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Abstract

Urinary tract infections and bacteriuria are common in the pediatric population, and antibiotic resistance is increasing significantly.
Recurrent urinary infections, symptomatic or asymptomatic, are a risk factor for developing chronic kidney disease in adolescents
and young adults. This study aimed to assess the prevalence of bacteriuria diagnosed by culture to identify the main causal
agents and sensitivity to antibiotics in adolescents from the central region of the state of Tlaxcala. A cross-sectional study was
carried out among 905 adolescents from 11 to 18 years old who lived in the central region of the state of Tlaxcala, Mexico.
Bacteriuria was evaluated by positive nitrites and leukocyte esterase, and urine culture with antibiogram. Multivariate logistic
regression models were executed to evaluate the risk of presenting bacteriuria, with a confidence level of 95%. A total of 31
participants had a positive urine culture, with a bacteriuria prevalence of 3.4%, of which 29 cases were asymptomatic. The most
frequent agent was Escherichia coli) in both sexes (28.6% in men and 29.7% in women) and regarding bacterial resistance: E.
coli presented greater resistance to ampicillin, trimethoprim/sulfametoxazol and ceftriaxone. The risk factors associated with
bacteriuria were female sex, sexual activity, use of contraceptives, and greater consumption of sweetened beverages. Bacteriu-
ria is common in this adolescent population, so its early identification is necessary to treat it, and to prevent its complications.
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Prevalencia de bacteriuria y resistencia bacteriana en adolescentes del centro del
estado de Tlaxcala, México

Resumen

Las infecciones del tracto urinario y bacteriuria son comunes en la poblacion pedidtrica, y la resistencia a los antibidticos
estda aumentando significativamente. Las infecciones urinarias recurrentes, sintomaticas o asintomaticas, son un factor de
riesgo para desarrollar Enfermedad Renal Cronica en adolescentes y adultos jovenes. El objetivo de este estudio fue evaluar
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la prevalencia de bacteriuria diagnosticada por cultivo, identificar los principales agentes causales y la sensibilidad a anti-
bidticos, en adolescentes de la region centro del estado de Tlaxcala. Se realizé un estudio transversal en 905 adolescentes
de 11 a 18 afios de edad que vivian en la region centro del estado de Tlaxcala, México. La bacteriuria se evalué mediante
nitritos y esterasa leucocitaria positivas, y urocultivo con antibiograma. Se ejecutaron modelos de regresion logistica multi-
variados para evaluar el riesgo de presentar bacteriuria, con un nivel de confianza del 95%. Un total de 31 participantes
presentaron urocultivo positivo, siendo la prevalencia de bacteriuria del 3.4%, de los cuales 29 casos fueron asintomaticos.
El agente que se presenté con mayor frecuencia fue Escherichia coli en ambos sexos (28.6% en hombres y 29.7% en
mujeres), y respecto a la resistencia bacteriana: E. coli presenté mayor resistencia a Ampicilina, Trimetoprim/Sulfametoxazol
y Ceftriaxona. Los factores de riesgo asociados a la bacteriuria fueron el sexo femenino, actividad sexual, uso de anticon-
ceptivos y un mayor consumo de bebidas azucaras. La bacteriuria es frecuente en esta poblacidn adolescente, por lo que

es necesaria su identificacion temprana para tratarlas y prevenir sus complicaciones.

Palabras clave: Bacteriuria. Infeccion urinaria. Adolescentes. Resistencia bacteriana. Tlaxcala. México.

Introduction

Urinary tract infection (UTI) is a significant public
health problem worldwide, representing the second
most common cause of infection in the general popu-
lation’. In Mexico, it is the third leading cause of mor-
bidity in adolescents and adults®. In addition, it is
associated with high healthcare costs due to the mis-
use of antibiotics and antimicrobial resistance, which
leads to the use of broader-spectrum and more expen-
sive drugs®.

