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Antimicrobial resistance in community and nosocomial
Escherichia coli urinary tract isolates from Chennai,
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ABSTRACT

Escherichia coli are the commonest cause of community and nosocomial urinary tract infection (UTI). Antibiotic
treatment is usually empirical relying on susceptibility data from local surveillance studies. We therefore set out to
determine levels of resistance to 9 commonly used antimicrobial agents amongst all urinary isolates obtained over a 12
month period. Methods: Antimicrobial susceptibility to ampicillin, amoxicillin/clavulanate, cephalexin, cefpodoxime,
norfloxacin, amikacin, nitrofurantoin, trimethoprim and imipenem was determined for 14,678 E. coli urinary isolates
obtained from community and hospitalised patients in Chennai, South India. Results: Imipenem was the most active
agent (100% susceptible), followed by nitrofurantoin and amikacin (94% each). High rates of resistance to ampicillin
(82%) and co-trimoxazole (76%), often in combination with norfloxacin were observed in both sets of isolates. Although
65% of the isolates exhibited resistance to multiple drug classes, resistance to cefpodoxime, indicative of extended
spectrum B-lactamase production, was observed in 40% of community and 60% of nosocomial isolates. Conclusion: With
the exception of nitrofurantoin, resistance to agents commonly used as empirical oral treatments for UTI was extremely
high. Levels of resistance to trimethoprim and ampicillin render them unsuitable for empirical use. Continued surveillance
and investigation of other oral agents for treatment of UTI in the community is required

INTRODUCTION

Escherichia coliis the predominant cause of both community
and nosocomial urinary tract infection (UTI). In India,
norfloxacin, trimethoprim, nitrofurantoin and first generation
cephalosporins are usually recommended for empirical
treatment of episodes of uncomplicated cystitis in the
community,’ while parenteral cephalosporins  and
aminoglycosides are reserved for complicated infections or
pyelonephritis. In North America a cut off point of 20%
has been suggested as the level of resistance at which an
agent should no longer be used empirically.” A UK study of
the antimicrobial susceptibility of bacterial pathogens causing
UTT in 1999-2000 showed high levels of resistance to
trimethoptim, amoxicillin and oral cephalosporins.” while a
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study of three collections of E. ¢/ strains obtained from
patients in London in 1991, 1999 and 2004 showed rates of
trimethoprim resistance of over 30%.* The emergence of
strains producing extended spectrum PB-lactamases (ESBLY)
and others exhibiting quinolone resistance now threatens
the empirical use of both cephalosporins and ciprofloxacin’
seriously limiting treatment regimens. In order to determine
current levels of resistance to antibiotics commonly used
locally for empirical treatment, we reviewed susceptibility to
ampicillin, amoxicillin/clavulanate, cephalexin, cefpodoxime,
norfloxacin, amikacin, nitrofurantoin, trimethoptim and
imipenem amongst all E. e/ urinary isolates obtained in our
laboratory over a 1 year period.

MATERIALS AND METHODS

All E. eoliisolates recovered from urine samples submitted
for microscopy, culture and sensitivity to our laboratory
between 1* January and 31%* December 2006 were included.
Samples originating from General practice, Accident and
Emergency or other primary care destinations were
considered representative of community isolates while
samples originating from patients hospitalised for 48 hrs
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or more on general or specialised wards were considered
nosocomial.

Primary isolation of strains from urine specimens was
performed using cystine lactose electrolyte deficient (CLED)
agar (Hi Media, India) and bacterial counts quantified by
inoculation of 0.04 pl of urine onto CLED agar as per
standard procedures.® Sensitivity testing was performed by
the Kirby-Bauer’s disc diffusion method (according to the
procedure of CLSI guidelines M100-S13)" using ampicillin
(10pg), cephalexin (30pg), amikacin (30pg), norfloxacin (10ug),
nitrofurantoin (300pg), trimethoprim-sulphamethoxazole
(1.25/23.75ng), amoxicillin/clavulanate (20/10pg) and
cefpodoxime (10pg) discs and imipenem(10pg) using Mueller—
Hinton agar.

