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Purpose: To determine the bacterial profile with its associated risk factors and to identify
extended spectrum beta-lactamase producing Gram-negative bacterial uropathogens among
diabetic patients at Dessie Referral Hospital, Northeastern Ethiopia.

Materials and Methods: A hospital-based cross-sectional study was conducted from May
to September 2018. A total of 336 diabetic patients were included using a simple random
sampling technique. A structured questionnaire was used to collect socio-demographic and
risk factor-related data. A 10-mL mid-stream urine specimen was collected and transported
to the microbiology laboratory for culture, antimicrobial susceptibility testing, and detection
of ESBL-producing bacteria. The data were entered into SPSS version 22, and descriptive
statistics, bivariate and multivariate logistic regression analyses were performed. A p-value
<0.05 with a 95% confidence interval was considered for statistical significance.

Results: Among 336 diabetic patients, the overall prevalence of UTI was 11.6%. The predomi-
nant bacterial isolate was Escherichia coli 12/39 (30.8%), followed by Klebsiella pneumoniae 11/
39 (28.2%) and coagulase-negative staphylococci 7/39 (17.9%). Gram-negative isolates showed
100% resistance to ampicillin, whereas Gram-positive isolates showed a high level of resistance to
penicillin and tetracycline. Moreover, MDR was observed among 18 (46.2%) of the isolates and 2
of the isolated Gram-negative bacteria were ESBL producers. Being illiterate (AOR=7.226, 95%
CI: (1.478, 35.340), p<0.015), having current symptoms of UTI (AOR = 2.702, 95% CI: (1.102,
6.624), p=0.030), and blood glucose level >126 mg/dl (AOR = 2.940, 95% CI: (1.080, 8.005),
p=0.035) were significantly associated with the occurrence of bacterial UTL.

Conclusion: The overall prevalence of significant bacteriuria (11.6%) in this study was
comparable with some studies in Ethiopia and relatively lower than others. A moderately
higher rate of resistance to the commonly used antimicrobial agents was noticed for both
Gram-negative and Gram-positive isolates. Health information dissemination should be
given about UTI, glycemic control, and habit of drug use for diabetes mellitus patients.
Keywords: urinary tract infection, diabetes mellitus, bacterial profile, antimicrobial
susceptibility pattern, risk factors, ESBL

Introduction
Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia
mainly as a result of defects in insulin action, secretion, or both.! Globally, an
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estimated 422 million adults were living with diabetes in
2014. Diabetes caused 1.5 million deaths in 2012. Higher-
than-optimal blood glucose caused an additional
2.2 million deaths, by increasing the risks of cardiovascu-
lar and other diseases. The majority of people with dia-
betes are affected by type 2 diabetes. This used to occur
nearly entirely among adults, but now occurs in children
t00.> By 2030 about 550 million people are projected to be
inflicted with the disease globally.! A systematic review
indicates the prevalence of diabetes in Ethiopia ranged
from 2.0% to 6.5% with a low of 2% in smaller rural
areas.’

Diabetes mellitus is associated with bladder dysfunc-
tion, glycosuria, and low immunity, all of which predis-
pose an individual to urinary tract infection (UTI). The
risk of developing UTI in diabetic patients is higher com-
pared to non-diabetics.** Diabetes patients are more sus-
ceptible to contracting UTI if glucose is not well
controlled, diabetes has already attacked the nervous sys-
tem (neuropathy), it occurs among women, the patient
already had kidney or blood vessel complications from
diabetes, or the patient has had a urinary tract infection
within the last year.®™’

UTIs in diabetic patients may be symptomatic or asympto-
matic bacteriuria, and are most commonly considered as intri-
cate and complicated.'® Asymptomatic UTI is the most
common form in diabetic patients and can lead to severe
kidney damage and renal failure.” The prevalence of UTI
among DM patients has a varied proportion with symptomatic
and asymptomatic conditions. Globally, it ranges from 12% to
40.2%°""""% and in Ethiopia its prevalence is between 10.9%
and 22.6%.'*'® Several uropathogens have been identified in
diabetic patients and the most common uropathogens isolated
are Escherichia coli, Klebsiella spp., and Staphylococcus
aureus.””'*'® Due to different reasons, these bacterial uro-
pathogens showed wide-ranging resistances to different
classes of antibiotics across the world.®”-"3!719

In diabetic patients, early diagnosis of UTI is essential
for its proper management and to avoid the incidence of
possible complications. However, in developing countries
including Ethiopia, urine culture screening is not routinely
done for diabetic follow-ups; and treatment is empirical,
which may lead to the emergence and spread of antimi-
crobial-resistant strains which is a leading cause of treat-
ment failure in UTL?°

One of the leading antimicrobial resistance mechanisms
for many UTI-causing Gram-negative bacteria is extended
spectrum [-lactamase (ESBL) enzyme production, which

hydrolyzes the B-lactam ring of antimicrobials that confer
bacterial resistance to commonly prescribed antibiotics,
including penicillins, first, second and third-generation
cephalosporins, and aztreonam.”' Delay in the detection
and reporting of ESBL production by bacterial uropathogens
is most commonly associated with a prolonged hospital stay,
increased morbidity, mortality, and overwhelming health-
care costs.”

There is a paucity of research addressing the etiologies,
risk factors, and management of UTI in diabetic patients in
most developing countries, and there is little information about
the etiologies of UTI in Ethiopian diabetic patients, particu-
larly in the study area where there are no published data. In
addition, a recent global report has revealed that the overall
epidemiology of ESBL-producing bacteria has not been well
understood in resource-limited countries like Ethiopia.
Therefore, this study aimed to fill this information gap.

