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Abstract

The objective of this study was to identify strains of Escherichia coli producing extended spectrum
beta-lactamases (ESBL) in urine cultures and to evaluate the patterns of resistance to certain antibiotics
used in clinical practice as treatment of choice in the Valley of Toluca, Mexico. One hundred and fifty-five
urine samples were obtained from people in the Toluca Valley, Mexico, under the necessary hygiene con-
ditions, 100 ml used to identify the pathogen and its resistance patterns were collected from each sample
through an automated WalkAway method. In order to determine ESBL, a double disk technique was used.
Nineteen ESLE-producing strains of E. coli were obtained, of which 100% showed resistance to ampicillin
and cephalosporins, to tetracycline 93.75% resistance, levofloxacin 87.5% and ciprofloxacin 81.25%, and
sensitivity of 100% to amikacin and carbapenemics. In conclusion, antibiotic resistance represents a major
health problem. As the present study shows, ampicillin is a drug of choice for urinary tract infectioncaused
by E. coli, but in the Toluca Valley the resistance to this antibiotic is 100% in ESBL-producing strains,
which also show high resistance patterns to cephalosporins, quinolones, tetracycline and trimethoprim with
sulfamethoxazole.
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Pe3rome

[lenTa Ha HACTOSIIIIOTO MPOYYBAHE € Ja ce uAaeHTuduIMpar mamosere Ha Escherichia coli, npomyiu-
parm 6eranakramasu ¢ yubpkeH criekTsp (ESBL) B ypuHapHUTE KYyITYpH, KAKTO H J1a CE OIICHIT MOICITUTE
Ha PE3UCTEHTHOCT KbM OIpe/ie]IeHH aHTUONOTHUIIH, U3MO0I3BaHU B KJIMHUYHATA MMPAKTUKA KaTO JISYSHHE T10
n300p B nmonuHata Ha Tomyka, Mekcuko. CbOpanu ca 155 nmpobu ot ypuHa oT Xopa B monuHata Tomyka,
MeKcuKo MTpu HEOOXOAMMH XUTHEHHU YCIIOBHUS. 32 UICHTU(UIIMPAHE HA IMAaTOTCHA W HETOBUTE MOJICTH HA
pe3ucTeHTHOCT cau3nonsBanu 100 Mi1. oT Besika mpo0a, u3mosi3Baiiku aBToMaTu3npan metoa Ha Walkaway. 3a
na ce onpenenu ESBL, Gemre nznon3Bana 1BoitHa nuckoBa TexHuka. [lomydenu ca 19 mama, mpousBexaamim
ESLE na E. coli n 100% oT TsX moka3BaT pe3uCTEHTHOCT KbM aMIUIIWINH | Tiedanocnopunn, 93.75% -
KbM TEeTpaluKiIng, 87.5% - kbm neBodaokcanun u 81.25% - kbM runpoduokcad. EnHoBpeMeHHO ¢ ToBa
e oryereHa 100% 4yBCTBUTETHOCT KbM aMUKallMH U KapOaneHemuIy. B 3akitoueHue, aHTUOMOTHYHATA
PE3UCTEHTHOCT TMPEJICTABIsIBA OCHOBEH 3/JpaBOCIIOBEH mpodiieM. KakTo moka3Ba HacTOSIIOTO MPOYYBaHE,
aMIUIWINHBT € JIEKAPCTBO 32 U300p mpu MHQEKIUSA HAa MUKOYHUTE MIBTHILA, TIPeIU3BUKaHa OT E. coli, HO
B JonrHAaTa Ha Tomyka pe3uCcTEHTHOCTTa KbM To3u aHTuOnoTuK € 100 B mamoBete, mpousBexaamu ESBL.
YcTaHOBEHU Ca ChHIO MOJETH C BHCOKAa YCTOMYHMBOCT KbM Ie()aTOCTIOPUHH, XHHOJIOHHU, TCTPAITUKINH H
TPUMETOIPUM ChC Cya(haMeTOKCa30.
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Introduction

According to the World Health Organiza-
tion (WHO), urinary tract infections (UTIs) are the
most common infections in humans (WHO, 2017).
Globally, approximately 150 million people are di-
agnosed with UTlevery year (Tuem et al., 2019).
They occur as a result of bacterial proliferation
in the urinary system, manifesting itself as symp-
tomatic or asymptomatic bacteriuria (Zhao et al.,
2020).

