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(Abstract \

Urinary tract infections (UTIs) are the most common bacterial infections presenting in the
outpatient setting. Choosing the right empiric treatment for genitourinary infections continues to
become more difficult due to increases in antimicrobial resistance, shifting and unpredictable
regional resistance patterns, and changing etiologies. Even uncomplicated, community-acquired
urinary tract infections generally considered easy to treat, are posing therapeutic challenges. UTIs
are classified as uncomplicated or complicated. Uncomplicated UTIs occur in sexually active
healthy female patients with structurally and functionally normal urinary tracts. Complicated UTIs
are those that are associated with structural anatomic abnormalities or comorbid conditions that
prolong the need for treatment, increasing the chances for therapeutic failure. All UTIs in male
patients are considered complicated as are those that occur in the setting of pregnancy,
chemotherapy and/or other immunosuppression. Escherichia coli is generally considered the most
common cause of UTI--especially in uncomplicated, community-acquired infections — accounting
for 75-95%. Alleviation of symptoms and prevention of complications are short-term treatment
goals for UTIs. Long-term goals include prevention of recurrent infection and improvement in
rate of reinfection. The Infectious Disease Society of America guidelines currently recommend
Nitrofurantoin as first-line therapy for uncomplicated UTIs when local uropathogen resistance to
TMP-SMX exceeds 20%, an increasingly common occurrence that underscores the need for
clinicians to be aware of resistance patterns in their community. Alternatively, where available
and cost-efficient, Fosfomycin or Pivmecillinam should be considered prior to alternative
antimicrobial therapy in the form of either fluoroquinolones or beta-lactams. The best approach
for treating outpatient UTIs focuses on adapting antimicrobial therapy to rapidly changing bacterial

\resistance patterns. J
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Choosing the right empiric treatment for
genitourinary infections (GUIs) continues to
become more difficult due to increases in
antimicrobial  resistance,  shifting  and
unpredictable regional resistance patterns, and
changing etiologies. Even uncomplicated,
community-acquired urinary tract infections
(UTlIs), generally considered easy to treat, are
posing therapeutic challenges.1 Here we offer
an updated review of current treatment options
for GUISs.
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Epidemiology

In the United States, UTIs account for ~7-8
million office visits and 100,000 hospitalizations
yearly, making them the most common bacterial
infections in outpatient settings.23
Approximately 1 in 3 women will require
antimicrobial treatment for a UTI before age 24,
and 40% to 50% of women will have a UTI
during their lifetime.2 The estimated annual cost
of UTls is $1.6 billion for evaluation and
treatment.3 Despite advances in antimicrobial
therapy, UTIs remain a significant cause of
morbidity.?*

Tablel Differential diagnosis of genitourinary infections (GUIs)

GUI
Cystitis Pyelonephritis  Prostatitis
Symptoms e Dysuria o Fever + Low back pain
+ Pyuria + Flank pain + Dysuria
+ Prostate inflammation
o Infection in prostatic
fluid

Adapted from Brazilian Journal of Urology,” Infect Dis Clin North

Am,%and Sex Transm Infect.X®

Classification and diagnosis

UTIs are classified as uncomplicated or
complicated. Uncomplicated UTIs occur in
sexually active healthy female patients with
structurally and functionally normal urinary tracts.
Complicated UTIs are those that are associated
with comorbid conditions that prolong the need for
treatment or increase the chances for therapeutic
failure. These conditions include abnormalities of
the urinary tract that impede urine flow, the
existence of a foreign body (e.g., indwelling
catheter, stone), or infection with multidrug-
resistant pathogens. All UTIs in male patients are
considered complicated as are those that occur in
the setting of pregnancy, chemotherapy and/or
other immunosuppression®. Despite involvement
of the upper urinary tract, pyelonephritis in women
can be considered uncomplicated pyelonephritis
when it occurs in a healthy patient.>®
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Women are significantly more susceptible than
men to UTlIs, although the pathogenic strains
involved tend to be more virulent in men.®
Sexually transmitted diseases (STDs) are
considered the leading cause of GUIs in men aged
< 50. Prostatitis is the most common urologic
diagnosis in men >50 years of age, affecting about
50% of men during their lifetime:’

