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Inpatient antibiotic resistance: 
Everyone’s problem
Whether you’re seeing patients in the hospital or after 
discharge, awareness of their inpatient antibiotic 
exposure and support of antibiotic stewardship practices 
are key to combating antibiotic resistance. 

CASE u
A 68-year-old woman is admitted to the hospital from home 
with acute onset, unrelenting, upper abdominal pain radiat-
ing to the back and nausea/vomiting. Her medical history in-
cludes bile duct obstruction secondary to gall stones, which 
was managed in another facility 6 days earlier with endo-
scopic retrograde cholangiopancreatography and stenting. 
The patient has type 2 diabetes (managed with metformin 
and glargine insulin), hypertension (managed with lisinopril 
and hydrochlorothiazide), and cholesterolemia (managed with  
atorvastatin). 

On admission, the patient's white blood cell count is 14.7 x 
103 cells/mm3, heart rate is 100 bpm, blood pressure is 90/68 mm 
Hg, and temperature is 101.5° F. Serum amylase and lipase are  
3 and 2 times the upper limit of normal, respectively. A working 
diagnosis of acute pancreatitis with sepsis is made. Blood cul-
tures are drawn. A computed tomography scan confirms acute 
pancreatitis. She receives one dose of meropenem, is started 
on intravenous fluids and morphine, and is transferred to the 
intensive care unit (ICU) for further management. 

Her ICU course is complicated by worsening sepsis despite 
aggressive fluid resuscitation, nutrition, and broad-spectrum 
antibiotics. On post-admission Day 2, blood culture results re-
veal Escherichia coli that is resistant to gentamicin, amoxicillin/-
clavulanate, ceftriaxone, piperacillin/tazobactam, imipenem, 
trimethoprim/sulfamethoxazole, ciprofloxacin, and tetracy-
cline. Additional susceptibility testing is ordered. 

The Centers for Disease Control and Prevention (CDC) 
conservatively estimates that antibiotic-resistant bac-
teria are responsible for 2 billion infections annually, 

resulting in approximately 23,000 deaths and $20 billion in 
excess health care expenditures annually.1 Infections caused 
by antibiotic-resistant bacteria typically require longer hos-
pitalizations, more expensive drug therapies, and additional 
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PRACTICE  
RECOMMENDATIONS
❯ Consider alternatives to 
vancomycin for health care-
associated methicillin-resistant 
Staphylococcus aureus iso-
lates with a vancomycin mini-
mum inhibitory concentration 
>2 mcg/mL or in the setting 
of poor clinical response.  A

❯ Identify colonization vs 
infection with vancomycin-
resistant enterococci (VRE) 
in the gastrointestinal tract 
following antibiotic exposure 
to minimize inappropriate an-
tibiotic prescribing for VRE.  C

❯ Use carbapenems as first-line 
treatment for severe infections 
caused by Enterobacteriaceae-
producing extended-spectrum 
beta-lactamases.  C

❯ Treat invasive carbapenem-
resistant Enterobacteriaceae 
infections with combination 
therapy; site of infection, 
susceptibility patterns, and 
patient-specific factors should 
guide antibiotic selection.  C
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follow-up visits.1 They also result in greater 
morbidity and mortality compared with simi-
lar infections involving non-resistant bacte-
ria.1 To compound the problem, antibiotic 
development has steadily declined over the 
last 3 decades, with few novel antimicrobials 
developed in recent years.2 The most recently 
approved antibiotics with new mechanisms 
of action were linezolid in 2000 and dapto-
mycin in 2003, preceded by the carbapenems  
15 years earlier. (See “New antimicrobials in 
the pipeline” on page E8.) 

Greater efforts aimed at using antimicro-
bials sparingly and appropriately, as well as 
developing new antimicrobials with activity 
against multidrug-resistant pathogens, are 
ultimately needed to address the threat of an-
timicrobial resistance. This article describes 
the evidence-based management of inpatient 
infections caused by resistant bacteria and 
the role family physicians (FPs) can play in 
reducing further development of resistance 
through antimicrobial stewardship practices. 

