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Objective: Urinary tract infections (UTIs) are among the most common infections that
require antibiotic intervention. Antibiotic surveillance programs are crucial to assess resis-
tance patterns of microorganisms associated with UTIs and to tailor antibiotic therapy
accordingly. Therefore, the aim of the current study is to investigate the prevalence of
uropathogens and their antimicrobial susceptibility patterns in Ha’il region.

Methods: We conducted a retrospective study in two main hospitals in Ha’il over a 5-year
period (January 2015 to December 2019). Laboratory reports and clinical data of patients
with a positive urine culture (>10> CFU/mL) were included in the study.

Results: A total of 428 patients were included in this study. The majority of positive cultures
belonged to female patients (94.4%), adults (76.9%) and outpatients (74.3%). Generally,
Escherichia coli was the most common pathogen (45%), followed by Klebsiella pneumoniae
(17%) and Staphylococcus aureus (12%). Extended-spectrum B-lactamase (ESBL) strains of
E. coli (15.7%) and K. pneumoniae (19.7%) showed resistance to most tested antibiotics,
while almost all Gram-negative uropathogens including ESBL strains presented low resis-
tance to cefoxitin, imipenem and meropenem. Most strains of Staphylococcus aureus and
Enterococcus faecalis were resistant to trimethoprim/sulfamethoxazole including methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococcus faecalis
(VRE), whereas the activity of linezolid was monitored against almost all different strains of
Gram-positive uropathogens.

Conclusion: This surveillance study which was conducted over a 5-year period in the
Ha’il region revealed that the most common UTl-associated pathogen was E. coli. Based
on the current sensitivity profiles obtained from this surveillance, carbapenems and linezolid
can be considered as a first therapeutic choice treating UTIs in Ha’il caused by Gram-
negative and positive uropathogens, respectively. Frequent targeted surveillance programs for
antibiotic-resistant pathogens and their susceptibility profiles are crucial to enable tailored
empirical treatment for patients.

Keywords: surveillance, antimicrobial resistance, AMR, uropathogens, Saudi Arabia, drug-

resistant bacteria

Introduction
Urinary tract infections (UTIs) are a very common type of infectious disease that

requires immediate treatment to avoid serious complications, such as

pyelonephritis." Approximately 60% of women will develop at least one sympto-
matic UTI during their lifetime, with higher rates of infection observed among
sexually active females.” By contrast, men are less prone to community-associated
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UTIs and its complications, and this is attributable mainly
to anatomical differences.> Over 150 million people are
diagnosed with UTIs worldwide annually,' accounting for
8% and 2% of total reported infection cases in the United
States” and France,” respectively. UTIs account for almost
10% of all infections in the Kingdom of Saudi Arabia
(KSA), making these infections the second most common
cause of admission to emergency departments in KSA.’
The economic cost of the treatment of UTIs in KSA is
estimated to exceed $800,000 annually in a single
hospital.®

UTIs can be caused by (Gram-positive or Gram-
negative) bacteria, viruses or fungi, with more than 80%
of UTIs being of bacterial origin.’ Most UTIs (75%) are
caused by Escherichia coli,” followed by Klebsiella pneu-
moniae, Staphylococcus saprophyticus, Enterococcus fae-
calis and Proteus mirabilis.”> Multiple epidemiological
studies have shown that antibiotic susceptibility profiles
of the most predominant etiological microorganisms,
including these bacteria, vary in relation to geographical
location.®” This phenomenon is possibly influenced by the
observation that different classes of antibiotics are used by
different clinics in different regions based on their recom-
mended guidelines for the treatment of UTIs.” ' Thus,
frequent local surveillance of antimicrobial resistance
(AMR) should facilitate rational and local empirical use
of drugs to treat UTIs. This would entail prescribing
prophylactic antibiotics for uropathogens (UTI-causing
bacteria) based on recent surveillance studies to ensure
the eradication of the most likely causative bacterium,
limit potential complications and shorten the treatment
plan.’

