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Background. Pharmacists with residency training in infectious diseases (ID) optimize antimicrobial therapy outcomes in pa-
tients and support antimicrobial stewardship (AS) programs. Although most ID residencies are accredited and assessed by certain 
standards, the degree to which these programs are similar is not known.

Methods. A 19-item, cross-sectional, multicentered, electronic survey was distributed via e-mail to pharmacy residency pro-
gram directors (RPDs) of all 101 second-year postgraduate (PGY-2) ID residency programs in the United States.

Results. Survey responses were collected from 71 RPDs (70.3%); 64.8% were associated with an academic medical center and 
97.2% focused primarily in adult ID. Rotations in the microbiology laboratory, adult AS, and adult ID consult were required in 98.6% 
of residency programs. Only 28.2% of responding programs required pediatric AS and pediatric ID consult rotations. Programs at 
academic medical centers were more likely to offer immunocompromised host ID consult (P = .003), pediatric ID consult (P = .006), 
and hospital epidemiology (P = .047) rotations but less frequently offered outpatient AS (P = .003), viral hepatitis clinics (P = .001), 
and travel medicine clinics (P = .007) rotations compared to programs at nonacademic medical centers. Residents were frequently 
involved in AS committees (97.2%), pharmacokinetic dosing of antimicrobials (83.1%), precepting pharmacy trainees (80.3%), and 
performing research projects (91.5%).

Conclusions. The PGY-2 ID pharmacy residency programs demonstrated consistency in required adult ID consult, antimicro-
bial management activities, committee service, and teaching and research opportunities. Pediatric experiences were less common. 
The PGY-2 ID residency programs prepare pharmacists to become antimicrobial stewards for adult patients.
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Antimicrobial resistance remains a growing global public 
healthcare concern with significant impacts on healthcare ex-
penditure and patient outcomes [1]. Infections due to resistant 
organisms are more difficult to treat, associated with increased 
hospital length of stay, and have been shown to be a significant 
cause of morbidity and mortality [2–4]. The Centers for Disease 
Control and Prevention estimates that at least 2 million people 
acquire an antibiotic-resistant infection, and approximately 
23 000 deaths occur annually due to resistant organisms in the 
United States [5]. A surveillance report published by the World 
Health Organization also highlights the severity and burden 

of antimicrobial resistance globally [6]. Inappropriate use of 
antimicrobials contributes to the development of antimicrobial 
resistance with estimates showing up to 50% of antimicrobials 
being misused in the hospital setting [7–9]. Even higher rates 
of inappropriate antimicrobial use occur in outpatient settings 
[10, 11]. A key strategy to mitigate this issue is promoting the 
judicious and appropriate use of antimicrobials through anti-
microbial stewardship programs (ASPs). Numerous studies 
have shown ASPs to be an effective strategy to combat anti-
microbial resistance while decreasing antibiotic expenditures, 
length of stay, and mortality rates [7, 11, 12].

Joint guidelines published by the Infectious Diseases Society 
of America and the Society of Healthcare Epidemiology of 
America recognize infectious diseases (ID) physicians and 
ID-trained pharmacists as core members of the antimicro-
bial stewardship team [12]. The Society of Infectious Diseases 
Pharmacists (SIDP) and the American College of Clinical 
Pharmacy (ACCP) recommend that pharmacists who wish 
to become specialized in ID pharmacotherapy complete first-
year postgraduate (PGY-1) and second-year postgraduate 
(PGY-2) residencies in ID, followed by board certification [13]. 
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Currently, there are considerable differences in the level of inte-
gration and depth of antimicrobial stewardship topics delivered 
in colleges of pharmacy [14]; however, both medical and phar-
macy students believe that strong antimicrobial knowledge is 
important for their careers and desire more education on ID 
and appropriate antimicrobial use [15, 16]. Hence, residency 
programs serve as a mechanism for pharmacists to receive for-
malized postgraduate pharmacotherapy training, and it is re-
commended that residency training serve as a prerequisite 
for entry into pharmacy practice [17, 18]. Both the American 
Society of Health-System Pharmacists (ASHP) and ACCP rec-
ommend that PGY-2 training be completed for pharmacists 
caring for highly specialized and complex patient populations, 
including infectious syndromes [17–19]. Accredited PGY-2 ID 
residency programs provide pharmacists the knowledge, skills, 
and attitudes necessary to participate as a core member of an 
ASP and to educate pharmacy trainees [17, 19]. The ASHP pro-
vides general guidance regarding core competencies and ob-
jectives for accredited PGY-2 ID pharmacy residencies [20]; 
however, the ID pharmacotherapy topics covered and level of 
residents’ involvement have yet to be described. This study aims 
to identify the learning experiences, program directors’ cre-
dentials, antimicrobial stewardship principles discussed, and 
extent of residents’ contributions during PGY-2 ID pharmacy 
residency programs in the United States. In addition, available 
learning experiences among academic and nonacademic PGY-2 
ID residency programs were compared.

