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Complications of urinary tract infections (UTls) like kidney failure and septicaemia develop
once infections spread from the upper urinary tract to other parts of the body by
haematogenous dissemination and they pose great health and economic burden to the
countries. This retrospective study was conducted among 132 patients with bacterial
UTls in the inpatient department of tertiary care hospital in Abha, Saudi Arabia. During
the study period, Escherichia coli (E. coli) and Klebsiella pneumonia (K. pneumonia) along
with other 15 different bacteria were isolated. A significant difference (P < 0.05) was
observed between the male and female children population in different age groups.
We observed fever (84.09%) as a major symptom (P < 0.05), and seizure (9%) was
reported as a major concomitant condition among UTI cases. Around 31.82% of E. coli
was found to be the most common uropathogens in pediatric cases followed by 25%
in K. pneumoniae. E. coli was observed to be more susceptible (92.86%) to amikacin,
ceftriaxone, levofloxacin, ertapenem, gentamycin, meropenem, piperacillin-tazobactam,
tigecycline, and ceftazidime. However, meropenem, tigecycline, and amikacin were
observed to be effective in 100% of cases of K. pneumoniae. Meanwhile, cephalosporins
were the most commonly prescribed drug category among different classes of drugs.
Almost 99% of pediatric cases, based on their age, were admitted to the ward, and drugs
were administered intravenously. We concluded that microbiology laboratory evidence on
the causative organisms and choice of treatment together allows tailoring appropriate
treatment regimens in conjunction with clinical experiences.

Keywords: urinary tract infections, pediatric, Escherichia coli, sensitivity pattern, antibacterial resistance

Frontiers in Pediatrics | www.frontiersin.org

1 December 2021 | Volume 9 | Article 740106


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://doi.org/10.3389/fped.2021.740106
http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2021.740106&domain=pdf&date_stamp=2021-12-23
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles
https://creativecommons.org/licenses/by/4.0/
mailto:sayeedpp@gmail.com
mailto:mdhusain@kku.edu.sa
https://doi.org/10.3389/fped.2021.740106
https://www.frontiersin.org/articles/10.3389/fped.2021.740106/full

Alavudeen et al.

Antimicrobial Sensitivity Patterns

INTRODUCTION

Urinary tract infection (UTI) is defined by the presence of
more than 10° colony-forming unit per milliliter (CFU/ml) of
urine with a multiplication of organisms in the urinary tract
(1). Worldwide, Centers for Disease Control and Prevention
(CDC) 2017 in National Health prevalence survey reported
UTI prevalence rate of 0.48%, and among them, 80% were
symptomatic UTI cases. It poses a great economic burden to
the countries (2, 3). Complications of UTIs mainly include
kidney failure due to extensive renal damage and sepsis, which
occurs when the infection spreads from the lower urinary tract
to other parts of the body. UTIs, particularly uncomplicated
UTIs like acute uncomplicated cystitis and acute uncomplicated
pyelonephritis, are the most frequent reasons for consulting a
general practitioner in most of the developed countries, which are
being treated by antibiotics (4, 5). The contribution of primary
healthcare is particularly important, as this is where almost 80%
of all antibiotics used within the health service are prescribed (6).
Antimicrobial resistance is an internationally recognized threat
to health. The resistance to antibiotics in bacterial infections
limits the availability of effective treatment options, rendering
some commonly encountered bacterial infections difficult to
treat, including UTIs (7, 8). Antibiotic-resistant infections are
also twice as likely to be associated with greater morbidity
and mortality concurrent to increased healthcare costs (9).
Sensitivity analysis determines the effectiveness of antibiotics
against microorganisms such as bacteria that have been isolated
from cultures. In the future, the rate of antibiotic resistance
will possibly continue to increase, and thus, building policies
to use the antibiotics to decrease this trend is the need of
the hour and must be incorporated in urological practice.
Antibiotic sensitivity pattern is an important tool to choose
the right antibiotics by the clinicians for the patient with
UTIs (10, 11). Children receive a lot of primary healthcare
services and receive a disproportionately higher number of
antibiotics compared with middle-aged populations (12). It
is also found that the prevalence of resistance to commonly
prescribed antibiotics in primary care among children with
UTIs due to Escherichia coli (E. coli) is high, particularly in
countries outside the Organization for Economic Co-operation
and Development, where the antibiotics are available over the
counter (13). Based on the above points, it was considered
suitable by the investigator to study the drug utilization and
antibiotic sensitivity pattern of bacterial pathogens in patients
suffering from UTIL. Moreover, this UTI-related study will help
in establishing a proper antibiotic utilization guideline as well
as in promoting the rational prescribing of antibiotics. Hence,
keeping these facts in the mind, this study was conducted to
assess the drug of choice for the empirical antibiotic therapy and
to find the changing susceptibility pattern of urinary pathogens
to commonly used antimicrobials among urinary tract-related
infectious diseases.

