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Abstract: Objectives: To study the effect of diabetes and diabetic metabolic control on pathogens and
antibiograms in community acquired urinary tract infections (UTI). Study Design: A Retrospective Cohort
Study Design was used.  Methods: 1256 UTI patients were screened and 748 having significant bacteriuria
($ 105 CFU/ml) were selected, their urogenital isolates identified and antibiograms defined. Patients
included 392 non diabetic and 356 diabetic (138 under metabolic control and 218 uncontrolled). Results:
Significant bacteriuria was higher in diabetics (70% and 48%, females and males respectively) than non-
diabetics (63% and 45%). There was a significant difference in the prevalence of E.coli infections: non
diabetics (64%, 59%, males and females respectively), diabetic controlled (48%, 42%) and diabetic
uncontrolled (36%, 27%) decreasing with high blood glucose levels and disappearing after glucose level
of 400 mg/dl. In females prevalence in non diabetics, diabetic controlled and diabetic uncontrolled
respectively of Staphylococcus saprophyticus 12% vs. 17% vs. 25% (p=0.001), Staphylococcus epidermidus
3% vs. 12% vs 13% (p<0.001), Enterococcus foecalis 2% vs. 6% vs. 5% (p=0.02) and Candida spp. 1%
vs. 5% vs. 7% (p<0.001). There was high prevalence of Streptococcus agalacteae in diabetic uncontrolled
males (7%). There was increase in resistance to a range of antibiotics mainly towards β-lactams and
quinolones in diabetics over non-diabetics except for Pefloxacin which showed lower resistance in
diabetics (15%, 6% in diabetic controlled and uncontrolled versus 54% in non-diabetic, p<0.001).
Conclusion: Diabetes does seem to influence the type of pathogens causing UTI as well as the resistances
to certain antibiotics especially β-lactams and quinolones except for Pefloxacin. 
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INTRODUCTION

Urinary tract infection (UTI) is a very common
infectious disease in outpatients and a major public
health problem in terms of morbidity and health care
costs[1]. Although, the presence of bacteria in urine is
a sign of infection, there are guidelines for determining
whether the bacterial count is significant or is just a
contamination of the specimen. Bacterial count of more
than 105 CFU/ ml usually indicates an infection[2,3]. UTI
can be ascending (bacteria enter the urinary tract
through the urethra) which are mainly responsible for
lower tract infections as urethritis and cystitis.
Haematogenous or descending infection (through the
bloodstream) is the main cause of upper tract infections
and is less common occurring majorly in the form of
pyelonephritis[4]. UTIs can be symptomatic or
asyptomatic. Lower UTIs are usually uncomplicated

characterized by mild symptoms and quick response to
antimicrobial treatment, occurring primarily in healthy
females and to a lesser extent in infant, adolescent and
adult males[5]. Complicated UTIs, occurring in only 5%
of UTI patients, are difficult to treat and have greater
morbidity and mortality. They usually occur in the
presence of catheterization or debilitating diseases as
diabetes or in abnormalities of the urinary tract[6,7], or
outbreak infections with resistant pathogens[8].

The predominant uropathogen isolated in acute
community-acquired infections is Escherichia coli,
followed by Staphylococcus saprophyticus and
infrequently Klebsiella, Enterobacter, Proteus species
and Enterococci[9]. Antimicrobial therapy is seldom
indicated for asymptomatic infection. For acute,
uncomplicated urinary infection in women, spontaneous
resolution may occur in up to 40% of patients while
antimicrobial therapy being indicated for amelioration
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of symptoms[10]. On the other hand, complicated
community acquired infections are potentially life-
threatening; therefore adequate early treatment is
essential to prevent morbidity and mortality[11,12,13].
Treatment is often started empirically and seldom based
on information determined from the antimicrobial
resistance pattern of the pathogens. However, because
of the evolving and continuing antibiotic resistance,
regular monitoring is necessary to improve guidelines
for therapy. Resistance rates differ from one region to
another depending on how extensive antibiotics are
used there[14,15]. It is therefore critical to reassess the
initial empirical treatment and its efficacy with
reference to the patient status[16]. Egypt is one of the
regions that has witnessed a high increase in antibiotic
resistance due to the over the counter administration of
antibiotics in pharmacies and incorrect use by patients.

