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Abstract

selection of an antimicrobial agent for treatment of CAP.

Community-acquired pneumonia (CAP) remains a common condition for which patients seek medical advice in
the outpatient setting and where antimicrobial agents are prescribed empirically—often based on therapeutic
guideline recommendations. Antimicrobial resistance impacts on therapeutic choices as resistance is associated
with clinical failure which in turn may impact morbidity and mortality. The Formal for Rational Antimicrobial Therapy
(FRAT) considers etiology and antimicrobial susceptibility to generate a factor to predict the likely activity of an
antimicrobial agent in CAP or any other infection for which etiology and susceptibility data can be considered. In
considering the FRAT formula in CAP, amoxicillin and macrolides offer a predictability of 52.6-78.3% whereas for
trimethoprim/sulfamethoxazole the predictability was 45.2% as compared to 90.1% for tetracyclines/doxycycline and
98.2% for levofloxacin (and moxifloxacin). The FRAT formula clearly differentiates antimicrobial agents based on
spectrum of activity and impact of antimicrobial resistance and provides yet another factor for consideration in the
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Introduction

Community acquired pneumonia (CAP) is one of the most
common acute infections in North America, responsible for an
estimated 5.2 million adult cases in 2014 [1]. Pneumonia and influenza
is the eighth leading cause of death in the United States, seventh in
Canada [2], accounting for 50,622 deaths in the USA in 2014 [3]. The
age-adjusted death rate for pneumonia and influenza increased
significantly between 2012-2013 by 10.4% to 15.8 per 100,000 people
[4], however this rate has decreased an average of 3.8 percent per year
since 1999 [5]. Pneumonia commonly affects the young (<5 years old)
and the elderly (65+ years old), this older population 65+ years has the
highest mortality rate from pneumonia (and influenza); 85% of
pneumonia deaths are in this demographic.

Pneumonia is a huge burden on healthcare systems, 4.2 million
outpatient visits were reported in 2006 [6], with about 25% of patients
requiring hospitalization [7]. In 2010, more than 1 million
hospitalizations were due to pneumonia and in 2014 the
hospitalization rate for pneumonia was 36.6 per 10,000; slightly higher
in women and highest in those 65 years or older. Hospitalization for
pneumonia is associated with increased complications, costs and
negative health outcomes; in 2011 alone pneumonia had an aggregate
cost of nearly $10.6 billion for 1.1 million hospital stays [8]. A recent
literature review by File and Marrie indicated that of hospitalized
pneumonia patients 10-20% are admitted to an intensive care unit
[9,10], the mean length of hospital (non-ICU?) stay was = 5 days, and
the 30 days re-hospitalization rate as high as 20% [6]. In 2013, an
estimated $19.9 billion was spent on pneumonia and influenza health

care; $16.2 billion on pneumonia and $3.7 billion on influenza.
Emergency room visits and medication costs were higher for influenza
cases, however, outpatient/office visit expenditures, home health care
costs and hospitalization costs were >11 times higher for pneumonia
cases [5]. While CAP is most frequent among the very old and the very
young, recent data has shown that it is also a costly infection among
working-age adults (age 18-64 years), the mean annual healthcare costs
for patients with CAP were $20,961 compared to $3,783 for those
without [11]. These costs increased with an individual’s age and higher
risk factors. Comorbidities are a critical factor in CAP treatment and
health outcomes-diabetes, chronic heart disease, and smoking are
frequently occurring comorbidities in CAP patients [12] and among
patients hospitalized for CAP, comorbidities are the cause of more than
half of readmission cases to hospital [13].

CAP is caused by both typical and atypical pathogens;
Streptococcus pneumoniae is the predominant causative bacterial
pathogen for CAP and this pathogen has increasing drug resistance to
a broad range of antibiotic therapies. Haemophilus influenzae and
Moraxella catarrhalis are also common bacterial causative pathogens
with the most common atypical pathogens including (#1) Mycoplasma
pneumoniae, Legionella spp. and Chlamydophila pneumoniae [14].

