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ABSTRACT Introduction: During recent wars in Iraq and Afghanistan, improved survivability in severe trauma corre-
sponded with a rise in the proportion of trauma-related infections, including those associated with multidrug-resistant organisms
(MDROs). Significant morbidity was reported in association with the infections. There is also concern regarding potential long-
term impacts of the trauma-related infectious complications. Therefore, to meet the critical need of prospective collection of
standardized infection-related data to understand the disease burden and improve outcomes of wounded personnel, the Trauma
Infectious Disease Outcomes Study (TIDOS) was developed. Herein, we review accomplishments and key peer-reviewed find-
ings of TIDOS. Methods: The TIDOS project is a multicenter observational study of short- and long-term infectious complica-
tions following deployment-related trauma. Wounded military personnel medevac’d to Landstuhl Regional Medical Center
(LRMC; Germany) before transfer to a participating US military hospital between June 2009 and December 2014 were eligible
for inclusion. An infectious disease module to supplement the Department of Defense Trauma Registry by collecting infection-
related data from all trauma patients admitted to participating hospitals was developed. Specimens from trauma patients were
also collected and retained in a microbiological isolate repository. During the initial hospitalization, patients were given the
opportunity to enroll in a prospective follow-up cohort study. Patients who received Department of Veterans Affairs (VA) care
were also given the opportunity to consent to ongoing VA follow-up Results: A total of 2,699 patients transferred to participat-
ing military hospitals in the USA, of which 1,359 (50%) patients enrolled in the TIDOS follow-up cohort. In addition, 638
enrolled in the TIDOS-VA cohort (52% of TIDOS enrollees who entered VA healthcare). More than 8,000 isolates were col-
lected from infection control surveillance and diagnostic evaluations and retained in the TIDOS Microbiological Repository.
Approximately 34% of the 2,699 patients at US hospitals developed a trauma-related infection during their initial hospitalization
with skin and soft-tissue infections being predominant. After discharge from the US hospitals, approximately one-third of
TIDOS cohort enrollees developed a new trauma-related infection during follow-up and extremity wound infections (skin and
soft-tissue infections and osteomyelitis) continued to be the majority. Among TIDOS cohort enrollees who received VA health-
care, 38% developed a new trauma-related infection with the incident infection being diagnosed a median of 88 days (interquar-
tile range: 19–351 days) following hospital discharge. Data from TIDOS have been used to support the development of Joint
Trauma System clinical practice guidelines for the prevention of combat-related infections, as well as the management of inva-
sive fungal wound infections. Lastly, due to the increasing proportion of infections associated with MDROs, TIDOS investiga-
tors have collaborated with investigators across military laboratories as part of the Multidrug-Resistant and Virulent Organisms
Trauma Infections Initiative with the objective of improving the understanding of the complex wound microbiology in order to
develop novel infectious disease countermeasures. Conclusions: The TIDOS project has focused research on four initiatives:
(1) blast-related wound infection epidemiology and clinical management; (2) DoD-VA outcomes research; (3) Multidrug-
Resistant and other Virulent Organisms Trauma Infections Initiative; and (4) Joint Trauma System clinical practice guidelines
and antibiotic stewardship. There is a continuing need for longitudinal data platforms to support battlefield wound research and
clinical practice guideline recommendation refinement, particularly to improve care for future conflicts. As such, maintaining a
research platform, such as TIDOS, would negate the lengthy time needed to initiate data collection and analysis.

*Infectious Disease Clinical Research Program, Preventive Medicine &
Biostatistics Department, Uniformed Services University of the Health
Sciences, 4301 Jones Bridge Road, Bethesda, MD 20814.

†Brooke Army Medical Center, 3551 Roger Brooke Drive, JBSA Fort
Sam Houston, TX 78234.

‡Landstuhl Regional Medical Center, Landstuhl, Germany, CMR 402,
APO, AE, 09180.

§Walter Reed National Military Medical Center, 8901 Wisconsin
Avenue, Bethesda, MD 20852.

║Henry M. Jackson Foundation for the Advancement of Military
Medicine, Inc., 6720 A Rockledge Drive, Bethesda, MD 20817.