The diagnosis of a UTI largely relies on clinical
symptoms and a limited number of laboratory
findings (Table 1).”%'° Prostate-specific antigen
(PSA) levels may be elevated in both acute and
chronic bacterial prostatitis. Men who present with
an elevated PSA level and findings of prostatitis
should be given a course of antibiotics followed by
a repeat PSA measurement before a biopsy is
performed. !t
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Risk factors

Because of the shorter length of their urethra,
women, in general, are at greater risk than men of
contracting UTIs. Other patients at increased risk
of complications of UT]Is include infants, pregnant
women, and the elderly, as well as those with
spinal cord injuries, indwelling catheters, diabetes
mellitus, multiple sclerosis, human
immunodeficiency virus or acquired
immunodeficiency syndrome, underlying urologic
abnormalities, or a prior history of UTI.2

Among premenopausal women, use of
diaphragms, condoms, and/or spermicides for
contraception are also risk factors for UTIs.2° The
most important risk factor for complicated UTI is
obstruction.®> Other factors associated with
complicated UTIs or pyelonephritis include
advanced age, diabetes, male sex, menopause, use
of imzmunosuppressive drugs, and recent antibiotic
use.!

Etiology

Escherichia coli is generally considered the most
common cause of UTI--especially in
uncomplicated, community-acquired infections —
accounting for 75-95%. Recent evidence supports
more substantial roles for other pathogens such as
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Staphylococcus Saprophyticus (accounting for
10-15% of UTIs) and other less commonly
encountered  pathogens including  Proteus,
Klebsiella and Escherichia faecalis*’. Non-E coli
pathogens play substantial etiologic roles in
complicated UTIs; for instance, one study found
that among spinal cord injury patients, 30% of
acute UTIs were caused by Klebsiella species,
22% by Enterococcus species, and only 22% by
E coli.’® This shift in the etiology of UTIs should
be taken into account when choosing empiric
therapy.

Treatment goals

Alleviation of symptoms and prevention of
complications are short-term treatment goals for
UTIs.1® Long-term goals include prevention of
recurrent infection and improvement in rate of
reinfection.’®  Since the  morbidity  of
uncomplicated UTIs seems to be limited to the
symptoms caused by the infection, the primary
goal of treatment is symptom alleviation.®’
Convenience (including infrequent dosing
intervals), safety, existing antibiotic resistance
patterns, the generation of resistance, tolerability,
and cost are considerations when choosing
therapy.®
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Figure 1: Photo credit: Fig National and regional prevalence of ESBL phenotypes, levofloxacin- and
trimethoprim-sulfamethoxazole-resistant phenotypes of E. coli from UTlIs in the USA in 2017.
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Application of the Council for Appropriate and
Rational Antibiotic Therapy criteria

Considering the changing etiology of UTIs as well
as increasing antimicrobial resistance, a new
paradigm is necessary to guide treatment choices.
To aid in the selection of appropriate antimicrobial
treatments for infectious diseases, the Council for
Appropriate and Rational Antibiotic Therapy
(CARAT) recommends determining whether a
treatment choice is (1) supported by clinical
evidence, (2) likely to provide therapeutic benefits,
(3) safe, (4) the optimal drug for the optimal
duration, and (5) cost-effective. The Council
represents a multidisciplinary group of healthcare
professionals established to advocate for the
appropriate and accurate use of antimicrobials.

This article will discuss how these criteria can be
applied to the treatment of UTIs in the outpatient
setting.

Evidence-based therapy
UTIs

Evidence-based guidelines are available that have
been formulated from clinical trial data. These
guidelines provide useful resources for practicing
clinicians. In the treatment of acute uncomplicated
UTlIs, for example, the 2019 Sanford Guide to
Antimicrobial Therapy notes that resistance of E
coli to trimethoprim-sulfamethoxazole (TMP-
SMX) is high (15% to 20%) and correlates with
microbiologic and clinical failure. Therefore, in
areas where local resistance is <20%, TMP-SMX
can be considered; in areas where local resistance
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Is >20%, Nitrofurantoin should be given as first
line. This is a significant change from the previous
recommendations in which fluoroquinolones were
considered first-line therapy.