Diabetes is one of the complicating factors in UTIs
where great care has to be taken when treating them.
It is more common to find asymptomatic bacteriuria
that may remain unnoticed and spread to the kidneys
producing greater complications. Emphysematous
cystitis and pyelonephritis is twice as common in
patients with diabetes and predisposes to a more severe
infection of the upper urinary tract. In emphysematous
pyelonephritis. The overall mortality is 30%;
nephrectomy is the treatment of choice in most
patients[17,18]. The complications may be due to the
resultant metabolic derangements and impaired immune
function. First, neutrophil function is depressed,
affecting adherence to endothelium, chemotaxis, and
phagocytosis. The antioxidant systems involved in
bactericidal activity are compromised, and cell-mediated
immunity is impaired. These impairments are
exacerbated by hyperglycemia and acidemia but may
be reversed substantially, if not entirely, by
normalization of pH and blood glucose levels[19]. For
diabetic women with the long-term complication of
neuropathy, a neurogenic bladder is an important
abnormality contributing to recurrent urinary tract
infection. Also a recent study in the relation between
UTI and metabolism control in the diabetic patient,
high levels of glycosylated haemoglobin represented a
significant risk factor for bacteriuria in women with
type 2 diabetes mellitus[20]. Research has shown that
controlling hyperglycaemia may reduce the
consequences of diabetes. HbA1c, a glycated
haemoglobin, is an indicator of long-term glycemic
control. Clinically, glycated hemoglobin is used to
reflect glycemic control over the previous 90 to 120
days. Glycated hemoglobin measurements are
unaffected by daily variation of glucose from diet and
exercise. Methods of analysis include ion-exchange or
affinity chromatography, electrophoresis, isoelectric
focusing, and immunoassay[21,22].

Methods:
1-Sample Collection: Blood and midstream urine
samples were collected during the period of 2008-2009
from outpatients with urinary tract infection admitted to
Om El Masreyeen Hospital clinic. The patients’ ages
ranged from 40 to 55 years. Samples were collected
under the patients’ consents. Certain exclusion criteria
were taken into consideration as those who had
received antimicrobial agents during the previous
month, pregnant women, patients with renal failure or
who had recent catheterization or were recently
hospitalised.

2-Urine Samples: Quantitative detection of
uropathogens from urine was initially done by culturing
on CLED and then incubated for 24hrs in an incubator
set at 37oC. Isolates that were used in the rest of the
experiment were those which had a colony count of
more than or equal to 105 CFU/ml. The microorganisms
were identified by growing on the different selective
media and by the use of standard biochemical tests and
grouping kits. Invitro susceptibility to 15 antibiotics
was performed by an agar diffusion method (Kirby
Bauer) using antibiotic discs obtained from Oxoid[23].
These included: Amoxicillin, Ampicillin, Augmentin,
Ofloxacin, Norfloxacin, Pefloxacin, Ciprofloxacin,
Cefuroxime, Cefixime, Cefaclor, Nitrofurantoin,
Doxycycline, Gentamycin, Sulphatrimethoxazole,
Nalidixic acid.

3- Blood Samples: Blood glucose level was determined
by the Vitro peroxidase-oxidase colorimetric method
using the Glucose Test Kit of Biomeriux (Glucose
RTUTM) and a colorimeter (Biosystems) was used at
505nm. Above fasting blood glucose level of 100
mg/dl and a postprandial glucose level of 140 mg/dl
plus patient history were taken to be diabetic. HbA1c
Level (as an indicator of metabolic control) was
determined by the Boronate affinity test principle using
the Nycocard reader and test kit. Diabetic with HbA1c
#6.5 were taken to be under metabolic control and
those with HbA1c $8 were taken to be uncontrolled[24].

4- Statistical Analysis: The Chi-square test was used
with a significance level at 95% and a Fisher's Exact
Test for small frequencies was used. The statistics were
done by the help of the Instat Statistical Computer
program.

Results: Subjects suffering from significant bacteriuria
was higher in the diabetic than the non-diabetic female
groups, 70% vs. 63% respectively, p<0.05 (Table 1). In
the male groups, on the other hand there was no
statistically significant difference between diabetics and
non-diabetics.  There   was  a  higher  prevalence  of 
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Table 1: Incidence of bacteriuria in the different test groups
Total Number Screened Number Suffering from Percentage Suffering

Significant Bacteriuria from Significant Bacteriuria
($ 105 CFU/ml)

Non-diabetic females 476 300 63%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Non- diabetic males 195 92 45%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Diabetic females 354 248 70%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Diabetic males 231 108 48%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 1256 748 60%

significant bacteriuria in females than males in both
diabetic and non-diabetic groups. There was a higher
prevalence of significant bacteriuria in diabetic patients
with uncontrolled than with controlled blood glucose
level, 152 vs. 96 cases respectively in females and 66
vs. 42 cases respectively in males.

