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Escherichia coli is the most predominant etiological agent of urinary tract
infections.  Pregnant women are more prone for UTI’s, with an incidence of 8-10% leading
to significant morbidity for both mother and baby. Persistent rise in the occurrence of
MDR- ESβββββL E. coli in UTI’s complicates the treatment options. The present study reports
the prevalence of ESβββββL producing E. coli among pregnant women in Karnataka. Out of
the 417 samples from pregnant women suspected of UTI, 117 E. coli isolates have been
obtained indicating an incidence of 28.05% out of which 18.5% of the isolates were ESβββββL
producers and all of them have been found to be Multi Drug Resistance (MDR). Resistance
to certain antibiotics like ciprofloxacin (89.4%), cotrimoxazole (81.5%), and tetracycline
(77.6%) was significantly higher among ESβββββL producers than the non ESβββββL producing
E. coli isolates.
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Urinary tract infections (UTI’s) still remain
the most common bacterial infections even in the
era of modern antibiotics1, 2. Incidences of UTIs
are more among women and almost 15% of women
experience at least one episode of UTI at sometime
during their life2. The incidence of UTI has been
reported to be higher among pregnant women since
the physiological, hormonal and anatomical
changes leading to the expression of many different
types of receptors in the urinary tract that enhances
the susceptibility of the tissues to the bacterial
infections. If not treated, asymptomatic bacteriuria
increases the frequency of premature delivery and
neonates with low birth weight3, 4.

Among the various etiological agents,
the members of the family Enterobacteriaceae
dominate and E coli itself accounts for 80-90% of
total UTI.  The infection may be endogenous or
exogenous flora and starts with the colonization
of the periurethral area and vaginal introitus and
then ascend to the bladder and renal pelvis by
receptor mediated ascending process. The process
involves both host and bacterial factors, namely
tissue receptors and expression of bacterial adhesin
factors5.The major virulence factor is the
vacuolating cytotoxin expressed by uropathogenic
E. coli, which elicits defined damage to kidney
epithelium6. In pregnant women, asymptomatic
bacteriuria accounts for 10%,  which is almost
double compared to the prevalence rate of UTI in
normal population, which may be due to decreased
serum interleukin-6 levels and serum antibody
response to E. coli antigens7.
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There is no consensus on the choice of
antimicrobials for the treatment of UTI during
pregnancy, however, the broad spectrum
antibiotics like cephalosporins and
aminoglycosides are more commonly used. The
increasing incidences of antibiotic resistance and
ESβL production and their rapid dissemination
through plasmids among uropathogens are
complicating the treatment of UTIs8.

Usually, antimicrobial therapy is initiated
even before the reports of urine culture tests are
available. The aim of the therapy is to maintain
sterile urine throughout the duration of pregnancy
to minimize risk of damage to the mother and the
foetus. There is a necessity for continued
surveillance of uropathogens especially during
pregnancy and their antibiogram determination.
The present study is undertaken with an aim to
determine the prevalence of ESβL producing
E. coli and their antibiogram among pregnant
women in Karnataka, South India.

MATERIALS   AND  METHODS

Pregnant women suspected with UTI
attending outpatient departments of Govt and
Private hospitals/clinics and pathological
laboratories in Gulbarga, Belgaum and Bangalore
regions of Karnataka, South India, constituted the
source of sample. The diagnosis of UTI is based
on the microscopic findings of more than 10 pus
cells/ high power field (40X) in urine.
Isolation and Identification of Uropathogens

Freshly voided midstream urine was
inoculated with calibrated loop on to agar plates,
and the plates were incubated aerobically at 37°C
for 24 to 48 hrs. Isolates were further identified by
growth characteristics on selective and specific
media , microscopic and biochemical tests. Kass’s9

recommendation was followed in distinguishing
genuine infection from contamination, culture of a
single bacterial species from urine sample at a
concentration of >105 CFU/ml.
Antimicrobial Susceptibility

