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Abstract
Background and Objective  Omadacycline is an aminomethylcycline antibiotic approved in the USA as once-daily intra-
venous/oral monotherapy for adults with community-acquired bacterial pneumonia (CABP). Omadacycline demonstrated 
noninferiority to the fluoroquinolone moxifloxacin in a phase III CABP trial; adverse-event rates were similar between 
treatment groups except for Clostridioides difficile infection (CDI), which occurred in 2% of moxifloxacin-treated patients 
and 0% of patients on omadacycline. Conceptual healthcare-decision analytic models were developed to better understand 
the economic implications of antibiotic selection and CDI risk in acute-care facilities.
Methods  A conceptual healthcare-decision analytic model was created to estimate incremental costs associated with treat-
ing 100 hospitalized CABP patients with an initial 5-day inpatient regimen of omadacycline instead of moxifloxacin. The 
underlying model assumption was that treatment with omadacycline has the potential to reduce CDI events relative to 
moxifloxacin. The model included excess costs associated with each treatment group from admission through discharge. 
Attributable CDI cost per case in the moxifloxacin group varied from $15,000 to $45,000 (US$). Omadacycline acquisition 
cost was $300–600/day for 5 days.
Results  At a CDI attributable cost per case of $30,000 (base-case analyses), the incremental treatment cost (US$) per 100 
patients ranged from $300,000 to $− 120,000 (cost savings). The excess CDI incidence in moxifloxacin-treated patients 
would need to be 5–10% for omadacycline to be cost-saving, assuming the attributable CDI cost is approximately $30,000.
Conclusion  Targeted omadacycline use may reduce economic burden associated with hospitalized CABP patients treated 
with moxifloxacin if it can reduce excess cases of moxifloxacin-associated CDI.
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Key Points  

The CDC and Infectious Diseases Society of America 
encourages institutions to develop facility-specific 
antibiotic stewardship programs and consider restricting 
the use of antibiotics with highest risk for Clostridioides 
difficile infection (CDI), including fluoroquinolones and 
third-generation cephalosporins.

A conceptual healthcare-decision analytic model incor-
porating risks/costs of treatment-associated CDI was 
created to evaluate potential cost-saving opportunities of 
omadacycline versus the fluoroquinolone moxifloxacin 
among hospitalized patients with community-acquired 
bacterial pneumonia (CABP).

Omadacycline may reduce the economic burden of 
CABP if it can prevent five to ten excess cases of 
moxifloxacin-associated CDI per 100 treated patients.

1  Introduction

Clostridioides difficile infection (CDI), a common side 
effect of antibiotic therapy, is a substantial cause of mor-
bidity and mortality across the USA. In 2011, there were 
nearly 500,000 cases of CDI and ~ 29,000 CDI-associated 
deaths [1]. CDI also represents a major burden on the US 
healthcare system. The total costs attributable to CDI man-
agement are estimated to exceed $6.3 billion annually in the 
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US [2]. Given the continuing high incidence and deleterious 
outcomes associated with CDI, prevention is a national pri-
ority, with a 2020 target to reduce CDI by 30% in the 2015 
National Health Care-Associated Infections (HAI) Action 
Plan [3] CDI is also part of the hospital-acquired condition 
(HAC) reduction program, and hospitals have their Medicare 
payments reduced if their total HAC score is greater than 
the 75th percentile of all total HAC scores (i.e., the worst-
performing quartile) [4]. Many US states mandate CDI data 
submission by hospitals as part of state HAI public reporting 
programs and CDI data are also collected at the federal level 
as part of the Centers for Medicare and Medicaid Services 
Hospital Inpatient Quality Reporting Program [4].

To aid in reducing the impact of CDI in acute-care facili-
ties, the Centers for Disease Control and Prevention (CDC) 
provides data-driven strategies and interventions for address-
ing the burden of CDI in acute-care facilities [5]. In addition 
to infection control measures, the CDC encourages institu-
tions to develop facility-specific antibiotic stewardship pro-
grams and consider restricting the use of antibiotics that 
have the highest risk for CDI, such as fluoroquinolones and 
third-generation cephalosporins [5, 6]. Similarly, the Infec-
tious Diseases Society of America CDI guidelines strongly 
recommend restricting the use of broad-spectrum antibiot-
ics, which include the aforementioned fluoroquinolones and 
cephalosporins [7]. These recommendations are based on the 
growing number of studies that have demonstrated hospital-
onset CDI rates can be lowered by reducing the use of these 
agents [8–10].