Materials and Methods
Study Design, Area and Period

A hospital-based cross-sectional study was conducted from
May to September 2018 at Dessie Referral Hospital,
Northeastern, Ethiopia. Dessie is located at the latitude of
11°8'N and longitude of 39°38'E with an elevation between
2400 and 3200 meters above sea level and 401 km northeast
of Addis Ababa. The city has one referral hospital, one
general hospital (Boru-Meda), six health centers (Dessie,
BanbuaWuha, Segno Gebeya, Tita, Kurkur, Meytero), four
private hospitals, and several private clinics. The hospital
catchment population is about 7 million.

Study Populations

The source population comprises all diabetic patients
(inpatients and outpatients) at DRH. The study participants
were adult diabetic patients at DRH Diabetic Clinic during
the study period.

Inclusion and Exclusion Criteria

Diabetic patients with or without symptoms of UTI who
were present at DRH Diabetic Clinic during the study
period were included in this study, whereas diabetic
patients who were severely ill and who did not give con-
sent to participate in the study were excluded.

Sample Size Determination
A single population proportion formula was used to estimate
sample size and the following assumption was considered:
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95% confidence interval (Z,, = 1.96), 10.9% proportion
from previous work,'> and 3.5% margin of error.

n=(Za/,)*P(1 — P)

e =305

n=—

The calculated sample size was 305, but in order to com-
pensate for inadequate sample specimens and minimize
errors due to sample collection, it was decided to consider
an additional 10% of the minimum sample size which
made the final sample size 336.

Data and Specimen Collection

A structured questionnaire was used to obtain information
about the study participants related to demographic char-
acteristics clinical and risk factor data. About 10 mL
freshly voided midstream urine sample was collected
using a pre-labeled (date, time, and identification code),
leak-proof, wide mouth, sterile, screw-capped plastic con-
tainer (FL Medical, Italy) by the study participants after
appropriate instructions were given.

Specimen Transportation

The collected specimens were immediately transported to
Amhara Public Health Institute (APHI), Dessie branch
using a cold box, and processed within 30 minutes.
When a delay of more than 30 minutes was anticipated,
urine specimens were kept refrigerated at 4°C until being
processed.

Cultivation and Identification of Isolates
Using a calibrated wire loop (0.001 mL) mid-stream urine
samples were inoculated into Cystine Lactose Electrolyte
Deficient medium (CLED) (Oxoid Ltd, UK). After cul-
tures were incubated overnight in an aerobic atmosphere at
37°C for 24 hours, colonies were counted to check for the
presence of significant growth. Colony counts yielding
bacterial growth of >10°CFU/mL of urine were regarded
as significant bacteriuria.?®

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing (AST) of all identified
bacterial isolates from significant bacteriuria specimens
was performed according to the criteria of Clinical and
Laboratory Standards Institute (CLSI) using the Kirby—
Bauer disk diffusion method on Mueller-Hinton Agar.
Pure culture colonies of 24-hour growth were suspended
in a tube with 4 mL of physiological saline to get bacterial
0.5 McFarland turbidity

inoculums equivalent to

standards. A sterile cotton swab was dipped, rotated across
the wall of the tube to avoid excess fluid, and was evenly
inoculated on Mueller-Hinton agar (Conda Ltd, USA) and
then the antibiotic disks were placed on MHA plates.”
The following antimicrobials were used based on the
CLSI recommendations and local frequent prescriptions of
these drugs for the treatment of UTIs. Penicillin (PEN, 10
ug), ciprofloxacin (CIP, 5 pg), tetracycline (TTC, 30 pg),
nitrofurantoin (NIF, 300 pg), norfloxacin (NOR, 10 ug),
trimethoprim-sulfamethoxazole (SXT, 25 ng) were used
for Gram-positive isolates. Furthermore, ampicillin (AMP,
10 pg), amoxicillin-clavulanic acid (AMC, 20/10 pg), nitro-
furantoin (NIF, 300 pg), norfloxacin (NOR, 10 pg), tri-
methoprim-sulfamethoxazole (SXT, 25 pg), ciprofloxacin
(CIP, 5 ng), tetracycline (TTC, 30 pg), gentamicin (GN, 10
ug), ceftriaxone (CRO, 30 pg, amikacin (AM, 30 pg),
cefotaxime (CTX, 30 pg), and ceftazidime (CAZ, 30 pg)
were used for Gram-negative isolates. All antibiotic disks
were from Oxoid, Ltd, UK. The plates were then incubated
at 37°C for 24 hours. Diameters of the zone of inhibition
around the disks were measured using a digital caliper. The
interpretation of the results of the AST was based on the
standardized table supplied by the national committee for
CLSI criteria®® as sensitive, intermediate, and resistant.

