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Background. In the 2011 US hospital prevalence survey of healthcare-associated infections and antimicrobial use 50% of pa-
tients received antimicrobial medications on the survey date or day before. More hospitals have since established antimicrobial 
stewardship programs. We repeated the survey in 2015 to determine antimicrobial use prevalence and describe changes since 2011.

Methods. The Centers for Disease Control and Prevention’s Emerging Infections Program sites in 10 states each recruited ≤25 
general and women’s and children’s hospitals. Hospitals selected a survey date from May–September 2015. Medical records for a 
random patient sample on the survey date were reviewed to collect data on antimicrobial medications administered on the survey 
date or day before. Percentages of patients on antimicrobial medications were compared; multivariable log-binomial regression 
modeling was used to evaluate factors associated with antimicrobial use.

Results. Of 12 299 patients in 199 hospitals, 6084 (49.5%; 95% CI, 48.6–50.4%) received antimicrobials. Among 148 hospitals 
in both surveys, overall antimicrobial use prevalence was similar in 2011 and 2015, although the percentage of neonatal critical care 
patients on antimicrobials was lower in 2015 (22.8% vs 32.0% [2011]; P = .006). Fluoroquinolone use was lower in 2015 (10.1% of 
patients vs 11.9% [2011]; P < .001). Third- or fourth-generation cephalosporin use was higher (12.2% vs 10.7% [2011]; P = .002), as 
was carbapenem use (3.7% vs 2.7% [2011]; P < .001).

Conclusions. Overall hospital antimicrobial use prevalence was not different in 2011 and 2015; however, differences observed in 
selected patient or antimicrobial groups may provide evidence of stewardship impact.

Keywords.  anti-infective agents; antimicrobial stewardship; hospitals; epidemiology; prevalence.

Antimicrobial stewardship is necessary to improve patient 
safety and control antimicrobial resistance [1]. In 2011, the 
Centers for Disease Control and Prevention (CDC) Emerging 

Infections Program (EIP) hospital prevalence survey of 
healthcare-associated infections and antimicrobial use (AU) 
found that 50% of patients received antimicrobial medications 
[2]. Other analyses have also shown that AU in US hospitals 
is widespread [3]. Inappropriate AU in hospitals is common 
[4] and contributes to the spread of resistant pathogens and 
Clostridioides difficile as well as other adverse events [5].

Recognition of the importance of antimicrobial stewardship 
has increased [6–9], including US efforts to provide AU tracking 
tools, stewardship program implementation guidance, and pol-
icies establishing stewardship as a national priority. In spring 
2012, CDC’s National Healthcare Safety Network (NHSN) 
launched the Antimicrobial Use and Resistance (AUR) Module 
[10], which provides AU tracking capability for healthcare fa-
cilities and uses risk-adjusted Standardized Antimicrobial 
Administration Ratios to benchmark AU [11]. In March 
2014, the CDC recommended that all hospitals have steward-
ship programs and released the “Core Elements of Hospital 
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Antibiotic Stewardship” [12], delineating 7 components of ef-
fective stewardship programs [12]. The percentage of hospitals 
with programs meeting all 7 elements increased from 41% in 
2014 to 76% in 2017 [13, 14]. In September 2014, the White 
House issued an Executive Order and the “National Strategy 
for Combating Antibiotic-Resistant Bacteria,” establishing 
antimicrobial resistance as a national security priority and 
mandating federal actions to improve AU [15, 16]. Following 
the “National Strategy” release, efforts to drive improvements in 
AU nationally have continued; examples include the “National 
Action Plan for Combating Antibiotic-Resistant Bacteria,” re-
leased by the White House in March 2015 [17], and a Centers 
for Medicare and Medicaid Services condition of participation 
requiring hospitals to have stewardship programs, finalized in 
September 2019 [18].

We repeated the hospital survey in 2015 with objectives that 
included updating AU prevalence estimates and describing in-
patient AU changes since 2011.

METHODS

Hospitals and Patients

The survey was conducted in 10 EIP sites (California, Colorado, 
Connecticut, Georgia, Maryland, Minnesota, New Mexico, New 
York, Oregon, Tennessee). The human subjects advisor in the 
CDC’s National Center for Emerging and Zoonotic Infectious 
Diseases determined the survey was a nonresearch public 
health activity. The EIP sites and hospitals determined the 
survey was a nonresearch activity or approved the survey with 
informed-consent waiver. Survey methods have been described 
[2, 19, 20]. The EIP sites contacted hospitals that participated 
in the 2011 survey, then recruited additional general, women’s 
and children’s hospitals, up to 25 hospitals per site, using a strat-
ified random-sampling approach based on acute-care–staffed 
bed size. Each hospital selected a survey date between May 
and September 2015. Patients were randomly selected from the 
hospital’s morning census on the survey date as described pre-
viously [20].

Data Collection

Hospital staff completed a questionnaire on hospital character-
istics, infection control, and antimicrobial stewardship. Hospital 
or EIP staff reviewed medical records to collect patients’ initial 
demographic and clinical data, including AU screening criteria 
(receiving or scheduled to receive antimicrobial medications 
on the survey date or day before the survey). This initial data 
collection occurred on the survey date or retrospectively. This 
was a change from 2011, in which most initial data collection 
occurred on the survey date. EIP staff conducted retrospective 
medical record reviews for patients meeting the AU screening 
criteria and for patients for whom AU was unknown at the time 
of the survey to collect antimicrobial medication names, routes, 

dates, rationales for use, infection-treatment sites and onset 
locations, and surgical prophylaxis duration and procedures. 
Antibacterial, antifungal, and selected antimycobacterial and 
antiviral medications administered via intravenous (IV), intra-
muscular (IM), oral/enteral, or inhaled routes were included 
(Supplementary Table 1).

Analysis

The EIP staff entered data into a secure online system. The 
CDC staff evaluated data for quality and consistency; EIP staff 
re-reviewed medical records as needed to address discrepancies 
and correct errors. Data downloaded on 16 November 2017 
were analyzed using SAS version 9.4 (SAS Institute Inc, Cary, 
NC) or OpenEpi version 3.01 [21]. Antimicrobial medications 
were classified using fourth-level (chemical subgroup) and 
fifth-level (individual chemical substance) codes of the World 
Health Organization Anatomical Therapeutic Chemical (WHO 
ATC) classification system [22, 23] (Supplementary Table 1). 
Antimicrobial medications given on the survey date and/or the 
day before were considered unique based on the patient and 
fifth-level code [2]. For example, IV levofloxacin given on the 
day before the survey and oral levofloxacin given on the survey 
date to a single patient were considered 1 antimicrobial medi-
cation. Oral and IV vancomycin given to a single patient on the 
survey date or the day before were considered 2 medications.

