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Proceedings of the 2011 AFMS
Medical Research Symposium

Introduction

The U.S. Air Force Medical Service presented the sixth annual Air Force Medical Research Symposium coordinated by the
Air Force Medical Support Agency’s Research and Development Division (AFMSA/SGRS). The symposium was held on 2-
4 August 2011 in the Washington DC area at the Gaylord National Resort Hotel and Convention Center in National Harbor,
MD. The symposium featured two half-days of plenary sessions, one and a half days of scientific presentations, and a poster

session.

The symposium was organized into several tracks to include Enroute Care, Force Health Protection, Healthcare Informatics,
Operational Medicine (In-Garrison Care), and Psychological Health/Traumatic Brain Injury, as follows:

The Enroute Care Track addressed science and technology targeted at the continuum of care during transport from
point of injury to definitive care including, but not limited to: Casevac, Medivac; Aeromedical Evacuation; Critical
Care Air Transport; and Patient Staging. Further areas addressed included: patient stabilization; patient preparation
for movement; impact of in-transit environment on patient and AE crew physiology; human factors concerns for AE
crew or patient population; AE/medical personnel training; infectious disease/control; burn management; pain
management; resuscitation; lifesaving interventions; and nutrition research in the enroute care environment.

The Force Health Protection Track focused on prevention of injury and illness and the early recognition or detection
of emerging threats for in-garrison or deployed operations. Topics of interest include research in bio-surveillance,
infectious  disease, emerging threats (pandemic response), protective countermeasures, disaster
response/consequence management, toxicology/health risks (e.g., particulates nanomaterials, radiation, etc.),
monitoring disease trends, other areas of preventive medicine, public and environmental health relevant to the
military workforce.

The Healthcare Informatics Track focused on the use of innovative information management & technology solutions
that enhance healthcare delivery at any point of the full spectrum of patient care to include medical simulation and
training.

The Operational Medicine (In-Garrison Care) Track focused on care delivered in the outpatient or inpatient in-
garrison setting and on enhancing the performance of airman in challenging operational and expeditionary
environments.

The Psychological Health/Traumatic Brain Injury Track addressed topics pertaining to screening, diagnosis, and
treatment of TBI and/or Psychological Health in the military community. Specific focus areas within Psychological
Health included depression, substance use disorders, family functioning, and suicide prevention. Topics of special
interest included field-deployable diagnostic tests for mild TBI (concussion), blast modeling, large epidemiologic
studies of Psychological Health and TBI, and strategies for translating research into practice.

These proceedings are organized into five volumes, as follows:

Volume 1. This volume is a general overview of the entire 2011 Air Force Medical Research Symposium and
includes abstracts of all the oral presentations and posters. First presented is the symposium’s opening
plenary session, followed by the abstracts from the four technical tracks, and then the closing plenary
session. The abstracts associated with the poster session are in the last section of these proceedings. The
agenda for the overall symposium is in Appendix A, attendees are listed in Appendix B, and continuing
education information is in Appendix C of this volume. Appendices D-J are copies of presentation
slides from the plenary sessions.

Volume 2. This volume contains abstracts and presentation slides for the Enroute Care Track.

Volume 3. This volume contains abstracts and presentation slides for the Force Health Protection Track.

Volume 4. This volume contains abstracts and presentation slides for the Healthcare Informatics Track.

Volume 5. This volume contains abstracts and presentation slides for the Operational Medicine (In-Garrison Care)
Track.

Volume 6. This volume contains abstracts and presentation slides for the Psychological Health/Traumatic Brain
Injury Track
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Air Emissions Characterization and Geospatial Exposure Modeling from Open Burning of
Representative Military Deployed Waste