Almost all antibiotic treatment for CAP occurs initially and
empirically in the primary care setting, this is due to the difficulty in
obtaining appropriate specimens to identify pathogens, particularly
atypical pathogens that cannot be cultured with regular sputum or
blood, and serological tests are infrequently performed. In larger
centers and reference laboratories molecular based assays such as
polymerase chain reaction (PCR) and other costly laboratory testing is
available [6] but results are rarely able to direct initial therapy due to
timing. Thus the current IDSA/ATS guidelines are evidenced based
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recommendations for selecting antibiotics empirically for a variety of
patients with pneumonia [15]. The most commonly prescribed
antibiotics in the treatment of CAP are macrolides (43.6% of
prescriptions), the fluoroquinolone levofloxacin (36.9%  of
prescriptions), beta-lactam compounds (6.5% of prescriptions) and
tetracyclines (5.5% of prescriptions) [16]. This reflects the IDSA/ATS
Guideline recommendations of initial macrolide therapy, unless a
patient has recent antibiotic treatment or comorbidities and then a
fluoroquinolone or beta-lactam plus macrolide therapy is the initial
treatment recommendation [15]. However, these antibiotics are not
equally effective against combating all CAP pathogens and increasing
pneumococcal resistance has been found in global and national North
American surveillance studies [17,18]. The CDC reports that
pneumococcal bacteria are resistant to one or more antibiotics in 3 out
of every 10 cases of pneumonia [19]. Moreover the tolerability profiles
of each class and drug needs to be factored into any empirical decision-
making.

Antibiotic resistance is a growing burden on society, with significant
clinical and economic implications. The CDC reported that drug
resistant Streptococcus pneumoniae alone is responsible for almost
1,200,000 illnesses, approximately 7,000 deaths, and 19,000 additional
hospitalizations each year, resulting in excess costs of $96 million [20].
Penicillin resistant S. pneumoniae and coincidental co or cross
resistance to other drug and drug classes remains a concern [21-23]. In
a recent study by Classi, et al. [24], the macrolide monotherapy failure
rate was more than 1 in 5 adult patients (22.9%) and in elderly patients
(= 65 years of age) and patients with multiple comorbidities this rate
increased to almost 1 in 3. Treatment failure is associated with higher
case fatality, longer hospital stays and higher total hospital charges
[25]. Zhanel et al. reported from phase 3 clinical trial data that
significantly more patients infected with azithromycin susceptible S.
pneumoniae and treated with azithromycin had clinical cure (89.4%)
compared to those infected with azithromycin resistant S. pneumoniae
(68.6%) (p=0.003) [26]. They predicted that an additional 3.1 clinical
failures/100 subjects treated with azithromycin would occur due to
azithromycin resistance. Most recently, Mandel suggested the
increasing pneumococcal resistance to macrolides may diminish the
use of these drugs as monotherapy for CAP [27]. IDSA guidelines for
empiric treatment of pneumonia suggest selecting a different antibiotic
if resistance is >25% [15].

Measuring Resistance

The standard in vitro measurement of antimicrobial susceptibility or
resistance is the minimum inhibitory concentration (MIC). In this
measurement, an inoculum of 10° (100,000 organisms) colony forming
units per milliliter (CFU/ml) is exposed to varying drug
concentrations (usually doubling dilutions, i.e. 0.25, 0.5, 1, 2, 4 pg/ml,
etc.) and following incubation under ideal conditions (media,
temperature, atmosphere, time, drug potency), the lowest drug
concentration blocking visible growth is recorded as the MIC. The
measurement of MIC is, indeed, challenging as it utilizes an inoculum
of bacteria that may not represent organism density at the site of
infection during acute or chronic infections. If an MIC is determined
on an organism density less than the density present during acute
infection, then it may under represent that amount of drug necessary
to inhibit the growth of all organisms present in the high-density
bacterial population. Such high-density bacterial populations have
been shown to exist in pneumonia [28] and other respiratory tract

infections [29], meningitis [30,31], urinary tract infections [32] and
most likely other infections as well.

Concerns over resistance selection from high-density bacterial
populations was shown in a landmark study by Dong et al. [33]. In this
report, increasing bacterial populations were exposed to increasing
drug concentrations of fluoroquinolone antibacterials in vitro. The
majority of cells within the population were inhibited by the MIC drug
concentration but a subpopulation of cells not inhibited by the MIC
drug concentration required a higher drug concentration for inhibition
of growth. These subpopulations were found to contain mutations in
the gene (s) for fluoroquinolone antimicrobials (de novo resistance)
and the drug concentration inhibiting their growth became known as
the mutant prevention concentration (MPC). It is important to point
out that this designation is not the mutation prevention concentration
as antimicrobials do not induce nor prevent mutations from occurring
but rather these drugs may block mutant cells from growing. The MPC
measurement is fundamentally the same as an MIC measurement
except that instead of a 10° CFU/ml inoculum, a higher density of
organisms are tested-on the order or 10°-10'0 bacterial cells (1
billion-10 billion bacterial cells). The rational for this density of
bacteria relates to the mutation frequency of various Bug-Drug
combinations. For many bacteria, spontaneous mutations arise over a
frequency of 1 x 107 to 1 x 10, meaning that for every 107 to 10°
bacterial cells in a population, spontaneously occurring mutants may
be present even in populations not exposed to antibacterial drugs [34].
As such, an MIC measurement utilizing a bacterial density <107 CFUs
will not detect less susceptible or resistant subpopulations that are only
detected when high densities of bacterial cells are tested. MPC
measurements allow for the determination of drug concentrations
necessary to block growth of mutant subpopulations and with the
exception of oxazolidinolones, MPC values are invariably higher than
MIC values [35].

