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Background: Prompt administration of antibiotics is a critical component of open fracture treatment. Traditional anti-
biotic recommendations have been a first-generation cephalosporin for Gustilo Type-I and Type-II open fractures, with the
addition of an aminoglycoside for Type-III fractures and penicillin for soil contamination. However, concerns over changing
bacterial patterns and the side effects of aminoglycosides have led to interest in other regimens. The purpose of the
present study was to describe the adherence to current prophylactic antibiotic guidelines.

Methods: We evaluated the antibiotic-prescribing practices of 24 centers in the U.S. and Canada that were partici-
pating in 2 randomized controlled trials of skin-preparation solutions for open fractures. A total of 1,234 patients were
evaluated.

Results: All patients received antibiotics on the day of admission. Themost commonly prescribed antibiotic regimen was
cefazolin monotherapy (53.6%). Among patients with Type-I and Type-II fractures, there was 61.1% compliance with
cefazolin monotherapy. In contrast, only 17.2% of patients with Type-III fractures received the recommended cefazolin and
aminoglycoside therapy, with an additional 6.7% receiving piperacillin/tazobactam.

Conclusions: There is moderate adherence to the traditional antibiotic treatment guidelines for Gustilo Type-I and Type-II
fractures and low adherence for Type-III fractures. Given the divergence between current practice patterns and prior
recommendations, high-quality studies are needed to determine the most appropriate prophylactic protocol.

P
rompt administration of prophylactic antibiotics sub-
stantially reduces the rate of infection in open fractures1-5.
The Gustilo-Anderson classification6,7 is the most widely

utilized system for classifying open fractures8 and is used to
guide antibiotic choice7,9-12. The traditional recommendation
for antibiotic choice has been a first-generation cephalosporin
for Gustilo Type-I and Type-II open fractures, with the addi-
tion of an aminoglycoside for Type-III fractures and penicillin
for soil contamination.

In 2011, the Eastern Association for the Surgery of Trauma
(EAST) recommended a more conceptual approach for antibiotic

prophylaxis, with gram-positive coverage for Type-I and Type-II
fractures, the addition of gram-negative coverage for Type-III
fractures, and additional penicillin for the presence of fecal or
clostridial contamination. They also recommended that for Type-
III fractures, antibiotics should be discontinued within 72 hours
after the injury or 24 hours after soft-tissue coverage had
been achieved1. Although the importance of prophylactic
antibiotics is widely accepted, the type and duration of
antibiotics prophylaxis remain controversial13, and com-
pliance rates have been found to be as low as 10%14. Fur-
thermore, concerns over the nephrotoxicity and ototoxicity
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of aminoglycosides, the changing patterns of bacterial spe-
ciation in fracture-related infections15, and the rising prev-
alence of methicillin-resistant Staphylococcus aureus16 have
led some surgeons to investigate alternative antibiotic
choices17-21.

We sought to evaluate the level of adherence to guidelines
regarding antibiotic choice and duration in the treatment of
open fractures by analyzing data collected as part of 2 ongoing
multicenter studies on open fracture care. Secondarily, we
explored the association of Gustilo type, wound contamina-
tion, and multifracture injuries with antibiotic choice and
duration of prophylaxis.

Materials and Methods

This is a substudy of 2 ongoing multicenter randomized
controlled trials known as the Program of Randomized

Trials to Evaluate Preoperative antiseptic skin solutions In
orthopaedic Trauma (PREP-IT; clinicaltrials.gov: NCT03385304
andNCT03523962)22. Patients were included whowere ‡18 years
old and who underwent open reduction and internal fixation of
an open extremity fracture. Patients were excluded if they were
initially managed at an outside hospital, had an active infection at
the time of injury, had terminal injuries, were incarcerated, or
were unable to follow up. Once enrolled, demographic and
medical, characteristics and open fracture characteristics for
both the Gustilo classification and the OTA classification
were recorded23,24. Fractures were classified by the attending
orthopaedic surgeon at the time of initial debridement.
Details of the initial debridement, fracture fixation, type of
wound closure, and antibiotic use were prospectively col-
lected. We defined a prophylactic antibiotic as any antibiotic
that was started on the same calendar day as admission,
including preoperative and postoperative antibiotics. The
duration of antibiotic use was calculated by noting each
calendar day that the patient received at least 1 dose of the
same medication.

Statistical Analysis
Patient and injury characteristics were described with
counts and proportions for categorical data and means and
standard deviations or medians and interquartile ranges
(IQRs) for continuous variables, depending on the data
distribution.