¶Veterans Affairs St. Louis Health Care System, 915 N Grand Blvd, St.
Louis, MO 63106.

**Washington University School of Medicine, 660 Euclid Ave, St.
Louis, MO 63110.

††Current affiliation is 1st Area Medical Laboratory, Aberdeen Proving
Ground, MD.

‡‡Current affiliation is Wright Patterson Medical Center, OH.
The views expressed herein are those of the authors and do not reflect the

official policy or position of Uniformed Services University of the Health
Sciences, Henry M. Jackson Foundation for the Advancement of Military
Medicine, Inc., National Institutes of Health or the Department of Health and
Human Services, Brooke Army Medical Center, Walter Reed National Military
Medical Center, Landstuhl Regional Medical Center, St. Louis Health Care
System, the US Army Medical Department, the US Army Office of the Surgeon
General, the Department of the Air Force, the Department of the Navy, the
Department of the Army or the Department of Defense or the US Government.

doi: 10.1093/milmed/usz027
Published by Oxford University Press on behalf of the Association of

Military Surgeons of the United States 2019. This work is written by (a) US
Government employee(s) and is in the public domain in the US.

18

MILITARY MEDICINE, 184, S2:18, 2019

MILITARY MEDICINE, Vol. 184, November/December Supplement 2019

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ilm
ed/article-abstract/184/Supplem

ent_2/18/5645093 by VA Poplar Bluff user on 02 D
ecem

ber 2019



INTRODUCTION
Following the initiation of Operations Enduring Freedom
(OEF) and Iraqi Freedom (OIF) in 2001 and 2003, respec-
tively, the joint military forces of the USA recognized a need
for a formal system of distributed trauma care in order to
improve battlefield casualty and follow-on care. Subsequently,
the Joint Trauma System (JTS) was implemented in
November 2004 (Fig. 1).1 To support the JTS mandate as a
learning trauma care system, a Joint Theater Trauma Registry
(later renamed the Department of Defense Trauma Registry;
DoDTR) was established in 2005 to collect data related to
injury patterns, treatment, and functional outcomes (e.g.,
return-to-duty, evacuated, or death).1,2 The DoDTR captured
very little information on infectious complications.

Combined with enhanced preventive measures (e.g., body
armor and use of tourniquets), the improvements in combat
casualty care from the implementation of the JTS resulted in
a marked decrease in service members killed in action and
case fatality rates in OEF/OIF.1,3 Nevertheless, the propor-
tion of personnel who died of wounds was higher than the
Vietnam War.3 Among service members with severe trauma
who survived, there was a corresponding rise in infectious
complications.4–10 In addition, the growing proportion of
multidrug-resistant organisms (MDROs) associated with
trauma-related infections presented further challenges for
military clinicians.4,8,9,11–14

Shortly after the Infectious Disease Clinical Research
Program (IDCRP) was founded as a research center within the
Department of Preventive Medicine and Biostatistics of the
Uniformed Services University of the Health Sciences (USU)
in late 2006, meetings held to set research priorities identified
trauma-related infections and MDROs as the number one pri-
ority for the Military Health System (Fig. 1). In particular, the
lack of routine capture of standardized infection-related data
was recognized as a significant data gap. The culmination of
these discussions led to development of the Department of
Defense – Department of Veterans Affairs (VA) Multicenter
Cohort Study Evaluating Infection-Associated Clinical Outcomes
in Hospitalized Medical Evacuees following Traumatic Injury
(i.e., the Trauma Infectious Disease Outcomes Study; TIDOS).15

A critical component of this was a joint effort between IDCRP/
USU and the JTS (based at the US Army Institute of Surgical
Research) to develop an Infectious Disease supplemental module
to the DoDTR. Herein, we provide an overview of TIDOS,
including a summarization of key peer-reviewed findings,
impacts on clinical practice, and future initiatives.