AF Institute of Technology
Lt Col Dirk Yamamoto

Open burning of US military waste while deployed has attracted considerable attention over recent years due to
reported health problems among returning military members. In conjunction with the rest of DoD, the US Air
Force has conducted considerable sampling and risk assessment at deployed sites. At the Air Force Institute of
Technology (Wright-Patterson AFB, OH), recent research has focused on building a retrospective plume
dispersion modeling tool for particulate matter exposures, to better characterize the risk profile for deployed
members. This approach may provide more realistic exposure estimates, versus assigning a single exposure
value for an entire population. Ongoing research, sponsored by AF Surgeon General and performed in
conjunction with the US Environmental Protection Agency, will first determine emission factors and likely
concentrations of key contaminants by performing small-scale laboratory burns, with subsequent large-scale
outdoor burns to evaluate the effectiveness of air curtain burners as an alternative to open/surface burns. A
primary objective of the research is to address the question on whether segregation of plastics makes a
significant difference in emissions from open- and air curtain burning. A secondary objective is to further
develop the software plume dispersion modeling tool to better predict downwind risk to personnel near burn
sites.  This presentation provides a status update of the ongoing research at the Air Force Institute of
Technology.
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» Had a KBR-operated burn pit
+ 20-acre site
= Up to 240 tons of trash per day

+ Jet fuel: used as accelerant
AFIT Nienarcinn Mardalinn — L

+ H6 Housing: close proximity to burn pit

* Multiple sampling events:
+ 2004; VOC sampling; PM10 & metals also
+ 2005: PAHs
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Inhalation Exposure to JP-8 Jet Fuel Enhances Susceptibility to Noise Induced Hearing Loss in Rats
711 HPW/RHPBA
Dr. David Mattie

Studies identified organic solvents as potential ototoxicants promoting noise-induced hearing loss (NIHL). The
ability of JP-8 to enhance susceptibility to noise exposure on auditory function was studied in rats. An initial
study exposed rats to 0, 75, 85 or 95 dB octave band noise for 6 hours per day, 5 days per week over 4 weeks.
Hearing loss was assessed using distortion product otoacoustic emission (DPOAE) to evaluate outer hair cell
function and compound action potential (CAP) to determine hearing threshold. Histopathology of cochleas was
conducted to determine percentage of hair cell loss. Noise exposure of 85 dB was identified as the LOAEL and
was used in the second study to investigate combined effects of JP-8 and noise on hearing by exposing rats to
85 dB and either 0, 200, 750 or 1500 mg/m3 JP-8 for 6 h per day, 5 days per week over 4 weeks. DPOAE, CAP
and histopathology of the cochlea for rats exposed to noise and JP-8 showed a dose response increase in hearing
loss greater than seen with just 85 dB alone. A third study with just JP-8 alone resulted in no hearing loss
indicating JP-8 only potentiates NIHL. A fourth 28-day study consisted of exposures at 102 dB for 15 min per
hr for 6 hrs per day, 1000 mg/m3 JP-8 for 6 hr/day, combined exposure to both noise and JP-8, and no
experimental treatment. Auditory testing again showed JP-8 by itself didn’t produce hearing impairment but
male rats were affected more than females.
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* noIse (1Us ks ) Tor 4 NOUFs Tor one day

— To show if there is an association between jet fuel exposure + noise (97 dB) for 4 hours; repaated for 5 days

and noise-nduced hearing loss. - noise (102 dB) for 1 hour; repeated for 5 days
» The hypothesis is that JP-8 jet fuel contributes to hearing
loss when combined with high noise exposure that is still - Did not examine multiple dose levels of jet fuel
below the exposure limit for noise. * Noise level was equivalent to the PEL for noise

« 8¢ dB using the Aweighting scale for an & h TWA
+ Dhjectives

— Design noise generation system for Navy Chambers = JP-8 alone did not cause any disruption of auditory function
Conduct 4 28-day animal studies - Although effects were not consistent combined JP-8 + noise produced greater
- Yy impairment than noise alone

— Compare jet fuel exposures and kinetics - JP-8 also caused significant depletion of GSH indicating oxidative stress as a
— Publication showing relationship between noise and jet fuel possible mechanism of action for the promotion of hearing loss
ex| - Inttial data supporting an interaction between JP-8 and noise exposure on
posure hearing

* Fechier, LD. Gearhart, G, Fuken, ., Gampbell J. Fisher, ., Na, K., Gecker, D1, Nelson iller, 4., Moon, P, and B,
Pouyates. (2007). JP-3 Jet Fusl can Promote Audit Resulting from Noise Expsure in Rats.
Tex, Sel., 88, 510-525

PP ——— AFRL 3 P ——— AFRL 4
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Hearing 10ss tested by Compound action potential (CAP) test tor hearing
threshold