It needs to be noted that MPC measurements are currently more
technically demanding than MIC measurements and such technical
issues are an impediment for such testing to be routinely offered in
clinical microbiology laboratories [35,36]. A microtiter plate, liquid
based assay has and is being investigated by one of the authors (JMB).

In our opinion, MPC appeared to have answered a number of
questions. In a study published by Blondeau et al. where more than 100
clinical strains of Streptococcus pneumoniae were tested by MIC and
MPC to various fluoroquinolones, clear differences were seen between
the various agents tested (gatifloxacin, grepafloxacin, levofloxacin,
moxifloxacin and trovafloxacin) and the drug concentrations
necessary to block mutant cell population growth by MPC testing [37].
Levofloxacin was the least active agent (higher MPC values) by these
measurements and it was predicted that levofloxacin was more likely to
select for resistant subpopulations than the other agents; of the agents
tested, only levofloxacin and moxifloxacin remain in clinical practice.
In 2002, Davidson et al. [38], reported on the selection of levofloxacin
resistant S. pneumoniae in patients infected with this organism and
treated with levofloxacin and numerous subsequent reports have
identified the same pattern of resistance selection during antimicrobial
therapy with macrolides [39-41].

A more recent report has focused on macrolide antibacterial agents
and selection of resistance. Data in the literature appeared to suggest
that the use of a once daily macrolide agent was associated with
resistance selection more than with other macrolide agents. Indeed,
Davidson et al. investigated macrolide resistance in Canadian
provinces. In their study, they compared 2 time points and investigated
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azithromycin use versus clarithromycin and erythromycin use.
Interestingly, they reported that provinces that had higher
azithromycin use, had a higher increase in macrolide resistance over
the two time points but the same was not true for provinces that used
more clarithromycin/erythromycin. To this point we focused on
macrolide resistance using the MPC measurement. In that study, 191
clinical isolates of S. pneumoniae were tested by MPC to azithromycin,
clarithromycin and erythromycin. All isolates were susceptible to the
macrolide agents based on current CLSI breakpoints at the time of the
study. In the study, MPC values were compared to current
susceptibility breakpoints and clear differences were seen between the
3 drugs tested and the likelihood for the selection of subpopulations
requiring higher drug concentrations for inhibition of growth than the
susceptibility breakpoint. Azithromycin was statistically more likely to
select for non-susceptible populations than was clarithromycin
(p<0.0001) or erythromycin (p<0.0001) and clarithromycin was less
likely to select for resistant subpopulations than was erythromycin
(p<0.0001). These studies suggested that azithromycin was the driver
of macrolide resistance with S. pneumoniae [42].

Interestingly, Ovetchkine et al. [43] suggested azithromycin should
not be used to treat acute pharyngitis, acute otitis media or
community-acquired pneumonia in otherwise healthy children except
in cases of atypical bacterial causes or in cases of life threatening beta-
lactam allergy and acute pharyngitis by macrolide susceptible strains of
S. pyogenes. Concerns over breakthrough pneumococcal bacteria in
patients treated with azithromycin, occurrence of intravascular
pneumococcal infection despite treatment and increasing resistance
rates were reasons given to avoid azithromycin use.

Susceptibility programs have monitored changes in susceptibility
and resistance data for the past 25 years. In Canada, national
surveillance for susceptibility of respiratory pathogens showed that for
isolates collected between 2007-2011 [44], 100% of 1881 strains of S.

pneumoniae were susceptible to linezolid and vancomycin,
93.7%-99.3% were susceptible to extended spectrum beta-lactam
agents (2", 3" generations, cephalosporins and carbapenems), 99.9%
susceptible telithromycin and 99.1% susceptible to fluoroquinolones
(moxifloxacin, levofloxacin).  Susceptibility to clarithromycin,
penicillin and TMP/SMX were 80.3%, 81.7% and 84.8% respectively.