Extended Spectrum Beta-Lactamase

Detection

Initial screening for ESBL was done by the diameters of
zones of inhibition produced by ceftriaxone (30 pg), cefta-
zidime (30 pg), or cefotaxime (30 pg) from the antimicro-
bial susceptibility test on Mueller—Hinton media (Conda
Ltd) according to the CLSI screening criteria. These break-
points indicative of suspicion for ESBL production were for
ceftriaxone, < 25 mm; for ceftazidime (30 pg), < 22 mm;
and for cefotaxime, < 27 mm. After this initial screening,
phenotypic detection of ESBL production was confirmed by
double disk synergy (combined disk potentiate) test accord-
ing to CLSI guidelines.” The isolate to be tested was spread
onto a Mueller—Hinton agar plate using similar procedures
as for AST. Ceftazidime (30 pg), cefotaxime (30 pg), and
amoxicillin-clavulanic acid (AMC) were used for phenoty-
pic confirmation of the presence of ESBLs. Disks contain-
ing cephalosporin (cefotaxime, ceftriaxone, or ceftazidime)
were applied next to a disk with clavulanic acid (amoxicillin
+ clavulanic acid), and after incubation at 37°C for 24 hours,
a positive result was indicated when the inhibition zones
around any of the cephalosporin disks are augmented in the
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direction of the disk containing clavulanic acid. The dis-
tance between the disks is critical and 20 mm center-to-
center has been found to be optimal for cephalosporin 30 g
disks; however, it may be reduced (15 mm) or expanded
(30 mm) for strains with very high or low resistance level,
respectively.”

Quality Assurance

All the questions in the structured questionnaire were
prepared in a clear and precise way and translated into
the local language (Amharic). Data collectors were
trained; the entire questionnaires were checked for com-
pleteness, during and after data collection by the data
collectors. Moreover, all laboratory assays were done by
maintaining quality control procedures. Standard operating
procedures (SOPs) were strictly followed, verifying that
media meet expiration date and quality control parameters
including sterility testing per CLSI guidelines. Reference
strains of S. aureus (ATCC 25,923); E. coli (ATCC
25,922), and P. aeruginosa (ATCC 27,853) were used as
a quality control for culture and susceptibility testing
throughout the study. Moreover, E. coli (ATCC 25,922)
and K. pneumoniae (ATCC 700,603) reference strains
were used as quality control for ESBL detection. All
reference strains were obtained from APHI, Dessie branch.

Statistical Analysis

The data were imported and analyzed using Statistical
Package for Social Sciences (SPSS) version 22.0 (IBM,
USA). Descriptive statistics, binary and multivariate logis-
tic regressions were employed. Binary logistic regression
was used to show the association of each variable with the
dependent variable. Moreover, a multivariate analysis was
computed to identify factors that independently influence
the occurrence of dependent variables. A p-value <0.05
with a 95% confidence interval was considered statistically
significant.

Ethics Approval and Consent to

Participate

The study protocol was evaluated and approved by the
Department Research  Ethics Review Committee
(DRERC/17/18/02-L) of Addis Ababa University College
of Health Sciences, and ethical clearance was obtained.
Official cooperation letters for DRH and APHI were
obtained from Addis Ababa University. Additionally,
after explaining the importance, purpose, and procedure

of the study briefly a written consent was obtained from
study participants. A parent or legal guardian provided
written informed consent for any participant under the
age of 18 years. Any study participant who found to be
infected with the bacteria was referred to a physician for
treatment. Moreover, this study was conducted in accor-
dance with the Declaration of Helsinki.

Results

Socio-Demographic Characteristics

In this study, a total of 336 diabetic patients, of which 39
(11.6%) with and 297 (88.4%) without symptoms of UTI
were included. From the total study participants, 181
(53.9%) were males and the age of the study participants
ranged from 15 to 80 years, with a mean age of 41.0 +15.3
years. The majority of them (33.9%) lived in urban arcas
and 74 (22%) were farmers (Table 1).

Prevalence of Urinary Tract Infection and

Bacterial Uropathogen Isolates

The overall prevalence of UTI was 11.6%. The prevalence of
significant bacteriuria among asymptomatic and sympto-
matic diabetic patients was 28/297 (9.4%) and 11/39
(28.2%), respectively. Seven different bacterial species were
isolated and there was no double bacterial infection. Gram-
negative bacteria were more prevalent, 28 (71.8%), than
Gram-positive bacteria, 11 (28.2%). Overall, the predomi-
nantly isolated bacteria were E. coli, 12 (30.8%) (Table 2).
the three
K. pneumoniae was higher than E. coli only among DM

Among predominant  uropathogens,
patients whose age category is 36 to 45 years and E. coli
was the only bacterial isolate in the age category of 4655
years (Figure 1).

All bacterial uropathogens were detected among
female DM patients whereas in male patients P. mirabilis
and E. faecalis were not isolated. From the five bacterial
isolates that were detected in both male and female, only

S. aureus was more frequent in male patients (Figure 2)

Antimicrobial Susceptibility Pattern of
Bacterial Uropathogens

Gram-Negative Bacteria

In this study, besides the intrinsically resistant isolates of
Klebsiella pneumoniae and Enterobacter aerogenes, the rest
of the isolated Gram-negative bacterial uropathogens includ-
ing Escherichia coli and Proteus mirabilis showed full
acquired resistance rate (100%) for ampicillin. On the other
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Table | Socio-Demographic Characteristics of the Study
Participants (n=336) in DRH, Northeastern Ethiopia, 2018

Variables Frequency Percent (%)
Age (years)
1524 72 214
25-34 64 19.0
3544 74 22.0
45-54 6l 18.2
255 65 19.3
Sex
Male 181 539
Female 155 46.1
Residence
Urban 222 66.1
Rural 114 339
Occupation
House Wife 64 19.0
Self employed 62 18.5
Student 33 9.8
Farmer 74 22.0
Employed 103 30.7
Educational status
llliterate 71 21.1
Read and write only 112 333
Primary school 35 10.4
Secondary school 32 9.5
College or University 86 25.6
Marital status
Single 71 21.1
Married 202 60.1
Other 63 18.8
Monthly family income (ETB)
<500 48 14.3
501-1000 146 43.5
1001-1500 36 10.7
1501-2000 21 6.3
>2000 85 253

hand, Gram-negative isolates showed high sensitivity to nitro-
furantoin, 26 (92.9%), cefotaxime, 25 (89.3%), ciprofloxacin,
24 (85.7%), and amoxicillin-clavulanic acid, 24 (85.7%)
(Table 3).

