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Abstract
This review aimed to estimate the incidence of UTIs among CKD patients with an emphasis on  Keywords: Chronic  kidney
the incidence rate and antibiotic resistance profile of uropathogens. A systematic literature disease, Urinary tract infections,

search was performed in nine electronic databases. The period of the search was from 1% January ~ Antimicrobial resistance, MDRO,
2000 until 31% January 2020. Quality assessment and meta-analysis were performed. 75 articles  Multi-drug  resistant  organisms,
that met the inclusion criteria for this systematic review were identified after screening 799  Kidney failure

articles. Overall analysis revealed that there was about 80% of the resistance cases of UTI were

reported among the CKD patients from the selected studies with an effect size of 0.80 CI [0.76 Corresponding author: Tahir

— 0.83]. From various countries like China (EF 0.90 CI [0.82 — 0.95]), Indonesia (EF 0.99 ClI
[0.96 — 1.00]), Iraq (EF 0.38 CI [0.28 — 0.48]), Malaysia (EF 0.94 CI [0.92 — 0.95]), Oman (EF
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0.99 CI [0.98 — 1.00]), and Saudi Arabia (EF 0.43 CI [0.34 — 0.53]) there was only one study
eligible for inclusion in the meta-analysis. However, for countries like Bangladesh, India, Iran,
and Pakistan the number of studies was greater, and the pooled effect size of the number of
resistance cases generated on the multiple studies. The prevalence of UTIs was 55.6% to 18%
in kidney disease patients. Further studies are needed to identify the risk factors of urinary tract
infections among CKD patients and to develop new antimicrobial agents for urinary tract
infections.
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million people died with end-stage renal disease (ESRD)
without access to chronic dialysis in 2010 [1]. In South
Asian countries, CKD is liberally increasing, and multiple
factors are the cause of this spread. Most importantly, the

Introduction

Worldwide, chronic kidney disease (CKD) is the major
cause of morbidity and mortality. An estimated 2.3-7.1
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increasing prevalence of risk factors for CKD such as
diabetes and hypertension [2]. The total prevalence of
renal disease is 16.6% with 8.6% participants having mild
renal disease and 8% having moderate renal disease. Age
is considerably associated with renal disease [3].
Approximately 1.2 million people died due to CKD and a
32% increase in renal failure since 2005. Every year
around 1.7 million people die due to acute renal failure [4].
CKD patients are prone to various kinds of infections
especially urinary tract infections (UTIs) due to changes
in host immune response [5]. Bacteremia, pneumonia, and
UTIs are most commonly present in patients having CKD
as compared with patients who have no CKD. In CKD
patients, greater susceptibility to UTIs may be elucidated,
by a higher prevalence of urinary obstacles, which cause
infections, frequently seen in patients with kidney stones,
benign prostatic hypertrophy, and cancers in the urinary
tract [6].

The prevalence of UTlIs is high among CKD patients.
Females are prone to have more bacteriuria and upper
UTlIs than males [7]. CKD patients have UTIs due to
urinary stagnation, urine alkalization, and absence of
flushing action. Uropathogens target different parts of the
urinary tract [8]. Generally, urine is considered sterile and
germ-free. Different studies found that most Uropathogens
responsible for UTIs colonize the colon and perianal
region. Pathogens that arise with the primary part of the
urethra, towards the wall of the urethra, multiply then
move up towards the bladder and cause signs and
symptoms. Pathogenesis can be ascending route [9, 10].
Both Gram-positive and Gram-negative microorganisms
are responsible for UTIs [11, 12]. Among Gram-negative
bacteria, Escherichia coli (E. coli) is the most frequent
pathogen inducing acute renal failure. Moreover,
urological complications are associated with UTIs and E.
coli is the most common clinical isolate [13].

Most studies are found on the treatment of CKD and there
is currently no review that assesses the global prevalence
of UTIs and antimicrobial susceptibility among CKD
patients. This gap in the existing literature needs to be
addressed particularly in CKD patients who pose a greater
risk of infection than other patients. Understanding the
extent of UTIs and antimicrobial susceptibility among
CKD patients is important in highlighting the need to take
appropriate action to reduce infection and mortality in this
vulnerable population. This study aims to estimate the
incidence of UTIs among CKD patients and investigate the
resistance pattern for uropathogens. In the Asian region, to
date, there is a scarcity of comprehensive evidence that
elaborates on the prevalence of urinary tract infections and
antimicrobial susceptibility among CKD patients.
Understanding the extent of urinary tract infections and
antimicrobial susceptibility among CKD patients is
important in highlighting the need to take appropriate
action to time recommend empirical/ direct therapy
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promptly to reduce infection and mortality in this
vulnerable population. The current systematic review and
meta-analysis will estimate the incidence of UTIs urinary
tract infections among CKD from the Southeast Asian
Region (SEAR), Western Pacific Region (WPR), and
Eastern Mediterranean Region (EMR) patients and
document the resistance pattern for uropathogens. This
information will help develop effective infection control
protocols and guidelines to reduce urinary tract infections
in these high-risk patients in the current healthcare setting.

Materials and Methods

A systematic review was performed to identify published
research papers from the selected regions. The period of
the search was from 1% January 2000 until 31% January
2020. Main health sciences-related scientific databases
i.e., PubMed, Google Scholar, Ovid, Web of Science, and
Cochrane Library were reviewed. In addition, Publisher
databases i.e., Sage Journals, Taylor and Francis Online,
Science Direct, and Wiley Online performed to identify
the studies that assessed the prevalence of UTIs and
antimicrobial susceptibility among CKD patients.

Search terms
The following search terms i.e., Prevalence AND Urinary

Tract Infections OR UTIs AND Antimicrobial
susceptibility AND Antimicrobial resistance AND
Chronic kidney disease OR CKD to identify the research
papers. The following MeSH terms were used in PubMed,
connected with the Boolean operator AND “prevalence,
CKD”, “antimicrobial susceptibility, UTIs”. A systematic
review was conducted according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [14]. All titles and abstracts of
retrieved articles were screened for relevance to the aim of
the study and full texts were obtained for review if
appropriate. The systematic review provides synthesized
information on all available literature. ldentified and
reviewed, based on criteria, and follow a specific protocol
i.e. pose a question, design a detailed strategy, search,
identify, review, and synthesize. Meta-analysis uses
statistical analysis to synthesize data for several studies
and the result of meta-analysis may highlight the part of
the literature.

Study selection
Avrticles were selected based on predefined inclusion and

exclusion criteria. Studies that fulfilled the following
criteria were eligible for inclusion:

Inclusion criteria

1. All experimental and observational studies from the
Southeast Asian Region (SEAR), Western Pacific
Region (WPR), and Eastern Mediterranean Region
(EMR) were included in this study.
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2. Studies were published between 1% January 2000 and
315 January 2020.

3. In a single population, it can be difficult to reach
conclusions; if the question is too broad. We applied
the acronym PICOT (Population, Intervention,
Comparator, Outcome, and Time) for formulating
the research question. PICOT is a very helpful
technique to summarize the research question that
discovers the outcome of therapy.

Population: CKD patients

Intervention: Prevalence of UTIs due to E. coli to
ciprofloxacin and nitrofurantoin, not all antibiotics, and
Antimicrobial susceptibility

Comparator: None

Outcome: Resistance and susceptibility pattern

4. Studies published in the English language.

Exclusion criteria
1. All non-English studies were excluded from this

review

2. All letters to the editors, case studies/reports,
personal opinions, review papers, or any other type
of study with unpredictable data or not reporting
original data were excluded.

However, their reference lists were screened to identify
any other article from grey literature that might not have
appeared in the main search.

Data extraction and quality assessment
Abstracts and titles of studies were reviewed, and then

Full-text articles were selected from retrieved studies for

full-text review. Data extraction was performed through a
data extraction form, which was made on a Microsoft
Excel spreadsheet. Data extraction form comprised of first
author’s name/ year, name of a country, study design,
sample size, recruitment site, and the result obtained. The
Newcastle-Ottawa scale (NOS) is a quality assessment
tool for observational studies [15, 16], which was used to
assess the quality of each particular study.

Data analysis
A meta-analysis was performed using STATA version 14.

The random effects model was utilized for the estimation
of the effect size for the analysis of the proportion of the
number of infections reported/ observed versus the total
number of patients. The random Effect model is mostly
recommended model. All p-values were set at <0.01 with
95% confidence intervals. The p-value <0.01 was
considered significant. Subgroup analysis was performed
to analyze data among the different countries. The I?
statistic was used to interpret the heterogeneity at a
confidence interval of 95% among the included studies.

Results and Discussion

Study selection
With the help of a systematic literature search, 55,799

articles were found. 29,147 Records obtained after
duplicates were removed. After checking of title and
abstract, 147 strongly relevant studies were selected for
full-text review for suitability. Of the 147 studies, 75
studies were included in a qualitative study. The PRISMA
flow chart of study selection is accessible in Figure 1.

Records Identified through database searching Additional records identified through other sources using

o Total Records (n=55.799) hand searching-and-forward/backwards reference searching.
g PubMed=2465 Taylor & Francis=2486 (m=4)

,g‘-’ Ovid=22754 Science Direct=19312

& Cochrane Central=214 Web of science=896

= Google Scholar=1383

Wiley Online Libraryv=3,027 Sage Journals=462

g l

g Records after duplicates removed (n=29.147)

E Records excluded with reasons
©i (n=29000)

‘ Not Population of interest=26,958
Not in English language=35
— ‘ Records screened “‘ Paper without Abstract=1,992
N i Studies not on Human=15
<
_.-svh Full-text articles assessed for ehgibility (n = 147) il Full-text articles excluded
&=
¢ (n=72)
Studies included in qualitative synthesis (n=75)

7 '

E]

»5” Studies included in quantitative synthesis.