A significant difference existed in the prevalence
of uropathogens between diabetic and non-diabetic
patients (Table 2). E. coli, the most frequent
uropathogen isolated in all groups, was significantly
higher in non-diabetic patients than diabetic patients;
males 64% vs. 41% respectively; and females 59% vs.
32% respectively (p<0.001). In the female groups, on
the other hand, there was a greater prevalence in
diabetic than non-diabetics of Staphylococcus
saprophyticus 21.8% vs 12% (p=0.001), Staphylococcus
epidermidus 12.1% vs 2.7% (p<0.001), Enterococcus
foecalis 5.6% vs. 2% (p=0.02) and Candida infection
6.5% vs. 1% (p<0.001). The prevalence of
Staphylococcal infection nearly approached the
prevalence of E.coli in diabetic females as opposed to
non-diabetic: 29.8% and 32.3% in diabetics opposed to
14.7% and 58.7% in non diabetics. There were no
significant differences in uropathogens between males
with and without metabolic control (p=0.05). This was
not the same in the female groups where the results
showed a significant difference in E.coli prevalence in
females with uncontrolled and controlled blood glucose
level (26.3% vs. 41.7%, p<0.05).

Isolated cases of uropathogens were grouped into
intervals of postprandial blood glucose levels (Table 3),
E.coli isolates decreased at higher glucose levels.
Staphylococcus and Candida spp. didn’t show such a
pattern.

For E.coli, there were 235 isolates for the non-
diabetic and 124 isolates for the diabetic (60 diabetic
controlled and 64 diabetic uncontrolled). There was a
significant difference in the resistance pattern of E.coli
for Ampicillin, Quinolones, Cefixime, Nitrofurantoin
and Gentamycin between non-diabetic and diabetic
patients (Table 4). There was also a significant
difference between diabetics with and without
metabolic control in resistance of Cefixime and
Nalidixic acid. For Klebsiella spp., there were 46

isolates for the non-diabetic and 49 isolates for the
diabetic (13 controlled and 36 uncontrolled). There was
a significant difference in the resistance patterns of
Quinolones, Cefixime, and Doxycycline between non-
diabetic and diabetic patients (Table 4). There was also
a significant difference between diabetics with and
without metabolic control in resistance patterns of
Cefixime. For Staphylococcus saprophyticus, there were
44 isolates for the non-diabetic, and 68 isolates for the
diabetic (21 controlled and 47 uncontrolled). There was
a significant difference in the resistance patterns of
Amoxicillin, Ampicillin, and Doxycycline between non-
diabetic and diabetic patients (Table 5). There was also
a significant difference between diabetics with and
without metabolic control in resistance patterns of
Amoxicillin, Cefixime, Cefaclor and Nitrofurantoin. For
Staphylococcus epidermidis, there were 13 isolates for
the non-diabetic and 34 isolates for the diabetic (12
controlled and 22 uncontrolled). There was a significant
difference in the resistance patterns of Doxycycline and
Sulphatrimethoxazole between non-diabetic and diabetic
patients.

Discussion: The incidence rates of bacteriuria recorded
were higher in diabetics than non-diabetic especially in
females which could be due to physiological,
anatomical variations and neuropathic complications (as
impaired bladder emptying) that might have occurred
over time due to persisting diabetic condition as well
as elevated sugar levels in urine that may in itself
create a culture medium for microorganisms, the higher
incidence rates in uncontrolled than controlled diabetics
confirming the latter [25,26].

