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Abstract 

Background: Antimicrobial resistance is increasing worldwide, previous hospitalizations and use of antibiotics are well known risks factors 
for the development of urinary tract infections causedby gram-negative beta-lactamase producing bacteria, however, we know little about this 
problem during pregnancy. 

Objective: To determine the risk factors for the development of urinary tract infections caused by extended spectrum beta lactamase producing 
gram-negative bacteria during pregnancy. 

Methods: A case-control study was performed in 336 pregnant women with urinary tract infections caused by extended spectrum beta lactamase 
(ESBL) producing gram-negative bacteria and alsonon-producing extended spectrum beta lactamase gram-negative bacteria treated at the 
Women’s Hospital in Culiacan, Mexico, between February 2019 and January 2020. Logistic regression was used to calculate odds ratio (OR) and 
95% confidence intervals (95% CI). 

Results: The risk factors were recurrent urinary infection (OR = 1.84; 95% CI: 1.01, 3.34), Ceftriaxone administration (OR = 2.10; 95% CI: 1.01, 
4.39), previous hospitalizations (OR = 4.03; 95% CI: 2.04, 7.93). 

Conclusion: The risk factors for urinary tract infections caused by extended spectrum beta lactamase producing gram-negative bacteria during 
pregnancy were previous hospitalizations, administration of ceftriaxone, and recurrent urinary tract infections.
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Introduction 

Urinary tract infections (UTI) are one of the most frequent 
complications during pregnancy after anemia of pregnancy, 
however, urinary tract infections can affect both maternal and 
perinatal health, as well as the evolution of pregnancy [1]. The  

 
indiscriminate use of antibiotics, together with the increased 
mobilization that occurs in human populations, facilitates the 
spread of multi-resistant bacteria, particularly the extended-
spectrum beta-lactamase (ESBL) producing Escherichia Coli 
(ESBL+E.coli) [1,2].
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During pregnancy, urinary tract infections are common due to 
normal physiological changes. One of the most important changes 
during pregnancy is induced by the relaxing properties on the 
smooth muscle that progesterone possesses. In addition, the 
physiological hydroureter and decrease in bladder tone are both 
natural phenomena that double the total capacity of the urinary 
tract without causing discomfort or voiding urgency. However, this 
favors bacterial colonization in pregnancy [3].

According to the World Health Organization (WHO), UTI in 
pregnancy is an infectious process that results from the invasion 
and development of bacteria in the urinary tract that can bring 
about maternal and fetal repercussions [4], and the presence 
of UTI in pregnancy is one of the most common complications 
worldwide. The incidence of urinary infections in pregnant women 
is about 150 million cases per year. In Spain, the prevalence is 
5-10% and in Mexico it is reported at 2% with a recurrence rate 
of 23%. Its incidence is estimated at approximately 5-10% of all 
pregnancies, although usually it is asymptomatic bacteriuria (AB). 
Furthermore, sometimes symptomatic clinical processes can 
develop such as cystitis and pyelonephritis [5]. 

ESBL+ E. coli infection has become widespread in hospitals 
around the world. The ESBL strains represent an example of the 
ability of gram-negative bacteria to develop new mechanisms 
of resistance to new antimicrobial agents and the highest rates 
are 47% in India [6], Latin America and Asia, with respect to 
countries such as Europe and North America. In a study in 
Colombia, Community acquired UTI due to ESBL+ E. coli presented 
a prevalence that fluctuated between 12.5% to 34.58% [7], in 
Mexico an incidence of 48% has been reported, and in the Women’s 
Hospital in Culiacan, Sinaloa, Mexico during 2013, an incidence of 
12.5% in UTI caused by ESBL+ E. coli was reported [8-10].

ESBLs are transferable enzymes of rapidly evolving plasmids 
that confer unique patterns of resistance to antibiotics in various 
bacterial species. Some risk factors for the development of UTI 
due to enterobacteria have been identified, such as a history of 
infection with an ESBL producing microorganism, recent use of 
antimicrobials, recent hospitalization, and a history of metastatic 
cancer. These infections are increasingly common in the obstetric 
population, gynecologists do not widely recognize the problems 
related to ESBLs and also know little about the factors that 
are associated with the development of UTI caused by ESBL+ 
gram-negative organisms in pregnancy. Consequently, there are 
controversies about the diagnosis and treatment of these patients. 