Antimicrobial use prevalence was defined as the percentage 
of patients receiving 1 or more antimicrobial medication on the 
survey date or day before. We compared patient characteristics 
and AU prevalence using mid-P exact or chi-square tests for 
categorical variables and median tests for continuous variables. 
We used the same AU screening criteria in both the 2011 and 
2015 surveys, except that in 2011 we employed a screening cri-
teria modification for dialysis patients that included receipt of 
parenteral vancomycin or aminoglycosides in the 4 days before 
the survey. In 2015, we did not use this modification. Therefore, 
we excluded 2011 patients who met only the dialysis modifi-
cation (but did not receive antimicrobial medications on the 
survey date or day before) from analyses comparing 2011 and 
2015 data. We used multivariable log-binomial regression mod-
eling with forward selection of variables to identify patient and 
hospital factors associated with AU in the 2015 survey. Model fit 
was evaluated using Akaike and Bayesian information criteria 
and Wald and likelihood ratio chi-square tests. We evaluated 
multiple parameterizations of selected variables; variable levels 
with similar estimates of risk were further grouped so that final 
parameterizations were the most parsimonious.

RESULTS

Hospitals

A total of 199 hospitals participated in the 2015 survey: 
96 (48.2%) were categorized as small hospitals (<150 
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acute-care–staffed beds), 76 (38.2%) as medium (150–399 
beds), and 27 (13.6%) as large (≥400 beds). Selected charac-
teristics of participating hospitals were reported previously 
[20]; others are shown in Supplementary Table 2. Most hos-
pitals (158, 79.4%) reported having an antimicrobial stew-
ardship team. The median number of patients included in 
the survey per hospital was 75 (interquartile range, 40–75), 
and 197 hospitals (99.0%) had 1 or more patient on anti-
microbial medications.

Prevalence of Antimicrobial Use

Of 12 299 patients, 6084 (49.5%; 95% confidence interval [CI], 
48.6–50.4%) received antimicrobial medications on the survey 
date or day before: 5210 patients on the survey date (42.4%; 95% 
CI, 41.5–43.2%) and 5494 on the day before (44.7%; 95% CI, 43.8–
45.6%). Patient characteristics are reported in Supplementary 
Table 3. Among locations with 50 or more patients surveyed 
(28/64 total location types, 43.8%), AU prevalence was highest in 

surgical critical care (55/75, 73.3%) and lowest in newborn nur-
series (11/373, 2.9%) (Supplementary Table 4).

Of 148 hospitals in both the 2011 and 2015 surveys, 147 
had 1 or more patients on antimicrobial medications. In these 
148 hospitals in 2011, after excluding patients who met only the 
dialysis modification, 4606 of 9283 patients (49.6%; 95% CI, 
48.6–50.6%) received 8110 antimicrobial medications; in 2015, 
4590 of 9169 patients (50.1%; 95% CI, 49.0–51.1%) received 
8091 antimicrobial medications (P = .55).

For most hospital locations, there were no differences in AU 
prevalence in the 2 surveys (Table 1). Antimicrobial use preva-
lence in neonatal critical care locations, however, was 22.8% in 
2015 and 32.0% in 2011 (P = .006).

Factors Associated With Antimicrobial Use

In 2015, multiple patient and hospital characteristics were in-
dependent AU risk factors in the final model, including patient 
groups based on hospital location and age, presence of selected 

Table 1. Percentages of Patients on Antimicrobials in Adult, Pediatric, and Neonatal Critical Care and Non–Critical Care Inpatient Locations Combined 
and in Individual Inpatient Location Types With ≥50 Patients Surveyed, 2011 Versus 2015, Among 148 Hospitals Participating in Both Surveys

2011 Survey 2015 Survey

PbInpatient Locationa
Total No. of 

Patients
No. of Patients on  

Antimicrobial Medications (%)
Total No. of 

Patients
No. of Patients on  

Antimicrobial Medications (%)

Adult critical care, all 955 610 (63.9) 921 573 (62.2) .46

 Medical/surgical critical care unit 476 315 (66.2) 550 342 (62.2)  

 Medical critical care unit 201 131 (65.2) 153 105 (68.6)  

 Surgical critical care unit 73 57 (78.1) 63 46 (73.0)  

Adult non–critical care, all 6294 3382 (53.7) 6143 3406 (55.5) .06

 Medical/surgical ward 2118 1191 (56.2) 2275 1322 (58.1)  

 Medical ward 1342 760 (56.6) 1192 632 (53.0)  

 Surgical ward 774 418 (54.0) 784 456 (58.2)  

 Telemetry ward 647 272 (42.0) 558 241 (43.2)  

 Stepdown unit 355 182 (51.3) 348 177 (50.9)  

 Orthopedic ward 338 197 (58.3) 289 192 (66.4)  

 Hematology/oncology unit 306 174 (56.9) 235 159 (67.7)  

 Mixed acuity adult unit 59 32 (54.2) 132 59 (44.7)  

 Neurology ward 71 21 (29.6) 78 34 (43.6)  

Pediatric critical care, all 96 66 (68.8) 109 70 (64.2) .50

 Medical/surgical pediatric critical care unit 57 40 (70.2) 75 49 (65.3)  

Pediatric non–critical care, all 469 244 (52.0) 470 241 (51.3) .82

 Medical/surgical pediatric ward 227 120 (52.9) 221 110 (49.8)  

 Medical pediatric ward 88 44 (50.0) 108 51 (47.2)  

Neonatal critical care, all 337 108 (32.0) 372 85 (22.8) .006

 Neonatal critical care unit level III 204 66 (32.4) 242 62 (25.6)  

 Neonatal critical care unit level II/III 133 42 (31.6) 130 23 (17.7)  

Neonatal non–critical care, all 396 24 (6.1) 344 21 (6.1) .98

 Nursery ward 332 9 (2.7) 273 8 (2.9)  

 Special care nursery 64 15 (23.4) 71 13 (18.3)  

Mother–baby units, all 728 167 (22.9) 798 188 (23.6) .78

 Labor/delivery/recovery/postpartum ward 319 63 (19.7) 287 74 (25.8)  

 Postpartum ward 306 72 (23.5) 391 77 (19.7)  

 Labor and delivery ward 103 32 (31.1) 120 37 (30.8)  

Mixed acuity and stepdown adult and pediatric units are included in adult non–critical care and pediatric non–critical care, respectively.
aExcludes 20 patients (8 in the 2011 survey and 12 in the 2015 survey) in mixed-age locations.
bMid-P exact test.
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devices, primary payer, race, length of stay, annual hospital dis-
charges, and region (Supplementary Table 5). After adjusting for 
other factors, AU risk was highest for patients in adult or pedi-
atric critical care units, oncology wards, or other specialty care 
areas (adjusted relative risk [RR], 20.30; 95% CI, 12.17–37.79, 
P < .001) and selected adult wards (medical-surgical, surgical, 
gerontology, genitourinary, orthopedic, and pulmonary) (ad-
justed RR, 21.97; 95% CI, 13.18–40.87; P < .001).