»Ferformed 4 weeks following the end of exposures by recording
compound action potentials (CAPs) from the round window for pure tones
between 2 and 40 kHz in approximately 1% octave steps

» Auditory thresholds assessed in a douhle walled audiometric booth under
anaesthetized with xylazine (13 mg/kg. im) and ketamine (87 mgkg, im)

«» Auditory bulla opened via a ventrolateral approach to allow the placement
of a fine {od 0.1 mm) Teflon-coated silver wire electrode (A-M Systems,
Inc., Carlsborg WA onto the round window

» Silver chloride reference electrode was inserted into neck musculature

» Cochlea warmed using a low voltage high-intensity lamp

» CAP signals evoked by pure tones amplified 31000 between 0.1 and 1.0
kHz with a Grass A.C. preamplifier (Model P15, W. Warwick, RI)

» ldentified sound level necessary to generate a visually detectable CAF
response averaged over four sweeps on a digital oscilloscope (approximate
response amplitude of 1 my measured as the output of the preamplifier)

AFRL

DS or B g o i 24, S0 i
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rr e T E R 8w e

Study 3 - Exposure te JP-8 alone
-* Control n=10

- Provided data for comparing effects of jet fuel = TP8 200 mg/m® n=10
ototoxicity to noise-induced hearing loss in the «{® JPB 750 mg/m’ n=10
combined study wl o8 1800 mgfm n=Ll
) ; R oise Floor
- Study design same as Study 2 without noise 4 !
* 5male rats and 5 female rats per group @ ™
= 0 {control), 200, 750 and 1500 mg/m? JP-8 2 10
« & h/day with weekends off for 28 days (20 g
exposures total} B
« JP-8 exposures in Bldg 837 0 "
+ Transported rats to Loma Linda for auditory 0 ¥
assessment
+ JP-8 alone did not appear to affect hearing H T ) % L
st i AFRL, St A AFRL,
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UFWALC 1V Udy FOSI CXPOSUre remaies
Study 4 - Exposure to a series of intermittent high levels of s Control ns y P
noise during JP-8 inhalation exposure & TS 1000 mg/m® n=5 A
“Te Noise 102db 15 min‘h x 6h n=5
- (& JP8 + Noise n=5
552;?;1 rats and 5 female rats per chamber wl  Shs Aot 5
. A 4 a 3
- Chamber 1 — air only {Control group for all both % * @
freatments) =
» Chamber 2 — JP-8 only {1000 mg/m?) S ]
» Chamber 3 - noise at 102 dBA for 15 minutes every |
hour (1.5 h total noise exposure) Ry
+ Chamber 4 - both JP-8 (same as Chamber 2} and )
noise (same as Chamber 3)
FB 1€ &
s s i s s AFRL, o o O e AFp,

23



Proceedings of the 2011 AFMS Medical Research Symposium

Force Health Protection

\Volume

3

[

]

=

DFOAE dB/SPL

DPOAE 4 Weeks Post Exposure Females
[+ Control n—5
2 JP8 1000mg/m’ n—5 A
(¢ 102dB Noise 15 minth x 6h n—5
[ Noise + JPEn—5
Neoise Floor

4 3 16 32 B
Frequency (kHz)
e . e e 36, R i AFRL 31

24

DPOAE dB/SPL

LIrw/mL S W EERD FUSLLAPUSUIE WalED

|+ Control n=5
& JP8 1000 mg/m® n=5 B
ko 102dB Noise 15 minh x 6 h n=5

f@ Noise + JP8 n=5

e E gk
Noise Floor yjﬁﬂz M% \/
20 - s
40:
[}
0 o
20
4 H 18 32 64
Frequency (KHz) e
[P PTSP— AFRL

32



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

25



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

26



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

27



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

Assessing Operationally Relevant Aspects of Nanoparticle Exposure Health Risks
711 HPW/USAFSAM-PHT