MATERIALS AND METHODS

A retrospective study was conducted to study and assess
the urinary tract-related bacterial infections in the inpatient

department of a tertiary care teaching hospital in Abha, Saudi
Arabia. The data was collected between October 2020 and
March 2021. The sample size of the study was estimated by
assuming a-error of 0.05, power of 80%, and percentage of
cases having UTIs to be 5% based on previous studies. Total
250 records were reviewed, and 132 subjects were taken into
consideration for this study as per study criteria. A urine sample
was collected by both urinary catheterization and mid-stream
urine (MSU) method as per the standard procedure. Positive
urine cultures were designated as those with >10°> CFU/ml
of a single identified bacterial species. Cultures with colonies
<10° CFU/ml and those already on antibiotic drugs were
excluded from the study. Relevant data related to microbiological
isolates from confirmed cases of UTIs under the age of 10
years were included in this study. Data also excluded isolated
organisms other than bacteria such as candida, incomplete
antibiotic prescriptions, patients with acute complicated UTIs
(e.g., acute pyelonephritis and UTIs with sepsis or bacteremia),
catheter-associated UTI, and major comorbidities (such as liver
disease, renal insufficiency, malignant tumor, and AIDS) from
this study. The data of selected patients were recorded in
drug utilization and microbiological sensitivity documentation
form from physician prescribing records and the microbiology
laboratory data. The study protocol [(ECM#2020-241)-(HAPO-
06-B-001)] was reviewed and approved by the Institutional
Ethics Committee of King Khalid University, Guraiger, Abha,
Saudi Arabia.

All statistical analysis was performed by using SPSS software,
version 21 (SPSS, Chicago, IL, USA). Based on the type
of data, an appropriate statistical test like f-test, analysis of
variance (ANOVA), and chi-square test were applied to analyze
the data. Descriptive statistics were summarized by using
frequency and percentage (%). A P value < 0.05 was considered
statistically significant.

RESULTS

A total of 132 patients, having confirmed UTIs were included in
this study. During the study period, E. coli and K. pneumonia
along with other 15 different bacteria were isolated.

Age and Gender

The majority of patients (43.18%) were in the age group between
2 and 12 months, and the number of male patients was more
in this age group (27.27%). A significant difference (P < 0.05)
was observed between the male and female children population
in different age groups. Among the 132 patients, 25 (56.82%)
were males and 19 (43.18%) were females, indicating UTI is more
prevalent in the male in comparison to females in the lower age
group, and a statistically significant difference (P < 0.05) was
observed among them (Table 1).

Drug and Food Allergy

We observed that 3.78% of total children reported allergies to
either milk or fish. However, no drug allergy was reported as
patient history or during the treatment.
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TABLE 1 | Distribution of urinary tract infection cases according to age.

Gender Age group P-value
0-2 >2-12 >12-48 >48

Male 24 (18.18) 36 (27.27) 9(27.27) 6 (27.27) 0.001

N =25 (566.82%)

Female 12(9.09) 21 (15.91) 6 (4.55) 18 (13.64)

N =19 (43.18%)

Total (%) 36 (13.64) 57 (43.18) 15(11.36) 24 (18.18)

N and % represents number and percentage respectively. P value < 0.05 was considered
as statistically significant difference.

