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IMPORTANCE Inappropriate antimicrobial drug use is associated with adverse events in
hospitalized patients and contributes to the emergence and spread of resistant pathogens.
Targeting effective interventions to improve antimicrobial use in the acute care setting
requires understanding hospital prescribing practices.

OBJECTIVE To determine the prevalence of and describe the rationale for antimicrobial use in
participating hospitals.

DESIGN, SETTING, AND PARTICIPANTS One-day prevalence surveys were conducted in acute
care hospitals in 10 states between May and September 2011. Patients were randomly
selected from each hospital’s morning census on the survey date. Data collectors reviewed
medical records retrospectively to gather data on antimicrobial drugs administered to
patients on the survey date and the day prior to the survey date, including reasons for
administration, infection sites treated, and whether treated infections began in community or
health care settings.

MAIN OUTCOMES AND MEASURES Antimicrobial use prevalence, defined as the number of
patients receiving antimicrobial drugs at the time of the survey divided by the total number of
surveyed patients.

RESULTS Of 11 282 patients in 183 hospitals, 5635 (49.9%; 95% CI, 49.0%-50.9%) were
administered at least 1 antimicrobial drug; 77.5% (95% CI, 76.6%-78.3%) of antimicrobial
drugs were used to treat infections, most commonly involving the lower respiratory tract,
urinary tract, or skin and soft tissues, whereas 12.2% (95% CI, 11.5%-12.8%) were given for
surgical and 5.9% (95% CI, 5.5%-6.4%) for medical prophylaxis. Of 7641 drugs to treat
infections, the most common were parenteral vancomycin (1103, 14.4%; 95% CI,
13.7%-15.2%), ceftriaxone (825, 10.8%; 95% CI, 10.1%-11.5%), piperacillin-tazobactam (788,
10.3%; 95% CI, 9.6%-11.0%), and levofloxacin (694, 9.1%; 95% CI, 8.5%-9.7%). Most drugs
administered to treat infections were given for community-onset infections (69.0%; 95% CI,
68.0%-70.1%) and to patients outside critical care units (81.6%; 95% CI, 80.4%-82.7%). The
4 most common treatment antimicrobial drugs overall were also the most common drugs
used for both community-onset and health care facility–onset infections and for infections in
patients in critical care and noncritical care locations.

CONCLUSIONS AND RELEVANCE In this cross-sectional evaluation of antimicrobial use in US
hospitals, use of broad-spectrum antimicrobial drugs such as piperacillin-tazobactam and
drugs such as vancomycin for resistant pathogens was common, including for treatment of
community-onset infections and among patients outside critical care units. Further work is
needed to understand the settings and indications for which reducing antimicrobial use can
be most effectively and safely accomplished.
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A ntimicrobial drugs have saved countless lives over the
past century, and studies show that timely adminis-
tration of appropriate antimicrobial therapy to se-

verely ill, infected patients is essential to avoid infection-
related morbidity and mortality.1-3 Despite the evidence
supporting early, appropriate therapy, a substantial propor-
tion of antimicrobial use in US acute care hospitals may be in-
appropriate, based on factors such as lack of indication or in-
correct drug selection, dosing levels, or treatment duration.4-6

Exposure to antimicrobial drugs is also a risk factor for the ac-
quisition of resistant and difficult-to-treat pathogens, such as
carbapenem-resistant Enterobacteriaceae7,8 and Clostridium
difficile,9,10 and antimicrobial drugs are leading causes of ad-
verse drug events.11,12 Inappropriate antimicrobial use need-
lessly puts patients at risk of these complications.

One aspect of a multifaceted approach to reducing antimi-
crobial-resistant infections is improving antimicrobial use.13,14

To improve use and reduce preventable harm in US hospitals,
it is necessary to understand inpatient antimicrobial-drug–use
epidemiology. There have been few large-scale efforts to de-
fine antimicrobial-drug–use epidemiology in US acute care
hospitals.15-17 Studies performed in the last decade have shown
that approximately 60% of adult and pediatric inpatients re-
ceive antimicrobial drugs during their hospitalizations.15,16 Sig-
nificant increases in the use of piperacillin-tazobactam, car-
bapenems, and vancomycin in adult patients were seen in an
analysis of 2002-2006 data.15 Most studies to date have used ad-
ministrative data and focused on measuring the volume of an-
timicrobial use, without assessing the rationale for use at the
patient level. We performed a multistate, acute care hospital an-
timicrobial-drug use prevalence survey in 2011 to determine the
prevalence of inpatient antimicrobial-drug use, the most com-
mon antimicrobial drug types, and the reasons for their use.

Methods
Hospital and Patient Selection
The antimicrobial-drug use survey was performed in conjunc-
tionwithasurveyofhealthcare–associatedinfectionsconducted
by the Centers for Disease Control and Prevention (CDC) and the
Emerging Infections Program (EIP) in California, Colorado, Con-
necticut, Georgia, Maryland, Minnesota, New Mexico, New York,
Oregon, and Tennessee.18 The CDC deemed the survey to be a
public health surveillance activity, and participating state health
departments, EIP academic partners, and hospitals either ap-
proved the project in accordance with human subjects research
requirements with waivers of informed consent or determined
the survey was not human subjects research.