Common Antimicrobials

Of 10 612 antimicrobial medications in the 2015 survey, the most 
common were parenteral vancomycin (1258, 11.9%), cefazolin 
(1117, 10.5%), ceftriaxone (1010, 9.5%), piperacillin-tazobactam 
(827, 7.8%), and levofloxacin (798, 7.5%) (Supplementary Table 
6). The most common groups were third- or fourth-generation 
cephalosporins (1531, 14.4%), glycopeptides (1258, 11.9%), 
fluoroquinolones (1241, 11.7%), first-generation cephalosporins 
(1206, 11.4%), and penicillin combinations, including β-lactamase 
inhibitors (1093, 10.3%) (Supplementary Table 6).

These were also the most common groups in 2011 and 2015 
among hospitals that participated in both surveys, although 
rank order differed (Table 2). In these hospitals, the percentage 
of patients receiving fluoroquinolones was lower in 2015 (2015 
vs 2011: 10.1% vs 11.9%; P < .001). In contrast, the percentage 
of patients receiving first-generation cephalosporins was higher 
in 2015 (2015 vs 2011: 9.8% vs 8.5%; P = .003), as was the 
percentage of patients receiving third- or fourth-generation 
cephalosporins (2015 vs 2011: 12.2% vs 10.7%; P = .002) 
or carbapenems (2015 vs 2011: 3.7% vs 2.7%; P < .001). 
Antimicrobial use in different age groups and inpatient loca-
tions in the 2011 and 2015 surveys is shown in Supplementary 
Tables 7 and 8.

Rationale for Antimicrobial Use

Among 6084 patients on antimicrobial medications in the 
2015 survey, the most common rationale was infection treat-
ment (4476 patients [73.6%] receiving 8138 antimicrobial 
medications). Other rationales were surgical prophylaxis (1185 
patients [19.5%], 1334 antimicrobial medications), medical 
prophylaxis (584 patients [9.6%], 860 antimicrobial medica-
tions), non–infection-related reasons (77 patients [1.3%], 78 
antimicrobial medications), and no documented rationale 
(229 patients [3.8%], 265 antimicrobial medications) (Table 3, 
Supplementary Table 9). The rationale distributions for anti-
microbial medications in the 2011 and 2015 surveys among hos-
pitals participating in both surveys are shown in Supplementary 
Table 10. In 2011 and 2015, the percentage of medications with 
no documented rationale was low (2011 vs 2015: 4.6% vs 2.4%).

Infection Treatment

Most patients received antimicrobial medications for in-
fections reported to be community-onset only (3433/4476 

patients [76.7%], 6052 antimicrobials) (Supplementary Table 
11). Four of the 5 most common antimicrobial medications 
used to treat community-onset infections were also among the 
most common medications for survey hospital- or long-term 
care facility–onset infections, although the rank order dif-
fered: ceftriaxone, parenteral vancomycin, levofloxacin, and 
piperacillin-tazobactam (Table  4). Pneumonia was the most 
common reason for antimicrobial treatment, accounting for 
2311 of 8138 (28.4%) treatment antimicrobial medications 
(Supplementary Table 12). More than two-thirds of patients 
who received antimicrobial treatment (3077/4476, 68.7%) were 
treated for pneumonia, other lower respiratory infection, uri-
nary tract infection, or skin and soft tissue infection.

We identified differences in the percentages of patients re-
ceiving treatment for selected infections in 2011 and 2015 in 
hospitals that participated in both surveys (Table 5). A  larger 
percentage of patients in the 2015 survey were receiving anti-
microbial medications for infections of undetermined site, 
which included empiric sepsis treatment (2015 vs 2011: 11.5% 
vs 9.0%; P < .001). In contrast, fewer patients in 2015 were re-
ceiving gastrointestinal tract infection treatment (2015 vs 2011: 
10.9% vs 13.0%; P = .006).

Surgical Prophylaxis

More than half of antimicrobial medications for surgical 
prophylaxis were given for 5 procedures: “other” proced-
ures (201/1334, 15.1%), knee replacements (165, 12.4%), 
hip replacements (132, 9.9%), cesarean sections (125, 
9.4%), and open reductions of fractures (103, 7.7%). Of 
1334 antimicrobial medications for surgical prophylaxis, 
1285 (96.3%) were given only for surgical prophylaxis (ie, 
without other reported rationales, such as infection treat-
ment) to 1151 patients with 1153 surgical procedures. 
Prophylaxis duration was 24 hours or less for 969 of 1285 
antimicrobial medications (75.4%), more than 24 hours 
for 260 medications (20.2%), and unknown for 56 medi-
cations (4.4%). Overall, 238 patients (20.7% of patients 
receiving antimicrobial medications given for surgical pro-
phylaxis only) received prophylaxis for more than 24 hours 
(Supplementary Table 13).