Dr. Clarise Starr

There is little known in the scientific literature regarding the potential dangers and downstream sequelae caused
by exposure to nanoparticles. This lack of information has led to conjecture about the potential uses and dangers
associated with this new technology, including the possibility that nanoparticles could be used as a weapon to
target the warfighter. The purpose of this effort is to answer basic, previously untested parameters regarding
nanomaterials to assess the relevance to the potential exposure (from both modified and unmodified
nanomaterials) in the field. Three commercial grade nanoparticles--ZnO, TiO2, and CeO2, were studied for
personal protective equipment (PPE) efficiency, initial uptake by cell lines, and downstream cytotoxic effects.
Preliminary data suggest PPE provided good barriers against nanoparticle exposure. Initial exposure to
nanoparticles (2 hr) showed an interaction with the cells, but uptake of the nanoparticles varied depending on
cell line. The nanoparticles that were found to be cytotoxic had a longer exposure to the cell lines, indicating
that long-term exposure may be key to overall health risks.

Distribution Statement A: Approved for public release; distribution is unlimited. Case Number: 88ABW-
2011-2292, 18 Apr 2011.
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v Evaluate models for long-term exposure. Copt Matt Ferreri o
v Evaluate TiQ, at several time points 2-24 h to Dr. James Baldwin U"'Vﬂfﬁf of lowa/RJ Lee Grou
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the cell and if the data will match the cytotoxicity Jechnical Assistance Rristin Bunkor
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Transport of Silver Nanoparticles in Saturated Porous Media: Experimental Results and Model
Simulations

AFIT/ENV
Capt Jason Flory

Nanosilver is the largest and fastest growing category of nanomaterial, with extensive USAF and DoD
applications. A growing number of studies show that nanosilver may pose significant adverse human and
environmental effects. Given the ubiquity of nanosilver and its potential toxicity, it is incumbent upon us to
understand its environmental fate and transport. Due to the importance of groundwater as a pathway from
contamination sources to human and environmental receptors, this study examined how nanosilver is
transported in saturated porous media. In the study, silver nanoparticles (AgNPs) were synthesized in the
laboratory using a sodium borohydride reduction method. The transport of these nanoparticles in a saturated
porous media packed column was investigated. Both a conservative tracer and AgNPs were injected into water
flowing through the laboratory column (diameter: 2.5 cm, length: 15 cm) packed with water-saturated quartz
sand to obtain concentration-versus-time breakthrough curves. The AgNPs were found to break through before
the conservative tracer, perhaps due to the facilitated transport of AgNPs (i.e., AgNPs moved through larger
pores, and therefore moved faster than the tracer). It was also observed that the total mass of AgNPs leaving the
column was smaller than the total input mass, indicating the capture of a fraction of the colloidal AgNPs by the
porous media. Filtration theory was used to simulate the transport behavior of the AgNPs in the quartz sand
packed column.
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Evaluation of Gold Nanomaterial Toxicity Based on Physical and Chemical Properties

711HPW/RHPBA

Dr. Saber Hussain

Gold nanomaterials (Au NMs) have distinctive electronic and optical properties, making them ideal candidates
for biological, medical and defense applications. Therefore, it is important to evaluate the potential biological
impact of Au NMs before employing them in any application. In the present study, we investigated whether the
size, charge and shape of the Au NMs plays a role in mediating a biological response in an in vitro model of
human skin cells. The results demonstrated that smaller 0.8nm and 1.5nm Au NP’s were toxic in a
concentration dependent manner, regardless of charge. However, gene expression studies showed that the
1.5nm Au NPs induced DNA damage and down-regulated the DNA repair mechanism with these genes varying
based on charge. Further, the results have illustrated that the gold nanorods (17nm AuNR-PEG (AR=2.1)) were
cytotoxic to the skin cells, while the gold nanospheres (20nm AuNS-MPS) were not toxic even at the highest
dose of 100 pg/ml. Additionally, exposure to the 17nm AuNR-PEG (AR=2.1) caused the formation of
significant amounts of ROS, and the up-regulation of several genes involved in cellular stress and toxicity. In
summary, these results indicated that size, surface charge, and shape play a key role in mediating the cellular
response to Au NMs.
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Nanomaterial Hazard Identification: The Zebrafish Model for Rapid Material Testing