Patient’s Medical History and Symptoms at

the Time of Hospitalization

As mentioned in Table 2A, we observed fever (84.09%) as
a major symptom (P < 0.05) of UTIs followed by diarrhea
(18.18%) and vomiting (6%). Concurrently, seizure (9%) was
observed as a concomitant condition in children suffering
from UTIs. Others include, developmental dysplasia, end stage
renal disease and congenital heart diseases mentioned in
Table 2B.

Presence of Uropathogens Causing
Urinary Tract Infection

As mentioned in Table 2C, E. coli was found to be the most
common uropathogen (31.82%) in pediatric cases followed by
K. pneumoniae (25%), Pseudomonas aeruginosa (P. aeruginosa;
6.82%), and Enterococcus faecium (E. faecium; 6.82%). Other
microbiological isolates included Klebsiella oxytoca (K. oxytoca),
Staphylococcus —aureus (S. aureus), Enterobacter cloacae,
Acinetobacter MDR (A. MDR), Staphylococcus epidermidis
(S. epidermis), Actinetobacter baumannii complex (ABC),
Stenotrophomonas maltophilia (S. maltophilia), and septicemia
(multiple infections).

Sensitivity Pattern

E. coli was observed to be more susceptible to amikacin (92.86%),
ceftriaxone  (92.86%), levofloxacin (92.86%), ertapenem
(92.86%), gentamycin (92.86%), meropenem (92.86%),
piperacillin-tazobactam (92.86%), tigecycline (92.86%), and
ceftazidime (92.86%) followed by cefepime (78.57%), imipenem
(78.57%), co-trimoxazole (78.57%), cefotaxime (71.43%),
cefoxitin (71.43%), and ciprofloxacin (71.43%). However,
meropenem, tigecycline, and amikacin were observed to be
effective in 100%, 81.82%, and 72.73% cases of K. pneumonia,
respectively followed by co-trimoxazole (63.64%), ertapenem
(63.67%), cefotaxime (54.44%), and imipenem (54.55%).
In case of P. aeruginosa, 100% of cases were susceptible to
cefepime, ciprofloxacin, levofloxacin, gentamycin, ceftazidime,
and piperacillin-tazobactam. However, amikacin, imipenem,
meropenem, and aztreonam were observed to be effective in
66.67% of cases. E. faecium was observed to be susceptible with
tigecycline, linezolid, and vancomycin in 100% of cases followed
by quinupristin/dalfopristin (66.67%) and teicoplanin (66.67%).

TABLE 2 | Presence of symptoms, concomitant conditions, and pathogen
distributions among children with urinary tract infections.

N % P-value
(A) TYPE OF SYMPTOMS
Fever 111 84.09* P < 0.004
Diarrhea 24 18.18
Cough 6 4.55
Vesicoureteral reflux 3 2.27
Chronic diarrhea 3 2.27
Vomiting 9 6.82
Crying during micturition 3 2.27
Bronchiolitis 6 4.55
(B) CONCOMITANT CONDITION
Seizure 12 9.09 P > 0.05
Developmental dysplasia of the hip 6 4.54
End stage renal disease 3 2.27
Coronary heart disease 3 2.27
Hypertension, hydronephrosis 3 2.27
Post cardiac arrest, Covid-19 3 2.27
Hypothyroidism 3 2.27
Broncho pneumonia 3 2.27
Convulsion-Dany walker syndrome-glaucoma 3 2.27
Pneumonia 3 2.27
Bladder mass 3 2.27
Cyanosis 3 2.27
Bilateral hydronephrosis 3 2.27
Hydronephrosis 3 2.27
Hydrocephalus 3 2.27
Microcytic anemia 3 2.27

