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A't.id.e Type: Introduction: Silent bacteriuria or asymptomatic bacteriuria (ASB) means the existence of

Original bacteria in urine without clinical signs or symptoms of the host. Asymptomatic bacteriuria is
considered clinically significant and worth treating primarily in pregnant women.
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persons, type of strains, and their corresponding resistance pattern.

Materials and Methods: A total of 220 diabetic patients and 70 healthy persons were subjected
to study. Diabetic patients without malignancies, asthma or heart diseases, symptoms free
regarding urinary tract infection and without prior antibiotic administration were included.
Blood samples were obtained from all subjects under aseptic technique for fasting blood sugar
Diabetes mellitus and HbAlc. Urine samples were collected. All urine samples were passed to cultivation on suitable
Asymptomatic bacteruria culture media. Plates of more than two clinical isolates from the same patient were considered to
E. coli be contaminated. Plates showing more than 10* CFU/mL were considered significant ASB and
subjected for confirmation of bacterial type and antibiotic susceptibility test.

Results: From diabetics urine samples, 21 (9.55%) and from healthy persons 3 (4.3%) showed
significant bacterial growth. In both diabetics and non-diabetics, women demonstrated a far
higher prevalence of ASB than men. The high the HbAlc, the more possibility of positive ASB.
In 66.7% of ASB, E. coli was the main uropathogens, followed by K. pneumoniae. These species
showed identical antibiotic resistance patterns.

Conclusion: These findings emphasize the importance of routine urine culture and antibiotic
sensitivity testing for diabetic patients who have identified risk factors. ASB should be treated
to avoid potential serious renal complications. Amikacin, gentamicin, piperacillin/tazobactam,
fosfomycin, and ciprofloxacin are recommended for treatment of ASB while ampicillin is not.
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Implication for health policy/practice/research/medical education:

Urinary tract infections are among the most common bacterial infections after upper respiratory tract infections and one of
the most common medical complications of pregnancy. Asymptomatic bacteriuria is a type of urinary tract infection which is a
common finding in women, diabetics and the elderly. Urinary tract infection causes significant distress to the individual and is
associated with high healthcare and social costs. In the United States urinary tract infections are responsible for 7 million clinic
visits annually.
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Introduction of diagnosed diabetes was $245 billion in 2012, whereas

Diabetes mellitus (DM) is a metabolic dysfunction marked
by hyperglycemia with changes of carbohydrate, protein
and fat metabolism as the consequence of deficiencies
in either production of insulin, its effectiveness, or both
(1). Patients with DM have bladder malfunction which
allow urine to accumulate in their pool which serves a
suitable environment for microbes to develop and cause
infection (2). In the United States, the total estimated cost

a previous estimate of $174 billion in 2007 showed a 41%
increase (3). The major risks for urinary tract infection
(UTI) in DM are unsatisfactory glycemic control, the
term of DM, recurrent vaginitis, diminished leukocyte
function, and anatomical abnormalities and impairment
functions of the urinary tract (2,4,5-7).

Silent bacteriuria or asymptomatic bacteriuria (ASB)
means the existence of bacteria in urine without clinical
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signs or symptoms of the host. Nevertheless, both diabetic
and non-diabetic patients have the possibility of UTIs
with or without symptoms (7,9). Diabetic patients are
highly susceptible to UTT and up to 35% of them suffer
from UTI (2,8).

Bacteria causing ASB are colonizing flora, which usually
arise from the vagina, gut or periurethral area. The most
common bacteria that causing ASB isolated from both
diabetic patients and non-diabetics are E. coli, Klebsiella
spp, Staphylococcus saprophyticus, Staphylococcus aureus,
and Candida albicans (9-13).

Asymptomatic bacteriuria is considered clinically
significant and worth treating primarily in pregnant
women because it has been linked to low-birth weight and
preterm birth (14-17). ASB occurs in 2-10% of women
who are pregnant and, where untreated, up to 30% of the
mothers are developing acute pyelonephritis which may
cause considerable morbidity if complicated (14,16,17).

