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Background: Empiric therapy decisions are predicated on knowledge of both the epidemiology and
antimicrobial susceptibility of the probable infecting pathogen(s). The objective of this study was to evaluate
the microbial distribution and phenotypic profiles of nosocomial respiratory isolates collected from multiple
US hospitals and assess the clinical utility of various monotherapy and combination regimens.

Methods: Hospitals provided consecutive non-duplicate adult inpatients Gram-negative nosocomial
respiratory isolates from cultures received >48 h after hospital admission. Minimum inhibitory concentrations
(MICs) for 12 antimicrobials were determined using broth microdilution methods. An antibiogram was
constructed for monotherapy regimens as well as combinations inclusive of either tobramycin (TOB) or
ciprofloxacin (CIP).

Results: Six hospitals provided 518 nosocomial respiratory isolates. P. aeruginosa (PSA) comprised 28% of the
population followed by Klebsiella pneumoniae (13%), Enterobacter spp. (13%), S. maltophilia (9%), S. marcesens (6%),
A. baumannii (6%), and others (18%). When considering monotherapy for the Enterobacteriaceae &
PSA ceftolozane/tazobactam (C/T) provided the highest (87%) percent susceptibility (%S) followed by
meropenem (MEM), CIP, cefepime (FEP), ceftazidime (CAZ) and piperacillin-tazobactam (TZP) at 71-85 %S.
The addition of TOB > CIP improved the probability that the antimicrobial combination would provide >1 active
agent.

Conclusions: PSA was the predominant nosocomial respiratory pathogen; however, the Enterobacteriaceae
comprised an additional 53% in this survey. When considering empiric f-lactam monotherapy therapy for
the entire spectrum of pathogens C/T provided the highest (78%) %S followed by MEM, FEP and TZP.
The addition of either TOB > CIP to these B-lactams enhances the likelihood that an active agent would be

selected when considering empirical therapy choices for nosocomial respiratory tract infections.
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Introduction

Nosocomial pneumonia, defined as a pulmonary infection
that develops 48 hours after admission is the second most
common infection in the hospital setting (1). As a result
of its prevalence and the frequent debilitated nature of
the infected host this disease entity is associated with high
morbidity, mortality increased length of hospital stay and
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cost of care (1). Moreover, this infection is responsible for
the majority of antibiotics prescribed in the ICU setting.
Although the epidemiology of nosocomial pneumonia
has been well defined and commonly involves Staphylococcus
aureus and a variety of Gram-negative pathogens such as
P. aeruginosa (PSA), E. coli, and K. pneumoniae the

prevalence of these pathogens as well as their susceptibility
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to commonly utilized antibiotics can vary widely among
the global geographies of clinical care (1,2). While the
combination of early recognition, diagnostics and prompt
medical management have assisted in improving clinical
outcomes of the infected patient, antibiotic resistant
organisms present a major threat to the well-being of all
patients with infection (3).

As a result of this threat, multiple initiatives have been
undertaken among the pharmaceutical industry, clinicians
and regulatory bodies to develop new antibiotic therapies
targeted at these increasingly prevalent resistant organisms.
One such effort has resulted in the recent approval of a novel
B-lactam/B-lactamase inhibitor, ceftolozane/tazobactam
(C/T) (ZERBAXA™), which is indicated in the US for
adult patients with complicated intra-abdominal infections
in combination with metronidazole and complicated
urinary tract infections, including pyelonephritis (4). This
cephalosporin-class agent displays potent iz vitro activity
against common Gram-negative pathogens such as E. co/i,
K. pneumoniae, P. mirabilis and PSA, including drug-resistant
strains, and some extended spectrum B-lactamases (ESBL)
producing Enterobacteriaceae (4,5). In the context of
nosocomial infection when concerns of PSA and antibiotic
resistance become increasingly prevalent, this compound
has displayed high potency in the wake of non-susceptibility
to agents like meropenem (MEM), piperacillin-tazobactam
(TZP) and cefepime (FEP) as well as multi-drug resistance
(MDR), defines as resistant to >3 classes of agents (6,7). As
a result of the bronchopulmonary penetration of C/T; as
well as it’s in vitro potency against Gram-negative pathogens
including MDR PSA the compound is currently under
study for ventilated nosocomial pneumonia (8,9). The
purpose of this study was to compare the iz vitro potency
of conventional parenteral antimicrobials and C/T against
nosocomial respiratory isolates from US hospitals as an aid
to optimal antimicrobial(s) selection for the management of
pneumonia in the hospital setting.

