of the
major uropathogens is of paramount importance for

the remotely located tribal districts of India. The high
burden of UTIs on tribal women of District Anuppur,
Madhya Pradesh, India may be due to their poor hy-
giene, lack of education and reduced accessibility to a
better health facility. Our study identified that peni-
cillin and rifampicin antibiotics should not be pre-
scribed for the management of UTI in this region. To
reduce non-judicious use and risk of resistance devel-
opment, antibiotic sensitivity must be made compul-
sory for the management of UTI.

ABBREVIATIONS

Cfu : Colony Forming Units
MDR: Multi Drug Resistance
UTIs: Urniary Tract Infections
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