Health care-associated methicillin-
resistant Staphylococcus aureus 
S. aureus is a common culprit of hospital- 
acquired infections, including central line-
associated bloodstream infections, catheter- 
associated urinary tract infections, ventilator-
associated pneumonia, and nosocomial skin 
and soft tissue infections. In fact, nearly half  
of all isolates from these infections are  
reported to be methicillin-resistant S. aureus 
(MRSA).3 

Patients at greatest risk for MRSA infec-
tions include those who have been recently 
hospitalized, those receiving recent antibiotic 
therapy or surgery, long-term care residents, 
intravenous drug abusers, immunocompro-
mised patients, hemodialysis patients, mili-
tary personnel, and athletes who play contact 
sports.4,5 Patients with these infections often 
require the use of an anti-MRSA agent (eg, 
vancomycin, linezolid) in empiric antibiotic 
regimens.6,7 The focus of this discussion is 
on MRSA in hospital and long-term care set-
tings; a discussion of community-acquired 
MRSA is addressed elsewhere. (See “Antibi-
otic stewardship: The FP’s role,” J Fam Pract. 
2016;65:876-885.8)

❚ Efforts are working, but problems 
remain. MRSA accounts for almost 60% of  
S. aureus isolates in ICUs.9 Thankfully, rates of 
health care-associated MRSA are now either 
static or declining nationwide, as a result of 
major initiatives targeted toward preventing 
health care-associated infection in recent 
years.10 

Methicillin resistance in S. aureus re-
sults from expression of PBP2a, an altered  
penicillin-binding protein with reduced 
binding affinity for beta-lactam antibiot-
ics. As a result, MRSA isolates are resistant 
to most beta-lactams.9 Resistance to macro-
lides, azithromycin, aminoglycosides, fluoro-
quinolones, and clindamycin is also common 
in health care-associated MRSA.9 

The first case of true vancomycin- 
resistant S. aureus (VRSA) in the United States 
was reported in 2002.11 Fortunately, both 
VRSA and vancomycin-intermediate S. aureus  
(VISA) have remained rare throughout the 
United States and abroad.9,11 Heterogeneous 
VISA (hVISA), which is characterized by a 
few resistant subpopulations within a fully 
susceptible population of S. aureus, is more 
common than VRSA or VISA. Unfortunately, 
hVISA is difficult to detect using commer-
cially available susceptibility tests. This can 
result in treatment failure with vancomycin, 
even though the MRSA isolate may appear 
fully susceptible and the patient has received 
clinically appropriate doses of the drug.12 

❚ Treatment. Vancomycin is the main-
stay of therapy for many systemic health 
care-associated MRSA infections. Alternative 
therapies (daptomycin or linezolid) should 
be considered for isolates with a vancomycin 
minimum inhibitory concentration (MIC) 
>2 mcg/mL or in the setting of a poor clini-
cal response.4 Combination therapy may be 
warranted in the setting of treatment failure. 
Because comparative efficacy data for alter-
native therapies is lacking, agent selection 
should be tailored to the site of infection and 
patient-specific factors such as allergies, drug 
interactions, and the risk for adverse events 
(TABLE 113-17). 

Ceftaroline, the only beta-lactam with 
activity against MRSA, is approved by the 
US Food and Drug Administration (FDA) for 
use with acute bacterial skin and skin struc-

Nearly half of all 
Staphylococcus 
aureus isolates 
from hospital- 
acquired  
infections are 
reported to be 
methicillin- 
resistant.
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INPATIENT ANTIBIOTIC RESISTANCE

TABLE 1

Drug therapies for nosocomial resistant gram-positive infections:  
MRSA and VRE13-17

Drug Activity Daily adult dose Comments

Glycopeptide, lipopeptide, and lipoglycopeptides

Vancomycin MRSA 15-20 mg/kg IV q8-12h

Adjust for renal impairment. 

Consider an alternative agent for MRSA with a 
MIC >2 mcg/mL. Nephrotoxic; use caution with 
concomitant nephrotoxic agents.

Daptomycin MRSA, VRE 6-8 mg/kg IV q24h

Adjust for renal impairment.

Not for pneumonia; inactivated by pulmonary 
surfactant. Monitor CPK with concomitant 
statins or prolonged use.

Dalbavancin MRSA 1000 mg IV, then 500 mg in 7 days

Adjust for renal impairment.
—

Oritavancin MRSA 1200 mg IV once Can cause false elevations in aPTT (for  
48 hours), PT, and INR (for 24 hours) after  
administration.

Telavancin MRSA 10 mg/kg IV q24h

Adjust for renal impairment.

Black box warning for nephrotoxicity.

Avoid use in pregnancy.

Oxazolidinones

Linezolid MRSA, VRE 600 mg IV or PO q12h MAOI. Bone marrow suppression (especially 
thrombocytopenia) when used >14 days.