The process by which the urinary tract main-
tains the sterility of the urine is the continuous un-
obstructed flow (Soman and Yuxuan, 2015). That is
why, abnormalities in the anatomy or function that
hinder that flow compromise urine sterility, giving
way to infections (Hobeman et al., 2003). Most uri-
nary tract infections begin with the invasion of bac-
teria from the urinary tract via the ascending route
(Baldassarre and Kaye, 1991), generally due to
bacteria originating from the digestive tract (Bey-
ene and Tsegage, 2011; Tuem et al., 2019). These
infections may be limited to the lower tract or blad-
der (acute cystitis), or may involve the kidney as a
kidney or upper tract infection (acute pyelonephri-
tis) (Nicolle, 2002).

The epidemiology of infection varies with
sex, age, and the presence of associated genitou-
rinary abnormalities (Nicolle, 2002). UTIs can
occur in male patients, but, more frequently in fe-
male patients (Willy et al., 2015), attributed to the
proximity of the genital tract and shorter urethra.
Specific subpopulations at increased risk of urinary
tract infection include infants, pregnant women, the
elderly, patients with spinal cord injury and/or cath-
eters, patients with diabetes or multiple sclerosis,
patients with acquired immunodeficiency disease
syndrome, human immunodeficiency virus, and
patients with underlying urological abnormalities
(Nicolle, 2019).

Urinary tract infections (UTI), both acquired
in hospital and in the community, (Sweileh ef al.,
2018), have quite a detrimental influence on the
patient‘s quality of life. The most frequently iso-
lated microorganisms are mainly Escherichia coli,
followed by Staphylococcus saprophyticus, Citro-
bacter spp, Enterobacter aerogenes, Pseudomonas
aeruginosa, Proteus vulgaris, P. mirabilis, Kleb-
siella spp, S. aureus, Salmonella spp., Enterococcus
spp., and Enterococcus spp. (Tuem et al., 2019).

Antimicrobial therapy is essential for the
treatment of urinary tract infections to prevent
complications (Hooton and Stamm, 1997). Today,
the emergence of antimicrobial resistance repre-
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sents a serious threat to public health worldwide
(Li and Webster, 2018). Uropathogens belonging
the Enterobacteriaceae family are known to pro-
duce extensive-spectrum beta-lactamases (ESBLs)
and carbapenemases, leading to resistance to mul-
tiple drugs (Perez and Van-Duin, 2013). In particu-
lar this applies to E. coli (Gajamor et al., 2018).
This uropathogen is the main causal agent isolated
prevalently in uncomplicated UTI in Mexico. Its re-
sistance to antimicrobials translates into a substan-
tial financial burden on the health system, as well
as significant morbidity for patients (Reyes and
Ladon, 2016; Lagunas-Rangel, 2018).

Materials and Methods

In the present study, 155 urine cultures were
performed in patients with clinical symptoms of
urinary tract infection, without exclusion criteria
such as gender or age, in a town in the center of the
Toluca Valley, Mexico. Of the 155 urine cultures
performed, the distribution was: 107 people of the
female gender representing 69% of the study popu-
lation, and 48 men representing 31%. The age ran-
gelower limit was 1-year-old patient, and the high-
est limit was a 91-year-old patient, with an average
age of 25 to 30 years.

For the study, 100 ml of the first urine of the
day were collected under the necessary hygiene
conditions for the collection of the specimen. The
identification of the etiological agent as well as
the sensitivity tests were performed using the au-
tomated method WalkAway SI 96 from Beckman
Coulter. For the detection of extended-spectrum
beta-lactamases, the double disc method was used.

Results

Among the 155 urine cultures performed, 80
were positive for microbial development, and 75
showed no development.