Methods

Consecutive, non-duplicate, Gram-negative nosocomial
respiratory isolates that had been obtained from adult
inpatients as part of their routine medical management
were obtained from cultures received >48 h after hospital
admission. Collection occurred over the period of July
2013 and November 2014. Routine testing methods
were performed at each participating site to identify the
organisms prior to shipment to the central laboratory,
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Clinical Laboratory Standards Institute (CLSI)
broth microdilution methods for minimum inhibitory
concentration (MIC) determinations were undertaken
on: C/T, FEP, ceftriaxone (CRO), ceftazidime (CAZ),
ciprofloxacin (CIP), aztreonam (ATM), ertapenem (ETP),
imipenem (IPM), TZP, MEM and tobramycin (TOB) (10).
E. coli 25922 and PSA 27853 were utilized as quality
control strains as recommended by CLSI. The inoculum
of each organism was verified by colony counts. CLSI
interpretative susceptibility criteria were utilized for each
agent when available. In the absence of CLSI interpretative
susceptibility criteria, the FDA breakpoints of 2 mg/L for
Enterobacteriaceae and 4 mg/L for PSA were utilized for
C/T. Susceptibility profiles were only defined for organisms
with >30 isolates.

MDR PSA were classified as resistance to at least three
classes represented by the following phenotypic resistance
profiles: CIP (MIC >4 mg/L), IPM (MIC >8 mg/L), CAZ
(MIC 232 mg/L), TZP (MIC >128 mg/L), and TOB
(MIC >16 mg/L). ESBL phenotypic confirmation studies
were undertaken for Enterobacteriaceae that had an initial
positive screen test for ESBL production as defined by
CLSI (5,10). Isolates testing non-susceptible (NS) to
ETP (21 pg/mL), IPM (>2 pg/mL) or MEM (>2 pg/mL)
underwent evaluation for carbapenemase production using

the Carba NP test (11).

Results

Six US teaching hospitals provided 518 non-duplicate,
consecutive isolates as follows: Enterobacteriaceae (n=275),
PSA (n=144), Stenotrophomonas maltophilia (n=46), Serratia
marcescens (n=32) and others as shown in Figure 1. Seventy-
one percent of the organisms included in the current study
were obtained from patients in the ICU.

The concentration inhibiting 90% of the organisms
(MICy) and percent susceptibility (%S) for the
Enterobacteriaceae and PSA are shown in Table 1. When
considering the Enterobacteriaceae as a whole the
carbapenems and C/T displayed the highest potency
among the compounds tested. However, as noted the
susceptibility profile of the individual compounds varied
considerably among the subspecies of Enterobacteriaceae.
While genotypic profiling was not undertaking for the
organisms displaying MDR, phenotypic profiling did
identify a total of 38 ESBL producing organisms as well as
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33 Enterobacteriaceae defined as NS to the carbapenems,
9 of which were defined as having carbapenemases.

Among the PSA, C/T displayed the greatest degree of
susceptibility at 94% (MIC,y, =2 mg/L) followed by TOB
91% (4 mg/L) (1able 1). In comparison, the susceptibility
profile for the remaining agents ranged from 59-78%, with
their MIC,, values (mg/L) well in excess of the susceptibility
breakpoint for all agents (MEM & CIP 16; FEP and IPM 32,
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Figure 1 Prevalence of Gram-negative organisms recovered from
the respiratory tract of patients hospitalized for >48 hours. Others
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ATM & CAZ 64 and TZP 256). As displayed in Figure 2, C/T
demonstrated high potency as well as narrow MIC range
against this population of nosocomial PSA. Moreover when
the C/T MIC distribution of these PSA is compared to FEP,
TZP or MEM using a scattergram assessment (Figure 3),
the sustained susceptibility (i.e., MIC <4 mg/L) C/T is
recognized despite increasing resistance to the other three
B-lactams.

Fourteen percent of the PSA population was defined
as MDR. In this subset of MDR isolates rank order %S
(MICy, mg/L) was as follows: C/T 75% [8], TOB 60% [64],
ATM 15% [64], FEP 15% [64], CAZ 15% [128], CIP 5% [32],
IPM 0% [32], MEM 0% [64], and TZP 0% [512]. The MIC,,
was 8 for C/T, however, 45% of these organisms had MICs
<1 mg/L, 15% =2 mg/L, 15% =4 mg/L, and 20% =8 mg/L.

