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ABSTRACT

Urinary tract infections occur more frequently in women than in men. Escherichia coli and
Staphylococcus saprophyticus are the most common causatives of urinary tract infections in
women. The severity of urinary tract infection is determined by the innate defense mechanisms of
the host and by the virulence of the infecting agents. There are factors that make females
prone to urinary tract infections as anatomical structure, alterations in vaginal flora, use of
indwelling catheters, sexual activity, and advance in age, genetic factors, pregnancy, dysfunctional
voiding and diabetes mellitus. Acute phase response alters the concentrations of a number of
proteins. A series of changes in lipid metabolism occurs during acute phase response. As a result,
plasma triglycerides (TG) and very low density lipoproteins (VLDL) levels increase, while high
density lipoproteins (HDL), low density lipoproteins (LDL) and total cholesterol (TC) levels
decrease. Patients with urinary tract infections have significant increase of blood urea with slight
increase in serum creatinin.

Keywords: UTI; Immune response; Escherichia coli; predisposing factors; blood biochemical
measurements.
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1. INTRODUCTION

Urinary tract infections occur more frequently in
women than in men [1]. Approximately half of
all women have at least one symptomatic
urinary tract infection (UTI) during their lifetime
[2,3]. Asymptomatic urinary tract infection is
common in women and its prevalence increases
with advancing age. Treatment for this condition
is not always considered necessary but, in
women, the possibility of pregnancy makes
evaluation worthwhile, because asymptomatic
bacteriuria is associated with an increased
risk of pyelonephritis and adverse outcomes of
pregnancy [4]. Many women experience
relapses or re-infections of the lower urinary
tract even after treatment with broad-spectrum
antibiotics [5,6]. Urinary tract infections have
important health impacts on individuals suffering
from them because of their effects on certain
biochemical parameters in blood [7]. If
predisposing factors are not identified and
removed, urinary tract infection can lead to
more serious consequences, in particular
kidney damage and renal failure [4].

2. ETIOLOGY

Escherichia coli and Staphylococcus
saprophyticus account for about 80% of
community- acquired uncomplicated urinary

tract infections, particularly in women under 50
years of age [8,9]. The source of the
Escherichia coli that causes urinary tract
infections is the patient's own colonic flora that
colonizes the urogenital area [10]. The
pathogenicity of Escherichia coli is mainly
related to mechanisms of colonization and
invasion of the bladder epithelium and the
ability to form intracellular bacterial communities
[4]. Certain O serotypes of Escherichia coli
preferentially cause urinary tract infections.
These uropathic strains are characterized by
Ppili with adhesion proteins that bind to
specific  receptors on the urinary tract
epithelium [10]. The adhesion P pili bind to
glycolipids found on mucosal surfaces in the
urinary tract [1]. Another important virulence
factor is type 1 fimbriae. These are very
important in the mechanism of bacterial
adhesion to the uroepithelium. They are
comprised of several subunits, the most
important of which is an adhesion protein
known as Fim H which mediates both cellular
invasion of Escherichia coli and adhesion to
mannose- containing glycoproteins [4].
Uropathogenic Escherichia coli are better

adapted to the urethra, periurethra and vagina
than other Escherichia coli [1]. The motility of
Escherichia coli may aid its ability to ascend
the urethra into the bladder and ascend the
ureter into the kidney [10].

Staphulococcus saprophyticus occurs in the
periurethral and urethral flora but transiently
and in small numbers. Staphylococcus
saprophyticus shows a tropism for the epithelial
lining of the urinary tract, the only organ system
in which it causes disease [11]. It is an important
opportunistic pathogen and is a common
cause of urinary tract infection in sexually
active young women [12]. It is second only to
Escherichia coli as most frequent causative of
community-acquired urinary tract infections in
young women [11,12]. Urinary tract infection
caused by Staphylococcus saprophyticus is
usually symptomatic and in approximately one
half of all cases the upper urinary tract is
involved [11]. Staphylococcus saprophyticus
accounts for 10-15% of acute symptomatic
urinary tract infections in young females [13].
Gastrointestinal tract is one of the dominant
sources of wurinary tract infections [14,15].
Urinary tract infections due to Enterococci are
quite common, particularly in patients who have
received antibiotic treatment or who have
undergone instrumentation of the urinary tract
[16]. Enterococcus faecalis causes urinary tract
infections [10]. Urinary tract infections have
been reported as a frequent focus of infection
for enterococcal bacteremia [17,18].Gram-
negative bacilli such as Proteus mirabilis and
Klebsiella pneumonia can be cultured. Proteus,
Klebsiella and most Enterobacteriaceae species
show urease activity and form urinary calculi,
which can act as reservoirs of infection [17].
Colonization of the introitus with
Enterobacteriaceae species is a predisposing
factor for urinary tract infection in women [19].