(meta-analysis) (n=35)

Figure 1. PRISMA Flow Diagram
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Study characteristics
Of the 75 selected studies, 27 were cross-sectional studies,

20 retrospective cohorts, 1 descriptive retrospective, 20
prospective cohorts, 4 descriptive, 1 case-control and 1
experimental and 1 descriptive cross sectional. Studies
were conducted in diverse geographical regions such as
India (n = 24), Iran (n = 10), Bangladesh (n = 9), China (n

=8), Pakistan (n = 7), Nepal (n =5), Iraq (n = 3), Indonesia
(n =2), Saudi Arabia (n = 2), Australia (n = 2), Egypt (n =
1), Oman (n = 1) and Malaysia (n = 1). In most of the
studies, prevalence of UTIs and antimicrobial
susceptibility was found among CKD patients. A
summary of study characteristics is shown in Table 1.

Table 1. General characteristics of included studies.

= c Result Obtained
g > Z 8g > o
- - [} c =
2= [a} @ i i o . = 5
T 8 % 2 g—% Recruitment site Antibiotic Antibiotic S (,8,
5 O 3 T 2 Resistance Susceptibility 4
< & n
a
(Whiteetal., = Cross- < .
= . S C t N/A N/A 6
2005) [17] 2 sectional z ommunity
<
(Chadban et .2 Cross- S 4[12rt:::da(;1nc;llr¥os:lzig;end
al,2003) £ ; S N/A N/A 7
[18] 2 sectional = areas across
< Australia.
amoxicillin, . .
< R ciprofloxacin,
(Nazme et 8 Cross- co-trimoxazole, amikacin
al., 2017) = . ] Hospital azithromycin, cefuroxime, . . 6
= sectional — . - nitrofurantoin
[19] T ceftriaxone, cefixime, and .
m . levofloxacin
ceftazidine.
isolates showed 72.03 % to .
. E. coli, Staph
91.53% resistance to ' - P
< . saprophyticus,
] . co-trimoxazole,
(Hagueetal., T Retrospective ™ . . . . . Pseudomonas spp., and
= < Teaching Hospital ciprofloxacin, cefuroxime, 6
2015) [20] = cohort ~ . - Enterococcus spp.
3 cephradine, amoxicillin, L
1] S showed susceptibility
nalidixic acid, and . .
L to nitrofurantoin
gentamicin
cefuroxime (82%), nalidixic
- acid (74%), azithromycin gentamicin,
(Siddiqua et é Retrospective » (56%), meropenem,
al., 2017) ‘_;D cof?ort y Teaching Hospital cefotaxime (52%), imipenem, 5
[21] E o ceftazidime (50%), cefixime amikacin and
(47%), cotrimoxazole (43%), nitrofurantoin
ceftriaxone (41%)
imipenem,
(Begum et é meropenem
P i Medical Universi . '
a0y FPedtve gy Medea Unnerty NIA cefiiwone, 7
[22] § g Hosp ceftazidime and
gentamicin.
2 cotrimoxazole imipenem,
(Aknhtar et al., § Prospective ~ . e meropenem,
s Hospital lid d and . . 6
2016) [23] = cohort S ospria natidixic acid an nitrofurantoin, and
S amoxicillin. L
M amikacin.
= amoxicillin, cefradin,
(Naharetal, & Cross- ™ . nalidixic acid,
= . M I Coll . N/A
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@ ceftriaxone and cefixime.
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(Mahbub et é Prospective
al,2011) 8 P N
o cohort
[25] 3
o
5
(Sahaetal, & Cross- <
2015)[26] @  sectional ~
@
5
(Miaetal., § Retrospective S
2017)[27] o cohort o
@
(Wangetal, & Retrospective S
2019)[28] & cohort I
(Shan etal., & Cross- Q
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Wei etal, & c I~
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(Yuan etal., & Retrospective 2
2018)[35] & cohort =t
(Ghonemy et
al,2016) & oS S
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Hospital

Hospital

Hospital

Hospital

Community

Hospital

Hospital

Community

Community

Hospital

Hospital

Hospital

Hospital

Methicillin,
oxacillin, Polymyxin B and
cefsulodine imipenem were 100%

sensitive to E. coli.

Strains showed
significant sensitivity
to amikacin (94.59%),

azithromycin (93.24%),
doxycycline (90.54%),
and ceftriaxone
(89.18%) respectively
showed significant
sensitivity.

Most of the strains were
highly resistant to
amoxicillin (85.14%), and
cotrimoxazole (81.08%).

A high level of
sensitivity was found to
N/A imipenem, amikacin,
and nitrofurantoin for
most of the isolates.

A high level of resistance

showed with amoxicillin and N/A
ampicillin.
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A

Almost all multidrug

resistant Gram-negative They were sensitive to

bacteria were resistant to the meropenem,
first and second generations amikacin and
of cephalosporin, tigecycline.
and monocyclic beta-lactam.
N/A N/A

80% Amikacin,
cefoperazone and
piperacillin-tazobactam
while >70% were
sensitive to gentamicin
and nitrofurantoin.
Klebsiella also showed
more than 80%
sensitivity to
ciprofloxacin and
norfloxacin.

Bacteria were highly (>90%)
resistant to ampicillin.
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(Semwal et <  Prospective
al., 2017) é cor;mrt §
[38] -
(George and . .
Prasad, 2014) S Prospective &3
= cohort —
[39]
(Singhand
Haque, 2019) "3 se(i:rt(i)szal §
[40] -
(Shanavas et . .
al., 2015) = Retrcc;sr:);cttlve §
[41] -
(Nathetal., .= Retrospective o
°
2018)[42] £ cohort ~
(Singhal et © .
a0y § P g
[43 - -
(Guptaetal., g Retrospective NI
2007) [44] < cohort :
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Hospital

Hospital

Hospital

Hospital

Hospital

Hospital

Institute of Medical
Sciences

amikacin (25.58%),
nitrofurantoin
(18.60%), piperacillin-
tazobactam (15.50%),
gentamicin (15.50%),
cefoperazone-
sulbactum (14.72%),

ciprofloxacin (20.15%), co-
trimoxazole (19.37%),
cefotaxime (18.60%),
amoxicillin-clavulanic acid
(16.27%), gentamycin
(15.50%), cefazolin

(14.72%), ampicillin amoxicillin clavulanic 6
(13.95%), ticarcillin- acid (13.95%),
clavulanic acid (13.95%), meropenem (13.95%),
cefuroxime (13.17%), ciprofloxacin (11.62%),
aztreonam (11.62%) and co-trimoxazole
cefepime (77.51%). (9.30%), and
aztreonam (7.75%).
A high level of resistance
was seen to ciprofloxacin
(75%), gatifloxacin (68%),  Nitrofurantoin showed 6

ceftazidime (62%),
meropenem (51%), and
imipenem (39%).

sensitivity.

The highest sensitivity
to amikacin is 100%
followed by gentamicin 7
at 96% and
nitrofurantoin at 98%.

N/A

fosfomycin (99%).

ampicillin (92%) and nitrofurantoin (92%,

cefazolin (80%) gentamicin (92%) and 5
amikacin (92%)
E. coli was sensitive to
amikacin (90.5%),
cefotaxime (89.6%),
High resistance to ampicillin, ciprofloxacin (85.3%),
cefotaxime, and tetracycline and kanamycin 7
has caused considerable (76.1%). Amikacin was
alarm. more effective against
Pseudomonas (77.5%).
Klebsiella was more
sensitive to amikacin.
High level of resistance to
fluoroquinolones 70.3% and
cephalosporins 75.1%
whereas resistance to
Nitrofurantoin 19.8%, N/A 6
Amikacin 32.4%, and
cephoperazone-sulbactam
22% was low.
More susceptible to
. . amikacin, followed by
resistance co-trimoxazole, .
- . . cefotaxime,
ampicillin, and ciprofloxacin gentamicin 5
were 90 to 96%, 92 to 98%, : N
and 55 to 65%, respectively. CIpI’O.ﬂOXiiCIr.],. .
norfloxacin, ampicillin,
and co-trimoxazole.
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(Manikandan

= .
etal,2011) S Prospective S Hospital
£ cohort
[45]
(Sujatha and <  Prospective
Pal, 2015) S Cophort 5 Hospital
[46] -
(Prakash and .
.8 Prospective o .
Saxena, S cohort Q Hospital
2013) [47]
(Malhotra et s Prospective Department of
al., 2016) T coF;ort 3 Microbiology, SGT
[48] - University.
(Venkatesh et s Prospective
al, 2016) T cophort S Hospital
[49] -
s
(Sahaetal., .= Retrospective 3 .
5 c Hospital
2014)[50] £  cohort kS P
)
(Nigametal.,, .© I o .
2017) [51] E Descriptive = Hospital
(Pratapetal.,, .= Cross- ITe) .
2016) [52] E sectional S Hospital
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All the isolated uropathogens

trimethoprim/sulfamethoxazo

le 83.3%, Nalidixic acid
80.6%, amoxicillin 67.3%,
cotrimoxazole 61%, N/A
gentamycin 48.8%,
ciprofloxacin 46% and
cephalexin 43%.

Proteus was resistant to all

the quinolones antibiotics.

Better sensitivity
were highly resistant to against Nitrofurantoin.
aminoglycosides and

carbapenem.

meropenem (92.26%),
imipenem (84.52%),
levofloxacin, and
netillin each showed

nalidixic acid (78.71%),
ceftazidime (71.61%),
cefotaxime (67.74%).

