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The most common pathogens that cause respiratory tract infections, such as community-

acquired pneumonia, acute exacerbations of chronic bronchitis, and acute bacterial sinusitis,
include the following:'

RTI Pathogens that Cause CAP

Common Pathogens Atypical Pathogens
Streptococcus pneumoniae Mycoplasma pneumoniae
Haemophilus influenzae Chlamydophila pneumoniae
Moraxella catarrhalis Legionella pneumophila

BACTERIAL ETIOLOGY AND TESTING METHODS

The percentage of infections caused by each of these pathogens can vary considerably depending on
type of infection, severity of illness, and even the method of isolation and testing. In a classic study
that compared species identification of community-acquired pneumonia (CAP) infections by
conventional testing methods (including sputum and blood culture) versus conventional testing plus
needle aspiration, very different results were observed.” Conventional testing methods identified A
pneumoniae as the predominant pathogen (35% of infections) followed by C. pneumoniae (17%) and
S. pneumoniae (17%). However, when needle aspirates were included in testing, S. pneumoniae was
identified most often (30%) followed by M. pneumoniae (22%) and C. pneumoniae (13%).
Furthermore, the pathogen was identified in only 50% of patients undergoing conventional testing
techniques, compared with 83% of patients who underwent needle aspiration, demonstrating a key
limitation of using conventional techniques in trying to identify the causative pathogen.

OTHER RTI PATHOGENS OF INTEREST

As discussed in the first bulletin of this initiative, S. prneumoniae, H. influenzae and M. catarrhalis are
the most common pathogens to cause acute exacerbation of chronic bronchitis (AECB).? However,
in patients with reduced lung function, there is an increased risk of infections caused by the gram-
negative bacteria Pseudomonas aeruginosa and Enterobacteriaceae.”? For CAP, S. pneumoniae remains
the predominant pathogen for both mild and severe cases.® However, there has been increasing
concern on the rising number of CAP cases caused by Staphylococcus aureus, particularly methicillin-
resistant strains. These strains commonly exhibit resistance to several classes of commonly-used
antimicrobials, including the macrolides and fluoroquinolones.®?
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Discussions of resistance by community-acquired respiratory tract pathogens have typically
focused on S. pneumoniae. This pathogen causes the greatest proportion of these infections and
has exhibited dramatic increases in resistance over the past two decades to commonly-used
antimicrobial agents.

PENICILLIN RESISTANCE

A compilation of S. pneumoniae surveillance results in the United States has generally shown an
increase in penicillin nonsusceptibility starting in the early 1990s and peaking around 1999
(Figure 1).'" Following this peak there has been a stabilization of nonsusceptibility rates at
approximately 30%-35% (this includes isolates with intermediate and high-level resistance to
penicillin). This trend has also been observed in other countries and may be a result of decreased
use of antimicrobials for the outpatient treatment of RTTs as well as widespread use of the

pneumococcal conjugate vaccine.'>!”

Figure 1. Penicillin Nonsusceptibility and Macrolide Resistance Rates
for S. pneumoniae in the United States, 1992 - 20072
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New CLSI Breakpoints and Penicillin Resistance

The clinical significance of penicillin resistance has been debated and has led to a recent revision
of the CLSI breakpoints.'"®'? Former penicillin breakpoints for S. pneumoniae were set at
conservative levels to ensure effective treatment of meningitis, with breakpoints set for all isolates
at <0.06 pg/mL, 0.12-1 pg/mL, and 22 pg/mL for susceptible, intermediate, and resistant,
respectively. New penicillin breakpoints are separated by clinical syndrome and route of
administration. Non-meningitis isolates are considered resistant at levels of 2 wg/mL or greater
when using an oral agent, while a breakpoint of 28 g/mL for resistance is used when parenteral
therapy is considered. The impact of this change in the breakpoints has lowered the percent of
isolates with intermediate or high-level resistance to less than 10% compared to over 30% with the
former breakpoints."” Thus, an intravenous formulation of penicillin can be an effective choice for a
high percentage of patients with these infections.

MACROLIDE RESISTANCE

With the introduction of clarythromycin and azithromycin, the macrolides have played a key role in
the treatment of RTTs over the years. These agents are better tolerated than erythromycin but also
remain in the body longer due to prolonged half-lives. The longer exposure to these agents
potentially provides a more favorable environment for resistance development. The consequence has
been a rapid increase in macrolide resistance beginning in the mid-1990s (Figure 1).'*'* Similar to
penicillin non-susceptibility, macrolide resistance peaked at around 1999 and has remained stable
near a level of 30%.