UTI has been considered a risk factor associated with
renal malformations, chronic kidney disease (CKD), and
hypertension. As a result, urine cultures have been rou-
tinely performed, often yielding positive results in appar-
ently healthy and asymptomatic individuals, a
characteristic termed asymptomatic bacteriuria (AB)*.
Other studies have shown that AB has been associated
with urinary symptoms such as nocturnal enuresis, uri-
nary urgency, and foul-smelling urine in up to 70% of
cases, which has been termed covert bacteriuria rather
than asymptomatic®. AB has also been linked to urolog-
ical abnormalities in 47% of cases, including vesicouret-
eral reflux (21-33%), renal scarring (10-26%), and
bladder trabeculation (7-16%). However, other studies
have reported a lower prevalence of urological abnor-
malities (renal malformations in 3-14% and reflux in
7-13% of cases), while some have found no differences
between patients with AB and the general population®.

The AB prevalence is estimated at 3% in school-age
children, 1% in preadolescent children®, and between
1.1 and 1.8% in adolescent females, while it is almost
non-existent in males. Some studies report that AB is
not associated with significant genitourinary tract mal-
formations®. The bacteria isolated in patients with AB
are primarily enterobacteria originating from the diges-
tive system. Escherichia coli is the most frequent cause

of symptomatic UTls and AB. However, other bacteria
such as Enterobacteriaceae, Pseudomonas aerugi-
nosa, Enterococcus species, and Group B Streptococcus
can also be found. In males, Enterococcus species and
Gram-negative bacilli are more common®.

UTls, symptomatic and asymptomatic, are very com-
mon in the pediatric population. Over the past two
decades, antibiotic resistance has been increasing sig-
nificantly due to extended-spectrum beta-lactamase
(ESBL) producing microorganisms’. E. coli is the micro-
organism with the highest antibiotic resistance in chil-
dren and adolescents under 18-years-old: ameta-analysis
in  Organization for Economic Co-operation and
Development (OECD) member countries showed a
resistance prevalence of 53.4% for ampicillin, 23.6% for
trimethoprim, 8.2% for amoxiclav, 2.1% for ciprofloxacin,
and 1.3% for nitrofurantoin. Meanwhile, resistance in
non-OECD countries was significantly higher: 79.8% for
ampicillin, 60.3% for co-amoxiclav, 26.8% for ciprofloxa-
cin, and 17% for nitrofurantoin®. In Mexico, it has also
been shown that the susceptibility of many Gram-positive
and Gram-negative uropathogens to widely used antibi-
otics has decreased, mainly due to prolonged and inap-
propriate use of these drugs®. Due to its frequency, E.
coli has shown resistance to third-generation cephalo-
sporins and quinolones, mainly due to the presence of
ESBLs'. Likewise, Enterococcus faecium presents
increasing resistance to vancomycin, P. aeruginosa to
quinolones and third-generation cephalosporins, and
Enterobacter cloacae and Klebsiella pneumoniae have
shown multi-drug resistance'".

Recurrent UTls are one of the main risk factors for
developing CKD in adolescents and young adults. It has
been estimated that between 10 and 25% of children
and adolescents with CKD have a history of chronic
pyelonephritis'. Furthermore, it has been reported that
10% of adolescents with recurrent UTls developed CKD
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after 25 years of follow-up'. This study aimed to eval-
uate the prevalence of bacteriuria, the main causative
agents, and antibiotic sensitivity in adolescents from the
central region of the state of Tlaxcala.