It is well known that the presence of infections with strains 
that produce ESBL are related to higher mortality, longer hospital 
stays, higher hospital expenses, alongside decreased rates of 
clinical and microbiological response [6,7].

The objective of this study was to identify the factors associated 
with the development of urinary tract infections caused by beta-
lactamase-producing gram-negative organisms during pregnancy, 
the secondary objective was to identify antibiotics useful in 
pregnant women with urinary tract infections caused by gram-

negative organisms.

Methods 

Study subjects

A case-control study was conducted in pregnant patients 
diagnosed with urinary tract infection in the period from 
February 1, 2019 to January 30, 2020, evaluated in the outpatient 
consultation area, emergency department, and the inpatient 
area of the Women’s Hospital in Culiacan, Sinaloa, Mexico. The 
present investigation was evaluated and approved by the Hospital 
Research Committee. The clinical files that were obtained from the 
patients were strictly stored in total confidentiality in accordance 
with the Federal Law for the Protection of Personal Data Held by 
Individuals. 

The cases were pregnant patients with urinary tract Infections 
caused by ESBL-producing gram-negative bacteria and the 
controls were pregnant patients with urinary tract infections 
caused by non-ESBL-producing gram-negative bacteria.

Urinary tract infection was defined in pregnant patients with 
suggestive clinical manifestations such as low back pain, dysuria, 
increased urinary frequency, bladder tenesmus, urgency, nocturia 
and/or signs of fever, pain on palpation of the lower abdomen, 
pain on percussion of the lumbar area, gross hematuria with at 
least two of the following findings in the urinalysis: pH greater 
than 6.5, positive leukocyte esterase, positive nitrites, white blood 
cell count greater than 10 cells per field, bacteriuria greater than 
two (++), and the presence of erythrocytes. Exclusion criteria for 
this study included patients with urine cultures positive for other 
bacteria, non-pregnant patients, immunocompromised patients, 
patients with a single kidney, and previous nephrolithiasis. 
Elimination criteria were incomplete chart, poor/incorrect 
collection of the urine sample, or urine sample unsatisfactory of 
the quality controls to the laboratory.

Procedure for collection of urine samples

The sample was taken from the first urination in the morning, 
hands washed beforehand with soap/water, rinsed with water, 
then dried, and the labia kept separated until the urine sample 
was completely collected. The patient was instructed to urinate 
by discarding the first 20-25mL. After which, and without 
interrupting urination, the rest of the urine was collected in a 
sterile container [11].

Urine culture

Urine culture was considered positive when an organism was 
found and the colony count was greater than more than 100,000 
colony forming units (CFU) / mL of a single uropathogen. The 
frequency and type of microorganisms isolated in the urine culture 
were analyzed, as well as the antimicrobial susceptibility pattern.

Culture and identification of gram-negative bacteria

Samples were grown on blood agar and MacConkey agar, then 
incubated for 24 hours at 37°C. Subsequently, the macroscopic 
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characteristics of the colonies (shape, size, pigment production, 
and smell) were observed. Positive urine cultures were tested for 
susceptibility to 25 antibiotics using the automated Micro Scan 
Walk Away 96SI system, following the manufacturer’s instructions. 
The strains were considered resistant according to the minimum 
inhibitory concentration as indicated by the interpretation criteria 
of the National Committee of Clinical Laboratory Standards, 
likewise, the presence of beta-lactamases was identified. [12] 
To confirm the bacterial identification, biochemical tests were 
performed (API E20, Bio Mérieux, Durham, NC, USA). 

Statistical analysis 

A descriptive analysis was carried out to obtain frequencies 
and percentages in qualitative variables and quantitative variables 
we estimatethe mean and standard deviation (SD). 

In the inferential analysis for quantitative variables with 
non-Gaussian distribution the Kruskal-Wallis statistical test was 
applied, and in the patients with Gaussian distributon the Student 
t-test was used for the comparison of means. p-values less than 
0.05 were considered statistically significant. The odds ratio 

(OR) was obtained through the application of logistic regression 
analysis and their respective 95% confidence intervals, using the 
statistical program Stata SE 13. College Station, Texas 77845 USA.