More recent data on S. pneumoniae (n=2502) isolates collected
between 2007-2015 showed that 82.4%, 78.6% and 84.8% of strains
were susceptible to penicillin, clarithromycin and TMP/SMX
respectively. Susceptibility to 274, 3'd generation cephalosporins,
carbapenems and fluoroquinolones ranged from 93.5% to 99.8% and
were 100% susceptible to linezolid and vancomycin.

For 1038 H. influenzae isolates collected between 2002-2011,
susceptibility to ampicillin was 81.2%, 86.8% to clarithromycin and
83.3% to TMP/SMX; susceptibility to amoxicillin/clavulanic acid,
extended spectrum cephalosporins and carbapenems,
fluoroquinolones and telithromycin ranged from 96.5%-100%.

In the USA, susceptibility data on S. pneumoniae (n=4567) for
clinical isolates collected between 2008-2014 [45] showed 57.2% of
isolates (oral or meningeal breakpoints) were susceptible to penicillin
but this value increased to 92.7% using parenteral non-meningeal
breakpoints. Only 51.3% of strains were susceptible to azithromycin,
88.4% to amoxicillin/clavulanic acid, 81-93% to ceftriaxone
(meningitis versus non-meningeal breakpoints), 98% to moxifloxacin,
75% to tetracycline, 69.1% to TMP/SMX and 100% to linezolid and
vancomycin. In this same report, the MICy, value for solithromycin
(an investigational compound) was 0.25 pg/ml and no organism had
an MIC >1 pg/ml to this compound.

Using the Center for Disease Control (CDC) regional divisions,
macrolide resistance was further explored (Figure 1).
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Figure 1: Distribution of macrolide resistance for S. pneumoniae across the USA in 2014.
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Macrolide resistance was defined as an azithromycin MIC of >2
pg/ml and high level resistance was defined based on an azithromycin
MIC >16 pg/ml. Macrolide resistance was highest in the West South
Central region at 69.9% followed by East South Central (56.8%) and
South Atlantic (53.2%) and the lowest rate of resistance was in the
mountain region at 31.3%. The region with the highest percentage of
strains (25%) that were both macrolide and penicillin resistant was
East South Central with the remaining regions having penicillin/
macrolide resistance rates between 6-15.4%. High level macrolide
resistance ranged from 12.5% to 43.2% over all the regions and was
highest in East South Central (43.2%), West South Central (38.1%) and
Mid Atlantic (35%). Finally, nationally, macrolide resistant .
pneumoniae has increased from 39.7% in 2008 to 48.4% in 2014.

Primary care practitioners are often unaware of national and local
antibiotic resistance patterns and the common causative organisms,
which can result in inappropriate and ineffective prescriptions [46].
Therefore, prescribing an initial antibiotic which is active against
pneumococcal organisms and other pathogens and considers local and
regional resistance would be preferable. A tool which highlights the
etiology of pneumonia and the relevant susceptibly rates would enable
more targeted empiric prescribing within the community setting. We
describe the application and potential benefits of such a tool to CAP.

Methods

Susceptibility rates for the relevant pathogens for the USA and
Canada were taken from various data sources [44,45,47-53] and data
from two current global CAP studies [54,55] were integrated to create
aggregated etiology patterns. The relevant pathogens included S.
pneumoniae, H. influenzae, M. pneumoniae, C. pneumoniae (previous

Chlamydia  pneumoniae)  Legionella  pneumoniae,  Klebsiella
pneumoniae, and methicillin-susceptible Staphylococcus aureus. As
pointed out earlier certain co-morbidities have been shown to
adversely impact outcomes in CAP and include diabetes, smoking and
heart disease. The CDC reported regional prevalence rates of these
comorbidities were overlaid with USA regional pneumonia pathogen
susceptibility patterns. Additionally, the rate of antibiotic prescriptions
and macrolide prescriptions per 1,000 people, by state/CDC census
regions, were also cross-referenced with the susceptibility patterns
[56].

The formula to help select rational antimicrobial therapy (FRAT)
was published by Blondeau and Tillotson in 1999 [57]. In fact, the
original title intended for this formula was Formula for Empiric
Antimicrobial Therapy (FEAT) but that title was rejected by the
reviewers because of the use of the word “empiric”. In practice, most
antimicrobials are prescribed empirically, often based on evidence-
based guidelines and without culture and susceptibility data on
potential infecting organisms.