TRAUMA INFECTIOUS DISEASE OUTCOMES
STUDY

Study Design
On June 1, 2009, the TIDOS project was initiated to evaluate
the short- and long-term infectious outcomes among military
personnel with deployment-related trauma (Fig. 1).15 Service

members were eligible for inclusion in TIDOS if they were
over 18 years of age, active-duty personnel or DoD benefi-
ciary, and sustained a deployment-related injuring requiring
medevac to Landstuhl Regional Medical Center (LRMC) in
Germany before transition to a participating military hospital
in the United States between June 1, 2009 and December 31,
2014. The participating US hospitals were Walter Reed
National Military Medical Center (Walter Reed Army
Medical Center and National Naval Medical Center prior to
September 2011) in the National Capital Region and Brook
Army Medical Center at JBSA Fort Sam Houston in TX.

Information related to demographics, injury characteristics,
trauma history, and early casualty care was obtained from the
DoDTR for all patients admitted to LRMC. Infection-related
data were prospectively and systematically collected through
the Infectious Disease module for all patients admitted to one
of the participating military hospitals in the USA. The type of
information captured through the supplemental infectious dis-
ease module included infection diagnoses (i.e., skin and soft-
tissue, bloodstream, central nervous system, sepsis, osteomye-
litis, intra-thoracic/pulmonary, and intra-abdominal), antimi-
crobial treatment, microbiology findings from clinical work-
ups and active surveillance cultures for asymptomatic coloni-
zation (i.e., admission surveillance swabs of the groin and
axilla at LRMC and groin, axilla, and nares in the USA), and
outcomes related to specific infection syndromes.15

Prior to discharge from a participating military hospital in
the USA, patients were given the opportunity to enroll in the
follow-up cohort of TIDOS (enrollment ended on January 31,
2015). If the patient consented, infection-related events that
occurred after discharge from the US military hospital were col-
lected at predetermined follow-up intervals through telephone
interviews (concluded on January 31, 2015) and abstraction
of DoD electronic medical records.15,16 Furthermore, patients
enrolled in the TIDOS follow-up cohort who entered VA
healthcare were given the opportunity to consent to additional
follow-up through data abstraction of VA healthcare records.17

Follow-up data collection through the DoD electronic medical
records concluded on June 8, 2016; however, periodic sweeps
of the Military Health System Data Repository are ongoing.

TIDOS Population
The TIDOS project was initiated in June 2009 as combat
operations were decreasing in Iraq and increasing in
Afghanistan. Between June 1, 2009 and December 31, 2014,
6,079 US military personnel sustaining deployment-related
trauma were admitted to LRMC, of which 4,953 (81.5%)
were wounded in support of OEF, 522 (8.6%) in support of
OIF/OND, and 604 (9.9%) were injured outside of the
Afghanistan and Iraq theaters. Following initial surgical care
at LRMC (approximately 2–3 days), 2,699 (44.4% of 6,079
LRMC admissions) patients were transitioned to one of the
participating hospitals in the USA, of which 1,359 (50.4%)
enrolled in the TIDOS follow-up cohort (Fig. 2).
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2010

VA Ins tu onal Review Board 
approval for TIDOS-VA 
collabora ons (June) 

ID Module refinement 

TIDOS ini al data presented at 
plenary Advanced Technology 
Applica ons for Combat Casualty 
Care (ATACC) mee ng (Aug) 

2011

Second expert consensus JTS 
guideline development supported by 
TIDOS data (Jan) 

IFI outbreak inves ga on (Feb-Apr) 

IFI technical report brief Pentagon 
SMMAC and COCOM Surgeon (June) 

TIDOS cohort data refinement 

First 3 months of TIDOS: 27% of 
pa ents admi ed to US TIDOS 
hospitals had ≥1 infec on (J Trauma15) 

Adherence to JTS post-trauma 
an microbial prophylaxis TIDOS 
analysis (J Trauma38) 

2012

JTS IFI preven on / treatment CPG, 
supported by TIDOS findings (Nov) 

TIDOS-VA cohort informed consent 
process revision 

VA data abstrac on accelera on 

DMRDP TIDOS DSTI award (2012–
2015) 

DMRDP TIDOS IFI Molecular award  
(2012–2015) 

GEIS TIDOS awards (2012–2013) 

IFI Outbreak Inves ga on              
(Clin Infect Dis22) 

2013

Supplemental IFI orthopedic data 
capture (ID Module) 