Results 	

A total of 336 patients, the mean age was 24.8(SD=6.8) 
years (minimum of 14 and maximum 46); the age was not 
different between the study groups, p=0.87. The gestational 
age was 38.2(SD=2.4) weeks of gestation (minimum, 23.3 and 
maximum,42), without difference between the groups, p=0.94; 
the days of hospital stay were 2.08 (SD=1.5) days (minimum, 1 
and maximum, 31), without differences between the groups, 
p=0.37; the mean birth weight was of 3,184 (SD=596) grams, 
(minimum,1200 and maximum, 4,160), without difference 
between the groups, p=0.86. The 27.1% (n=91) patients were 
teenagers, 28 (8.3%) were older than 35 years, 112 (33.3%) were 
primigravids and 22 (66.7%) were multigravids. According to the 
gestational age, 55 (16.3%) were preterm births, 283 (83.7%) 
were term. The frequency of maternal and fetal complications 
according to the population studied are described in Table 1 & 2.

Table 1: Frequency of maternal and fetal complications according to the study group

  *Cases 
(n=53)

**Controls 
(n=261) p-value

IMC ≥ 30kg/m2 18(48.9) 64(40.8) 0.38

Fever 7(53.9) 25(54.4) 0.97

Recurrenturinarytractinfection 27(50.9) 94(36.0) 0.042¥

Cervicovaginitis 14(26.4) 38(14.0) 0.024¥

Premature ruptura of membranes 4(7.8) 32(13.5) 0.26

Previous hospitalizations during pregnancy 18(33.40) 32(11.3) 0.000¥

Maternal sepsis 5(9.4) 8(2.8) 0.020¥

Threatenedabortion 1(1.9) 3(1.1) 0.61

Abortion 1(1.9) 10(3.5) 0.53

Threatofpretermbirth 10(18.9) 34(12.0) 0.175

Pretermdelivery 11(22.5) 44(19.3) 0.61

Caesareansection 30(62.5) 140(61.1) 0.86

UTI: Urinary Tract Infection; *UTI due to ESBL producer/positive gram-negative; **UTI due to ESBL non producer/negative gram-negative. ¥ 
Statistically significant 5%.

Table 2: Frequency of fetal complications according to the study groups.

  *Cases 
(n=53)

**Controls 
(n=283) p-value

Respiratory disorders of the newborn 5(9.8) 36(15.3) 0.31

Neonatal sepsis 17(33.3) 73(30.8) 0.72

Neonatal death 1(2.0) 4(1.7) 0.89

Low birth weight 3(5.7) 25(8.8) 0.44

Normal birth weight 41(77.4) 177(62.5) 0.038¥

Large birth weight 3(5.7) 23(8.1) 0.537

Stillbirth 0(0.0) 2(0.7) 0.53

*UTI due to ESBL producer/positive gram-negative; **UTI due to ESBL non producer/negative gram-negative. ¥ Statistically significant 5%.
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The total of urine cultures, 232 (69.1%) developed 
Escherichia coli, 57 (17%) developed klebsiella pneumoniae and 
19 (6.6%) were proteus mirabilis of which 19.8, 10.5, and 5.2% 
were producers of ESBL respectively, the rest 28 were non-ESBL 
producing organisms.

The risk factors non-adjusted for the development of UTI 
in pregnant women caused by ESBL+ gram-negative bacteria 
were: Recurrent UTI (OR=1.84; 95% CI: 1.01-3.34), Ceftriaxone 
administration (OR=2.10 95% CI: 1.01-4.39) and previous 
hospitalizations (OR=4.03 95% CI: 2.04-7.93), a complete 
description is shown in Table 3.

Table 3: Risk factors adjusted and not adjusted for the development of UTI due to ESBL positive gram-negative bacteria.

 
*Cases 
n=53 

Frequency (%)

**Controls 
n=283 

Frequency (%)
OR Non Adjusted (95% CI) OR Adjusted (95% CI)

IMC ≥ 30kg/m2 18 (48.7) 64 (40.8 1.37 (0.7, 2.8) ----

Greater than 35 year (n=13) 5 (9.4) 23 (8.1) 1.17 (0.4, 3.2) ----

Recurrent UTI (n=77) 27 (50.9) 94 (36.0) 1.84 (1.0, 3.3) 1.38 ‡ (0.73, 2.6)

Ceftriaxone administration (n=99) 55 (77.5) 44 (62.0) 2.10 (1.0, 4.4) 2.30 † (1.09, 5.2) ¥

Previous hospitalizations for UTI (n=50) 18 (34.0) 32 (11.3) 4.03 (2.0, 7.9) ¥ 3.40 † (1.6, 6.9) ¥

Cervicovaginitis (n=47) 14 (26.4) 38 (14.0) 2.21 (1.1, 4.5) ¥ 1.63 ‡ (0.8, 3.5)

*UTI due to ESBL positive gram-negative; **UTI due to ESBL negative gram-negative; ⁂: Source: 2016 Women’s Hospital Database: † = Adjusted 
for recurrent UTI; ‡ = Adjusted for previous hospitalizations. ¥ Statistically significant 5%.