Materials and methods

A cross-sectional analytical study was conducted
from September 2019 to March 2022 among students
aged 11-18 years from public and private secondary
and upper secondary schools in the municipalities of
Tlaxcala, Chiautempan, and Apetatitlan in the state
of Tlaxcala, Mexico. The sample size was calculated
for cross-sectional studies, considering a 95% confi-
dence level, 5% precision, an expected prevalence of
4.3%, a design effect of 2.0, and using the correction
for diseases with prevalences below 10%: multiplying
the precision by the expected prevalence'. A multi-
stage sampling strategy was employed, stratified by
education level (secondary or upper secondary) and
proportional to the size of the strata (number of
schools per municipality). Simple random sampling
was used at each stage and in each selected school.
Students who were taking antibiotics or non-steroidal
anti-inflammatory drugs and female students who
were menstruating or whose period had ended three
or fewer days before the study were excluded from
the study. This study was conducted following the
Declaration of Helsinki, considering the ethical prin-
ciples for medical research involving human sub-
jects’>. The study was approved by the research
Ethics Committees of the Hospital Infantil de México
and the Tlaxcala Health Ministry. Invited participants
signed an assent form, and their parents provided
informed consent.

Evaluation of bacteriuria and bacterial
sensitivity to antibiotics

Bacteriuria was assessed using a first-morning urine
sample (midstream), with the Clinitek Status Plus equip-
ment using Multistix 10sg reagent strips, considering
the parameters of bacteriuria, leukocyte esterase, and
nitrites as suggestive of bacteriuria or UTI'®'". In case
of a positive parameter, a urine culture was performed.
Uncentrifuged urine was inoculated using a calibrated
loop on Blood Agar, MacConkey Agar, Biggy Agar, and
Mannitol Salt Agar culture media. The inoculated plates
were incubated at 37 + 0.5°C for 72 h with daily review
based on the literature'. After observing bacterial
growth, differential staining and biochemical tests were

performed to identify genus and species. Finally, an
antibiogram was conducted using the Kirby-Bauer
method'®. The diagnosis of AB was based on the
Mexican Clinical Practice Guideline on “Diagnosis and
treatment of uncomplicated UTI in individuals under
18 years of age in primary and secondary care levels”.
The criteria for a clean midstream urine sample in
patients without permanent catheters were the pres-
ence of significant bacteriuria without clinical manifes-
tations and two positive cultures. Significant bacteriuria
refers to the isolation of a recognized urinary pathogen
in a urine culture, collected aseptically, with a colo-
ny-forming unit (CFU) count that varies according to the
urine collection method: spontaneous micturition, trans-
urethral catheterization, or suprapubic puncture®. In
this study, the isolation of at least 100,000 CFU per mL
of the same bacterial species was considered signifi-
cant. In addition, since some authors recommend that
in the case of males, the diagnosis of AB can be made
with a single culture?'-??, and due to logistical difficulties
in collecting a second sample in different schools, this
study only cultured one urine sample for both males
and females.

Evaluation of urinary symptoms

The assessment of urinary symptoms was conducted
using the following questions: in the past year, have you
experienced burning or pain while urinating? While uri-
nating, do you feel the need to urinate more but can-
not? Do you frequently feel an urgency to urinate more
than usual? Has a doctor ever diagnosed you with an
uTI?

Evaluation of family socioeconomic
characteristics and sugary drink
consumption in participants

A self-administered questionnaire was used for par-
ents or guardians, consisting of 154 questions divided
into sections: personal and pathological history, family
environmental exposure, and occupational data. In
addition, the following aspects were evaluated in the
participants: pathological history, family medical his-
tory, medical care, hygienic-dietary habits, urinary his-
tory and symptoms, sexuality, substance use, quality
of life, and physical examination.

The socioeconomic level was assessed according to
the Mexican Association of Market Intelligence and
Public Opinion Agencies (AMAI, for its Spanish acro-
nym)?3, which classifies into seven social strata. However,
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Table 1. Sociodemographic, anthropometric, and clinical characteristics of participants, by sex

Variables

Female
(n = 490) (54.1%)

(n = 415) (45.9%)