74.84% sensitivity.
Maximum resistance to
ampicillin and co-
trimoxazole and least
N/A

resistance to nitrofurantoin,
amikacin, imipenem, and
vancomycin.
amikacin, netilmicin
and imipenem were
100% sensitive,
cefoperazone-
sulbactam (95%) and
piperacillin-tazobactam
(77.2%).
Maximum
susceptibility was
recorded for the drugs
belonging to fourth-
generation
cephalosporins.
Susceptibility to
imipenem (96%),
followed by
nitrofurantoin 90%,
amikacin 88%,
piperacillin/tazobactam
82%, netilmicin 78%,
cefoperazone/sulbacta
m 71%, lower
susceptibility
ciprofloxacin 40%,
norfloxacin 44% and
amoxicillin-clavulanic

aztreonam, ticarcillin-
clavulanic acid, cefodroxil

and ciprofloxacin or
levofloxacin were resistant.

penicillin was least effective
against UTI-causing E. coli
and

N/A

acid 23%.
E. coli exhibited the highest
resistance to nalidixic acid.
Amoxicillin, cefixime, N/A

cotrimoxazole, ceftriaxone,
and ofloxacin also showed
high resistance.
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resistance to imipenem
decreased from 11.86 % to

(Sharma et Retrospective ~ 11.36 %. nitrofurantoin from
al., 2016) S cohort g Hospital 36.1 % to 18.15 %. N/A
[53] - Resistance to ceftriaxone
increased from 53.39 % to
73.33 %.
resistance to norfloxacin was The effective drugs for
90.6%, ciprofloxacin 89.4%, E. coli were
(Vijetal., _g Retrospective 19 Punjab institute of cefotaxime 87.1%, nitrofurantoin,
2014)[54] £ cohort ™ medical sciences ceftriaxone 84.7%, amikacin,
meropenem 62.7% and piperacillin/tazobactam
gentamicin 59.6%. , and imipenem.
ampicillin (>80%),
amoxicillin-clavulanic acid nitrofurantoin is the
(Sood and . (>80%), co-trimethoprim- drug with the least
.8 Retrospective © . .
Gupta, 2012) T cohort S Hospital sulfamethoxazole (>67%), resistance (>5-6%) to
[55] - nalidixic acid (>95%), E. coli throughout the
norfloxacin (>77%), and 2% years study period.
ciprofloxacin (>74%).
nitrofurantoin's
(Saha and < Cross- 5 sensitivity to E. coli
Kulkarni, S sectional s Hospital N/A was significantly
2018) [56] T higher than the other
two uropathogens.
(Prakash et <  Prospective o
al., 2006) S S Hospital N/A N/A
[57] = cohort
The isolates showed high
levels of resistance to The isolates were
(Niranjan and arm?i(‘:illin (88.4%), . sensitive tg amik.a(‘:in
Malini, 2014) 2 Cr(_)ss— o Hospital amoxmlllm-clavulamc_ acid  (82.6%), piperacillin-
[56] = sectional — (74.4%), norfloxacin tazobactam (78.2%),
(74.2%), cefuroxime nitrofurantoin (82.1%),
(72.2%), ceftriaxone (71.4%) and imipenem (98.9%).
and co-trimoxazole (64.2%)
Valietal., .© Retrospective .
(2 018) [59] E cor?ort p Hospital N/A N/A
Reddy etal.,, .© Prospective .
( o 163)’ o] Co'iort 8 Hospital N/A N/A
(Gunawan - )
and Umboh, % Retrospective N Hospital N/A N/A
2016)[61] E cohort
Escherichia coli resistance
pattern against ceftazidime
(75.6%), nitrofurantoin
(Herdiyanti et - o (12.60/2) and meropfanem
al., 2019) % DeSCFIptIYG @ Hospital (.2'4 )- Meanw.hlle, . N/A
[62] g Retrospective — Klebsiella pneumonia against

ceftazidime (72.2%),
Nitrofurantoin (55.6%),
meropenem (11.1%), and
amikacin (2.8%).
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(Amin et al., Prospective

c
2009)[63] =  Cohort
g’g&;t[ZZi § Descriptive
(Mr:irzczlz?/ma = Retrospective
2014)[65] cohort
(Pouladfar et c
al., 2017) 5 sect[(i)cs;_al
[66]
(Naghibi et
al, 2015 F seccrt?;al
[67]
(I;zz)l(l)z;r; ?é;]l E Descriptive
(Mihan khah Cross
etal., 2017) § .
[69] = sectional s
(Mirzarazi et secct[(i)osfl_al
c
al.,[72 8]13) £ descriptive
(Salarzaei et
al., 2017) E Descriptive
[71]
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202

1285

34

3798

702

124

Hospital

Hospital

Hospital

Shiraz university of
medical sciences.

Community

Hospital

Hospital

Hospital

Hospital

The most effective
antimicrobial agents
were amikacin,
tobramycin, and
ciprofloxacin against
Gram-negative bacilli
and the most effective
antibiotics against
Gram-positive cocci
were kanamycin,
tobramycin, and
ciprofloxacin.

N/A

ciprofloxacin (95.3%),
amikacin (93.9%), and
nalidixic acid (92.2%),
gentamicin (89.2%)
and nitrofurantoin
(83.8%).

N/A

antimicrobial
susceptibility analysis
for E. coli to commonly
used antibiotics are as
follows: amikacin
N/A (79.7%), ofloxacin
(78.3%),
gentamicin (71.6%),
ceftriaxone (41.8),
cefotaxime (41.4%),
and cefixime (27.8%).

Highest susceptibility
to imipenem (90.1%)
and gentamicin
(65.3%).

Highest resistance to
ampicillin (81.2%) and
cotrimoxazole (79.2%).

N/A N/A

The lowest resistance rate of
microorganisms was against
amikacin (3.7%) and the N/A
highest resistance rate was
against amoxicillin (70.4%).

The highest antibiotic
resistance to methicillin
(76.06%) and
ampicillin (89.29%).

The most sensitivity to
imipenem (99.1%) and
amikacin (91.57%).

nitrofurantoin,
cotrimoxazole and
ciprofloxacin

nalidixic acid, trimethoprim-
sulphamethoxazole

N/A N/A

15



Ahmad et al.

Ciprofloxacin showed
the highest activity
against Klebsiella spp.
and amikacin,

E. coli resistance level was
11% for Nitrofurantoin, 15%

(Rezaee and for ciprofloxacin, 25% for

. P ti b lidixic acid, and 30% t -
Abdinia, E r(():soieocrtlve § Health care center na I7|5);C f; rl an?irI](acin oto gentamicin, and
2015) [72] N 0 ! nalidixic acid showed
gentamicin, ceftriaxone, L .
. A activity against
ceftizoxime, cefotaxime, and
. Pseudomonas
co-trimoxazole. .
aeruginosa.
The maximum resistance was Max\an;LSJr:eZ(;n:(;trlvny
(Abdulraham . seen against cefazolin
R . 4.9%),
etal., 2018) g etrospective § Hospital (79.7%) and meropenem_(g_ 9%)
= cohort = o L followed by imipenem
[57] amoxicillin/clavulanic acid
(77.5%) (89.7%) and ertapenem
270 (88.7%).
(AL-Jebouri The most effective
and Al- o  Prospective o . . Complete resistance to antibiotic was
. Teaching H I L - o
Alwani, £ cohort — eaching Hospita ampicillin and amoxicillin. imipenem (100%)
2015) [73] susceptibility
Most bacterial isolates were
(Majeed and highly resistant to most Imipenem provided the
Aljanaby, E Case-Control § Teaching Hospital  antibiotics, especially against best antibacterial effect
2019) [74] amoxicillin and third- against most isolates.
generation cephalosporins.
< resistance to ampicillin,
(Noretal, @ Retrospective “ . cefuroxime, and gentamicin
Hospital N/A
2015)[75] =  cohort R ospria was 67.7%, 15.3%, and 7.3%
= respectively.
The resistance of E. Coli to
ampicillin, ofloxacin,
cefotaxime, gentamicin, and
amikacin was (85%), (82%),
(Shahetal, g Cross- © . (75%), (28%) and (3%)
. Hospital : h N/A
2016) [76] = sectional «© o respectively. The resistance
to ampicillin was Klebsiella
species (87%), Proteus
(86%), and Enterococcus
(60%).
(Yadavetal, ©  Prospective © .
2016) [77] §- cohort < Hospital N/A N/A
Most of the isolates were
(Ganeshet  _ resistant to ampicillin and co-
< Cross- o
al., 2019) s sectional 2 Hospital trimoxazole, while the least N/A
[78] z - were resistant to amikacin
and nitrofurantoin.
Drug resistance with
amikacin, gentamycin, and
(Sahetal., £ Prospective o . Nitrofurantoin was found to
Hospital N/A
2016) [79] = cohort & ospria be lower than other
antibiotics that were
subjected to sensitivity tests.
(Shakyaet  _ multidrug resistance was
< Cross-
al., 2014) g sectional §) Hospital observed in 68.82% of the N/A
[80] < total bacterial isolates.
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(Khalid et al.,
2018) [81]

(Muntaha et
al., 2016)
(82]

(Anjum et al.,
2016) [83]

(Ullah et al.,
2018) [2]

(Afridi et al.,
2014) [84]

(Zareef et al.,
2009) [85]

(Naz et al.,
2018) [86]

(Sohail et al.,
2015) [87]
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Oman

Pakistan Pakistan

Pakistan

Pakistan

Pakistan

Pakistan

Pakistan

Retrospective
cohort

Cross-
sectional

Experimental

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Retrospective
cohort

155

500

100

524

Hospital

Hospital

Medical College

Hospital

Hayatabad Medical

Complex

Hospital

Hospital

Chagatai’s Lab
Lahore.