Clinical Consequences of Macrolide Resistance

Macrolide resistance has been associated with an increase in the risk of clinical failure.?*?! In one
prospective, population-based study, pneumococcal bacteremia cases were identified among patients
who received macrolide treatment.”” Among patients infected with a macrolide-susceptible strain,
macrolide treatment failure was observed in only 1.5% of patients (21 of 1397 patients). However,
in patients with a strain exhibiting an MIC of 1 wg/mL or greater, clinical failure occurred in 16%
of the patients (37 of 230). Because of the high prevalence of macrolide resistance and evidence
suggesting that even low-level macrolide resistance can impact patient outcomes, future management
guidelines may caution clinicians on using the macrolides as empiric first-line therapy.

BULLETIN 2 Know Your Pathogens: The Antimicrobial Resistance Threat 5
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FLUOROQUINOLONE RESISTANCE

During the late 1990s, fluoroquinolone use increased rapidly for the treatment of RTTs.

This increased concern that this class would follow a similar resistance pattern as penicillin and
macrolide resistance, potentially reaching resistance rates of 25% or more.” ** However, resistance
levels stabilized in the early 2000s and have remained less than 2% for levofloxacin and less than 1%
for moxifloxacin.?* » The reason for this stabilization is not fully understood and is a bit surprising
given the continued widespread use of this class. One explanation is that the use of these agents has
been optimized to meet pharmacokinetic and pharmacodynamic targets that increase the probability
of bacterial eradication and reduce the risk of resistance development.

The fluoroquinolones exhibit concentration-dependent bactericidal activity and clinical efficacy has
been associated with the ratio of the area under the concentration-time curve (AUC) to the minimal
inhibitory concentration (MIC) of the pathogen.”®* For S. pneumoniae, an AUC/MIC ratio of 30-
35 is generally needed to achieve clinical efficacy. However, studies have indicated that an AUC/MIC
of 100 or greater is needed to prevent resistance development.’® ¥ The traditional dosing of
levofloxacin (500 mg once-daily) would not typically attain the target AUC/MIC of 35 and would
increase the risk of resistance development (Figure 2).?® The revised dosing regimen of 750 mg once-
daily for levofloxacin nearly doubles the AUC compared to the 500-mg dose and increases the
probability of meeting PK/PD targets for clinical efficacy.?® *

Newer fluoroquinolone agents with greater in vitro activity against S. pneumoniae, such as
moxifloxacin, also increase the probability that treatment will meet not only the target for clinical
efficacy but also the target to inhibit the development of resistance.?®

Figure 2. Comparison of fluoroquinolones for reaching
PK/PD targets for S. pneumoniae infections?®
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PNEUMOCOCCAL CONJUGATE
VACCINE AND RESISTANCE

Benefits of Pneumococcal Vaccine

The availability of the pneumococcal conjugate vaccine for children has provided significant benefits
in reducing the incidence of invasive disease, such as bacteremia and meningitis.**** Some research
has also suggested that these vaccines can provide limited protection against CAP, though more
research is needed to fully evaluate this.*' The widespread use of the 7-valent conjugate vaccine

in children has also impacted the level of penicillin resistance by S. pneumoniae.®® This has been
attributed to the fact that the serotypes included in the vaccine were those that were the most
common causes of infection and most likely to carry resistance genes. The use of the vaccine de-
selected for these resistant strains and the serotypes that replaced them were susceptible to penicillin.
Therefore, the vaccine not only reduced the number of cases of invasive disease but also increased the
susceptibility of S. pneumoniae that caused infections.

Consequences of Pneumococcal Vaccine: The Rise of Serotype 19A

An unintended consequence of the pneumococcal vaccinations has been serotype replacement (that
is, an increase in the percentage of cases of invasive pneumococcal disease caused by serotypes not
covered by the vaccine). One major concern has been an increase in the number of infections caused
the multidrug-resistant serotype 19A.3*% This serotype is not currently included in the 7-valent
conjugate vaccine and one study that included 103 sites in the US showed that the percent of
infections caused by 19A has increased from 0.8% in 2002 to 5.6% in 2006.% This serotype was
responsible for 14.9% of all isolates collected from children 2 years or younger. Isolates of serotype
19A exhibit nearly complete resistance to penicillin, amoxicillin/clavulanate, and erythromycin,
along with other commonly used antimicrobials (Table 1).%> % The strain remains susceptible to the
fluoroquinolones. Vaccines in development, including the 13-valent conjugate vaccine, will include
this serotype to offer protection against invasive disease caused by these strains.

