Brazilian Journal of Microbiology (2011) 42: 1278-1283
ISSN 1517-8382

MULTIPLE DRUG RESISTANCE PATTERNS IN VARIOUS PHYLOGENETIC GROUPS OF UROPATHOGENIC
E.COLI ISOLATED FROM FAISALABAD REGION OF PAKISTAN

Saira Bashir, Yasra Sarwar, Aamir Ali, Mashkoor Mohsin, Muhammad Azeem Saeed, Ayesha Tariq, Abdul Haque*

Health Biotechnology Division, National Institute for Biotechnology and Genetic Engineering (NIBGE), P. O. Box, 577, Jhang

Road, Faisalabad, Pakistan.

Submitted: June 11, 2010; Approved: May 23, 2011.

ABSTRACT

The objective of this work was the phylogenetic characterization of local clinical isolates of uropathogenic
E. coli with respect to drug resistance. A total of 59 uropathogenic E. coli responsible for community
acquired urinary tract infections were included in this study. A triplex PCR was employed to segregate each
isolate into four different phylogenetic groups (A, B1, B2 and D). Drug resistance was evaluated by disc
diffusion method. The drugs used were ampicillin, aztreonam, cefixime, cefoperazone, ceftriaxone,
cephradine among B-lactam group; amikacin, gentamicin, and streptomycin among aminoglycosides;
nalidixic acid and ciprofloxacin from quinolones; trimethoprim-sulfomethoxazole, and tetracycline. Among
59 uropathogenic E. coli isolates majority belonged to phylogenetic group B2 (50%) where as 19% each
belonged to groups A and B1, and 12% to group D. All the isolates were multiple drug resistant (MDR).
Most effective drugs against Group A, B1, and B2 were gentamicin, amikacin and cefixime; ceftriaxone and
quinolones; and ceftriaxone and amikacin, respectively. Group D isolates were found to be highly resistant
to all drugs. Our results have shown emergence of MDR isolates among uropathogenic E. coli with
dominance of phylogenetic group B2. However, it was found that group D isolates were though less
frequent, more drug resistant as compared with group B2. Groups A and B1 were relatively uncommon.

Amikacin, ceftriaxone and gentamicin were the most effective drugs in general.
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INTRODUCTION

Community acquired urinary tract infections (UTI) are
highly prevalent in developing countries and are usually
difficult to eradicate because the pathogenic bacteria have

acquired resistance to most of the drugs. UTI has been shown

to be an independent risk factor for both bladder cancer and
renal cell carcinoma (18). Women are more likely to
experience UTI than men. UTIs affect a large proportion of the
world population and are responsible for significant morbidity
and high medical costs (1,5).

Uropathogenic E. coli (UPEC) cause 90% of urinary tract
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infections (10). The frequent use of antibiotics is considered
the most important factor which promotes multiple drug
resistance (MDR) in UPEC in both veterinary and human
medicine (14).

Different pathotypes of UPEC can be identified by
phylogenetic analysis. Phylogenetic studies have revealed that
the UPEC are not of very diverse origins and fall into four
main groups A, B1, B2, and D (8, 21). In the past, phylogenetic
groups have been determined by ribotyping, PFGE, RAPD and
multilocus enzyme electrophoresis techniques which are very
complex and time-consuming. In 2000, Clermont et al. (2)
described phylogenetic analysis simply by targeting three
genetic markers (chud, yjaA genes and DNA fragment
TSPE4.C2). This method has been found satisfactory and
endorsed by other workers (6).

Picard et al. (19) found that UPEC which correspond to
phylogenetic group B2 were more susceptible to antibiotics
than those falling in A, Bl and D. Moreno et al. (15)
investigated that among human UPEC isolates, resistance to
quinolones, fluoroquinolones and trimethoprim/
sulfamethoxazole showed shifting from phylogenetic group B2
towards groups A, B1 and/or D.

Due to indiscriminate use of drugs in developing
countries, the pathogenic bacteria are much more dynamic,
versatile and ‘battle-hardened’ as compared with developed
countries. Therefore, it is predictable that they show variance
from established traits. Thus the purpose of this study was to
explore local UPEC with respect to phylogenicity and drug

resistance. This is the first such report from Pakistan.