The FRAT (or FEAT) formula uses two data items to develop a
factor (F) which depends on the incidence (I) of specific bacterial
pathogens and the percent susceptible (S) of those organisms to the
antimicrobial agent or agents being considered. As such, the formula
FS=%I x %S/100+%I x %S/100+%I x %S/100+ etc. where I is the %
incidence of the pathogens in a given infection, S is the % susceptible
to the antimicrobial agent and F is the sum of F derived for each
bacterial species [57]. Table 1 is a summary of the FRAT (FEAT)
formula applied to community-acquired pneumonia and select
antimicrobials used for treatment.

Organism % Incidence? Amoxicillin Ceftriaxone Macrolide Levofloxacin Tetracycline TMP/SMX*

% S F % S F % S F % S F % S F % F
S. pneumoniae 20.5 88.4 18 80.8 17 50 10 99 20 74 15.1 69.1 14.2
H. influenzae 10 74.5 7.5 99 9.9 94 9 100 10 99 9.9 70.7 71
M. catarrhalis 3.4 100 34 99 3.3 99 3 100 34 100 34 99 3.2
M. pneumoniae 8.6 0 0 0 0 99 9 99 8.5 99 8.5 0 0
C. pneumoniae 6.1 0 0 0 0 99 6 99 6 99 6 0 0
L. pneumophila 9.3 0 0 0 0 99 9 99 9.2 99 9.2 0 0
K. pneumoniae 1.4 98.4 1.4 99 1.3 99 0 99 1.3 83 1.16 95 1.3
S. aureus** 2 98 2 99 1.9 94 2 94 1.8 98 1.96 93 1.86
TOTAL 61.3 323 334 48 60.2 55.2 27.7
PREDICTABILITY 52.6 54.5 78.3 98.2 90.1 45.2
*trimethoprim/sulfamethoxazole
**methicillin-susceptible
2Does not add to 100% as respiratory viruses not considered and for some patients, a pathogen is not identified.

Table 1: Example of FRAT (FEAT) applied to community-acquired pneumonia [54,55,57-63].
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Results

Regional resistance rates in the USA

Overall, regional differences were seen in levels of antibiotic
resistance throughout the USA and Canada, however, for the most
common causative pathogen, S. pneumoniae resistance to macrolides
ranged from 31.3% to 62.9%. Penicillin and macrolide resistance
ranged from 6-25%.

FRAT application

For the FRAT Table example summarized in Table 1, a comparison
is shown for 6 antimicrobial agents representing five different drug
classes. The total pathogen incident added to 61.3% and will not add to
100% as viruses are not considered in the calculation nor were
organisms whose occurrence is infrequent. Clearly, such bacteria at
lower incidences could be added and included in the calculation if
desired. In considering amoxicillin, resistance with S. pneumoniae was
approximately 12% and resistance to influenzae was approximately
25% and this combined with a lack of activity against atypical
pathogens yields an overall factor of 32.2%; when considered with the
incidence of the pathogens summarized gives an overall predictability
factor of 52.6%. Similarly for ceftriaxone, susceptibility of .
pneumoniae was approximately 81% and lack of activity against
atypical pathogens provided a factor of 33 and the predictability was
54.5%. Despite a high incidence of macrolide resistance at 50% for S.
pneumoniae, the overall impact factor was 38.1 with a predictability of
78.3% and this in part is attributed to the activity against atypical
pathogens summarized in the Table. A low predictability for
trimethoprim/sulfamethoxazole was also seen at 45.2% and again was
accounted for by resistance amongst S. pneumoniae and H. influenzae
strains and lack of activity against atypical pathogens. For the
fluoroquinolone levofloxacin, a factor of 60.5 was seen giving a
predictability of 98.2% and again owing for the lack of resistance
amongst S. pneumoniae and H. influenzae strains and activity against
atypical pathogens. A similar factor could be seen for the
fluoroquinolone moxifloxacin.

The varying macrolide resistance rates seen throughout the various
CDC geographical divisions clearly demonstrate how the predictability
factor could change. For West South Central with macrolide resistance
at 62.9%, the predictability would be 74.2% whereas for Mountains
(31.3% of macrolide resistance) the predictability would be 84.7%.
Interestingly, these differences on predictability are based on varying
susceptibility of S. pneumoniae; clearly varying susceptibility to other
pathogens would also influence the predictability of the antimicrobial
agent.