When considering carbapenems, 41% and 36% of the
PSA were NS defined as an MIC >4 mg/L to IPM and
MEM, respectively. For this highly resistant population,
C/T displayed the highest potency with 90% and 85%
susceptibility for isolates NS to IPM and MEM. With the
exception of TOB at 80% (MICy,, 64 mg/L), other agents
demonstrated less than 54% susceptibility {CAZ 53% [128],
FEP 49% [64], CIP 41% [32], TZP 41% [512], ATM 39%
[64]} for this carbapenem NS population of PSA.

Within the PSA population 31% displayed a phenotypic

Table 1 MIC,, and percent susceptibility (%S) for nosocomial respiratory Enterobacteriaceae and P. aeruginosa

Organism Result C/T FEP CRO CAZ CIP ATM ETP IPM TZP MEM TOB GEN
P. aeruginosa MICq, 2 32 NT 64 16 64 NT 32 256 16 4 NT
(n=144) %S 94% 1% NT 78% 69% 66% NT 59% 69% 64% 91% NT
Enterobacter spp. MICq, 16 64 128 128 2 64 16 8 256 8 4 NT
(n=68) %S 74% 75% 51% 63% 87% 59% 81% 40% 60% 88% 91% NT
K. pneumoniae MICq, 16 128 128 128 32 64 16 8 512 16 32 NT
(n=69) %S 84% 78% 77% 77% 77% 77% 86% 90% 70% 90% 78% NT
E. coli (n=50) MICq, 1 128 128 64 32 32 0.125 0.5 128 0.064 32 NT
%S 96% 80% 78% 76% 54% 82% 92% 98% 82% 96% 66% NT
Other MICq, 8 32 64 128 2 32 0.25 4 64 0.5 8 NT
afzg)’ba"te”aceae %S 88%  86% 77% 82%  88%  86%  93%  61%  84%  95%  89%  NT
S. marcescens MICq, 128 16 64 128 2 64 16 16 256 8 8 2
(n=32) %S 78% 78% 56% 69% 78% 69% 75% 44% 69% 81% 81% 91%

C/T, ceftolozane/tazobactam; FEP, cefepime; CRO, ceftriaxone; CAZ, ceftazidime; CIP, ciprofloxacin; ATM, aztreonam; ETP, ertapenem;
IPM, imipenem; TZP, piperacillin-tazobactam; MEM, meropenem; TOB, tobramycin; GEN, gentamicin; NT, not tested.
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Figure 2 Cummulative percentage of P. aeruginosa inhibited at
each MIC (mg/L). C/T, ceftolozane/tazobactam; FEP, cefepime;
CIP, ciprofloxacin; IPM, imipenem; TZP, piperacillin-tazobactam;

MIC, minimum inhibitory concentration.

profile of NS to TZP (MIC >32 mg/L). For these
pseudomonal isolates, C/T demonstrated 82% susceptibility
with 71% of the isolates having an MIC <2 mg/L. When
considering those isolates defined as NS to FEP, C/T
displayed 81% susceptibility (Figure 3).

Although less prevalent than the Enterobacteriaceae and
PSA, S. maltophilia and Acinetobacter spp. are increasingly
recognized pathogens in nosocomial pneumonia and thus
MIC profiling was also undertaken for these organisms.
While S. maltophilia and Acinetobacter spp. are not typically
susceptible to the B-lactams utilized in the current study, we
accessed these compounds inclusive of C/T in the context
of empiric therapy (Table 2). While individual organisms
displayed low and variable MICs profiles to the compounds
investigated, the overall potency of the agents tested was
poor with the exception of trimethoprim/sulfamethoxazole
(TMP/SMX) for S. maltophilia.

Since the initiation of treatment for nosocomial
pneumonia is usually based on the development of signs and
symptoms of infection (i.e., hypoxia, elevated white count,
fever) and radiographic changes prior to the availability
of culture data, the antibiotic(s) selected must provide
potency against the pathogens of concern. In the setting
of empiric therapy, Tuable 3 provides the probability of
selecting a susceptible regimen consisting of either mono- or
combination-therapy with TOB or CIP when considering
the most prominent pathogens (i.e., Enterobacteriaceae
and PSA) or the entire organism population (all bugs) as
previously identified (n=518). When considering empiric
monotherapeutic choices (i.e., B-lactams and CIP) for
Enterobacteriaceae and PSA as well as all bugs, C/T was the
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most potent agent relative to other conventional therapeutic
options. Although the additional of either CIP or TOB to
all regimens improved the probability of having at least one
appropriate antibiotic (i.e., susceptible) for these targeted
respiratory pathogens the percent enhancement varied
considerable based on the potency of B-lactams backbone
selected.