Susceptibility was

The highest (34.3%) found against
antibiotic resistance was ceftriaxone, 5
noticed in E. coli against ceftazidime,
nalidixic acid. ciprofloxacin, and
nitrofurantoin.
These bacterial
pathogens were
N/A sensitive to 6

amoxicillin-clavulanic
acid and trimethoprim-
sulfamethoxazole.

E. coli was sensitive to
imipenem and 6
ciprofloxacin.

More resistant to
amoxicillin/clavulanic acid
and gentamicin.

Most Gram-Ve
bacteria were sensitive
to cefepime and all
gram-positive isolates
were sensitive to
meropenem.

N/A

The sensitivity of
different urinary
isolated to amikacin
N/A was highest (82%) 5
followed by
meropenem (75%), and
tazocin (61%).

third generation
cephalosporin,
imipenem, and
fluoroquinolones show 6
high sensitivity against
the uropathogens
studied.

sulphamethoxazole
trimethoprim had shown
resistant patterns with only
34.11% sensitivity.

Pathogens were resistant to
cefixime (83%), ceftriaxone
(81%), and amoxicillin-

meropenem, amikacin
and piperacillin-

o 6
clavulanic acid (69%). tazobactam were most
Acinetobacter baumannii was effective.
found most resistant.
Maximum
. . . ceptibility (97%
E. coli was highly resistant to SausainZtl tr:rle:éru ;)
cephalexin (95%), cephradine n%amel imi ener%\l
(95%), pipemidic acid (92%), meroyenerfl I
amikacin (91%), and cefop erazc;ne
nalidixic acid (91%). -etoperazone.
- L Piperacillin and 6
Amoxicillin/clavulanic acid, .
- fosfomycin also
ampicillin, and aztreonam A S
. - provided significant
were resistant to E. coli, results against E. coli
8496, 849, and 72%, 'S 8gainst =.
respectivel with respective
P y. susceptibility rates of
96% and 90%.
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(541
8
(Al-Mijalli, E Prospective © .
2017)[88] =  cohort = Hospital
2
wn
8
El-Mon o .
fEmd Reyagg E Prospective 8 Hospital
2013 89’ 5 cohort =
) [89] §

All isolates of E. coli
and K. pneumonia were
highly susceptible to

N/A o 5
meropenem, imipenem,
colistin, ertapenem, and

amikacin.
Staphylococcus and
Among these E. coli, K. Serratia marcescens
pneumonia, and P. exhibited high 5

aeruginosa were highly
resistant to the antibiotics.

sensitivity to cefoxitin,
cefepime, and
aztreonam.

Quality assessment
For the quality assessment of included studies, 2 distinct

Newcastle-Ottawa Scale were used. 50 selected studies
were of good quality with scores ranging from 6 to 7; 24
studies had average quality with a score of 5 and 1 study
had poor quality with a score of 4. The quality assessment
of selected studies is shown in Table 1.

Data analysis
In Bangladesh, one study had a large effect size of 0.81

[95% CI 0.69-0.90] [19] followed by one, which showed
a medium effect size of 0.61 [95% CI 0.51-0.70] [22]. One
study conducted in China showed a large effect size of
0.90 [95% CI 0.80-0.95] [35]. In India, the magnitude of
the effect size was large as 1.00 [95% CI 0.98-1.00] [55]
followed by a small effect size of 0.37 [95% C1 0.32- 0.43]
[46]. In Indonesia, the effect size was large 0.99 [ 95% CI
0.96-1.00] [61]. In Iran, one study with a large effect size
of 0.97 [95% CI 0.93-0.99] [66] was followed by one
study, which represented a medium effect size of 0.50

[95% CI 0.47-0.53] [72]. One study was conducted in Iraq
with a medium effect size of 0.38 [95% CI 0.28-0.48] [73].
A study was conducted in Malaysia with a large effect size
of 0.94 [95% CI 0.5-0.92] [75]. In Oman, one study
showed a large effect size of 0.99 [95% CI 0.98-1.00] [81].
In Pakistan, one study was with a large effect size of 0.79
[95% CI 0.70-0.86] [83] followed by study with medium
effect size 0.50 [95% CI 0.40-0.60] [84]. In Saudi Arabia,
the study represented a medium effect size of 0.43 [95%
Cl 0.3- 0.53] [81]. Overall random pooled effect size in
studies conducted in Iran was large 0.84 [95% CI 0.75-
0.93] followed by studies conducted in Pakistan with a
medium overall random effect size of 0.66 [95% CI 0.53-
0.78]. Results revealed that antimicrobial resistance is
increasing in the treatment of UTIs alarmingly. Antibiotic
resistance monitoring is necessary to develop the most
effective empirical treatment of UTIs in CKD patients.
Antibiotic resistance among different countries is shown
in Table 2.

Table 2. Meta-Analysis of Proportion of Resistance Cases Using Random Effect Model.

Sample Resistance  Prevalence . 12(%)/
Study Size ?N) Cases (n) [95% Cl] Weight P-v(alge

Bangladesh 0.01
Nazme et al. (2017) 58 47 0.81 [0.69-0.90] 3.11
Begum et al. (2017) 102 62 0.61 [0.51-0.70] 311
Akhtar et al. (2016) 177 134 0.76 [0.69-0.82] 3.12
Saha et al. (2015) 74 60 0.81 [0.70-0.89] 3.12
Mia et al. (2017) 238 172 0.72 [0.66-0.78] 3.13

Random pooled ES 0.74 [0.68-0.80] 15.59 67.73

China 0.00

Yuan et al. (2018) 98 88 0.90 [0.82 - 0.95] 3.13 0

India 0.00
Simon et al. (2018) 129 105 0.81 [0.74 —0.88] 3.12
Semwal et al. (2017) 101 89 0.88 [0.80 —0.94] 3.12
Shanavas et al. (2015) 150 148 0.99 [0.95 - 1.00] 3.13
Sujatha and Pal (2015) 297 110 0.37 [0.32-0.43] 3.13
Prakash and Saxena (2013) 155 150 0.97 [0.93-0.99] 3.13
Malhotra et al. (2016) 95 82 0.86 [0.78-0.93] 3.12
Venkatesh et al. (2016) 83 47 0.57 [0.45-0.67] 3.11
Pratap et al. (2016) 175 113 0.65 [0.57 -0.72] 3.12
Sharma et al. (2016) 2464 2107 0.86 [0.84 —0.87] 3.13
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Vij et al. (2014) 365

Sood and Gupta (2012) 346

Saha et al. (2018) 140

Niranjan and Malini (2014) 119
Random pooled ES

Indonesia
Herdiyanti et al. (2019) 163
Iran

Amin et al. (2009) 553

Ali et al. (2014) 379

Mirsoleymani et al. (2014) 1209

Pouladfar et al. (2017) 202

Fallah et al. (2008) 50

Mihankhah et al. (2017) 3798
Mirzarazi et al. (2013) 702
Rezaee and Abdinia (2015) 19223
Random pooled ES
Ira
. . . 100
Al- Jebouri and Al- Alwani (2015)
oman 4480
Khalid et al. (2018)
Pakistan
Zareef et al. (2014) 2374
Saudi Arabia
Al- Mijall et al. (2017) 116

Overall Random Pooled ES

319
345
113

91

161

527
353
1125
195
34
497
203

47

38

846

524

92

0.87 [0.84-0.91] 3.13
1.00 [0.98 — 1.00] 3.13
0.81 [0.73-0.87] 3.12
0.76 [0.68 —0.84] 3.12
0.80 [0.74-0.87] 40.63 98.87
0.00
0.99 [0.96 — 1.00] 3.13 0
0.00
0.95 [0.93-0.97] 3.13
0.93 [0.90- 0.95] 3.13
0.93 [0.91-0.94] 3.13
0.97 [0.93-0.99] 3.13
0.68 [0.53 - 0.80] 3.10
0.13 [0.12-0.14] 3.13
0.29 [0.26 —0.32] 3.13
0 Gy o1
0.61 [0.27-0.95] 25.02 99.98
0.00
0.38 [0.28 —0.48] 3.11 0
0.00
0.43 [0.40 — 0.47] 3.13 0
0.00
0.22 [0.20-0.24] 3.13 0
0.00
0.79 [0.71-0.86] 3.12 0
0.71 [0.50 —0.92] 100 99.98

The focus of this review lies in the antimicrobial profile of
the organism isolated. Different populations were selected
for this review because we observed that antibiotic
resistance for organisms isolated from UTIs in CKD
patients was present. Antimicrobial resistance in UTIs is
becoming more common globally, increasing morbidity
and doubling healthcare costs. In most of the studies,
Gram-ve organisms accounted for over 90% of the
isolates, with E.coli predominating. Among isolates of
E.coli from patients with renal problems, resistance was

more common compared to community isolates. Based on
the results of our findings, most of the uropathogens were
showing resistance to antibiotics up to some extent.
Overall, they were significantly more resistant to most
antibiotics in the Southeast Asian Region, Western Pacific
Region, and East Mediterranean Region. Based on the
results of our study, Nitrofurantoin, Imipenem,
Meropenem, Ertapenem, Aztreonam, and Amikacin
should be considered for first-line empiric treatment of
UTlIs in CKD patients. Details are shown in Table 3.

Table 3. Antibiatic resistance among different countries.