Supplemental microbiology and 
an microbial management data 
capture (ID Module) 

Mul drug-resistant Gram-nega ve 
bacilli (MDR GNB) coloniza on among 
wounded warriors                     
(Medical Surveillance Monthly 
Report52) 

AUG 2010 Opera on Iraqi Freedom ends 

SEP 2010 Opera on New Dawn starts 

DEC 2011 Opera on New Dawn ends 

2014

Supplemental wound closure and 
complica ons data capture (ID 
Module) 

IFI web-based clinical decision 
support tool launched (with USU 
SC2i) 

MHSRS TIDOS session (Aug) 

IFI Molecular Diagnos cs pilot study 

IFI risk factor assessment supports 
JTS CPG (Surg Infect26) 

Impact of early ssue-based 
screening for IFI (Surg Infect25)  

2015

Cohort enrollment closes (Jan) 

IRB approval for TIDOS / UK WISP 
collabora on (Oct) 

Data-sharing agreement signed 
by USU and UK MOD (Dec) 

MDR/VO TIDOS Ini a ve 
(MIDRP/DHP award; 2015–2018)

IFI epidemiology and 
classifica on (Epidemiol Infect24) 

Impact of wound mycology on 
outcomes (J Clin Microbiol28)  

2016
USU-St. Louis VA Medical Center 
agreement (Mar) 

DoD BIRP Interna onal State-of-
the-Science mee ng on blast 
wound infec ons (Nov/Dec)  

IFI Molecular Diagnos cs analysis 

IFI wound outcomes                        
(J Orthop Trauma29) 

MDR GNB coloniza on risk factors                                      
(Diagn Microbiol Infect Dis53) 

JTS CPGs on combat-related 
infec on preven on and IFI 
management supported by TIDOS 
findings23,54

2017

IFI Molecular Diagnos cs 
Study Technical Review 
(Nov) 

MDR GNB infec ons in 
wounded warriors           
(Surg Infect20) 

Early infec ous outcomes 
with open fracture 
an bio c prophylaxis 
regimens (J Trauma39)  

DEC 2014 Opera on Enduring 
Freedom ends 

2018

MIDRP/DHP follow-on 
MDR/VO Ini a ve award 

MIDRP/DHP TIDOS JTS-
related guidance award 

3-year analyses of TIDOS ID 
module and enrolled 
cohort (Surg Infect16,19) 

Ini al TIDOS-VA analysis 
(Clin Infect Dis17) 

Enterococcus spp. isolated 
from combat-related 
wounds; MDR/VO Ini a ve  
(Surg Infect48) 

2004 Joint Trauma System (JTS) Established 

2006

OCT 2001 Opera on Enduring Freedom starts 

MAR 2003 Opera on Iraqi Freedom starts 

2005 Joint Theater Trauma Registry (JTTR) Established 

Mee ng to set priori es for IDCRP 
general infec ous disease 
sec on—combat trauma infec ons 
and MDROs top priority

2007

Mee ngs held with clinical groups 
to develop collabora ons 

Discussion with USAISR to establish 
collabora on  

2008

Discussion regarding 
development of DoDTR 
(formerly JTTR) supplemental 
ID module 

SRB approval (Nov) 

Memorandum of 
Understanding between USU 
and USAISR establishing ID 
module and DoDTR  data-
sharing (Sept) 

2009

IRB approval (April) 

TIDOS microbiological 
specimen repository 
established 

TIDOS cohort enrollment 
begins (June) 

QA review of ini al data (Sept) 

BUMED award (2009–2015) 

NIAID award (2009—ongoing) 

June: TIDOS supplemental ID 
Module data collec on begins  

FIGURE 1. Timeline of events associated with the Trauma Infectious Disease Outcomes Study (TIDOS) and related research. BIRP – Blast Injury
Research Program; BUMED – Navy Bureau of Medicine and Surgery; COCOM – Combatant Command; CPG – clinical practice guidelines; DHP –