METHODS

Study Design, Setting, and Population

This was a cross-sectional, multicenter, electronic survey study 
of PGY-2 ID pharmacy residency programs in the United 
States. The survey was designed to capture the program charac-
teristics and determine the opportunities offered. All accredited 
and nonaccredited PGY-2 ID pharmacy residency programs 
listed on the ASHP, ACCP, and SIDP residency directories as 
of January 2018 were included in the study. Incomplete sur-
veys, defined as surveys with 1 or more missing responses, 
were excluded from the study. This study was approved by The 
University of Texas at Tyler’s Institutional Review Board.

Survey Instrument

A 19-item survey instrument was developed to collect informa-
tion about the learning experiences offered during a PGY-2 ID 
pharmacy residency program. This survey was created based 
on expert opinions of ID pharmacists, faculty, residency pro-
gram directors (RPDs), and the ASHP Required Educational 
Outcomes, Goals, and Objectives for PGY-2 ID Residencies 
[20]. Information collected from the survey included the fol-
lowing: practice setting, geographic location by state, accred-
itation status, funding source, number of residents accepted 
annually, length of establishment, number of ID-trained 

preceptors, primary focus area of the residency program, 
learning experiences offered, rotation format, and residents’ av-
erage scholarly contributions over the past 5 years. Geographic 
location was further grouped into West, Midwest, Northeast, 
and South regions as defined by the US Census Bureau [21]. 
Rotation formats were categorized into (1) required or elective 
rotations and (2) block or longitudinal experiences. Survey re-
spondents were able to select multiple responses for learning 
experiences that were offered as both required and elective 
rotations. Characteristics of RPDs, including years of experi-
ence, training, and credentials were also captured. Responses 
pertaining to the frequency of stewardship activities discussed, 
teaching opportunities available, and frequency of disease state 
management by the resident were formatted via a 5-point Likert 
scale, where 1 = never and 5 = always. Before dissemination, the 
survey was pilot tested by the investigators, 2 ID pharmacists 
(ID PharmDs), and 4 pharmacy residents to assess for reada-
bility, length, and logistical integrity.

Survey Administration

Infectious diseases pharmacy RPDs were individually con-
tacted to participate in the study. Contact information for the 
RPDs was obtained from the ASHP, ACCP, and SIDP resi-
dency directories or through an online search of the residency 
program’s website. Surveys were distributed via e-mail directly 
to the RPDs from February to April 2018 and were conducted 
using Qualtrics survey software (Qualtrics, Inc., Provo, UT). 
An e-mail reminder to nonresponders was sent by investigators 
every 4 weeks as needed during the data collection period.

Statistical Analysis

Data analysis was conducted using SPSS Statistics, version 24 
(IBM, Armonk, NY). Descriptive statistics were used to sum-
marize and depict demographic information of the pharmacy 
residency program, qualifications and experience of the RPD, 
and training opportunities offered. Institutions were classified 
into 2 groups: academic medical centers and nonacademic 
medical centers. Fisher’s exact test was used to evaluate differ-
ences in categorical data between groups including clinical rota-
tion formats, learning experiences, and scholarly contributions 
by the resident. Wilcoxon rank-sum test was used to analyze 
differences in ordinal data between groups including teaching 
experiences and frequency of disease state management by the 
resident. All statistical tests were 2-tailed, with the alpha-level 
set a priori to 0.05.

RESULTS

One hundred one survey instruments were e-mailed to PGY-2 
ID pharmacy residency programs in the United States. Of the 74 
responses received, 3 were discarded due to incomplete data re-
sulting in a response rate of 70.3% (71 of 101). Overall, 64.8% of 
residency programs were associated with an academic medical 



ID Pharmacy Residency Education • ofid • 3

center, 15.5% were associated with a community teaching hos-
pital, 9.9% were associated with a Veterans Affairs or government 
institution, 7% were associated with a community nonteaching 
hospital, and 2.8% were associated with a college of pharmacy. 
Programs were geographically well distributed with 25.4% lo-
cated in the Northeast, 26.8% located in the Midwest, 32.4% lo-
cated in the South, and 15.5% located in the Western regions. 
The primary funding source for 78.9% of programs was solely 
by the institution/practice site. When comparing residency 
programs affiliated with academic medical centers (n  =  46) 
versus nonacademic medical centers (n = 25), there were no sta-
tistically significant differences in accreditation status, funding 
source, number of residents admitted into the program, length 
of program establishment, and primary focus area (Table 1). The 
RPD’s years of experience, training, and credentials were also 
similar among the 2 groups. Approximately 80% of program dir-
ectors practiced as an ID PharmD for ≥6 years, 78.9% completed 
a PGY-2 ID residency or ID fellowship program, and 77.4% were 
board certified pharmacotherapy specialists with added quali-
fications in ID, demonstrating appropriate training and exper-
tise of program directors. The ASHP recommends that RPDs 
should be pharmacists that completed an ASHP-accredited 
PGY-2 residency program, maintains an active practice in 
the respective area for at least 3 years after their postgraduate 
training, and obtains board certification in the specific prac-
tice area. Residency programs at academic medical centers were 
more likely to have 4 or more ID PharmD preceptors (52.2% vs 
24%, P = .026), whereas those at nonacademic medical centers 
were more likely to have 1 ID PharmD preceptor (20% vs 2.2%, 
P  =  .018). Infectious diseases physician fellowship programs 
were also more commonly found at academic medical centers 
(82.6% vs 40%, P < .001).