Within each EIP site’s catchment area, general acute care
and children’s hospitals were stratified according to bed size.
Random samples were drawn from each stratum, with a goal
of engaging up to 13 small (<150 beds), 9 medium (150-399 beds),
and 3 large (≥400 beds) hospitals per site. These goal numbers
were based on the size distribution of all general acute care hos-
pitals in the EIP sites, the numbers of hospitals within the se-
lected catchment areas for the survey, and taking into account
EIP site resources needed to support the survey. An alternate

hospital from within the same bed-size stratum was recruited
in cases for which a selected hospital declined to participate.

Each hospital performed a 1-day survey that included a ran-
dom sample of acute care inpatients identified from the morn-
ing census on the survey date. Large hospitals surveyed 100
patients, and small and medium hospitals surveyed either 75
patients or all eligible acute care inpatients if the census was
fewer than 75 patients on the survey date. The target num-
bers of patients per hospital were selected to enhance the ef-
ficiency of survey planning and minimize burden to hospi-
tals while ensuring adequate precision of health care–
associated infection prevalence estimates.

Data Collection
Data collectors reviewed medical records on the survey date
to determine whether patients may have been receiving en-
teral (excluding rectal), intravenous, intramuscular, or in-
haled antimicrobial drugs (eMethods 1 in the Supplement) at
the time of the survey, using the following screening criteria:
(1) the patient was administered or was scheduled to be ad-
ministered at least 1 antimicrobial drug on the survey date or
the calendar day prior to the survey date; (2) the patient was a
patient undergoing dialysis who received or was scheduled to
receive parenteral vancomycin or an aminoglycoside during
the 4 days prior to the survey date; or (3) the patient’s antimi-
crobial drug information was unknown or was not available
at the time of the survey. Topical antimicrobials were ex-
cluded. The EIP surveillance epidemiologists retrospectively
reviewed medical records of patients who met screening cri-
teria to collect information on antimicrobial drugs given to the
patient on the survey date or the calendar day prior to the sur-
vey date and parenteral vancomycin and aminoglycosides
when administered during the 4 calendar days prior to the sur-
vey date to patients undergoing dialysis. Acceptable sources
of antimicrobial drug administration data included elec-
tronic or paper emergency department and inpatient medica-
tion administration records and operating room flow sheets.

At the time of data collection, antimicrobial drugs were con-
sidered unique at the drug-administration route level: each an-
timicrobial drug could be recorded up to 2 times for a given pa-
tient if that antimicrobial drug was administered via 2 different
routes at the time of the survey (eg, intravenous to oral admin-
istration transition for certain antimicrobial drugs). For each
drug-route combination, data collectors recorded the ratio-
nale for use: treatment of infection, surgical prophylaxis, medi-
cal prophylaxis, a noninfection-related reason, or unknown ra-
tionale. Empirical use of antimicrobial drugs for suspected
infection was considered treatment. Noninfection-related rea-
sons for antimicrobial drug administration included treat-
ment of conditions not primarily considered to be infectious in
nature, such as erythromycin for impaired gastrointestinal mo-
tility. For antimicrobial drugs given to treat infections, data col-
lectors identified the anatomical site of infection and the loca-
tion of onset (survey hospital, other health care facility, or
community) based on clinician documentation in the medical
record. Although National Healthcare Safety Network (NHSN)
health care–associated infection surveillance definitions were
used in the health care–associated infection portion of the

Antimicrobial Use in Acute Care Hospitals Original Investigation Research

jama.com JAMA October 8, 2014 Volume 312, Number 14 1439

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

survey,18 they were not used in collecting data on infections for
which antimicrobial drugs were given. Multiple rationales, in-
fection sites, and onset locations could be reported for each drug.

Analysis
Data analysis was performed using SAS version 9.3 (SAS Institute
Inc)andOpenEpiversion3.01.19 Antimicrobialdrugdatawereana-
lyzed so that drugs were considered unique and distinct based
on the World Health Organization (WHO) Anatomical Therapeu-
tic Chemical fifth-level (ie, chemical substance) classification.
According to this classification system, most antimicrobial drugs
included in the survey were considered unique based on the
chemical substance name (eg, ciprofloxacin, azithromycin, clin-
damycin, etc), without regard to the route of administration.
However, for some antimicrobial drugs the enteral and parenteral
formulations were considered distinct drugs: vancomycin, met-
ronidazole, colistin, polymyxin B, amphotericin B, streptomycin,
and neomycin.20,21 For example, a patient whose only antimicro-
bial drugs at the time of the survey were oral and intravenous cip-
rofloxacin (during an intravenous-to-oral transition day, for
example) would be considered to be receiving a single antimicro-
bial drug because the oral and intravenous formulations of cip-
rofloxacin are not considered distinct from one another. By con-
trast, a patient whose only antimicrobial drugs at the time of the
survey were oral and intravenous vancomycin would be consid-
ered to be receiving 2 antimicrobial drugs because the oral and
intravenous formulations of vancomycin are considered distinct.