Action to control the spread of AMR is urgently
required'? as the prevalence of antibiotic resistance

increase.!> 1°

among uropathogens continues to
Consequently, multiple steps have been recommended,
each having a significant role in controlling AMR, with
antibiotic surveillance programs being 1 of the top 10
strategies to combat resistance.'® Antibiotic surveillance
programs for microorganisms associated with UTIs have
been routinely conducted in certain Saudi cities, includ-
ing Makkah,'” Jeddah'® and Riyadh." E. coli was pre-
viously determined as the most frequently identified
bacterium from patients with UTIs in Riyadh.'® Isolated
E. coli strains showed resistance to multiple antibiotics,

19" cefoxitin and

including co-trimoxazole, ampicillin,
gentamicin, while almost half Staphylococcus aureus iso-

lates were resistant to gentamicin.” In addition, 74.4% of

78.2%  of
Streptococcus agalactiae isolates were resistant to ampi-

isolated  Enterococcus  faecium  and

cillin, whereas 53.1% of Acinetobacter species displayed

resistance to ciprofloxacin.’

A similar investigation
revealed that the majority of isolated Gram-negative
bacteria in Saudi Arabia are sensitive to co-trimoxazole
and ciprofloxacin.®® Although the highlighted findings
present some indication of resistance profiles in Saudi
Arabia, there is still insufficient information about the
prevalence of UTl-related bacteria and their antibiotic
susceptibility profiles in the Ha’il region. Therefore, the
aim of the current study was to measure the prevalence of
infections by uropathogenic bacteria and their sensitivity
patterns to currently used antibiotics in the province of
Ha’il, KSA.

Methods
Study Design

A retrospective cohort study was conducted in the present
work to report on bacteria associated with UTIs and their
antibiotic resistance profiles from confirmed cases in the
Ha’il region, KSA. Primary data were collected over
a period of 5 years (January 2015 to December 2019) in two
main hospitals in Ha’il, North of Saudi Arabia: a general
hospital (Ha’il Maternity Hospital) with a capacity of 300
beds, and a private hospital, with a capacity of 150 beds.

Study Cohort

Single (pure culture) bacterial species identified from posi-
tive urine cultures collected between 2015 and 2019 were
included in this study. Positive urine cultures were desig-
nated as those with >10° colony forming units (CFU)
per milliter of a single identified bacterial species.
A midstream urine sample was collected by the adult
patients themselves using dedicated sterile containers,
while samples from infant patients were collected by
nurses into sterile urine bags. For patients with more
than one urine culture, only the first reported episode
was included in this study due to unavailability of guide-
lines to distinguish between multiple cultures. Cultures
with polymicrobial growth (>1 species), low number of
colonies (<10° CFU/mL) and those belonging to patients
on antibiotic drugs were excluded from this investigation.
Patients with positive cultures were classified as patients
with UTIs and were categorised into different groups
based on their age, gender and admission status (in or
outpatient).
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Bacterial Identification and Antibiotic
Sensitivity Testing

Urine samples were cultured on defibrinated sheep blood/
cystine lactose electrolyte deficient agar (CLED) plates
(Oxoid, Basingstoke, UK), using a calibrated loop of 1
pL, and were then incubated for 24-48 hours at 37°C.
Subsequently, isolated bacteria were Gram stained and
classified as Gram-positive cocci (GPC) or Gram-
negative rods (GNR), followed by full identification and
antibiotic sensitivity testing using the VITEK system
(bioMerieux, UK).?' Obtained data were analysed and
interpreted according to the guidelines of the Clinical
Laboratory Standards Institute (CLSI). Susceptibility of
recovered Gram-negative UTI-related bacteria was evalu-
ated against a panel of antibiotics, including amikacin,
ampicillin, cefepime, ceftazidime, cefoxitin, ciprofloxacin,
gentamicin, imipenem, meropenem, nitrofurantoin, piper-
acillin, tigecycline and trimethoprim/sulfamethoxazole.
For Gram-positive UTI-associated bacteria, assessment
was conducted against ampicillin, cephalothin, clindamy-
cin, levofloxacin, linezolid, moxifloxacin, nitrofurantoin,
penicillin, tigecycline, trimethoprim/sulfamethoxazole
and vancomycin. Sensitivity testing of ceftazidime against
Gram-negative rods was conducted to determine extended-
spectrum [-lactamase (ESBL) producing strains, while
(MRSA)

strains were identified by the use of cefoxitin. This is

methicillin-resistant ~ Staphylococcus  aureus
because resistant strains of Gram-negative bacilli and
S. aureus to ceftazidime and cefoxitin are considered as

ESBL??* and MRSA stains,”* respectively.