Tedizolid MRSA 200 mg IV or PO q24h Similar to linezolid.

Beta-lactams

Ceftaroline MRSA 600 mg IV q12h

Adjust for renal impairment.
—

Ampicillin  
(± gentamicin)

Susceptible  
VRE isolates only

Ampicillin 1-2 g IV q4-6h

Amoxicillin 250-500 mg PO q8h

Adjust for renal impairment.

Enterococcus faecalis strains may be susceptible 
to ampicillin; 90% of Enterococcus faecium are 
resistant. Amoxicillin has better oral absorption.

Miscellaneous

Quinupristin/- 
dalfopristin

MRSA, VRE  
(E. faecium only)

7.5 mg/kg IV q8-12h Salvage therapy only. Can cause significant 
arthralgias/myalgias. E. faecalis is intrinsically 
resistant.

Tigecycline CA-MRSA, VRE 100 mg IV, then 50 mg q12h

Adjust for hepatic impairment.

Black box warning for increased mortality. 
Hepatotoxic. Use with caution in patients with 
tetracycline allergy.

Fosfomycin VRE (in urine only) 3 g PO once (may repeat every 
other day for 3 days in complicated 
infections)

Dissolve in 3-4 oz of water. 
Limited data in complicated UTI.

Need to request susceptibility testing, which is 
not included in standard automated testing.

Nitrofurantoin VRE (in urine only) Macrodantin: 100 mg PO q6h 

Macrobid: 100 mg PO q12h

Risk for hepatotoxicity, pulmonary toxicity, 
peripheral neuropathy, and hemolytic anemia in 
patients with G6PD deficiency. Contraindicated 
with CrCl <30 mL/min.

aPTT, activated partial thromboplastin time; CA-MRSA, community-acquired MRSA; CPK, creatine phosphokinase; CrCl, creatinine clearance; G6PD, glucose-6-phos-
phate dehydrogenase; INR, international normalized ratio; IV, intravenous; MAOI, monoamine oxidase inhibitor; MIC, minimum inhibitory concentration; MRSA, 
methicillin-resistant Staphylococcus aureus; PT, prothrombin time; UTI, urinary tract infection; VRE, vancomycin-resistant enterococci. 

ture infections (ABSSIs) and community-
acquired bacterial pneumonia.18 Tedizolid, 
a new oxazolidinone similar to linezolid, as 

well as oritavancin and dalbavancin—2 long-
acting glycopeptides—were also recently ap-
proved for use with ABSSIs.13,14,19 

CONTINUED
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It’s important 
to distinguish 
whether a  
patient is  
colonized or 
infected with 
vancomycin- 
resistant  
enterococci to 
avoid  
unnecessary 
treatment. 

Oritavancin and dalbavancin both have 
dosing regimens that may allow for earlier 
hospital discharge or treatment in an outpa-
tient setting.13,14 Telavancin, quinupristin/-
dalfopristin, and tigecycline are typically 
reserved for salvage therapy due to adverse 
event profiles and/or limited efficacy data.15 

Vancomycin-resistant  
enterococci (VRE) 
Enterococci are typically considered normal 
gastrointestinal tract flora. However, antibi-
otic exposure can alter gut flora allowing for 
VRE colonization, which in some instances, 
can progress to the development of a health 
care-associated infection.15 Therefore, it is 
important to distinguish whether a patient is 
colonized or infected with VRE because treat-
ment of colonization is unnecessary and may 
lead to resistance and other adverse effects.15 

Enterococci may be the culprit in  
nosocomially-acquired intra-abdominal in-
fections, bacteremia, endocarditis, urinary 
tract infections (UTIs), and skin and skin 
structure infections, and can exhibit resis-
tance to ampicillin, aminoglycosides, and 
vancomycin.15 VRE is predominantly a health 
care-associated pathogen and may account 
for up to 77% of all health care-associated En-
terococcus faecium infections and 9% of En-
terococcus faecalis infections.1 

❚ Treatment. Antibiotic selection for VRE 
infections depends upon the site of infec-
tion, patient comorbidities, the potential for 
drug interactions, and treatment duration. 
Current treatment options include linezolid, 
daptomycin, quinupristin/dalfopristin (for 
E. faecium only), tigecycline, and ampicillin 
if the organism is susceptible (TABLE 113-17).15 
For cystitis caused by VRE (not urinary colo-
nization), fosfomycin and nitrofurantoin are 
additional options.16