Despite their increased propensity to cause CDIs, third-
generation cephalosporins and fluoroquinolones continue to 
be the preferred first-line agents for hospitalized patients 
with suspected or documented community-acquired bac-
teria pneumonia (CABP) [11]. One agent that may serve 
as a potential alternative antibiotic to these agents among 
patients with suspected or documented CABP is omada-
cycline (NUZYRA​®; Paratek Pharmaceuticals, Inc., King 
of Prussia, PA, USA). Omadacycline is an aminomethyl-
cycline antibiotic approved in the USA as once-daily 
intravenous (IV) or oral monotherapy for the treatment of 
adults with CABP [12]. In the phase III Omadacycline for 
Pneumonia Treatment In the Community (OPTIC) Study 
(NCT02531438), omadacycline showed noninferiority to the 
fluoroquinolone moxifloxacin in the treatment of patients 
with CABP. 

Omadacycline is derived from minocycline, a tetracy-
cline antibiotic. Although all antibiotics have the poten-
tial to cause Clostridioides difficile-associated diarrhea 
(CDAD) [13], studies show that tetracycline antibiotics 
are associated with lower risk of CDI compared with fluo-
roquinolones [14, 15]. A growing body of preclinical and 
clinical evidence lends further credence to the notion that 
omadacycline may have a low propensity to induce CDI 

in the clinical setting relative to the fluoroquinolones. For 
example, in the OPTIC study, adverse-event rates were 
comparable between treatment groups except for CDI, 
which occurred in 8/388 patients (2%) who received moxi-
floxacin and 0/382 patients (0%) who received omadacy-
cline [12]. Furthermore, no cases of CDI were observed in 
the two phase III studies of omadacycline in patients with 
acute bacterial skin and skin-structure infections [16, 17]. 
Results of a human colon model study also support the 
biologic plausibility of the differential CDI rates observed 
in OPTIC: omadacycline, in contrast to moxifloxacin, did 
not facilitate simulated CDI [18]. In addition to showing a 
low propensity to cause CDI, omadacycline demonstrated 
potent in vitro activity against C. difficile to comparators 
including doxycycline, metronidazole, and clindamycin 
[19], and demonstrated superior efficacy to vancomycin in 
a hamster model of CDAD [19].

To evaluate the potential economic value of omadacy-
cline in the treatment of adults with suspected or confirmed 
CABP, a conceptual healthcare-decision analytic model was 
developed using a hospital perspective. This model sought 
to estimate the potential incremental costs associated with 
replacing moxifloxacin with omadacycline for hospitalized 
patients with suspected or documented CABP, taking the 
risk and cost of treatment-associated CDI into account. In 
this analysis, treatment of hospitalized CABP patients with 
omadacycline was assumed to have a lower propensity to 
induce CDI, relative to moxifloxacin. The goal of the study 
was to determine the number of excess moxifloxacin-asso-
ciated CDI cases that needed to be avoided per 100 CABP 
cases with omadacycline to make incremental costs near 
zero (cost neutral) or to make omadacycline a cost-saving 
option from the hospital perspective.

2 � Methods

2.1 � Model Description and Structure

A deterministic framework from the US hospital perspec-
tive was used to develop the conceptual healthcare-decision 
analytic model that replaced the use of empiric intravenous 
moxifloxacin with omadacycline for the treatment of inpa-
tients with suspected or documented CABP. The underly-
ing model assumption was that treatment with omadacycline 
has a lower propensity to induce CDI relative to moxifloxa-
cin and has the potential to avoid CDI events. The model 
assessed excess costs associated with each treatment group 
from patient admission to discharge. The costs associated 
with CDI post-discharge from the hospital perspective 
were also considered in the moxifloxacin arm of the model. 
Costs common to both treatments were not considered in 
the model.
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The population was 100 theoretical patients hospitalized 
for suspected or confirmed CABP (Fig. 1). Under the oma-
dacycline scenario, all patients were assumed to be hospi-
talized for 5 days and were subsequently discharged from 
the hospital. Two different scenarios were considered for 
moxifloxacin. In the first, no patients experienced CDI with 
moxifloxacin and were discharged after 5 hospital days. In 
the second, a proportion of the 100 theoretical patients on 
moxifloxacin experienced CDI during or shortly after dis-
charge, requiring a hospital readmission. If moxifloxacin-
associated CDI occurred, it was assumed that hospitals 
would have incurred increased costs. The assumption for 
a 5-day hospital stay was derived from an analysis of hos-
pitalized patients with CABP in the Vizient Health System 
Hospital Database [20]. The time period reflects the initial 
average inpatient stay (5 days) for either omadacycline or 
moxifloxacin in CABP.

