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LEARNING OBJECTIVES

® Discuss the management of acute uncomplicated cystitis and asymptomatic bacteriuria

® Describe Clostridium difficile-associated disease, the reason for its increase, and its prevention

® Review the common clinical manifestations of community-acquired methicillin-resistant
Staphylococcus aureus and resistance problems in gram-positive and gram-negative bacteria

The antibiotic challenge: Changing

clinical management of infections

Common pathogens continue to evolve and learn in the process to evade antimicrobial
intervention. Updated guidelines help to ensure successful treatment of these infections.

JoAnn Deasy, PA-C, MPH

Resistance is one of many reasons why antibiotic therapy can be
ineffective. Efforts to_forestall further development of antimicro-
bial resistance include judicial prescribing of antibiotics, imple-
menting infection-control measures, and developing institutional
stewardship of antimicrobial agents. This article, the third and
final in a series on antibiotic resistance, discusses selected com-
mon infections that have changing epidemiology and/or for
which the recommended evaluation and treatment guidelines

have been updated.

rinary tract infection (UTI) is the most fre-
quently diagnosed bacterial infection among
community-living women.! In the United
States, UTIs account for approximately 8
million medical visits per year.? Acute cysti-
tis is considered uncomplicated when a symptomatic in-
fection occurs in an otherwise healthy, nonpregnant adult
female. Escherichia coli is the causative organism in 80%
to 85% of cases of acute cystitis; the causative organisms
in the remaining cases are Staphylococcus saprophyticus,
Klebsiella pneumoniae, and Proteus mirabilis.?

Increasing antimicrobial resistance of £ coli urine culture
isolates has made empirical treatment of UTTs more difficult.
In 1999, the Infectious Diseases Society of America (IDSA)
published guidelines for the treatment of UTIs.2 These
guidelines recommended a 3-day course of trimethoprim-
sulfamethoxazole (TMP-SMX) as initial therapy for women
with acute uncomplicated cystitis except in communities
where resistance exceeds 10% to 20%. Other authors, how-
ever, suggested a threshold of 22% to 30%.* A course of broad-spectrum antibiotics can allow Clostridium

A study published in 2007 evaluated adherence to the IDSA difficile, a bacteria normally found in the gut, to flourish,
guidelines.5 The major outcomes measure was whether these causing a potentially fatal inflammation of the colon.
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guidelines influenced antibiotic selection. The study reviewed
2,339 cases of uncomplicated UTT treated between 1996 and
2001. The data showed that the use of TMP-SMX did not
change significantly; however, the use of ciprofloxacin in-
creased significantly.®

Concern about increasing antimicrobial resistance to TMP-
SMX is likely the reason that medical providers did not alter
their prescribing habits in response to the IDSA guidelines.
Prior to 1990, E coli resistance to TMP-SMX was 0% to 5%.5
In 2001, reported resistance among urine isolates of £ coli ob-
tained from female outpatients from across the United States
was 16%; even allowing for considerable geographic varia-
tion, TMP-SMX resistance was higher than 10% in all nine
US Census Bureau regions.” However, resistance may be
overestimated as uncomplicated cases of UTT are often treat-
ed empirically; therefore, isolates from laboratory cultures
may have been obtained from women in whom previous
antimicrobial treatment had failed or who had had underly-
ing risk factors. Local hospital antibiograms often include
both inpatient and outpatient isolates and, therefore, may also
overstate the prevalence of £ coli resistance as the cause of
uncomplicated cystitis. Risk factors for £ coli resistance to
TMP-SMX include current use of antibiotics, use of TMP-
SMX within the previous 3 months, diabetes, and recent
hospitalization.?

An increase in the use of fluoroquinolones for cystitis may
increase resistance, thereby limiting the effectiveness of this
class of antibiotics for other types of infections. E colz isolates
from outpatient urine cultures showed a greater than three-
fold stepwise increase in resistance from 1995 (0.7%) to 2001
(2.5%).” Given this concern, what would be the most ap-
propriate treatment for uncomplicated cystitis if TMP-SMX
cannot be used because of allergy, recent antibiotic adminis-
tration, recent hospitalization, or a community-resistance
prevalence greater than 20%? Nitrofurantoin should be con-
sidered for women with mild to moderate cystitis symptoms.
This compound has activity against most uropathogenic
L coli and gram-positive cocci; however, it is inactive against
most Proteus species and some Enterobacter and Klebsiella