Defense Health Program; DMRDP – Defense Medical Research and Development Program; DoDTR – Department of Defense Trauma Registry; DSTI –
deep soft-tissue infection; ID – infectious disease; GEIS – Global Emerging Infections Surveillance; IDCRP – Infectious Disease Clinical Research Program;
IFI – invasive fungal wound infection; IRB – institutional review board; MDROs – multidrug-resistant organisms; MDR/VO – Multidrug-resistant and
Virulent Organisms; MHSRS – Military Health System Research Symposium; MIDRP – Military Infectious Diseases Research Program; NIAID – National
Institute of Allergy and Infectious Diseases; QA – quality assessment; SC2i – Surgical Critical Care Initiative; SMMAC – Senior Military Medical Advisory
Committee; SRB – scientific review board; VA – Veterans Affairs; UK MOD - United Kingdom Ministry of Defence; UK WISP - WISP – United Kingdom
Wound Infection Surveillance Programme; USAISR; US Army Institute of Surgical Research; USU – Uniformed Services University of the Health
Sciences.
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The majority of the overall LRMC trauma population
were young (median age of 25 years) men (95%) injured in
support of OEF (82%). Approximately 49% of the service
members sustained blast injuries and 34% had an injury
severity score (ISS)18 ≥16, indicating severe or life-
threatening injuries. The 2,699 patients who transferred to a
participating US hospital typically had more severe injuries19

with 65% sustaining a blast-related injury (largely the result
of improvised explosive devices; IED), resulting in 58%
with an ISS ≥15. Approximately 20% of the population had
a traumatic or early surgical amputation, while 75% sus-
tained at least one fracture (excluding digits).20

While receiving care at LRMC, 321 (5% of 6,079) patients
developed an infection with skin and soft-tissue infections
being predominant (49% of 321). Among the 2699 wounded
personnel admitted to participating US hospitals, 913 (34%)
patients were diagnosed with at least one infection for a total
of 2,210 infection events. On an infection level, the majority
were skin and soft-tissue (45%) followed by pneumonia
(14%) and bloodstream infections (14%) (Fig. 3). In addition,
25% of the infections were associated with a multidrug-
resistant Gram-negative bacilli, which were defined in accor-
dance with standardized definitions from the Centers for
Disease Control and Prevention.20 Injury mechanism (i.e.,
IED blast), sustaining a traumatic amputation, being classified
with an ISS ≥16, receiving blood transfusions within 24 hours
post-injury, admission to the intensive care unit, requiring
mechanical ventilation at LRMC, and receipt of post-trauma
antibiotic prophylaxis within 48 hours of injury were associ-
ated with risk of developing an infection.19,21

Among the 1,359 TIDOS cohort enrollees, 22 withdrew,
leaving 1,337 in the cohort. Presently, 1,221 (91.0%)
TIDOS enrollees have entered VA healthcare and 638 (52%)
consented to follow-up through the VA. Follow-up findings
from both DoD and VA sources have demonstrated that
infectious complications continue long after the initial period
of trauma hospitalization for the patient.16 In particular, inci-
dent trauma-related infections (largely skin and soft-tissue
and osteomyelitis) have been reported in approximately 38%
of enrollees during follow-up with many requiring re-
hospitalization and additional surgical procedures, demon-
strating the continued impact of trauma-related infections.17

TIDOS – Major Impact
Analyses under TIDOS have focused on priority issues of the
Military Health System, including invasive fungal wound infec-
tions (IFIs), clinical practice guidelines, and MDROs. Key peer-
reviewed findings related to these priority issues are presented.

Invasive Fungal Wound Infections
Following the unexpected outbreak of IFIs in 2009/2010
among combat casualties with blast trauma in Afghanistan,
TIDOS investigators led the DoD outbreak investigation of
36 patients with an IFI diagnosed between June 2009 and

December 2010 and presented their findings to the Assistant
Secretary of Defense (Health Affairs), Surgeons General,
and COCOM Surgeons in 2011. The outbreak investigation
was published in Clinical Infectious Diseases.22 Findings
from the case investigation led to the standardized capture of
fungal-related data, including wound necrosis, histopathol-
ogy, and use of antifungal therapy. In addition, the initial
results were utilized by the JTS to develop the first JTS-wide
clinical practice guideline for the prevention and manage-
ment of IFI wounds in 2012 (superseded by revised
guideline).23