None 72 54.54545

(C) DISTRIBUTION OF UROPATHOGENS CAUSING URINARY TRACT
INFECTION

Name of pathogens

Escherichia coli (E. coli) 42 31.82 P> 0.05
Klebsiella pneumoniae 33 25.00
Pseudomonas aeruginosa 9 6.82
Enterococcus faecium 9 6.82
Klebsiella oxytoca 6 4.55
Mixed infections 6 4.55
Klebsiella pneumonia 3 2.27
and Pseudomonas aeruginosa

Klebsiella pneumoniae and E. coli 3 2.27
Staphylococcus aureus 3 2.27
Enterobacter colacae 3 2.27
Acinetobacter MDR 3 2.27
Staphylococcus epidermidis 3 2.27
Septicemia (Multiple infection) 3 2.27
Actinetobacterbaumannii complex 3 2.27
Stenotrophomonas maltophilia 3 2.27

N and % represents number and percentage respectively. P value < 0.05 was considered
as statistically significant difference.

Other cases related to K. oxytoca, S. aureus, E. cloacae, A. MDR,
S. epidermidis, ABC, and S. maltophilia and its sensitivity to
antimicrobial agents are mentioned in Table 3.
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TABLE 3 | Antibiotic sensitivity pattern of common uropathogens in urinary tract infections.

Antibiotics E. coli % K. % P. % E. faecium % K. oxytoca %
(N=42) pneumonia aeruginosa (N=23) N=2)
(N =33) (N=9)

Amikacin 39 92.86 24 72.73 6 66.67 - 6 100
AM-CL 21 50.00 9 27.27 - - - - -
Ampicillin 0 00.00 0 0.00 - - 3 33.33 - -
Cefepime 33 78.57 6 18.18 9 100.00 - 6 100
Cefoxitin 30 71.43 15 45.45 - - - - -
Ceftriaxone 39 92.86 6 18.18 - - - - -
Cefuroxime 18 42.86 6 18.18 - - - - -
Ciprofloxacin 30 71.43 12 36.36 9 100.00 - 6 100
Levofloxacin 39 92.86 18 54.55 9 100.00 3 33.33 6 100
Ertapenem 39 92.86 21 63.64 - - - 6 100
Gentamicin 39 92.86 15 45.45 9 100.00 3 33.33 6 100
Imipenem 33 78.57 18 54.55 6 66.67 - - -
Meropenem 39 92.86 33 100.00 6 66.67 - 6 100
Nitrofurantoin 18 42.86 15 45.45 - - 3 33.33 - -
Piperacillin-Tazobactam 39 92.86 15 45.45 9 100.00 - 6 100
Tigecycline 39 92.86 27 81.82 - - 9 100.00 6 100
Co-trimoxazole 33 78.57 21 63.64 - - - 6 100
Cefotaxime 30 71.43 18 54.55 - - 3 33.33 -

Ceftazidime 39 92.86 6 18.18 9 100.00 - 6 100
Fosfomycin 6 14.29 12 36.36 - - - - -
Quinupristin/ Dalfopristin - - - - - - 6 66.67 - -
Linezolid - - - - - - 9 100.00 - -
Vancomycin - - - - - - 9 100.00 - -
Teicoplanin - - - - - - 6 66.67 - -
Streptomycin (High dose) - - - - - - 3 33.33 - -
Aztreonam - - - - 6 66.67 - 6 100
Colistin - - - - 3 33.33 - - -
Clindamycin - - - - - - - - -
Daptomycin - - - - - - - - -
Tobramycin - - - - - - - 6 100

Antibiotic sensitivity pattern of other different uropathogens in urinary tract infections

Staphylococcus aureus
Teicoplanin, Tetracycline, and Vancomycin

Enterobacter cloacae
Acinetobacter MDR*
Staphylococcus epidermidis

Amikacin, Ciprofloxacin, Gentamicin, Levofloxacin, Meropenem, Norfloxacin, and Tobramycin
Vancomycin, Ceftazidime, and Rifampin