Antimicrobial drug data were analyzed and reported using
WHO Anatomical Therapeutic Chemical fourth-level classifi-
cations (the drug subgroup, for example, fluoroquinolones) and
fifth-level classifications (the chemical substance name, eg, le-
vofloxacin). The most common individual antimicrobial drugs
or drug subgroups administered in particular settings were de-
termined on the basis of the rank order of the point estimates
of the proportions of all antimicrobial drugs (or patients). The
mid-P exact method was used to generate confidence inter-
vals for antimicrobial use prevalence, defined as the number
of patients receiving at least 1 antimicrobial drug divided by
the total number of surveyed patients, and for other propor-
tions. Categorical and continuous variables were compared in
patients receiving or not receiving antimicrobial drugs using
the χ2 and median tests, respectively. Two-sided P values <.05
were considered statistically significant.

Results
Hospitals and Patients
Surveys were conducted in 183 hospitals from May to September
2011. The numbers of hospitals and patients surveyed in each EIP
site have been published.18 Twenty-two of 183 hospitals (12%)
were large hospitals, 68 (37%) were medium, and 93 (51%) were
small.Themediannumberofpatientssurveyedperhospitalover-
all was 75 (interquartile range [IQR], 39-75). The median number
of patients surveyed in large hospitals was 100 (IQR, 100-100); in
medium hospitals 75 (IQR, 75-75); and in small hospitals 40 (IQR,
23-70). Of 11 282 patients, 5860 (51.9%) met antimicrobial use
screening criteria; of these, 5847 (99.8%) received or were sched-

uled to receive antimicrobial drugs on the day of the survey or the
day before the survey, and 13 (0.2%) met other criteria.

Prevalence of Antimicrobial Use
Among the 5860 patients who met antimicrobial use screen-
ing criteria, 5635 (96.2%) were confirmed to have received 1 or
more antimicrobial drugs at the time of the survey. The anti-
microbial use prevalence was therefore 49.9% (95% CI, 49.0%-
50.9%). Although most patients receiving antimicrobial drugs
were outside of critical care units (4650 patients, 82.5%; 95%
CI, 81.5%-83.5%), antimicrobial drug use prevalence was higher
in critical care units than in other locations (57.7%, 95% CI,
55.4%-60.0% vs 48.6%, 95% CI, 47.6%-49.6%; P < .001; Table 1).

A total of 9967 antimicrobial drug-route combinations were
administered. After conforming to WHO Anatomical Therapeu-
tic Chemical fifth-level classifications, 9865 antimicrobial drug
records remained, representing 90 unique antimicrobial drugs.
Of 5635 patients receiving antimicrobial drugs, 2811 (49.9%; 95%
CI,48.6%-51.2%)werereceiving1antimicrobialdrug;1840(32.7%;
95% CI, 31.4%-33.9%), 2 antimicrobial drugs; 682 (12.1%; 95% CI,
11.3%-13.0%), 3 antimicrobial drugs; and 302 patients (5.4%; 95%
CI, 4.8%-6.0%), 4 or more antimicrobial drugs.

Patients receiving antimicrobial drugs were older, with a
median age of 62 years (IQR, 44-76 years) compared with 53
years for patients not receiving antimicrobial drugs (IQR, 24-71
years; P < .001). Patients receiving antimicrobial drugs were
also more likely than patients not receiving antimicrobial drugs
to be men, white, in a critical care unit, and in a small hospital
(eTable 1 in the Supplement).

Common Antimicrobial Drugs
Of the 9865 antimicrobial drugs used, 1388 (14.1%) were fluo-
roquinolones (95% CI, 13.4%-14.8%); 1213 (12.3%), parenteral
glycopeptides (95% CI, 11.7%-13.0%); 1081 (11.0%), penicillin
combinations (95% CI, 10.4%-11.6%); 1037 (10.5%) third-
generation cephalosporins (95% CI, 9.9%-11.1%); and 983
(10.0%), first-generation cephalosporins (95% CI, 9.4%-
10.6%; eTable 2 in the Supplement). Of the individual antimi-
crobial drugs used overall, 1212 (12%) were parenteral vanco-
mycin (95% CI, 11.7%-12.9%); 913 (9.3%), cefazolin (95% CI,
8.7%-9.8%); 864 (8.8%), ceftriaxone (95% CI, 8.2%-9.3%); 829
(8.4%), piperacillin-tazobactam (95% CI, 7.9%-9.0%); and 768
(7.8%), levofloxacin (95% CI, 7.3%-8.3%).

Rationale for Antimicrobial Drug Use
Overall, of the 5635 patients receiving antimicrobial drugs, 4278
(75.9%; 95% CI, 74.8%-77.0%) were receiving them to treat
infections; 1071 (19.0%; 95% CI, 18.0%-20.1%) for surgical pro-
phylaxis; 388 (6.9%; 95% CI, 6.2%-7.6%) for medical prophy-
laxis; 40 (0.71%; 95% CI, 0.51%-0.96%) for noninfection-
related reasons; and 390 (6.9%; 95% CI, 6.3%-7.6%) for no
documented rationale.