Counts and proportions were also utilized to describe the
common antibiotic regimens. Our primary comparison
described differences in common antibiotic regimens for
Type-I and Type-II fractures compared with Type-IIIA, Type-
IIIB, and Type-IIIC fractures with use of mixed-effects models in
which we accounted for between-hospital differences with a
random intercept.

We developed separate regression models for 4 common
antibiotic regimens in order to explore the association between
the Gustilo type, Orthopaedic Trauma Association-Open
Fracture Classification (OTA-OFC)25 contamination, and
number of fractures with each regimen. We also fit models

TABLE I Patient and Fracture Characteristics (N = 1,234)

Characteristic

Age* (yr) 45.34 ± 18.50

Male sex† 764 (61.9)

Race†

White 925 (75.1)

Black 244 (19.8)

Asian 20 (1.6)

Other/mixed 43 (3.5)

Body mass index* (kg/m2) 28.87 ± 7.02

Comorbidity score* 1.25 ± 1.63

Health insurance† 975 (79.1)

Mechanism of injury†

Motor vehicle accident 656 (53.2)

Fall 336 (27.2)

Other 242 (19.6)

Lower-extremity fracture† 882 (71.5)

Tibial fracture† 562 (45.5)

Gustilo-Anderson classification†

I 300 (24.5)

II 404 (33.0)

IIIA 424 (34.7)

IIIB/IIIC 95 (7.8)

OTA-OFC overall* 6.77 ± 2.00

OTA-OFC components†

OTA-OFC skin

1 1,057 (86.5)

2 91 (7.4)

3 74 (6.1)

OTA-OFC muscle

1 842 (69.0)

2 326 (26.7)

3 52 (4.3)

OTA-OFC arterial

1 1,138 (93.3)

2 59 (4.8)

3 23 (1.9)

OTA-OFC contamination

1 762 (62.4)

2 345 (28.3)

3 114 (9.3)

OTA-OFC bone

1 735 (60.2)

2 165 (13.5)

3 321 (26.3)

*The values are given as the mean and standard deviation. †The
values are given as the number of patients, with the percentage in
parentheses.

610

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 103-A d NUMBER 7 d APRIL 7, 2021
LOW ADHERENCE TO RECOMMENDED GUIDEL INES FOR OPEN

FRACTURE ANTIB IOT IC PROPHYLAX IS



to explore the associations of the Gustilo type, OTA-OFC
contamination, and number of fractures with the duration
of antibiotics from admission and the duration of antibi-
otics from wound closure. Gustilo type was coded as Type I,
II, IIIA, and a combined Type IIIB and IIIC according to
previously described differences in infection event rates7,26.
A dummy hospital variable was included as a random
intercept in all models to account for between-hospital
variance. The relative effect of each included factors was
reported as an odds ratio (OR) with a 95% confidence
interval (CI). The model variance attributed to hospital-
level differences was reported as the intraclass correlation
coefficient (ICC).

We performed a subgroup analysis of the aforemen-
tioned models that included only patients with an Injury
Severity Score (ISS) of <10. Because the musculoskeletal
portion of the Abbreviated Injury Scale is rarely >3 for an
open fracture and the ISS is calculated by the sum of the
squares of the Abbreviated Injury Scale scores27, it was likely
that these patients had isolated musculoskeletal injuries. All
statistical analyses were performed with use of R (version
4.0.0; R Foundation for Statistical Computing).

Results
Antibiotic Choice

Atotal of 1,234 patients from 24 medical centers across the
U.S. and Canada were included. Patient demographics and

injury characteristics are described in Table I. All patients
received antibiotics on the day of admission. The most com-
monly prescribed antibiotic was cefazolin (1,135 patients;
92.0%), followed by ceftriaxone (217 patients; 17.6%) and
gentamicin (102 patients; 8.3%) (Table II). Cefazolin was
the most commonly prescribed cephalosporin, followed by
ceftriaxone, cefepime (10 patients; 0.8%), and cefoxitin
(3 patients; 0.2%).

The most commonly prescribed antibiotic regimen was
cefazolin monotherapy (661 patients; 53.6%). Fifty-four dif-
ferent combinations of prophylactic antibiotics were prescribed.
The 10 most commonly prescribed combinations are shown in
Figure 1, with the remaining combinations each comprising <1%
of patients.