Statistical Analysis

Demographics of the patients, urine culture reports and
antibiotic resistance profiles were electronically retrieved
from the hospitals’ medical records, and the data were
presented as the numbers of cases (or resistant cases) for
each isolated species and the percentages to total.
Statistical analysis was performed using SPSS software
version 16.0 (IBM Corporation, NY, USA).

Ethical Approval

This study was approved by the Ethics Committee at the
University of Ha’il, Saudi Arabia (approval number
H-2020-048). Patient informed consent was not required
and waived by the Ethics Committee at the University of
Ha’il because this is a retrospective study and there was no
interaction with patients. Patient privacy and confidentiality

of data were maintained in accordance with the Declaration
of Helsinki.

Results
Demographic Characteristics of the Study

Cohort

A total of 428 (19.6%) out of 2185 samples were deter-
mined as positive urine cultures during the study period
(January 2015 to December 2019) in two hospitals in
Ha’il, Saudi Arabia. The majority of these positive cul-
tures belonged to female patients (94.4%), adolescent and
adult aged 13-65 years (76.9%) and outpatients (74.3%).
E. coli was the predominant bacterium among different
age and admission (in-patient or out-patient) groups of
female patients, whereas S. aureus was the most com-
monly detected uropathogen in males (Table 1).

Isolated UTI Causative Bacteria

The total number of annually recovered UTI-associated
bacteria varied over the 5 years of investigation; the lowest
monitored number of isolates (n = 59) was recorded in
2016, whereas in the year 2018, the highest number of
isolates (n = 108) was reported. Gram-negative bacilli
were determined as the main class of bacteria associated
with UTIs in the study cohort between 2015 and 2019,
with E. coli being the most common uropathogen among
isolated bacteria (45% in 2015, and lower in subsequent
years to around 35% in 2019). K. pneumoniae accounted
for about 17% of UTIs annually (2015-2019), followed by
P aeruginosa (at 5%). Gram-positive cocci, including
S. aureus, E. faecalis and S. agalactiae, were the cause
of approximately 12%, 6% and 5% of UTIs, respectively,
in 2015. Almost 4% of isolated S. aureus in 2018 were
MRSA strains, although there was no record of any MRSA
strain in other years of this investigation. The proportion
of UTIs caused by S. aureus increased from 5% in 2015 to
12% in 2019. Other species with lower frequencies of
occurrence were P mirabilis, A. baumannii and
E. cloacae (Figure 1). In relation to ESBL production,
15.7% and 19.7% of all E. coli and K. pneumoniae iso-
lates, respectively, were resistant to ceftazidime. The high-
est percentage of ESBL-producing E. coli (23.7%) and
K. pneumoniae (40%) over the period of the investigation
(2015-2019) was recorded in 2015, which dropped to
17.6% and 16.7%, respectively, in 2019. Moreover, ESBL-
producing P. mirabilis was only observed in 2018 (2 out of