The reasons for use of antimicrobial drugs in selected WHO
Anatomical Therapeutic Chemical fourth-level groups are shown
in eTable 3 of the Supplement. For most drug groups, infection
treatment was the most common reason for use. Surgical pro-
phylaxis was the most common reason for use of first-generation
cephalosporins (72.2%; 95% CI, 69.4%-75.0%) and second gen-
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eration cephalosporins (56.7%; 95% CI, 48.0%-65.1%), and medi-
cal prophylaxis was the most common reason for use of nucleo-
side and nucleotide antivirals (48.5%; 95% CI, 41.7%-55.4%). Of
the 9865 individual antimicrobial drugs used, 7641 (77.5%; 95%
CI 76.6%-78.3%) were given to treat infections, with or with-
out other reasons for use. Eighty-three different individual
antimicrobial drugs were used to treat infections. Of those 7641
treatment antimicrobial drugs used, 1229 (16.1%) were fluoro-
quinolones (95% CI, 15.3%-16.9%); 1104 (14.4%), parenteral
glycopeptides (95% CI, 13.7%-15.3%); 1000 (13.1%), penicillin
combinations (95% CI, 12.3%-13.9%); and 983 (12.9%), third-
generation cephalosporins (95% CI, 12.1%-13.6%).

Surgical prophylaxis was reported as a rationale for 1199 an-
timicrobial drugs (12.2%; 95% CI, 11.5%-12.8%), with or without
other reasons for use. Five of 35 different antimicrobial drugs ac-
counted for more than 80% of drugs given for surgical prophy-
laxis: 715, cefazolin (59.6%; 95% CI, 56.8%-62.4%); 91, parenteral
vancomycin (7.6%; 95% CI, 6.2%-9.2%); 77, clindamycin (6.4%;
95% CI, 5.1%-7.9%); 44, parenteral metronidazole (3.7%; 95% CI,
2.7%-4.9%); and 43, cefoxitin (3.6%; 95% CI, 2.6%-4.8%).

Medical prophylaxis was reported as a rationale for 583 an-
timicrobial drugs (5.9%; 95% CI, 5.5%-6.4%), with or without
other reasons for use. A total of 54 different antimicrobial drugs

were administered for medical prophylaxis, although 5 anti-
microbial drugs accounted for almost half of those used for
medical prophylaxis: 69 (11.5%) of 583 were acyclovir (95% CI,
9.4%-14.7%); 67 (11.5%), trimethoprim-sulfamethoxazole
(11.5%; 95% CI, 9.1%-14.3%); 56 (9.6%), benzylpenicillin (95%
CI, 7.4%-12.2%); 51 (8.8%), fluconazole (95% CI, 6.7%-11.3%);
and 32 (5.5%), azithromycin (95% CI, 3.8%-7.6%).

Fifty-seven of 69 patients receiving prophylactic acyclo-
vir (82.6%; 95% CI, 72.3%-90.2%]) and 30 of 51 patients receiv-
ing prophylactic fluconazole (58.8%; 95% CI, 45.0%-71.7) were
located in hematology/oncology, hematopoietic stem cell trans-
plant, or solid organ transplant units. Fifty-three of 56 pa-
tients (94.6%) receiving prophylactic benzylpenicillin were in
obstetrical care locations (95% CI, 86.1%-98.6%).

A noninfection-related rationale for use was reported for
41 antimicrobial drugs (0.42%; 95% CI, 0.30%-0.56%; eTable
4 in the Supplement). No rationale could be identified in the
medical record for 455 antimicrobial drugs (4.6%; 95% CI, 4.2%-
5.0%; eTable 5 in the Supplement).

Antimicrobial Drugs Administered to Treat Infections
Of all antimicrobial drugs used to treat infections, 2607 (34.1%)
were for lower respiratory tract (95% CI, 33.1%-35.2%), 1302

Table 1. Antimicrobial Use Prevalence in Different Hospital Locationsa

Locationb

No. of Patients
Receiving

Antimicrobial
Drugs

Total No. of
Patients Prevalence % (95% CI)

Surgical critical care unit 68 88 77.3 (67.7-85.1)

Medical-surgical pediatric critical care unit 47 66 71.2 (59.5-81.2)

Cardiothoracic critical care unit 51 75 68.0 (56.8-77.8)

Medical-surgical critical care unit 426 639 66.7 (62.9-70.2)

Medical critical care unit 156 243 64.2 (58.0-70.0)

Orthopedic ward 287 480 59.8 (55.4 -64.1)

Medical ward 918 1618 56.7 (54.3-59.1)

Medical-surgical ward 1475 2612 56.5 (54.6-58.4)

Cardiac critical care unit 28 50 56.0 (42.1-69.2)

Mixed acuity adult unit 59 106 55.7 (46.1-64.9)

Hematology-oncology pediatric specialty care area 29 54 53.7 (40.4-66.6)

Surgical ward 487 919 53.0 (49.8-56.2)

Hematology-oncology specialty care area 165 314 52.6 (47.0-58.0)

Stepdown unit 231 445 51.9 (47.3-56.5)

Medical-surgical pediatric ward 124 241 51.5 (45.1-57.7)

Medical pediatric ward 55 108 50.9 (41.5-60.3)

Telemetry ward 325 758 42.9 (39.4-46.4)

Gynecology ward 25 59 42.4 (30.3-55.2)

Neurosurgical critical care unit 21 52 40.4 (27.7-54.1)

Neonatal critical care unit level III 81 240 33.8 (28.0-39.9)

Neurology ward 25 77 32.5 (22.7-43.5)

Neonatal critical care unit level II/III 47 145 32.4 (25.2-40.4)

Labor and delivery ward 36 127 28.4 (21.0-36.7)