Table 1. Susceptibility of 562 Isolates of S. pneumoniae serotype 19A
collected from 103 US sites, 2002-20063% 3¢

Antimicrobial % Susceptible

Penicillin 0
Amoxicillin-clavulanate 25
Cefuroxime 0.2
Erythromycin 0
Clindamycin 21
Levofloxacin 99.6
TMP-SMX 0.2
i Tetracycline 0.2
— —
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IDENTIFYING PATIENTS
WITH A RESISTANT INFECTION

For primary care physicians, it is important to recognize the prevalence of resistant pathogens that
commonly cause RTTs. Additionally, in order to ensure that your patient receives an effective
treatment for an RT1, it will be critical to identify patient factors that can increase the risk of a
resistant infection. Several studies have identified these risks, and they include age of 65 or greater
as well as less than 5 years old, noninvasive or colonized disease (such as sinusitis), alcoholism,
and the recent use of a beta-lactam antibiotic (Figure 3).”° Each of these factors can increase the
risk of a resistant infection, though they provide little evidence in telling which antimicrobial the
pathogen may be resistant against.

Figure 3. Risk factors for penicillin
resistance in S. pneumoniae®-%*°

Other Considerations
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PRIOR ANTIMICROBIAL USE

Prior antimicrobial use is the strongest predictor of antimicrobial resistance. A study by Vanderkooi
and colleagues compared resistance in patients with RTTs who were treated with an antimicrobial in
the previous 3 months versus those who were not exposed to an antimicrobial.*®

BULLETIN 2 Know Your Pathogens: The Antimicrobial Resistance Threat 8
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Macrolide resistance in patients not previously exposed to a macrolide was less than 10% and those
exposed to prior erythromycin had a slight increase in resistance (approximately 15%) (Figure 4A).
However, this rate increased dramatically for those patients who had previous exposure to
clarythromycin (>25%) and azithromycin (>50%). Similar results were observed with patients who
had prior use of the fluoroquinolones (Figure 4B). Those patients with no prior antimicrobial
exposure or exposure to a non-fluoroquinolone antimicrobial had resistance rates below 2%.
However, isolates from patients with recent fluoroquinolone exposure had resistance rates over 8%.

This study strongly suggests that an RTT patient with recent antimicrobial use should be treated with
an alternative class of agents. If the same class must be used, the patient should be monitored closely
to ensure a sufficient clinical response is achieved or if a different regimen should be considered.

Figure 4A. Prevalence of macrolide resistance based on prior macrolide use’®
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Figure 4B. Prevalence of fluoroquinolone resistance based on prior antimicrobial use*
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The latest CAP management guidelines released by the Infectious Diseases Society of America
(IDSA) and the American Thoracic Society (ATS) offer some principles for selecting empiric
antimicrobial therapy.* Antimicrobial therapy should be initiated as soon as possible after the
diagnosis is made. However, the guidelines do not provide a specific optimal window of time
for the first dose.

TREAT THE MOST LIKELY PATHOGEN

It is also important to treat the most likely pathogens, which include S. pneumoniae and

H. influenzae. The atypical pathogens must also be considered as these can cause a substantial
percentage of CAP cases in North America. Other pathogen considerations should be based on the
local epidemiology as well as patient factors (such as any recent travel). Clinical signs and symptoms
cannot be used to differentiate etiology. As discussed earlier, patients should also be evaluated for the
risk of a resistant infection based on age, prior antimicrobial use, recent hospitalization,
comorbidities, and exposure to a child in day care.

ANTIMICROBIAL SELECTION FOR OUTPATIENTS

* In previously healthy individuals with no prior antimicrobial use within the past 3 months,
a macrolide or doxycycline is recommended for empiric treatment.

* If the patient presents with comorbidities or had recent prior antimicrobial use, a respiratory
fluoroquinolone or a combination of a B-lactam plus a macrolide is recommended.

o If there is a high rate of high-level macrolide resistance in the geographic area, a cephalosporin
should be considered in place of these agents, such as ceftriaxone, cefpodoxime, or cefuroxime.

BULLETIN 2 Know Your Pathogens: The Antimicrobial Resistance Threat 10
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TO CULTURE OR NOT TO CULTURE?

Outpatients
The use of cultures can help to guide antimicrobial selection and ensure an effective agent is used.

However, given the time and cost associated with culturing as well as the low yield of positive results
with sputum samples, routine culturing may not be practical in the primary care setting,.

The IDSA/ATS guidelines suggest minimal evaluation for bacterial etiology in outpatients as most
patients do well with empiric antimicrobial therapy.®’ It may be useful to conduct further diagnostic
tests in certain cases, such as those suspected of Legionella, community-acquired methicillin-resistant
S. aureus (MRSA), and tuberculosis, as well as cases associated with outbreaks, specific risk factors,
and atypical presentation.

Hospitalized Patients
For hospitalized CAP patients, the guidelines also suggest culturing as optional, though patients
with severe CAP should be considered to undergo

* blood cultures
e urinary antigen tests to identify Legionella and S. pneumoniae intections
* expectorated sputum cultures.