Gustilo classification was recorded in 1,223 patients.
In the combined Type-I and Type-II group, the most com-
monly prescribed systemic antibiotic regimen was cefazolin
monotherapy (430 patients; 61.1%) in accordance with
traditional recommendations, followed by cefazolin and an
aminoglycoside with or without penicillin (42 patients;
6.0%), intravenous vancomycin (40 patients; 5.7%), cef-
triaxone monotherapy (14 patients; 2.0%), and intravenous
piperacillin/tazobactam (15 patients; 2.1%) (Table III). In
the Type-III group, the most commonly prescribed antibi-
otic regimen was cefazolin (231 patients; 44.5%), followed
by the traditionally recommended dual therapy of cefazolin
and aminoglycosides with or without penicillin (89 patients;
17.2%), intravenous vancomycin (49 patients; 9.4%)
intravenous piperacillin/tazobactam (35 patients; 6.7%),

and ceftriaxone (11 patients; 2.1%). When EAST guidelines
were considered, 31.0% of Gustilo Type-I and Type-II
fractures inappropriately received gram-negative coverage.
Conversely, 54.9% of Gustilo Type-III fractures did not receive
any recommended gram-negative coverage. Differences in anti-
biotic regimens based on Gustilo fracture type are described in
Appendix 1.

An ISS was available for 696 patients, with 301 patients
having an ISS of <10. Among patients with an ISS of <10, those
with Gustilo Type-I and Type-II fractures were more likely to
receive cefazolin monotherapy (59.8%) compared with those
with Gustilo Type-III fractures (45.1%; adjusted difference,
216.4%; 95% CI, 228.8% to 24.0%). Patients with Gustilo
Type-I and Type-II fractures were less likely to receive
cefazolin and an aminoglycoside with or without penicillin
(5.0%) compared with those with Gustilo Type-III fractures
(11.0%; adjusted difference, 5.4%; 95% CI,22.1% to 12.9%)
(Table IV, Appendix 2).

The exploratory analysis suggests that cefazolin mono-
therapy was less likely to be prescribed for patients with Gustilo

TABLE II Prophylactic Antibiotics Prescribed

Antibiotic No. of Patients (%)

Cefazolin 1,135 (92.0)

Ceftriaxone 217 (17.6)

Gentamicin 102 (8.3)

Tobramycin 89 (7.2)

Vancomycin 89 (7.2)

Clindamycin 76 (6.2)

Piperacillin/tazobactam 50 (4.1)

Penicillin 19 (1.5)

Ampicillin/sulbactam (Unasyn) 19 (1.5)

Keflex 14 (1.1)

Metronidazole 12 (1.0)

Levofloxacin 11 (0.9)

Cefepime 10 (0.8)

Ciprofloxacin 8 (0.6)

Ampicillin 6 (0.5)

Ciprofloxacin 5 (0.4)

Augmentin 4 (0.3)

Doxycycline 4 (0.3)

Trimethoprim/sulfamethoxazole 3 (0.2)

Ertapenem 3 (0.2)

Cefoxitin 3 (0.2)

Levofloxacin 3 (0.2)

Aztreonam 3 (0.2)

Fluconazole 2 (0.2)

Nafcillin/oxacillin 2 (0.2)

Polymyxin B 1 (0.1)

Moxifloxacin 1 (0.1)
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Type-IIIA (OR, 0.52; 95%CI, 0.36 to 0.76), Gustilo Type-IIIB or
Type-IIIC (OR, 0.46; 95% CI, 0.26 to 0.80), and multiple frac-
tures (OR, 0.56; 95% CI, 0.35 to 0.91). Patients with Gustilo
Type-IIIB or Type-IIIC fractures did not have an increased
likelihood of being prescribed cefazolin with an aminoglycoside

with or without penicillin (OR, 2.69; 95% CI, 0.40 to 8.11)
(Appendix 3 and Appendix 4). When EAST guidelines were
considered, 42.1% of patients with Gustilo Type-IIIB or Type-
IIIC fractures did not receive gram-negative coverage, in viola-
tion of the recommended guidelines.

Fig. 1

Distribution of the top 10 most commonly prescribed antibiotic prophylactic combinations for open fractures.

TABLE III Antibiotic Choice by Gustilo Type and Use of Local Adjuvants*

Types I and II (N = 704) Type III (N = 519) P Value

Systemic antibiotics

Cefazolin monotherapy 430 (61.1%) 231 (44.5%) <0.001

Clindamycin monotherapy 16 (2.2%) 5 (1.0%) 0.08

Cefazolin and aminoglycosides (± penicillin) 42 (6.0%) 89 (17.2%) <0.001

Ceftriaxone monotherapy 14 (2.0%) 11 (2.1%) 0.87

IV vancomycin 40 (5.7%) 49 (9.4%) 0.01

IV piperacillin/tazobactam 15 (2.1%) 35 (6.7%) <0.01

Local antibiotics

Topical powder 252 (35.9%) 150 (28.9%) 0.01

Antibiotic-impregnated cement 10 (1.4%) 42 (8.1%) <0.01

Bioabsorbable delivery 1 (0.1%) 3 (0.6%) 0.19

*11 patients did not have Gustilo classification recorded and were not included in this secondary analysis. Type-III fractures include those with
classifications of Type IIIA, IIIB, and IIIC. The values are given as the number of patients, with the percentage in parentheses. IV = intravenous.