KEY POINTS

strains. Nitrofurantoin is administered for 5 to 7 days for cys-
titis; a 7-day regimen was recommended in the past, but a
recent study demonstrated efficacy with 5 days of treatment.’
Nitrofurantoin should not be administered for complicated
UTIs, including pyelonephritis, because it does not attain
appreciable serum levels.!” Fluoroquinolones, such as cipro-
floxacin, are excellent drugs for treating UTTs; however,
because of increasing resistance, these agents should be re-
served for women with more severe cystitis symptoms and a
risk factor for TMP-SMX resistance. Limited use of fluoro-
quinolones for UTIs will help to maimtain the efficacy of this

mmportant drug class.

ASYMPTOMATIC BACTERIURIA IN ADULTS
Asymptomatic bacteriuria is the isolation of bacteria from a
urine specimen obtained from a person without symptoms
or signs referable to UTI Pyuria may or may not be present.
Asymptomatic bacteriuria is a common occurrence, particu-
larly among older adults because of the physiologic changes
related to aging.!!

IDSA guidelines for diagnosis and treatment of asympto-
matic bacteriuria in adults are based on published evidence.!?
Results of analyzed studies show that premenopausal women
with asymptomatic bacteriuria are at increased risk for subse-
quent symptomatic UTT; however, an association between
asymptomatic bacteriuria and long-term adverse outcomes,
including hypertension, chronic kidney disease, cancer, or
increased mortality, has not been found. Interestingly, anti-
microbial treatment of asymptomatic bacteriuria neither de-
creases the frequency of symptomatic infection nor prevents
future episodes of asymptomatic bacteriuria. Women with
certain host factors appear to have increased susceptibility to
both asymptomatic and symptomatic UTT that is not altered
by treatment.'?

Likewise, screening and treatment of asymptomatic bacteri-
uria in women with diabetes, older persons who reside in the
community, or elderly residents of long-term-care facilities are
not beneficial. Symptomatic UTT is defined by the presence of
symptoms referable to the GU tract; however, nonurinary

W Acute cystitis is considered uncomplicated when a symptomatic infection occurs in an otherwise healthy, nonpregnant adult female.
Escherichia coliis the causative organism in 80% to 85% of cases of acute cystitis; the causative organisms in the remaining cases are
Staphylococcus saprophyticus, Klebsiella pneumoniae, and Proteus mirabilis.

W Antimicrobial treatment of asymptomatic bacteriuria neither decreases the frequency of symptomatic infection nor prevents future episodes
of asymptomatic bacteriuria. Women with certain host factors appear to have increased susceptibility to both asymptomatic and symptomatic

urinary tract infection that is not altered by treatment.

W A recent increase in the incidence and severity of Clostridium difficile-associated disease (CDAD), both in the hospital and in the community,
has been linked with a hypervirulent strain referred to as North American pulsed-field type 1.

MW Prevention of CDAD in health care facilities is aimed at interrupting its transmission between persons. Evidence supports four interventions:
(1) instituting policies that support the prudent use of antibiotics; (2) wearing gloves during contact with infected patients; (3) thoroughly
cleaning and disinfecting patient rooms; and (4) using disposable, single-use thermometers.

W An important action institutions can take is to monitor drug resistance patterns among pathogens and to develop and routinely update
antibiograms for clinicians. Local antibiograms that are site-specific to the pathogen and that separate outpatients from inpatients are

the most useful.
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tract-specific symptoms may indicate the presence of a UTT in
elderly persons. Consensus-based criteria have been devel-
oped to define symptomatic UTT in nursing-home residents
who do not have an indwelling catheter. Per these criteria,
symptomatic UTT is identified if the person exhibits three of
these four criteria: (1) fever 100.4°F (38°C) or higher; (2) new
or increased burning sensation with urination, frequency, or
urgency; (3) new flank or suprapubic pain or tenderness; and
(4) worsening of mental or functional status.!3

‘Women with asymptomatic bacteriuria during early preg-
nancy have a 20- to 30-fold increase in the risk of developing
pyelonephritis.!? Antimicrobial treatment is proven to de-
crease the risk of subsequent pyelonephritis, as well as the
frequency of low birth weight and preterm delivery. Thus,
the IDSA guidelines recommend that pregnant women be
screened for bacteriuria by urine culture in early pregnancy
and treated if test results are positive. Asymptomatic bacteri-
uria is also a risk for patients who undergo traumatic uro-
logic interventions that involve mucosal bleeding. These pa-
tients should be treated prior to such interventions. For all
other adults, the condition has not been shown to be harm-
ful, and screening for, or treatment of, asymptomatic bacteri-
uria is not appropriate.'?