Gram-Positive Bacteria

Gram-positive uropathogens showed a high level of resis-
tance for penicillin and tetracycline. On the other hand, they
showed high sensitivity to nitrofurantoin. Coagulase negative
staphylococci (CoNS), which were the predominant isolates
among the Gram-positive isolates, were resistant to

Table 2 Frequency of Bacterial Uropathogens of Symptomatic
and Asymptomatic UTI Among Diabetic Patients at DRH,
Northeastern Ethiopia, 2018

Bacterial Asymptomatic Symptomatic Total
Isolates (n=297) No. (%) (n=39) No. (%) (n=336)
No. (%)
Gram-negative 18 (64.3) 10 35.7) 28 (71.8)
E. coli 9 (75.0) 3(25.0) 12 (30.8)
K. pneumoniae | 8 (72.7) 3(273) 11 (282)
E. aerogenes 0 (0.0) 3 (100.0) 3(7.7)

P. mirabilis 1(50.0) 1(50.0) 2(5.1)
Gram-positive 10 (90.9) I 9.1) 11 (28.2)
CoNsS 6 (85.7) I (14.3) 7(17.9)
S. aureus 3 (100.0) 0 (0.0) 3(7.7)
E. faecalis 1 (100.0) 0 (0.0) 1 (2.6)

Total 28 (71.8) 11 (282) 39 (100.0)

penicillin, tetracycline, and norfloxacin, and sensitive to
nitrofurantoin (Table 4).

Multidrug Resistance Patterns of the

Isolates

Overall, 37 (94.9%) bacterial isolates were resistant to at
least one antimicrobial agent, whereas 24 (61.5%) isolates
were resistant to >2 antimicrobials. Multidrug resistance
(MDR), which is defined as a bacterium that is non-
susceptible to at least one agent in three or more antimi-
crobial categories,”* was seen in 18 (46.2%) of all isolated
bacterial uropathogens (Table 5).

ESBL-Producing Gram-Negative
Uropathogens

Twenty-eight Enterobacteria were isolated from the total
study participants. The isolates were E. coli, 12 (42.9%),
K. pneumoniae, 11 (39.3%), E. aerogenes, 3 (10.7%), and
P mirabilis, 2 (7.1%). However, E. aerogenes, 3 (10.7%),
and P. mirabilis, 2 (7.1%), were excluded from further
screening for ESBL because the methods were not vali-
dated for these groups. As a result, out of the 23
Enterobacteria clinical isolates that were screened for
ESBL production, E. coli, 5 (21.7%), and
K. pneumoniae, 9 (39%), fulfilled the criteria for confir-
matory test and 2 (8.7%) were positive for ESBL produc-
tion. These ESBL producer isolates were K. pneumoniae.

Associated Risk Factors of UTI

In this study, 16 independent variables were considered
during the bivariate analysis as risk factors for bacterial
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Figure | Distribution of the three common bacterial uropathogens in each age category among diabetic mellitus patients at DRH, Northeastern Ethiopia, 2018.
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Figure 2 Distribution of bacterial uropathogens of symptomatic and asymptomatic UTI in relation to sex among diabetic patients at DRH, Northeastern Ethiopia, 2018.

UTL In multivariate analysis, educational status of illiter-
ates (AOR = 7.226, 95% CI: (1.478, 35.340), p = 0.015),
participants having high blood glucose level (AOR=2.940,
95% CI: (1.080, 8.005), p = 0.035) and participants show-
ing current symptoms of UTI (AOR = 2.702, 95% CI:
(1.102, 6.624), p = 0.030) were found to have statistically
significant association with UTI (Table 6).

Discussion

In this study, the overall prevalence of urinary tract
infection in both symptomatic and asymptomatic diabetic
patients was 11.6%. Comparable findings have been
reported in previous studies conducted in Addis Ababa

(10.9%)," Debre Tabor (10.9%),'® Hawassa (13.8%),%
and Romania (12.0%).° However, this finding was rela-
tively lower as compared to studies conducted in Harar
(15.4%),"* Addis Ababa (14.9%),'® Gondar (17.8%),%
Metu, Ethiopia (16.7%),'” Nekemet, Ethiopia (16.5%),%
and Sudan (19.5%)."* It was much lower than reports
from different parts of the world such as a study in
Uganda (22.0%),%® Kuwait (35%),” India (49.15%),%°
and Nepal (54.76%).>° The variation might be explained
by differences in geographical features, the host factor,
and practices such as the social habits of the community,
standards of personal hygiene, and health education
practices.

submit your manuscript

2940

Dove!