Discussion

Despite the implementation of preventive strategies to
decrease the incidence of nosocomial infections including
pneumonia, the underlying comorbid conditions of the host
and the plethora of medical and surgical interventions in
the ICU setting results in substantial infection risk for the
patient. As a result of the increasing awareness of infection
and its detrimental role in the care of the hospitalized
patient, a corresponding increase in the utilization
antimicrobials and resistance to conventional therapies has
been noted at many institutions.

While good antimicrobial stewardship practices must
be implemented in an effort to optimize the clinical utility
of the current armamentarium, ongoing surveillance
programs are necessary to identify the epidemiologic mix
as well as the potency of the available antimicrobials in
the institutional setting. In the current study we identified
PSA as being the most prevalent organism in nosocomial-
acquired respiratory tract cultures, an observation that is
similar to previously conducted studies focusing on the
epidemiology of hospitalized patients with pneumonia
(12,13). Moreover, the beta-lactam phenotypic profile for
this organism among these three studies conducted over
the period of 2009-2014 reveals a longstanding concern
regarding the potency of many parenteral agents as non-
susceptibility rates range from 22% to 41%. Despite
elevated levels of resistance to conventional parenteral
beta-lactams and fluoroquinolones in our current study,
C/T susceptibility was 94%, a value quite similar to the
93% previously reported by Farrell and colleagues from a
2012 collection of PSA (12).

While an assessment of in vitro potency is important
once the organism(s) have been identified so that optimal
directed therapy can be promptly administered, in the
hospital setting the initiation of therapy is most often
empirical and is based on the severity of illness as well as the
local epidemiology and resistance profiles of the organism(s)
of concern. Thus in consideration of empiric therapy for
our currently derived nosocomial respiratory data set, the
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Figure 3 Scattergrams depicting the relationship between ceftolozane/tazobactam and cefepime (A); piperacillin-tazobactam (B) or

meropenem (C) against the population of P. aeruginosa (n=144). MIC, minimum inhibitory concentration.
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Table 2 MIC,,, MICs,, and MIC range for S. mualtophilia and Acinetobacter spp. isolated from the respiratory tract

Organism Result C/T FEP CRO CAZz CIP ATM  ETP IPM TZP MEM TOB  TMP/SMX
S. maltophilia MICs, 16 64 128 32 2 128 32 128 512 128 16 0.25
(n=46) MICq, 128 128 128 128 16 128 32 128 512 128 128 2

MIC range 0.125-128 0.06-128 16-128 1-128 0.125-32 2-128 2-32 0.125-128 0.5-512 0.25-128 0.5-128 0.06-64
Acinetobacter ~ MICq 8 64 64 16 32 32 32 32 256 64 1 NT
spp- (n=31) MICeo 128 128 128 128 32 128 32 128 512 128 128 NT

MIC range 0.06-128 0.5-128 4-128 2-128 0.06-32 4-128 0.5-32 0.125-128 0.25-512 0.25-128 0.25-128 NT

MIC, minimum inhibitory concentration; C/T, ceftolozane/tazobactam; FEP, cefepime; CRO, ceftriaxone; CAZ, ceftazidime; CIP,
ciprofloxacin; ATM, aztreonam; ETP, ertapenem; IPM, imipenem; TZP, piperacillin-tazobactam; MEM, meropenem; TOB, tobramycin; TMP/
SMX, trimethoprim/sulfamethoxazole; NT, not tested.

Table 3 Overall susceptibility of antibiotics tested against Enterobacteriaceae and P. aeruginosa or the total organism population tested (all bugs)
as mono therapy (MonoTx) and in combination therapy with ciprofloxacin (CIP) or tobramycin (TOB)

Organism C/T (%) FEP (%) CRO (%) CAZ (%) CIP (%) ATM (%) ETP (%) IPM (%) TZP (%) MEM (%) TOB (%)
Enterobacteriaceae & PSA MonoTx 87 70 45 75 75 71 56 65 71 81 85
Enterobacteriaceae & PSA + CIP 93 80 79 85 - 84 84 85 81 87 -
Enterobacteriaceae & PSA + TOB 94 89 88 89 - 90 92 92 90 93 -
All bugs MonoTx 78 66 41 64 68 59 49 58 64 72 77
All bugs MonoTx + CIP 87 77 73 77 - 76 76 78 77 80 -
All bugs MonoTx + TOB 88 82 80 82 - 82 84 85 83 85 -

PSA, P. aeruginosa; C/T, ceftolozane/tazobactam; FEP, cefepime; CRO, ceftriaxone; CAZ, ceftazidime; ATM, aztreonam; ETP, ertapenem;
IPM, imipenem; TZP, piperacillin-tazobactam; MEM, meropenem.