Postpartum ward 87 376 23.1 (19.1-27.6)

Special care nursery 17 76 22.4 (14.1-32.7)

Labor, delivery, recovery, and postpartum ward 71 364 19.5 (15.7-23.8)

Nursery ward 12 409 2.9 (1.6-4.9)

All locations combinedc 5635 11 282 49.9 (49.0-50.9)

a As defined by National Healthcare
Safety Network guidance for
hospital location mapping in place
at the time of the survey.

b Locations with at least 50 patients
surveyed are shown. The median
number of hospitals contributing
data from each location was 36
(range, 8-122).

c Includes locations in the Table plus
locations with fewer than 50
patients that are not shown.
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(17.0%) for urinary tract infections (95% CI, 16.2%-17.9%), 1177
(15.4%) for skin and soft tissue infections (95% CI, 14.6%-
16.2%), and 829 (10.8%) for gastrointestinal tract infections
(95% CI, 10.2%-11.6%) and 661 (8.7%) for infections of unde-
termined site, including empirical therapy for suspected in-
fection (95% CI, 8.0%-9.3%; Table 2). Of the 7641 antimicro-
bial drugs given to treat infections, 4154 (54.4%; 95% CI, 53.3%-
55.5%) were given to treat lower respiratory tract–only
infections, urinary tract–only infections, or skin and soft tissue–
only infections.

Of the 7641 antimicrobial drugs given to treat infections,
the most common were parenteral vancomycin (1103, 14.4%;
95% CI, 13.7%-15.2%); ceftriaxone (825, 10.8%; 95% CI, 10.1%-
11.5%); piperacillin-tazobactam (788, 10.3%; 95% CI, 9.6%-
11.0%); levofloxacin (694, 9.1%; 95% CI, 8.5%-9.7%); and
azithromycin (390, 5.1%; 95% CI, 4.6%-5.6%). Piperacillin-
tazobactam and vancomycin (parenteral or oral/enteral)
ranked among the top 5 antimicrobial drugs for each of the 5
most common infection sites. Fluoroquinolones (levofloxa-
cin or ciprofloxacin) ranked among the top 5 antimicrobial

drugs for 4 of the 5 most common infection sites. Fluoroqui-
nolones were not among the top-ranked antimicrobial drugs
for treating skin and soft tissue infections (eTable 6 in the
Supplement).

Most antimicrobial treatment was for community-onset in-
fections. Of the 4278 patients receiving 7641 antimicrobial
drugs to treat infections, 3058 patients (71.5%; 95% CI, 70.1%-
72.8%) were receiving 5274 antimicrobial drugs (69.0%; 95%
CI, 68.0%-70.1%) for community-onset infections; 1253 pa-
tients (29.3%; 95% CI, 27.9%-30.7%) were receiving 2220 anti-
microbial drugs (29.1%; 95% CI, 28.0%-30.1%) for health care
facility–onset infections, and 99 patients (2.3%; 95% CI, 1.9%-
2.8%) were receiving 147 antimicrobial drugs (2.0%; 95% CI,
1.7%-2.3%) for infections with different onset locations, un-
known onset location, or both. Treatments for community-
onset and health care facility–onset infections were similar: par-
enteral vancomycin, ceftriaxone, piperacillin-tazobactam, and
levofloxacin were among the 5 most commonly administered
antimicrobial drugs for both community-onset and health care
facility–onset infections (Table 3).

Table 3. Five Most Common Antimicrobial Drugs Given to Treat Community-Onset Infections and Health Care Facility–Onset Infectionsa

Rank

No. of Drugs, (%) [95% CI]

Community-Onset Infectionsb (n = 5274) Health Care Facility–Onset Infectionsc (n = 2220)
1 Vancomycin: 723 (13.7) [12.8-14.7]d Vancomycin: 354 (15.9) [14.5-17.5]d

2 Ceftriaxone: 671 (12.7) [11.8-13.6] Piperacillin-tazobactam: 259 (11.7) [10.4-13.1]

3 Levofloxacin: 518 (9.8) [9.0-10.7] Levofloxacin: 170 (7.7) [6.6-8.8]

4 Piperacillin-tazobactam: 516 (9.8) [9.0-10.6] Ceftriaxone: 147 (6.6) [5.6-7.7]

5 Azithromycin: 342 (6.5) [5.8-7.2] Metronidazole: 101 (4.5) [3.7-5.5]d

a Table does not include 147 antimicrobial drugs reported to have been given for
infections with different onset locations (eg, for community- and health care
facility–onset infections) or for infections with unknown onset location.

b Antimicrobial drugs are included if they were identified as being given for
treatment of community-onset infections. Community-onset infections were
defined as infections for which signs or symptoms began in community settings
(eg, private residences, assisted living facilities, correctional facilities, homeless
shelters, halfway houses, substance abuse rehabilitation facilities, etc).

c Antimicrobial drugs are included if they were identified as being given for
treatment of health care facility–onset infections. Health care facility–onset
infections were defined as infections for which signs or symptoms began in
the survey hospital or in another health care facility (eg, another acute care
hospital, long-term care facility, outpatient dialysis center, or infusion center,
etc) prior to transfer to the survey hospital.

d Parenteral formulation of the drug.