349th Medical Squadron (349 MDS)
Maj Joseph Fisher

Force Health Protection is facing a new challenge both in-garrison and in deployed operations as the
nanotechnology revolution begins. The National Science Foundation predicts the period from 2011-2020 will
result in fundamentally new products based on nanomaterials. These chemical biophysical nanometer scale (i.e.,
1 x 10-9 meters) materials may bring new or increased hazard to humans and the environment, and the
uncertainty surrounding their risk to biological and environmental health needs to be investigated. Health risk
can be defined as a function of hazard and exposure, and an understanding of the hazard and exposure of these
materials is important in order to minimize health risk. Products utilizing nanoscale materials will become
ubiquitous throughout commerce in the coming years and regulatory oversight and reporting in the EU and the
US is moving forward. The development of the zebrafish (Danio rerio) model for rapid material testing bridges
a gap in toxicology testing between in vitro cell culture models and in vivo mammalian models. The anatomy,
physiology, and genomics of the zebrafish are highly homologous to humans, and these similarities are just
beginning to be exploited by research communities. Being a whole animal vertebrate organism, zebrafish allow
for great flexibility in conducting experimental assays to identify nanomaterial exposure effects in morphology,
physiology, behavior, and distribution. This research presents an overview of the issues surrounding
nanomaterial health risk and provides testing results in order to demonstrate the utility of the zebrafish model in
answering nanomaterial bio-compatibility research questions.
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Zebrafish (Danio rerio)
P . Joseph A Fisher, Maj, USAFR, BSC
B Robust in vive model organism platform to evaluate 349th Medical Squadron, Travis AFB, CA
nanomaterial biclogical interactions Joseph Fisher@us.af.mil
B Vertebrate animal homoelogous to humans, Robert L Tanguay, PhD

Department of Envircnmental and Molecular Toxicology

sequenced genome, sensitive at multiple levels Robert Tanguay@oregonstate.edu

B Compatible with high throughput screening,

Sinnhuber Aquatic Research Laboratory
automation, pathway, and mechanistic studies Oregon State University, Corvallis, OR
B The NANO revolution has begun — get ready Drvogn 2
——— pre— p————— pre—— 2
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USAF Efficient Running: An Integrated Program To Reduce Running Injury and Improve Individual
Performance in USAF Fitness Assessment

AFMSA/SG6
Lt Col Antonio Eppolito (presented by Lt Col (ret) Dan Kulund)

Running is an essential duty in the USAF “Fit to Fight” culture. Its importance is more critical now as the
USAF Fitness Assessment (FA) will have more emphasis on the aerobic component, now 60% of the score, and
more frequent testing. Because of this mandate (ref. AFI 36-2905), running has risen to the #2 cause of
recreational injuries in the USAF (ref. Descriptive Epidemiology USAF Lost Workday Injuries 2008 report).
The annual FA failure rate has doubled from 10% to 20% with the new PFT standards. (As high as 28% at some
bases) And yet, the USAF lacks an evidence and experience based program specifically for running which is
clear, simple, and understandable and can be incorporated into standardized training for all troops. There are
huge direct costs to the military for running injuries and poor FA performances: (1) Medical and Physical
Therapy treatment of injuries (clinic visits, MRI’s, x-rays, therapy, etc) with a resultant backlog of sports
medicine orthopedic referrals of up to 6 months at many MTFs (2) Cost of compensation to AD, ANG and
USAFR members who are “injured” while running during duty time and cannot perform their job (3) Costs of
command directed programs for retraining annual FA failures and wasted administrative time for retesting,
profiles, and waivers (4) Missed work time due to injuries and appointments (5) Needless generation of
preventable MEBs. There are also indirect costs which may be even greater: (1) Early separation due to low FA
performance scores and failures (2) Decreased productivity due to lack of fitness and overall good health
(concept of presenteeism) (3) Deteriorating morale (4) Permanent disability. Injury-free daily aerobic activity
supports optimal physical wellness, mental clarity, weight management, and reduces health care utilization.
Evidence-based training tools are applied to almost all skills of such importance and most athletic activities
except for running. Furthermore, where they are applied most methods are traditional, inefficient, and not
standardized. The 2008 USAF Lost Workdays Report highlights the emergence of running injuries and
recommends immediate implementation of preventive strategies to address all aspects of running including;
injury prevention countermeasures, volume of training, focused lower extremity strengthening and flexibility,
proper gait technique and proper footwear. “Efficient Running” is in direct alignment with all the corrective
strategies outlined in the critical report and provides the countermeasures. Efficient Running then is our
proposed solution. It is based on the biomechanical principles of the most revolutionary concept in the arena of
sports medicine in 40 years. It addresses injury prevention and performance improvement and is grounded in
scientific principle and extensive real world experience of over 15 years. Efficient Running is a set of training
tools to prevent injury and improve efficiency/performance. Our approach involves teaching and tailoring
aerobic principles, putting the body in proper alignment, improving running gait biomechanics, and
supplementing with essential core strength, balance and dynamic stability exercises.