612

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 103-A d NUMBER 7 d APRIL 7, 2021
LOW ADHERENCE TO RECOMMENDED GUIDEL INES FOR OPEN

FRACTURE ANTIB IOT IC PROPHYLAX IS



Antibiotic Duration
The median time to wound closure from admission was 1 day
(IQR, 1 to 3 days). The median duration of prophylactic
antibiotics following wound closure was 2 days (IQR, 2 to
3 days) (Fig. 2-A). Patients with an ISS of <10 had a similar
distribution of the number of days on antibiotics (Fig. 2-B).
In the multivariable regression analysis of antibiotic dura-
tion, an OTA-OFC contamination grade of 3 was associated
with a 1.36-day mean increase in the duration of antibiotics
following wound closure (95% CI, 0.48 to 2.2), as did the
presence of multiple fractures (1.25 days; 95% CI, 0.33 to 2.18)
(Appendix 5). Gustilo type was not associated with a change in
duration of antibiotics following wound closure. When the ISS
was added to the model, a Gustilo Type-IIIB or Type-IIIC
fracture was associated with a 1.49-day increase in the duration
of antibiotics after wound closure (95% CI, 0.37 to 2.61), and
the degree of contamination was no longer associated with
antibiotic duration (Appendix 6).

Discussion

In the present study, 100% of patients with open fractures
received antibiotics on the day of admission, with the

majority receiving at least a first-generation cephalosporin;
however, there was substantial variation in the combination
and duration of antibiotics when stratified by Gustilo fracture
type. There was particularly low compliance with traditional
recommendations for Gustilo Type-III fractures. Even when
alternative antibiotics were considered, nearly half of these frac-
tures did not receive gram-negative coverage, with only a slight
improvement in adherence among patients with Type-IIIB or
Type-IIIC fractures.

One possible reason for this departure from the rec-
ommended guidelines is the mixed and evolving nature of
the original pivotal studies. In 1974, Patzakis et al. found that
patients who received a first-generation cephalosporin had
significantly fewer infections compared with those who

received penicillin with streptomycin or no antibiotic3. Later,
in their seminal cohort comparison study of 1,025 patients,
Gustilo and Anderson reported that the use of prophylactic
oxacillin-ampicillin resulted in a substantial decrease in the rate of
infection, from 12% to 2% in Type-I and Type-II fractures and
from 44% to 9% in Type-III open fractures6. A follow-up study in
1984 found that in Type-III open fractures, 77%of infections were
caused by gram-negative organisms, a substantial increase from
their earlier cohort, which had only 24% of infections caused by
gram-negative organisms7. This prompted a modification of the
Gustilo classification to the current version with subtypes IIIA,
IIIB, and IIIC, and the recommendations for gram-negative
coverage with either an aminoglycoside or third-generation
cephalosporin7.

Given the largely observational nature of the literature
guiding existing antibiotic recommendations and a growing
incidence of methicillin-resistant S. aureus infections fol-
lowing open fracture16, some surgeons have advocated for
alternative agents, including vancomycin, ceftriaxone, pi-
peracillin/tazobactam, and aztreonam for Type-III frac-
tures21,28. Although more recent publications generally
support the use of some sort of gram-positive coverage11,
there is little high-quality evidence that evaluates the role of
gram-negative coverage for high-energy fractures11,29,30.
Additionally, pathogens have changed over time15,16 and evi-
dence that there may be regional or even seasonal variation
in causative organisms31 supports the rationale for a more cus-
tomized antibiotic protocol rather than a dogmatic approach.
Furthermore, despite the lack of clarity on the role of gram-
negative coverage, there appears to be increasing interest in
more comprehensive antibiotic prophylaxis, with 20% of pub-
lished recommendations suggesting broad-spectrum coverage
regardless of injury severity29.