Age, years (mean + SD) 138 £ 1.7 138+ 16 0.641
Secondary school
Public (%) 57.5 63.7 0.078
Private (%) 425 36.3
Upper secondary (high school)
Public (%) 45.4 68.1 0.001
Private (%) 54.6 31.9
Socioeconomic level*
Very low (%) 1.7 1.4 0.756
Low (%) 53.6 57.4 0.258
Medium (%) 447 41.2 0.290
Frequency of potable water supply to house*
Daily (%) 51.8 54.1 0.477
Every third day (%) 37.3 35.8 0.649
Twice a week (%) 8.8 8.5 0.866
Once a week (%) 0.9 0.7 0.771
Occasionally (%) 0.6 0.6 0.801
Never (%) 0.6 0.3 0.447
Body mass indext
Numerical, kg/m? (mean + SD) 214 £0.2 22.1 £ 0.1 0.013
Underweight (%) 1.7 0.6 0.110
Normal (%) 56.2 58.6 0.439
Overweight (%) 23.2 28.5 0.068
Obesity (%) 18.9 12.3 0.004
Waist circumference, cm (mean + SD) 79+15 7413 0.012
Abdominal obesity*
Normal 1.4 75.8 0.134
Risk of abdominal obesity 18.7 15.6 0.224
Abdominal obesity 9.9 8.6 0.486

*Information was provided by parents and/or guardians.

The socioeconomic level was assessed using items on maternal education, paternal education, electricity supply (public service, private plant, solar panel, no electrical
service), type of flooring in the house (cement, tile, wood, dirt, other material), number of people living in the household, and type of drainage or sewage connection
(public network, septic tank, pipe leading to a ravine, pipe leading to a river, no drainage); according to the Mexican Association of Market Intelligence and Public Opinion
Agencies (AMAI, for its Spanish acronym)?, socioeconomic level is classified into seven social strata, however, for this analysis only four categories are considered: very

low (score 0-89), low (score 135-190), medium (score 191-204), and high (score > 205).

fBMI was calculated using the formula weight (kg)/height? (m), and depending on the child’s sex, BMI, and age, it was categorized as underweight (< 3" percentile),
normal (3-84.9" percentile), overweight (85-97" percentile), and obesity (> 97" percentile)?.
1The Abdominal Obesity Index was calculated based on waist circumference values and classified as normal (< 75" percentile), risk of abdominal obesity (75t-90%

percentile), and abdominal obesity (> 90™ percentile)?.
SD: standard deviation.

in this study, they were condensed into four categories:
very low (score 0-89), low (score 135-190), medium
(score 191-204), and high (score > 205).

The intake of sugary drinks was quantified by the
number of portions consumed per day, and the follow-
ing beverages were included in the study: cola, flavored
soft drinks, diet soft drinks, powdered flavored water,
natural fruit juice, industrialized juice, industrialized tea,
coffee with milk, coffee without milk, atole (a traditional
hot corn-based beverage) with milk, atole without milk,
hot chocolate with milk, and hot chocolate without
milk?*,

Evaluation of body mass index (BMI) and
abdominal obesity

Body mass index (BMI) was calculated using the
formula weight (kg)/height? (m), adjusted for age and
sex. Participants were categorized into underweight (< 3™
percentile), normal (39-84.9™" percentile), overweight
(85M-97™" percentile), and obese (> 97" percentile)?.
Abdominal obesity was determined based on waist cir-
cumference values and classified as normal (< 75! per-
centile), at risk of abdominal obesity (75-90" percentile),
and abdominal obesity (> 90™ percentile)?®.
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Table 2. Results of urine cultures and etiological agents,
by sex (n =71)

Urine culture results and
etiologic agents

Male* Female*
(n=17)(9.9%) (n = 64) (90.1%)

Negative cultures n =4 (57.1%) n = 36 (56.3%)
Positive cultures n =3(57.2%) n = 28 (43.8%)
Etiological agent (%)

Escherichia coli 28.6% 29.7%

Staphylococcus 14.3% 17.2%

epidermidis

Enterococcus faecalis 14.3% 12.5%

Lactobacillus - 9.3%

*Algunos participantes mostraron cultivos con mas de un agente etioldgico:

2 hombres y 16 mujeres. Negative culture: considered when bacterial growth was
< 100,000 CFU/mL over a 72-h period; Positive culture: considered when AB when
bacterial growth was greater than 100,000 CFU/mL20-22,

In the case of females, cultures with more than one etiological agent were
observed.