DISCUSSION

Approximately half of patients in the 2015 survey received 
antimicrobial medications on the survey date or day be-
fore, unchanged from 2011. Although overall AU prevalence 
was no different, we observed some potentially promising 
changes in 2015, such as lower prevalence in neonatal crit-
ical care locations and a smaller percentage of patients on 
fluoroquinolones. Findings of potential concern include a 
higher prevalence of extended-spectrum cephalosporins 
and carbapenem use, the percentage of patients receiving 
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Table 2. Percentages of Patients on Selected Antimicrobial Medications, 2011 Versus 2015, Among 148 Hospitals Participating in Both Surveys

No. of Patients (%)  

PaAntimicrobial Group 2011 Survey (N = 9283) 2015 Survey (N = 9169)

Fluoroquinolones 1104 (11.9) 930 (10.1) <.001
 Levofloxacin 573 602  
 Ciprofloxacin 395 304  

 Moxifloxacin 150 33  
Third-or fourth-generation cephalosporins 994 (10.7) 1115 (12.2) .002
 Ceftriaxone 697 733  
 Cefepime 173 305  
 Cefotaxime 64 28  
 Ceftazidime 56 46  
 Cefpodoxime 15 13  
 Cefdinir 5 11  
 Ceftizoxime 3 0  
 Cefixime 1 4  
 Ceftazidime-avibactam Not available 1  
Glycopeptides 987 (10.6) 951 (10.4) .56
 Vancomycin (parenteral) 987 951  
 Telavancin 1 0  

Penicillin combinations, including β-lactamase inhibitors 845 (9.1) 796 (8.7) .32

 Piperacillin-tazobactam 674 628  
 Ampicillin-sulbactam 134 117  
 Amoxicillin-clavulanate 61 81  
 Ticarcillin-clavulanate 4 0  
First-generation cephalosporins 791 (8.5) 897 (9.8) .003
 Cefazolin 744 850  
 Cephalexin 58 59  
 Cefadroxil 2 1  
Macrolides 388 (4.2) 340 (3.7) .10
 Azithromycin 351 303  
 Clarithromycin 13 4  
 Erythromycin 25 34  
Imidazole derivatives 346 (3.7) 378 (4.1) .17
 Metronidazole (parenteral) 346 378  
Triazole derivatives 301 (3.2) 293 (3.2) .86
 Fluconazole 246 236  
 Voriconazole 48 35  
 Posaconazole 7 16  
 Itraconazole 3 6  
 Isavuconazole Not available 2  
Carbapenems 247 (2.7) 337 (3.7) <.001
 Meropenem 86 232  
 Ertapenem 74 87  
 Imipenem 49 25  
 Doripenem 40 0  
Intestinal antibiotics 238 (2.6) 238 (2.6) .89
 Vancomycin (oral) 111 108  
 Nystatin 96 70  
 Rifaximin 35 64  
 Neomycin 2 3  
 Fidaxomicin … 2  
Other antibacterials 144 (1.6) 94 (1.0) .002
 Linezolid 93 67  
 Daptomycin 55 26  
 Methenamine Not included 1  
Tetracyclines 105 (1.1) 142 (1.5) .01
 Doxycycline 71 125  
 Tigecycline 22 6  
 Minocycline 10 10  
 Tetracycline 3 1  

The numbers of patients on specific antimicrobial medications may sum to more than the total number of patients receiving a particular antimicrobial medication group since patients could 
have received more than 1 medication in a given group.
aχ2 test.
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prolonged surgical prophylaxis, and the observation that 
broad-spectrum AU, including for community-onset infec-
tions, remained common in 2015.

Point-prevalence surveys of AU in other countries provide 
context for our results. Data from the European Centre for 
Disease Prevention and Control (ECDC) have shown that AU in 
European hospitals is less prevalent than in the United States. In 
a 2016–2017 survey, AU point prevalence was 32.9% (weighted 
prevalence, 30.5%; range, 15.9–55.6%) [24] compared to 42.4% 
in our survey on the survey date. In selected countries in the 
ECDC survey, particularly in Eastern and Southern Europe, the 
observed prevalence was similar to or higher than the AU point 
prevalence in our survey—for example, 42.2% in Romania 
and 55.6% in Greece [24]. In the 2015 Global Point Prevalence 
Survey (Global-PPS), conducted in 53 countries, hospital AU 
point prevalence varied widely across regions, from 27.4% to 
50%; among 24 North American hospitals, AU point preva-
lence was 38.6% (country range, 30.9–44.8%) [25], similar to 
the point prevalence we observed on the survey date.

Despite differences in AU prevalence among countries, some 
common themes have emerged. Pneumonia or respiratory in-
fection was the most common reason for hospital AU in our 

survey as well as the ECDC survey and Global-PPS, accounting 
for approximately one-third of all antimicrobial treatment in the 
ECDC survey and in our survey, and 19% of patients receiving 
antimicrobial medications in the Global-PPS. Also, prolonged 
surgical prophylaxis was common in each of the surveys (54.2% 
in the ECDC survey, 52.4% in the Global-PPS, and 20.7% in our 
survey) [24, 25]. These findings suggest opportunities for multi-
national collaborations to improve hospital AU.

Prevalence surveys provide valuable information on AU 
globally, and in some cases may facilitate comparisons among 
countries, although data on changes in hospital AU over time 
in individual countries or regions are limited. An analysis of US 
hospital prescribing data from 2006 to 2012 showed that 55.1% 
of patients received at least 1 antibiotic dose during their hospi-
talization [3]. Over this period, overall AU did not change, al-
though the authors reported increases in days of therapy per 1000 
patient-days for selected antimicrobial medications, including 
third- or fourth-generation cephalosporins and carbapenems, 
and decreases in others, including fluoroquinolones [3]. The au-
thors hypothesized that decreases in fluoroquinolone use may 
have been part of C. difficile prevention efforts and in response 
to increasing resistance among certain gram-negative bacteria. 

Table 4. Ten Most Common Antimicrobial Medications Given to Treat Infections by Onset Location, Among 8138 Antimicrobial Medications Given to Treat 
Infection in Patients in the 2015 Survey

Antimicrobial Medications (n, %)

For Community-Onset Infections (N = 6052) For Survey Hospital-Onset Infections (N = 1325) For Long-term Care Facility–Onset Infections (N = 628)

Ceftriaxone (819, 13.5) Vancomycin, parenteral (182, 13.7) Vancomycin, parenteral (114, 18.2)

Vancomycin, parenteral (819, 13.5) Piperacillin-tazobactam (113, 8.5) Piperacillin-tazobactam (64, 10.2)

 Levofloxacin (596, 9.8) Cefepime (87, 6.6) Ceftriaxone (56, 8.9)

Piperacillin-tazobactam (595, 9.8) Ceftriaxone (80, 6.0) Cefepime (54, 8.6)

Metronidazole, parenteral (341, 5.6) Levofloxacin (77, 5.8) Levofloxacin (46, 7.3)

Azithromycin (316, 5.2) Fluconazole (65, 4.9) Meropenem (33, 5.3)

Ciprofloxacin (261, 4.3) Meropenem (64, 4.8) Metronidazole, parenteral (27, 4.3)

Cefepime (229, 3.8) Metronidazole, parenteral (60, 4.5) Azithromycin (21, 3.3)

Meropenem (195, 3.2) Ciprofloxacin (53, 4.0) Fluconazole (21, 3.3)

Clindamycin (153, 2.5) Gentamicin (52, 3.9) Vancomycin, oral (16, 2.6)

Antimicrobial medications given to treat infections with multiple onset locations reported were excluded.