This change in attitudes appears to be consistent with the
present data. We found that the rate of usage of first-generation
cephalosporins and aminoglycosides in patients with Gustilo

TABLE IV Antibiotic Choice by Gustilo Type and Use of Local Adjuvants in Patients with an ISS of <10*

Types I and II (N = 219) Type III (N = 82) P Value

Systemic antibiotics

Cefazolin monotherapy 131 (59.8%) 37 (45.1%) 0.02

Clindamycin monotherapy 10 (4.6%) 3 (3.7%) 0.73

Cefazolin and aminoglycosides (± penicillin) 11 (5.0%) 9 (11.0%) 0.06

Ceftriaxone monotherapy 4 (1.8%) 0 (0%) 0.22

IV vancomycin 14 (6.4%) 10 (12.2%) 0.10

IV piperacillin/tazobactam 7 (3.2%) 10 (12.2%) <0.01

Local antibiotics

Topical powder 70 (32.0%) 24 (29.3%) 0.65

Antibiotic-impregnated cement 2 (0.9%) 7 (8.5%) <0.01

Bioabsorbable delivery 0 (0.0%) 1 (1.2%) 0.10

*Type-III fractures include those with classifications of Type IIIA, IIIB, and IIIC. The values are given as the number of patients, with the percentage
in parentheses. IV = intravenous.
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Type-III fractures was very low, at only 17%, with 45% of
patients receiving cefazolin monotherapy and 10% of patients
with Gustilo Type-I or Type-II fractures receiving broad-
spectrum coverage. Even when the broader EAST guidelines
were considered, 45% of patients with Type-III fractures
received only gram-positive coverage. It is possible that hypo-
tension resulting in renal insufficiency and the surprisingly high
use of intraoperative topical antibiotics all combined to create

clinical and logistical barriers to traditional protocol adherence
and a reduction in the use of appropriate gram-negative agents.
It is also possible that initial uncertainty over the classification of
an open fracture would lead a practitioner to select the most
comprehensive bacterial coverage regardless of formal classifi-
cation, or even that some centers or individual practitioners may
be using broad-spectrum antibiotics for all fractures to simplify
protocols30.

Fig. 2-A

Fig. 2-B

Figs. 2-A and2-BGraphsshowing the duration of antibiotic prophylaxis following wound closure in all patients (Fig. 2-A) and in those with an ISS of >10

(Fig. 2-B).
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Beyond the choice of prophylactic agent, there is very
little literature regarding the duration of prophylaxis for open
fractures. Descriptions of antibiotic duration in the literature
range from 48 hours32 to 7 to 10 days6. The most widely rec-
ommended duration in the orthopaedic literature is 3 days after
wound closure8,33, which is in contrast to the <24 hours rec-
ommended by the EAST guidelines1. A recent systematic review
of randomized controlled trials found no difference between a
duration of 1 versus 3 to 5 days30. In our study, the majority of
patients received antibiotics for 2 days, which likely repre-
sented a 24-hour postoperative course; however, a substantial
proportion of patients received antibiotics for a longer period
of time, with 25% of patients receiving antibiotics between 4
and 15 days.

Although it was not the focus of this study, we were
also able to describe the use of local antibiotic agents. We
found that >30% of patients received a topical antibiotic as
part of the prophylactic regimen. Patients with Gustilo Type-
III fractures were more likely to receive local antibiotic
delivery via cement beads. A recent meta-analysis on the use
of local antibiotic prophylaxis found a reduced rate of
infection with either direct application of antibiotics or
antibiotic-impregnated cement; however, the authors also
found that the quality of literature was poor with consider-
able risk of bias, and that the majority of the literature
involved antibiotic-impregnated cement and not direct
application of antibiotic powder34. The common use of local
antibiotic agents warrants further study.

We studied the antibiotic-prescribing practices of 24
trauma centers actively enrolled in a large prospective ran-
domized controlled trial that was focused on different skin-
preparation solutions for open fractures22. Because initial
antibiotic management was left up to the treating physicians and
not dictated by the study protocol, this allowed us to closely
observe the antibiotic-prescribing practices of multiple different
institutions, with detailed information on antibiotic type and
duration. Although we had detailed antibiotic data, because this
was an opportunistic study of data collected for a larger trial and
not an a priori goal, we were not able to delineate clearly if the
antibiotics delivered were solely for the purposes of open frac-
tures. For example, we could not identify, and therefore exclude,
patients with penetrating abdominal injuries or active sepsis at
the time of trauma. It is also possible that patients were pre-
scribed nontraditional antibiotics for unique circumstances that
were not captured in the study data collection. However, we were
able to assess patients according to their ISS, and because an ISS
of 9 is most typically assigned to open fractures, it is unlikely
that the subgroup of patients with an ISS of <10 had any other
injuries that would require prophylactic antibiotics.