Statistical analysis

In order to compare the sociodemographic, anthropo-
metric and clinical characteristics by sex, comparisons
of means were performed for numerical variables, using
linear regression; and comparisons of percentages for
nominal variables, using logistic regression. A compar-
ison of bacterial resistance percentages of pathogens
to each antibiotic was carried out. The presence of
bacteriuria was compared against its absence across
sociodemographic, anthropometric, and clinical charac-
teristics. Furthermore, this study hypothesized that there
was a higher risk of presenting AB in females compared
to males. To test this, multivariate logistic regression
models were executed with a 95% confidence level and
adjusted for age, sex, sexual activity, contraceptive use,
and sugary drink intake. Statistical tests were performed
using STATA Version 15.0 software.

Results

Table 1 shows the sociodemographic, anthropomet-
ric, and clinical characteristics of the 905 participants.
The average age was 13 years, 54.1% were female,
about 60% were enrolled in public schools, and 55%
were categorized as low socioeconomic status.
Regarding nutritional status, 23.2% of males and 28.5%
of females were overweight, while 18.9% of males and
12.3% of females were obese. In addition, 9.9% of males
and 8.6% of females showed abdominal obesity.

Table 2 presents the results of the cultures and etio-
logical agents by sex. Seventy-one urine cultures were
performed on participants who showed suspicion of
bacteriuria, that is, positive nitrite test, positive leuko-
cyte esterase test, or moderate presence of bacteria in
urine, resulting in 31 positive cultures (43.7%). The most
frequent agent in both sexes was E. coli (28.6% in
males and 29.7% in females), while Staphylococcus
epidermidis was detected in 14.3% of males and 17.2%
of females, and Enterococcus faecalis was isolated in
14.3% of males and 12.5% of females. Finally,
Lactobacilli was found in 9.3% of the cultures from
females, and 2 males and 16 females presented two
etiological agents.

Table 3 shows the bacterial resistance of the etiolog-
ical agents found in positive urine cultures. E. coli
showed higher resistance to ampicillin, trimethoprim/
SMX, and ceftriaxone; S. epidermidis demonstrated
resistance to clindamycin and penicillin; and E. faecalis
showed resistance to tetracycline and nitrofurantoin.

Table 4 presents the prevalence of bacteriuria and its
associated risk factors. Thirty-one cases with positive
urine cultures were identified, the prevalence of symp-
tomatic or AB was 3.4%, AB was 3.5%, anf the preva-
lence of AB was. The most common symptom was
urinary urgency (3.2% in cases with bacteriuria and
1.5% without bacteriuria). Furthermore, females showed
a significantly higher prevalence of bacteriuria com-
pared to males (3.1% vs. 0.3%, respectively; p = 0.0001).

Regarding risk factors related to bacteriuria, a higher
percentage of adolescents with sexual activity and con-
traceptive use showed a higher prevalence of bacteri-
uria (3.2%) compared to those who did not report these
activities (0.1%; p = 0.043 in both cases). In addition,
those who reported consuming an average of more
portions of sugary drinks per day (3.4 portions) showed
a higher prevalence of bacteriuria compared to those
without bacteriuria (2.1 portions) (p = 0.036).

Table 5 shows the probability of presenting bacteri-
uria (symptomatic or asymptomatic) concerning female
sex and other risk factors. In a bivariate analysis,
females were 8.3 times more likely to present bacteri-
uria than males (95% confidence interval [Cl] 2.5-27.7;
p = 0.001). In the multivariate analysis, the probability
of presenting bacteriuria in females increased to 9 times
higher than in males (95% Cl 2.6-31.2; p = 0.000).