2.1.1 � Model Inputs and Assumptions

Only excess costs associated with each treatment were con-
sidered in the model. Emergency department and daily hos-
pital costs were assumed to be equal during the initial 5-day 
treatment period, regardless of treatment assignment. CABP 
treatment duration for both groups was assumed to be 5 days. 
Moxifloxacin acquisition costs were assumed to be zero in 
the model to align with the acquisition cost of levofloxa-
cin, the fluoroquinolone used most widely for hospitalized 
patients with CABP in the USA. Omadacycline acquisition 
costs (all reported here in US$) varied between $300/day 
and $600/day in $150/day increments. The current wholesale 
acquisition cost of omadacycline 100 mg IV is $355.35 per 
dose. With the loading Day 1 dose, the average wholesale 
acquisition cost (WAC) over 5 days is $426.42 [21]. Rather 
than using this amount as the cost input for omadacycline, 
a range of costs was inputted for omadacycline, which was 
inclusive of the current daily omadacycline WAC, since the 
contracted price for a drug varies across hospitals and costs 
of a drug change over time. This also ensured readers would 
be able to best apply the findings of economic analysis based 
on the acquisition cost of omadacycline at their institution.

The excess moxifloxacin-associated CDI rate varied from 
0 to 14%, in 1% increments. This assumption was based on 
findings from the OPTIC trial [12]. In the OPTIC trial [12], 

CDI rates for each treatment group were stratified by the 
Davis risk score (DRS) [22], which is one of the most well-
described predictive indices for 30-day risk of healthcare-
associated CDI using readily available and clinically use-
ful variables. Among patients in the phase 3 OPTIC study 
[12] with a DRS ≥ 6, 14% of CABP patients treated with 
moxifloxacin developed CDI compared with no patients in 
the omadacycline-treated group, despite the balanced base-
line CDI risk between treatment groups [23]. Two patients 
developed CDI after completion of treatment, whereas CDI 
occurred on Days 4–8 of treatment in the other six patients. 
This finding supports the CDI rates inputted in the model 
for the moxifloxacin-treated group.

The cost associated with a CDI in the model varied 
between $15,000 and $45,000, in $15,000 increments. For 
the purposes of this analysis, $30,000 was considered the 
base-case attributable cost associated with a CDI. Sup-
port for these inputs were derived from two systematic lit-
erature reviews and a recent CDI cost-of-illness study that 
indicated that the mean attributable costs associated with a 
healthcare-associated CDI are contained within this range 
[2, 24, 25]. In the meta-analysis by Zhang and colleagues 
[2], which combined 100-point estimates and ranges from 
42 individual studies, hospital-onset CDI-attributable cost 
per case was estimated to be $34,157 (90 % confidence inter-
val (CI): $33,134–$35,180) [2]. In the systematic review 
of 45 cost-of-illness CDI studies between 1988 and June 
2014, the mean attributable CDI costs (per patient/admis-
sion/episode/infection) ranged from $8,911 to $30,049 [24]. 
Most recently, Feuerstadt et al. reported that inpatient costs 
among CDI patients during the 12-month follow-up period 
ranged from $43,677 for patients with no recurrences to 
$141,441 for patients with at least three recurrences [25]. 
No additional adverse events were included in the model, as 
the incidence of other adverse events was found to be simi-
lar between omadacycline and moxifloxacin in the OPTIC 
study [12].