Table 3. Ten Most Common Antimicrobial Medications Administered to Hospital Patients, by Rationale: 2015 Survey

Antimicrobial Medications (n, %)

For All Rationales (N = 10 612) For Treatment of Active Infection (N = 8138) For Surgical Prophylaxis (N = 1334) For Medical Prophylaxis (N = 860)

Vancomycin, parenteral (1258, 11.9) Vancomycin, parenteral (1134, 13.9) Cefazolin (872, 65.4) Acyclovir (120, 14.0)

Cefazolin (1117, 10.5) Ceftriaxone (966, 11.9) Vancomycin, parenteral (98, 7.4) Trimethoprim-sulfamethoxazole (84, 9.8) 

Ceftriaxone (1010, 9.5) Piperacillin-tazobactam (786, 9.7) Clindamycin (72, 5.4) Fluconazole (78, 9.1)

Piperacillin-tazobactam (827, 7.8) Levofloxacin (721, 8.9) Metronidazole, parenteral (48, 3.6) Cephalexin (52, 6.1)

Levofloxacin (798, 7.5) Metronidazole, parenteral (434, 5.3) Cefoxitin (37, 2.8) Ampicillin (50, 5.8)

Metronidazole, parenteral (501, 4.7) Cefepime (368, 4.5) Piperacillin-tazobactam (27, 2.0) Levofloxacin (49, 5.7)

Ciprofloxacin (397, 3.7) Azithromycin (354, 4.4) Gentamicin (26, 2.0) Benzylpenicillin (47, 5.5)

Azithromycin (391, 3.7) Ciprofloxacin (338, 4.2) Ciprofloxacin (22, 1.7) Valacyclovir (31, 3.6)

Cefepime (380, 3.6) Meropenem (294, 3.6) Cefotetan (21, 1.6) Azithromycin (25, 2.9)

Meropenem (306, 2.9) Fluconazole (197, 2.4) Ertapenem (20, 1.5) Vancomycin, parenteral (24, 2.8)
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The authors suggested this latter factor was a possible expla-
nation for increases in extended-spectrum cephalosporin and 
carbapenem use [3].

These factors may also explain differences we observed from 
2011 to 2015. The incidence of infections due to extended-
spectrum β-lactamase–producing Enterobacteriaceae is 
increasing [26, 27], which could explain the higher prevalence of 
carbapenem use we observed in 2015. Data supporting the asso-
ciation between fluoroquinolones and C. difficile infection con-
tinue to accumulate. Dingle and colleagues [28] reported that a 
major reason for the declining incidence of C. difficile infection 
in England was restriction of fluoroquinolone use leading to a de-
crease in the prevalence of fluoroquinolone-resistant C. difficile 
strains such as NAP1/027. Studies from the United States also 
report lower C. difficile rates in association with reduced fluoro-
quinolone prescribing [29–31]. Moreover, prudent fluoroquino-
lone use is necessary due to warnings issued by the US Food and 
Drug Administration regarding serious adverse events [32]. To 
achieve further reductions, guidelines are needed to assist pre-
scribers in selecting fluoroquinolone alternatives [33].

While there was no reduction in overall AU prevalence from 
2011 to 2015, there was a notable reduction among neonates 
in critical care locations. The percentage of neonatal critical 
care patients on antimicrobial medications was approximately 

30% lower in 2015 than in 2011. Although we are not able to 
tie this difference to specific interventions, intensive stew-
ardship efforts within the neonatal provider community may 
have contributed [34–37]. In addition to growing awareness of 
microbiome alterations [38] and other adverse consequences of 
AU in neonates [39–41], a nationally available neonatal “sepsis 
calculator” utilizing a multivariate risk assessment to guide 
early-onset sepsis treatment was implemented [42–44]; its use 
appears to reduce antimicrobial prescribing without negatively 
affecting outcomes [45]. Empiric AU is often necessary during 
the initial treatment of an ill patient, which presents a challenge 
to the goal of reducing AU to the minimum level that is neces-
sary and safe. However, more and better tools like the neonatal 
sepsis calculator and rapid diagnostics, once validated and in 
wider use, would facilitate targeted, higher-quality prescribing.

Our analysis showed that, although multiple hospital and 
patient characteristics were associated with AU, combinations 
of patient age and inpatient location were most important. 
Targeted approaches that direct resources toward improving se-
lection or duration of antimicrobial treatment on specific inpa-
tient units or for specific conditions may be more effective than 
broad-based strategies. Our data suggest that areas of oppor-
tunity for evaluating antimicrobial prescribing quality in hos-
pitals may include AU in selected adult non–critical care units, 

Table 5. Percentages of Patients Receiving Antimicrobial Medications to Treat Infections, by Therapeutic Site, Among 148 Hospitals That Participated in 
Both the 2011 and 2015 Surveys

Therapeutic Site

Hospitals Participating in Both Surveys All 2015 Hospitals

No. of Patients, 2011  
Survey (%) (N = 3478)

No. of Patients, 2015  
Survey (%) (N = 3372) Pa

No. of Patients (%)  
(N = 4476)

Lower respiratory 1166 (33.5) 1145 (34.0) .71 1526 (34.1)

 Pneumonia … b 921 (27.3)  1232 (27.5)

 Other lower respiratory … b 252 (7.5)  328 (7.3)

Urinary tract 768 (22.1) 755 (22.4) .76c 1021 (22.8)

Skin and soft tissue 549 (15.8) 579 (17.2) .12c 804 (18.0)

Undetermined/empirical 313 (9.0) 388 (11.5) <.001 481 (10.7)

Bloodstream 327 (9.4) 291 (8.6) .27 386 (8.6)

Gastrointestinal 452 (13.0) 366 (10.9) .006 495 (11.1)

 Clostridioides difficile infection … b 153 (4.5)  201 (4.5)

 Other gastrointestinal … b 223 (6.6)  307 (6.9)

Intraabdominal 156 (4.5) 186 (5.5) .05 229 (5.1)