Escherichia coli is the main organism
responsible for nosocomial urinary tract
infections, but other Gram-negative pathogens,
including Pseudomonas spp., Enterobacter
spp., Serratia spp., Citrobacter spp., and
urease-producing Klebsiella spp., Proteus spp.,
Corynebacterium urealyticum , and Providencia
spp. is also involved in this type of infection
[20]. They are commonly involved in
nosocomial urinary tract infections due to the
inability of antibiotics to penetrate into the biofilm
formed around and within the infectious stone
[21]. Staphylococcus aureus, Staphylococcus
haemolyticus and Group B  haemolytic
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Streptococci are
infections [17].

implicated in urinary tract

The numbers of fungal urinary tract infections
are increasing particularly those caused by
Candida spp., and, to a lesser extent, by
Aspergillus spp. and Gram-positive bacteria,
including Enterococcus spp. and
Staphylococcus spp., can cause nosocomial
urinary tract infections due to selective pressure

from the antimicrobial agents wused in
hospitalized patients [4]. Candiduria is a
condition most often found in elderly,

hospitalized or immunocompromised patients
[22]. Candida albicans is the most common
species isolated followed by Candida glabrata
and other Candida spp. [23,24]. The bacteria
causing urinary tract infections during
pregnancy mirror those in non-pregnant
patients. During pregnancy, nonbacterial causes
include Chlamydia species and fungal infections,
such as Candida albicans. Medical interventions
during pregnancy can result in nosocomial
infections; for example, urethral instrumentation
and catheterization predispose to ascending
bacteria [17].

3. IMMUNE RESPONSE

The first protection against urinary tract infection
involves physical barriers (unidirectional urinary
flow), epithelial cells and the production of
proteins that hinder bacterial adhesion [25].
The  structural variability of host cell
glycoconjugates characterizes pathogen
recognition at mucosal sites. Subsequently, the
oncoming inflammation activates the
uroepithelial cells, which produce mediators of
inflammation, until the pathogens are destroyed
and eliminated. The functional chemokines and
chemokine receptors are crucial for neutrophil
recruitment and for neutrophil dependent
bacterial clearance. The neutrophil- mediated
defense is essential for resistance to urinary
tract infections [26]. The neutrophil and
local environment of cytokine/chemokine/cell
adhesion molecules governs the intensity and
persistence of the host response [27]. The
binding of antigenic determinants of pathogenic
strains activates a signaling cascade, leading
to the production of cytokines, including IL-6,
IL-8, and TNF [28].

Susceptibility to urinary tract infections is caused
by inefficient bacterial clearance due to an
impairment of the innate host defense [29]. The

severity of urinary tract infection is determined by
the innate defense mechanisms of the host and
by the virulence of the infecting agents. The
pathogenesis of the inflammation involves the
recruitment of neutrophils into the urinary tract
and chemokine-chemokine receptor interactions
[26]. With regard to recurrence of urinary tract
infection, a subgroup of toll-like receptors, i.e.,
TLR-4 was shown to play an important role in
the host response to uropathogens. After
binding of uropathogens to the receptor, the
main cytokine involved in the response is IL-8,
which binds to the CXCR-1 receptor on the
neutrophil plasma membrane. CXCR-1 mediates
the migration of uropathogens through the
urothelial wall, leading to pyuria, i.e., the
macroscopic presence of pus in the urine [4]. An
inhibition of mucosal signaling creates a state of
asymptomatic bacterial carriage (asymptomatic
bacteriuria) [26]. It has been recognized that
the adipose tissue participates actively in
inflammation and immunity, producing and
releasing a variety of pro-inflammatory and anti-
inflammatory factors [30].