2.1.2 � Model Output and Analyses

Incremental treatment cost was equal to the total cost for the 
scenario of 100 theoretical patients treated with omadacy-
cline minus the total cost for the scenario of 100 theoretical 
patients treated with moxifloxacin. A positive incremental 
cost indicates increased cost with omadacycline, while a 
negative incremental cost suggests cost savings with oma-
dacycline treatment compared to moxifloxacin treatment. 
Analyses were performed to determine the impact of vary-
ing the excess incidence of moxifloxacin-associated CDI 
(0–14% in 1% increments), cost of omadacycline ($300–600/
day, in $150/day increments for 5 days), and cost of CDI 
treatment ($15,000–45,000, in $15,000 increments) on the 
incremental treatment cost per 100 theoretical patients. A 

Fig. 1   Patient flow for empiric treatment of hospitalized adults with 
community-acquired bacterial pneumonia
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two-way sensitivity analysis was undertaken to determine 
the incremental treatment cost per 100 patients as a function 
of the CDI treatment cost per case. In the two-way sensitiv-
ity analysis, the cost of CDI treatment ranged between $0 
and $45,000. The omadacycline IV daily acquisition cost 
was fixed at $426.42/day for 5 days ($2131 total per treat-
ment course) and the moxifloxacin daily acquisition cost was 
fixed at $0.

3 � Results

At a CDI-attributable cost per case of $30,000 (base-
case analyses), the incremental treatment cost per 100 
patients ranged from $300,000 to $−120,000 (cost savings) 
(Table 1). At a CDI treatment cost per case of $30,000, the 
excess incidence of CDI in moxifloxacin-treated patients 
would need to range between 5 and 10%, depending on 
the acquisition cost of omadacycline ($300–600/day), for 
omadacycline to be cost neutral. Analysis showed that 
for incremental cost per 100 patients to be near zero (cost 
neutral) at a CDI treatment cost per case of $15,000, the 
excess incidence of CDI in moxifloxacin-treated patients 
would need to range between 10% and 20%, depending on 
the acquisition cost of omadacycline ($300–600/day). At 
the upper end of the CDI cost per case range ($45,000), 
negative incremental treatment costs were observed when 

the excess moxifloxacin-associated CDI incidence ranged 
between approximately 3 and 7%, depending on the acquisi-
tion cost of omadacycline ($300–600/day).

Figure 2 shows results of the two-way sensitivity analysis, 
in which both cost of CDI per case and excess moxiflox-
acin-related CDI incidence were varied continuously and 
the omadacycline IV daily acquisition cost was fixed at at 
$426.42/day for 5 days ($2131 total per treatment course). 
Omadacycline was cost minimizing at a moxifloxacin-
related excess CDI rate of approximately: (1) 14% at a mean 
CDI cost per case of $15,000; (2) 7% at a CDI mean cost 
per case of $30,000; and (3) 5% at a CDI mean cost per case 
of $45,000.

4 � Discussion

The incidence, mortality, and excess healthcare costs result-
ing from CDI in hospitalized patients in the USA are at his-
toric highs [26]. C. difficile is one of three pathogens classi-
fied by the CDC as “an immediate public health threat that 
requires urgent and aggressive action” [27]. CDI prevention 
is a national priority and evidence-based criteria for curb-
ing its spread are well described [7, 28]. One of the major 
recommendations to reduce CDI is to restrict the use of fluo-
roquinolones and third-generation cephalosporins. While the 
benefits associated with the restriction of “high CDI risk” 

Table 1   Incremental costs per 100 hospitalized CABP patients with omadacycline versus moxifloxacin

Cost of hospital-onset Clostridioides difficile infection (CDI) tested over the range of values reported in the literature [2, 24, 25]. Negative $ val-
ues indicate costs savings with omadacycline in the model, at the given omadacycline cost and CDI incidence rate