Avoidance of treating asymptomatic UTTs in adults
should reduce the risks of antimicrobial resistance. Treat-
ment should be limited to those patients for whom therapy
has been shown to have potential benefit. Antibiotic thera-
py for patients with diabetes, older persons, patients with
or without indwelling catheters, or patients with spinal cord
mjuries who have asymptomatic bacteriuria has not been
found to improve outcomes.!!

CLOSTRIDIUM DIFFICILE-ASSOCIATED DISEASE
Clostridium difficile is a gram-positive, spore-forming, toxin-
producing bacillus that causes a spectrum of disease, includ-
ing asymptomatic carriage, colitis (which usually manifests as
diarrhea only), and occasionally life-threatening toxic mega-
colon. C difficile accounts for 15% to 25% of cases of diarrhea
occurring after antibiotic administration.!* Antimicrobial ther-
apy 1s the primary risk factor for colonization with C difficile;
a greater increase In colonization risk is seen with older age,
a prolonged antibiotic course, use of broad-spectrum antimi-
crobials, and administration of two or more antibiotics.!® Key
steps in the pathogenesis of C difficile-mediated diarrhea in-
clude disruption of normal colonic flora by antibiotics, colo-
nization with C difficile via fecal-oral transmission, elaboration
of toxins, and mucosal injury and inflammation.!®

A recent increase in the incidence and severity of C difficile-
associated disease (CDAD), both in the hospital and in the
community, has been linked to a hypervirulent strain referred
to as North American pulsed-field type 1 (NAP1). This strain
of C difficile produces increased levels of toxins A and B, as
well as an extra toxin known as binary toxin. This strain,
uncommon before 2000, has become epidemic and has also
developed a high level of resistance to fluoroquinolones.”

Some studies of NAP1-related CDAD reported that fluoro-
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quinolones were the antibiotic most closely associated with
the acquisition of this disease.!®!* Another recently described
but controversial risk factor for CDAD is the use of proton
pump inhibitors (PPIs) to suppress acid secretion. Some
mvestigators reported an association between PPI use and
CDAD,* and other investigators reported that PPI use was
not a risk factor.?!

The patient who is newly exposed to C difficile, not the
patient who is already colonized with this bacillus, is at great-
est risk of developing CDAD during a hospital stay. In
health care facilities, workers’ hands become contaminated
with C difficile spores easily, enabling the infection to spread
from patient to patient.?? Although C difficile is most often
associated with health care settings, the bacillus can cause

“Antibiotic administration builds
resistance 1n commensal bacteria
as well as in the targeted pathogen,
creating a resistance reservoir.”

disease in healthy persons in the community. Furthermore,
some persons who acquire CDAD in the community may
not have a history of antimicrobial use.??

With these changes in the epidemiology of C difficile infec-
tion, clinicians must maintain a high suspicion for CDAD. In
addition to diarrhea, symptoms and signs often include fever,
abdominal pain or cramping, and leukocytosis. CDAD with-
out diarrhea may manifest as an acute abdominal syndrome
or toxic megacolon. Diagnosis is made by demonstration of
toxin in the stool. Testing should be performed only on diar-
rheal (unformed) stool unless ileus is suspected. The most
commonly used assays are the enzyme immunoassays that
provide rapid results. However, sensitivity ranges from 60%
to 95%,* and therefore, if findings from the first specimen are
negative, testing a second stool specimen should be consid-
ered. Updated IDSA guidelines for the diagnosis and man-
agement of CDAD are expected to be published in Fall 2009.

Prevention of CDAD in health care facilities is aimed at
interrupting its transmission between persons. Evidence sup-
ports four interventions: (1) instituting policies that support
the prudent use of antibiotics; (2) wearing gloves during con-
tact with infected patients; (3) thoroughly cleaning and disin-
fecting patient rooms; and (4) using disposable, single-use
thermometers.?* Hand-washing with soap and water is rec-
ommended; alcohol does not eradicate C dyfficile spores.
These spores can survive on dry surfaces for several months,
and therefore, a policy should be in place for environmental
cleaning, especially in the rooms and bathrooms used by
patients with CDAD. Contact precautions should be used
for all patients with known CDAD. Thus far, the use of pro-
biotics is not an effective strategy for prevention or treatment

of C difficile infection.