Enterobacteriaceae and PSA comprised 81% of all Gram- the clinical and microbiologic benefits of combination wvs.
negative bacteria isolated. As a result it appeared reasonable monotherapy, one potential advantage is that combination
to assess the susceptibility profile of this collective of therapy can increase the probability that at least one of
organisms against potential therapeutic options. When the empiric agents will have activity against the target
cogitating monotherapy against the population of organism(s) (14,15). In our current study, when considering
PSA and Enterobacteriaceae inclusive of those isolates the Enterobacteriaceae and PSA population combination

producing ESBLs and carbapenemases, C/T displayed therapy enhanced the activity of antipseudomonal p-lactams
the greatest potency (87%) among the B-lactams. While by 6-27%. As a result of diminishing potency of the

the carbapenems are often considered to provide the most more frequently utilized B-lactams the largest increases
activity against Gram-negative pathogens, the increasing in activity were seen with the addition of CIP or TOB to
non-susceptibility PSA is resulting in an erosion of their FEP, CAZ, ATM, TZP and IPM. Although enhancements
overall potency. As might be expect when constructing the in activity of up to 20% have been previously reported
antibiogram inclusive of all the Gram-negatives respiratory with combination therapy (16,17), it is important to
isolates collected in our survey the susceptible of the agents recognized that TOB always produced greater activity
tested dropped by 4-12% due predominately to the MDR than did CIP due to the increasing rate of intrinsic
of S. malrophilia and Acinetobacter. resistance to the fluoroquinolones. The current observation

While considerable debate has been levied regarding of the enhancement of susceptibility of the B-lactam-
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TOB combination is consistent with our longstanding
appreciation of the synergistic effects of these two classes of
antimicrobials (18). This advocacy for combination therapy
in patients at risk for challenging pathogens such as PSA
has been echoed in the recent Management of Adults with
HAP/VAP Guidelines (19). While combination therapy
might be utilized to enhance the microbiologic profile of
the older B-lactams, institutional specific differences as
noted in the current study between the use of CIP and TOB
must also be noted when selecting combination therapy.
While our data suggest that TOB provides a more robust
enhancement of potency when used in combination, one
must recognize that this is in the form of aminoglycoside
monotherapy due to the non-susceptibility of the partner
B-lactam. In addition, the potential risk associated with
aminoglycosides therapy must be considered in any given
patient. Conversely, our data suggest that if the goal of
empiric therapy is to provide a high level of susceptibility
for the target pathogens, newer agents such as C/T
monotherapy will provide similar potency to either CIP
or TOB combination therapy with the older p-lactams
backbones.

It is widely recognized that appropriate antibiotic
therapy, defined as the selection of an agent with iz vitro
potency against the target pathogen, is an important
component to optimizing the clinical and microbiologic
outcomes of patients with nosocomial infection (19,20).
However, it is also well understood that the reduced
antimicrobial potency of nosocomial respiratory pathogens
as noted in this current study diminishes the clinical utility
of many conventional agents because pharmacodynamic
optimization may no longer be possible with standard
dosing regimens (21). While dose escalation and/
or alterations in the administration of B-lactams (i.e.,
prolonged or continuous infusions) are more frequently
being utilized in an attempt to restore potency, the
combination of host related pharmacokinetic factors (i.e.,
volume of distribution, enhanced drug clearance, poor
penetration to the target site) and high-level resistance
severely limits our ability to optimize drug exposures in an
increasingly large population of critically ill patients. While
these factors may reduce the clinical utility of older agents,
the potency and pharmacokinetic profile of newer agents
many provide innovative options for the management of
these most difficult nosocomial respiratory tract infection
clinical scenarios (8). As a result, it is of paramount
importance to assess the potency of both the contemporary
utilized agents as well as new therapies in an attempt to

© Journal of Thoracic Disease. All rights reserved.

design antibiotic treatment strategies to optimize the
probability of success.

Conclusions

The escalation of Enterobacteriaceae and PSA resistance
among the most frequently used parenteral antibiotics has
resulted in challenging clinical scenarios for the clinician
and detrimental outcomes for patients. While combination
therapy can be utilized to enhance the appropriateness
of initial empire therapy, our data suggest that C/T
monotherapy will provide a similar degree of microbiologic
potency to combination regimens inclusive of the older
less potent B-lactams. Awareness of one’s local resistance
profiles, considerations of antibiotic pharmacodynamic
optimization as well as the characteristics of newer therapies
provides a sound foundation for the development of
effective institutionally based stewardship programs.
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