MATERIALS AND METHODS

Collection of samples

For this study clinically diagnosed patients for UTI were
selected from different clinical laboratories of Faisalabad,
Pakistan. The criteria included urge to urinate frequently, sharp
pain or burning sensation in urethra when urine was released

and pyuria. Midstream urine samples were collected in sterile
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bottles. These samples were stored and transferred to our
laboratory at 4°C within one week. Only the samples with
significant bacteriuria (more than 10° cfu per ml) were

included.

Isolation and confirmation of UPEC

The samples were directly inoculated on MacConkey agar
plates. After overnight incubation at 37°C, lactose-fermenting
colonies were inoculated on triple sugar iron (TSI) slants for
biochemical identification. Confirmation was done by PCR as
described below. Fifty-nine UPEC isolates responsible for
community acquired UTIs were included in this study.

DNA was extracted by the conventional phenol-
chloroform method, followed by RNase treatment for the
removal of contaminating RNA (20).

DNA

The quantitative

estimation of  the isolated was done

spectrophotometrically (Lambda 5UV/Vis,
USA; Bio projects Gmbh, Germany) at 260nm. PCR for

Perkin Elmer,

confirmation was performed by targeting conserved region of
uid A gene (encoding f3-glucuronidase) of E. coli genome by
using primers EC-F (5'ATCACCGTGGTGACGCATGTC
GC3") and EC-R (5'CACCACGATGCCATGTTCATCTGC3")
with an amplification product of 486 bp (7). Each 100 puL
reaction mixture contained 1x PCR buffer (50 mM KCI, 10mM
Tris HCL; pH 8.3); 2.5 mM MgCl,; dNTP’s (dATP, dCTP,
dGTP, dTTP) 0.2 mM each; 50 pmol of each primer; 5 U of
recombinant Taq polymerase (Fermentas) and 20ng of DNA
template. The thermal cycler (MasterCycler; Eppendorf,
Hamburg, Germany) conditions were: denaturation for 5 min at
94°C; 30 cycles of amplification at 94°C for 1 min, 50°C for 1
min and 72°C for 1 min; and finally extension at 72°C for 7
min. The PCR products were visualized by electrophoresis on
2% (w/v) agarose gel and photographed by using Eagle Eye
(Strategene, USA).

Phylogenetic classification
The UPEC were assigned to one of the four phylogenetic
groups (A, B1, B2 and D) by targeting two marker genes chuAd
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(5'GACGAACCAACGGTCAGGATZ3, STGCCGCCAGTAC
CAAAGACA3') and yjad (STGAAGTGTCAGGAGACG
CTG3', 5’ATGGAGAATGCGTTCCTCAAC3’), and a DNA
fragment TSPE4.C2 (5’GAGTAATGTCGGGGCATTCAZ,
5'CGCGCCAACAAAGTATTACG3") giving amplification
products of 279, 211 and 152 bp respectively (2). Briefly, each
100 pL reaction mixture was constituted by 1X PCR buffer (50
mM KCI, 10mM Tris HCI; pH 8.3); 2.5 mM MgCl,, dNTP’s
(dATP, dCTP, dGTP, dTTP) 0.2 mM each; 158 pmol of each
primer; 5 U of recombinant 7ag polymerase (Fermentas); and
20ng of DNA template. The thermal cycler conditions were:
denaturation for 5 min at 94°C followed by 30 cycles each of
30 sec at 94°C, 30 sec at 55°C and 30 sec at 72°C, and a final
extension step of 7 minutes at 72°C. The PCR products were
visualized by electrophoresis on 2% (w/v) agarose gel and

photographed by using Eagle Eye (Strategene, USA).

Drug sensitivity by disc diffusion method

Thirteen drugs encompassing all major groups and their
respective generations were used in this study. Drug sensitivity
was determined wusing standard disc diffusion method
according to the recommendations of Clinical and Laboratory
Standards Institute (15). The discs used were ampicillin (10
ng), aztreonam (30pg), cefixime (5ug), cefoperazone (75ug),
ceftriaxone (30pg), cephradine (30pg) in P-lactam group;
amikacin (30pg), gentamicin (120pg), and streptomycin (10
pg) among aminoglycosides; and nalidixic acid (30 pg) and
ciprofloxacin (5 pg) from quinolones. Other drugs were
trimethoprim-sulfomethoxazole (25 pg) and tetracycline

(30pg). E. coli strain (ATCC 25922) was used as a control.