Additionally, as we were not able to determine the in-
dications for the antibiotics prescribed, we defined a pro-
phylactic antibiotic as any antibiotic that was started on the
day of admission, which could include multiple antibiotics if
they were added later that day. We felt we could reasonably
presume that any antibiotics started at the time of admission
in patients with a primary admission for trauma would not

have conditions requiring therapeutic antibiotics. However,
we were unable to detect any crossover events—for example,
if a patient was initially classified as having a Gustilo Type-I
or Type-II fracture at the time of admission but then re-
classified later that day to Gustilo Type III with additional
antibiotics added, or if a patient was erroneously started on a
broad-coverage regimen but then narrowed. Similarly, as the
treatment of open wounds and bone defects was at the dis-
cretion of the treating surgeon, we did not have detailed
information regarding the form of antibiotic spacer used.
Nonetheless, given that the choice and administration of
antibiotics were at the discretion of the providers, we feel that
this observational study provides valuable information on
how antibiotics for open fractures are currently prescribed in
clinical practice.

Despite these limitations, the results of the present
study provide valuable insight into the current clinical prac-
tice regarding antibiotics for open fractures. Even among
academic trauma centers, we found substantial departure
from guidelines in both the choice and duration of antibiotics.
These data suggest that the orthopaedic community may
need to reevaluate how best to prevent infection in open
fractures—particularly with high-risk Gustilo Type-III
fractures—just as Gustilo et al. did when they reevaluated
the Type-III subgroup 2 decades after the original series7.
Regardless, the low adherence to recommended guidelines in
antibiotic usage suggests that high-quality trials are needed to
determine how we may achieve the best patient outcomes
and most appropriate antibiotic stewardship.
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Leah Gitajn (Dartmouth University, Hanover, NH); Kyle J. Jeray (Greenville Health System,
Greenville, SC); Saam Morshed (San Francisco General Hospital, San Francisco, CA); Robert
V. O’Toole (University of Maryland School of Medicine, Baltimore, MD); Bradley A. Petrisor
(Hamilton Health Sciences, Hamilton, ON).
Operating Room Core: Megan Camara (R Adams Cowley Shock Trauma Center, Baltimore,
MD); Franca Mossuto (Hamilton Health Sciences, Hamilton, ON).
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Infectious Disease Core: Anthony D. Harris (University of Maryland School of Medicine, Bal-
timore, MD); Manjari G. Joshi (University of Maryland School of Medicine, Baltimore, MD).
Military Core: Jean-Claude D’Alleyrand (Walter Reed National Military Medical Center, Be-
thesda, MD); Justin Fowler (United States Army); Jessica Rivera (San Antonio Military Medical
Center, San Antonio, TX); Max Talbot (Canadian Armed Forces, Montreal, QC).
McMaster University Methods Center (Hamilton, ON): Sheila Sprague (Principal Investigator);
Mohit Bhandari (Principal Investigator); Shannon Dodds (Research Coordinator); Alisha Gari-
baldi (Research Coordinator); Silvia Li (Research Coordinator); Uyen Nguyen (Research
Coordinator); David Pogorzelski (Research Coordinator); Alejandra Rojas (Research Coordi-
nator); Taryn Scott (Research Coordinator); Gina Del Fabbro (Research Assistant); Olivia Paige
Szasz (Research Assistant); Diane Heels-Ansdell (Statistician); Paula McKay (Manager).
University of Maryland School of Medicine Administrative Center (Baltimore, MD): Gerard P.