Discussion

This study demonstrated that bacteriuria is common
in this adolescent population from central Tlaxcala



D.Z. Méndez-Polonieski et al. Bacteriuria and bacterial resistance

Table 3. Bacterial resistance to antibiotics of etiological agents found in positive urine cultures (n = 31)

Antibiotic

Escherichia coli
(Gram-negative)

(n = 17) (55%)

Ampicillin (%) 58.8
Amoxicillin/Clavulanic acid (%) 294
Nitrofurantoin (%) 235
Trimethoprim/SMX (%) 52.9
Clindamycin (%) N/AT
Tetracycline (%) N/AT
Penicillin (%) N/AT
Ceftriaxone (%) 50

Staphylococcus epidermidis
(Gram-positive)

Etiological agent found in positive urine cultures”

Enterococcus faecalis
(Gram-positive)

(n = 8) (26%) (n = 6) (19%)
0 1.1 0.0001
N/AT 1.1 0.319
20 16.6 0.932
N/AT N/AT 0.003
60 0 0.012
30 55.5 0.228
60 1.1 0.021
0 0 0.0001

“Positive urine culture was considered as bacterial growth greater than 100,000 CFU/mL%-22,
For the selection of the antibiotic used for each etiological agent, the characteristics of the bacteria (whether they were Gram-positive or Gram-negative) were taken into

account.

state, with enterobacterium E. coli being the most fre-
quent causative agent, isolated in nearly half of the
cultures. In addition, bacterial resistance to ampicillin,
trimethoprim/sulfamethoxazole, and ceftriaxone was
observed. Furthermore, the main risk factors identified
were female sex, sexual activity, use of contraceptive
methods, and higher consumption of sugar-sweetened
beverages.

The prevalence of symptomatic (3.4%) or AB (3.2%)
found in our study is higher than the prevalence
reported in a meta-analysis and systematic review of
40 studies from various countries, which considered a
population of 49,806 children and adolescents under
19 years of age, showing a bacteriuria prevalence of
0.37% in males and 0.47% in females. The highest
prevalences were found in uncircumcised males under
1 year of age and in females over 2 years old; however,
the prevalence of AB decreased in adolescent males
to 0.08%?”. Another study evaluated the prevalence of
asymptomatic urinary abnormalities in 2,500 adoles-
cents using reagent strips and optical microscopy: ado-
lescents with abnormal results were re-examined after
2 weeks, and those who had abnormal results twice
underwent systemic clinical examinations and addi-
tional clinical and laboratory studies, detecting 23 cases
of AB (0.9%), all of which were in females?®.

Asymptomatic urinary infections are generally caused
by Gram-negative bacteria such as E. coli; however,
bacterial strains associated with AB express fewer vir-
ulence factors than bacterial strains involved in febrile

UTls. It has been discovered that these strains have
different genes for the production of fimbriae, which are
important for E. coli’s ability to ascend the urinary
tract®®. The host response to AB is also altered, as
interleukins (IL) 6 and 8 were found to be elevated in
63% and 76% of children under 6 years old with febrile
UTls, respectively; while no child with AB had elevated
levels of IL-6, and only 30% had elevated levels of
IL-850.

On the other hand, toll-like receptor 4 (TLR-4), an
important transmembrane protein in cell signaling and
activation of the innate immune system, has been
observed to be reduced by almost 50% in children with
AB. This could contribute to the weak mucosal immune
response to bacteria in AB®'. Analysis of the TLR-4
promoter sequence has shown that patients with AB
have fewer genotype variants and reduced expression
compared to patients with UTI symptoms, further sup-
porting TLR-4 alterations at the genomic level in AB%,
The combination of altered bacterial characteristics and
host response in AB suggests that the phenomenon
could represent a form of commensalism, a symbiotic
relationship in which bacteria benefit while the human
host normally neither gains benefit nor suffers harm33,
In fact, intravesical inoculations with a modified E. coli
strain isolated from patients with AB have been suc-
cessfully used to treat recurrent UTls in the adult
population®34-36,

Regarding the uropathogens isolated in our study,
E. coli was the most frequent (55%), a finding that is
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Table 4. Risk factors associated with the presence of asymptomatic bacteriuria in the participant population