Multi-drug resistance was defined in this analysis as resistance
to three or more of the following antibiotics: amoxicillin/
clavulanate, cefpodoxime, norfloxacin and amikacin.

Differences in the prevalence of antibiotic resistance
between groups were analysed using the ¥* test. Strength
of association was assessed by calculation of odds ratios
with 95% confidence intervals

RESULTS

A total of 14,678 E. coli isolates were cultured from urine
samples over the study period. Of these 10,083 (68.7%)
were considered community isolates while 4,595 (31.3%)
were of nosocomial origin. 12,540 (85.7%) were from
women and 2,093 (14.3%) from men (45 sex unknown).
1,227 (10.3%) were from children < 12 years of age.

The frequency of antimicrobial susceptibility of all isolates
to the nine antibiotics is shown in tables 1, 2, 3. Imipenem

was the most active agent (100% susceptible) followed by
nitrofurantoin (94%) and amikacin (94%). Ampicillin and
trimethoprim were the least active agents with 82% and
76% of isolates exhibiting resistance respectively.

Isolates from men were significantly more resistant to all
nine agents than isolates from women (Table 1). In particular,
resistance to cephalexin, cefpodoxime, amikacin and
norfloxacin was observed more than twice as frequently in
isolates from men (odds ratios = 2.5).

A significant difference between paediatric and adult isolates
was seen for all agents except amoxicillin/clavulanate.
Resistance to cephalexin, norfloxacin, amikacin, nitrofurantoin
and cefpodoxime was more common in adults while
ampicillin (OR 0.72) and trimethoprim (OR 0.76) resistance
was associated with paediatric strains (Table 2).

Nosocomial isolates were more resistant than community
isolates to all agents tested. The prevalence of amikacin (OR
5.00), norfloxacin (OR 4.79), and cefpodoxime (OR 4.57)
resistance exhibited the most marked differences (Table 3).

Patterns of multi-drug resistance are shown in table 4.
Ampicillin resistance in combination with trimethoprim
resistance was more frequently observed than resistance to
the single agent alone, the combination of ampicillin and
trimethoprim resistance was also seen in combination with
amoxicillin/clavulanate and norfloxacin. Resistance to all
agents except imipenem was the most common multi-drug
resistant phenotype and was observed in 65% of isolates.

DISCUSSION

In India, the most uncomplicated urinary tract infections
are treated in the community with short courses of empirical

Table 1: Frequency of antibiotic susceptibility in relation to sex

Female (n = 12,540)

Male (n = 2,093)

Antibiotic Resistant (%) Resistant (%) p OR (CI95%)
Ampicillin 79.8 83.7 <0.001 1.50 (1.35-1.67)
Amoxicillin/clavulanate 62.4 80.8 <0.001 1.85(1.61-2.13)
Cephalexin 60 60.8 <0.001 2.52 (2.19-2.90)
Cefpodoxime 52.5 68.2 <0.001 2.72 (2.30-3.22)
Amikacin 5.2 12.9 <0.001 2.72 (2.30-3.22)
Norfloxacin 64.2 713 <0.001 2.57 (2.25-2.93)
Trimethoprim 72.8 80.6 <0.001 1.28 (1.15-1.42)
Nitrofurantoin 5.4 8.6 <0.001 1.64 (1.35-1.99)
Imipenem 0 0 NA
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Table 2: Frequency of antibiotic susceptibility in relation to age

<16 years 216 years
Antibiotic Resistant (%) Resistant (%) p OR (CI195%)
Ampicillin 82.3 74.3 <0.001 0.72 (0.64-0.81)
Amoxicillin/clavulanate 62.9 78.7 <0.001 1.07 (0.89-1.29)
Cephalexin 58.2 60.6 <0.001 1.33 (1.07-1.64)
Cefpodoxime 54.0 57.9 <0.001 2.03 (1.48-2.78)
Amikacin 3.6 6.6 <0.001 1.90 (1.39-2.59)
Norfloxacin 65.9 72.7 <0.001 2.34 (1.83-2.99)
Trimethoprim 76.3 69.4 <0.001 0.76 (0.67-0.85)
Nitrofurantoin 5.4 6.1 <0.001 1.68 (1.24-2.28)
Imipenem 0 0 NA
Table 3: Frequency of antibiotic susceptibility among community & nosocomial isolates