Resistant Enterobacteriaceae 
Resistant Enterobacteriaceae such as Esch-
erichia coli and Klebsiella pneumoniae have 
emerged as a result of increased broad- 
spectrum antibiotic utilization and have been 
implicated in health care-associated UTIs, 
intra-abdominal infections, bacteremia, and 

even pneumonia.1 Patients with prolonged hos-
pital stays and invasive medical devices, such 
as urinary and vascular catheters, endotracheal 
tubes, and endoscopy scopes, have the highest 
risk for infection with these organisms.20 

The genotypic profiles of resistance 
among the Enterobacteriaceae are diverse 
and complex, resulting in different levels of 
activity for the various beta-lactam agents 
(TABLE 221-24).25 Furthermore, extended- 
spectrum beta-lactamase (ESBL)-producers 
and carbapenem-resistant Enterobacteria-
ceae (CRE) are often resistant to other classes 
of antibiotics, too, including aminoglycosides 
and fluoroquinolones.20,25 The increasing di-
versity among beta-lactamase enzymes has 
made the selection of appropriate antibiotic 
therapy challenging, since the ability to iden-
tify specific beta-lactamase genes is not yet 
available in the clinical setting. 

❚  ESBLs emerged shortly after the wide-
spread use of cephalosporins in practice 
and are resistant to a variety of beta-lactams  
(TABLE 221-24). Carbapenems are considered  
the mainstay of therapy for ESBL-producing  
Enterobacteriaceae.20,26 An alternative for 
urinary and biliary tract infections can be  
piperacillin-tazobactam,21,26 but the combi-
nation may be subject to the inoculum effect, 
in which MIC and risk for treatment failure 
increase in infections with a high bacterial 
burden (colony-forming units/mL) such as 
pneumonias (TABLE 320,22,,23,25,27-42).22

Cefepime may retain activity against 
some ESBL-producing isolates, but it is also 
susceptible to the inoculum effect and should 
only be used for non–life-threatening infec-
tions and at higher doses.23 Fosfomycin has 
activity against ESBL-producing bacteria, but 
is only approved for oral use in UTIs in the 
United States.20,27 Ceftolozane/tazobactam  
(Zerbaxa) and ceftazidime/avibactam (Avy-
caz) were approved in 2014 and 2015, re-
spectively, by the FDA for the management 
of complicated urinary tract and intra- 
abdominal infections caused by susceptible 
ESBL-producing Enterobacteriaceae. In or-
der to preserve the antimicrobial efficacy of 
these 2 newer agents, however, they are typi-
cally reserved for definitive therapy when in 
vitro susceptibility is demonstrated and there 
are no other viable options. 
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❚ AmpC beta-lactamases are resis-
tant to similar agents as the ESBLs, in 
addition to cefoxitin and the beta-lactam/- 
beta-lactamase inhibitor combinations con-
taining clavulanic acid, sulbactam, and in 
some cases, tazobactam. Resistance can be 
induced and emerges in certain pathogens 
while patients are on therapy.28 Fluoroqui-
nolones and aminoglycosides have a low risk 
of developing resistance while patients are 
on therapy, but are more likely to cause ad-
verse effects and toxicity compared with the 
beta-lactams.28 Carbapenems have the lowest 
risk of emerging resistance and are the em-
piric treatment of choice for known AmpC- 
producing Enterobacteriaceae in serious 
infections.20,28 Cefepime may also be an op-
tion in less severe infections, such as UTIs or 

those in which adequate source control has 
been achieved.28,29

❚ Carbapenem-resistant Enterobacte-
riaceae (CRE) have become a serious threat 
as a result of increased carbapenem use. 
While carbapenem resistance is less com-
mon in the United States than worldwide, 
rates have increased nearly 4-fold (1.2% to 
4.2%) in the last decade, with some regions 
of the country experiencing substantially 
higher rates.24 The most commonly reported  
CRE genotypes identified in the United 
States include the serine carbapenemase 
(K. pneumoniae carbapenemase, or KPC), 
and the metallo-beta-lactamases (Verona 
integrin-encoded metallo-beta-lactamase, 
or VIM, and the New Dehli metallo-beta-
lactamase, or NDM), with each class con-

TABLE 2 

Types of beta-lactamase enzymes that cause resistance in gram-negative  
bacterial infections21-24 
Type of beta-lactamase  
enzyme (bacteria  
affected)

Antibiotics that are inactivated 
by these enzymes 

Examples of genotypes associated 
with these enzymes

Beta-lactamase inhibitors with  
efficacy against these enzymes

Narrow-spectrum 
(Enterobacteriaceae)