This study is designed to investigate ASB among diabetic
and nondiabetic patients in AlKharj- Saudi Arabia and to
test the etiological agents with the most clinically used
antibiotics to facilitate the treatment of the positive cases.

Materials and Methods

Study population and sample size

The study carried over diabetic and non-diabetic persons
(male and females/age >18) who came to control blood
glucose levels and treat the complications of diabetes
during the period of November 2018 - March 2019. A
total of 220 diabetic patients were subjected to study in
government health care centers in Al-Kharj/Saudi Arabia.
In the present study, only diabetic patients without
malignancies, asthma or heart diseases, symptoms free
regarding UTT and without prior antibiotic administration
were considered. Also a total of 70 healthy persons (non-
diabetics) have been enrolled as control subjects in the
study.

Personal and medical characteristics

The questionnaire forms were filled after informing
the subjects about the aims of the study, participation
is voluntary, no risks, personal information will be safe
and no financial benefits. The questionnaire includes
demographic characteristics of the study population,
clinical information about DM patients, diseases,
symptoms of UTI (if present) and medication.

Fasting blood sugar

Blood samples were obtained from subjects study under
aseptic technique for fasting blood sugar and HbAlc
obtained from the patients files.

Urine collection and processing
Before sample collection, every patient had instructions
on how to obtain a good midstream urine sample, to

prevent sample contamination. Clean voided midstream
urine samples (20 mL) were collected in sterile cups
specially for urine collection. All urine samples were
passed to cultivation in Microbiology Lab/College of
Pharmacy/Prince Sattam University. For isolation of
bacteria, 10 uL of urine sample was cultivated on suitable
culture media such as blood agar, MacConkey agar, and
CLED agar (Oxoid, Basingstoke, UK). Inoculated plates
were incubated at 37°C for 24-48 hours for visible growth.

Identification of isolated bacteria

Microbial isolates have been identified following gram
staining and standard biochemical tests such as indole,
urease, catalase, coagulase, oxidase and citrate. Plates
of more than two clinical isolates from the same patient
were considered to be contaminated. Plates showing no
bacterial growth were considered as sterile. To confirm
identifications, positive culture plates were sent to
Microbiology Lab/King Khalid hospital.

Susceptibility testing

Microbiology Lab/King Khalid hospital use Phoenix 100/
BD company machine for identification of bacteria from
clinical samples and antibiogram. The antibiotics used
for testing gram-negative and gram-positive are given in
Tables 3 and 4, and the minimum inhibitory concentration
(MIC) results were interpreted according to the Clinical
and Laboratory Standard Institute (CLSI) guidelines (18).

Criteria

Identifying significant ASB in any person is more than
10* colony-forming units (CFUs)/mL of urine in avoided
midstream samples (4,8,11-13).

Ethical issues

Participation in the study was on voluntary basis. Those
willing to participate were requested to sign an informed
consent. The study protocol and other study related
documents were reviewed and approved by research
council of King Fahad Medical City (IRB# 18-477E).

Statistical analysis

Data were analyzed using the statistical software SPSS for
Windows, version 23.0 (SPSS, IBM). Correlations between
variables were calculated with Spearman’s rank correlation
test. P <0.05 was considered to be statistically significant.

Results

The personal and medical characteristics of DM patients
This study was conducted on urine samples from 220
DM type 2 patients, 135 (61.36%) male and 85 (38.64%)
female in health care centers in Al-Kharj/ Saudi Arabia.
In addition, 70 urine samples were collected from healthy
persons, 40 (57.1%) male and 30 (42.9%) female which
were tested for bacterial growth.
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The diabetic patients’ mean age was 57 +5 years old.
Based on HbAlc of diabetic subjects, 140 (63.6%) were
having <8 while 80 (36.4%) were having more than 8%.
The majority of diabetic patients (135, 61.4%) were not
restricted to any diet regimen. Of all diabetics, 70% have
been living with diabetes less than 10 years, the remainder
for more than 10 years. Among the diabetic patients, 85
(38.6%) were suffering from hypertension for which they
have used Capoten or amlodipine.