Slobogean (Principal Investigator); Nathan N. O’Hara (Manager); Andrea Howe (Project Man-
ager); Joshua Rudnicki (Project Manager); Haley K. Demyanovich (Project Manager); Kelly Little
(Financial Manager).
University of Maryland School of Pharmacy, The PATIENTS Program (Baltimore, MD): Daniel C.
Mullins (Executive Director); Michelle Medeiros (Director of Research); Eric Kettering (Senior
Instructional Technology and Dissemination Specialist); Diamond Hale (Project Manager).
PREP-IT Clinical Sites:
Lead Clinical Site (Aqueous-PREP and PREPARE):
University of Maryland School of Medicine, R Adams Cowley Shock Trauma Center, Baltimore,
MD: Robert V. O’Toole, Jean-Claude D’Alleyrand, Andrew Eglseder, Aaron Johnson, Christopher
Langhammer, Christopher Lebrun, Theodore Manson, Jason Nascone, Ebrahim Paryavi, Ray-
mond Pensy, Andrew Pollak, Marcus Sciadini, Gerard P. Slobogean, Yasmin Degani, Haley K.
Demyanovich, Andrea Howe, Nathan N. O’Hara, Katherine Joseph, Joshua Rudnicki, Megan
Camara.
Aqueous-PREP and PREPARE:
Hamilton Health Sciences–General Site, Hamilton, ON: Brad A. Petrisor, Herman Johal, Bill
Ristevski, Dale Williams, Matthew Denkers, Krishan Rajaratnam, Jamal Al-Asiri, Jordan Leo-
nard, Francesc A. Marcano-Fernández*, Jodi Gallant, Federico Persico, Marko Gjorgjievski,
Annie George.
IU Health Methodist Hospital, Indianapolis, IN: Roman M. Natoli, Greg E. Gaski, Todd O.
McKinley, Walter W. Virkus, Anthony T. Sorkin, Jan P. Szatkowski, Joseph R. Baele, Brian H.
Mullis, Lauren C. Hill, Andrea Hudgins, Methodist OR Core II Staff.
San Antonio Military Medical Center, San Antonio, TX: Patrick Osborn, Justin Fowler, Sarah
Pierrie, Eric Martinez, Joseph Kimmel.
Prisma Health–Upstate, Greenville, SC: Kyle J. Jeray, John D. Adams, Michael L. Beckish,
Christopher C. Bray, Timothy R. Brown, Andrew W. Cross, Timothy Dew, Gregory K. Faucher,
Richard W. Gurich Jr., David E. Lazarus, S. John Millon, M. Jason Palmer, Scott E. Porter,
Thomas M. Schaller, Michael S. Sridhar, John L. Sanders, L. Edwin Rudisill Jr., Michael
J. Garitty, Andrew S. Poole, Michael L. Sims, Clark M. Walker, Robert M. Carlisle II, Erin Adams
Hofer, Brandon S. Huggins, Michael D. Hunter, William A. Marshall, Shea Bielby Ray, Cory D.
Smith, Kyle M. Altman, Julia C. Bedard, Markus F. Loeffler, Erin R. Pichiotino, Austin A. Cole,
Ethan J. Maltz, Wesley Parker, T. Bennett Ramsey, Alex Burnikel, Michael Colello, Russell
Stewart, Jeremy Wise, M. Christian Moody, Stephanie L. Tanner, Rebecca G. Snider, Christine
E. Townsend, Kayla H. Pham, Abigail Martin, Emily Robertson.
University of California San Francisco, San Francisco, CA: Saam Morshed, Theodore Miclau,
Utku Kandemir, Meir Marmor, Amir Matityahu, R. Trigg McClellan, Eric Meinberg, David
Shearer, Paul Toogood, Anthony Ding, Erin Donohue, Tigist Belaye, Eleni Berhaneselase,
Alexandra Paul*, Kartik Garg.
Aqueous-PREP:
McGovern Medical School at UTHealth Houston, Houston, TX: Joshua L. Gary, Stephen
J. Warner, John W. Munz, Andrew M. Choo, Timothy S. Achor, Milton L. “Chip” Routt, Mayank
Rao, Guillermo Pechero, Adam Miller*.
University of Florida, Gainesville, FL: Jennifer E. Hagen, Matthew Patrick, Richard Vlasak,
Thomas Krupko, Kalia Sadasivan*, Chris Koenig, Daniel Bailey*, Daniel Wentworth*, Chi Van,
Justin Schwartz.
The CORE Institute, Phoenix, AZ: Niloofar Dehghan, Clifford B. Jones*, J. Tracy Watson,
Michael McKee, Ammar Karim*, Michael Talerico, Debra L. Sietsema, Alyse Williams, Tayler
Dykes.
Vanderbilt Medical Center, Nashville, TN: William T. Obremskey, Amir Alex Jahangir, Manish
Sethi, Robert Boyce, Daniel J. Stinner, Phillip Mitchell, Karen Trochez, Andres Rodriguez*,
Vamshi Gajari, Elsa Rodriguez, Charles Pritchett.