3 P. mirabilis isolates during the study period).

Infection and Drug Resistance 2021:14

submit your manuscript

1457

Dove


http://www.dovepress.com
http://www.dovepress.com

Bazaid et al Dove
| 25 _| == Antibiotic Resistance Patterns
Tg 3 & 8 3 g, Y Antimicrobial susceptibility testing of Gram-negative bac-
g S § 5 S = 22 teria was conducted against 12 commonly used antibiotics
o = &= =@ to determine their resistance profiles. Non-ESBL produ-
£ s I z2 o S~ & cing strains of E. coli and K. pneumoniae showed high
© 3 =2 N resistance to piperacillin and trimethoprim/sulfamethoxa-
zole (Table 2). Likewise, the majority of non-ESBL pro-
§ 2 = A ~ _ ducing P. mirabilis, P. aeruginosa and A. baumannii
§ § oY 5 S T exhibited resistance to tigecycline and trimethoprim/sulfa-
g < & o= =@ methoxazole. Resistance profiles for ESBL-producing bac-
“ teria revealed that the majority of isolates were resistant to
ampicillin, ciprofloxacin, gentamicin, nitrofurantoin,
s piperacillin, tigecycline and trimethoprim/sulfamethoxa-
§ % & 2 f E & zole. ESBL and non-ESBL producing Gram-negative bac-
é % Lga © S et E © E E teria displayed limited levels of resistance to cefoxitin,
a8 ® imipenem and meropenem (Table 2).
.é Most of the identified Gram-positive bacteria exhibited
E limited resistance to the majority of tested antibiotics
< 3 (Table 3). Almost third of isolated E. faecalis (7/24)
-§_ g g ;A, g .:N; g g g :.:‘ were vancomycin-resistant E. faecalis (VRE) and pre-
3 _E 3 - Q ~ 5 g 5 o~ sented a similar resistance pattern to non-VRE that were
o2 resistant to levofloxacin, clindamycin, trimethoprim/sulfa-
§° methoxazole and nitrofurantoin. Similarly, there was not
_g ] any significant difference in the. f)b.tained .sc.ensitivity pro-
3 § § - P - files among .MRSA and m.eth.lcllhn—sensmve S. a%treus
Fy E S o wu ; ) < ; (MSSA) strains and the majority of them were resistant
3 § z ] - 2 - T~ to penicillin, trimethoprim/sulfamethoxazole and levoflox-
g g ° acin. Almost all Gram-positive uropathogens including
% MRSA and VER showed great sensitivity to linezolid.
_éo A quarter and just over one-sixth of S. agalactiae strains
§ S § & ~ - e a were resistant to trimethoprim/sulfamethoxazole and clin-
:2 § g s = a2 g - . damycin, respectively (Table 3).
s S g ~ R R¥ « IS % Resistance profiles of the three most common species
o 5 associated with UTIs (£. coli, P. aeruginosa and
%’ g K. pneumoniae) in Ha’il, Saudi Arabia, between 2015
% % - = 2‘ 5 :-3 S ‘S f ; and 2019 are surmised in Figure 2. Strains of E. coli
3 g S § éf S if § ; g g showed a sharp increase in resistance to piperacillin and
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Figure | The number of monitored UTl-associated bacterial isolates from two hospitals in the Ha'il region of Saudi Arabia over five years (2015-2019). Others include

Proteus mirabilis, Acinetobacter baumannii and Enterobacter cloacae.

Although the sensitivity of K. pneumoniae strains to these
drugs during the following 4 years was notably high,
a zero case of resistance to amikacin was reported in
2019. In addition, the activity of piperacillin towards
strains of this bacterium increased gradually leading to
39% cases of resistance by 2019 compared to 6% in
2015. Resistance of K. pneumoniae strains to cefepime
declined from 40% in 2015 to zero cases in 2017.
Furthermore, resistance to cefepime in the following
years (2017-2019) remained the same (0% case of
resistance).

Different resistance profiles of P. aeruginosa strains
over the period of investigation (2015-2019) towards anti-
biotics were recorded. In 2015, the activity of trimetho-
prim/sulfamethoxazole against strains of this bacterium
was completely absent, which was then appeared in the

following years leading to about 50% resistant strains in
2019. There was zero case of resistance of P. aeruginosa
in 2015 against piperacillin, while 66% resistant strains
were monitored in 2017; however, it dropped to 25% by
2019. The activity of gentamicin against isolated of
P aeruginosa decreased gradually between 2015 and
2017 causing 25% and 66% resistant strains, followed by
full effectiveness, no resistant isolate reported in 2019.

Discussion

The ongoing global rise of AMR among UTI-causing
bacteria has reduced the effectiveness of antibiotics in
clinical use.** Regional monitoring programs (surveil-
lance) for resistant bacteria are therefore crucial to tailor-
ing suitable usage guidelines for antibiotics. Using clinical
data based on local monitoring programs, the current study
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Figure 2 Annual percentage (as a percentage) of antibiotic resistance among the most commonly identified Gram-negative (Escherichia coli, Klebsiella pneumoniae and
Pseudomonas aeruginosa) in patients with UTls in Ha'il, Saudi Arabia, between 2015 and 2019.
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revealed the prevalence of uropathogens associated with
UTIs and indicated their antibiotic resistance profiles
against commonly used antibiotics between 2015 and
2019 in Ha’il, KSA.