For controlling glucose level, the majority of patients 179
(81.4%) used metformin only or with either glimepiride
or sitagliptin or both. While 41 (18.6%) of them had either
insulin alone or with the previous treatment course. All
DM patients had neither signs or symptoms of UTI nor
antibiotics. The personal and medical characteristics of
DM patients are shown in Table 1.

Significant ASB in diabetics and non-diabetics
Among the 220 tested diabetics urine samples, 21 (9.55%)
were showing significant bacterial growth with colony
count higher than 10* CFU/mL, while 45 (20.45%)
showed mixed growth and the rest of samples 154 (70%)
were sterile. Women, 15 out of 85 (17.65%) showed a
higher rate of ASB prevalence than men (6/135, 4.45%)
in the diabetic population. HbAlc >8 (16.3%) was found
to be the significant risk factor for ASB (P < 0.05). The
distribution of ASB patients according to each risk factor
is given in Table 1.

In healthy persons (non-diabetics), none of the males
was positive for ASB while 3/30 (10%) of females showed

Table 1. The personal and medical characteristics of DM patients

All diabetics patients  Positive ASB

Asymptomatic bacteriuria in T2DM

significant growth.

It is worth noting that, the ASB in all diabetics (9.55%)
is more than double compared to healthy persons (4.3%).
The overall information regarding healthy persons is
shown in Table 2.

Distribution of bacteria (gram-positive and gram-
negative) which were isolated from urine samples of all
subjects in the study are exhibited in Figure 1. In both
males and females, isolates were clinically pertinent
pathogens. As seen in Figure 1, E. coli (41.7%) was the
leading pathogen isolated followed by K. pneumoniae
(25%).

Bacterial susceptibility pattern

The resistance pattern of all bacteria isolated from diabetic
patients and non-diabetics was analyzed and are detailed
in Tables 3 and 4 respectively.

S. aureus was identified as MRSA showed a resistance
pattern to imipenem, cefoxitin, cefotaxime, ampicillin,
penicillin, oxacillin, amoxicillin/clavulanate and sensitive
to the rest of the antibiotics. Streptococcus agalactiae
appeared resistance to tetracycline only as shown in
Table 3.

In fact, the leading pathogen, E. coli, showed relatively
high rates of susceptibility for most of the antibiotics
tested except for levofloxacin, pipercellin, trimethoprim-
sulfamethoxazole (80%) and ampicillin(70%). It is worth
noting that one strain identified as extended spectrum
beta-lactamase.

Regarding K. pneumoniae, it showed similar patterns
of susceptibility compared to E. coli but one strain was
resistant to trimethoprim-sulfamethoxazole and all of
them were resistant to ampicillin. P. aeruginosa showed

Risk factors Groups No. (%) No. (%)
Male 135 (61.4) 6 (4.4)
Gender
Female 85 (38.6) 15 (17.6)
<50 86 (39.1) 7(8.14)
Age
>50 134 (60.9) 14 (10.5)
<8 140 (63.6) 8(5.7)
HbAlc
>8 80 (36.4) 13 (16.3) Total , 24
<10 154 (70) 15(9.7)
DM term/years
>10 66 (30) 6(9.1)
Diet Yes 85 (38.6) 8(9.4)
ie )
No 135 (61.4) 13 (9.6) P. aeruginosa, 3
. Yes 85 (38.6) 9 (10.6) E. cloacae, 3
Hypertension
No 135 (61.4) 12 (8.9) S. agalactaie, 1 S.aureus, 1
Treatment Tab. Lol /R Figure 1. The distribution of bacterial isolates from diabetics and non-
Insulin 41 (18.6) 4(9.8) diabetics
Table 2. The characteristics of healthy persons
Gender No. Age FBS Diseases # Positive ASB
Male 40 None
Variables 25-65 85-105 mg/dL No
Female 30 E. coli, E. cloacae, K. pneumoniae
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Table 3. Gram-positive bacteria and its sensitivity profile