Bone and joint 158 (4.5) 138 (4.1) .36 183 (4.1)

Hepatobiliary 87 (2.5) 104 (3.1) .14 148 (3.3)

Ear, eye, nose, mouth, throat 149 (4.3) 143 (4.2) .93 177 (4.0)

Central nervous system 64 (1.8) 61 (1.8) .92 79 (1.8)

Reproductive 40 (1.2) 49 (1.5) .27 69 (1.5)

Cardiovascular 47 (1.4) 31 (0.9) .09 41 (0.9)

Disseminated 31 (0.9) 24 (0.7) .41 29 (0.6)

Unknown 15 (0.4) 18 (0.5) .55 27 (0.6)

Other 3 (0.09) Not collected … Not collected

Numbers in columns may sum to more than 100% because patients could receive antimicrobial medications for multiple therapeutic sites.
aMid-P exact test unless otherwise indicated.
bLower respiratory and gastrointestinal infections were not subdivided into pneumonia vs other lower respiratory infections or C. difficile vs other gastrointestinal infections in the 2011 
survey.
cχ2 test.
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prolonged surgical prophylaxis, and treatment for infection 
types that drive most hospital AU: pneumonia and other lower 
respiratory, skin and soft tissue, and urinary tract infections.

Our survey has limitations, as described previously [2]. 
Minor data collection modifications in 2015 could have 
affected AU prevalence; however, we were able to address 
these in the analysis. We were only able to evaluate AU 
at 2 time points; additional data are needed to determine 
whether changes from 2011 to 2015 have persisted. Some 
of the observed changes in AU were small and of uncertain 
clinical significance. Finally, these data do not address anti-
microbial prescribing quality. Survey staff gathered addi-
tional information for selected clinical scenarios to describe 
prescribing quality; analysis is ongoing.

Prevalence surveys remain a valuable complement to other 
large-scale assessments of US inpatient AU, including those 
using electronic health record datasets or antimicrobial con-
sumption data from the NHSN AUR Module. These surveys, 
including a similar survey conducted in nursing homes in 2017 
[46], provide opportunities to assess not only the prevalence of 
AU in healthcare facilities but also the reasons for and quality of 
use at the patient level.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.

Notes
Acknowledgments. The authors thank the following members of the 

Emerging Infections Program (EIP) Hospital Survey Team and nonauthor 
contributors: California Emerging Infections Program, Oakland, CA: Karen 
Click; Linda Frank, RN, BSN, PHN; Deborah Godine, RN; Brittany Martin, 
MPH; Erin Parker, MPH; Lauren Pasutti, MPH; Colorado Department of 
Public Health and Environment, Denver, CO: Sarabeth Friedman, CNM, MSN; 
Annika Jones, MPH; Tabetha Kosmicki, MPH, CIC; Connecticut Emerging 
Infections Program, New Haven and Hartford, CT: James Fisher, MPH; 
Amber Maslar, MPA; James Meek, MPH; Richard Melchreit, MD; Division of 
Healthcare Quality Promotion, Centers for Disease Control and Prevention, 
Atlanta, GA: Farzana Badrun, MD, MS (Eagle Medical Services); Anthony 
Fiore, MD, MPH; Georgia Emerging Infections Program, Decatur, GA: Scott 
K. Fridkin, MD; Susan L. Morabit, MSN, RN, PHCNS-BC, CIC; Lewis A. Perry, 
DrPH, MPH, RN; Maryland Department of Health, Baltimore, MD: Rebecca 
Perlmutter, MPH, CIC; Elisabeth Vaeth, MPH; Minnesota Department of 
Health, St Paul, MN: Annastasia Gross, MPH, MT(ASCP); Jane Harper, MS, 
BSN, CIC; Brittany Pattee, MPH; Nabeelah Rahmathullah, MBBS, MPH; New 
Mexico Department of Health, Santa Fe, NM: Joan Baumbach, MD, MS, MPH; 
Marla Sievers, MPH; New York Emerging Infections Program and University 
of Rochester Medical Center, Rochester, NY: Cathleen Concannon, MPH; 
Christina Felsen, MPH; Anita Gellert, RN; Oregon Health Authority, Portland, 
OR: Monika Samper, RN; Tennessee Department of Health, Nashville, TN: 
Raphaelle H.  Beard, MPH; Patricia Lawson, RN, MS, MPH; Daniel Muleta, 
MD, MPH; Vicky P. Reed, RN. The authors also thank the hospitals and staff 
in the 10 EIP sites for their participation and significant contributions to this 
multiphase prevalence survey effort.

Disclaimer. The findings and conclusions in this report are those of the 
authors and do not necessarily represent the official position of the Centers 
for Disease Control and Prevention.

Financial support. This work was supported by the Centers for Disease 
Control and Prevention through the Emerging Infections Program 
Cooperative Agreement CK17–1701.

Potential conflicts of interest. G. D. reports fees from Seres Therapeutics 
for serving on a data-and-safety-monitoring board. R.  L.  is co-editor 
for a book on infectious disease surveillance and associate editor for the 
Red Book (American Academy of Pediatrics Report of the Committee 
on Infectious Disease) and reports royalties/funds that were donated to 
the Minnesota Department of Health. M. A. K. reports personal fees and 
nonfinancial support from the Infectious Disease Consulting Corporation, 
personal fees and nonfinancial support from WebMD, and personal fees 
and nonfinancial support from Pfizer. All other authors report no poten-
tial conflicts. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. Conflicts that the editors consider relevant to 
the content of the manuscript have been disclosed.

References
1. Kabbani S, Baggs J, Hicks LA, Srinivasan A. Potential impact of antibiotic stew-

ardship programs on overall antibiotic use in adult acute-care hospitals in the 
United States. Infect Control Hosp Epidemiol 2018; 39:373–6.

2. Magill SS, Edwards JR, Beldavs ZG, et al. Prevalence of antimicrobial use in US 
acute care hospitals, May-September 2011. JAMA 2014; 312:1438–46.

3. Baggs J, Fridkin SK, Pollack LA, Srinivasan A, Jernigan JA. Estimating national 
trends in inpatient antibiotic use among US hospitals from 2006 to 2012. JAMA 
Intern Med 2016; 176:1639–48.

4. Fridkin  S, Baggs  J, Fagan  R, et  al; Centers for Disease Control and Prevention 
(CDC). Vital signs: improving antibiotic use among hospitalized patients. 
MMWR Morb Mortal Wkly Rep 2014; 63:194–200.