The study cohort included 428 participants, and in

agreement with previous studies,'®*’

the majority of
patients with UTIs were young females. This is unsur-
prising and is likely the result of the anatomy of the
female urinary tract compared to their male counterparts,
particularly the shorter female urethra and closer proxi-
mity to the anus.’® Thus, prescription and over-the-
counter use of antibiotics to treat UTIs is widely
observed in young females, which explains their high
to both

infections.”” In agreement with'®** the current data

susceptibility recurrent and drug-resistant
showed that the majority of patients are adolescent and
adults (13-65 years). However, in contrast, a recent
report revealed an increase in UTI incidence among
older females (>50 years o0ld),”® and this variation in
age groups may be due to differences in the study cohort
since part of the retrieved data of this study were col-
lected from pregnant women.

Etiological agents of UTIs and their susceptibility/
resistance patterns differ based on geographical location,
age and gender, and this observation highlights the impor-
tance of conducting frequent local surveillance programs
with a wide range of patients to ensure appropriate treat-
ment choices are available.”>?” Enterobacteriaceac were
observed to be the predominant family of bacteria isolated
from patients with UTIs in all age groups in Ha’il. This
finding is in line with previous investigations in multiple

25,29 19,30

countries, including Saudi Arabia, where E. coli

was identified as the main causative bacterium of UTIs,
followed by K. pneumoniae.>*'

Several studies reported high incidence of P. mirabilis
in paediatric patients, which was not the case in the current
study. P. mirabilis is commonly present in the preputial sac
in boys,>* while the population of Saudi males are largely
circumcised as part of religious practice, which should
explain this variation between communities. Strains of
E. coli accounted for 45% of recovered isolates in 2015
and this percentage dropped to about 35% in 2019. In the
same period, there was a notable increase in the prevalence
of S. aureus among patients with UTIs. Although S. aureus
was previously reported to be among rarely isolated UTI-
causing bacteria,™ it was recently reported as the causative
agent responsible for about a third of UTIs in Nigeria.®
High prevalence of UTIs caused by S. aureus was

previously linked with young females® and this might be
the reason behind the observed prevalence in this study
since this group accounts for the majority of patients in
Ha’il. Moreover, S. aureus was the main causative agent of
UTI in males, which concurs with a previous report con-
ducted in the United Kingdom.**

Certainly, the usage of antibiotics based on laboratory
tests (antimicrobial susceptibility) should limit/control the
spread of AMR.** However, since sensitivity testing takes
about 24-48 hours,> there is a pressing need for guide-
lines for immediate empirical use of antibiotics for critical
UTI cases prior to laboratory tests.*® Thus, an operational
description of a set of empirically selected drugs would
heavily rely on accessible, recent and local surveillance
data on AMR since the resistance patterns are continu-
ously changing over time and from place to another.**° In
vitro antimicrobial sensitivity assays remain significantly
important and should be frequently performed to identify
any possible emergence of resistant strains. Most of the
recovered non-ESBL producing Gram-negative isolates
displayed high levels of resistance to piperacillin and
trimethoprim/sulfamethoxazole. This resistance profile is
similar to those monitored nationally in other regions of
Saudi Arabia'®>%*' and worldwide®’ for strains of E. coli
and K. pneumoniae against trimethoprim/sulfamethoxa-
zole. The emergence of highly resistant uropathogens,
especially E. coli and P. aeruginosa, to trimethoprim/sul-
famethoxazole is indeed alarming.'® Long-term use of this
drug as a first-line empirical treatment for uncomplicated
UTIs in different countries is probably among the main
reasons for the emerging resistance.'® This indicates the
urgent need for an up-to-date evaluation of its effective-
ness (resistance profile) against circulating strains of uro-
pathogens, which could restrict its utility, but should allow
better use of more suitable candidates as empirical therapy.