Clinical rotations offered by PGY-2 ID pharmacy residency 
programs are shown in Table 2. Adult ID (97.2%) remained the 
primary area of focus for most programs. Almost all programs 
(98.6%) required residents to complete adult antimicrobial 
stewardship, microbiology laboratory, and adult ID consult ro-
tations; pediatric antimicrobial stewardship and pediatric ID 
consult rotations were required in 28.2% of programs. The ma-
jority of programs required residents to participate in research 
(85.9%), adult human immunodeficiency virus (HIV) (83.1%), 
and infection prevention/control (57.7%) rotations. Rotation 
formats (block or longitudinal) were consistent between pro-
gram practice settings. Sepsis (97.2%), lower respiratory tract 
(97.2%), skin and soft tissue (97.2%), urologic (90.1%), and 
intra-abdominal infections (87.3%) were managed regularly 
by the ID pharmacy resident (Table 3). Sixty-nine (97.2%) resi-
dents were either often or always involved with antimicrobial 
stewardship committees, 59 (83.1%) with antimicrobial dosing, 
and 46 (64.8%) with infection control committees (Table 4). 
A  minority of residents were involved with penicillin skin 
testing services (35.2%), off-hour antimicrobial stewardship 

coverage (32.4%), and review of emergency department cul-
tures (43.7%). In regards to research and education, 65 (91.5%) 
residents frequently performed longitudinal research projects, 
43 (60.6%) completed medication use evaluations, 57 (80.3%) 
served as preceptors to pharmacy students or PGY-1 pharmacy 
residents, and 39 (54.9%) provided multidisciplinary teaching 

Table 1. Demographics and Characteristics of Postgraduate Year-2 
Infectious Diseases Pharmacy Residency Programs and Program Directors

Characteristics N = 71 (%)

ASHP Accreditation Status  

 Accredited 53 (76.6)

 Candidate 14 (19.7)

 Precandidate 3 (4.2)

 Not accredited 1 (1.4)

Funding Source  

 Fully funded by the institution/practice site 56 (78.9)

 Fully funded by the college of pharmacy 4 (5.6)

 Split funded by the practice site and college of pharmacy 8 (11.3)

 Other 3 (4.2)

Number of Residents in Program  

 1 65 (91.6)

 >1 6 (8.4)

Residency Program Years in Existence  

 <1 3 (4.2)

 1–5 30 (42.3)

 6–10 13 (18.3)

 >10 25 (35.2)

Number of ID Pharmacist Preceptors  

 1 5 (7)

 2 18 (25.4)

 3 17 (23.9)

 >3 31 (43.7)

ID Physician Fellowship Program Available?  

 Yes 48 (67.6)

 No 23 (32.4)

Primary Area of Focus  

 Adult ID 69 (97.2)

 Pediatric ID 1 (1.4)

 Other (eg, HIV, viral hepatitis) 1 (1.4)

Years as the Residency Program Director  

 1–5 43 (60.6)

 6–10 18 (25.4)

 >10 10 (14.1)

Years Practicing as an ID Pharmacist  

 1–5 14 (19.7)

 6–10 27 (38)

 11–15 16 (22.5)

 >15 14 (19.7)

Program Director’s Training and Credentials  

 PGY-2 ID pharmacy residency 49 (69)

 ID pharmacy fellowship 7 (9.9)

 BCPS (AQ-ID) 55 (77.4)

 Fellow of a national pharmacy organization 10 (14.1)

 Fellow of a national ID organization 4 (5.6)

Abbreviations: ASHP,  American Society of Health-System Pharmacists; AQ-ID,  added 
qualifications in infectious diseases; BCPS, Board Certified Pharmacotherapy Specialist; 
HIV, human immunodeficiency virus; ID, infectious diseases; PGY-2, postgraduate year-2.
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to other healthcare professionals. Pharmacy residents also en-
gaged in scholarly activities: 66 (93%) presented a scientific 
poster at international or national conferences, 64 (90.1%) pre-
sented a poster at regional or state meetings, and 52 (73.2%) 
authored at least 1 original research manuscript. Review articles 
(50.7%), case reports (50.7%), and letters to the editor (15.5%) 
were less commonly published. There were no statistically sig-
nificant differences found in relation to scholarly contributions 
made by residents when comparing program practice settings. 
Antimicrobial stewardship activities discussed with the resident 
did not differ among academic and nonacademic institutions 
with appropriate de-escalation of antimicrobials, duration of 
antimicrobial therapy, antimicrobial dose optimization, and 
antimicrobial stewardship principles being a few of the key 
elements consistently discussed (Table 5).