Inspite of being the most commonly isolated
pathogen in community acquired urinary infections, the
rate of E.coli isolation in both diabetic and non
diabetic patients was much lower than usually reported
which can be possibly explained by increased antibiotic
abuse in our community which might have lead to an
increased infection with the less common pathogens.
Similar findings have been reported in other regions[27].
Unexpectedly, E.coli incidence was much lower in
diabetic than non-diabetic patients especially those with
glucose levels exceeding 400 mg/dl. In an uncontrolled 
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Table 2: Spectrum of the different uropathogens in the different test groups.
Male Female
----------------------------------------------------------- ----------------------------------------------------------------------------
NDa DCa DUa ND DC DU
------------------ ------------------ ----------------- --------------- ------------------- ------------------------
No % No % No % No % No % No %

Escherichia coli 59 64 20 48 24 36 176 59 40 42 40 27
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Proteus sp. 0 0 1 2 1 1 3 1 0 0 0 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas aeruginosa 1 1 3 7 1 2 4 1 0 0 2 1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Klebsiella sp. 6 7 3 7 8 12 40 14 10 10 28 18
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Enterobacter 0 0 1 2 2 3 4 1 2 2 4 3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Staphylococcus saprophyticus 8 9 5 12 9 14 36 12 16 17 38 25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Staphylococcus epidermidis 5 5 1 2 3 5 8 3 11 12 19 13
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Staphylococcus  aureus 0 0 2 5 2 3 4 1 4 4 2 1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Streptococcus agalactiaea(gpB) 2 2 1 3 5 7 9 3 2 2 0 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Enterococcus foecalis (gpD) 11 12 5 12 8 12 6 2 6 6 8 5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Candida sp. 0 0 0 0 3 5 3 1 5 5 11 7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serratia 0 0 0 0 0 0 4 1 0 0 0 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Citrobacter 0 0 0 0 0 0 3 1 0 0 0 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 92 100 42 100 66 100 300 100 96 100 152 100
aND= Non-diabetic       DC= Diabetic with controlled HbA1c (HbA1c #6.5)
DU= Diabetic with uncontrolled HbA1c (HbA1c $8)

Table 3: Number of Isolated Cases at each Glucose Interval for the different pathogens
Post-prandial E. coli Staphylococcus spp. Other g+ve Other g-ve Candida sp.
blood glucose level
95-125 32 7 6 15 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
125-155 34 31 9 14 3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
155-185 5 0 4 2 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
185-215 4 1 1 3 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
215-245 7 6 1 2 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
245-275 7 16 2 1 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
275-305 5 21 6 7 4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
305-335 10 4 1 5 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
335-365 4 10 0 6 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
365-395 8 6 1 7 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
395-425 7 4 2 1 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
425-455 1 1 1 0 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
485-515 0 1 1 0 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
515-545 0 2 0 0 0
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Table 4: Resistance Profiles of the Antibiotics that showed significant differences among the three groups for the E.coli and Klebsiella spp.
Antibiotics Escherichia coli Klebsiella sp.

--------------------------------------------------------------------------- -----------------------------------------------------------------------------
NDa DCa DUa NDa DCa DUa

----------------- ------------------ ----------------- ------------------ ---------------- ---------------
No % No % No % p-value No % No % No % p-value

Ampicillin 173 74 47 78 52 81 0.001
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ofloxacin 0 0 0 0 7 19 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Norfloxacin 80 34 30 50 24 38 0.001 1 2 5 39 12 33 0.001
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pefloxacin 127 54 9 15 4 6 0.001 15 33 0 0 1 3 0.001
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cefiximeb 83 35 24 40 35 55 0.02 11 24 11 3 23 32 0.001
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nitrofurantoin 35 15 13 22 20 31 0.001
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Doxycycline 21 46 8 62 29 81 0.001
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gentamycin 44 19 19 32 12 19 0.001
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nalidixic Acidb 131 56 17 28 59 92 0.02
aND= Non-diabetic          DC= Diabetic with controlled HbA1c (HbA1c #6.5)          
 DU= Diabetic with uncontrolled HbA1c (HbA1c $8)
bSignificant difference existing between metabolically controlled and uncontrolled.

Table 5: Resistance Profiles of the Antibiotics that showed significant differences among the three groups for the Staphylococcal isolates.
Antibiotics Staphylococcus saprophyticus Staphylococcus epidermidis

--------------------------------------------------------------------------- -----------------------------------------------------------------------------
NDa DCa DUa NDa DCa DUa

----------------- ------------------ ----------------- ------------------ ---------------- ---------------
No % No % No % p-value No % No % No % p-value

Amoxicillin 32 73 18 86 44 94 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ampicillin 36 82 21 100 47 100 0.001
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cefiximeb 27 61 15 71 23 49 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cefaclorb 18 41 9 43 33 70 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nitrofurantoinb 11 25 6 29 15 32 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Doxycycline 30 68 19 91 43 92 0.05 7 54 10 83 14 64 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sulpha-trimethoxazole 10 77 12 100 18 82 0.05
aND= Non-diabetic          DC= Diabetic with controlled HbA1c (HbA1c #6.5)         
 DU= Diabetic with uncontrolled HbA1c (HbA1c $8)
bSignificant Difference existing between metabolically controlled and uncontrolled.