The Infectious Diseases Society of America
(IDSA) has proposed evidence-based guidelines
for the management of UTIs.4 These guidelines,
published in 2010, recommend the use of
Nitrofurantoin for 5 days as standard of care (OR
TMP-SMX for 3 days for uncomplicated bacterial
cystitis, in regions where TMP- SMX resistance is
below 20%). In recent years, resistance to TMP-
SMX has increased relatively dramatically (Figure
1) while nitrofurantoin has continued to
demonstrate minimal resistance and an efficacy
comparable to 3 days of TMP-SMX. The 2010
IDSA guidelines go on to recommend several
alternative agents to Nitrofurantoin and TMP-
SMX (when indicated for cost, tolerance,
resistance  etc.) including the following:
Fosfomycin trometamol 3g x 1 single dose (where
available) and fluoroquinolones such as ofloxacin,
ciprofloxacin and/or levofloxacin which are still
relatively efficacious in 3-day regimens; however,
there must be some consideration for these drugs’
relative propensity for collateral damage (i.e. their
potential adverse effects such as selection of drug-
resistant organisms and colonization or infection
with multidrug resistant organisms).44 It is
generally recommended that fluoroquinolones be
considered alternative therapy for acute cystitis
and, instead, reserved for indications other than
acute uncomplicated cystitis, when possible (FDA
2016; Gupta 2011).
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suspicion for pyelonephritis
- Able to take oral medication

Can one of the recommended antimicrobials®
below be used considering:
Availability
Allergy history
Tolerance

Nitrofurantoin monohydrate/macrocrystals 100
mg bid X S days
(avoid if early pyelonephritis suspected)

OR

Trimethoprim-sulfamethoxazole 160/800 mg
(one DS tablet) bid X 3 days
(avoid if resistance prevalence is known to
exceed 20% or if used for UTI in previous 3
months)

OR
Fosfomycin trometamol 3 gm single dose
(lower efficacy than some other recommended
agents; avoid if early pyelonephritis suspected)
OR
Pivmecillinam 400 mg bid x 5 days

(lower efficacy than some other recommended
agents; avoid if early pyelonephritis suspected)

I Prescribe a recommended antimicrobial I

Beta lactams such as amoxicillin-clavulanate and
cefdinir are also considered appropriate therapy
when other agents cannot be used. These should
also be used with caution due to an increased side
effect profile and relatively lower efficacy when
compared to other antimicrobials used for
treatment of acute cystitis. It is worth noting that
although cephalexin is not formally recommended
by the IDSA for the treatment of uncomplicated
UTI, it is commonly used in the outpatient setting
and generally considered acceptable (Gupta 2011).

Figure 2, adapted from IDSociety.org, offers a
summary of the 2010 IDSA guidelines for the
treatment of acute uncomplicated cystitis.

Pyelonephritis and prostatitis

The 2019 Sanford Guide to Antimicrobial
Therapy continues to recommend a
fluoroquinolone as first-line therapy for acute
uncomplicated  pyelonephritis.'®  For acute
prostatitis in men <35 years of age, ceftriaxone
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Woman with acute uncomplicated cystitis
- Absence of fever, flank pain, or other @
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Consider alternate diagnosis (such
as pyelonephritis or complicated
UTI) & treat accordingly
(see text)

Fluoroguinolones
(resistance prevalence high in
some areas)

OR

p-lactams
(avoid ampicillin or amoxicillin
alone; lower efficacy than other
awvailable agents; requires close
follow-up)

*The choice between these agents should be
individualized and based on patient allergy and
compliance history, local practice patterns, local
community resistance prevalence, availability, cost, and
patient and provider threshold for failure (see Table 4)

followed by doxycycline is recommended if there
is clinical or historical concern for an STI.
Alternatively, if this concern is not present, TMP-
SMX or an oral fluoroguinolone s the
recommended empiric therapy. In men aged >35
years, fluoroquinolones or TMP-SMX are
recommended.'®