Vancomycin, Tetracycline, Nitrofurantoin, Rifampicin, and Bactrim

Acinetobacter baumannii complex Colistin-tigecycline

Ciprofloxacin, Clindamycin, Daptomycin, Erythromycin, Fosfomycin, Linezolid, Moxifloxacin, Mupirocin, Rifampin, Synercid,

Stenotrophomonas maltophilia Ceftazidime, Levofloxacin, and Co-trimoxazole

N and % represents number and percentage respectively about sensitivity for each isolated organism. AM-CL, Amoxicillin-Clavulanic acid; E. coli, Escherichia coli; K. pneumoniae,
Klebsiella pneumoniae; P aeruginosa, Pseudomonas aeruginosa, E. faecium, Enterococcus faecium; K. oxytoca, Klebsiella oxytoca.

Utilization Pattern of Antibiotics

Ceftriaxone (29.55%) was the most commonly prescribed drug
in UTIs followed by vancomycin (25%), meropenem (20.45%),
and cefuroxime (15.91%). Meanwhile, cephalosporins were most
commonly prescribed drug category among different classes of
drugs (Table 4).

Dosage Form
Almost 99% of pediatric cases, based on their age, were admitted
to the ward, and drugs were administered intravenously.

Dose Calculation

The dose of the prescribed drug was calculated based on
body weight (BW) as per recommended dose in mg/kg
of BW.

DISCUSSION

The goal of this study was to evaluate the antibiotic
sensitivity pattern of microbiological isolates and antibiotic
recommendation in pediatric cases suffering from UTIs
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TABLE 4 | Usage of antibiotics in different cases of urinary tract infections.

Class of drugs Drugs N %
Penicillin Amikacin 4.55
Gentamicin 2.27
Amoxicillin/ 2.27
Potassium Clavulanate
Ampicillin 15 11.36
Cephalosporins Ceftriaxone 39 29.55
Cefuroxime 21 15.91
Cefotaxime 18 13.64
Ceftazidime 9 6.82
Fluroquinolones Ciprofloxacin 3 2.27
Levofloxacin 3 2.27
Tetracycline Tigecycline 3 2.27
Sulphonamides Co-trimoxazole 12 9.09
Polymyxins Colistin 3 2.27
Macrolides Clindamycin 9 6.82
Azithromycin 6 4.55
Anti-mycobacterial Rifampin 9 6.82
Meropenem 27 20.45
Others Nitrofurantoin 3 2.27
Linezolid 6 4.55
Vancomycin 33 25

N and % represents number and percentage respectively about usage of antibiotics in
different cases of urinary tract infections.

admitted in the pediatric ward of a tertiary hospital, Abha,
Saudi Arabia. Antimicrobial susceptibility testing of individual
isolates is important to confirm sensitivity to chosen empirical
antimicrobial agents. Prevalence was highly influenced by the
gender and age of the patients. The present study demonstrated a
higher incidence of infections in males in comparison to female
patients in contrast to previous studies (7). Digging deeper,
we observed that male to female proportion of UTIs cases was
much greater in between the age of 0-2 months (2:1), and
this proportion almost reverses in higher age group children
(1:3). The most chances of higher prevalence in male neonates
and infants are due to poor hygiene particularly due to lack of
circumcision as reported in earlier studies (14). However, the
UTIs were reported to be more prevalent in the female young
and middle-aged population and thought to be due to lesser
distance between the anus (the usual source of uropathogens)
and the urethral meatus, the greater length of the male urethra,
and the antibacterial activity of prostatic fluid in male (15).
Furthermore, this may be due to the vaginal colonization with
uropathogens or entry of colonizing uropathogens into the
bladder via urethra (5, 16). This is well-evidenced that many
drugs, as well as foods like milk, egg nuts, and seafood, can
trigger anaphylactic reactions in children (17, 18). Concurrent
to this, we also observed an allergy to fish and milk in our study.
But no drug allergy was noticed in any patients indicating the
safety of drugs prescribed among the patients. Pyelonephritis