5. Tamma  PD, Avdic  E, Li  DX, Dzintars  K, Cosgrove  SE. Association of adverse 
events with antibiotic use in hospitalized patients. JAMA Intern Med 2017; 
177:1308–15.

6. Abbo L, Lo K, Sinkowitz-Cochran R, et al. Antimicrobial stewardship programs 
in Florida’s acute care facilities. Infect Control Hosp Epidemiol 2013; 34:634–7.

7. Trivedi  KK, Rosenberg  J. The state of antimicrobial stewardship programs in 
California. Infect Control Hosp Epidemiol 2013; 34:379–84.

8. Johannsson  B, Beekmann  SE, Srinivasan  A, Hersh  AL, Laxminarayan  R, 
Polgreen  PM. Improving antimicrobial stewardship: the evolution of program-
matic strategies and barriers. Infect Control Hosp Epidemiol 2011; 32:367–74.

9. Weston  A, Epstein  L, Davidson  LE, Demaria  A Jr, Doron  S. The impact of a 
Massachusetts state-sponsored educational program on antimicrobial steward-
ship in acute care hospitals. Infect Control Hosp Epidemiol 2013; 34:437–9.

10. Centers for Disease Control and Prevention. Surveillance for antimicrobial use 
and antimicrobial resistance options. Available at: https://www.cdc.gov/nhsn/
acute-care-hospital/aur/index.html. Accessed 12 August 2019.

11. van Santen KL, Edwards JR, Webb AK, et al. The standardized antimicrobial ad-
ministration ratio: a new metric for measuring and comparing antibiotic use. Clin 
Infect Dis 2018; 67:179–85.

12. Centers for Disease Control and Prevention. Core elements of hospital antibiotic 
stewardship programs. Available at: https://www.cdc.gov/antibiotic-use/health-
care/pdfs/core-elements.pdf. Accessed 12 August 2019.

13. O’Leary EN, van Santen KL, Webb AK, Pollock DA, Edwards JR, Srinivasan A. 
Uptake of antibiotic stewardship programs in US acute care hospitals: findings 
from the 2015 National Healthcare Safety Network Annual Hospital Survey. Clin 
Infect Dis 2017; 65: 1748–50.

14. Centers for Disease Control and Prevention. Antimicrobial resistance pa-
tient safety atlas. Available at: https://gis.cdc.gov/grasp/PSA/STMapView.html. 
Accessed 12 August 2019.

15. The White House. Executive order—combating antibiotic-resistant bacteria. 
Available at: https://www.cdc.gov/drugresistance/pdf/executive-order_ar.pdf. 
Accessed 12 August 2019.

16. The White House. National strategy for combating antibiotic-resistant bacteria. 
Available at: https://www.cdc.gov/drugresistance/pdf/carb_national_strategy.pdf. 
Accessed August 12, 2019.

17. The White House. National action plan for combating antibiotic-resistant bac-
teria. Available at: https://www.cdc.gov/drugresistance/pdf/national_action_
plan_for_combating_antibotic-resistant_bacteria.pdf. Accessed October 16, 
2019.

18. Centers for Medicare and Medicaid Services. Medicare and Medicaid programs; 
regulatory provisions to promote efficiency, transparency, and burden reduction; 
fire safety requirements for certain dialysis facilities; hospital and critical access 
hospital (CAH) changes to promote innovation, flexibility and improvement in 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article-abstract/doi/10.1093/cid/ciaa373/5855453 by guest on 01 July 2020

https://www.cdc.gov/nhsn/acute-care-hospital/aur/index.html
https://www.cdc.gov/nhsn/acute-care-hospital/aur/index.html
https://www.cdc.gov/antibiotic-use/healthcare/pdfs/core-elements.pdf
https://www.cdc.gov/antibiotic-use/healthcare/pdfs/core-elements.pdf
https://gis.cdc.gov/grasp/PSA/STMapView.html
https://www.cdc.gov/drugresistance/pdf/executive-order_ar.pdf
https://www.cdc.gov/drugresistance/pdf/carb_national_strategy.pdf
https://www.cdc.gov/drugresistance/pdf/national_action_plan_for_combating_antibotic-resistant_bacteria.pdf
https://www.cdc.gov/drugresistance/pdf/national_action_plan_for_combating_antibotic-resistant_bacteria.pdf


Antimicrobial Use in Hospitals • cid 2020:XX (XX XXXX) • 9

patient care. Available at: https://www.govinfo.gov/content/pkg/FR-2019-09-30/
pdf/2019–20736.pdf. Accessed October 16, 2019.

19. Magill  SS, Edwards  JR, Bamberg  W, et  al; Emerging Infections Program 
Healthcare-Associated Infections and Antimicrobial Use Prevalence Survey 
Team. Multistate point-prevalence survey of health care-associated infections. N 
Engl J Med 2014; 370:1198–208.

20. Magill  SS, O’Leary  E, Janelle  SJ, et  al; Emerging Infections Program Hospital 
Prevalence Survey Team. Changes in prevalence of health care-associated infec-
tions in U.S. Hospitals. N Engl J Med 2018; 379:1732–44.

21. Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source Epidemiologic Statistics 
for Public Health, Version 3.01, April 2013. Available at: www.OpenEpi.com. 
Accessed 20 March 2020.

22. World Health Organization Collaborating Centre for Drug Statistics 
Methodology. Structure and principles. Available at: http://www.whocc.no/atc/
structure_and_principles/. Accessed August 6, 2019.

23. World Health Organization Collaborating Centre for Drug Statistics Methodology. 
ATC/DDD index 2019. Available at: http://www.whocc.no/atc_ddd_index/. 
Accessed August 6, 2019.

24. Plachouras D, Kärki T, Hansen S, et al. Antimicrobial use in European acute care hos-
pitals: results from the second point prevalence survey (PPS) of healthcare-associated 
infections and antimicrobial use, 2016 to 2017. Euro Surveill 2018; 23:1800393.

25. Versporten A, Zarb P, Caniaux I, et al; Global-PPS Network. Antimicrobial con-
sumption and resistance in adult hospital inpatients in 53 countries: results of 
an internet-based global point prevalence survey. Lancet Glob Health 2018; 
6:e619–29.

26. McDanel  J, Schweizer  M, Crabb  V, et  al. Incidence of extended-spectrum 
β-lactamase (ESBL)-producing escherichia coli and klebsiella infections in the 
United States: a systematic literature review. Infect Control Hosp Epidemiol 2017; 
38:1209–15.