The antibiotics administered for UTI were cephalexin in 102 
cases (71.8%), ceftriaxone in 99 cases (69.7%), and gentamicin in 
53 cases (37.3%). Those who were treated with cefotaxime and 
ceftriaxone were associated with the presence of ESBL in 80% of 
cases and in 51.5% of cases, respectively. 

Discussion 

It is well known that there is a high risk of infection and 
colonization by strains that produce ESBL in patients with 
prolonged hospital stay or who required invasive devices. The 
previous use of antibiotics and previous hospitalizations are also 
risk factors. ESBLs are found in enterobacteria, mainly Klebsiella 
sp. and E. coli, which implies resistance to antibiotics such as 
penicillin, cephalosporin, and aztreonam [1].

In Europe and the United States, and to a lesser extent in Asia 
and South America, an increase in the number of enterobacteria 
producing ESBL in clinical material derived from hospitalized 
patients or from those living in the community has been 
demonstrated [13,14]. In Mexico, the trend of the development of 
ESBLs at the hospital or community level is unknown, however 
according to the SENTRY antimicrobial surveillance program 
in Latin America, strains with low susceptibility to meropenem 
and imipenem are reported in Mexico with an incidence of 48% 
[15]. In Latin America, mainly in Argentina, Venezuela, Brazil and 
Mexico, the most commonly reported beta-lactamases are SHV-5, 
SHV- 2, and CTX M-2 [16,17].

In a study in Colombia, risk factors for ESBL producing 
microorganisms infections acquired in the community were: 
frequency of recent antibiotic therapy, previous hospitalization, 
presence of high urinary tract infection, as well as the history 
of recurrent urinary tract infection, chronic kidney disease, and 
diabetes mellitus [18]. In the present study, we found by univariate 

analysis that recurrent urinary tract infections cervico-vaginitis, 
previous hospitalizations due to UTI, and the use of ceftriaxone 
were non adjusted risk factors for UTI due to ESBL+ gram-negative 
bacteria. However, when those risk factors were adjusted for the 
history of recurrent urinary tract Infections, only independent 
risk factors were found for the use of ceftriaxone and previous 
hospitalizations due to UTI. 

To the best of our knowledge, no studies have been conducted 
in pregnant women investigating the clinical conditions that favor 
the development of beta-lactamase generating microorganisms. 
However, in the present study we demonstrated that previous 
hospitalizations due to UTI was the main risk factor for the 
development of UTI due to ESBL+ gram-negative bacteria. We 
observed that in this group, cervico-vaginitis and recurrent 
urinary infections occurred in 36% and 69% of cases, respectively, 
which are conditions that favor bacterial development, if the 
conditions are not hygienic, patients of low socioeconomic 
status, have deficient diet (mainly iron), immunosuppression, or 
premature rupture of membranes are conditions that also favor 
the development of infectious processes that, when treated with 
third-generation cephalosporins indiscriminately, they could favor 
the development of extended spectrum beta-lactamases (ESLB). 

In this regard, the frequency of vaginosis or cervico-vagnitis 
occurred in 33% of the cases and the coexistence of with UTI 
was 63% of the cases, similar to that reported by Escobar-Padilla 
B et al. [19] in where the coexistence was 40.8%, highlighting 
the importance of these pathologies, which should definitely be 
treated urgently [19].

On the other hand, considering E. coli as the causal agent 
of vaginal infection has been controversial, however, there are 
studies that report that the isolation of E. coli strains is 4.7 times 
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more frequent in cases of vaginosis than in controls without 
vaginosis, which would imply the transfer of this bacterium to the 
fetus or the newborn and, if in addition, an inadequate treatment 
is administered with cephalosporins of third generation, this may 
favor the presence of ESBL [20,21].

Age over 35 years was not a risk factor for urinary tract 
infection caused by ESBL+ gram-negative bacteria and although 
the frequency of UTI tends to be lower in this group, as the age 
advances the presence of asymptomatic bacteriuria tends to be 
increasingly greater, perhaps due to problems of immunological 
and anatomical type as well as a greater probability of prior 
exposure to antibiotics [11].