Table 2. Infection Sites for Which Patients Received Antimicrobial Treatment

Infection Sitea
No. of Drugs, (%) [95% CI]

(n = 7641)
No. of Patients, (%) [95% CI]

(n = 4278)
Lower respiratory tract 2607 (34.1) [33.1-35.2] 1480 (34.6) [33.2-36.0]

Urinary tract 1302 (17.0) [16.2-17.9] 955 (22.3) [21.1-23.6]

Skin and soft tissue 1177 (15.4) [14.6-16.2] 688 (16.1) [15.0-17.2]

Gastrointestinal tract 829 (10.8) [10.2-11.6] 537 (12.6) [11.6-13.6]

Undetermined/empirical 661 (8.7) [8.0-9.3] 364 (8.5) [7.7-9.4]

Bloodstream 639 (8.4) [7.8-9.0] 401 (9.4) [8.5-10.3]

Intra-abdominal 317 (4.1) [3.7-4.6] 178 (4.2) [3.6-4.8]

Bone and joint 291 (3.8) [3.4-4.3] 185 (4.3) [3.7-5.0]

Ear, nose, and throat 237 (3.1) [2.7-3.5] 183 (4.3) [3.7-4.9]

Hepatobiliary system 183 (2.4) [2.1-2.8] 109 (2.5) [2.1-3.1]

Central nervous system 137 (1.8) [1.5-2.1] 76 (1.8) [1.4-2.2]

Cardiovascular system 82 (1.1) [0.9-1.3] 50 (1.2) [0.9-1.5]

Reproductive tract 80 (1.0) [0.8-1.3] 46 (1.1) [0.8-1.4]

Disseminated 47 (0.6) [0.5-0.8] 38 (0.9) [0.6-1.2]

Unknown 34 (0.4) [0.3-0.6] 27 (0.6) [0.4-0.9]

Other 5 (0.07) [0.02-0.15] 3 (0.07) [0.02-0.19]
a Antimicrobial drugs could be given

for more than one infection site.
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Parenteral vancomycin, ceftriaxone, piperacillin-
tazobactam, and levofloxacin were also among the 5 most com-
mon drugs overall given to patients in critical care and non–
critical care units (Table 4). These 4 drugs were among the 5 most
common drugs given for community-onset infections in both
critical care and non–critical care locations (excluding neona-
tal locations), and for health care facility–onset infections in non–
critical care locations (excluding neonatal locations; Table 5).
Parenteral vancomycin, piperacillin-tazobactam, and levofloxa-
cin, but not ceftriaxone, were among the top 5 drugs given to
treat health care facility–onset infections in nonneonatal criti-
cal care units. Among antimicrobial drugs given to treat only the
most common infection site, community-onset lower respira-
tory tract infections, these 4 drugs plus azithromycin were the
5 most commonly administered both inside and outside of criti-
cal care units (eTable 7 in the Supplement). Parenteral vanco-
mycin and piperacillin-tazobactam made up approximately
15.3% (191 of 1248; 95% CI, 13.4%-17.4%) of all antimicrobial drugs
given to treat community-onset lower respiratory tract infec-

tions in nonneonatal, noncritical care units compared with 27.6%
of drugs given to treat community-onset lower respiratory tract
infections in nonneonatal critical care units (101 of 366; 95% CI,
23.2%-32.4%, P < .001, χ2 test).

Discussion
Antimicrobial drug use was common in this prevalence sur-
vey conducted in US acute care hospitals. Approximately 50%
of patients were receiving antimicrobial drugs at the time of
the survey, and of those, approximately 50% were receiving 2
or more antimicrobial drugs. Similar to older reports,22,23 most
antimicrobial use was for infection treatment. Although there
were 83 different antimicrobial drugs administered to treat in-
fections, just 4—parenteral vancomycin, piperacillin-
tazobactam, ceftriaxone, and levofloxacin—made up approxi-
mately 45% of all antimicrobial drug treatment. These 4 drugs
were not only the most common drugs for treating health care

Table 5. Five Most Common Antimicrobial Drugs for Treatment of Community-Onset and Health Care Facility–Onset Infections in Nonneonatal Critical
Care and Noncritical Care Locations

Rank

No. of Drugs, (%) [95% CI]

Community-Onset Infectionsa Health Care Facility–Onset Infectionsb

Nonneonatal Critical Carec

(n = 845)
Nonneonatal Noncritical Cared

(n = 4399)
Nonneonatal Critical Carec

(n = 557)
Nonneonatal Noncritical Cared

(n = 1461)
1 Vancomycin: 141 (16.7) [14.3-19.3]e Vancomycin: 582 (13.2)

[12.3-14.3]e
Vancomycin: 102 (18.3)
[15.3-21.7]e

Vancomycin: 222 (15.2)
[13.4-17.1]e

2 Piperacillin-tazobactam: 113 (13.4)
[11.2-15.8]

Ceftriaxone: 573 (13.0)
[12.1-14.0]

Piperacillin-tazobactam: 85 (15.3)
[12.5-18.4]

Piperacillin-tazobactam: 173 (11.8)
[10.3-13.6]

3 Ceftriaxone: 98 (11.6)
[9.6-13.9]

Levofloxacin: 426 (9.7)
[8.8-10.6]

Levofloxacin: 39 (7.0)
[5.1-9.4]