57



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

58



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

59



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

60



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

61



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

62



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

63



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

64



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

Comparison of the 1.5 Mile Run Times at 7,200 Feet and Simulated 850 Feet in a Hyperoxic Room

HQ USAFA/ADPH
Lt Col Michael Zupan

The 1.5-mile run test was developed by Dr. Ken Cooper as an easy, inexpensive, and relatively accurate way to
estimate VO2 max, or aerobic fitness levels, in large groups of AF personnel. In 2004 the AF fitness program
began using the 1.5-mile run to estimate an airman’s aerobic capacity. An altitude adjustment was implemented
in 2005 for airmen stationed above 5,000 ft. In 2010, a new AF fitness test program was implemented;
however, the 1.5-mile altitude adjustment for moderate altitude AF bases was removed. This study was
conducted to investigate if a significant difference in aerobic performance exists between moderate altitude and
sea level and, if it does exist, to what extent. The study was reviewed and approved by the USAFA IRB with
all subjects signing an ICD. Fifty-five, 38 male and 17 female, subjects participated in the study. Subjects
completed a VO2max test followed by two 1.5-mile runs, one at 7,200 ft, and one at simulated 850ft (~26%
02). During the runs, subjects only were aware of their test distance and could adjust the treadmill speed based
on how they were feeling. Treadmill speed, elapsed test time, heart rate, and testing environment were
unknown during all runs. Results were analyzed using an ANOVA. The average max VO2 was 48.6 mL.kg.-
Imin-1. A 30.6 seconds, or 4.2%, significant difference (p<.001) was observed between the two runs. These
differences were mainly due to a decreased hemoglobin oxygen saturation (p<.001). Our recommendation is
that an altitude adjustment for the AFT be reinstated.
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Can a 10-minute Warm-up Reduce Musculoskeletal Injury in Air Force Academy Cadets?

Uniformed Services University, Injury Prevention Research Lab
Dr. Sarah De La Motte

Musculoskeletal injury (MSK-I) is the leading cause of lost duty time and morbidity in the military. The short
and long-term consequences from MSK-I can be career-threatening, if not career-ending, and decrease force
readiness. New data show major risk factors for MSK-I in athletic populations can be easily identified and are
readily modifiable through prevention programs targeting poor movement patterns. However, maximal MSK-I
prevention program design & effectiveness in military environments have not been determined. We are
working with the US Air Force Academy (USAFA) Department of Physical Education (DPE) to study the
effects of a 10-minute neuromuscular warm-up program performed in required physical training sessions.
Sections of a required freshman P.E. class will be randomized to perform a neuromuscular warm-up developed
to address previously identified MSK-I risk factors, or a traditional warm-up program. Neuromuscular warm-
up sessions will be professionally supervised, with cadets receiving real-time feedback on program
performance, including technique & correction cues. Rates of lower extremity injury and biomechanical
changes in movement pattern will be compared between groups. Post-training jump-landing assessment data
will be compared with pre-training data to determine the neuromuscular warm-up program’s effect on “high-
risk” movement patterns and coupled with MSK-I incidence to determine program effectiveness. Pre and post-
data will also be compared with subsequent testing sessions in a subsample of cadets to determine washout of
training effect and optimum periodicity of warm-up training. This research will provide feasibility and injury
incidence data for a larger definitive trial of MSK-I focused prevention programs in the Air Force.
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= ueielse oSdiely wvelsigrie wouncn Sarah de la Motte, PhD, ATC

Injury Prevention Research Lab, USUHS
sarah.delamotte@usuhs.mil 301-295-9460
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Anti-retinal Antibodies as Biomarkers for Laser Induced Retinal Injuries in Rabbits

Summa Health System

Dr. Rachida Bouhenni

PURPOSE: Retinal injuries affecting the photoreceptors and/or the retinal pigment epithelium (RPE) may result
in leakage of retinal-specific proteins into the systemic circulation. These proteins could be detected in body
fluids following the injury and vary with the severity of the injury and during the subsequent recovery period.