RESULTS

Phylogenetic classification
A total of 59 isolates were identified by conventional
biochemical identification on TSI slants and confirmed by

targeting uidA gene. Out of 59 UPEC isolates, 30 isolates
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(50%) were classified as phylogenetic group B2 showing two
types of gene patterns; 28 isolates were chud, yjaA and
TSPE4.C2 positive where as 2 isolates showed presence of
chuA and yjaA genes but TSPE4.C2 was not detected. Seven
(12%) isolates belonged to group D (chud positive, yjad
negative and TSPE4.C2 positive) and 11 (19%) to group A
(chuA negative, yjaA positive and TSPE4.C2 negative). Eleven
(19 %) isolates fell in the Bl group showing two different
patterns of genes; nine isolates had pattern chuAd negative, yjaA
negative and TSPE4.C2 positive, and two had the pattern chuAd
negative, yjaAd positive and TSPE4.C2 positive (Figure 1).

Figure 1.

Phylogenetic analysis of uropathogenic E. coli

isolates

Lane 1: GeneRuler SM0323 (Fermentas) showing bands of
3000, 2000, 1500, 1200, 1000, 900, 800, 700, 600, 500, 400,
300, 200 and 100 bps; Lanes 2 & 7: Phylogenetic group A
isolates showing amplification product of yjad (211bp); Lanes
3 & 4: Phylogenetic group B2 isolates showing amplification
products of chud, yjaA and Tspe4.C2 (279 bp, 211 bp and 152
bp); Lane 5:
amplification product of Tspe4.C2 (152bp); Lanes 6 & 8:

Phylogenetic group B1 isolate showing

Phylogenetic group D isolates showing amplification product

of chuA and Tspe4.C2 (279bp and 152 bp).
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Drug sensitivity by disc diffusion method

These isolates were highly resistant to cephradine and
ampicillin. However, resistance to some other B-lactam drugs
such as aztreonam, and cephalosporins, ceftriaxone,
cefoperazone and cefixime was to a lesser degree. Among
aminoglycosides, although resistance to streptomycin was very

high, gentamicin and amikacin were relatively more effective.

Multiple drug resistance patterns of uropathogenic E. coli

Trimethoprim-sulfamethoxazole and tetracycline were largely
ineffective. Nalidixic acid was relatively ineffective but as
expected fluoroquinolone, ciprofloxacin showed better results.
A total of 43 patterns were observed among E. coli isolates and
none of the isolates was resistant to less than 4 drugs, so all
isolates were considered as multiple drug resistant (MDR)

(Table 1).

Table 1. Prevalence of multiple drug resistance among various phylogenetic groups of uropathogenic E. coli isolates

Groups Drugs Drug resistance Phylogenetic grouping
(%) n=50%
B2 o & El
30 7 11 11
(0% (12%)  (19%)  (19%)
f-Lactams
Cefixime 4083 2275 oM assh o 9ED
Cefoperazone 3(E5) 2GTTHGEE TEH 504D
Ceftriaxone 300515 15050y 571 Toed) 4036
Cephradine 3901003 300100 77100 1171003 1171007
Aumpicillin 5797 3001000 Toiom  10¢91h  100R1)
Aztreonam 39066 19060y 6(26)  603T TR
Aminoglycosides Amikacin 33056 16053 6(26) 5045 3045
Cretitatnicin 3783 14047 68d) G55 55
Streptomycin 5797 30¢1000 Tolom  10¢91h  100R1
Sulfonamide  Trimethoprim S0(35) ET 0D 100910 TR
Sulfamethoxazole
Quinolones Malidizic acid 4475 AT TCIOM 10091 ¢S
Fluorogquinolones Ciprofloxacin A1(6W) 217m F10m ED 4056
Tetracycline  Tetracycline 5390 IO T0M 9G3H 10091