Among pregnant women, the global prevalence of ESBL 
producing enterobacteriaceae in symptomatic urinary tract 
infections is different from one geographic region to another, 
occurring in North America, South America, Europe, Asian 
countries, India and Africa in 3, 4, 5, 15, 33, and 45% respectively 
[22]; in our study population 19.8% of the urinary tract infections 
caused by E. coli were producers of extended spectrum beta-
lactamases and it was lower than those reported by Galindo-
Méndez [23], in a study conducted in women in Oaxaca, Mexico 
where it was reported as 23.4%.This represents a high level 
of antibiotic resistance to the antimicrobials commonly used, 
therefore decreasing the therapeutic options available for this 
vulnerable population [23]. 

The association between urinary tract infection and preterm 
delivery has been reported in other studies [10], in the present 
study, although preterm delivery in patients with UTI caused 
by ESBL + E coli occurred more frequently, we did not observe 
a statistically significant association. In a descriptive study 
conducted in Nicaragua in 168 patients with clinical UTI found 
in the analysis of antimicrobial resistance in different phenotypic 
groups of E. coli, showed that 61.5% were resistant to ceftriaxone, 
60.7% to cefepime, followed by 68% resistant to gentamicin. 
An important finding was the presence of E. coli ESBL isolates 
in 61.5% of the samples, which could indicate the possible 
appearance of bacterial phenotypes with endemic circulation as 
potential pathogens in this type of patients. This was mainly found 
during the third trimester of pregnancy [13].

Many studies have reported restricting the use of third-
generation cephalosporins as a successful strategy for decreasing 
the prevalence of ESBL; the introduction of handwashing and 
the implementation of contact and disinfection barriers, without 
the restriction of antibiotics, has contributed to the reduction of 
ESBLs in the hospital setting. However, the impact has been of 
lesser magnitude than with the restriction of third generation 
cephalosporins [24].

The therapy of choice for serious infections focuses on 
carbapenems, although indiscriminate use should be avoided. 
In uncomplicated lower urinary tract infections, fosfomycin and 
nitrofurantoin are the best treatment alternatives [14]. The most 

effective antibiotics against ESBL+ gram-negative bacteria are 
carbapenems with 0% resistance, tigecycline with 7.6%, amikacin 
with 3.7%, nitrofurantoin with 6.7%, and piperacillin/tazobactam 
with 7.6%, as reported in other studies [25-27].

We found that the antibiotics with higher resistance were 
generally penicillins, first to third generation cephalosporins 
with 26%, quinolones 28%, and trimethoprim sulfamethoxazole 
63.5%. Similar results as those reported by Mohammed MA et al. 
[28] in a study conducted in Libya with 1,153 patients with urinary 
tract infections due to E. coli, including men, women, children, and 
adults [25,28]. Studies have also revealed an increase in hospital 
stay and mortality due to the delay in the proper administration of 
antibiotics. It is important to mention that the patients who were 
treated with ceftriaxone empirically for UTI, in where the urine 
culture reported ESBL+ gram-negative bacteria, compared with 
the control group, were associated with increase in the frequency 
of preterm delivery, maternal sepsis and neonatal sepsis. 

Outbreaks of ESBL+ gram-negative bacteria have been reported 
in neonatal intensive care units, and thermometers, oxygen 
probes, liquid soap, ultrasound gel, and health professionals are 
documented vectors of infection; Eppes, CS, & Clark recommend 
that laboratories should report the presence of beta-lactamases 
in urine cultures immediately, that pyelonephritis should be 
treated with meropenem and cystitis with nitrofurantoin, and that 
third-generation cephalosporins should be left for complicated or 
severe cases that have not responded to other limited spectrum 
cephalosporins [29]. 

The main strength of the present study is that it constitutes 
to a certain extent a unique report. To the best of our knowledge, 
there are no similar reports conducted in pregnant women with 
UTI due to ESBL+ gram-negative bacteria, and we were able to 
demonstrate the impact these type of infections may have on the 
mother, the newborn and fetus, unfortunately, the sample studied 
was small which makes it difficult to generalized or make strong 
assumptions or conclusions for this specific population. The 
development of future research with a larger sample of patients 
would be relevant. In conclusion, the present study showed that 
previous hospitalizations, administration of ceftriaxone and 
recurrent urinary infections in pregnant women may be risk 
factors for the development of UTI due to ESBL+ gram-negative 
bacteria.
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