Banner University Medical Center–Tucson, Tucson, AZ: Christina Boulton, Jason Lowe, Jason
Wild*, John T. Ruth, Michel Taylor, Andrea Seach, Sabina Saeed, Hunter Culbert, Alejandro
Cruz, Thomas Knapp*, Colin Hurkett*, Maya Lowney.
Wright State University, Dayton, OH: Michael Prayson, Indresh Venkatarayappa, Brandon
Horne, Jennifer Jerele, Linda Clark.
Hospital Universitari Parc Tauli, Barcelona, Spain: Francesc Marcano-Fernández, Montsant
Jornet-Gibert, Laia Martı́nez-Carreres, David Mart́ı-Garı́n, Jorge Serrano-Sanz, Joel Sánchez-
Fernández, Matsuyama Sanz-Molero, Alejandro Carballo, Xavier Pelfort, Francesc Acerboni-
Flores, Anna Alavedra-Massana, Neus Anglada-Torres, Alexandre Berenguer, Jaume Cámara-
Cabrera, Ariadna Caparros-Garcı́a, Ferran Fillat-Gomà, Ruben Fuentes-López, Ramona Garcia-
Rodriguez, Nuria Gimeno-Calavia, Guillem Graells-Alonso, Marta Mart́ınez-Álvarez, Patricia
Martı́nez-Grau, Raúl Pellejero-Garcı́a, Ona Ràfols-Perramon, Juan Manuel Peñalver, Mònica
Salomó Domènech, Albert Soler-Cano, Aldo Velasco-Barrera, Christian Yela-Verdú, Mercedes
Bueno-Ruiz, Estrella Sánchez-Palomino.
Vall d’Hebron Hospital, Barcelona, Spain: Ernesto Guerra-Farfán, Yaiza Garcı́a.
PREPARE:
MetroHealth Medical Center, Cleveland, OH: Nicholas M. Romeo, Heather A. Vallier, Mary A.
Breslin*, Joanne Fraifogl, Eleanor S. Wilson*, Leanne K. Wadenpfuhl*, Paul G. Halliday.
FRASER HEALTH AUTHORITY/Royal Columbian Hospital, New Westminster, BC: Darius G.
Viskontas, Kelly L. Apostle, Dory S. Boyer, Farhad O. Moola, Bertrand H. Perey, Trevor B.
Stone, H. Michael Lemke, Mauri Zomar, Ella Spicer, Chen “Brenda” Fan, Kyrsten Payne.
Carolinas Medical Center, Atrium Health Musculoskeletal Institute, Charlotte, NC: Kevin
Phelps, Michael Bosse, Madhav Karunakar, Laurence Kempton, Stephen Sims, Joseph Hsu,
Rachel Seymour, Christine Churchill, Claire Bartel, Robert Miles Mayberry, Maggie Brownrigg,
Cara Girardi, Ada Mayfield.
Inova Fairfax Medical Campus, Falls Church, VA: Robert A. Hymes, Cary C. Schwartzbach, Jeff
E. Schulman, A. Stephen Malekzadeh, Michael A. Holzman, Lolita Ramsey, James S. Ahn,
Farhanaz Panjshiri*, Sharmistha Das, Antoinisha D. English, Sharon M. Haaser, Jaslynn A.N.
Cuff.
Wake Forest Baptist Health, Winston-Salem, NC: Holly Pilson, Eben A. Carroll, Jason
J. Halvorson, Sharon Babcock, J. Brett Goodman, Martha B. Holden, Debra Bullard, Wendy
Williams.
University of Utah, Salt Lake City, Utah: Thomas F. Higgins, Justin M. Haller, David L. Roth-
berg, Ashley Neese, Mark Russell.
Dartmouth-Hitchcock Medical Center, Lebanon, NH: I. Leah Gitajn, Marcus Coe, Kevin Dwyer,
Devin S. Mullin, Clifford A. Reilly, Peter DePalo, Amy E. Hall.
Massachusetts General Hospital, Boston, MA: Marilyn Heng, Mitchel B. Harris, R. Malcolm
Smith, David W. Lhowe, John G. Esposito, Mira Bansal.
University of Mississippi Medical Center, Jackson, MS: Patrick F. Bergin, George V. Russell,
Matthew L. Graves, John Morellato, Heather K. Champion, Leslie N. Johnson, Sheketha L.
McGee, Eldrin L. Bhanat.
University of Pennsylvania, Philadelphia, PA: Samir Mehta, Derek Donegan, Jaimo Ahn, An-
namarie Horan, Mary Dooley, Ashley Kuczinski, Ashley Iwu.

Sanford Health, Sioux Falls, SD: David Potter, Robert VanDemark III, Branden Pfaff,
Troy Hollinsworth.
Brigham Women’s Hospital, Boston, MA: Michael J. Weaver, Arvind G. von Keudell, Michael F.
McTague, Elizabeth M. Allen.
University of Maryland Prince George’s Capital Region Health: Cheverly MD: Todd Jaeblon,
Robert Beer, Haley K. Demyanovich.
Duke University Hospital, Durham, NC: Mark J. Gage, Rachel M. Reilly, Cindy Sparrow.
*Individual is no longer actively working on the Aqueous-PREP and/or PREPARE trial.
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