Community Nosocomial
Antibiotic Resistant (%) Resistant (%) p OR (CI95%)
Ampicillin 73.9 85.0 <0.001 1.59 (1.41-1.79)
Amoxicillin/clavulanate 62.0 86.8 <0.001 2.69 (2.33-3.11)
Cephalexin 58.3 65.6 <0.001 3.78 (3.29-4.36)
Cefpodoxime 56.7 62.6 <0.001 4.57 (3.85-5.41)
Amikacin 4.6 19.4 <0.001 5.00 (4.24-5.88)
Norfloxacin 59.3 72.9 <0.001 4.79 (4.20-5.46)
Trimethoprim 79.1 68.4 <0.001 1.46 (1.30-1.64)
Nitrofurantoin 5.3 10.4 <0.001 2.08 (1.71-2.53)
Imipenem 0 0 NA

Table 4: Distribution of ten most frequently

observed antibiotic resistance patterns.

Antibiotic Resistance %
Susceptible 6
AMP, CO 8
AMP 5
CcO 3
AMP,AMC,CO 2
AMP,AMC 2
AMP,NOR,CO 2
AMP,AMC,CP,AK,NOR,CO,CPD 3
AMP,AMC,CP,NOR,CO,CPD 65
AMPNIT,CO 1
Others 3
100

AMP = Ampicillin, AMC = amoxicillin/clavulanata, CP = cephalexin,
AK = amikacin, NOR = norfloxacin, NIT = nitrofurantoin,
CO = co-trimoxazole, CPD = cefpodoxime

antibiotics. This relies on susceptibility data from local
surveillance schemes as in many cases urine samples are only
sent for microbiological evaluation following treatment failure,
recurrent or relapsing infection. Although the levels of
resistance we observed among community isolates may
therefore overestimate the true rate of resistance in the
community, the high levels of resistance to ampicillin and
co-trimoxazole raise concerns over the use of these agents.
This was particularly evident amongst isolates from children,
which were more likely to exhibit resistance to ampicillin
and co-trimoxazole compared to those from adults. Increased
resistance to the other agents in adults is likely to reflect their
wider use both empirically and as second line therapies in
relapsing, complicated or nosocomial infection. The higher
rates of resistance to all agents observed in males are likely
to reflect the complicated nature of UTT in men.® Infection
in this group usually occurs in the setting of underlying
anatomical or functional abnormalities or following
instrumentation of the urinary tract and the use of prophylactic
antimicrobials. Data on resistance rates in E. co/ collected
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at a teaching hospital from 1995-2000 reveal year on year
increases in resistance to amoxicillin, cefuroxime, amikacin
and norfloxacin.” Resistance to comparable agents in 2005
shows marked elevations in resistance to amikacin (6.3% v
3.2%) and in particular norfloxacin (12% v 1.9%). Resistance
to cefpodoxime, which may signify ESBL production' was
seen in 50% of isolates overall, often in combination with
resistance to quinolones, aminoglycosides and trimethoprim.
Although cefpodoxime resistance was more typical of
nosocomial isolates, significant resistance was also observed
in the community. These isolates most likely represent CTX-M
producing strains of . co/i which have disseminated widely
throughout Asia in post 2000" with those producing
CTX-M-15 being most widespread in India.'

CONCLUSION

Nitrofurantoin remained the most active agent and as it
can be administered orally and is highly concentrated in
urine, it may therefore be the most appropriate agent for
empirical use in uncomplicated (community acquired) UTI.
Empirical treatment for nosocomial UTT or infection with
multi-drug resistant isolates remains challenging with many
authorities recommending parenteral carbapenems
(imipenem, ertapenem or meropenem)' especially where
ESBL producing isolates may be involved. The increasing
rates of resistance to uropathogenic E. e/ isolates reported
wotldwide!*'® warrants evaluation of other treatments such
as fosfomycin'® or possibly novel cephalosporin/inhibitor
combinations."”