As part of the case investigation, definitions and classifica-
tions for trauma-related IFIs were derived from the 2008
Mycoses Study Group definitions for fungal infections in
immunocompromised individuals with modification for
the military-unique setting.24 Extending the time period to
August 2011, 77 patients with an IFI were identified (6.8% of
1,133 LRMC trauma admissions) and assessed with regards
to epidemiology, risk factors, clinical outcomes, diagnostics,
and mycology.24–32 Independent predictors for the develop-
ment of an IFI included sustaining a blast injury (odds ratio
[OR]: 5.7; 95% Confidence Interval [CI]: 1.1–29.6) while
dismounted (OR: 8.5: 95% CI: 1.2–59.8), having a traumatic
above knee amputations (OR: 4.1; CI: 1.3–12.7), and requir-
ing large-volume (≥20 units) of packed red blood cells plus
whole blood within 24 hours of injury (OR: 7.0; CI:
2.5–19.7).26 The TIDOS analyses also demonstrated the
increased morbidity of fungal infections on wound healing
along with higher rates of surgical amputations and amputa-
tion revisions. In particular, the time to wound closure was a
median of 16 days post-injury for wounds with fungal infec-
tions compared to 9 days in wounds without fungal infections
(p < 0.001).29 The pathogenic nature of fungi from the order
Mucorales was confirmed in another TIDOS investigation
that found that wounds that grew Mucorales fungi had a sig-
nificantly longer time to wound closure compared to wounds
with non-Mucorales mold growth (e.g., Aspergillus spp. and
Fusarium spp.).28

Early identification of an IFI and timely initiation of sur-
gical and antifungal treatment are the cornerstones of IFI
management. With the goal of supporting early IFI risk strat-
ification by clinicians in theater or at LRMC, a web-based
clinical decision support tool was developed in collaboration
with the USU Surgical Critical Care Initiative (SC2i) (http://
www.sc2i.org/tools/).33

Following extensive evaluation of IFI data and publica-
tion of numerous analyses, TIDOS investigators worked
with the JTS leadership to further refine the existing IFI clin-
ical practice guideline in August 2016.23 Overall, TIDOS
investigations have greatly added to the knowledge base and
practice guidance for combat-related IFI. While TIDOS
assessed IFI in a military population, the combined efforts of
TIDOS investigators and JTS clinicians have also had signif-
icant impact on the approach to IFI management in civilian
trauma.
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Joint Trauma System Clinical Practice Guidelines
As a way to standardize treatment of combat casualties, the
JTS convened consensus panels comprised of civilian and
military experts to review scientific literature and develop
evidence-based recommendations for the prevention of
combat-related trauma infections. The first guideline was
published in 2008 and later updated in 2011.34,35 With the
goal of supporting process improvement, data collected
through TIDOS has been utilized to assess compliance with
the JTS post-trauma antibiotic prophylaxis recommendations
in three separate analyses.36–38 The findings demonstrate a
significant improvement in compliance over the study years

for all injury patterns evaluated (i.e., open fracture, skin and
soft-tissue, closed, maxillofacial, and penetrating abdomen).
In particular, the use of expanded Gram-negative coverage
with open fractures, which is not recommended by the
guidelines, decreased from 61% in 2009–2010 to 7% in
2013-2014.36