It should be clear that if different incidence data was used such that
the percentages of the various pathogens summarized was higher or
lower then this along with varying susceptibility or resistance would
clearly change the calculation of the factor which when divided by the
percent incidence would change the overall predictability for any or all
of the antimicrobial agents. In fact, the formula is best used when
applied to the most recent and local susceptibility or resistance and
etiology data that may be available for analysis.

In addition to different susceptibility rates identified in the 9 CDC
Census regions, demonstrated differences are also seen in prevalence
of chronic heart disease, diabetes and smoking. Comparing all data
from these regions identifies a trifecta; high prevalence of
comorbidities, high rates of pneumococcal resistance and macrolide

failure, and high prescription rates-particularly of macrolides,
suggesting that there are areas where more effective prescribing is
needed. This trifecta was demonstrated with the highest percentages in
the East South Central region; diagnosed diabetes age-adjusted percent
ranged from 9->10%, prevalence of heart disease among adults ranged
from 6.4%-8.2%, of adults 20.1-27.4% smoke cigarettes and .
pneumoniae macrolide resistance was 56.8% [45,58].

Regional comorbidities

Interestingly, West Virginia state has higher prevalence rates of
smoking and heart disease than the majority of its surrounding states.
Regions with the highest community antimicrobial prescribing rates
are also the same regions with the highest rates of antibiotic resistance.

Figure 2 shows the prevalence of heart disease, diabetes and
cigarette use among adults in the USA in 2014. The South Central
region was identified as the region with the highest antibiotic
prescribing rate across all age groups [59], and relevant to our
comparisons, counties with a high proportion of obese persons were
associated with increased prescribing rates. Overall, Southern regions
had the highest prevalence of heart disease and diabetes, however the
East South Central region had the highest prevalence of all three
comorbidities-heart disease, diabetes, smoking, as well as the highest
macrolide resistance rate and macrolide prescription rate. The
Mountain region had antibiotic prescription rates below the national
average (502-778 per 1,000 population), lowest macrolide resistance
rate (31.3%) and the lowest prevalence of diabetes except for the two
most southern states in this region Arizona and New Mexico.

Discussion

Concern over antimicrobial resistance and therapeutic failure have
been well documented and debated in the peer reviewed literature.
Antimicrobial resistance may be associated with failure to eradicate the
bacterial pathogens, additional days of antimicrobial therapy, change
in antimicrobial therapy, clinical deterioration and death. Davidson et
al. reported on the emergence of levofloxacin resistant S. pneumoniae
in patients with pneumonia and treated with levofloxacin [38]. Lonks
et al. reported breakthrough bacteremia during macrolide
(erythromycin) or azalide (azithromycin) therapy is more likely to
occur among patients infected with erythromycin-resistant
pneumococcus and macrolide resistance was clinically relevant [39].

Coenen and Goossens [60] commented on antibiotic treatment
failure in primary care based on a study by Currie and colleagues [61]
whereby 11 million antibiotic monotherapies for upper and lower
respiratory tract infections, skin and soft tissue infections and acute
otitis media over the years of 1991-2012. The data was extracted from
the United Kingdom primary care data base. The results suggest that
>1/10 monotherapies were associated with failure and that failure rates
had increased (particularly in lower respiratory tract infections) with
most of the increases in failure occurring in more recent years.
Regarding increased mortality and antimicrobial resistance, Cosgrove
summarized U.S. data showing an increase in mortality associated with
the emergence of resistance during hospitalization and treatment [62].
de Kraker et al. reported on increased fatal outcomes more frequently
with MRSA blood stream infections versus MSSA blood stream
infections [63]. As such the clinical relevance of drug resistant bacteria
and treatment with an antimicrobial to which the infecting pathogen is
resistant to (or resistance develops during therapy) has been clearly
established.
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Figure 2: Maps of nationwide prevalence of heart disease, diabetes and cigarette use among adults in the USA based on year data summarized.

The continuing trend of increasing antimicrobial resistance among
CAP pathogens, particularly S. pneumoniae to commonly used
macrolides and B-lactam agents if of great concern [64]. Findings from
recent surveillance studies [54,55,65] support the observations from
PROTEKT and SENTRY surveillance studies; S. pneumoniae and
Mycoplasma resistance to antimicrobial agents overall is changing and
differs by region. Macrolide resistance rates are higher in the
Southeast, North Central and South Central Regions, and a
retrospective cohort study identified residing in the southern United
States as a risk factor for macrolide-nonsusceptible pneumococci [66].
The identification of a positive relationship between macrolide-
resistant S. pneumoniae and macrolide treatment failure in patients
with CABP [24] demonstrates the current impact of resistance and
continued prescribing of ineffective treatments. Variables not
considered include quality of life indicators and lost productivity due
to absenteeism from work. Such variables have been discussed
elsewhere [67-69].