diabetic person the pH of the urine is usually unstable,
continuously varying in the acidic range reaching pHs
as low as 4 especially in severe ketoacidosis in
addition to the high concentration of ureates and
lactates that provide an unfavourable milieu for
growth[28].  Opposite to that, the incidence rates of
Staphylococcus saprophyticus, Staphylococcus
epidermidis and Enterococcus foecalis were
significantly higher in diabetic than non-diabetic
females. In case of Candidal isolates, there was a much
higher incidence in diabetic than non-diabetic. This
may be due to that one of the innate defenses against
superficial infections by Candida spp. appears to be the
ability of an individual to secrete the water-soluble

form of his ABO blood group antigens into body
fluids; this is impaired in diabetes as the genes coding
for the non-secretor type are associated with the insulin
resistance syndrome[29]. The incidence of Streptococcus
agalactaea in male diabetics with uncontrolled HbA1c
was much higher than the other groups with a
percentage occurrence of 7.6%. As such organism is a
normal inhabitant in the female genital tract, this may
impart some immunity and thence are less liable to
UTI by it. In males who are non-diabetic or under
control also have less immunological derangements and
thus are capable of protecting themselves. The higher
infectivity rates recorded in uncontrolled diabetic males
seems to be a direct consequence of their lower
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immunity and sexual activity with carrier females[30].
Regarding the antimicrobial sensitivity patterns, the

gram negative isolates, E.coli and Klebsiella were more
resistant to ampicillin, quinolones (norfloxacin, nalidixic
acid), cefixime, nitrofurantoin, gentamycin in diabetic
than non-diabetic. There was also a significantly higher
resistance in uncontrolled diabetics than controlled
diabetics to cefixime and nalidixic acid in E.coli. One
cause of resistance to β-lactams might be the
production of β-lactamases due to the influence of low
urine pH in the diabetic patient on the production of
inaA (pH-inducible protein involved in stress response).
This has been reported to be co regulated with a
phenotypic multiple antibiotic resistance (mar) gene[31].
It could also be due to the prevailing oxidative stress
in a diabetic persons urine that is further aggravated by
infection, such a stress can trigger the sox gene that
has been proven to have some regulatory effect on the
expression of the inaA and mar genes[32,33].  The
increased resistance to quinolones could be due to the
ionization of the piperazine side chain by the low urine
pH reducing their uptake thence their effectiveness
helping in the development of resistance[34]. Resistance
to pefloxacin was exceptional, however, being lower in
diabetic and high in non-diabetics. This may be due to
carrier uptake proteins for this antibiotic which make
it retain its activity even at low pH[35,36].

Staphylococcus saprophyticus showed a higher
resistance to β-lactams and doxycycline in diabetic than
in non-diabetic patients. This further confirmed the
effect of hyperglycaemia on the emergence of microbial
resistance. Staphylococcus epidermidis also showed a
h i g h e r  r e s i s t a n c e  t o  d o x y c y c l i n e  a n d
sulphatrimethoxazole in diabetic than non-diabetic.
Since diabetic patients are more common antibiotic
users, Staphylococcus epidermidis, a normal inhabitant
of the human skin, is thence exposed to the selective
pressure exerted by the repeated use of such agents
resulting in emergence of resistance. Varying
resistances were observed between the controlled and
uncontrolled diabetic patients suggesting that other
factors in addition to metabolic control play a role in
the development of resistance as strain type of
infecting pathogen and its source, type of drugs taken
by the patient as well as environmental, behavioural
factors concerned with the patient[37]. This concludes
that metabolic control though influences resistance but
to a much lesser extent than other factors.

It can be concluded as such that diabetes does
seem to incidence rates, bacteriuria, spectrum of
pathogens and resistances. Also, metabolic control
seems to be influential but to a lesser extent. We also
must note that the epidemiology and resistance of
uropathogens in general are changing in Egypt which
necessitates regular screening and monitoring. We may

also imply that pefloxacin seems to be an effective
antibiotic in diabetics which may require further studies
as to the protein carriers involved in its uptake in
relation to diabetes.
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