In addition to assessing adherence to JTS clinical practice
guidelines, it is also important to measure effectiveness of
those guidelines through outcomes research. In recent analy-
ses, infectious outcomes were examined among wounded
military personnel with regards to antibiotic prophylactic
regimen (i.e., recommended antibiotics with narrow-
spectrum activity or antibiotics with expanded Gram-
negative coverage). With open fractures, there was a risk
reduction in extremity skin and soft-tissue infections among
patients who received the expanded Gram-negative coverage
(22% versus 28% in patients who only received narrow-
spectrum antibiotics; p = 0.029); however, there was no dif-
ference in rates of osteomyelitis between the two groups
(8% in both). Furthermore, patients who received expanded
Gram-negative coverage more frequently had isolation of
Gram-negative organisms that were resistant to the fluoro-
quinolone, aminoglycosides, or both antibiotics (49% vs
40% with narrow-spectrum only use; p < 0.001).39 Among
patients with open extremity soft-tissue injuries, there was
no significant difference in proportion of skin and soft-tissue
infections between the antibiotic prophylactic regimens
groups; however, a higher proportion of resistant Gram-
negative bacteria was recovered from patients who received
expanded Gram-negative coverage (36% vs 19%; p =
0.001).40 Overall, based on the limited benefit and potential
adverse effect with acquisition of resistant organisms, these
findings support the JTS recommendations for use of
narrow-spectrum antibiotics.
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FIGURE 2. US Wounded Military Personnel Population and TIDOS Cohort Enrollment. TIDOS year spans June 1 through May 30. Number of wounded
in action from Defense Casualty Analysis System (https://dcas.dmdc.osd.mil/dcas/pages/casualties.xhtml). OEF – Operation Enduring Freedom; OIF –

Operation Iraqi Freedom; OND – Operation New Dawn.
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FIGURE 3. Distribution of infection syndromes (N = 2,210) among
wounded military personnel who transferred to participating US hospitals.
BSI – bloodstream infection; CNS – central nervous system infection; SSTI –
skin and soft-tissue infection; UTI – urinary tract infection.
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The Multidrug-Resistant and Virulent Organisms (MDR/
VO) Trauma Infections Initiative
The rising proportion of infections associated with MDROs
resulted in further complications, including delayed wound
healing and high resource utilization.4,8,14,20,41–46 Adding to
the challenge is that many wound infections are polymicro-
bial.28,44,47 Thus, the understanding of the complicated
microbiology of war wounds became a research priority.
Analyses are conducted using clinical data linked to speci-
mens contained in the TIDOS Microbiological Specimen
Repository, which includes more than 8,000 isolates from
surveillance swabs and clinical work-ups, of which approxi-
mately 30% were multidrug-resistant.

To address this priority, TIDOS, in collaboration with part-
ner military laboratories (i.e., Walter Reed Army Institute of
Research, Naval Medical Research Center, and US Army
Institute of Surgical Research), formed the MDR/VO Trauma
Infections Initiative in 2015. The objective of this initiative
was to conduct analyses aimed at better understanding com-
plex wound microbiology in order to lead to novel infectious
disease countermeasures. Research areas under the MDR/VO
Initiative include the combat wound bacterial microbiome,
biofilm production and clinical impact, emergence of antimi-
crobial resistance, wound bacteria interactions/antagonism,
and MDR/VO wound infection clinical outcomes.

Due to frequent isolation from extremity wounds,
Enterococcus spp. are the focus of many MDR/VO Initiative
analyses. For example, Enterococcus faecium has been iden-
tified as the predominant species and was recovered from
74% of polymicrobial extremity wounds infection. Patients
with Enterococcus extremity wound infection are also typi-
cally more severely injured, require more large-volume
blood transfusion, and have longer hospitalization (median
of 55 days vs 40 days; p = 0.004) than those who have
infections caused by other organisms.48

TRAUMA-RELATED RESEARCH AREA INITIATIVES
AND FUTURE ENDEAVORS
Within the IDCRP Trauma-Related Infections Research Area,
four primary research initiatives have been identified based on
relevance to the Military Health System: blast-related wound
infections, DoD-VA outcomes research, the MDR/VO
Trauma Infections Initiative, and JTS clinical practice
guidelines and antibiotic stewardship.

Blast-Related Wound Infections
In 2007, the DoD Blast Injury Research Program Coordinating
Office was established in response to the Congressional man-
date to improve the coordination of blast-related research.49

Although the Blast Injury Research Program has primarily
focused on traumatic brain injuries, wound infections are also a
concern and the first International State-of-the-Science Meeting
on Minimizing the Impact of Wound Infections Following Blast-
related Injuries was held in 2016. Findings from TIDOS

analyses related to extremity wound infections, IFIs, and wound
microbiology were presented and carefully considered by the
expert panel during their discussions of key research questions.
The expert panel recognized a need for further data related to
blast wound microbiology, risk factors, and wound definitions
in order to develop evidence-based recommendations for wound
care. Specifically, it was agreed that longitudinal data platforms
(e.g., DoDTR, TIDOS, and the Military Orthopaedic Trauma
Registry) are a necessity to support clinical practice refinement,
research, and military medical readiness.