CDI-attributable cost per case, US$ 15,000 30,000 45,000

Omadacycline daily acquisition cost, 
US$

300 450 600 300 450 600 300 450 600

Excess CDI incidence with moxifloxa-
cin, %

 0 150,000 225,000 300,000 150,000 225,000 300,000 150,000 225,000 300,000
 1 135,000 210,000 285,000 120,000 195,000 270,000 105,000 180,000 255,000
 2 120,000 195,000 270,000 90,000 165,000 240,000 60,000 135,000 210,000
 3 105,000 180,000 255,000 60,000 135,000 210,000 15,000 90,000 165,000
 4 90,000 165,000 240,000 30,000 105,000 180,000 − 30,000 45,000 120,000
 5 75,000 150,000 225,000 0 75,000 150,000 − 75,000 0 75,000
 6 60,000 135,000 210,000 − 30,000 45,000 120,000 − 120,000 − 45,000 30,000
 7 45,000 120,000 195,000 − 60,000 15,000 90,000 − 165,000 − 90,000 − 15,000
 8 30,000 105,000 180,000 − 90,000 − 15,000 60,000 − 210,000 − 135,000 − 60,000
 9 15,000 90,000 165,000 − 120,000 − 45,000 30,000 − 255,000 − 180,000 − 105,000
 10 0 75,000 150,000 − 150,000 − 75,000 0 − 300,000 − 225,000 − 150,000
 11 − 15,000 60,000 135,000 − 180,000 − 105,000 − 30,000 − 345,000 − 270,000 − 195,000
 12 − 30,000 45,000 120,000 − 210,000 − 135,000 − 60,000 − 390,000 − 315,000 − 240,000
 13 − 45,000 30,000 105,000 − 240,000 − 165,000 − 90,000 − 435,000 − 360,000 − 285,000
 14 − 60,000 15,000 90,000 − 270,000 − 195,000 − 120,000 − 480,000 − 405,000 − 330,000
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antibiotics have been clearly demonstrated [29], it can be 
challenging for many healthcare facilities to fully adopt this 
recommendation. For example, dedicated antibiotic steward-
ship programs are absent from many healthcare facilities, 
limiting the ability to curtail the use of these high CDI risk 
antibiotics. In addition, fluoroquinolones and third-genera-
tion cephalosporins are the cornerstones of treatment in sev-
eral expert guidelines, making it difficult to limit their use. 
Furthermore, only a limited number of alternative antibiot-
ics are available to the fluoroquinolone and third-generation 
cephalosporins for several common bacterial infections in 
hospitalized patients [11, 30, 31]. Most notably, the 2019 
guidelines for community-acquired pneumonia continue to 
recommend third-generation cephalosporin-based regimens 
as first-line therapies for hospitalized CABP patients [11].

Cognizant of the urgent national concerns with CDI, a 
conceptual healthcare-decision analytic model was devel-
oped to better understand the economic implications of the 
potentially lower CDI risk associated with omadacycline rel-
ative to fluoroquinolones. Rather than examining incremen-
tal cost-effectiveness ratios (or patient-centered outcomes 
such as quality-adjusted life years), a deterministic model 
was created to assess the value associated with omadacy-
cline relative to moxifloxacin by quantifying the number of 
excess cases of moxifloxacin-associated CDI that needed 
to be avoided per 100 patients in order for omadacycline to 
be cost neutral for the hospital. While it is well established 
that the primary goals of antibiotic stewardship are to opti-
mize patient outcomes and avoid unintended consequences 

of antibiotic use like CDI, containment of overall and anti-
biotic-related costs are also significant goals [32]. Thus, 
we believe it was important to examine an endpoint in the 
analysis that captured all the critical metrics of antibiotic 
stewardship: patient outcomes, CDI prevention, and cost of 
care. Our focus on these aspects also aligned with the tenets 
of value-based healthcare, which place emphasis on quality 
and efficiency of care.

Overall, results from the analyses indicated that omada-
cycline use has the potential to reduce the healthcare eco-
nomic burden associated with CDI in patients hospitalized 
for CABP who are currently treated with moxifloxacin if it 
can prevent ~ 5–10 cases of moxifloxacin-associated CDI 
per 100 treated patients, assuming the attributable CDI cost 
is approximately $30,000. A number of studies have been 
performed to determine the mean attributable costs associ-
ated with a healthcare-associated CDI and it is estimated to 
be approximately $15,000–45,000 [2, 24, 25]. At the upper 
end of this range, the number of moxifloxacin-associated 
CDI cases that needed to be prevented for omadacycline 
to be cost neutral was ~ 3–7 per 100 patients. At the lower 
end, the number of moxifloxacin-associated CDI cases that 
needed to be prevented for omadacycline to be cost neutral 
was ~ 10–20 per 100 patients. Given the morbidity, mortal-
ity, healthcare expenditures, and potential Medicare reim-
bursement reductions associated with CDI, hospitals and 
clinicians should consider the incremental cost findings in 
relation to overall benefits of potentially preventing a CDI 
case from the patient, hospital, and societal perspectives. 
In addition, it may be that omadacycline use in hospital-
ized suspected or documented CABP, as a quality control 
measure to potentially reduce the occurrence of fluoroqui-
nolone-associated CDI, is best suited for patient popula-
tions at greatest risk for CDI. Such populations are well 
described in the literature and include patients with multiple 
comorbidities, prior CDI, extensive prior receipt of “high 
CDI risk” antibiotics, and receipt of proton pump inhibitors 
[22]. This proposed recommendation for use in high CDI 
risk patients is consistent with the results of the OPTIC trial 
[12], in which 14% of moxifloxacin-treated patients with a 
DRS ≥ 6 developed CDI compared with no patients in the 
omadacycline-treated group [23].