27. Thaden  JT, Fowler  VG, Sexton  DJ, Anderson  DJ. Increasing incidence of 
extended-spectrum β-lactamase-producing escherichia coli in community hos-
pitals throughout the Southeastern United States. Infect Control Hosp Epidemiol 
2016; 37:49–54.

28. Dingle  KE, Didelot  X, Quan  TP, et  al; Modernising Medical Microbiology 
Informatics Group. Effects of control interventions on Clostridium difficile infec-
tion in England: an observational study. Lancet Infect Dis 2017; 17:411–21.

29. Shea  KM, Hobbs  ALV, Jaso  TC, et  al. Effect of a health care system respi-
ratory fluoroquinolone restriction program to alter utilization and impact 
rates of Clostridium difficile infection. Antimicrob Agents Chemother 2017; 
61:e00125-17.

30. Kallen AJ, Thompson A, Ristaino P, et al. Complete restriction of fluoroquinolone 
use to control an outbreak of Clostridium difficile infection at a community hos-
pital. Infect Control Hosp Epidemiol 2009; 30:264–72.

31. Kazakova SV, Baggs J, McDonald LC, et al. Association between antibiotic use and 
hospital-onset Clostridioides difficile infection in U.S. acute care hospitals, 2006–
2012: an ecologic analysis. Clin Infect Dis 2019:ciz169 [Epub ahead of print]. doi: 
10.1093/cid/ciz169.

32. Food and Drug Administration. FDA warns about increased risk of ruptures or 
tears in the aorta blood vessel with fluoroquinolone antibiotics in certain patients. 
Available at: https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-
about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-
antibiotics. Accessed August 12, 2019.

33. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of adults with 
community-acquired pneumonia. an official clinical practice guideline of the 
American Thoracic Society and Infectious Diseases Society of America. Am J 
Respir Crit Care Med 2019; 200:e45–67.

34. California Perinatal Quality Collaborative. Helping babies thrive: optimizing 
antibiotic use in the NICU. Available at: https://www.cpqcc.org/news/helping-
babies-thrive-optimizing-antibiotic-use-nicu. Accessed August 7, 2019.

35. Dukhovny D. Antimicrobial stewardship in neonatal intensive care: the Oregon 
and Southwest Washington Collaboration. Available at: https://blogs.cdc.gov/
safehealthcare/antimicrobial-stewardship-in-neonatal-intensive-care-the-
oregon-and-southwest-washington-collaboration/. Accessed August 7, 2019.

36. Ellsbury DL, Clark RH, Ursprung R, Handler DL, Dodd ED, Spitzer AR. A mul-
tifaceted approach to improving outcomes in the NICU: the Pediatrix 100,000 
Babies Campaign. Pediatrics 2016; 137:e20150389.

37. Vermont Oxford Network. Antibiotic stewardship in newborn care. Available 
at: https://public.vtoxford.org/quality-education/universal-training/. Accessed 
August 7, 2019.

38. Cotten  CM. Adverse consequences of neonatal antibiotic exposure. Curr Opin 
Pediatr 2016; 28:141–9.

39. Alexander  VN, Northrup  V, Bizzarro  MJ. Antibiotic exposure in the newborn 
intensive care unit and the risk of necrotizing enterocolitis. J Pediatr 2011; 
159:392–7.

40. Cotten  CM, Taylor  S, Stoll  B, et  al; NICHD Neonatal Research Network. 
Prolonged duration of initial empirical antibiotic treatment is associated with in-
creased rates of necrotizing enterocolitis and death for extremely low birth weight 
infants. Pediatrics 2009; 123:58–66.

41. Willis Z, de St Maurice A. Strategies to improve antibiotic use in the neonatal ICU. 
Curr Opin Pediatr 2019; 31:127–34.

42. Escobar GJ, Puopolo KM, Wi S, et al. Stratification of risk of early-onset sepsis in 
newborns ≥34 weeks’ gestation. Pediatrics 2014; 133:30–6.

43. Puopolo  KM, Draper  D, Wi  S, et  al. Estimating the probability of neonatal 
early-onset infection on the basis of maternal risk factors. Pediatrics 2011; 
128:e1155–63.

44. Kuzniewicz MW, Walsh EM, Li S, Fischer A, Escobar GJ. Development and im-
plementation of an early-onset sepsis calculator to guide antibiotic management 
in late preterm and term neonates. Jt Comm J Qual Patient Saf 2016; 42:232–9.

45. Kuzniewicz  MW, Puopolo  KM, Fischer  A, et  al. A quantitative, risk-based ap-
proach to the management of neonatal early-onset sepsis. JAMA Pediatr 2017; 
171:365–71.

46. Centers for Disease Control and Prevention. HAI and antimicrobial use prev-
alence survey: nursing home survey. Available at: https://www.cdc.gov/hai/eip/
antibiotic-use.html. Accessed October 16, 2019.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article-abstract/doi/10.1093/cid/ciaa373/5855453 by guest on 01 July 2020

https://www.govinfo.gov/content/pkg/FR-2019-09-30/pdf/2019–20736.pdf
https://www.govinfo.gov/content/pkg/FR-2019-09-30/pdf/2019–20736.pdf
http://www.OpenEpi.com
http://www.whocc.no/atc/structure_and_principles/
http://www.whocc.no/atc/structure_and_principles/
http://www.whocc.no/atc_ddd_index/
https://doi.org/10.1093/cid/ciz169
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://www.cpqcc.org/news/helping-babies-thrive-optimizing-antibiotic-use-nicu
https://www.cpqcc.org/news/helping-babies-thrive-optimizing-antibiotic-use-nicu
https://blogs.cdc.gov/safehealthcare/antimicrobial-stewardship-in-neonatal-intensive-care-the-oregon-and-southwest-washington-collaboration/
https://blogs.cdc.gov/safehealthcare/antimicrobial-stewardship-in-neonatal-intensive-care-the-oregon-and-southwest-washington-collaboration/
https://blogs.cdc.gov/safehealthcare/antimicrobial-stewardship-in-neonatal-intensive-care-the-oregon-and-southwest-washington-collaboration/
https://public.vtoxford.org/quality-education/universal-training/
https://www.cdc.gov/hai/eip/antibiotic-use.html
https://www.cdc.gov/hai/eip/antibiotic-use.html

	ScholarWorksCoverSheet
	ciaa373