Drug sensitivity of different phylogenetic groups

The results of drug resistance according to phylogenetic
groups are shown in Table 1. Dominating group among our
local UPEC isolates was B2 (50%). The isolates belonging to
this group were highly resistant to all drugs except gentamicin
(47%), ceftriaxone (50%) and amikacin (53%). Group D (12%)
isolates were totally resistant to all drugs except cefoperazone ,
aztreonam, amikacin, gentamicin (86% each), and ceftriaxone
(71%). Resistance of Group A (19%) isolates to the used drugs
was generally high with exception of amikacin (45%),
cefixime, aztreonam and gentamicin (55% each). Group Bl
(19%) isolates were highly resistant to all drugs except

nalidixic acid (36%), ciprofloxacin (36%) and ceftriaxone

(36%). Phylogenetic group D isolates were found to be most
drug resistant followed by phylogenetic group B2, A and Bl
(Table 1).

DISCUSSION

Phylogenetic analysis differentiates all uropathogenic
isolates into four groups, A, B1, B2 and D. In our study, 50%
of isolates belonged to group B2, 19% each represented group
A and B1 and 12% were members of group D. Our findings are
in line with other studies where it was found that virulent
isolates of E. coli mainly belong to phylogenetic group B2 and
D, where as less virulent and commensal isolates of E. coli

belong to phylogenetic groups B1 and A (11). However, we
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found that unlike some previous reports (2, 15), phylogenetic
group D isolates were less frequent but more drug resistant as
compared to phylogenetic groups B2, A and B1 (Table 1). It is
difficult to explain but probably different environmental and
social conditions play an important role.

All the 59 isolates studied showed resistance to at least 4
drugs by disc diffusion methods. So they can be labeled as
MDR (3, 25). The emergence of 43 drug resistance patterns
showed high variability among local UPEC isolates.

All isolates were highly resistant to ampicillin, which is in
agreement to the findings of Nagoba ef al. (16). Among
cephalosporins, cephradine was totally ineffective, where as
aztreonam, ceftriaxone, cefoperazone and cefixime gave much
better results with disc diffusion method. There was no
significant variation according to phylogenetic groups.

Trimethoprim-sulfamethoxazole has been widely used for
the treatment of UTIs (15,24), but our results showed high
resistance (85%) indicating that it has become ineffective for
treatment of UTIs. Similarly, 90% isolates were resistant to
tetracycline. Maynard et al. (13) also reported an increase in
the tetracycline resistance in human isolates and considered it
as unexpected due to the fact that in humans, tetracycline use is
less than in animals.

In the local UPEC isolates, 75% resistance for nalidixic
acid and 69% for ciprofloxacin were observed. This high
occurrence of resistance is in sharp contrast to some older
studies. For example Moreno et al. (15) found 21% resistance
to quinolones and 18% resistance to fluoroquinolone, where as
Matthew et al. (12) reported only one ciprofloxacin resistant
isolate of E. coli. However, recently Shigemura ef al. (22) has
reported an emergence of fluoroquinolne resistant E. coli
responsible for UTIs.

Our study showed that all group D isolates were resistant
to quinolones. High level of resistance was also seen in B2 and
A groups, where as B1 isolates were mostly susceptible. These
findings are in partial disagreement with Takahashi et al. (23)
who reported that phylogenetic group B2 was significantly less
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prevalent coli than in

susceptible E. coli (49% versus 78%).

in fluoroquinolone resistant FE.

One interesting finding was that the group A isolates
which are supposed to represent commensal E. coli exhibited
high level of drug resistance which was though less than group
D isolates but was at par with group B2 isolates (11).

Among aminoglycosides, 97% resistance was observed
for streptomycin, 63% for gentamicin and 56% for amikacin.
As was the case for other drugs, group D was dominant in level
of drug resistance. Similar studies indicating relative efficacy
of gentamicin and amikacin have been reported from Pakistan
(4). However it has also been reported that there is an increase
in resistance against these drugs in urinary E. coli (9). These
researchers did not study phylogenicity.

It can be concluded that all local UPEC are multiple drug
resistant (MDR) which make them a serious and challenging
health problem. Prevalence of various phylogenetic groups was
in agreement with reported data but strong variance was seen in
level of drug resistance. Previous reports indicate that
phylogenetic group B2 is more drug resistant where as we
found that among local isolates, group D isolates are most

problematic in this respect.
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