REFERENCES

1. GuptaV, Yadav A, Joshi RM Antibiotic resistance pattern in uropathogens.
Indian J.Med Microbiol 2002; 20:96-98.

2. Gupta K, Hooton TM, Stamm WE. Increasing antimicrobial resistance and
the management of uncomplicated community-acquired urinary tract
infections. Ann Intern Med. 2001; 135:41-50.

10.

1.

12.

13.

14.

15.

16.

17.

Farrell DJ, Morrissey |, De Rubeis D, Robbins M, Felmingham D. A UK
multicentre study of the antimicrobial susceptibility of bacterial pathogens
causing urinary tract infection. J Infect. 2003; 46:94-100.

Bean DC, Livermore DM, Papa |, Hall LM. Resistance among Escherichia
coli to sulphonamides and other antimicrobials now little used in man. J
Antimicrob Chemother. 2005; 56:962-964.

Potz NA, Hope R, Warner M, Johnson AP, Livermore DM., London and
South East ESBL Project Group. Prevalence and mechanisms of
cephalosporin resistance in Enterobacteriaciae in London and South East
England. J Antimicrob Chemother. 2006; 58:320-326.

Koneman EW,Allen SD,Janda WM,Schreckenberger PC,Winn WC.Color
atlas and textbook of diagnostic microbiology.5" ed. JB.
Philadelphia:Lippincott Company Press;1997.p.110-145

Clinical and Laboratory Standards Institute (CLSI) / Formerly National
Committee for Clinical Laboratory Standards (NCCLS). Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically.
8th ed. Approved standard M100-S13. Wayne (PA):2006.

Lipsky BA. Urinary tract infections in men. Epidemiology, pathophysiology,
diagnosis, and treatment. 1989; 110:138-150.

Shannon KP, French GL. Increasing resistance to antimicrobial agents of
Gram-negative organisms isolated at a London teaching hospital, 1995—
2000.J Antimicrob Chemother. 2004; 53:818-825.

Hope R, Potz NA, Warner M, Fagan EJ, Arnold E, Livermore DM. Efficacy
of practised screening methods for detection of cephalosporin-resistant
Enterobacteriaceae. J Antimicrob Chemother. 2007; 59:110-113.

Livermore DM, Canton R, Gniadkowski M, Nordmann P, Rossolini GM,
Arlet G, Ayala J, Coque TM, Kern-Zadanowicz |, Luzzaro F, Poirel L,
Woodford N. CTX-M: Changing the face of ESBLs in Europe. J Antimicrob
Chemother. 2007; 59:165-174.

Karisk E, Ellington MJ, Llvermore DM, Woodford N. Virulence factors in
Escherichia coli with CTX-M-15 and other extended spectrum
B-lactamases in the UK. J Antimicrob Chemother. 2008;61:54-58.

Matsumoto T, Muratani T. Newer carbapenems for urinary tract infections.
Int J Antimicrob Agents. 2004; 24:35-38.

Alos JI, Serrano MG, Gomez-Garces JL, Perianes J. Antibiotic resistance
of Escherichia coli from community acquired urinary tract infections in
relation to demographic and clinical data. Clin Microbiol Infect. 2005;
11:199-203.

Hames L, Rice CE. Antimicrobial Resistance of Urinary Tract Isolates in
acute uncomplicated cystitis among college aged women: Choosing a
first line therapy. J Am Coll Health. 2007; 56:153-156.

Pullukcu H, Tasbakan M, Sipahi OR, Yamazhan T, Aydemir S, Ulusoy S.
Fosfomycin in the treatment of extended spectrum B-lactamase producing
Escherichia coli related lower urinary tract infection. Int J Antimicrob
Agents. 2007; 29:62-5.

Livermore DM, Hope R, Mushtaq S, Warner M. Orthodox and unorthodox
clavulanate combinations against extended spectrum (-lactamase
producers. Clin Microbiol Infect. 2008; 14:189-193.

24 Int. J. Med. Public health [www.ijmedph.org] | January-March 2011 | Vol 1 | Issue 1