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13


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

Alemu et al

Dove

*SANISUSS ‘S DIBIPAWLIAIUI ‘| IUBISISAI Y ‘UDIWEIUSS ‘ND) ‘UDBIWE YV
DEXOWE ‘DY DUOXELIYID ‘OYD ‘UIDEXO|LOU YON ‘Uloluednjoniu ‘[N ‘9|ozexoyiawejns-wiidoyiawin ‘| XS PulpAdenan ‘D] | ‘upexopjoldd || isuoieirsiqqy

dWV BWIpIzeyad ‘ZyD BWIXeI08d ‘YD ‘PIOB DluljnAgpd-u

(621)s (621)s (001)8¢ (0's0)L (zone (zone (0'so)L ((xd)i% (roe (0'so)L (621)s (zone d
(00)0 (00)0 (00)0 (00)0 (00)0 (991 (991 (991 (00)0 (00)0 (000 (991 |
(0z8)et (()4:)Ix4 (00)0 (0soit (£'68)ST (Ls8we #14)0T £78)€T (6'T6)9T (sDi1T (1'z8)ee (£'s8)t S (87) 1201
(00)0 (00)0 (oo1)z (00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (000 (00)0 Y
(00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (00)0 ((00)0 (000 (00)0 |
(oo1)z (001)z (00)0 (o01)T (oo1)z (0001)T (0001)T (oo1)z (001)z (001)z (oo1)z (001)T S () singoaw 4
(00)0 (00)0 (0001)€ (00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (e€9)1 (e€e)1 (00)0 Y
(00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (€€9)1 (00)0 (00)0 (00)0 (000 (00)0 |
(oo1)e (001)g (00)0 (oo1)e (oo1)g (0001)€ (£'99)T (oo1)e (oo1)e (£'99)T (£'99)T (oo1)e S (€) suadosap 3
(z8I1)T (z8I1)t (oon11 (S99 (e20)¢ (00)0 (9°€9)2 (1'6)1 (00)0 (T8It (T8It (1'6)1 Y
(00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (00)0 (1'6)1 (00)0 (00)0 (00)0 (1'6)1 |
(8'18)6 (8'18)6 (0°0)0 (S°sp)s (T8 (00011 9oy (8'18)6 (ooD11 (8'18)6 (8'18)6 (8'18)6 S (11) spwownaud -y
(0's)e (s0)¢ (ool (€8)1 (00)0 (0'so)e (00)0 (0's0)e (£91)t (e (£91)t (91T Y
(00)0 (00)0 (00)0 (00)0 (00)0 (£8)1 (00)0 (00)0 (00)0 (00)0 (00)0 (00)0 |
(0's)é (0's2)6 (00)0 (1611 (00on)zl (£'99)8 (0001l (0's1)6 (e'€8)ol (£'99)8 (e'e8)ol (e'e8)ol S (T1) 10> 3
NO MWV dWV ZvD X1D DNV oud YON 4IN 1XS oLl did uiayyed (u) so3ejos]
syuady [eiqosdiwnuy

810¢ ‘eidoiyag ussasesyrioN ‘HYQ 2 (9€£=U) sauaned 219qeI JO S4mnD) Sulin) Wolj paie|os| (g7=Uu) BlS1deg sANESSN-WeID) Jo uiened Ajiqndadsng [eiqosdiwnuy € a|qeL

2941
Dove

submit your manuscript

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13


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

Alemu et al

Dove

Table 4 Antimicrobial Susceptibility Pattern of Gram-Positive Bacteria (n=11) Isolated from Urine Culture Among Diabetic Patients
(n=336) at DRH, Northeastern Ethiopia, 2018

Antimicrobial Agents
Isolates (n) Pattern PEN CIP TTC SXT NIT NOR
S. aureus (3) S 2 (66.7) 2 (66.7) 3 (100) 3 (100.0) 3 (100.0) 3 (100.0)
| 0 (0.0) 0 (0.0 0 (0.0 0 (0.0 0 (0.0 0 (0.0
R 1 (333) I (33.3) 0 (0.0 0 (0.0 0 (0.0 0 (0.0
CoNS (7) S 2 (28.6) 6 (85.7) 4 (57.1) 5(71.4) 7 (100.0) 4 (57.1)
| 0 (0.0) 0 (0.0 0 (0.0 0 (0.0 0 (0.0 0 (0.0
R 5(71.4) I (14.3) 3 (42.9) 2 (28.6) 0 (0.0) 3 (42.9)
E. faecalis (1) S 0 (0.0) | (100.0) 0 (0.0 1 (100.0) 1 (100.0) 0 (0.0
| 0 (0.0) 0 (0.0) 0 (0.0 0 (0.0 0 (0.0) 1 (100.0)
R I (100.0) 0 (0.0 I (100.0) 0 (0.0 0 (0.0) 0 (0.0
Total (11) S 4 (36.4) 9 (81.8) 7(63.6) 9 (81.8) I'1 (100.0) 7 (63.6)
| 0 (0.0) 0 (0.0 0 (0.0 0 (0.0 0 (0.0) 1 (9.1)
R 7 (63.6) 2 (182) 4 (36.4) 2 (18.2) 0 (0.0) 3(27.3)

Abbreviations: CoNS, coagulase negative staphylococci; PEN, penicillin; CIP, ciprofloxacin; TTC, tetracycline; SXT, trimethoprim-sulfamethoxazole; NIT, nitrofurantoin;
NOR, norfloxacin; CRO, ceftriaxone; AMP, ampicillin; R, resistant; |, intermediate; S, sensitive.