Seventeen antibiotics belonging to
different classes used in this study are (Himedia,
India): ampicillin (10 mcg), piperacillin/tazobactam
(100/10 mcg), cefuroxime (30 mcg), cefotaxime (30
mcg), cefepime (30 mcg), amikacin (30 mcg),
gentamicin (10 mcg), azithromycin (15 mcg),

cotrimoxazole (25 mcg), tetracycline (30 mcg),
ciprofloxacin (30 mcg), polymyxin B (300 Units),
nitrofurontoin (30 mcg), aztreonam (30 mcg),
chloramphenicol (30 mcg), imipenem (10 mcg),
cefoxitin (30 mcg). Antimicrobial susceptibility of
each isolate was tested by following the CLSI
guidelines on Mueller Hinton agar10.
Detection of Extended Spectrum βββββ-Lactamase
(ESβββββL) producing E. coli:

ESβL producing E. coli isolates were
determined using double disc synergy test as
recommended by CLSI guidelines11. The test
organisms grown in Luria Bertani broth was
adjusted to 0.5 McFarland’s standard were
inoculated on the Mueller Hinton agar plate with
sterile cotton swab. Discs of cefotaxime (30 mg)
and ceftazidime (30 mg) without and with clavulanic
acid (10 mg) were placed 20 mm apart on the surface
of the agar plates and incubated at 37°C for 18
hours.  Increase of inhibition zone diameter by > 5
mm around the disc with clavulanic acid compared
to antibiotic alone was considered as ESβL
producer. E. coli ATCC 25922 and Klebsiella
pneumoniae ATCC 700603 were used as ESβL
negative and positive control strains respectively.

RESULTS

From the 417 urine samples from pregnant
women with suspected UTI, 206 bacterial  isolates
were obtained and were identified as E. coli
(56.79%), Klebsiella pneumoniae (19.9%),
Pseudomonas aeuroginosa (6.3%), Proteus sps
(5.8%), Enterobacter aerogenes (3.8%),
Citrobacter koseri (1.4%), and Enterococcus
faecalis (0.9%) as shown in Graph 1.

The antibiogram of all E. coli isolates are
presented in Table 1. The antibiotic resistance
ranged from a minimum of 9.4% to polymyxin B to
a maximum resistance of 79.4% against cefuroxime.
Higher level of resistance was observed against
ampicillin (76%) and aztreonam (71.7%). Low to
moderate level resistance was observed against
other antibiotics. Fortunately, all the E. coli isolates
were susceptible to imipenem.

Majority of the E coli isolates (83.7%)
were multidrug resistant (MDR), showing
resistance to a minimum of 4 to a maximum of 13
antibiotics out of the 17 antibiotics tested (Table
2).  Resistance to ten antibiotics was exhibited by
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Table 1: Antibiotic resistance among E. coli isolates

Class of antibiotics Antibiotics No: of isolates resistant Percent

Penicillin Ampicillin 89 76%
Piperacillin/tazobactam 46 39.3%

Aminoglycoside Amikacin 14 11.9%
Gentamicin 59 50.4%

Sulfonamides Cotrimoxazole 74 63.2%
Macrolides Azithromycin 48 41%
Quionolones Ciprofloxacin 76 64.9%
Tetracycline Tetracycline 67 57.2%
Polypeptides Polymyxin B 11 9.4%
Others Chloramphenicol 14 11.9%
Cephalosporins II Cefuroxime 93 79.4%

Cefoxitin 45 38.4%
Cephalosporins III Cefotaxime 80 68.3%
Cephalosporins IV Cefepime 72 61.5%
Carbapenems Imipenem 0 0%
Monobactam Aztreonam 84 71.7%
Nitrofurans Nitrofurantoin 28 23.9%

Table 2. Multidrug resistance pattern of E. coli isolates:

No: of No: of total E. coli isolates resistant to No: of ESβL producing E.  coli
antibiotics Antibiotics (n=117) (%) isolates resistant to antibiotics(n=76) (%)

0 4(3.4) 0
1 5(4.2) 0
2 5(4.2) 0
3 5(4.2) 0
4 4(3.4) 0
5 3(2.5) 2(2.6)
6 7(5.9) 4(5.2)
7 4(3.4) 2(2.6)
8 13(11.1) 9(11.8)
9 19(16.2) 16(21)
10 21(17.9) 18(23.6)
11 13(11.1) 12(15.7)
12 9(7.6) 8(10.5)
13 5(4.2) 5(6.5)
Total MDR isolates 98(83.7) 76(100%)

21 isolates and almost 71% of the isolates were
resistant to 8 or more antibiotics.
ESβL production has been observed in 76 (36.9%)
E. coli isolates and all of them are MDR showing
resistance to 5 to 13 antibiotics. ESβL producing
E. coli isolates have been found to be less
susceptibile to fluroquinolones, tetracycline and
aminoglycosides as shown in Table 3. Overall ESβL
producers showed very high resistance to
ciprofloxacin (89.4%), cotrimoxazole (81.5%),
tetracycline (77.6%) and gentamicin (65.8%).

However, resistance to chloramphenicol (6.5%),
polymyxin B (9.2%) and amikacin (11.8 %) was equal
or higher in ESβL non producers than ESβL
producers.

DISCUSSION

Urinary tract infections are the most
common bacterial diseases in human beings
especially women2. Pregnant women are more
susceptible to bacterial infections2. E.coli is the
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Table 3. Comparison of susceptibility to antibiotics between
ESβL producers and ESβL non producer E. coli isolates

Antibiotics ESβL producers (n = 76) (18.5%) Non ESβL producers (n=41) (9.8%)

Sensitive Resistant Sensitive Resistant

Gentamicin 26(34.2%) 50(65.8%) 32(78.0%) 9(21.9%)
Amaikacin 67(88.2%) 9(11.8%) 36(87.8%) 5(12.1%)
Ciprofloxacin 8(10.5%) 68(89.4%) 33(80.4%) 8(19.5%)
Polymyxin B 69(90.8%) 7(9.2%) 37(90.2%) 4(9.7%)
Tetracycline 17(22.3%) 59(77.6%) 33(80.4%) 8(19.5%)
Nitrofurontoin 57(75.0%) 19(25%) 32(78%) 9(21.9%)
Cotrimoxazole 14(18.4%) 62(81.5%) 29(70.7%) 12(29.2%)
Azithromycin 53(69.7%) 23(30.2%) 16(39%) 25(60.9%)
Chloramphenicol 71(93.4%) 5(6.5%) 32(78%) 9(21.9%)

Fig. 1. Incidence of bacteria isolated from pregnant women with UTI

most prevalent etiological agent of UTIs reported
from across the world even in pregnant women12.

In the present study out of the 417 urine
samples from pregnant women suspected of UTIs
206 samples were culture positive (49.4%) and
E.coli accounted almost for 57% of these infections
and the overall rate of prevalence of E.coli in
pregnant women was found to be 28.05%. Similar
observations have been reported by many
workers13, 14.

The antibiogram of the E. coli isolates
indicated high level of resistance against
cefuroxime (79.4%) and ampicillin (76%).  However,
resistance against ampicillin 76% and is
comparatively far less than 90% reported from
Aligarh15. Similarly as early as in 2000 Sahm et al.,16

have reported that ampicillin has ceased to be
effective against UTI pathogens. The high level of
resistance against ampicillin has been considered

to be due to the indiscriminate and continuous
use of the antibiotics. Similar observations have
been recorded for tetracycline resistance, 57.2%
recorded in our study compared to 79% reported
by others17.