Cillonez et al. showed that mortality increased with age in patients
with community-acquired pneumonia [12]. Torres et al. commented
on higher mortality rates in elderly patients with CAP and also stated
that lifestyle factors are associated with an increased risk of CAP
including smoking, alcohol abuse and other conditions such as
diabetes mellitus, liver and renal disease, cardiovascular and
cerebrovascular  disease and  other conditions including
immunocompromised patients [70].

The existing challenge of appropriate and effective antibiotic
treatment for CAP patients, in light of regional differences in causative
pathogens and resistance rates, is further compounded by the presence
of comorbidities in patients. Initial empiric management of CAP in
regions where comorbidity prevalence is highest is critically important
as these patients are already at higher risk for CAP [71], as well as the
severity and outcome of the episode [65]. Research has shown that

patients with chronic disease comorbidities, such as diabetes or who
smoke, are more likely to receive inappropriate therapy, have longer
hospital stays, are more likely to be re-admitted in 30 days [25], and are
at increased risk of death due to CAP over both short (30 days) and
long term (1 year) time frames [72]. Recommendations suggest such
patients should be given initial therapy of fluoroquinolones or a
combination of beta-lactam+macrolide agents [5]. However, if one
adds the impact of antimicrobial resistance to this complex calculation
it is likely that initial empiric prescribing can be a challenge.

The East South Central region of the USA has the highest
prevalence of S. pneumoniae antimicrobial resistance, as well as heart
disease, diabetes and smoking. Interestingly, this region also has the
highest rates of antibiotic prescribing in the country [59].

It has been suggested that US physicians consistently underestimate
the local and national levels of resistance; macrolide resistance was
estimated at 21% rather than the not accurate 31-64% [54,55], and
perhaps not surprisingly, the states with the highest macrolide
resistance also dispensed the most macrolide antibiotic prescriptions in
2014 (240 per year vs the national 154) [73].

As the aging population of the USA increases, and incidence of
chronic diseases increases, a larger at risk population for CAP emerges
[6] which could contribute to creating the perfect storm of antibiotic
resistance in pneumonia and the potential for inappropriate initial
empiric therapy.

The percentage of the USA population with diabetes varies by state,
however, in ages 65-74 years (higher CAP risk group) South Central,
South East and East Central regions had the highest prevalence
ranging from 23.5%-37.1% in 2014 (CDC USA Diabetes Surveillance
System, 2016). Diabetes is considered a predisposing condition to CAP
and up to 25% of CAP patients have diabetes [74,75]. Overall, diabetes
is associated with increased risk of hospitalization, requires longer
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hospital stays, higher mortality among hospitalized patients [76] and
re-hospitalization within 30 days of hospital discharge [65]. Diabetes
was significantly associated with development of pleural effusion and
mortality in a study by Falguera et al. [77], and was also among 12
comorbidities associated with increased risk for hospitalization within
28 days after an outpatient CAP episode [78]. There is a high burden of
diabetes patients hospitalized for CAP. Studies have found prevalence
of pre-existing diabetes ranging from 16.2% to 25.9% and the burden
of diabetes in episodes of CAP is increasing [76].

Diabetes contributes more than just adverse health outcomes.
Patients with diabetes have been found to have different clinical
features of CAP compared to other patients [79], are at risk for CAP
not just during winter months, but throughout the year [65], and
patients with both diabetes and CAP also have a higher frequency of
other conditions such as COPD [76], adding complexity to diagnosis
and effective antimicrobial therapy.

Interestingly, Martins et al. [76] found that diabetes had a more
adverse impact upon younger people (under 20-39 years) and in
women with CAP, this impact on younger adults was also found in a
study by Kornum et al. [80]. This data highlights the potential impact
of increasing diabetes prevalence and S. pneumoniae resistance to
antimicrobials in not only older patients, but also in younger people as
well suggesting physicians should be more cognizant of the association
of diabetes and CAP across varying age groups.

Heart disease is more common in middle age and elderly
individuals and is the leading cause of death in the USA, responsible
for approximately 610,000 deaths annually [81]. Pneumonia can
trigger new cardiac events and contributes to acute exacerbations of
pre-existing heart conditions [82,83]. It is estimated that half of the
elderly hospitalized CAP patients have concurrent heart disease [84],
this dual condition significantly increases mortality due to pneumonia
[83]. However, there is a tendency among physicians to seek a unifying
diagnosis [83], but CAP and cardiac diseases are mutually aggravating
conditions [85]. Smoking and diabetes are risk factors for heart disease
[86].