Penicillin Staphylococcal penicillinase 
TEM-1, TEM-2, SHV-1 

Clavulanic acid

Tazobactam

Sulbactam

Avibactam

Extended-spectrum 
(ESBL) 
(Enterobacteriaceae)

Penicillin

Aztreonam

Cephalosporins (First through 
third generations, and  
sometimes fourth)

SHV-2, CTX-M-15, PER-1, VEB-1 Clavulanic acid

Tazobactam

Sulbactam

Avibactam

Serine carbapenemases 
(CRE) 
(Enterobacteriaceae)

Carbapenems KPC-1, IMI-1, SME-1 Avibactam

Metallo-beta-lactamases 
(CRE) 
(Enterobacteriaceae)

Carbapenems VIM-1, IMP-1, NDM-1 None currently

Cephalosporinases 
(Gram-negative bacteria, 
inducible in SPACE  
organisms)

Cephamycins

Oxyimino beta-lactams

AmpC, P-99, ACT-1, CMY-2, FOX-1, 
MIR-1

Tazobactam*

Avibactam*

OXA-type enzymes 
(Pseudomonas  
aeruginosa and  
Acinetobacter baumannii)

Oxacillin

Oxyimino beta-lactams

Carbapenems

Various OXA enzymes Avibactam*

CRE, carbapenem-resistant Enterobacteriaceae; ESBL, extended-spectrum beta-lactamase; SPACE, Serratia marcescens, P. aeruginosa, A. baumannii, Citrobacter 
spp., and Enterobacter spp.
*Only has activity against some isolates.
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The increasing 
diversity among 
beta-lactamase 
enzymes has 
made the  
selection of 
appropriate 
antibiotics more 
challenging in 
recent years. 

ferring slightly different resistance patterns  
(TABLE 221-24).20,30 

Few treatment options exist for En-
terobacteriaceae producing a serine car-
bapenemase, and, unfortunately, evidence 
to support these therapies is extremely lim-
ited. Some CRE isolates retain susceptibil-
ity to the polymyxins, the aminoglycosides, 
and tigecycline.30 Even fewer options exist 
for treating Enterobacteriaceae producing  
metallo-beta-lactamases, which are typi-
cally only susceptible to the polymyxins and  
tigecycline.43-45 

Several studies have demonstrated lower 
mortality rates when combination therapy is 
utilized for CRE bloodstream infections.31,32 
Furthermore, the combination of colistin, 
tigecycline, and meropenem was found to 
have a significant mortality advantage.32 Dou-
ble carbapenem therapy has been effective 
in several cases of invasive KPC-producing  
K. pneumoniae infections.33,34 However, it is 
important to note that current clinical evi-
dence comes from small, single-center, ret-
rospective studies, and additional research is 
needed to determine optimal combinations 
and dosing strategies for these infections. 

Lastly, ceftazidime/avibactam (Avy-
caz) was recently approved for the treat-
ment of complicated urinary tract and  
intra-abdominal infections, and has ac-
tivity against KPC-producing Entero-
bacteriaceae, but not those producing  
metallo-beta-lactamases, like VIM or NDM. 
In the absence of strong evidence to support 
one therapy over another, it may be reasonable 
to select at least 2 active agents when treat-
ing serious CRE infections. Agent selection 
should be based on the site of the infection, 
susceptibility data, and patient-specific factors  
(TABLE 320,22,,23,25,27-42). The CDC also recom-
mends contact precautions for patients who 
are colonized or infected with CRE.35

Multi-drug resistant  
Pseudomonas aeruginosa 
Pseudomonas aeruginosa is a gram-negative 
rod that can be isolated from nosocomial 
infections such as UTIs, bacteremias, pneu-
monias, skin and skin structure infections, 
and burn infections.20 Pseudomonal infec-

tions are associated with high morbidity and 
mortality and can cause recurrent infections 
in patients with cystic fibrosis.20 Multidrug-
resistant P. aeruginosa (MDR-P) infections 
account for approximately 13% of all health 
care-associated pseudomonal infections 
nationally.1 Both fluoroquinolone and ami-
noglycoside resistance has emerged, and 
multiple types of beta-lactamases (ESBL, 
AmpC, carbapenemases) have resulted in 
organisms that are resistant to nearly all anti-
pseudomonal beta-lactams.20 