Management of CDAD includes cessation of the inciting
antibiotic as soon as possible. Oral metronidazole is the ini-
tial drug of choice for mild cases of CDAD; however, oral
vancomycin is the preferred agent for moderate to severe dis-
ease. CDAD recurs in approximately 20% of cases after ini-
tial successful therapy; recurrence may represent reinfection
or relapse. The mechanism of relapse in CDAD is not fully
understood but may be caused by persistent spores from the
initial infection. Patients who develop multiple recurrences
may be particularly difficult to treat. Other antimicrobials,
including rifaximin, which is approved for traveler’s diarrhea,
are being studied as potential treatment options for CDAD.%
Nonantibiotic therapies, such as binding resins, are also
being investigated.?®

METHICILLIN-RESISTANT STAPHYLOCOCCUS AUREUS
Staphylococcus aureus is a common pathogen. Methicillin was
introduced in 1959, and by the early 1960s, outbreaks of
methicillin-resistant S aureus (MRSA) appeared. These infec-
tions occurred among hospitalized patients and were termed
health care-associated MRSA (HA-MRSA). In the early
1990s, cases of MRSA among healthy persons without health
care contact were reported, and these infections were labeled
community-associated MRSA (CA-MRSA). Since 2002, the
rate of CA-MRSA has increased in adults and children; CA-
MRSA now accounts for most community-acquired skin and
soft-tissue infections diagnosed in emergency departments.?”

Isolates of CA-MRSA are distinct from HA-MRSA iso-
lates. CA-MRSA i1s susceptible to most nonbeta-lactam
antibiotics; carries staphylococcal cassette chromosome IV;
and frequently possesses the gene for production of the
Panton-Valentine leukocidin toxin, which is capable of de-
stroying human leukocytes and inflicting significant tissue
damage. The strain that is most often isolated 1s USA300.
In contrast, isolates of HA-MRSA are most often USA100
and USA200, are multidrug-resistant, and carry staphylo-
coccal cassette chromosome I1.28 Antibiotic use correlates
with risk for MRSA colonization and infection.?

Common clinical manifestations of CA-MRSA include cel-
lulitis, abscesses, carbuncles, and furuncles; however, severe,
sometimes fatal, invasive disease can occur. A recently pub-
lished study examined three types of cases of invasive MRSA
disease diagnosed in 2005: community-associated infections
without health care risk factors, community-onset infections
with a health care risk factor, and hospital-onset infections. Of
the observed cases, 14% were community-associated infec-
tions, 58% were community-onset infections, and 27% were
hospital-onset infections.** The overall incidence rate was 31.8
per 100,000 persons, with a projected death rate of 18,650 in
2005. Incidence was highest among persons 65 years and
older, blacks, and males.?

A population-based survey and cross-sectional study ident:-
fied clusters of a multidrug-resistant strain of USA300 in San
Francisco and Boston.?! This strain was found to be more
common among men who have sex with men but appears to

be independent of HIV infection. The pathogen is a new

strain that is closely related to CA-MRSA seen in the general
population; but in addition to resistance to methicillin and
most other beta-lactam antibiotics, this pathogen is also resis-
tant to tetracycline, clindamycin, and mupirocin. Most identi-
fied infections involved the buttocks, genitals, or perineum.?!
Like other CA-MRSA, this strain spreads via skin-to-skin con-
tact and contact with contaminated surfaces. New USA300
derivative strains are likely to emerge in the future.

OTHER PROBLEMS WITH RESISTANCE

Vancomycin has been the drug used to treat serious MRSA
infections. However, intermediate-level vancomycin resistance
has emerged among staphylococci as well as rare cases of
fully resistant strains. New ant-MRSA agents have been
introduced—linezolid, daptomycin, tigecycline, and quinupristin-
dalfopristin—and are most welcome.