During pregnancy, maternal immunity undergoes
modification, favoring the implantation and
development of the embryo. Research suggests
that the immune response is modulated from a
cell-mediated to a humoral response. This
mechanism does not solely rely on the
recognition of cell-surface major
histocompatibility complex (MHC) proteins,
resulting in less efficient responses to the
bacterial cell surface proteins and possibly
facilitating pathogenicity. These changes allow
uropathogens to infiltrate, proliferate and
ascend proximally [17].

4. PREDISPOSING FACTORS

There are factors that make females prone to
urinary tract infections. We'll focus on the
important factors that predispose women to
urinary tract infections.

4.1 Anatomical Structure

Urinary tract infections occur more frequently
in women than in men [1]. The gender
difference in the incidence of symptomatic
infection is attributed in part to the shorter
urethra of women and the proximity of the
urethra to the anal opening and vaginal
introitus  [31,10,4]. In women, fecal-perineal-
urethral contamination is the most probable
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explanation for urinary tract infections caused
by enteric bacteria [4].

4.2 Altered Vaginal Flora

Lactobacilli are the dominant bacteria in the
vaginal flora [4]. The vagina of women in the
reproductive age is highly acidic (pH=3.8-4.2)
[32]. This acidity is thought to be as a result of
breakdown of glycogen present in the vaginal
mucosa to lactic acid by Lactobacillus species

[32]. Low vaginal pH inhibits the growth of
pathogens [33,34]. Additionally, Lactobacilli
produce hydrogen peroxide [4]. Cell wall

fragments of Lactobacillus species could block
attachment of bacterial uropathogens to
uroepithelial cells [19]. The amount of glycogen
liberated from vaginal cells is influenced by
fluctuation in the estrogen concentration and
estrogen is almost none existent after
menopause, thus accounting for the reduced
acidity of vaginal fluid at these times [33]. After
menopause vaginal pH will be 6.0 to 8.0 [35].
This alteration in vaginal pH causes alteration in
vaginal flora and may cause urinary tract
infection. Incomplete cure and recurrence of
genitourinary tract infection leads to a shift in
the local flora from predominance of lactobacilli
to coliform uropathogens facilitating urinary tract
infections by these microorganisms [4].

4.3 Use of Undwelling Catheters

The majority of urinary tract infections are
related to indwelling urinary catheters [36]. Most
urinary tract infections caused by Candida spp.
are associated with the use of indwelling
urinary  devices [4]. Coagulase-negative
staphylococci involve patients with chronic
indwelling catheters [37]. Biofilms surround
indwelling catheters in long-term catheterized
women. Bacteria become highly resistant to
most antibiotics via biofilms, which prevent
antibiotics reaching the pathogenic
microorganisms [4]. In older women, the main
factors for development of recurrent urinary tract
infections are urethral catheterization [38].

4.4 Sexual Activity

Sexual activity in women has been established
as a significant risk factor for urinary tract
infections [17]. In young sexually active women,
sexual activity is the cause of 75-90% of bladder
infections, with the risk of infection related to
the frequency of sex [39]. Intercourse can
traumatize the urothelium of the distal urethra,

resulting in increased bacterial invasion [17].
The incidence of symptomatic urinary tract
infection is associated with vaginal intercourse,
spermicide, diaphragm, and recentness of
forming a relationship. Condom use has been
associated with increased risk of urinary tract
infection, but this effect may be due to trauma.
Uropathogenic Escherichia coli are transmitted
between persons during sexual activity [1]. Re-
infection by coliform bacteria from the vaginal
reservoir can occur as a result of sexual activity.

Urinary tract infections recur in 4-5% of
pregnancies [17].

4.5 Advanced Age

Estrogen stimulates proliferation of

Lactobacillus in the vaginal epithelium causing
reduction of vaginal pH, thereby preventing
vaginal colonization by Enterobacteriaceae [4].
Vaginal atrophy is a condition that most women
experience much later in life [40]. It is defined as
an irreversible involution of the mucous
membranes and tissues of the vagina following
the drop in estrogen that commonly occurs in
women during menopause [40,41,42]. The
vaginal pH during menopause tends toward
values considerable higher than those observed
during fertility [41]. This is attributed to low
estrogen levels [34,43]. Alkalinization of the
vagina leads to the colonization by enteric
organisms facilitating urinary tract
infections [34,43].