Table 4. Gram-negative bacteria and its sensitivity pattern

Bacteria vs. Sensitivity

Antibiotics MRSA S. agalactiae
#1 #1

GN
IMI
FOX
CTX
AMP
PG
OX
AUG
DAP
TS
TEIC
VAN
CcD

LIN
MU
NI
CIp
MOX
RIF
TC

v nu u u v u u . nu u nu nu nu n DD DV VW VW VW VW D O
'

Susceptible (S), Resistant (R), No Result (-)

GN: Gentamicin, IMI: Imipenem, FOX: Cefoxitin, CTX: Cefotaxime, AMP:
Ampicillin, PG: PenicillinG, OX: Oxacillin, AUG: Amoxicillin/Clavulanate,
DAP: Daptomycin, TS: Trimethoprim/Sulfa, TEIC: Teicoplanin, VAN:
Vancomycin, CD: Clindamycin, E: Erythromycin, LIN: Linezolid, MU:
Mupirocin high level, NI: Nitrofurantoin, CIP: Ciprofloxacin, MOX:
Moxifloxacin, RIF: Rifampin, TC: Tetracycline.

sensitive to all tested antibiotics except one species
which was resistant to imipenem. Enterobacter cloacae
showed resistance to cefuroxime, cefoxitin, cefotaxime,
ampicillin, amoxicillin/clavulanate (100%) and one strain
was resistant to tigecycline. The resistance pattern of
gram-negative bacteria isolated from urine samples of all
subjects in the study are illustrated in Figure 2.

Discussion

Diabetic patients particularly women have high risk
of UTIL, we assessed the possible impact of diabetes on
the ASB prevalence, bacterial type, and their antibiotic
susceptibility pattern. Our key results are; ASB in diabetic
patients is much higher than non-diabetics, higher
incidence of ASB was recorded in female diabetics and
those having HbA 1c more than 8, since E. coli was the most
prevalent etiological agent followed by K. pneumoniae of
the total isolated strains which showed good susceptibility
pattern with tested antibiotics.

Analysis of the results showed that the risk of ASB is
higher among diabetics especially female than their non-
diabetic counterparts, in agreement with previous studies
(11,12,19,21,27,28). Among the 220 diabetic patients,
9.55% were positive for bacterial growth which is lesser
than studies done in different countries (20,25,27,28),

Bacteria (No.) vs. Sensitivity (%)

Antibiotics £ coli K. pneumoniae P. aeruginosa E. cloacae

#10 #6 #3 #3
AK 100 100 100 100
GN 100 100 100 100
ERT 100 100 100 100
IMI 100 100 66.7 100
MEM 100 100 100 100
CXMm 90 100 100 0
FOX 100 100 100 0
CAZ 90 100 100 100
CEF 100 100 100 100
CFX 100 100 100 0
TOB 100 100 100 100
CPM 90 100 100 100
ATM 90 100 100 100
AMP 70 0 100 0
AUG 90 100 100 0
Pip/Taz 100 100 100 100
PIP 80 100 100 100
TS 80 83.2 100 100
FOS 100 100 100 100
cip 100 100 100 100
LEV 80 100 100 100
TIG 100 100 100 66.67

AK: Amikacin, GN: Gentamicin, ERT: Ertapenem, IMI: Imipenem, MEM:
Meropenem, CXM: Cefuroxime, FOX: Cefoxitin, CAZ: Ceftazidime, CEF:
Cefazolin, CFX: Cefotaxime, TOB: Tobramycin, CPM: Cefepime, ATM:
Aztreonam, AMP: Ampicillin, AUG: Amoxicillin/Clavulanate, Pip/Taz:
Piperacillin/Tazobactam, PIP: Piperacillin, TS: Trimethoprim/Sulfa, FOS:
Fosfomycin, CIP: Ciprofloxacin, LEV: Levofloxacin, TIG: Tigecycline.

similar to results obtained by Worku et al, in Ethiopia
(22) and higher than those reported in China (3.7%) by
Ke et al (19). This may be attributed because male and
female diabetic patients were part of our study whereas
former studies included only diabetic women. In the
current study, ASB was approximately 4-fold greater
in diabetic women than in diabetic males in agreement
with previously reported studies (24,26,29,30), which was
due to the anatomical properties of female urinary tract.
Women have a short and broad urethra close to the anus
which facilitate the entrance of bacterial intestines to the
urethra. Physiological alteration in the vagina among
diabetic women may be another potential cause, including
a decrease in normal flora and reduction acidity of vagina
(13,31).