T . . . Saudi
Antibiotic Bangladesh China India Iran Iraq Nepal Pakistan Arabia
79.83% -
Amoxicillin  95.41% N/A 9[15;‘]’/" 7[162(]% 1[0703;/" N/A N/A 98[';?]%
[22, 24, 27]
81.20%-
- >80-92% 0 100% 71.90%-85% 84% 98.90%
Ampicillin N/A N/A [41, 55] 96.49% [73] [78, 79] [87] [88]
[64, 66]
. 70.39%-100%  96.6% 13.17%
Cefuroxime 20, 24] [35] [38] N/A N/A N/A N/A N/A
Ceftriaxone 10.78%-83.3% N/A 68%-84.7% 9.50%-87% 25%-40% 26.3% 51%-81% N/A
[24, 26] [41, 54] [63, 72] [73, 74] [79] [84, 86]
. 47%-100% 22%-77.9% 72.2% 40% 55%-83%
Cefixime [21, 24] N/A [40, 52] [65] N/A [79] [84, 86] N/A
Bull Pioneer Res Med Clin Sci, 2022, 1(2):7-27 19
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Ceftazidime

Cefepime

Cefotaxime

Cephalexin

Cefradine

Cefazolin

Nalidixic acid

Sparfloxacin

Ofloxacin

Norfloxacin

Levofloxacin

Ciprofloxacin

Amikacin

Gentamicin

Tobramycin

Kanamycin

Azithromycin

Erythromycin

Doxycycline
Fosfomycin

Polymyxin-B

Nitrofurantoin

Vancomycin

Chloramphenicol

Imipenem

50%-87%
[19, 21]

30%
[21]

52%
[21]

89.22%
[20]
67.22%-
90.45%
[24,27]

N/A

65.67%-
91.53%
[20, 27]

N/A

N/A

N/A

28.3%-59%
[19, 21, 23]

38%-85.78%
[20, 21]

1%-69%
[19-21]
9%-79%
[19, 21]

N/A

N/A

6.76%-77%
[19, 26]

83.33%
[24]

9.46%
[26]

N/A

0%
[29]

2%-53%
[19, 21]

N/A

N/A

1.14%-38.5%

[22, 24]

81.8%
[39]

84.1%
[39]

N/A

N/A

N/A

96.6%
[39]

N/A

N/A

N/A

N/A

N/A

N/A

28.4%
[35]

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

62%-71.61%
[39, 90]

68%
[41, 42]

10.4%-87.1%
[42, 54]

47%-58%
[45, 56]

N/A

14.72%-100%
[38, 49]

78%->95%
[41, 42, 55]

11%-75%
[53, 56]
16%-75%
[53, 56]

20%-90.6%
[37, 54]

25.16%-100%
[49, 57]

14%-100%
[40, 49]

0%-41.7%
[40, 54]

4%-59.6%
[40, 54]

29.2%
[52]

13.9%
[42]

36.3%
[52]

N/A

N/A
1%
[41]
N/A

2%-25%
[40, 54]
0%
[54]
6%
[56]

0%-39%
[39, 49]
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N/A

N/A

58.6%-89%
[65, 72]

50.88%
[64]

N/A

53.6%
[68]

7.6%-63%
[64, 65]

N/A

21.7%
[65]

N/A

N/A
0%-58%
[63, 70]

6.1%-55%
[64, 72]

8.43%-62%
[69]

0%
[63, 65]

0%
[63]

N/A

N/A

73.8%
[63]

N/A

N/A

11%-24.5%
[70, 72]

N/A

N/A

0.9%-9.9%
[66, 69]

N/A

N/A

33.40%
[74]

N/A

N/A

79.7%
[57]

N/A

N/A

N/A

N/A

33.40% [74]

33.40%-65%
[73, 74]

16.60%-23.30%

[73, 74]

51.40%-66.40%

[73, 74]

16.60%
[73, 74]

50%
[73]

N/A

N/A

N/A

N/A

N/A

54%
[73]

N/A

N/A

0%-10.3%
[57]

25%
[74]

N/A

75%
[79]

59.3%
[79]

N/A

N/A

N/A

N/A

82%
[79]

25.9%
[79]

N/A

25%
[79]

3%-8%
[76, 79]

9.4%-28%
[79]

N/A

N/A

N/A

N/A

N/A

N/A

N/A

5.9%-24.5%
[78, 79]

N/A

N/A

N/A

65%-78.8%

84,01 NA

83%  96.70%
[2] [88]
N/A N/A

95%

(o] N/A
N/A N/A
N/A N/A

37.50%-91%

85,871 VA
N/A N/A
N/A N/A

12.39%

6] N/A

1239%  63.23%
[85] [88]

12.39%-87.5% 62.64%

[2.85]  [88]
12%-91%  1.10%
186,871  [88]

19.28%-44%

83, 85] VA
N/A N/A
N/A N/A
N/A N/A
70%

i N/A
70%
i N/A
10%
o NIA
N/A N/A
NIA NIA
0%

o NIA
N/A N/A
3%6-24%  1.10%
(83.87]  [88]
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Meropenem 2%-40% 28.4% 7.84%-62.7% N/A 5.1% N/A 0%-25% 1.10%
[21, 22] [35] [54, 57] [57] [84, 86] [88]
11.3% 1.10%
Ertapenem N/A N/A N/A N/A [57] N/A N/A [88]
11%-100% 54%-72%  98.90%
Aztreonam N/A N/A [38, 49] N/A N/A N/A [86, 87] [88]
Amoxicillin- 31% 74.4%->80% 66.40%-77.5% 38%-84%
clavulanicacid  [21] NIA [55, 58] NIA [57, 74] NIA B2.877 VA
Piperacillin- 12.80%-50% 6.70%
tazobactam N/A N/A [49, 5] N/A N/A N/A [86] N/A
Cefoperazone- 5%-22% 3%-8.6%
sulbactam N/A N/A [43, 49] N/A N/A N/A [85, 86] N/A
Co-trimoxazole 58%-98% 70.5% 19.37%-100% 36.84%-83.3% N/A 45.20%-48.9%  44%-66% N/A
[19, 25] [35] [38, 51] [64, 68] [78, 79] [82, 85]
The forest plot of the included studies for meta-analysis is
presented in Figure 2.
%
Study ES (95% Cl) Weight
Bangladesh '
Nazme et al. (2017) . —— 0.81(069,090) 311
Begum et al_(2017) —_— 061 (D51, 0.70) 311
Akhtar et al. (2016) ——— 0.76 (0.69, 0.82) 312
Saha et al. (2015) —— 0.81 (0.70, 0.89) 312
Mia etal (2017) — 072 (066,078) 313
Subtotal (I*2 =67.73%, p =0.01) -:F:}- 0.74 (D68, 0.80) 15.59
China !
Yuan et al. (2018) : —_— 0.90 (0.82, 0.95) 2.3
: i
India 1
Simon et al. (2018) | —— 081 (0.74,088) 312
Semwal et al. (2017) I —— 0.88 (0.80, 0.94) 312
Shanavas et al. (2015) I —& 0.99 (0.95, 1.00) 313
Sujatha and Pal (2015) —_—— 1 0.37 (0.32,043) 313
Prakash and Saxena (2013) 1 —#= 097 (093, 099) 313
Malhotra et al_(2016) D —— 0.86 (078, 0.93) 312
Venkatesh et al. (2016) —_—— | 0.57 (D.45,067) 311
Pratap et al. (2016) —0—|L 0.65 (0.57,0.72) 312
Shama et al. (2016) | * 0.86 (0.84, 0.87) 313
Vij et al. (2014) | —_ 0.87 (0.84,091) 313
Sood and Gupta (2012) | @ 1.00(0.98,1.00) 313
Saha et al (2018) | —— 0.81(0.73,087) 312
Niranjan and Malini (2014) e e e 0.76 (0.68, 0.84) 312
Subtotal ("2 =98.87%, p =0.00) | 0.80 (0.74, 0.87) 40.63
1
Indonesia I
Herdiyanti et al. (2019) : —& 0.99(0.96,1.00) 313
1
Iran :
Amin et al.(2009) 1 - 0.95 (093, 0.97) 313
Aliet al. (2014) | —~ 0.93 (D.90,095) 313
Mirsoleymani et al. (2014) I - 0.93 (0.91, 0.94) 313
Pouladfar et al {2017) I —& 097 (093,099) 313
Fallah et al. (2008) —_— 0.68 (0.53, 0.80) 210
Mihankhah et al. (2017) - I 0.13 (0.12, 0.14) 313
Mirzarazi et al. (2013) —— [ 0.29 (0.26,0.32)  3.13
Rezaee and Abdinia (2015) - ! 0.00 (0.00,0.00)  3.13
Subtotal ("2 =99 98%, p = 0.00) : 061 (D27,095) 2502
Iraq :
Al- Jebouri and Al- Alwani (2015) e 1 0.38 (0.28, 0.48) 311
I
Oman I[
Khalid et al. (2018} —— I 0.43 (0.40, 0.47) 313
I
1
Pakistan !
Zareef etal (2014) * : 0.22 (020, 0.24) 313
1
Saudi Arabia :
Al- Mijall et al (2017) —— 0.79 (0.71, 0.86) 312
I
Heterogeneity between groups: p = 0.000 Il
Overall (1*2 =99.98%, p=0.00); —— T 0.71 (0.50, 0.92) 100.00
1
T T T ' 1
-5 0 5 1.5
Figure 2. Forest Plot of the Included Studies for Meta-analysis.
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This systematic review is perhaps the first systematic
assessment to assess the incidence of urinary tract
infections (UTIs) among kidney failure patients. UTIs are
considered a risk factor in chronic kidney disease,
hypertensive, and kidney failure patients. Kidney
parenchyma involves symptomatic Urinary tract
infections which lead to kidney scarring [19]. Results of
this study have shown that the prevalence of urinary tract
infections (was 55.6% to 18% in kidney failure patients.
Among chronic kidney disease patients, 82% were
confirmed to have upper urinary tract infections, and 18%
were found to have lower urinary tract infections [60]. It
was found that the most common microorganism in
infected urinary tract patients was E. coli (24%) [62].
Hsiao et al. discovered that regardless of sex, Escherichia
coli was the bacterium that had infected half of the patients
[7]. Escherichia coli is the most contagious bacteria found
in UTI patients; thus, it is not surprising that it infected
50% of CKD patients. Muntaha et al. found that the
incidence of urinary tract infections due to E. coli was
72.26% in children [82]. If it is not treated in childhood
may cause kidneys carrying to kidney failure. Urinary tract
infections are common bacterial infections found in
kidney disease patients and the prevalence of Urinary tract
infections was higher in females (40.40%) than in males
(27.52%) [80]. UTIs were seen in 21.3% of cases i.e.,
1.2% of chronic kidney disease patients [77]. In 8.8% of
kidney failure patients, urinary tract infections were found
[36]. The kidney, ureters, and bladder are infected with
urinary tract infections by a pathogenic attack on the
urinary tract. Antibiotic resistance among urinary tract
pathogens is increasing at an alarming rate [25, 39]. E. coli
was the most common bacteria in infected urinary tract
patients [39]. Based on our findings, Imipenem,
Meropenem, Amikacin, Gentamicin, Nitrofurantoin,
Polymyxin B, Ceftriaxone, Levofloxacin, And
Ciprofloxacin remain the drug of choice for the treatment
of urinary tract infections in 9 studies, which were
conducted in Bangladesh [19-25].