Recommendations for the treatment of acute
pyelonephritis and acute bacterial prostatitis from
the IDSA and Sanford Guide are summarized on
Table 2. Note that in order to be effective for the
treatment of bacterial prostatitis, an antibiotic
must be able to attain sufficient concentrations in
the prostatic fluid to achieve bactericidal levels.
Only trimethoprim and the fluoroquinolones
possess both the appropriate bactericidal activity
and the ability to diffuse into the prostate.?* For
example, ciprofloxacin attains a prostatic tissue-
to-serum ratio of 1.86:1.25 Levofloxacin shows
particularly good penetration into prostatic tissue,
attaining a prostatic tissue-to-serum ratio of
2.96:1.2° A few special considerations are worthy

http://journals.ke-i.org/index.php/mra
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of mention when interpreting Table 2 as it relates
to the various treatment options for acute
pyelonephritis:  *If  local  resistance  to
fluroquinolones is known to be >10%, the IDSA
recommends an initial dose of Ceftriaxone or an
aminoglycoside such as gentamicin at the
initiation of therapy. The same recommendation

Table 2

Acute Uncomplicated Pyelonephritis Rx:

Cip 500mg PO 7 days
" BID

rofloxacin

Levofloxacin® | 750mg PO 5 days
daily

TMP-SMX? 160/800mg | 14 days
PO BID

Cefpodoxime ® | 200mg PO 10-14 days
BID

Amox-Clav? 500mg TID | 10-14 days

Lastly, note that Fosfomycin and nitrofurantoin,
while usually effective for the treatment of acute
cystitis, are not effective treatment options for
pyelonephritis given that both are mainly
concentrated in the bladder and fail to
adequately penetrate the renal parenchyma®.

Therapeutic benefits

To stem future increases in resistance, clinicians
must use their hospital-generated antibiogram to
choose the antibiotic most likely to eradicate the
infection as the first line of treatment. Treatment
failure not only costs more money, it also drives
future resistance.?’” Therefore, it is critical for
clinicians to know their own local resistance
patterns and prescribe accordingly. Outpatient
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stands when oral beta-lactams or TMP-SMX are
used in place of fluoroquinolones as the former
tend to be generally less effective and have shown
higher replace rates in previous studies (Gupta
2011)® while the latter are often considered sub-
optimal as first line, especially in scenarios where
local and/or personal resistance is unknown?.

data on antimicrobial resistance patterns is
particularly beneficial in assisting Providers with
evidenced based decisions. It has been found that
despite increasing resistance to some commonly
used antimicrobials, many clinicians do not
consider antimicrobial resistance a problem in
their own institution or practice.?®

It has been demonstrated in prospective clinical
trials that in vitro susceptibility data correlate
with in vivo treatment results. Based upon the
correlation between resistance and treatment
failure, clinicians should consider local resistance
patterns carefully when choosing an antibiotic
treatment for a UTI.

http://journals.ke-i.org/index.php/mra
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(Acute) Bacterial Prostatitis:

</= 35, concern IM

for STI Ceftriaxone

followed by
Doxycycline

Uncomplicated, | Levofloxacin
low risk for STI | 500-750mg PO | All with 10-14-

Daily day minimum
therapy with

Ofloxacin 300mg | SOme experts

PO BID advocating for 4
weeks duration.

TMP-SMX

160/800mg PO

BID

UTlIs

E coli resistance to beta-lactams and first-
generation cephalosporins has increased steadily
over the last several decades!. One of the most
notable and alarming shifts have occurred in
resistance to TMP-SMX, one of the principal
recommended treatments for uncomplicated
UTIs.* Indeed, nationwide, E coli resistance to
TMP-SMX is now >20% in the United States®
and displays geographic variation (Figure 1).3* In

25% ~

fact, 7.1% of E coli strains have shown multidrug
resistance to >3 antimicrobials, such as
combinations  of  ampicillin,  cephalothin,
ciprofloxacin and TMP-SMX.32 These multidrug-
resistant E coli isolates were most resistant to
TMP-SMX, ampicillin, or cephalothin (>80%) as
individual agents and least resistant to
nitrofurantoin  (7.7%). The most common
multidrug-resistant  phenotype (57.9%) was
resistant to TMP-SMX, ampicillin, and
cephalothin.®?

20% 4 O E faecalis
o B E coli
2 15%
g
S 10% -
<
& 5% - 1

0% :

Levofloxacin vs Ciprofloxacin Trial ' Trovafloxacin Trial '

Figure 2 Prevalence of Enterococcus faecalis versus Escherichia coli in 2 recent clinical trials.