Slight differences in learning experiences between resi-
dency programs affiliated with academic medical centers versus 
nonacademic medical centers were found. Those associated with 
academic medical centers had a higher likelihood of offering 

required rotations related to ID consults for immunocompro-
mised hosts (58.7% vs 20%, P = .003) and pediatric ID consults 
(39.1% vs 8%, P = .006) (Table 2). They were also more likely to 
offer elective rotations in hospital epidemiology (15.2% vs 0%, 
P = .047), oncology (76.1% vs 24%, P < .001), solid organ trans-
plant (71.7% vs 32%, P  =  .002), bone marrow transplant (63% 
vs 24%, P  =  .003), and pediatric critical care (47.8% vs 16%, 
P = .010). Programs at nonacademic medical centers had a higher 
likelihood of requiring outpatient antimicrobial stewardship (20% 
vs 2.2%, P = .018), emergency medicine (28% vs 8.7%, P = .043), 
viral hepatitis clinic (52% vs 15.2%, P = .002), and travel medicine 
clinic (24% vs 2.2%, P = .002) rotations as learning experiences for 
residents. Residents at academic medical centers more frequently 
managed central nervous system infections (P <  .001), tubercu-
losis (P < .001), opportunistic infections in immunocompromised 
hosts (P < .001), neutropenic fever (P = .011), fever of unknown 
origin (P  =  .019), and parasitic infections (P  =  .031) (Table 3). 
Coverage of on-call antimicrobial stewardship services by the res-
ident occurred more often in academic medical centers (median 

Table 2. Learning Experiences Offered During the Postgraduate Year-2 Infectious Diseases Pharmacy Residency Program

Rotations Offered 

Rotation Availability N = 71 (%) Format N = 71 (%)

Required Elective Not Offered Block Longitudinal

Antimicrobial Stewardship (adults) 70 (98.6) 4 (5.6) - 50 (70.4) 21 (29.6)

Antimicrobial Stewardship (pediatrics) 20 (28.2) 26 (36.6) 27 (38) 40 (56.3) 4 (5.6)

Adult ID Consult 70 (98.6) 3 (4.2) 1 (1.4) 65 (91.5) 5 (7)

Pediatric ID Consult 20 (28.2) 27 (38) 24 (33.8) 45 (63.4) 2 (2.8)

Adult HIV (inpatient) 25 (35.2) 7 (9.9) 40 (56.3) 21 (29.6) 9 (12.7)

Pediatric HIV (inpatient) 1 (1.4) 4 (5.6) 66 (93) 4 (5.6) 1 (1.4)

ICHs ID Consult 32 (45.1) 14 (19.7) 25 (35.2) 45 (63.4) 1 (1.4)

Oncology 7 (9.9) 41 (57.7) 23 (32.4) 46 (64.8) 2 (2.8)

Solid Organ Transplant 9 (12.7) 41 (57.7) 21 (29.6) 50 (70.4) -

Bone Marrow Transplant 9 (12.7) 35 (49.3) 28 (39.4) 42 (59.2) 1 (1.4)

Critical Care (adults) 34 (47.9) 38 (53.5) - 70 (98.6) -

Critical Care (pediatrics) 1 (1.4) 26 (36.6) 44 (62) 25 (35.2) 2 (2.8)

Emergency Medicine 11 (15.5) 44 (62) 17 (23.9) 50 (70.4) 4 (5.6)

Outpatient Antimicrobial Stewardship 6 (8.5) 12 (16.9) 53 (74.6) 10 (14.1) 8 (11.3)

Adult HIV Clinic 59 (83.1) 9 (12.7) 4 (5.6) 19 (26.8) 48 (67.6)

Pediatric HIV Clinic 2 (2.8) 9 (12.7) 60 (84.5) 7 (9.9) 4 (5.6)

Viral Hepatitis Clinic 20 (28.2) 18 (25.4) 33 (46.5) 18 (25.4) 20 (28.2)

Outpatient Parenteral Antimicrobial Therapy (OPAT) 24 (33.8) 9 (12.7) 38 (53.5) 15 (21.1) 18 (25.4)

Sexually Transmitted Diseases Clinic 5 (7) 6 (8.5) 60 (84.5) 4 (5.6) 7 (9.9)

Travel Medicine Clinic 7 (9.9) 10 (14.1) 54 (76.1) 4 (5.6) 13 (18.3)

State Health Department 1 (1.4) 4 (5.6) 66 (93) 4 (5.6) 1 (1.4)

Tuberculosis Clinic 2 (2.8) 5 (7) 64 (90.1) 3 (4.2) 4 (5.6)

Microbiology Laboratory 70 (98.6) 1 (1.4) - 64 (90.1) 7 (9.9)

Infection Prevention/Control 41 (57.7) 13 (18.3) 17 (23.9) 23 (32.4) 31 (43.7)

Hospital Epidemiology 20 (28.2) 7 (9.9) 44 (62) 11 (15.5) 15 (21.1)

Informatics 2 (2.8) 11 (15.5) 58 (81.7) 11 (15.5) 2 (2.8)

Drug Information 6 (8.5) 11 (15.5) 54 (76.1) 6 (8.5) 10 (14.1)

Leadership/Management 34 (47.9) 12 (16.9) 25 (35.2) 16 (22.5) 30 (42.3)

Global and Public health 1 (1.4) 9 (12.7) 61 (85.9) 9 (12.7) 1 (1.4)

Academia 15 (21.1) 38 (53.5) 20 (28.2) 33 (46.5) 18 (25.4)

Research 61 (85.9) 11 (15.5) 2 (2.8) 22 (31) 67 (94.4)

Abbreviations: HIV, human immunodeficiency virus; ICHs, immunocompromised hosts; ID, infectious diseases.
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Likert score: 4 vs 2, P = .017), whereas emergency department cul-
ture reviews occurred more frequently in nonacademic medical 
centers (median Likert score: 3 vs 1, P = .019) (Table 4).