Table 5 Multidrug Resistance Patterns of Bacterial Isolates (n=39) from Diabetic Patients (n=336) at DRH, Northeastern Ethiopia,

2018
Bacterial Isolates Antimicrobial Resistance Pattern
Total (%) Ro RI R2 R3 R4 >R5 MDR
Gram-negative 28 (71.8) 0 (0.0) 9 (32.1) 5(17.9) 7 (25.0) 3(10.7) 4 (14.3) 14 (50.0)
E. coli 12 (30.8) 0 (0.0) 3 (25) 3 (25) 2 (16.7) 2 (l16.7) 2 (16.7) 6 (50.0)*
K. pneumoniae 11 (28.2)) 0 (0.0 3(27.3) 1 (9.1 4 (36.4) (9.1 2 (182) 7 (63.6)
E. aerogenes 3(7.7) 0 (0.0 1 (33.3) 1 (33.3) I (33.3) 0 (0.0) 0 (0.0 1 (33.3)
P. mirabilis 2(5.1) 0 (0.0 2 (100) 0 (0.0 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0
Gram-positive 11 (28.2) 2(182) 4 (36.4) 1 (9.0) 3(27.3) 0 (0.0) 1 (9.1 4 (36.4)
S. aureus 3(7.7) I (33.3) 2 (66.7) 0 (0.0 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0)
CoNS 7(17.9) I (14.3) 2 (28.6) 1 (14.3) 2 (28.6) 0 (0.0) 1 (14.3) 3 (42.9)
E. faecalis I (2.6) 0 (0.0 0 (0.0) 0 (0.0 | (100.0) 0 (0.0 0 (0.0) 1 (100.0)
Total 39 (100.0) 2 (5.1) 13 (33.3) 6 (15.4) 10 (25.6) 3(7.7) 5(12.8) 18 (46.2)°

Notes: *Percentage is computed from total number of E. coli. Percentage is computed from total number of isolates, based on which MDR definition is applied.
Abbreviations: R0, no antibiotic resistance; R1, resistance to one; R2, resistance to two; R3, resistance to three; R4, resistance to four; 2 R5, resistance to five and more
drugs; MDR, multidrug resistance: Non-susceptibility to at least one agent in three or more antimicrobial categories.

The reported prevalence of symptomatic UTI among
diabetic patients in this study was 28.2%. This was lower
than studies conducted in Gondar (51.4%)*® and India
(49.15%).”° However, it was relatively higher than the
study performed in Addis Ababa (13.6%),'> Debre Tabor
(19%),'® Hawassa (23.1%),>> Harar (20%),"* and Sudan
(17.1%)."® On the other hand, the prevalence of asympto-
matic UTI (9.4%) was comparable with studies conducted in
Addis Ababa (10.4%),"> Hawassa (11.2%),”> and Harar
(12.4%),"* but lower than similar study reports from
Gondar (14.7%),%® Debre Tabor (80.9%),'® and Sudan

(20.9%)."* Such variations might also be due to differences
in risk factors with geographical areas, sample size, study
population, and deployment of diverse methodologies.
Bacteriological studies usually revealed the involve-
ment of Gram-negative enteric organisms such as E. coli,
Klebsiella species, Enterobacter species, and Proteus spe-
cies in causing UTL'”*'3? Similarly, the predominant
numbers of pathogens isolated in our study were Gram-
negative bacilli (71.8%). Similarly, they were the domi-
nant causative agent of UTIs in Harar, Gondar, rural South

India, Iraq, Nepal, Sudan, and Kuwait,”:!3:14.19:2633.34 1y
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Table 6 Bivariate and Multivariate Logistic Regression Analysis of Factors Associated with UTI Among Diabetic Patients (n=336)