❚ Treatment. For patients at risk for  
MDR-P, some clinical practice guidelines have 
recommended using an empiric therapy regi-
men that contains antimicrobial agents from  
2 different classes with activity against P. ae-
ruginosa to increase the likelihood of suscep-
tibility to at least one agent.6 De-escalation 
can occur once culture and susceptibility re-
sults are available.6 Dose optimization based 
on pharmacodynamic principles is critical 
for ensuring clinical efficacy and minimizing 
resistance.36 The use of high-dose, prolonged- 
infusion beta-lactams (piperacillin/tazo-
bactam, cefepime, ceftazidime, and car-
bapenems) is becoming common practice at 
institutions with higher rates of resistance.36-38 

A resurgence of polymyxin (colistin) use 
for MDR-P isolates has occurred, and may 
be warranted empirically in select patients, 
based on local resistance patterns and pa-
tient history. Newer pharmacokinetic data 
are available, resulting in improved dosing 
strategies that may enhance efficacy while al-
leviating some of the nephrotoxicity concerns 
associated with colistin therapy.39

Ceftolozane/tazobactam (Zerbaxa) and 
ceftazidime/avibactam (Avycaz) are options 
for complicated urinary tract and intra- 
abdominal infections caused by susceptible  
P. aeruginosa isolates. Given the lack of com-
parative efficacy data available for the man-
agement of MDR-P infections, agent selection 
should be based on site of infection, suscepti-
bility data, and patient-specific factors.

Multi-drug resistant  
Acinetobacter baumannii
A. baumannii is a lactose-fermenting, 
gram-negative rod sometimes implicated in 
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TABLE 3

Drug therapies for nosocomial resistant gram-negative infections:  
Enterobacteriaceae, Pseudomonas aeruginosa, and Acinetobacter baumannii 20,22,23,25,27-42

Drug Activity Daily adult dose Comments

Cephalosporins

Ceftazidime Some Pseudomonas spp. 2 g IV q8h Subject to inoculum effect with ESBL-
producers. 

Some infections may require high-dose, 
prolonged-infusion regimens. Adjust dose 
for renal impairment.

Cefepime Pseudomonas spp. 1-2 g IV q8h

Carbapenems

Ertapenem ESBL-producing organisms 1 g IV q24h Some infections may require high-dose, 
prolonged-infusion regimens. Adjust dose 
for renal impairment.

Imipenem/cilastatin ESBL-producing organisms, 
ampC-producers, Pseudomonas 
spp., some Acinetobacter spp. 

1 g IV q6-8h

Meropenem 1-2 g IV q8h

Doripenem 500 mg IV q8h

Beta-lactam/beta-lactam inhibitor combinations

Ampicillin/sulbactam A baumannii 1.5-3 g IV q6h  
(equivalent to 2-4 g/d 
of sulbactam)

May need ≥6 g of sulbactam per day for 
some infections. 

Adjust dose for renal impairment.

Piperacillin/tazobactam Pseudomonas spp. 4.5 g IV q6-8h Subject to inoculum effect with ESBL-
producers. 

Some infections may require high-dose, 
prolonged-infusion regimens. Adjust dose 
for renal impairment.

Ceftolozane/tazobactam ESBL-producing organisms, 
Pseudomonas spp.

1.5 g IV q8h Adjust dose for renal impairment.

Ceftazidime/avibactam ESBL- and KPC-producing  
organisms, Pseudomonas spp.

2 g IV q8h (2-hour  
infusion) 

Adjust dose for renal impairment.

Aminoglycosides

Gentamicin ESBL-producing organisms, 
CRE, Pseudomonas spp.,  
some Acinetobacter spp.

Individualized, based  
on indication and  
therapeutic drug  
monitoring

Typically used as combination therapy. 
Ototoxic. Nephrotoxic; use caution with 
concomitant nephrotoxic agents. Adjust 
dose for renal impairment.

Tobramycin

Amikacin

Miscellaneous

Polymyxins ESBL- and ampC-producing 
organisms, CRE, Pseudomonas 
spp., Acinetobacter spp.

Polymyxin E (Colistin): 
2.5-5 mg/kg/d in  
2-3 divided doses

Polymyxin B: 15,000-
25,000 units/kg/d in  
2 divided doses

Reserve for MDR gram-negative  
infections.

Nephrotoxic; adjust dose for renal  
impairment.

Fosfomycin ESBL-producing organisms and 
CRE (in urine only) 

3 g PO once (may  
repeat every other day 
for 3 days in  
complicated infection)

Dissolve in 3-4 oz of water. 
Limited data in complicated UTI.