(Adapted from Urology13 and Trovan (trovafloxacin) New Drug Application.14
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Table 3:
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Council for Appropriate and Rational Antibiotic Therapy

Criteria:
e Evidence-Based results
e Therapeutic Benefits
e Safety
e Cost-Effectiveness
e Optimal drug dose & duration

Although E coli is traditionally considered the
most common cause of UTIs, investigators have
recently highlighted the polymicrobial nature of
acute UTIs in some patient groups. For example,
in patients with spinal cord injury, one third of
infections were polymicrobial, some- times with a
mix of gram-negative as well as gram-positive
strains (chiefly Enterococcus species).15 Thus, to
optimize the therapeutic benefits of antimicrobial
therapy  in  uncomplicated  UTIs, the
aforementioned CARAT criteria (Table 3) should
then support the use of broad-spectrum antibiotics
active against both gram-negative and gram-
positive strains. It is speculated that the increase in
gram-positive pathogens may be due to the
previous widespread use of ciprofloxacin for
treating UTIs.34,35 Levofloxacin and gatifloxacin
offer coverage for both the gram-negative and
gram-positive pathogens, making these agents
preferable in treating UTIs empirically in such
patient groups.

Safety

The safety and tolerability of antimicrobial
treatments vary widely. Even among the
fluoroquinolones -- which are generally considered
safe and effective -- some safety issues warrant
review. These issues, including damage to normal
intestinal flora and Clostridium difficile—
associated diarrhea, can be found in various
publications exploring this very topic. This
concern, as well as other rare but potentially
serious side effects of fluoroquinolones, prompted
an FDA black box warning in 2008.

Copyright 2020 KEI Journals. All Rights Reserved

Optimal drug for optimal duration

The goal of choosing the optimal drug for the
optimal duration is to provide the most targeted,
effective therapy that will achieve clinical efficacy
while preventing or minimizing increases in
resistance. Short-course therapy is generally
considered the  preferred  treatment  for
uncomplicated UTIs.18" Short courses of therapy
enhance tolerability and adherence, and also reduce
cost without decreasing efficacy.!” Short-course
therapy may help prevent selection for resistant
organisms.

Preventing increases in resistance

In the treatment of UTIs, the application of the
CARAT criteria can optimize outcomes and may
slow the spread of resistant bacterial strains. A
principal goal of the CARAT criteria is to encourage
the use of the optimal antimicrobial for the optimal
duration, or the use of the most bacteriologically and
clinically efficacious agent for the shortest time
necessary to achieve clinical success and to prevent
the increases in antimicrobial resistance that have
been associated with treatment failure in UTIs.2 In
the management of uncomplicated GUIs,
antimicrobials with a broad spectrum of activity may
sometimes provide the optimal treatment advocated
by the CARAT criteria, because these agents offer
the greatest opportunity for averting the spread of
resistant organisms and treatment failure.

Cost

The true cost-effectiveness of an antimicrobial
treatment is determined by many variables.

http://journals.ke-i.org/index.php/mra
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Treatment failures result in increased costs that
may be due to a variety of factors, including
antibiotic resistance or poor adherence. Factors
that influence adherence to therapy include dose
frequency and length of treatment, as well as side-
effect profile and frequency.®” Because less
frequent dosing has been associated with
enhanced adherence, shorter courses of therapy
with a reduced pill burden should address this
problem in addition to reducing the risk of some
adverse events, 383

The available treatment options offer different
dosing regimens for each indication. Due to the
influence of pill burden on adherence, the total pill
burden should be considered for each treatment
option.

Summary

The CARAT criteria provide a sound approach for
adapting antimicrobial therapy to rapidly changing

Copyright 2020 KEI Journals. All Rights Reserved
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bacterial resistance patterns. These criteria imply
that optimal antimicrobial treatment for GUIs can
be achieved with antimicrobials that provide
effective, well-tolerated, convenient treatment that
can bolster adherence, possibly decreasing the
need for retreatment and reducing the potential for
resistance. The IDSA guidelines recommend
Nitrofurantoin  as  first-line  therapy for
uncomplicated UTIs when local uropathogen
resistance to TMP-SMX exceeds 20%, an
increasingly common occurrence that underscores
the need for clinicians to be aware of resistance
patterns in their community. Alternatively, where
available and cost-efficient, Fosfomycin or
Pivmecillinam should be considered prior to
alternative antimicrobial therapy in the form of
either fluoroquinolones or beta-lactams.

http://journals.ke-i.org/index.php/mra
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