Attending in DRH, Northeastern Ethiopia, 2018

Variables Culture COR (95% CI) p-value AOR (95% CI) p-value
SB Negative no. (%) SB Positive no. (%)
Age (in years)
15-25 67 (93.1) 5(6.9) |
26-35 54 (84.4) 10 (15.6) 2.481 (0.800, 7.695) 0.116 1.517 (0.430, 5.716) 0.538
3645 64 (86.5) 10 (13.5) 2.094 (0.678, 6.461) 0.199 0.978 (0.256, 3.7340) 0.974
46-55 54 (88.5) 7 (1.5) 1.737 (0.522, 5.780) 0.368 0.690 (0.160, 2.982) 0.619
256 58 (89.2) 7 (10.8) 1.617 (0.487, 5.375) 0.432 0.570 (0.133, 2.445) 0.449
Sex
Male 168 (92.8) 13 (7.2) |
Female 129 (83.2) 26 (16.8) 2.605 (0.029, 1.288) 0.008 1.556 (0.631, 3.834) 0.337
Residence
Urban 192 (86.5) 30 (13.5) |
Rural 105 (92.1) 9 (7.9 0.549 (0.251, 1.199) 0.132 0.555 (0.187, 1.644) 0.288
Occupation
House wife 53 (82.8) 11 (17.2) 1.574 (0.649, 3.815) 0315 0.480 (0.139, 1.661) 0.246
Self employed 52 (83.9) 10 (l6.1) 1.458 (0.590, 3.608 0414 0.713 (0.213, 2.381) 0.582
Student 32 (97) 1 (3) 0.237 (0.030, 1.896) 0.175 0.979 (0.190, 2.042) 0.173
Farmer 69 (93.2 5(6.8) 0.550 (0.185, 1.633) 0.281 0.413 (0.086, 1.985) 0.270
Employed 91 (88.3) 12 (11.7) |
Educational level
llliterate 58 (81.7) 13 (183 3.631 (1.227, 10.747) 0.020 7.226 (1.478, 35.340) 0.015*
Read and write only 100 (89.3) 12 (10.7) 1.944 (0.658, 5.745) 0.229 2.595 (0.646, 10.416) 0.179
Primary school 30 (85.7) 5(14.3) 2.700 (0.730, 9.991) 0.137 4.169 (0.828, 20.962) 0.083
Secondary school 28 (87.5) 4 (125) 2.314 (0.580, 9.229) 0.234 2.848 (0.614, 13.224) 0.181
College/University 81 (94.2) 5(5.8) |
Marital status
Single 64 (90.10) 7 (9.9 |
Married 178 (88.1) 24 (11.9) 1.233 (0.507, 2.999) 0.645 NA
Others 55 (87.3) 8 (12.7) 1.330 (0.453, 3.902) 0.604 NA
Family monthly income (ETB)
<500 42 (87.5) 6 (12.5) 0.802 (0.292, 2.197) 0.667 NA
501-1000 131 (89.7) 15 (10.3) 1.400 (0.411, 4.765) 0.590 NA
1001-1500 30 (83.3) 6 (16.7) 1.167 (0.262, 5.860) 0.840 NA
1501-2000 18 (85.7) 3(143) 0.829 (0.276, 2.489) 0.738 NA
>2000 76 (89.4) 9 (10.6) |
Type of DM
Type | 97 (89.0) 12 (11.0) |
Type 2 200 (88.1) 27 (11.9) 1.091 (0.530, 2.246) 0813 NA
Duration of DM
<5 year 143 (91.7) 13 (83) |
25 year 154 (85.6) 26 (14.4) 1.857 (0.919, 3.753) 0.085 2.059 (0.923, 4.594) 0.078
Blood glucose level
<126 mg/dL 95 (94.1) 6 (5.9) |
2|26mg/dL 202 (86.0) 33 (14.0) 2.587 (1.048, 6.384) 0.039 2.940 (1.080, 8.005) 0.035*
Current symptom of UTI
Symptomatic 28 (71.8) 11 (28.2) 3.774 (1.698, 8.389) 0.001 2.702 (1.102, 6.624) 0.030*
Asymptomatic 269 (90.6) 28 (9.4) |
(Continued)
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Table 6 (Continued).
Variables Culture COR (95% CI) p-value AOR (95% CI) p-value
SB Negative no. (%) SB Positive no. (%)
History of UTI
Yes 30 (83. 3) 6 (33.0) 1.618 (0.627, 4.177) 0.320 NA
No 67 (89.3) 11 (16.7) |
History of catheterization
Yes 23 (76.7) 7 (23.3) 2.606 (1.037, 6.551) 0.042 1.206 (0.403, 3.608) 0.737
No 274 (89.5) 32 (10.5) |
Status of HIV/AIDS
Yes 10 (76.9) 3(23.1) 2.392 (0.629, 9.097) 0.201 0.993 (0.208, 4.748) 0.993
No 287 (88.9) 36 (11.1) |
Genitourinary abnormality
Yes 24 (75.0) 8 (25) 2.935 (1.215, 7.093) 0.017 2.564 (0.882,7.454) 0.084
No 273 (89.8) 31 (10.2) |
History of antibiotic use
Yes 15 (88.2) 2(11.8) 0.984 (0.216, 4.475) 0.983 NA
No 282 (88.4) 37 (11.6) |

Note: *Statistically significant at p<0.05.

Abbreviations: SB, significant bacteriuria; AOR, adjusted odds ratio; COR, crude odds ratio; |, reference group; 95% Cl, 95% confidence interval; DM, diabetic mellitus;

UTI, urinary tract infection; NA, not applicable.

the current study, E.coli was the most commonly grown
organism, which is in agreement with other studies in
different parts of the world.'>'%32%3%33 The high rate
of E. coli might be due to the high abundance of E. coli
in fecal flora, which ascends through genitalia to cause
UTL* In addition, it might be due to numerous virulence
factors used for colonization and invasion of the urinary
epithelium such as P-fimbriae or pili adherence factors,
which mediate the attachment of E. coli to uroepithelial
cells.®® On the other hand, coagulase negative staphylo-
cocci was the third most common species identified in the
present study whereas it was the predominant one in
a study conducted in Nigeria.'?

Gram-positive cocci play a lesser role in causing UTI.
Among the patients infected with Gram-positive cocci in
our study, CoNS, 7 (17.9%), was the predominant isolate,
3 (7.7%). Similarly,
also indicated that CoNS species are more

followed by S. aureus, other

studies'®*°
dominant than S. aureus.

Mainly due to the habit of empirical treatment, infrequent
bacterial identification, and absence of susceptibility testing,
antimicrobial resistance among bacterial uropathogens to the
commonly used antibiotics has increased, leaving clinicians
with very limited choices of drugs for the treatment of UTL
In this study, besides the intrinsically resistant isolates of

Klebsiella pneumoniae and Enterobacter aerogenes, the

rest of the isolated Gram-negative bacterial uropathogens
including Escherichia coli and Proteus mirabilis showed
the full acquired resistance rate (100%) for ampicillin.
Similarly, a study conducted in Ethiopia indicated high bac-
terial resistance to the drug.'®*>?” This could be due to the
overuse of the drug for many years and may be due to easy
availability and low cost of the antibiotic. These factors are
common in the study area where some patients buy drugs
without prescription. On the other hand, higher rates of
sensitivity were observed against nitrofurantoin, cefotaxime,
ciprofloxacin, amoxicillin-clavulanic acid, norfloxacin, tetra-
cycline, amikacin, and gentamycin. This higher resistance to
antibiotics and even a high incidence of MDR Gram-
negative bacterial isolates might be suggestive of developing
chronic kidney diseases of DM patients.’’