Several points should be noted when interpreting the find-
ings of the present analysis. First, we examined the potential 
incremental costs associated with replacing moxifloxacin 
with omadacycline for hospitalized patients with suspected 
or documented CABP. Our findings are not unique to oma-
dacycline and could be applied to any antibiotic that confers 
a lower risk of CDI relative to fluoroquinolones. Second, we 
focused on excess rather than total costs because many costs 
(hospitalization for initial treatment period, nursing time) 
would be the same regardless of the choice of antimicro-
bial agent. Third, we did not factor in a series of outcomes 

Fig. 2   Two-way sensitivity analysis of the incremental cost ($)  per 
100 hospitalized CABP patients with omadacycline relative to moxi-
floxacin. The omadacycline intravenous daily acquisition cost was 
fixed at $426.24 for 5 days ($2,131.20 per treatment course), and the 
moxifloxacin daily acquisition cost was fixed at $0. CABP commu-
nity-acquired bacterial pneumonia, CDI Clostridioides difficile infec-
tion. Excess moxifloxacin-related CDI incidence per 100 patients 
varied between 0 and 14%, and CDI mean cost per case ranged from 
$15,000 to $45,000
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and costs such as patient satisfaction/quality of life/produc-
tivity, due to lack of comparator data on these endpoints 
between omadacycline and moxifloxacin. Fourth, we did 
not incorporate mortality—which occurs in a fair propor-
tion of patients with CDI—into the model [1, 2, 33]. The 
conceptual models assumed that omadacycline did not lead 
to any cases of CDI. Thus, the “cost neutral” moxifloxacin-
associated CDI incidence thresholds identified in the analy-
ses reflect the excess CDI cases with moxifloxacin relative 
to omadacycline, rather than overall absolute numbers of 
moxifloxacin-associated CDI cases. Finally, this study only 
evaluated incremental costs associated with averting mox-
ifloxacin-associated CDI. The incremental costs presented 
in this study should be offset with the frequencies and costs 
of other potential toxicities that could occur with both oma-
dacycline and moxifloxacin.

5 � Conclusions

An important clinical, economic, and public health consid-
eration with the use of fluoroquinolones is the occurrence of 
CDI. Findings from the model presented here illustrate the 
potential economic impact associated with reductions in CDI 
rates following the use of antibiotics that have low CDI risk, 
such as omadacycline, compared with fluoroquinolones, 
when treating patients hospitalized for CABP. Based on the 
model’s assumptions and inputs, this analysis suggests that 
omadacycline use has the potential to reduce the economic 
burden associated with moxifloxacin use in hospitalized 
CABP patients, if it can prevent ~ 5–10 cases of moxiflox-
acin-associated CDI per 100 treated patients, assuming the 
attributable CDI cost is approximately $30,000. Hospitals 
aspiring to prevent CDI, improve patient outcomes, and 
contain costs by avoidance of fluoroquinolone-associated 
CDI should examine their hospital-specific rates of CDI to 
determine whether the replacement of fluoroquinolones with 
an agent such as omadacycline can reduce healthcare costs 
and prevent CDI among patients at high CDI risk [7, 22]. 
Like all studies of this nature, the findings in this analy-
sis require validation in real-world settings. Future studies 
should explore the incidence, burden, and clinical impact of 
fluoroquinolone-associated CDI in CABP patients.
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