In addition to § aureus, other gram-positive bacteria
have become multidrug-resistant. A dramatic increase in
vancomycin-resistant enterococci (VRE) has been seen
among hospitalized patients. Enterococci are inhabitants of
the GI tract that act as opportunistic pathogens, causing
surgical-site infections, UTTs, and bacteremia. Most VRE
are Enterococcus faecium. Testing of isolates from 76 medical
centers in the United States showed vancomycin resistance
among E faecium to vary from 45% in the New England
states to 85% in the east south-central states.*> VRE has
mtrinsic resistance to multiple antimicrobial drugs, making
therapy difficult; fortunately, the newer agents—tigecycline,
linezolid, and quinupristin-dalfopristin—have antibacterial
activity against vancomycin-resistant £ faecium.

Nosocomial infections caused by multidrug-resistant gram-
negative bacteria, particularly Klebsiella species, E coli,
Bseudomonas aeruginosa, and Acinetobacter baumanniz, have
increased, especially among patients in ICUs. Few new
antibiotics are being developed to treat these infections. Of
the newer antimicrobial agents, only tigecycline has activity
against gram-negative pathogens, but it has no clinically rele-
vant activity against Pseudomonas species.

Adequate antimicrobial therapy, administered early, has a
significant impact on the outcome of patients with bacteremia
and sepsis. The most common reason for inadequate therapy
1s resistance to the administered regimen.®* The mechanisms
of resistance in these gram-negative bacteria are imperme-
ability of the outer bacterial membrane, efflux pumps, and
production of extended-spectrum beta-lactamases (ESBLs).%
ESBLs are enzymes that confer resistance to most beta-
lactam antibiotics, including penicillin, aztreonam, and
cephalosporins, by opening the beta-lactam ring with resul-
tant inactivation of the antibiotic. The mutant genes for
ESBLs are encoded on transferable plasmids and encode
resistance to a variety of antimicrobials in addition to beta-
lactam agents. K pneumoniae and E coli are ESBL-producing
organisms; P aeruginosa and A baumannii have extremely
impermeable outer membranes and use a variety of mecha-
nisms of resistance that may include ESBL production.
Carbapenems, such as imipenem-cilastatin and meropenem,
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are the drugs of choice for serious infections caused by

ESBL-producing bacteria.

Risk factors for colonization and nosocomial infection with

multidrug-resistant gram-negative bacteria include patient-to-

patient transmission, antibiotic use during a hospital stay, and

antibiotic use in the person. Prevention methods incorporate

infection-control measures and strategies for minimizing total

antibiotic use in the hospital. Nosocomial resistant isolates
lack options for drug treatment and represent a serious pub-
lic health concern.

CONCLUSION

The changing epidemiology and resistance patterns of bac-
teria are making effective treatment of bacterial infections
more difficult. Antimicrobial therapy enhances the multipli-
cation of existing drug-resistant bacteria and the exchange

of resistance mechanisms among bacteria. Antibiotic admin-

istration builds drug resistance in the commensal bacteria
that are part of the patient’s normal flora as well as in the
targeted pathogen, thereby creating a resistance reservoir.
Therefore, antibiotic overuse contributes to antimicrobial

resistance. Monitoring drug-resistance patterns among path-
ogens, developing antibiograms for clinicians, and routinely
updating the antibiograms are important actions institutions

can take to increase awareness of antimicrobial resistance.

Local antibiograms that are site-specific to the pathogen and
that separate outpatients from inpatients are the most useful.

The benefits versus the risks of prescribing antibiotics must
be considered. Antibiotic administration puts the patient at

risk for allergic reactions, adverse reactions, and drug-drug
mteractions, as well as increases the likelihood that a newly
acquired bacterial infection will be caused by an antibiotic-

resistant strain. From a public health standpoint, indiscrimi-
nant use of antibiotics increases the rates of antibiotic resis-

tance in a society. JAAPA
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DRUGS MENTIONED

Aztreonam (Azactam) Nitrofurantoin (Furadantin, Macrobid,
Ciprofloxacin (Cipro, Proquin, generics) Macrodantin, generics)
Clindamycin (Cleocin, generics) Penicillin

Daptomycin (Cubicin) Quinupristin-Dalfopristin (Synercid)
Imipenem-cilastatin (Primaxin) Rifaximin (Xifaxan)

Linezolid (Zyvox) Tetracycline (Bristacycline, Sumycin)
Meropenem (Merrem) Tigecycline (Tygacil)

Methicillin Trimethoprim-sulfamethoxazole
Metronidazole (Flagyl, generics) (Bactrim, Septra, Sulfatrim, generics)
Mupirocin (Bactroban, generics) Vancomycin (Vancocin, generics)
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