DISCUSSION

Infectious diseases-trained pharmacists are recognized as core 
members of a multidisciplinary antimicrobial stewardship 
team [12]. Formalized ID pharmacotherapy training through 
PGY-2 ID pharmacy residencies provide pharmacists with the 
knowledge, skills, and attitudes necessary to lead antimicrobial 
stewardship efforts and provide qualified ID pharmacotherapy 
recommendations [13, 19, 22]. To our knowledge, this is the 
first multicenter study to describe the learning opportunities, 
teaching experiences, antimicrobial stewardship principles dis-
cussed, and extent of residents’ contributions during PGY-2 ID 
pharmacy residency programs in the United States. The ma-
jority of programs focused on adult ID (97.2%) and accepted 
only 1 resident (91.6%) annually.

Strong foundational knowledge in ID pharmacotherapy 
and antimicrobial stewardship principles should be provided 
during pharmacy school to promote the development of fu-
ture ID PharmDs. A 2018 survey of US pharmacy schools re-
ported that pharmacy students’ perceived quality of didactic 

ID education was associated with their career interests in ID 
[23]. In addition, students with career interests in ID were 
more likely to become interested in ID during pharmacy 
school [23]. In a survey of internal medicine physician resi-
dents, comparable results were found as experiences during or 
before medical school influenced their decision to pursue ID 
fellowship training, and 14.4%–26.4% believed that early ex-
posure to ID would increase ID career interests [24]. However, 
recent studies demonstrate that improvements in pharmacy 
and medical ID education are warranted. Although ID had 
the highest number of devoted contact hours (median 36; 
interquartile range, 29–60) [25], there were major concerns 
regarding the lack of time needed to cover the necessary ID 
materials by ID PharmD faculty [26]. Furthermore, there were 
considerable differences in the level of integration, pedagog-
ical methods, and depth of antimicrobial stewardship topics 
delivered in colleges of pharmacy [14, 26]. Abbo et al [15] sur-
veyed fourth-year medical students at 3 US medical schools 
and found that 90% of respondents desired more education 
on appropriate antimicrobial use and 79% preferred more in-
struction on antimicrobial resistance. Although medical stu-
dents who completed an ID rotation felt they had a higher 
quality of antimicrobial education (mean Likert score: 3.93 
vs 3.44; P <  .001), only one third of students felt adequately 

Table 3. Disease State Management Opportunities for the Resident

Disease State
Overall Median  

(Mean)a
Academic Medical Center Median 

(Mean)a
Nonacademic Medical  
Center Median (Mean)a P Valueb

Bone and joint infections 4 (4.3) 4 (4.3) 4 (4.2) .389

Cardiovascular infections 4 (4.2) 4 (4.3) 4 (4) .053

Central nervous system infections 4 (3.5) 4 (3.8) 3 (3.1) <.001

Fever of unknown origin 4 (3.7) 4 (3.8) 3 (3.4) .019

Gastrointestinal infections 4 (4) 4 (4) 4 (4) .759

Hepatitis B 2 (2.4) 2 (2.4) 2 (2.3) .565

Hepatitis C 2 (2.8) 2 (2.7) 3 (2.9) .485

HIV and AIDS 4 (3.7) 4 (3.9) 4 (3.5) .068

Intra-abdominal infections 5 (4.4) 5 (4.5) 5 (4.3) .513

Neutropenic fever 4 (3.8) 4 (4) 3 (3.5) .011

Ophthalmologic infections 3 (2.5) 3 (2.6) 2 (2.3) .064

Opportunistic infections in ICHs 4 (3.7) 4 (4.1) 3 (3.1) <.001

Parasitic infections 2 (2.2) 2 (2.3) 2 (2) .031

Reproductive organ infections 3 (2.7) 3 (2.8) 2 (2.6) .226

Upper respiratory infections 4 (4) 4 (4) 4 (4) .864

Lower respiratory infections 5 (4.7) 5 (4.8) 5 (4.7) .653

Rickettsial infections 2 (2.1) 2 (2.2) 2 (1.9) .052

Sepsis 5 (4.6) 5 (4.7) 5 (4.6) .492

Sexually transmitted diseases 3 (2.8) 3 (2.8) 3 (2.8) .929

Skin and soft tissue infections 5 (4.7) 5 (4.7) 5 (4.6) .487

Tuberculosis/other mycobacterial Infections 3 (2.8) 3 (3.1) 2 (2.4) <.001

Travel medicine 2 (2.1) 2 (2.1) 2 (2.2) .658

Urologic infections 5 (4.4) 5 (4.4) 5 (4.4) .887

Clostridioides difficile infection 4 (4.2) 4 (4.3) 4 (4.1) .278

Abbreviations: AIDS, acquired immune deficiency syndrome; HIV, human immunodeficiency virus; ICHs, immunocompromised hosts.
a5-point Likert scale: 1 = never (none); 2 = rarely (every few months); 3 = sometimes (every month); 4 = often (every week); 5 = always (daily).
bWilcoxon-rank sum test of residency programs affiliated with academic medical centers versus nonacademic medical centers.
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prepared in fundamental principles of antimicrobial use. 
Similar results were found in a survey of pharmacy students 
at 12 colleges of pharmacy with approximately 90% and 80% 
of pharmacy students wanting more education on appropriate 

use of antimicrobials and on antimicrobial resistance, respec-
tively [16]. Incorporating medical and pharmacy trainees into 
antimicrobial stewardship practices may provide invaluable 
learning opportunities and promote ID career interests [27].