METHODS: Using a continuous 532 nm laser, 50 spots of mild (MVL), moderate (GlIlI), or severe (GlII) laser
lesions were created in retinas of Dutch Belted rabbits (n=12/grade). Serum and saliva were collected from
treated and control animals at 1hrs, 4hrs and 24hrs following laser treatment. Retinal-specific proteins were
detected using Liquid Chromatography/Tandem Mass spectrometry. Statistical analyses were performed using
One way ANOVA. P<0.05 was considered significant.

RESULTS: Retinal-specific proteins were detected in both saliva and serum samples at all time points after
laser injury. Most proteins were detected in the samples treated with MVL at 4hrs, followed by GII and GllII
laser lesions. Some of the proteins were common to more that one laser grade. Although, more proteins were
detected following treatment with mild lesions, and at 4 hrs after treatment, the differences between groups
were not significant. CONCLUSION: Retinal-specific proteins were detected in both saliva and serum of
rabbits following laser treatment. The numbers of proteins detected did not vary with severity and time
following injury. The biomarker response appears transient, peaks at 4 hours after laser treatment and is reduced
at 24hrs.These proteins could be used as biomarkers for laser induced retinal injuries in military operations.
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— Laser weapons

Retinal Injuries in Rabbits

— Laser sights
— Some remote sensing instruments
— Handheld laser pointers
* War fighters and other operators are at increased risk
Rachida Bouhenni, PhD * Some lesions are asymptomatic and almost
Summa Health System, Akron, OH

impossible to detect in routine examinations
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WITI ULl 185eT IOOWEd DY MV L
« # of laser treatments resulted in different auto-antibodies.
# GIII laser may have caused protein degradation at the site of
mjury
< Most auto-antibodies were raised against proteins that have a
function in glucose metabolism and protein binding
(urwegulated following treatment ov abundant)

+ that this approach may permit future development of new
diagnostic methods for retinal injuries.

< A panel of 4 biomarkers may be used for detection of retinal
laser injury: DRP2, TPI, PKM and AldC

+ This approach may permit future development of new rapid
diagnostic methods for retinal injuries
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Detection of Retinal Proteins in Saliva and Serum in Laser Induced Retinal Injuries in Rabbits

Summa Health System

Dr. Rachida Bouhenni

PURPOSE: Retinal injuries that affect the photoreceptors and/or the retinal pigment epithelium (RPE) may
result in the leakage of retinal-specific proteins into the systemic circulation. This study was designed to
determine whether an immune response is elicited after an acute retinal injury resulting in circulating anti-
retinal antibodies in the serum.

METHODS: Fifty laser burns of different grades (minimally visible lesion (MVL), grade Il (GlI), or grade 1lI
(GI11) lesions) were created in the retinas of Dutch Belted rabbits. The degree of laser burns was confirmed by
fundus imaging and histology. Serum samples were collected from the animals three months after the retinal
injury. Candidate autoantigens were identified by two-dimensional western blots of rabbit retinal lysate probed
with sera from either control or laser-treated animals. Candidate autoantigens were further characterized by
immunohistochemistry to confirm their retinal localization. RESULTS: Seven and eleven protein spots were
selected from the MVL and grade Il laser-treated samples, respectively, for autoantigen identification. No
protein spots were detected in the grade 11 laser-treated samples. Four candidate autoantigens were common to
both MVL and GIl lesions: Dihydropyrimidinase-related protein-2, fructose-bisphosphate aldolase C,
chaperonin-containing T-complex polypeptide 1 subunit zeta, and pyruvate kinase isozyme. CONCLUSION:
Induced retinal laser injuries resulted in circulating anti-retinal antibodies that were detectable three months
after the injury. The response appeared to vary with the severity of the laser retinal damage. The identification
of the candidate antigens in this study suggest that this approach may permit future development of new
diagnostic methods for acute retinal injuries.
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and Serum Following Laser Induced — Lasor sights
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Retinal Injuries in Rabbits — Handheld laser pointers