In the current study, patient age, duration of DM,
insulin treatment and hypertension were not found to
be associated with increasing risk for developing ASB.
Reports for diabetic patients in Saudi Arabia and other
studies have been noted with similar results (19,27).
Meanwhile, previous studies reported that age, DM
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Figure 2. Antibiotics to which gram negative bacteria showed rates of resistance.

term, and hemoglobin Alc levels expose DM patients to
symptomatic and asymptomatic UTI (26,28,29). In this
study, the only risk factor other than gender for developing
ASB was the increasing value of HbAlc. In the previous
study in the Saudi diabetic population, Al-Rubeaan et
al reported that hypertension and insulin therapy were
found to be the significant risk factors for ASB (30).

E. coli (41.7%) was the predominant pathogen isolated
from urine samples followed by K. pneumoniae (25%) in
agreement of different studies in many countries such as
China, Nigeria, Bangladesh, Jordan, Sudan and Romania
(19,23,24,25,27,28). While Nabaigwa et al in their study in
Uganda found that the most uropathogen isolated was S.
saprophyticus, followed by E. coli (13).

In this study, the majority of isolated strains showed
good susceptibility pattern with the tested antibiotics.
The most prevalent pathogens, E. coli and K. pneumoniae,
were sensitive to amikacin, gentamicin, imipenem,
meropenem, tobramycin, fosfomycin, piperacillin/
tazobactam, ciprofloxacin, and showed resistance to
ampicillin, levofloxacin, trimethoprim-sulfamethoxazole,
and pipercellin. P aeruginosa showed sensitive to all
tested antibiotics except one species which was resistant
to imipenem. Enterobacter cloacae was highly resistant to
cefuroxime, cefoxitin, cefotaxime, ampicillin, amoxicillin/
clavulanate and sensitive to the rest of tested antibiotics.

Regarding gram-positive bacteria, S. aureus (identified as
MRSA) was resistant to imipenem, cefoxitin, cefotaxime,
ampicillin, penicillin, oxacillin, amoxicillin/clavulanate and
sensitive to gentamicin, trimethoprim/sulfamethoxazole,
vancomycin, erythromycin, nitrofurantoin, ciprofloxacin
and tetracycline. Streptococcus agalactiae was sensitive
to ampicillin, vancomycin, clindamycin, daptomycin,
linezolid and resistance to tetracycline only.

Al-Asoufi et al, in a study conducted in Jordan suggested
chloramphenicol, ciprofloxacin and vancomycin for
treatment of uropathogens and cephalothin was not
recommended (25). Hamdan et al nominated cephalexin
and gentamicin for treatment but exclude ampicillin, co-
trimoxazole, nitrofurantoin, and amoxicillin-clavulanic
acid (27). The results obtained by Abdulla et al favored
piperacillin/tazobactam, imipenem and amikacin (29)

while Ke et al realized that meropenem and amikacin
were the most effective antibiotics on gram-negative
bacterial infections but cephalosporins, such as cefoxitin,
cefotaxime, cefepime, cefuroxime and cephalothin were
not proposed (19).

Conclusion

ASB is a frequent condition associated with DM patients
especially in women. E. coli and K. pneumoniae are the
most prevalent etiological agents isolated from urine in
diabetics and non-diabetics. It is necessary to do a routine
urine analysis, urine culture and antibiotic sensitivity
test for diabetic patients who have the identified risk
factors. Therefore, ASB should be treated promptly to
prevent possible serious renal complications or infections.
Amikacin, gentamicin, ertapenem, meropenem,
piperacillin/tazobactam, fosfomycin, and ciprofloxacin
are recommended for treatment of ASB in DM patients.

Limitations of the study

One of limitations of our study was that we were unable
to collect more urine samples because participation in the
study was on voluntary basis.
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