For patients requiring intubation, an endotracheal aspirate sample should be obtained for culture.

Use of the Urinary Antigen Test

The urinary antigen test for S. prneumoniae can offer a rapid and simple test to check for the
presence of S. pneumoniae, especially for patients where a sample for culture cannot be obtained in
a timely fashion or when antimicrobial therapy has not already started. The assay has a reasonable
specificity (90%), though the sensitivity can range as low as 50%-80% in pneumonia patients, and
80%-90% in bacteremic patients.”> *' In a prospective study that included 269 CAP patients with
no identified pathogen, the S. pneumoniae urinary antigen test was able to detect the pathogen in
only about a quarter of the patients, thus questioning the routine use of this assay in diagnosis.*!
There has also been noted a high degree of false-positives in children who are frequently colonized
with Streptococcus species. Therefore, this test should be used as an ancillary test and not as a
substitute for culture.

Use of Blood Cultures

The routine use of blood cultures for inpatients may provide some, but limited, benefits and is
associated with higher costs and inappropriate antimicrobial use. Pre-treatment blood cultures of
hospitalized CAP patients typically yield only 5%-14% of positive results.*’ Cases of false-positives
can outnumber true pathogen identification in less seriously ill patients, and so blood cultures
should be reserved for patients at higher risk of bacteremia and death. A recent addition to the
quality improvement initiatives of the Hospital Quality Alliance of the Centers for Medicare &
Medicaid Services recommends blood cultures of all pneumonia patients in the emergency
department prior to administration of the first dose of antimicrobials.*

BULLETIN 2 Know Your Pathogens: The Antimicrobial Resistance Threat 11



CASE DISCUSSION

A 56-year-old male patient presents with fever, cough, and shortness
of breath, with a respiratory rate of 32/minute. A chest X-ray is
performed and suggests a lower respiratory tract infection. He is
alert and normotensive (116/82 mmHg) and is given a 3-day
course of azithromycin. The patient returns 4 days later with little
improvement: fever, respiratory rate of 33/minute, blood pressure

of 94/56 mmHg.

QUESTION:

How would you manage this patient?

DISCUSSION:

It is likely that this patient is infected with a pathogen that exhibits
resistance to macrolides since he has not shown any improvement
after completion of the azithromycin regimen. It may be useful to
submit a sputum sample for culture to identify the pathogen and
get its susceptibility profile. Antimicrobial therapy with another class
of agents, such as the fluoroquinolones or -lactams, is strongly
recommended. If the patient has an adequate support system and is
available for follow-up, he should be treated on an outpatient basis
and closely monitored.

BULLETIN 2 Know Your Pathogens: The Antimicrobial Resistance Threat 12



Recent surveillance results are indicating that S. pneumoniae resistance has stabilized for commonly-

used antimicrobials, including penicillin, macrolides, and the fluoroquinolones. However, resistance
to penicillin and macrolides remain at elevated levels that could impact clinical outcomes. The use
of the pneumococcal conjugate vaccine has provided important benefits in reducing invasive disease.
However, it will be important to continue surveillance for monitoring the presence of multidrug-
resistant serotypes that are not covered in the current vaccines. When selecting appropriate empiric
therapy, it will be critical for the clinician to evaluate the patient for the risk of a resistant infection.
Recent prior antimicrobial use is a significant risk factor for a resistant infection, and an alternative
antimicrobial class should be used in these cases, when possible. Cultures can be useful under certain
circumstances in the outpatient setting, but routine use of cultures should be reserved for the more
severely ill patients requiring hospitalization.

Below is a list of steps to consider when managing patients suspected of a bacterial RT1. These steps
can help guide the selection of an appropriate antimicrobial agent to ensure a successful outcomes
and minimize the development of resistance.

1. Patient factors to consider:
a. Presence of risk factors for a resistant infection
b. Recent prior antimicrobial use (if so, prescribe a different class of agent)

2. Environmental factors to consider:
a. Local resistance trends of common respiratory tract pathogens
b. Occurrence of a local outbreak

3. Consider antimicrobials that are highly active against the suspected pathogen

4. Prescribe an appropriate dose and duration of therapy to:
a. Eradicate the infection
b. Minimize the risk of resistance development

5. Emphasize to the patient the importance of:
a. Initiating therapy as soon as possible (if a first dose is not given at the office visit)
b. Following the prescription order instructions
c. Using precautions to minimize exposure to others (i.e., stay home from work, school, etc.)

6. For patients who have failed initial therapy:
a. Consider the reason for failure (i.e., drug, dose, duration, route of administration, etc.)
b. Re-assess site of care
c. Consider additional microbiologic tests (culture and susceptibility test)

BULLETIN 2 Know Your Pathogens: The Antimicrobial Resistance Threat 13
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