The 51.62% that represents positive cases
have a distribution 47.5% represented bacteria oth-
er than E coli, 8.75% corresponded to yeasts and
43.75% represented E. coli, which is equivalent
to 35 cultures. Of the 35 isolated from E. coli. 16
strains show production of extended spectrum beta-
lactamases (ESBL) equivalent to 45.72%. Table 1
shows the resistance patterns to the different anti-
biotics used, in the clinical isolates of E coli with
production of ESBL.

The strains showed marked 100% resistance
to second- and third-generation cephalosporins,
which are broad-spectrum antibiotics, as well as to
ampicillin with the same percentage, while resist-
ance to tetracycline was found to be 93.75%.



Table 1. Antibiotic resistance of used clunic isolates

Sensitivity pattern
Antibiotic ) Intermediate ..
Resistant Sensitivity Sensitive

Amikacin 0 0 16
Ctovanic Acid | * : 10
Ampicillin 16 0 0
lzjar::lg;ﬂhn /Sul v | 3
Cefazolin 16 0 0
Cefepime 16 0 0
Cefotaxime 16 0 0
Ceftazidime 16 0 0
Ceftriaxone 16 0 0
Cefuroxime 16 0 0
Ciprofloxacin 13 0 3
Ertapenem 0 0 16
Gentamicin 9 1 6
Imipenem 0 0 16
Levofloxacin 14 0 2
Meropenem 0 0 16
RN E
Tetracycline 15 0 1
Tigecycline 1 1 14
Tobramycin 9 1 6
i IR

Carbapenems and amikacin showed greatest

sensitivity. Other antibiotics, such as quinolones,
sulfa and other beta-lactams showed variable re-
sistance (Fig. 1.).
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Discussion

The extended-spectrum beta-lactamases have
a broad inhibitory activity for beta-lactam drugs,
such as penicillin derivatives, and first-, second-,
third- and fourth-generation cephalosporins, which
is demonstrated in the 16 isolates with ESBL pro-
duction with a resistance pattern of 100% for am-
plicillin and cephalosporins.

Beta-lactams with beta-lactamase inhibitors
showed variable resistance patterns, ESBLs are
known not to have strong activity against these in-
hibitors. In the case of ampicillin with sulbactam,
the resistance pattern is 75%, while for amoxicillin
with clavulanic acid the resistance is only 25%. The
strains show a resistance pattern of 0%, but an in-
termittent sensitivity of 31.25% to piperacillin with
tazobactam.

Although carbapenems are considered to be-
long to the beta-lactam family, extended- spectrum
beta-lactamases have no activity whatsoever for
this class of antibiotics, so the pattern of sensitivity
to meropenem, imipenem, and ertapenem is 100%.

On the other hand, a high resistance pattern
is shown in other classes of antibiotics, this due to
the influence of extended-spectrum beta-lactama-
ses. In the case of quinolones, a resistance pattern
of 81.25% is observed for ciprofloxacin, while for
levofloxacin the resistance pattern is 87.5%. For
tetracycline, there is a 93.75% resistance pattern,
also affected by the presence of ESBL. The only
antibiotic that showed 100% activity against ES-
BL-producing isolates is the aminoglycoside ami-
kacin, and a high percentage of sensitivity was ob-
served for tigecycline.
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Fig. 1. Resistance and sensitivity patterns: resistant isolates - black bars; the strains with intermediate
sensitivity — white bars; strains with sensitivity to the antibiotic - gray with lines
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Conclusions

E. coli is one of the main known uropathogens
and in many cities it represents the main causative
agent of UTI. Enterobacteriaceaec have acquired
many mechanisms of resistance to antibiotics, and
one of the main mechanisms is the production of
extended-spectrum beta-lactamases, which confers
resistance to beta-lactam antibiotics as well as to
other classes, such as quinolones and tetracyclines.

In the present study, almost 50% of the E.
coli isolates produced ESBL, which complicates
the treatment of urinary tract infections. Therefore,
first-choice therapeutic strategies face high resist-
ance patterns.
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