Meropenem, amikacin, and tigecycline are considered
effective in urinary tract infections in 1 study in China
[35]. Amikacin, Kanamycin, Gentamicin, Nitrofurantoin,
Piperacillin-Tazobactam, Cefoperazone-Sulbactam,
Imipenem,  Netilmicin, Tobramycin, Vancomycin,
Chloramphenicol, Ciprofloxacin, Sparfloxacin, Ofloxacin,
Norfloxacin, and Fosfomycin are suitable for the treatment
of urinary tract infections Indian studies [1, 38, 40, 42-44,
47-50, 52, 54, 55, 57, 58, 62, 90]. Amikacin, meropenem,
and nitrofurantoin are considered more susceptible to
uropathogens, which was conducted in Indonesia [62].
Amikacin,  Kanamycin,  Gentamicin,  Imipenem,
Nitrofurantoin, Tobramycin, Ciprofloxacin, Ceftriaxone,
Co-Trimoxazole, and Ceftazidime are used as empirical
treatments of urinary tract infections in seven studies of
Iran [67]. Meropenem, Imipenem, and Ertapenem are
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more susceptible to uropathogens and are considered good
empirical therapy for UTIs, which were described in 3
studies in Iraq [57, 73, 74]. Amikacin, Gentamicin, and
nitrofurantoin are more effective against pathogenic
bacteria, which were involved in UTIs in 2 studies in
Nepal [78, 79]. Amoxicillin-clavulanic  acid,
Trimethoprim-sulfamethoxazole, Imipenem,
Ciprofloxacin,  Meropenem,  Amikacin,  Tazocin,
Erythromycin, Cefoperazone-sulbactam, Vancomycin,
Piperacillin-tazobactam, Fosfomycin, and Cefepime are
more susceptible to uropathogens and consider as good for
the treatment of urinary tract infection in 7 studies, which
were conducted in Pakistan [2, 3, 85-87, 91, 92].
Meropenem, imipenem, ertapenem, amikacin, cefoxitin,
cefepime, and aztreonam were more susceptible to
uropathogens [88, 89].

This increased resistance of bacteria further limits the
availability of therapeutic options for the treatment of
urinary tract infections in CKD patients. Antimicrobials
for urinary tract infections should be selected based on
culture and sensitivity tests and must consider the latest
antibiogram of a specific geographic area [20]. In addition,
the implementation of antibiotic stewardship programs
should be considered to promote the appropriate selection
of empirical antibiotic therapy regimen, dose, duration of
therapy, and route of administration to optimize therapy,
reduce the cost of treatment, improve clinical outcomes,
and reduce the development of microbial resistance [93].
In developing countries, chronic kidney disease (CKD) is
a major public health problem that needs to be addressed.
Weakened immunity, anemia, malnutrition, inflammation,
vitamin deficiencies, and poor quality of life are the
consequences of chronic kidney disease. Patients
undergoing long-term hemodialysis have weakened
immune systems and are more susceptible to infections
such as urinary tract infections. (UTIs). Research on
urinary tract infections in people with chronic kidney
disease is quite rare. Due to persistent inflammation, the
immune system of people with CKD is weakened, making
them more susceptible to infection. The fact that these
germs were at least resistant to two maybe more categories
of antibiotics is concerning. This highlights the urgent
need to develop a consistent empirical antibiotic strategy
for improved clinical care and outcomes for people with
UTI in the CKD group.

The increased rates of antimicrobial resistance among
patients with CKD are due to COVID-19. The rates of
bacterial co-infection and death have been greatly
surpassed by COVID-19 infections [94, 95]. In COVID-
19 patients who were admitted to healthcare settings and
intensive care units, bacterial co-infections appear to be
uncommon in this group of patients, and a rise in the usage
of empirical antibiotics has been noted. Unfortunately,
their broad usage may result in the evolution of organisms
that are resistant to many drugs, which would diminish the
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effectiveness of the most powerful antibiotics. Limitations
of this review include the exclusion of publications, that
were not in English because of the lack of funding, and the
fact that only observational studies were included in this
review. Our reliance was on pre-public data. Therefore, we
are not able to judge the clinical situation, improvement,
and follow-up data. Unreported comorbidities among
patients in the study could have contributed to the higher
risk of infections among CKD patients. High
heterogeneity among the studies can be another issue,
which should be kept into consideration while interpreting
the results. Research is recommended to focus on
evaluating and monitoring antibiotic resistance profiles to
develop new antibiotics and prevent infections and
epidemics in this high-risk population.

Conclusion

The incidence of UTIs was 55.6% to 18% of kidney
disease patients. Regular monitoring and routine
surveillance studies should be conducted to provide
perfect knowledge about the empirical treatment of
urinary tract infections due to the E. coli pathogen and in
CKD patients.

Suggestion
Hence, further research is encouraged to focus on

assessing and monitoring the resistance profile of
antibiotics for the development of new antibiotics to
prevent infection and outbreaks in this high-risk
population.

Acknowledgments: None.
Conflict of interest: None.
Financial support: None.

Ethics statement: None.

References

1. Liyanage T, Ninomiya T, Jha V, Neal B, Patrice HM,
Okpechi 1, et al. Worldwide access to treatment for
end-stage kidney disease: A systematic review.
Lancet (London, England). 2015;385(9981):1975-
82.

2. Ullah A, Shah S, Almugadam B, Sadiqui S.
Prevalence of symptomatic urinary tract infections
and antimicrobial susceptibility patterns of isolated
uropathogens in Kohat region of Pakistan. MOJ Biol
Med. 2018;3(4):85-9.

3. Alam A, Amanullah F, Baig-Ansari N, Lotia-Farrukh
I, Khan FS. Prevalence and risk factors of kidney
disease in urban Karachi: Baseline findings from a

Bull Pioneer Res Med Clin Sci, 2022, 1(2):7-27

10.

11.

12.

13.

14.

15.

16.

17.

community cohort study. BMC Res Notes.
2014;7:179.

Mehta RL, Cerda J, Burdmann EA, Tonelli M,
Garcia-Garcia G, Jha V, et al. International society of
Nephrology's Oby25 initiative for acute kidney injury
(zero preventable deaths by 2025): A human rights
case for nephrology. Lancet (London, England).
2015;385(9987):2616-43.

Dalrymple LS, Go AS. Epidemiology of acute
infections among patients with chronic Kkidney
disease. Clin J Am Soc Nephro. 2008;3(5):1487-93.
Naqgvi SB, Collins AJ. Infectious complications in
chronic kidney disease. Adv Chronic Kidney Dis.
2006;13(3):199-204.

Hsiao CY, Lin HL, Lin YK, Chen CW, Cheng YC,
Lee WC, etal. Urinary tract infection in patients with
chronic Kkidney disease. Turk J Med Sci.
2014;44(1):145-9.

Sobotova D. Urinary tract infections and chronic
renal failure. Vnitr Lek. 2011;57(7-8):626-30.

John AS, Mboto CI, Agbo B. A review on the
prevalence and predisposing factors responsible for
urinary tract infection among adults. Eur J
Experiment Biol. 2016;6(4):7-11.

Vasudevan R. Urinary tract infection: An overview
of the infection and the associated risk factors. J
Microbiol Exp. 2014;1(2):00008.

Richa C, Bhushan C, Kumar S, Dev P, Nabaraj P.
Bacteriology of urinary tract infection of chronic
renal failure patients undergoing for hemodialysis. J
Microbiol Exp. 2016;3(3):00089.

Valera B, Gentil M, Cabello V, Fijo J, Cordero E,
Cisneros J, editors. Epidemiology of urinary
infections in renal transplant recipients. Transplant
Proc; 2006: Elsevier.

Bien J, Sokolova O, Bozko P. Role of uropathogenic
Escherichia coli virulence factors in development of
urinary tract infection and kidney damage. Int J
Nephrol. 2012;2012.

Liberati A, Altman DG, Tetzlaff J, Mulrow C,
Gotzsche PC, loannidis JP, et al. The PRISMA
statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care
interventions: Explanation and elaboration. PL0S
Med. 2009;6(7):e1000100.