has been reported to be a major cause of pain and fever in
UTIs (19). Consistent with previous study, we observed severe
fever, diarrhea, and vomiting as the commonest symptoms for
hospital admission (20). Moving forward, we also observed
seizure as the most common concomitant condition in children
having UTIs. In line of the above discussion, fever was a major
symptom in UTIs and this febrile seizure in pediatric population
may be due to raised body temperature (21). E. coli was the
most causative organism of UTIs and has been reported to
be present in 75-90% of UTI isolates (22). Concurrently, the
present study confirmed a higher prevalence of isolates of E. coli
(31.82%) followed by K. pneumoniae (25%). Moreover, many
more microorganisms like P. aeruginosa (6.82%), E. faecium
(6.82%), and K. oxytoca (4.55%) have been also reported to be
prevalent in our study. These findings indicated a prevalence of
the highly diverse type of microbes in UTIs as reported earlier
(23, 24). The present study showed that E. coli have sensitivity
in 92.86% of cases, to amikacin, ceftriaxone, levofloxacin,
ertapenem, gentamycin, meropenem, piperacillin-tazobactam,
tigecycline, and ceftazidime (25). Among antibiotics, ampicillin
showed high resistance in the case of E. coli isolates (100%)
like previous studies (7, 26, 27). Therefore, rational use of
antibiotics must be implemented after keeping these facts
in mind. Concurrently, meropenem was also observed to be
effective in 100% of cases of K. pneumonia followed by tigecycline
and amikacin as reported earlier (28, 29). As mentioned above,
various other isolates were also reported in our study. In case
of P. aeruginosa, 100% of cases were susceptible to cefepime,
ciprofloxacin, levofloxacin, gentamycin, ceftazidime, and
piperacillin-tazobactam (30). However, amikacin, imipenem,
meropenem, and aztreonam were effective in 66.67% of cases
(31). Studies reported that among enterococci, E. faecalis play
a major role in various infections. However, we observed E.
faeciumas UTI isolates and reported to be susceptible with
tigecycline, linezolid, and vancomycin in 100% of cases followed
by quinupristin/dalfopristin and teicoplanin (32, 33). Other
cases related to K. oxytoca, S. aureus, E. cloacae, A. MDR,
S. epidermidis, ABC, and S. maltophilia and its sensitivity to
antimicrobial agents were in line with previous studies (23, 24).
Looking forward, ceftriaxone (29.55%), vancomycin (25%),
meropenem (20.45%), and cefuroxime (15.91%) have been
reported to be the four most commonly prescribed antibiotics
in UTIs in children. The reason behind this may be ease
of route of drug administration and bacterial sensitivity to
antibiotics in pediatric population. Almost all drugs were
administered intravenously possibly due to the nature of
antibiotics and treatment recommendations about the route
of drug administration in children. Various authors reported
similar evidence in different studies (22, 34, 35). Our study
highlights the continuous implementation of rational use of
antibiotics in case of UTIs. Also, we strongly recommend an
antibiotic sensitivity test before deciding treatment plan for
UTTIs considering proper disease management and its prevention
toward multidrug resistance (36). This is the only way to
keep the treatment plan on track and should be carried out
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frequently to keep eye on resistance to antibiotics in the different
clinical setups.

CONCLUSIONS

The emergence of multidrug-resistant organisms poses a great
threat to clinicians in the prevention and management of UTIs
and their related complications. This real-life data has vital
importance in rationalizing the use of antibiotics to prevent
the emergence of drug-resistant cases. Reasonable evidence
on the causative organisms and choice of treatment together
allows deciding appropriate treatment plans made in conjunction
with clinical and practical considerations. Empirical use of
antibiotics should be evaluated considering the drug resistance
patterns, and drug formularies should be updated to maximize
therapeutic benefits and development of resistant strains. The
access of data to a certain extent and no differentiation between
upper UTIs and lower UTIs are the major limitations of
this study.
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