Levofloxacin: 130 (8.9)
[7.5-10.4]

4 Levofloxacin: 92 (10.9)
[8.9-13.1]

Piperacillin-tazobactam: 403 (9.2)
[8.3-10.0]

Fluconazole: 35 (6.3)
[4.5-8.5]

Ceftriaxone: 126 (8.6)
[7.3-10.2]

5 Azithromycin: 50 (5.9)
[4.5-7.7]

Azithromycin: 291 (6.6)
[5.9-7.4]

Metronidazole: 25 (4.5)
[3.0-6.5]e

Metronidazole: 72 (4.9)
[3.9-6.1]e

a Antimicrobial drugs are included if they were identified as being given for
treatment of community-onset infections. Community-onset infections were
defined as infections for which signs or symptoms began in community settings
(eg, private residences, assisted living facilities, correctional facilities, homeless
shelters, halfway houses, substance abuse rehabilitation facilities, etc).

b Antimicrobial drugs are included if they were identified as being given for
treatment of health care facility–onset infections. Health care facility–onset
infections were defined as infections for which signs or symptoms began in
the survey hospital or in another health care facility (eg, another acute care

hospital, long term care facility, outpatient dialysis center or infusion center,
etc.) prior to transfer to the survey hospital.

c Excludes antimicrobial drugs given to patients in level III and level II/III
neonatal intensive care units.

d Excludes antimicrobial drugs given to patients in neonatal step-down units
and well-baby nurseries.

e Parenteral formulation of the drug.

Table 4. Five Most Common Antimicrobial Drugs Given to Patients Receiving Antimicrobial Drugs to Treat Infections in Critical Care and Noncritical
Care Locations

Rank

No. of Patients, (%) [95% CI]

Critical Care Locations (n = 788) Non–Critical Care Locations (n = 3490)
1 Vancomycin: 275 (34.9) [31.6-38.3]a Vancomycin: 828 (23.7) [22.3-25.2]a

2 Piperacillin-tazobactam: 202 (25.6) [22.7-28.8] Ceftriaxone: 705 (20.2) [18.9-21.6]

3 Levofloxacin: 133 (16.9) [14.4-19.6] Piperacillin-tazobactam: 586 (16.8) [15.6-18.1]

4 Ceftriaxone: 120 (15.2) [12.9-17.9] Levofloxacin: 561 (16.1) [14.9-17.3]

5b Gentamicin: 65 (8.2) [6.5-10.3] Ciprofloxacin: 339 (9.7) [8.8-10.7]

a Parenteral formulation of the drug.
b When neonatal critical care units were excluded, parenteral metronidazole

was the fifth most commonly administered antimicrobial drug (8.7% of 691
patients receiving antimicrobial drugs to treat infections in nonneonatal

critical care units [95% CI, 6.8%-11.0%]). There was no change in rankings of
antimicrobial drugs given to patients receiving infection treatment in
noncritical care units when neonatal units were excluded.
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facility–onset infections and for treating patients in critical care
units but were also the most common drugs for treating com-
munity-onset infections and patients outside of the critical care
setting (Table 3 and Table 4). Additionally, approximately 54%
of treatment antimicrobial drugs were given to treat lower re-
spiratory tract, urinary tract, or skin and soft tissue infec-
tions only. Taken together, focusing stewardship efforts on
these 4 drugs and 3 infection syndromes could address more
than half of all inpatient antimicrobial drug use.

Parenteral vancomycin, the most common antimicrobial
drug overall, was given to approximately 1 in 4 surveyed pa-
tients receiving infection treatment. The emergence of meth-
icillin-resistant Staphylococcus aureus (MRSA) as a dominant
pathogen in health care and community settings, coupled with
increased awareness among health care professionals and the
public, likely accounts in part for the high prevalence of van-
comycin use. However, recent data suggest that the inci-
dence of health care–associated invasive MRSA infections is
declining.24 Data from the health care–associated infection
component of our survey18 showed that a relatively low pro-
portion of infections were caused by MRSA or coagulase-
negative staphylococci, the most common bacteria for which
vancomycin would appropriately be prescribed: 10.7% were
due to S aureus, with approximately 55% of tested S aureus iso-
lates reported to be MRSA, and 4.8% were due to coagulase-
negative staphylococci. Although rates of community-
associated invasive MRSA infections have improved only
slightly in recent years,24 it is worth considering whether in-
patient vancomycin use can be reduced in selected circum-
stances without compromising patient safety. Investigators
have developed scoring systems and other methods to help
identify patients likely to be infected with MRSA.25-27 Imple-
menting such tools and promoting discontinuation of vanco-
mycin therapy when diagnostic results do not indicate a need
for use have the potential to reduce unnecessary prescribing.