Table 4. Frequency of Teaching and Learning Experiences for the Resident

Experiences
Overall Median 

(Mean)a
Academic Medical Center 

Median (Mean)a
Nonacademic Medical Center 

Median (Mean)a P Valueb

Provide Small Group Didactic Instruction 4 (3.6) 4 (3.7) 3 (3.3) .142

Provide Large Group Didactic Instruction 3 (3.3) 3 (3.4) 3 (3.3) .700

Provide Continuing Education Program(s)  3 (3.4) 3 (3.6) 3 (3.1) .099

Multidisciplinary Teaching to Physicians and Nurses (ie, ID 
Grand Rounds)

4 (3.7) 3.5 (3.7) 4 (3.7) .901

Precept Pharmacy Students and/or PGY-1 Pharmacy Resi-
dents

4 (4.2) 4 (4.2) 4 (4.2) .821

Perform Medication Use Evaluation 4 (3.9) 4 (4) 4 (3.8) .368

Perform Longitudinal Research Project(s) 5 (4.6) 5 (4.7) 5 (4.6) .428

Publish in Institutional Newsletter(s) 3 (3.1) 3 (3.1) 3 (3.2) .590

Involvement With Penicillin Skin Testing Services 1 (1.7) 1 (1.6) 1 (2) .249

Involvement With Emergency Department Culture Review 2 (2.3) 1 (2.1) 3 (2.8) .019

Coverage of Antimicrobial Stewardship Services Off-Hours 
(On-Call) 

3 (3) 4 (3.3) 2 (2.4) .017

Involvement With Pharmacokinetic Dosing/Pharmacy to Dose 5 (4.4) 5 (4.4) 5 (4.3) .549

Involvement With Anti-infective or Antimicrobial Stewardship 
Committee 

5 (4.8) 5 (4.8) 5 (4.9) .364

Involvement With Infection Control/Hospital Epidemiology 
Committee 

4 (4) 4 (3.9) 4 (4.1) .570

Abbreviations: ID, infectious diseases; PGY-1, post-graduate year-1.
a5-point Likert scale: 1 = never; 2 = rarely; 3 = sometimes; 4 = often; 5 = always.
bWilcoxon rank-sum test of residency programs affiliated with academic medical centers vs nonacademic medical centers.

Table 5. Frequency of Antimicrobial Stewardship Activities Discussed With the Resident

Antimicrobial Stewardship Topic or Activity
Overall Median 

(Mean)a
Academic Medical Center  

Median (Mean)a
Nonacademic Medical Center  

Median (Mean)a P Valueb

AS definitions, principles, and purpose 5 (4.8) 5 (4.8) 5 (4.7) .380

Description of the pharmacist’s role in AS 5 (4.7) 5 (4.8) 5 (4.7) .437

Key personnel and departments of AS team 5 (4.6) 5 (4.7) 5 (4.6) .828

CDC core elements for ASPs 5 (4.7) 5 (4.6) 5 (4.7) .812

Core evidence-based AS strategies 5 (4.7) 5 (4.7) 5 (4.8) .968

Retrospective time outs for specific antimicrobials 4 (3.9) 4 (3.9) 4 (3.8) .950

Development or use of clinical pathways and guidelines 5 (4.5) 5 (4.5) 5 (4.5) .864

Parenteral to enteral antimicrobial therapy conversion 5 (4.4) 5 (4.4) 5 (4.5) .766