The number of resistant strains of E. coli to gentamicin
and piperacillin increased in Ha’il in the 5-year period of
the study (2015-2019), and this rise was reported pre-
viously in other regions of Saudi Arabia.'® Emergence of
resistant strains of E. coli to gentamicin might be linked to
the unguided usage of empirical therapy for patients with
high risk of infection and its complications, such as preg-
nant patients and children.*® This suggestion may explain
the high resistance pattern among E. coli isolates to gen-
tamycin in this study, as the majority of the patient cohort
were pregnant women (and children). The tested Gram-
isolates

negative recovered from UTI patients in

Ha’il showed great sensitivity to amikacin, and this
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outcome is matched with data of a similar investigation in
Al-Jouf, Saudi Arabia.** Accordingly, amikacin is one of
the promising candidates to be considered for use as
a first-line drug for treating patients with UTIs in
Ha’il and Al-Jouf regions of Saudi as well as other areas
with similar trends.

The emergence of ESBL-producing stains is linked to
hospital-acquired UTIs, due to possible initial inappropriate
antibiotic therapy, leading to high mortality rate.*® This could
explain the relatively low number of observed ESBL-
producing bacteria in the current study because the majority
of the cohort were outpatients. Unsurprisingly, ESBL-
producing E. coli and K. pneumoniae isolates showed higher
levels of resistance to most antibiotics (ampicillin, ciproflox-
acin, gentamicin, nitrofurantoin, piperacillin, tigecycline and
trimethoprim/sulfamethoxazole) compared to non-ESBL pro-
ducing isolates, in agreement with reported reduction in anti-
biotic susceptibility.*! A previous report demonstrated that
ESBL-producing E. coli were resistant to gentamicin, pipera-
cillin and ciprofloxacin in Riyadh.** In contrast, over the period
of this investigation, Gram-negative UTI isolates (ESBL and
non-ESBL producing) exhibited low levels of resistance to
cefoxitin, imipenem and meropenem. In line with studies con-
ducted in Riyadh,'® the majority of E. coli strains were sensi-
tive to imipenem and meropenem. These findings suggest that
carbapenems remain the drugs of choice for treating UTIs
caused by multi-drug-resistant (MDR) bacteria in Ha’il.

Gram-positive cocci, including S. agalactiae and
E. faecalis, accounted for almost a third of UTI cases in this
study. This finding is similar to trends in the southern part of
Saudi Arabia (Al-Baha), where strains of these species were
identified among common causative microorganisms of
UTIs.'? In line with previous report,” VRE exhibited high
resistance to majority of tested antibiotics including trimetho-
prim/sulfamethoxazole, similar to non-VRE. The majority of
Gram-positive uropathogens presented with decent sensitivity
to linezolid, suggesting the real need for considering the poten-
tial use of this drug as a first drug of choice treating UTIs
caused by Gram- positive in Ha’il.

It is worth noting that all urine samples were requested
from symptomatic patients after their visit to the hospital,
and the nature of collection could indicate possible indirect
exclusion of asymptomatic UTI patients. Consequently, it
would be useful to investigate the prevalence and antibio-
tic sensitivity patterns of bacterial isolates from asympto-
matic UTI patients in the same region and link the
identified trends with the current findings to enable any
possible correlation and interpretation. In addition, as the

majority of positive urine samples belong to outpatients,
this investigation is more likely to represent community-
than
Furthermore, the restricted access to the clinical data,

acquired rather hospital-acquired  infections.
including date of admission and discharge and risk factors
(eg, the use of catheters), makes drawing correlations
between bacterial resistance and length of hospitalisation

a challenging task.

Conclusion

Prescribing antibiotics based on sensitivity testing remains the
most accurate method, which contributes to controlling/tack-
ling the spread of AMR. However, empirical usage of anti-
biotics is necessary in serious or urgent cases, which should be
performed rationally based on recent and local surveillance
data. The current surveillance study analysed data collected
over a S-year period (2015-2019) in the Ha’il region and
revealed that the majority of Gram-negative uropathogens,
including ESBL, were resistant to trimethoprim/sulfamethox-
azole while amikacin, cefoxitin, imipenem and meropenem
were highly effective in vitro. In contrast, Gram-positive,
including VRE, were sensitive to linezolid. These findings
indicate the need for replacement of current first-line antibio-
tics with more effective alternatives, such as meropenem,
amikacin or linezolid. Observed variations in resistance pro-
files among strains of a single bacterium over time and in
different locations demonstrate the need for conducting fre-
quent surveillance studies nationally and locally for more
effective monitoring of AMR.
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