Lo CK-L, Mertz D, Loeb M. Newcastle-Ottawa
scale:  Comparing reviewers’ to  authors’
assessments. BMC Med Res Methodol. 2014;14:1-5.
Stang A. Critical evaluation of the Newcastle-Ottawa
scale for the assessment of the quality of
nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603-5.

White S, Cass A, Atkins R, Chadban S. Chronic
kidney disease in the general population. Adv
Chronic Kidney Dis. 2005;12(1):5-13.

23



Ahmad et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Chadban SJ, Briganti EM, Kerr PG, Dunstan DW,
Welborn TA, Zimmet PZ, et al. Prevalence of kidney
damage in Australian adults: The AusDiab kidney
study. J Am Soci Nephrol. 2003;14(suppl 2):S131-
S8.

Nazme NI, Al Amin A, Jalil F, Sultana J, Fatema NN.
Bacteriological profile of urinary tract infection in
children of a Tertiary Care Hospital. Bangladesh J
Child Health. 2017;41(2):77-83.

Haque R, Akter ML, Salam MA. Prevalence and
susceptibility of uropathogens: A recent report from
a teaching hospital in Bangladesh. BMC Res Notes.
2015;8(1):416.

Siddiqua M, Alam AN, Akter S, Ferdousi RS.
Antibiotic resistance pattern of bacteria causing
urinary tract infection in a private medical college
hospital, Dhaka. Bangladesh J Med Sci.
2017;16(1):42-7.

Begum A, Anjum M, Hug S, Uddin G, Rahman M.
Bacteriologic profile and drug sensitivity pattern of
urinary tract infection in children with renal diseases
in a tertiary care hospital, Dhaka. Bangladesh J
Emerg Intern Med. 2017;1(1):11.

Akhtar N, Rahman R, Sultana S. Antimicrobial
sensitivity pattern of Escherichia coli causing urinary
tract infection in Bangladeshi patients. Am J
Microbiol Res. 2016;4(4):122-5.

Nahar A, Hasnat S, Akhter H, Begum N. Evaluation
of antimicrobial resistance pattern of uropathogens in
a tertiary care hospital in Dhaka city, Bangladesh.
South East Asia J Public Health. 2017;7(2):12-8.
Mahbub MM, Azmuda N, Maumood B, Khan SI,
Birkeland NK, Akhter H. Drug resistance and curli
fimbrination of Escherichia coli isolated from
Bangladeshi patients with urinary tract infections.
Dhaka Univ J Biol Sci. 2011;20(2):123-30.

Saha S, Rahman MS, Hassan FN, Sarkar S, Islam
MK, Saha P, et al. Antimicrobial resistance in
uropathogen isolates from patients with urinary tract
infections. Biomed Res Therapy. 2015;2(05):263-9.
Mia Z, Azad AK, Mia |, Tabassum A, Ariful M.
Prevalence and antibiotic susceptibility of bacterial
pathogens in urinary tract infection of hospital
patients. Jagannath Univ J Life Earth Sci. 2017;3:83-
90.

Wang J, Zhu H, Huang L, Zhu X, Dong J, Sha J, et
al. Risk factors affecting the prognosis of Chinese
pediatric patients with urinary tract infections: One-
single experience. Pediatr Int. 2019.

Shan Y, Zhang Q, Liu Z, Hu X, Liu D. Prevalence
and risk factors associated with chronic kidney
disease in adults over 40 years: A population study
from central China. Nephrology. 2010;15(3):354-61.
Wei X, Li Z, Chen W, Mao H, Li Z, Dong X, et al.
Prevalence and risk factors of chronic kidney disease

Bull Pioneer Res Med Clin Sci, 2022, 1(2):7-27

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

in first-degree relatives of chronic kidney disease
patients in  Southern  China.  Nephrology.
2012;17(2):123-30.

Qian Y, Ren H, Wang Z-H, Li X, Chen X-N, Chen
N. Staging and risk factors of chronic kidney disease
of outpatients in  Shanghai. Ren Fail.
2014;36(7):1018-22.

Zhang L, Zhang P, Wang F, Zuo L, Zhou Y, Shi Y,
et al. Prevalence and factors associated with CKD: A
population study from Beijing. Am J Kidney Dis.
2008;51(3):373-84.

ChenW, Liu Q, Wang H, Chen W, Johnson RJ, Dong
X, etal. Prevalence and risk factors of chronic kidney
disease: A population study in the Tibetan
population. Nephrol Dial Transplant.
2010;26(5):1592-9.

Zhang L, Zuo L, Xu G, Wang F, Wang M, Wang S,
et al. Community-based screening for chronic kidney
disease among populations older than 40 years in
Beijing. Nephrol Dial Transplant. 2007;22(4):1093-
9.

Yuan X, Liu T, Wu D, Wan Q. Epidemiology,
susceptibility, and risk factors for acquisition of
MDR/XDR Gram-negative bacteria among kidney
transplant recipients with urinary tract infections.
Infect Drug Resist. 2018;11:707.

Ghonemy TA, Farag SE, Soliman SA, EI-Okely A,
El-Hendy Y. Epidemiology and risk factors of
chronic  kidney disease in the EIl-Sharkia
Governorate, Egypt. Saudi J Kidney Dis Transplant.
2016;27(1):111.

Simon C, Parvathy V, Johnson LR, Jose R.
Etiological profile and antibiotic sensitivity pattern
of uropathogens in children at a teaching hospital,
Thrissur. Corpus. 2018;7(4):260-5.

Semwal A, Saklani P, Mathuria Y. Urinary tract
infection among children and adolescents of Garhwal
Region of Uttarakhand, India. Afr J Microbiol Res.
2017;11(36):1392-8.

George HL, Prasad M. Evaluation of antibiotic
resistance in E. coli strains from UTI clinical isolates.
Biolife. 2014;2:1185-90.

Singh RK, Haque SS. Antibiotic susceptibility
patterns in commonly isolated pathogens in east
indian population. Adv Biochem Biotechnol (ISSN:
2574-7258). 2019.

Shanavas P, Hemanth I, Anoop Kumar K, Amjad P,
Ameen Basid C, Fasna Parveen C. Common
organisms and antibiotic sensitivity of E coli in
urinary tract infection, in a tertiary care teaching
hospital, Northern Kerala. J Evid Based Med Health
Care. 2015;2(51):2349-562.

Nath T, Sharanya K, Vanlaldina K, Gandhi V. Study
of common bacterial pathogen causing urinary tract

24



Ahmad et al.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

infection in Assam medical college and hospital,
India. J Chem Biomed Sci. 2018;4(1):7-10.

Singhal A, Sharma R, Jain M, Vyas L. Hospital and
community isolates of uropathogens and their
antibiotic sensitivity pattern from a tertiary care
hospital in North West India. Ann Med Health Sci
Res. 2014;4(1):51-6.

Gupta N, Kundra S, Sharma A, Gautam V, Arora D.
Antimicrobial susceptibility of uropathogens in
India. J Infect Dis Antimicrob  Agents.
2007;24(1):13-8.

Manikandan S, Ganesapandian S, Singh M,
Kumaraguru A. Emerging of multidrug resistance
human pathogens from urinary tract infections. Curr
Res Bacteriol. 2011;4(1):9-15.

Sujatha R, Pal N. Antibiotic resistance of
fluoroguinaolones among the gram negative
bacterial uropathogens at a tertiary care center. Rama
Univ J Med Sci. 2015;1(1):10-7.

Prakash J, Hota JK, Singh S, Sharma OP. Clinical
spectrum of chronic renal failure in the elderly: A
hospital based study from eastern India. Int Urol
Nephrol. 2006;38(3-4):821-7.

Malhotra VL, Maheshwari M, Broor S, Devi LS.
Profile of bacterial uropathogens and their antibiotic
susceptibility patterns in clinically suspected cases of
urinary tract infections in a rural hospital in Haryana,
India. Indian J Health Sci Care. 2016;3(1):14-8.
Venkatesh RK, Prabhu MM, Nandakumar K, RPai
KS. Urinary tract infection treatment pattern of
elderly patients in a tertiary hospital setup in south
India: A prospective study. J Young Pharm.
2016;8(2):108.

Saha S, Nayak S, Bhattacharyya |, Saha S, Mandal
A, Chakraborty S, et al. Understanding the patterns
of antibiotic susceptibility of bacteria causing urinary
tract infection in West Bengal, India. Front
Microbiol. 2014;5:463.

Nigam N, Gupta S, Nigam SK, Nigam NK.
Antimicrobial susceptibility pattern in Escherichia
coli isolates causing urinary tract infections among
the patients at a tertiary care hospital at Kanpur. J
Evol Me Dent Sci. 2017;6(41):3255-9.

Pratap R, Kumar A, Aslami AN. Prevalence and
antibiotic susceptibility pattern of Escherichia coli
positive urinary tract infections in a rural tertiary care
hospital in Rohtas, Bihar, India. Int J Curr Microbiol
App Sci. 2016;5(10):128-34.

Sharma N, Gupta A, Walia G, Bakhshi R. Pattern of
antimicrobial resistance of Escherichia coli isolates
from urinary tract infection patients: A three year
retrospective study. J App Pharm Sci. 2016;6(1):62-
5.

Vij AS, Shashi C, Jigyasa S. Two years retrospective
study of antibiotic resistance pattern of uropathogens

Bull Pioneer Res Med Clin Sci, 2022, 1(2):7-27

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

especially Escherichia coli in north India. CIBTech J
Microbiol. 2014;3(2):29-36.