Gram-positive bacteria were relatively resistant to peni-
cillin (63.6%) and tetracycline (36.4%). This might be due to
the easy availability and indiscriminate use of commonly
used drugs such as tetracycline and penicillin, which could
lead to an increase in resistance. Conversely, most tested
Gram-positive isolates showed sensitivity to nitrofurantoin
(90.9%). This is comparable with other studies conducted in
Hawassa, Addis Ababa, and in Arba Minch, Ethiopia.lg’25 32
Our tested isolates also showed high sensitivity to trimetho-
prim-sulfamethoxazole (81.8%), which was not in agreement

with studies conducted in Hawassa and in Arba Minch.?>**?
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Based on our findings, nitrofurantoin and trimethoprim-
sulfamethoxazole can be drugs of choice for empiric treat-
ment of UTIs, particularly among diabetic patients in the
study area.

The high frequency of multiple antibiotic resistances
might be a reflection of inappropriate use of antimicro-
bials, lack of laboratory diagnostic tests, and lack of guide-
lines for the selection of antibiotics. Multidrug resistance
(non-susceptibility to at least one agent belonging to three
or more antimicrobial categories) was observed in 18
(46.2%) of the total isolated bacteria in this study. This
finding was lower than previous studies conducted in
Debre Tabor (56.7%),'® Gondar (59.8%),%° Addis Ababa
(71.7%)" Harar (92.5%),'* and Hawassa (93.9%).%°

In the present study, significant bacteriuria was signifi-
cantly associated with current symptoms of UTI, but some
previous studies in Gondar, Harar, Hawassa, and Debre
Tabor
variable.'*'?%2% The present study also revealed that

reported no statistical association of this
hyperglycemia was positively associated with UTI. Up to
85% of the isolates were from participants with high blood
glucose levels (=126 mg/dL). This is supported by
a previous study conducted in Gondar.*® The high UTI
prevalence among hyperglycemic patients might be most
likely due to poor contraction of a dysfunctional bladder
leading to static urine pools; this, together with glycosuria,
creates a suitable environment for bacterial growth.
However, in some studies, the associations between UTI
and blood glucose levels were not reported.*® This might
be because a single blood glucose measurement may not
represent glycemic control over time, which would predis-
pose diabetic patients to UTL.

In this study, illiterate study participants had higher
odds of getting UTI compared with those who are literate.
Similar to our findings, other studies elsewhere have also
reported lower levels of education as a risk factor for
UTIs.?’2%4° This might be due to a lower level of aware-
ness of illiterate diabetic patients on how to keep their
general health, particularly their personal hygiene, and
protect themselves from bacterial infection.*

The prevalence of Gram-negative ESBL producers in
this study was 8.7%, which is observed only in
K. pneumoniae. This might be due to K. pneumoniae
being known to produce more ESBL gene than E. coli.’’
Despite there being no documented reports on the occur-
rence of ESBL-producing bacterial uropathogens causing
UTI, particularly among diabetic patients in Ethiopia,
ESBL production was assessed in different setups and

study groups. For instance, there were reports among
pregnant women and among patients with urinary tract
infection on studies conducted in Adama, Jimma,
Mekelle, Addis Ababa, Ethiopia, and elsewhere like
Tanzania and Nepal.?>*'** In all these studies, similar to
our study, Klebsiella species were the isolates that showed
ESBL production. In addition, there is a study conducted
among DM patients that showed K. pneumonia was the
more dominant species in producing ESBL than E. coli.*’
The ESBL-positive isolates in our study showed a high
level of resistance to ampicillin (100.0%), trimethoprim-
sulfamethoxazole (50%), ceftriaxone (50%), cefotaxime
(100%), and ceftazidime (100%). This means that the use
of these antibiotics for treatment of infection caused by
ESBL-producing strains may result in treatment failure in
a significant proportion of cases.*® Thus, the problem of
ESBL-producing uropathogens is clinically important and
yet remains relatively unappreciated by most clinicians. In
the present study, E. coli does not produce ESBL, which is
in contrast to a study conducted in India.®

Limitations of the Study

In this study, due to the unavailability of the test methods
in the research laboratory setup, we were not able to
further characterize the coagulase negative staphylococci
up to species level. Moreover, the present study employed
a health facility based convenient sampling technique
which could not be generalizable for the total population
in the area.

Conclusion

The overall prevalence of significant bacteriuria (11.6%)
in this study was comparable with some studies in
Ethiopia and relatively lower than others. The majority
of the isolates were Gram-negative bacteria; E. coli and
K. pneumoniae were identified as the two dominant iso-
lates. Moderately higher rates of resistance to the com-
monly used antimicrobial agents were noticed for both
Gram-negative and Gram-positive bacterial isolates.
Moreover, a significant amount of ESBL producers and
MDR among nearly half of the bacterial isolates has been
indicated. Educational status, current symptoms of UTI,
and blood glucose levels were significantly associated with
the presence of UTI among diabetic patients. Health infor-
mation dissemination should be given about UTI, glyce-
mic control, and habit of drug use for DM patients. UTI
screening for diabetic patients whose blood glucose level
>126 mg/dL should be performed. UTI management
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among symptomatic DM patients should be supported by
laboratory results of urine culture and AST. Further studies
should be conducted by using highly sensitive and specific
techniques such as PCR, including genotypic characteriza-
tion in ESBL-producing bacteria causing UTI among dia-
betic patients in a larger sample size.
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