Smoking is associated with negative outcomes in CAP patients, as
well as increasing a patient’s risk of developing additional complicating
comorbidities. The risk for pneumococcal pneumonia is significantly
higher among adults who smoke compared to non-smokers or those
not currently smoking [87]. Smoking has been shown to increase the
risk of heart disease as well as increase the likelihood to develop type 2
diabetes by 30%-40% and also reduces the ability to control diabetes
and insulin dosing [88].

In individuals 65 years or older, Jackson et al. [89] calculated the
proportion of cases to particular risk factors, reporting 2.4% of CAP
cases are due to current smoking, but this increases to 5.5% of cases in
patients with no cardiopulmonary disease. In a study by Millet et al.
investigating factors associated with hospitalization within 28 days of
CAP diagnosis (a‘post-CAP’ hospitalization), smokers had nearly three
times the odds of hospitalization than non-smoker, and after
adjustments for comorbidities, 96% higher odds of hospitalization than
non-smokers [78]. Smoking is an independent risk factor for mortality
associated with CAP; in a study of patients hospitalized with CAP,
current smokers had a fivefold increased risk of 30-day mortality from
pneumococcal CAP compared to non-smokers and ex-smokers [72].

Use of a tool such as FRAT/FEAT would be not only beneficial for
guiding empiric prescribing for general patients, but in regions where
both resistance and comorbidities are high, it could be particularly

important and potentially increase the probability that an antibacterial
agent active against the infecting pathogens could be empirically
chosen.

Continued monitoring and new surveillance efforts are integral to
collective accurate local and regional resistance and susceptibility
trends to aid clinicians in selecting the best drug treatment for empiric
therapy, as well as assist in judicious antibiotic use [90].

Empirical prescribing by definition has to be based on broader
information and then patient specific data. General practitioners (GP)
need to know local resistance and susceptibility trends. Physicians
appear to be aware of antimicrobial resistance and with its clinical
importance but may underappreciate its prevalence nationally or
locally [91]. If for example, knowledge on macrolide resistance locally
is underappreciated the potential consequences of choosing a drug
where resistance is high and susceptibility low may lead to more
failures. The FRAT tool can help prescribers have a better
understanding of the disease and which drugs are most likely to be
effective, enabling practical application of regional data to assist in a
greater understanding of local resistance and susceptibility trends and
better predictability with empiric prescribing.

However, antibiotics carry a cost in terms of adverse events, these
vary by class and by patient type, which includes age, and
comorbidities. In order to account for these critical underlying factors,
the busy practitioner could benefit from methods which make the
prescribing process less complex. Regarding the distribution of the
various factors in the USA, Figures 1 and 2 illustrate the general
incidence of resistance, diabetes, smoking and heart disease.

While antimicrobial resistance is global in distribution and
nationwide, the Southern region of the USA is of most concern as
resistance of pathogens and susceptibility to antimicrobials is layered
on the high prevalence of comorbidities. Using Louisiana as an
example; 1117 prescriptions dispensed vs the national 835 rate, 240 per
1000 population macrolide prescriptions were dispensed-for
comparison Oregons rate was 90 per 1000 population [73] but S
pneumoniae macrolide resistance is 56.8% [45]. Considering
comorbidities, the heart disease death rate and diabetes prevalence rate
are highest ranging from 452.0-846.1 per 100,000 adults and
23.5%-37.1% respectively, and the smoking rate among adults is 20.1-
<23.7%. Our thinking is that the FRAT formula calculation along with
therapeutic guideline recommendations used together come closer to
ensuring adequate empiric antimicrobial prescribing.

Conclusion

The FRAT tool has been developed to support empiric antibiotic
prescribing in the Primary Care setting to integrate regional and local
susceptibility data against the key bacterial pathogens. Its simplicity
allows for easy calculation once incident data and susceptibility data is
available. Indeed, the FRAT formula can be readily applied to
susceptibility data generated in hospital or community laboratories,
state or provincial laboratories or from regional and national
surveillance studies. In fact, the only limitation to use of this formula is
access to recent and meaningful susceptibility data for the target
pathogens of interest. The FRAT formula, as a tool, is one more
approach along with therapeutic guidelines, to help select appropriate
antimicrobial therapy for infected patients.
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