Another area with potential for improvement is treat-
ment of lower respiratory tract infections. The most common
drugs administered for these infections in this survey, levo-
floxacin, azithromycin, and ceftriaxone, are consistent with
current guidelines for management of community-acquired
pneumonia in adults.28 However, parenteral vancomycin and
piperacillin-tazobactam were also frequently used to treat
lower respiratory tract infections. Although these drugs are rec-
ommended for community-acquired pneumonia treatment in
selected critically ill patients,28 they made up a substantial pro-
portion of the antimicrobial drugs given to patients in non-
critical care locations to treat community-onset infections. This
suggests that therapy outside critical care units may be an area
for further evaluation and assessment of the need for inter-
vention: for example, using patient risk factors and results of
timely diagnostic testing to inform appropriate antibiotic se-
lection and tailoring, and taking antibiotic time-outs6 to reas-
sess the need for ongoing treatment. Studies have shown that
antimicrobial treatment for hospitalized patients with com-
munity-acquired pneumonia can be significantly improved
through stewardship interventions.29,30

Although our data suggest that potential misuse of anti-
microbial drugs for active infections in hospitalized patients

may be common, antimicrobial drugs given only for surgical
prophylaxis in our survey were largely consistent with cur-
rent guidelines.31 The national Surgical Care Improvement Proj-
ect has focused on improving antibiotic prophylaxis selec-
tion and discontinuing prophylaxis within 24 hours, and data
on both of these performance measures indicate high levels
of adherence among US acute care hospitals submitting data
to the Joint Commission.32 Despite the reported high levels of
compliance with these measures and data showing national
progress in preventing surgical site infections related to cer-
tain types of procedures,33 there is room for improvement. Sur-
gical site infections remain among the most common types of
health care–associated infections,18 and data on their patho-
gens and antimicrobial resistance34 suggest the potential need
to reevaluate surgical antimicrobial prophylaxis recommen-
dations. Other studies have shown that reported adherence
with individual Surgical Care Improvement Project antimicro-
bial prophylaxis measures was not associated with lower sur-
gical site–infection rates35 or successful adherence to all
measures,36 suggesting that addressing barriers to correct
implementation of surgical site infection prevention mea-
sures may also be important.

Antimicrobials for medical prophylaxis were prescribed to
a smaller population of surveyed patients than surgical pro-
phylaxis. The most common medical prophylaxis antimicro-
bial drugs were drugs that are appropriately used to prevent
infections in specific circumstances. We did not collect data
on patients’ underlying conditions, but information about the
hospital locations of patients receiving medical prophylaxis
suggests these antimicrobial drugs were generally used in ap-
propriate settings. For example, penicillin G is one of the rec-
ommended antimicrobial drugs for prevention of perinatal
group B streptococcal disease,37 and almost 95% of all benzyl-
penicillin prophylaxis in this survey was administered to pa-
tients in obstetrical locations.

This survey has several limitations. Because we assessed
antimicrobial use over a 2-day period, longer antibiotic courses
may be overrepresented relative to short courses. The sur-
vey’s restriction to 183 hospitals in 10 states limits the gener-
alizability of the results, although to our knowledge, it is among
the largest inpatient antimicrobial use evaluations in the United
States to date. The survey was conducted in 2011, and it is un-
known whether the prevalence or patterns of antimicrobial use
are similar or different in hospitals today. Because we relied
on clinician documentation rather than applying specific, ob-
jective criteria to identify infections, we may have overesti-
mated the proportion of antimicrobial drugs given to treat in-
fections. We also collected information on locations of infection
onset rather than locations to which infections were attrib-
uted, so it is likely that some antimicrobial drugs categorized
in the community-onset group were given to treat infections
that were health care facility–associated but began in the com-
munity (eg, surgical site infection developing while the pa-
tient was at home recovering from surgery). This might have
minimized differences between antimicrobial drugs for com-
munity-onset and health care facility–onset infections. Fi-
nally, we did not collect information on treatment duration or
on patients’ diagnoses and underlying conditions and there-
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fore were unable to determine whether antimicrobial use was
correct in individual patients. We are exploring methods to
evaluate the quality of antimicrobial prescribing and plan to
incorporate these in future investigations.

To minimize patient harm and preserve effectiveness, it
is imperative to critically examine and improve the ways in
which antimicrobial drugs are used. Improving antimicrobial
use in hospitals benefits individual patients and also contrib-
utes to reducing antimicrobial resistance nationally.13 The CDC
has described the core elements of effective hospital antimi-
crobial stewardship programs.38 One of these core elements
is “tracking and reporting antibiotic use and outcomes.”38 Pro-
spective surveillance to track antimicrobial consumption is im-
portant for evaluating progress in reducing incorrect inpa-
tient antimicrobial use.39 The NHSN recently launched an
antimicrobial use reporting option to which health care facili-
ties can electronically report monthly antimicrobial drug con-
sumption data from different inpatient locations to facilitate
risk-adjusted benchmarking and guide stewardship efforts.40

Another core element is “implementing policies and interven-

tions to improve antibiotic use.”38 Results from this preva-
lence survey provide patient-level information that aug-
ments data on antimicrobial drug consumption and points to
specific areas where interventions to improve antimicrobial use
may be needed, such as vancomycin prescribing and respira-
tory infection treatment, supporting the CDC’s recommenda-
tion that every acute care hospital implement an antimicro-
bial stewardship program.38

Conclusions
In this cross-sectional evaluation of antimicrobial use in US hos-
pitals, use of broad-spectrum antimicrobial drugs such as pi-
peracillin-tazobactam and drugs such as vancomycin for re-
sistant pathogens was common, including for treatment of
community-onset infections and among patients outside criti-
cal care units. Further work is needed to understand the set-
tings and indications for which reducing antimicrobial use can
be most effectively and safely accomplished.
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