In addition, in older women, the absence of
estrogens decreases the volume of vaginal
muscles, resulting in slackness of the ligaments
holding the uterus, pelvic floor, and bladder,
resulting in prolapsed of the internal genitalia
increasing the risk for urinary tract infections
[4]. In older women, the deterioration in the
functional status is the main factor for the
development of recurrent urinary tract infections
[38].

4.6 Genetic Factors

Urinary tract infections are more prevalent in
female relatives of women with recurrent urinary
tract infections, which suggest a familial genetic
predisposition to the disease [44,45]. Patients
with recurrent urinary tract infections showed a
high prevalence of the HSPA1B1267G allele
[46]. Premenopausal women with recurrent
urinary tract infections have lower CXCR2
expression (26). Because CXCR1 gene
encodes a human chemokine receptor gene for
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IL-8 chemokine, a reduced CXCR1 expression
is observed in adults with recurrent urinary tract
infections [26,47].

Polymorphism of receptors involved in the
inflammation process seems to be involved in
the degree of susceptibility to developing
symptomatic urinary tract infection [4]. Some
authors have studied genetic polymorphism in
asymptomatic bacteriuria, a condition
considered to be a risk factor for symptomatic
urinary tract infections [48]. Toll like receptors
are a family of receptors that recognize
pathogen-associated molecules, and whose
activation leads to the transcription of
appropriate host-defense genes and to the
recruitment of leukocytes [49]. Studies found an
association between urinary tract infections in
adults and TLR1, TLR4, and TLR5
polymorphism [49]. Polymorphism of HSPA1B
gives susceptibility to urinary tract infections
[26].

4.7 Pregnancy

Urinary tract infections during pregnancy are
common and are associated with significant
maternal and perinatal morbidity and mortality
[17]. During pregnancy, development of urinary
tract infection is correlated with stasis of urine in
the ureters, which impairs emptying of the
bladder, with an increased postvoid residual
urine  volume, vesicoureteral reflux, and
increased urinary pH [50]. Seventy percent of
pregnant women develop glycosuria and this,
in combination with physiological amino acid
urea of pregnancy and a fall in urine
osmolality, favor bacterial proliferation [17].

Pyelonephritis is more common during the
second half of pregnancy [51]. This results from
increasing mechanical compression by the
enlarging uterus [4]. A history of recurrent
urinary tract infection, diabetes, and anatomical
abnormalities of the urinary tract increase the
risk of developing a urinary tract infection during
pregnancy [52].

4.8 Dysfunctional Voiding

Dysfunctional voiding is defined as abnormal
bladder emptying in neurologically normal
individuals, especially young women in whom
there is increased external sphincter activity
during voluntary voiding [4]. A study of 49
women with recurrent urinary tract infections

found that 76% had dysfunctional voiding [53].
Dysfunctional voiding may disrupt laminar urine
flow through the urethra, causing urinary tract
infection as bacteria are transferred back from
the meatus to the bladder as a result of the
"milk-back" phenomenon [54].

4.9 Diabetes Mellitus

The wurinary tract is the principal site of
infection in diabetes [55]. Adults with diabetes
are more susceptible to developing lower
urinary tract infection and genital infections
due to various predisposing factors, such as
hyperglycemia-related impairment of the immune
response and glucoseuria. Anatomic and
functional abnormalities of the urinary tract are
also associated with diabetes, and these
abnormalities complicate urinary tract infection
[56]. Changes in host defense mechanisms, the
presence of diabetic cystopathy and of
microvascular disease in the kidneys may play a
role in the higher incidence of urinary tract
infections in diabetic patients [57]. The high level
of infection in the urinary tract of diabetic women
may be determined by the number of
microorganisms located in the vagina. Age,
longer duration of diabetes, and poor glycemic
control were significantly associated with urinary
tract infection among subjects with diabetes
[55]. A Dutch study showed that despite the fact
that patients with diabetes more often received
longer and more potent initial treatment than
patients without diabetes, women with diabetes
more often had recurrences of the urinary tract
infections [58].