Need to request susceptibility testing; not 
included in standard automated testing.

Tigecycline ESBL-producing organisms and 
CRE

100 mg IV, then 50 mg 
q12h

Black box warning for increased mortality. 
Hepatotoxic. Use with caution in patients 
with tetracycline allergy. Adjust dose in 
severe hepatic impairment.

ESBL, extended-spectrum beta-lactamase; CRE, carbapenem-resistant Enterobacteriaceae; IV, intravenous; KPC, Klebsiella pneumoniae carbapenemase; MDR, 
multidrug resistant; UTI, urinary tract infection.

CONTINUED
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Multidrug- 
resistant  
Pseudomonas 
aeruginosa  
infections  
account for  
approximately 
13% of all health 
care-associated 
pseudomonal 
infections  
nationally. 

nosocomial pneumonias, line-related blood-
stream infections, UTIs, and surgical site  
infections.20 Resistance has been docu- 
mented for nearly all classes of antibiotics, 
including carbapenems.1,20 Over half of all 
health care-associated A. baumannii isolates 
in the United States are multidrug resistant.1

❚ Treatment. Therapy options for A. bau-
mannii infections are often limited to poly-
myxins, tigecycline, carbapenems (except 
ertapenem), aminoglycosides, and high-dose 
ampicillin/sulbactam, depending on in vitro 
susceptibilities.40,41 When using ampicillin/-
sulbactam for A. baumannii infections, sul-
bactam is the active ingredient. Doses of  
2 to 4 g/d of sulbactam have demonstrated  
efficacy in non-critically ill patients, while 
critically ill patients may require higher 
doses (up to 12 g/d).40 Colistin is considered 
the mainstay of therapy for carbapenem- 
resistant A. baumannii. It should be used in 
combination with either a carbapenem, ri-
fampin, an aminoglycoside, or tigecycline.42 

Drug therapies for nosocomial-resistant  
gram-negative infections, along with clini-
cal pearls for use, are summarized in  
TABLE 3.20,22,23,25,27-42 Because efficacy data 
are limited for treating infections caused by 
these pathogens, appropriate antimicro-
bial selection is frequently guided by loca-
tion of infection, susceptibility patterns, and  
patient-specific factors such as allergies and 
the risk for adverse effects.

Antimicrobial stewardship 
Antibiotic misuse has been a significant 
driver of antibiotic resistance.46 Efforts to im-
prove and measure the appropriate use of 
antibiotics have historically focused on acute 
care settings. Broad interventions to reduce 
antibiotic use include prospective audit with 
intervention and feedback, formulary restric-
tion and preauthorization, and antibiotic 
time-outs.47,48 

Pharmacy-driven interventions include 
intravenous-to-oral conversions, dose ad-
justments for organ dysfunction, pharmaco-
kinetic or pharmacodynamic interventions 
to optimize treatment for organisms with re-
duced susceptibility, therapeutic duplication 
alerts, and automatic-stop orders.47,48 

Diagnosis-specific interventions include 
order sets for common infections and the 
use of rapid diagnostic assays (TABLE 449,50). 
Rapid diagnostic testing is increasingly be-
ing considered an essential component of 
stewardship programs because it permits 
significantly shortened time to organism 
identification and susceptibility testing and 
allows for improved antibiotic utilization and 
patient outcomes when coupled with other 
effective stewardship strategies.49 

Key players in acute care antibiotic 
stewardship programs (ASPs) often include 
physicians, pharmacists, infectious disease 
specialists, epidemiologists, microbiologists, 
nurses, and experts in quality improvement 

New antimicrobials 
in the pipeline 
The Generating Antibiotic Incentives Now 
(GAIN) Act was signed into law in 2012, 
creating a new designation—qualified 
infectious diseases products (QIDPs)—for 
antibiotics in development for serious 
or life-threatening infections (https://
www.congress.gov/112/plaws/publ144/
PLAW-112publ144.pdf). QIDPs are granted 
expedited FDA approval and an additional 
5 years of patent exclusivity in order to en-
courage new antimicrobial development. 