Variables

Age, years (mean + SD)

Sex
Male (%)
Female (%)

BMI*
Underweight (%)
Normal (%)
Overweight (%)
Obese (%)

Socioeconomic level®
Very low (%)
Low (%)
Medium (%)

Frequency of water supply to the house
Daily (%)
Every third day (%)
Twice a week (%)
Once a week (%)
Occasionally (%)
Never (%)

Sexual activity
Yes (%)

Use of contraceptives
Yes (%)

Urinary symptoms in the last year®
Asymptomatic
One or more symptoms (%)
Tenesmus (%)
Burning or pain when urinating (%)
Urinary urgency (%)
Water intake, number of glasses per day (mean + SD)
Intake of sugary drinks, number of portions per day’ (mean + SD)

Bacteriuria:
Absent Present
(n = 874) (96.6%) (n = 31) (3.4%)

13.7 £ 0.0 14.1 £ 0.31 0.305
47.2 12.9 0.0001
52.8 87.1

1.1 > 0.399
57.4 54.8 0.781
26.3 194 0.371
15.2 25.8 0.134
1.5 3.2 0.500
55.4 61.3 0.514
43.1 35.5 0.307
53.6 43.3 0.266
36.1 46.7 0.242
8.7 6.7 0.690
0.8 > 0.488
0.6 > 0.558
0.2 3.3 0.076
0.1 3.2 0.043
0.1 3.2 0.043
95.5 96.8 0.726
45 3.2 0.726
23 0.0 0.236
12 0.0 0.401
15 3.2 0.515
5.2+ 047 4.6 +0.08 0.247
2.1 +0.1 3.4 + 0.62 0.036

“Body mass index was calculated using the formula weight (kg)/height? (m), and depending on the child’s sex, BMI, and age, it was categorized as underweight (< 3
percentile), normal (3 - 84.9" percentile), overweight (85" - 97" percentile), and obesity (> 97" percentile)?.

The socioeconomic level was assessed using items on maternal education, paternal education, electricity supply (public service, private plant, solar panel, no electrical
service), type of flooring in the home (cement, tile, wood, dirt, other material), number of people living in the household, and type of drainage or sewage connection (public
network, septic tank, pipe leading to a ravine, pipe leading to a river, no drainage); according to the Mexican Association of Market Intelligence and Public Opinion
Agencies (AMAI, for its Spanish acronym)?, socioeconomic level is classified into 7 social strata, however, for this analysis only 4 categories are considered: very low

(score 0-89), low (score 135-190), medium (score 191-204), and high (score > 205).

‘Positive Bacteriuria was considered in those participants whose urine cultures showed bacterial growth greater than 100,000 CFU/mL2>-2

8Urinary symptoms in the last year. Participants were asked: In the last year, have you had burning or pain when urinating? Have you felt an urgency to urinate? Have you
felt the need to urinate more, but you couldn’t? Possible responses were: Always, Almost always, Almost never, and Never.

“Sugary drink intake was quantified by the number of portions consumed per day and included the following beverages: cola, flavored soda, diet soda, powdered flavor
water, natural fruit juice, industrialized juice, industrialized tea, coffee with milk, coffee without milk, atole with milk, atole without milk, chocolate with milk, chocolate

without milk?.
SD: standard deviation.

below what was found in a Mexican study in adults,
where E. coli was reported in 93.7% of cases® and in
60.3% of 1,045 cultures performed in Spanish children
under 2-years-old®”. Our finding is similar to that of a
study conducted in adults from Monterrey and Colombia,
which reported E. coli in 47.1%3® and 62.6% cultures,
respectively.