Ongoing TIDOS analyses currently focus on blast trauma
and extremity wound infections, IFIs, and non-extremity
wound infections (e.g., genitourinary, penetrating abdominal,
and maxillofacial injuries). Analyses are also conducted
under a separate protocol that focuses on trauma-associated
osteomyelitis among combat casualties injured between
2003 and 2009. Specifically, characteristics of patients who
develop osteomyelitis following open fractures of the tibia,
femur, and arm long bones were assessed, including surgical
and antibiotic management, microbiology, and outcomes
(e.g., infection recurrence). Due to the high morbidity associ-
ated with osteomyelitis, the identification of risk factors is of
crucial importance. Among patients with open tibia fractures,
sustaining a blast injury, fracture severity, and muscle loss
or damage were independent predictors of osteomyelitis
risk.50 Ongoing analyses are investigating late-onset conse-
quences through extended VA follow-up.

DoD-VA Outcomes Research
Information on short- and long-term infectious outcomes fol-
lowing trauma is critical for improving the health of combat
casualties. Using resources through both the DoD and VA pro-
vides nearly complete capture of infection-related information
and allows for a better understanding of the impact of trauma-
related infections. Among the first 337 TIDOS cohort enrollees
who entered VA healthcare, 38% had a new trauma-related
infection diagnosed during the follow-up period with skin and
soft-tissue infections and osteomyelitis being predominant.17

The collaboration between the St. Louis VA Health Care
System with TIDOS investigators is cited as a successful case
study providing lessons learned in the VA/DoD Collaboration
Guidebook for Healthcare Research.51 Along with continued
data abstraction of infection-related information from the VA
electronic medical records, information on social, physical, and
mental health metrics are also being collected and will be ana-
lyzed for their association with infectious outcomes.

MDR/VO Trauma Infections Initiative
As part of the MDR/VO Trauma Infections Initiative, antago-
nism of common bacteria (e.g., Enterococcus spp.) isolated
from polymicrobial wounds is being evaluated as well as anti-
microbial susceptibility patterns and clinical outcomes. In
addition, there is ongoing evaluation of biofilm formation in
wound bacterial isolates and concurrent assessment of biofilm
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dispersal agents. Furthermore, the interaction of critically
important bacteria collectively known as ESKAPE pathogens
(i.e., Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae [and Escherichia coli], Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter spp.) are being
examined.

JTS Clinical Practice Guidelines and Antibiotic
Stewardship
Analyses intended to support or refine injury-specific antimi-
crobial prophylaxis recommendations from the JTS clinical
practice guideline on infection prevention are ongoing.
Moreover, analyses on the effectiveness of different antibiotic
regimens are either underway or being planned with the goal
of supporting the development of recommendations focused
on the management of trauma-related infections. The first
analyses are focused on developing recommendations for the
treatment of skin and soft-tissue infections and osteomyelitis.
A secondary aim is to develop recommendations for the man-
agement of non-extremity trauma-related infections (e.g., sep-
sis, bloodstream infections, intra-abdominal infections, and
pneumonia). Best practices will be examined through collabo-
ration with the United Kingdom Ministry of Defence Wound
Infection Surveillance Programme by comparing treatment
regimens and infectious outcomes in the two study popula-
tions. Similar analyses will be conducted with the goal of
refining the JTS clinical practice guideline on IFIs.

CONCLUSION
Since inception, the TIDOS project has produced findings
that have resulted in practice pattern changes and improving
combat casualty care. Although combat operations ended in
Afghanistan in December 2014, the analysis of infection-
related data remains crucial in order to optimize current JTS
clinical practice guidelines with the overall objective of
improving outcomes of combat casualties involved in future
military operations or wars. Overall, there is a need to sus-
tain combat trauma-related infection research to improve
care readiness (i.e., prevention and treatment of infections)
for future conflicts.
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