E.coli isolates from our study indicated
high level of resistance against the cephalosporins
like cefuroxime (79.4%), cefotaxime (68.3%) and
cefepime (61.5%). This observation is similar to
68-83% resistance against second and third
generation cephalosporins reported from Tamil
Nadu17. All the isolates of the present study were
susceptible to carbapenem which comples with the
findings of Babypadmini and Appalaraju [18] High
percentage of resistance (64.9%) was observed
against flouroquinolones which is comparable to
the earlier reports from India18, 19.

Emergence of antibiotic resistance is
considered to be the major cause of UTI treatment
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failure. Historically, ampicillin was the drug of
choice for UTI in pregnant women. A significant
proportion of gestational pyelonephritis E. coli
(40-60%) are now resistant to ampicillin and
multiple antibiotics20. A good alternative therapy
for UTI during pregnancy is nitrofurantoin, which
showed a low resistance of 23.9% in our study.
Nitrofurantoin has the advantage of sparing the
disruption of normal vaginal flora but should be
avoided at third trimester because of the potential
risk of haemolysis if the foetus is G6PD-deficient21.
However, this antibiotic does not penetrate into
tissues and could not be used to treat infections
with suspected tissue involvement, such as
pyelonephritis cases22.

Most frequently used antibiotics to treat
UTI mainly belong to β – lactam and cephalosporin
class of antibiotics. Pathogens develop resistance
to these drugs by producing β- lactam enzymes
which have extended their spectrum to other drugs
too23. This leads to the prevalence of ESβL
producing pathogens especially among Gram
negative bacteria including E. coli and are
spreading rapidly throughout the world16, 24. Rapid
spread of MDR resistance among the Gram
negative bacteria may be due to horizontal transfer
of plasmids harboring several resistance genes25,

26, and are linked to such pattern to the presence of
integron27.

Out of the117 E. coli isolates, almost 65%
have been found to be ESβL producers and all of
them are found to be MDR against 5 to 13 major
antibiotics. ESβL production has become a
hindrance in the treatment of hospitalized patients
all over the world and its pattern varies greatly
across the geographical areas and rapidly changes.
The reports on the isolation of ESβL producing
pathogens from UTI, especially from pregnant
women is sparse. In our study the prevalence of
ESβL E. coli in pregnant women has been found to
be  18.2%, which is significantly higher than that
reported from USA (2.2%) and Canada (2.7%),
however, it is comparatively lower than that
reported from India (24.7%)28, 29. Similarly
significantly very high level of ESβL production
has been reported among other Gram negative
uropathogens from India as reported by Mathur et
al.,(58%), Kader et al (75.5%)30, 31 and the reports
from Coimbatore (41%), Mangalore (51.4%), Kochi
(62.34%)15, 16 and 32.

Another disturbing feature is that all the
ESβL producing E. coli isolates have been found
to be MDR. Similarly resistance to other antibiotics
has been reported among ESβL producing E. coli.
Ko et al.,33 observed 100% resistance against
cefotaxime and 38.3% against ceftazidime. Similarly,
even from general population this phenomenon
has been reported from several countries like
Mexico (70%), Pakistan (56.9%) and Saudi Arabia
(83%)34-36.

Given that majority of therapy for UTI is
empiric and that urinary tract pathogens are
demonstrating increasing antibiotic resistance,
continuously updated data on antimicrobial
resistance patterns would be beneficial to guide
empiric treatment. Therefore, attempts have to be
made to decrease the prevalence of ESβL producing
organisms by substituting earlier cephalosporins
with a fourth generation cephalosporin or beta-
lactam/beta-lactamase inhibitor combinations. UTI
in pregnancy is associated with significant
morbidity for both mother and baby. All pregnant
mothers should be screened for UTI. Untreated
UTI may lead to pre-term premature rupture of
membrane, maternal chorioamnionitis, intrauterine
growth retardation, and low birth weight. Early
treatment with antibiotics reduces the above
complications. Urine culture and sensitivity testing
remain the gold standards in the diagnosis of UTI.
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