Sood S, Gupta R. Antibiotic resistance pattern of
community acquired uropathogens at a tertiary care
hospital in Jaipur, Rajasthan. Indian J Community
Med. 2012;37(1):39.

Saha S, Kulkarni AV. A cross-sectional study of
most prevalent uropathogens in urinary tract
infection in relation to gender and antibiotic
sensitivity. J Dent Med Sci. 2018;17(2):67-72.
Niranjan V, Malini A. Antimicrobial resistance
pattern in Escherichia coli causing urinary tract
infection among inpatients. Indian J Med Res.
2014;139(6):945.

Vali PS, Ismal K, Sahay M. A study of the spectrum
of Urinary tract infections in patients with adult
polycystic kidney disease-An old problem with a
better outcome. J Med Sci Clin Res.
2018;6(10):1244-9.

Reddy MM, Swarnalatha K, Sahay M, Sasikala G.
Cost effectiveness of screening tests for UTI in CKD
population. Sch J Appl Med Sci. 2016;4:2665-73.
Gunawan PY, Umboh A. The risk of urinary tract
infection in children with nephrotic syndrome.
Paediatr Indones. 2016;56(4):238-41.

Herdiyanti H, Alimsardjono L, Indiastuti DN.
Resistance patterns of Escherichia coli and
Klebsiella pneumoniae bacteria against amikacin,
Ceftazidime, Meropenem, nitrofurantoin antibiotics
in elderly patients with UTI in RSUD Dr. Soetomo.
JUXTA. 2019;10(1):20-4.

Amin M, Mehdinejad M, Pourdangchi Z. Study of
bacteria isolated from urinary tract infections and
determination of their susceptibility to antibiotics.
Jundishapur J Microbiol. 2009;2(3):118.

Ali A, Tayebah V, Farid K, Tayebah A, Farhad A,
Marziaeh A. Antimicrobial susceptibility patterns of
community-acquired Gram-negative uropathogens.
Afr J Microbiol Res. 2014;8(4):332-6.
Mirsoleymani SR, Salimi M, Shareghi Brojeni M,
Ranjbar M, Mehtarpoor M. Bacterial pathogens and
antimicrobial resistance patterns in pediatric urinary
tract infections: A four-year surveillance study
(2009-2012). Int J Pediatr. 2014;2014.

Pouladfar G, Basiratnia M, Anvarinejad M, Abbasi
P, Amirmoezi F, Zare S. The antibiotic susceptibility
patterns of uropathogens among children with
urinary tract infection in Shiraz. Medicine.
2017;96(37).

Naghibi M, Mojahedi MJ, Jarrahi L, Emadzadeh A,
Ahmadi R, Emadzadeh M, et al. Prevalence of
chronic kidney disease and its risk factors in
Gonabad, Iran. Iran J Kidney Dis. 2015;9(6):449.
Fallah F, Behzadnia H, Moradi A, Eslami G,
Sharifian M, Rafiee S, et al. Antimicrobial resistance

25



Ahmad et al.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

pattern in urinary tract infections in children on
continuous ambulatory peritoneal dialysis. Iran J
Clin Infect Dis. 2008;3(3):155-9.

Mihankhah A, Khoshbakht R, Raeisi M, Raeisi V.
Prevalence and antibiotic resistance pattern of
bacteria isolated from urinary tract infections in
Northern Iran. J Res Med Sci. 2017;22.

Mirzarazi M, Rezatofighi SE, Pourmahdi M,
Mohajeri MR. Antibiotic resistance of isolated gram
negative bacteria from urinary tract infections (UTIs)
in Isfahan. Jundishapur J Microbiol. 2013;6(8).
Salarzaei M, Saravani S, Heydari M, Aali H,
Malekzadegan A, Soofi D, et al. Prevalence of
urinary tract infection in children with nephrotic
syndrome. Int J Pharm Sci Res. 2017;8(7):1346-50.
Rezaee MA, Abdinia B. Etiology and antimicrobial
susceptibility pattern of pathogenic bacteria in
children subjected to UTI: A referral hospital-based
study in Northwest of Iran. Medicine. 2015;94(39).
Abdulrahman IS.  Antimicrobial susceptibility
pattern of pathogenic bacteria causing urinary tract
infections at Azadi hospital in Duhok City\Kurdistan
region of Irag. Sci J Univ Zakho. 2018;6(2):46-50.
Al-Jebouri MM, Al-Alwani HR. Antibiotic
resistance patterns of bacterial types isolated from
urine of Iragi patients with renal failure. World J
Pharm Res. 2015;4:217-33.

Majeed HT, Aljanaby AAJ. Antibiotic susceptibility
patterns and prevalence of some extended spectrum
beta-lactamases genes in gram-negative bacteria
isolated from patients infected with urinary tract
infections in Al-Najaf city, Iraq. Avicenna J Med
Biotechnol. 2019;11(2):192.

Nor NSM, Abu NA, Rashid MA, Ismail M, Razak R.
Bacterial pathogens and antibiotic resistance patterns
in children with urinary tract infection in a Malaysian
tertiary hospital. Med J Malays. 2015;70(3):153-7.
Shah G, Pokhrel B, Shah AK, Bista PB, Bhattarai A.
Bacterial pathogens and antibiotic resistance patterns
in children with urinary tract infection admitted at
tertiary hospital in Nepal. J Patan Acad Health Sci.
2016;3(2):32-5.

Yadav SP, Shah GS, Mishra OP, Baral N. Pattern of
renal diseases in children: A developing country
experience. Saudi J Kidney Dis Transpl.
2016;27(2):371.

Ganesh R, Shrestha D, Bhattachan B, Rai G.
Epidemiology of urinary tract infection and
antimicrobial resistance in a pediatric hospital in
Nepal. BMC Infect Dis. 2019;19(1):420.

Sah SK, Regmi S, Upreti AR, Pathak S. Antibiotic
resistance patterns and evaluation of treatment in out-
patienats with urinary tract infections in Nepal. Int J
Pharm Sci. 2016;7(11):4626-31.

Bull Pioneer Res Med Clin Sci, 2022, 1(2):7-27

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

Shakya R, Amatya R, Karki B, Mandal P, Shrestha
K. Spectrum of bacterial pathogens and their
antibiogram from cases of urinary tract infection
among renal disorder patients. Nepal Med College J.
2014;16(1):75-9.

Khalid M, Al Naimi MK, Saleem HGM, Ullah MM,
Al Baloshi AYMD. Antibiotics resistance profile of
uropathogens isolated from Al Buraimi hospital,
sultanate of Oman. Glob J Health Sci. 2018;10(1):98.
Muntaha ST, Ismail M, Hassan F. Causative
organisms and their sensitivity pattern of urinary
tract infection in children. JIIMC; 2016.

Anjum MU, Khan MS, Shahid AR, Shah SH.
Urinary tract infections; Etiological profile and
antimicrobial susceptibility patterns of
uropathogens. Professional Med J. 2016;23(1):10-4.
Afridi JK, Afridi MA, Karim R, Munir A. Causative
organisms and their sensitivity pattern of urinary
tract infection in children of tertiary care hospital.
KJMS. 2014;7(2):291.

Zareef S, Zafar H, Izhar K, Dodhy M, Hayat A. The
culture and sensitivity pattern of uropathogens
detected at Benazir Bhutto Hospital. Ann Pakistan
Inst Med Sci. 2009;5(2):121-5.

Naz Z, Batool A, Rauf A. High resistance in
uropathogens isolated from children at Pakistani
hospital. J Univ Med Dent Coll. 2018;9(1):26-32.
Sohail M, Khurshid M, Saleem HGM, Javed H, Khan
AA. Characteristics and antibiotic resistance of
urinary tract pathogens isolated from Punjab,
Pakistan. Jundishapur J Microbiol. 2015;8(7).
Al-Mijalli SH. Bacterial uropathogens in urinary
tract infection and antibiotic susceptibility pattern in
Riyadh Hospital, Saudi Arabia. Cell Mol Med.
2017;3(2).

El-Mongy MA, Reyad AM. Sensitivity of urinary
tract infecting bacteria to certain antibiotics. Egypt J
Exp Biol. 2013;9(2):213-8.

Prakash D, Saxena RS. Distribution and
antimicrobial susceptibility pattern of bacterial
pathogens causing urinary tract infection in urban
community of Meerut City, India. ISRN Microbiol.
2013;2013.

Ullah K, Butt G, Masroor I, Kanwal K, Kifayat F.
Epidemiology of chronic kidney disease in a
Pakistani population. Saudi J Kidney Dis Transplant.
2015;26(6):1307-10.

Parveen S, Sagib S, Ahmed A, Shahzad A, Ahmed
N. Prevalence of MRSA colonization among
healthcare-workers and effectiveness of
decolonization regimen in ICU of a Tertiary care
Hospital, Lahore, Pakistan. Adv Life Sci.
2020;8(1):38-41.

26



Ahmad et al.

93.

94,

Lee CR, Cho IH, Jeong BC, Lee SH. Strategies to
minimize antibiotic resistance. Int J Environ Res
Public Health. 2013;10(9):4274-305.

Huttner B, Catho G, Pano-Pardo J, Pulcini C,
Schouten J. COVID-19: Don't neglect antimicrobial
stewardship principles! Clin Microbiol Infect.
2020;26(7):808-10.

Bull Pioneer Res Med Clin Sci, 2022, 1(2):7-27

95. Rawson TM, Moore LS, Zhu N, Ranganathan N,

Skolimowska K, Gilchrist M, et al. Bacterial and
fungal coinfection in individuals with coronavirus: A
rapid review to support COVID-19 antimicrobial
prescribing. Clin Infect Dis. 2020;71(9):2459-68.

27