Appropriate de-escalation and streamlining of 
antimicrobials 

5 (4.9) 5 (4.9) 5 (4.9) .524

Duration of antimicrobial therapy 5 (4.8) 5 (4.7) 5 (4.9) .161

Antimicrobial dose optimization 5 (4.8) 5 (4.9) 5 (4.9) .690

Rapid diagnostic testing 5 (4.5) 5 (4.6) 5 (4.8) .739

ASP education and dissemination of knowledge to health-
care practitioners

4 (4.2) 4 (4.2) 4 (4.4) .350

Meetings with AS team leadership 5 (4.5) 5 (4.5) 5 (4.5) .804

AS team rounds 4 (3.8) 4 (3.8) 4 (3.8) .929

AS legislative and regulatory aspects 3 (3.4) 3 (3.5) 3 (3.2) .257

AS reporting for process and outcome measures 4 (3.8) 4 (3.9) 4 (3.8) .605

Identification and retrieval of key AS resources 4 (4) 4 (4.1) 4 (3.8) .550

Abbreviations: AS, antimicrobial stewardship; ASP, antimicrobial stewardship program; CDC, Centers for Disease Control and Prevention.
a5-point Likert scale: 1 = never; 2 = rarely; 3 = sometimes; 4 = often; 5 = always.
bWilcoxon rank-sum test of residency programs affiliated with academic medical centers vs nonacademic medical centers.
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Our survey indicates that PGY-2 ID residencies consistently 
teach antimicrobial stewardship skills and involve the residents 
in various stewardship activities. Based on our survey results, 
PGY-2 ID pharmacy residents were able to gain the knowledge 
and skills necessary to help lead antimicrobial stewardship ef-
forts during their residency. Residents were frequently involved 
in antimicrobial stewardship committees, discussions around 
antimicrobial stewardship principles and practices, and were 
responsible for managing various infectious syndromes. In 
addition, most residents were involved in education through 
preceptorship, multidisciplinary teaching, continuing educa-
tion programs, and in small or large group didactic settings. 
These skills are necessary because ID PharmDs are referred to 
as knowledgeable resources for antimicrobial use recommenda-
tions and key personnel for antimicrobial stewardship [28]. We 
were not surprised to find that PGY-2 ID pharmacy residency 
programs at academic medical centers had more available re-
sources through ID PharmD preceptors, interdisciplinary col-
laboration with ID physician fellowship programs, and offered 
more rotational and disease state management opportunities 
for the resident compared with programs at nonacademic med-
ical centers.

One of the strengths of our study was the high survey re-
sponse rate of 70.3% of all PGY-2 ID pharmacy residency 
programs and the distributions of programs across different ge-
ographic regions in the United States in an effort to minimize 
the potential for selection bias. In addition, all respondents 
were RPDs, who are the individuals best suited to accurately 
complete the survey. A potential limitation of our study is that 
we only surveyed residency programs listed on ASHP, ACCP, 
and SIDP residency directories. Data from programs not listed 
in these directories or other types of formal post-graduate ID 
programs, such as PGY-2 HIV residencies and clinical fellow-
ships, were not obtained and may limit the comparisons among 
programs. The average number of scholarly contributions by 
residents over the previous 5 years were reported by program 
directors, leaving the potential for recall bias. Finally, although 
learning experiences and infectious disease states were drafted 
based on author opinion and the ASHP guidance document for 
PGY-2 ID residencies, additional educational opportunities or 
infections managed by residents may not have been captured.

CONCLUSIONS

Our findings show that PGY-2 ID pharmacy residency programs 
provide residents with adequate and consistent learning and 
teaching opportunities in relation to ID pharmacotherapy and 
antimicrobial stewardship for adults. These experiences provide 
residents with the skills necessary to serve as core members of 
the antimicrobial stewardship team. Programs may be enhanced 
by offering residents additional disease state management op-
portunities and exposure to ID physicians in special populations.

Acknowledgments
Potential conflicts of interest. All authors: No reported conflicts of 

interest. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest.

References
1. Alsan M, Schoemaker L, Eggleston K, et al. Out-of-pocket health expenditures 

and antimicrobial resistance in low-income and middle-income countries: an ec-
onomic analysis. Lancet Infect Dis 2015; 15:1203–10.

2. Mauldin PD, Salgado CD, Hansen IS, et al. Attributable hospital cost and length of 
stay associated with health care-associated infections caused by antibiotic-resistant 
Gram-negative bacteria. Antimicrob Agents Chemother 2010; 54:109–15.

3. Gandra S, Tseng KK, Arora A, et al. The mortality burden of multidrug-resistant 
pathogens in India: a retrospective observational study. Clin Infect Dis 2018; doi: 
10.1093/cid/ciy955.

4. Wolkewitz M, Frank U, Philips G, et al. Mortality associated with in-hospital bac-
teraemia caused by Staphylococcus aureus: a multistate analysis with follow-up 
beyond hospital discharge. J Antimicrob Chemother 2011; 66:381–6.

5. Centers for Disease Control and Prevention. Antibiotic threats in the United States, 
2013. Available at: https://www.cdc.gov/drugresistance/threat-report-2013/pdf/
ar-threats-2013-508.pdf. Accessed 2 February 2019.

6. World Health Organization. Antimicrobial resistance: global report on 
surveillance, 2014. Available at: https://apps.who.int/iris/bitstream/han
dle/10665/112642/9789241564748_eng.pdf. Accessed 2 February 2019.

7. Ting JY, Paquette V, Ng K, et al. Reduction of inappropriate antimicrobial pre-
scriptions in a tertiary neonatal intensive care unit after antimicrobial steward-
ship care bundle implementation. Pediatr Infect Dis J 2019; 38:54–9.

8. Denny KJ, Gartside JG, Alcorn K, et al. Appropriateness of antibiotic prescribing 
in the emergency department. J Antimicrob Chemother 2019; 74:515–20.

9. Cusini  A, Rampini  SK, Bansal  V, et  al. Different patterns of inappropriate 
antimicrobial use in surgical and medical units at a tertiary care hospital in 
Switzerland: a prevalence survey. PLoS One 2010; 5:e14011.