4.10 Obesity

The obese are significantly more likely to be
diagnosed with a urinary tract infection or
pyelonephritis than non-obese patients [59].
Overall, the incidence of urinary tract infections
and pyelonephritis were 2-5 and 5-fold higher
among obese individuals (body mass index
230 Kg/m?) than among non-obese individuals.
Women had a higher risk for obesity- associated
pyelonephritis than men [60]. A cohort study
indicated that obesity was a risk factor for
urinary tract infections and the obese females
were at particularly higher risk for pyelonephritis
[59]. Studies on pregnant and postpartum
women showed increased risk of urinary tract
infections in obese women [61,62]. The
association between obesity and urinary tract
infections may be due to some confounders
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such as diabetes mellitus and other co-
morbidity associated with obesity [63].

5. EFFECT OF URINARY
INFECTIONS  ON BLOOD
CHEMICAL MEASUREMENTS

TRACT
BIO-

Inflammation is a process of a series of
changes in the area of or away from the
inflammation in the case of an inflammatory
disease, or such cases as a response to the
inflammation and tissue damage of an organism
[64]. These changes are common reactions and
not specific to a disease, which are called acute
phase reactions [65]. Acute phase response
includes neutroendocrine, hematopoietic and
metabolic changes, including increased cortisol,
leukocytosis and enhanced protein catabolism.
Acute phase response alters the concentrations
of a number of proteins. These proteins are
called acute phase proteins. The proteins
increasing in amount (such as C-reactive protein,
serum amyloid A, ceruloplasmin, complement,
haptoglobin, and fibrinogen) are called positive
acute phase proteins, while proteins ecreasing in
amount (such as albumin, transferrin, a-2 HS
glycoprotein, a- fetoprotein, factor XII) are
called negative acute phase proteins.
Changes occurring during acute phase are
intended to combat against infections and/or to
facilitate tissue repair [64].

There are changes in lipids and lipoproteins in
the course of many disorders characterized by
infection and inflammation. Vanleuwen et al.
2003 stated that increased cytokines caused
decreased levels of cholesterol in acute illness
[66]. Al-Hadraawy et al. [7] found significant
decrease in serum levels of total cholesterol,
triglycerides, low-density lipoprotein, and very-
low density lipoprotein. A study showed that
urinary tract infections caused significant
decrease in serum levels of total cholesterol,
triglycerides, high-density lipoprotein, and low-
density lipoprotein [67]. Nassaji and Ghorbani
[68] revealed that among patients with acute
bacterial infections there were lower serum levels
of total cholesterol and high-density lipoprotein
and non-significant differences in triglycerides
and low-density lipoprotein when compared with
the control. Gordon et al. (1996) mentioned that
in critically ill patients serum triglyceride
concentration was higher in patients with an
infection compared to patients without infection,
but these differences were statistically non-
significant [69]. Bacterial infections cause

profound effects on different types of lipid
concentration via formation of free radicals,
these radicals cause lipid peroxidation [70].
Infections facilitate cytokine-induced alterations
in lipid and lipoprotein metabolism leading to
decreased serum levels of total cholesterol,
high-density lipoprotein, and low- density
lipoprotein [71]. The increased level of
cytokines during urinary tract infections
probably play a role in decrease the level of
low density lipoprotein, or the level of low
density lipoprotein decreases due to the host
immune response toward microorganisms
causing urinary tract infections which could
induce low density lipoprotein oxidation leading
to reduced level of low density lipoproteins
[67]. Alvarez and Romas, 1986 stated high
density lipoproteins decrease during sepsis
[7]. Inflammation decreases the levels of high
density lipoproteins by increasing the activity of
endothelial lipase and soluble phospholipase
A2 and replacing the Apo-Al in the high
density lipoproteins with serum amyloid A [64].
Triglycerides significantly decrease in urinary
tract infections and this is due to the alteration
in the function and composition of the
lipoproteins. Patients with urinary tract infections
have significant increase of blood urea with
slight increase in serum creatinin [7].

6. CONCLUSION

Female's own colonic flora is the major cause of
urinary tract infections in women. There are
many factors that make women more
susceptible to wurinary tract infections. The
susceptibility to urinary tract infections could be
attributed to inefficient innate host defense.
Urinary tract infections cause considerable
alterations in  various biochemical blood
components. If not treated, urinary tract
infections might cause adverse effects on
female health and even could lead to death.
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