Regarding bacterial resistance of etiological agents to
antibiotics, in this study, E. coli showed 58% resistance
to trimethoprim-sulfamethoxazole and 52% to ampicillin,
while in a Colombian study, E. coli showed 43% resis-
tance to trimethoprim-sulfamethoxazole and 51% to
ampicillin®. Other studies in adults have reported that
E. coli is the microorganism that presents the highest
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Table 5. Risk of presenting asymptomatic bacteriuria in adolescent females in central Tlaxcala

Bivariate analysis
Males (reference category)
Females

Multivariate analyze
Females
Adjusted for age
Females
Adjusted for age, sexual activity, and contraceptive use
Females
Adjusted for age, sexual activity, contraceptive use, and
sugary drink intake

*UTI: urinary tract infection.

1.0

8.3 (2.5-27.7) 0.001
8.3 (2.5-27.6) 0.001
8.8 (2.6-30.2) 0.000
9.0 (2.6-31.2) 0.000

The p-value was calculated using multivariate logistic regression models, with a 95% confidence level, and adjusted for age, sex, sexual activity, contraceptive use, and

sugary drink intake.

resistance to ampicillin, trimethoprim-sulfamethoxazole,
and ceftriaxone®2°. In the pediatric population of
Ecuador, resistance to ampicillin was observed in 92%
of cases, trimethoprim in 61%, and nalidixic acid in
68%; in Colombia, in 2007, resistance to ampicillin was
shown in 79.7% and to trimethoprim in 52.8% of par
ticipants“>#'. In the Spanish pediatric population, it was
reported that E. coli showed resistance in 61% of cases
treated with ampicillin and in 48% of cases treated with
trimethoprim-sulfamethoxazole?”.

Scientific literature has reported that the main risk
factors associated with the prevalence of UTls and AB
in adolescents are female sex, urinary tract malforma-
tions, history of kidney disease, poor hygiene, sexual
activity, menstruation, and circumcision, among oth-
ers*. In our study, as in others, the prevalence of AB in
females was found to be significantly higher than in
males (5.7% and 0.7% respectively). These differences
may be due to anatomical characteristics, estrogen
concentration, pH variations, and inadequate hygiene,
as indicated in other investigations®'. Similarly, sexual
activity and the use of contraceptives are related to the
prevalence of UTIs due to chemical alterations and loss
of vaginal microbiota®?.

Some studies have shown that the most frequent UTI
symptoms are dysuria, tenesmus, suprapubic pain,
fever, and urinary urgency, although its asymptomatic
form is very common?4#3, In our study, almost a third
of the participants with AB diagnosed by culture also
reported having experienced burning or pain while uri-
nating in the last year, and almost a fifth reported
tenesmus. The Newcastle AB Research Group reported
that, out of 13,464 girls between 4 and 18 years of age,
the prevalence of AB was 1.9%, while among 1,595 boys

from 5 to 18 years, the prevalence was 0.2%. Of the
participants with AB, 21.4% had vesicoureteral reflux,
and 15.4% had renal scars*.

Our study identified that another risk factor related to
AB is the higher intake of sugar-sweetened beverages.
A 5-year longitudinal study conducted in the United
States of America showed that participants who drank
a greater quantity of soft drinks or who increased their
consumption during the time period were 1.29-
1.75 times more likely to report progression or onset of
UTI symptoms*. Another study conducted on British
women under 40 years of age found that drinking at
least one serving of soft drinks per day was associated
with the presence of UTIs, overactive bladder, and uri-
nary incontinence*4¢,

The main limitation of this study is its cross-sectional
design, as it cannot establish temporality in the
cause-effect relationship. Moreover, this study only rep-
resents adolescents in high schools and secondary
schools, both private and public, in three municipalities
of the central region of Tlaxcala state. In addition, there
could be a memory bias regarding urinary symptom-
atology, measured over the last year.

Conclusions

AB is common in adolescents and represents an
important risk factor for the development of long-term
complications, such as CKD. In this study, the preva-
lence of bacteriuria was higher than the national aver-
age and more than double that reported in Latin
America. The uropathogens and bacterial resistance
found are similar to those reported in the scientific lit-
erature. Furthermore, to avoid complications, it would
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be appropriate to identify the causes of bacteriuria in
young populations, as these may be associated with
genitourinary tract malformations and inappropriate use
of antibiotics.
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