10. Shively NR, Buehrle DJ, Clancy CJ, et al. Prevalence of inappropriate antibiotic 
prescribing in primary care clinics within a veterans affairs health care system. 
Antimicrob Agents Chemother 2018; 62, pii: e00337–18.

11. Dinh A, Duran C, Davido B, et al. Impact of an antimicrobial stewardship pro-
gramme to optimize antimicrobial use for outpatients at an emergency depart-
ment. J Hosp Infect 2017; 97:288–93.

12. Dellit  TH, Owens  RC, McGowan  JE Jr, et  al. Infectious Diseases Society of 
America and the Society for Healthcare Epidemiology of America guidelines for 
developing an institutional program to enhance antimicrobial stewardship. Clin 
Infect Dis 2007; 44:159–77.

13. Ernst EJ, Klepser ME, Bosso JA, et al. Recommendations for training and certifi-
cation for pharmacists practicing, mentoring, and educating in infectious diseases 
pharmacotherapy. Pharmacotherapy 2009; 29:482–8.

14. Kufel WD, Jeffres MN, MacDougall C, et al. Antimicrobial stewardship educa-
tion in US colleges and schools of pharmacy. J Antimicrob Chemother 2018; 
73:2252–8.

15. Abbo  LM, Cosgrove  SE, Pottinger  PS, et  al. Medical students’ perceptions and 
knowledge about antimicrobial stewardship: how are we educating our future pre-
scribers? Clin Infect Dis 2013; 57:631–8.

16. Justo JA, Gauthier TP, Scheetz MH, et al. Knowledge and attitudes of doctor of 
pharmacy students regarding the appropriate use of antimicrobials. Clin Infect 
Dis 2014; 59(Suppl 3):S162–9.

17. Murphy JE, Nappi JM, Bosso JA, et al. American College of Clinical Pharmacy’s 
vision of the future: postgraduate pharmacy residency training as a prerequisite 
for direct patient care practice. Pharmacotherapy 2006; 26:722–33.

18. American Society of Health-System Pharmacists. ASHP long-range vision for 
the pharmacy work force in hospitals and health systems: Ensuring the best use 
of medicines in hospitals and health systems. Am J Health-Sys Pharm 2007; 
64:1320–30.

19. Ragucci KR, O’Bryant CL, Campbell KB, et al. The need for PGY2-trained clinical 
pharmacy specialists. Pharmacotherapy 2014; 34:e65–73.

20. American Society of Health-System Pharmacists. Required competency 
areas, goals, and objectives for postgraduate year two (PGY2) infectious dis-
eases pharmacy residencies. Available at: https://www.ashp.org/-/media/assets/
professional-development/residencies/docs/pgy2-infectious-diseases-pharmacy-
residency-competency-areas-goals-objectives-2017.ashx. Accessed 2 February 2019.

21. US Census Bureau. Census regions and divisions of the United States. Available 
at: https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf. 
Accessed 2 February 2019.

22. Gallagher JC, Justo JA, Chahine EB, et al. Preventing the post-antibiotic era by 
training future pharmacists as antimicrobial stewards. Am J Pharm Educ 2018; 
82:6770.

https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508.pdf
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508.pdf
https://apps.who.int/iris/bitstream/handle/10665/112642/9789241564748_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/112642/9789241564748_eng.pdf
https://www.ashp.org/-/media/assets/professional-development/residencies/docs/pgy2-infectious-diseases-pharmacy-residency-competency-areas-goals-objectives-2017.ashx
https://www.ashp.org/-/media/assets/professional-development/residencies/docs/pgy2-infectious-diseases-pharmacy-residency-competency-areas-goals-objectives-2017.ashx
https://www.ashp.org/-/media/assets/professional-development/residencies/docs/pgy2-infectious-diseases-pharmacy-residency-competency-areas-goals-objectives-2017.ashx
https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf


8 • ofid • Cho et al

23. Jeffres  MN, Biehle  LR, MacDougall  C. Comprehensive assessment of didactic 
curriculum and career interest in infectious diseases among graduating United 
States pharmacy students. Open Forum Infect Dis 2018; 5:ofy284.

24. Bonura  EM, Lee  ES, Ramsey  K, Armstrong  WS. Factors influencing internal 
medicine resident choice of infectious diseases or other specialties: a national 
cross-sectional study. Clin Infect Dis 2016; 63:155–63.

25. Woodruff  AE, Albanese  NP, Prescott  WA Jr. Comparing pharmacotherapy in-
struction to the 2009 and 2016 ACCP toolkit recommendations. Am J Pharm 
Educ 2018; 82:6771.

26. Jeffres M, Kufel W, Biehle L, et al. A comprehensive survey of infectious diseases 
curriculum among United States pharmacy schools [poster 981]. ID Week 2018, 
October 2–8, 2018 (San Francisco, CA).

27. Childs-Kean LM, Briggs HL, Cho JC. All aboard!: Involvement of medical and 
pharmacy trainees in antimicrobial stewardship. Infect Control Hosp Epidemiol 
2018; 1–6. 

28. Morgan JR, Barlam TF, Drainoni ML. A qualitative study of the real-world experi-
ences of infectious diseases fellows regarding antibiotic stewardship. Open Forum 
Infect Dis 2018; 5:ofy102.