Five antibiotics have been approved with 
the QIDP designation: tedizolid, dalba-
vancin, oritavancin, ceftolozane/- 
tazobactam, and ceftazidime/avibactam, 
and 20 more agents are in develop-
ment including a new fluoroquinolone, 
delafloxacin, for acute bacterial skin 
and skin structure infections including 
those caused by methicillin-resistant 
Staphylococcus aureus (MRSA), and a new 
tetracycline, eravacycline, for complicated 
intra-abdominal infections and compli- 
cated UTIs. Eravacycline has in vitro 
activity against penicillin-resistant 
Streptococcus pneumoniae, MRSA, 
vancomycin-resistant enterococci, 
extended-spectrum beta-lactamase-
producing Enterobacteriaceae, and 
multidrug-resistant A. baumannii. Both 
drugs will be available in intravenous and 
oral formulations.
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and information technology. Current mea-
sures to rate the effectiveness of institutional 
ASPs include direct antibiotic expenditure,51 
resistance trends (eg, antibiograms), days 
of antibiotic therapy/defined daily antibi-
otic doses,52 and care bundles (small sets 
of evidence-based practices that, when 
performed regularly, improve patient out-
comes).53 Despite these interventions, rates 
of resistance to antibiotics continue to rise in 
US hospitals. 

❚ The core elements. The CDC has de-
fined the core elements of successful inpa-
tient ASPs.46 These include:

• commitment from hospital leadership 
• a physician leader who is responsible 

for overall program outcomes 
• a pharmacist leader who co-leads 

the program and is accountable for  
enterprise-wide improvements in anti-
biotic use 

• implementation of at least one sys-
temic intervention (broad, pharmacy- 
driven, or infection/syndrome- 
specific)

• monitoring of prescribing and resis-
tance patterns 

• reporting antibiotic use and resistance 
patterns to all involved in the medica-
tion use process

• Education directed at the health care 
team about optimal antibiotic use. 

Above all, success with antibiotic stew-
ardship is dependent on identified leadership 
and an enterprise-wide multidisciplinary  
approach. 

❚ The FP’s role in hospital ASPs can take 
a number of forms. FPs who practice inpatient 
medicine should work with all members of 
their department and be supportive of efforts 
to improve antibiotic use. Prescribers should 
help develop and implement hospital-specific 
treatment recommendations, as well as be re-
sponsive to measurements and audits aimed at 
determining the quantity and quality of antibi-
otic use. Hospital-specific updates on antibiotic  
prescribing and antibiotic resistance should 
be shared widely through formal and informal 
settings. FPs should know if patients with resis-
tant organisms are hospitalized at institutions 
where they practice, and should remain abreast 
of infection rates and resistance patterns. 

When admitting a patient, the FP should 
ask if the patient has received medical care 
elsewhere, including in another country. 
When caring for patients known to be cur-
rently or previously colonized or infected with 
resistant organisms, the FP should follow the 
appropriate precautions and insist that all 
members of the health care team follow suit.

CASE u
A diagnosis of carbapenem-resistant E.coli 
sepsis is eventually made. Additional suscepti-

TABLE 4 

Rapid diagnostic tests49,50

Assay Pathogens Detection time 
(minutes)

MALDI-TOF Gram-positive and gram-negative organisms, 
yeast, fungi, mycobacteria

10-30 

Nucleic acid Staphylococcus spp., Streptococcus spp., 
Enterococcus spp., Escherichia coli, Klebsiella 
spp., Pseudomonas aeruginosa, Serratia spp., 
Acinetobacter spp., Proteus spp., Citrobacter 
spp., Enterobacter spp.

120-150 

PNA-FISH Staphylococcus spp., Enterococcus spp.,  
E. coli, Klebsiella pneumoniae, P. aeruginosa, 
Candida spp.

90 

rPCR Coagulase-negative Staphylococcus, MSSA, 
MRSA

60

MALDI-TOF, matrix-assisted laser desorption/ionization time of flight; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, 
methicillin-sensitive Staphylococcus aureus; PNA-FISH, peptide nucleic acid fluorescence in situ hybridization; rPCR, random 
polymerase chain reaction; spp, species. 
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bility test results reported later the same day 
revealed sensitivity to tigecycline and colistin, 
with intermediate sensitivity to doripenem. 
An infectious disease expert recommended 
contact precautions and combination treat-
ment with tigecycline and doripenem for at 
least 7 days. The addition of a polymyxin was 
also considered; however, the patient’s renal 
function was not favorable enough to support 
a course of that agent. Longer duration of 
therapy may be required if adequate source 
control is not achieved.

After a complicated ICU stay, including the 
need for surgical wound drainage, the patient 
responded satisfactorily and was transferred to 
a medical step-down unit for continued recov-
ery and eventual discharge.               JFP
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