* War fighters and other operators are at increased risk

Rachida Bouhenni, PhD
Summa Health System, Akron, OH impossible to detect in routine examinations

+ Some lesions are asymptomatic and almost

* Non-invasive diagnostic techniques to detect
melecular signatures of retinal injuries are needed.

e UIC g s UIC s

Hypothesis Approach

+ Laser causes photoreceptor and RPE cell death and
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Frequency/total Time point # of laser

Proteins detected in sarum tr

CNGE3 1 24hrs 1
RFPEGS L 24hrs 2
ABCIA 1 24hrs 2
Opsin 5 1 24hrs 1
Neural retina leucing 1 24hrs 1
(NRL) zipper protein

*No Proteins were defected in saliva
*No profeins were detecfed in the 3 [aser treatiment
~CNGB3 and PDES was detfected again.
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Candidate Biomarkers Detected in Saliva

Biomarker Detection Over Time

Salta Biomarkers
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Conclusion Future plans
“* Most biomarkers are detected in MVL at 1hr and 4hrs time » Validation of the candidate biomarkers u sing
point transient). Western blot, ELISA or MRM.

«+ GIII results in a poor response, most likely because cells are
dead and proteins are degraded.

< Number of laser lesions did not effect the biomarker response
(experiment repeated).
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Serum Biomarker Responses in a Non-Human Primate Model of Acute Retinal Laser Injury

Summa Health System

Mr. Jeffrey Dunmire

PURPOSE: To identify unique proteomic signatures in sera indicative of retinal injury. METHODS: We used
laser photocoagulation as a model of retinal injury in Rhesus macaques. Serum was collected from each animal
at 4h, 1d, 3d, and 1w following a mock procedure and again following retinal laser treatment that produced
either Grade 2 (moderately severe; Gll, n=6) or minimally visible lesions (mild; MVL, n=6). Samples were
analyzed by mass spectrometry and relative protein abundances were determined by spectral counting. Stringent
filtering criteria and analysis by G-test, followed by Holm-Sidak correction for multiple comparisons, were used
to determine statistical significance. Proteins with p<0.05 were considered significant. RESULTS: A total of 19
and 17 proteins were identified as significantly more abundant in sera following MVL and GII injury
respectively. None of these proteins were common to both MVL and GIlI. However, among the 36 proteins,
irrespective of injury severity, most were ontologically similar. Although most differences were unique to one
time point, 4 proteins (CK18, PGK1, FUT3, and EPHA2) from MVL and 1 protein (DDX17) from GII showed
differences at multiple time points after injury. For these proteins, maximal protein elevation between 4h and 3d
was followed by a decrease to basal levels within 1w.

CONCLUSIONS: A serum bhiomarker response to both GIl and MVL retinal injury was demonstrated. The
proteomic signature was unique for each grade of injury and appeared transiently between 1-3d. Increased
abundance of these proteins in serum may be useful markers for detection of acute retinal injury.
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focusing from pH 3-106.

Fractionated serum was polymerized into 15%
acrylamide gel pieces.

Gel pieces were digested with trypsin and peptides
were extracted.

Dried samples were resuspended and desalted using a
C18 ZipTip column (Millipore).

Automated nanc-flow HPLC-tandem mass
spectrometry (LC-MS/MS) was performed.

Data was blasted against the Uniprot macaque
detabase. vicHsE
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protein abundances.
» Stringent data filtering and statistical analysis
— Normalized p-value using G-test
— p-value adjusted by Holm-Sidak method
— Proteins retained if:
+ Adjusted p-value < 0.05
+ Scan count ratio > 2.0
« Oceur in at lsast 50% of laser treated samples
* Minimized rate of false identification and increased
confidence in biomarker candidates
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Results: MVL Serum
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Normalized Scan Count
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+ Bxpressed in simple
epithelial cells (RPE marker).

» Cleaved by caspase early in
apoptosis.

+ Fragments have been
detected in serum as useful
markers nf cell death.



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

105



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 3 Force Health Protection

Conclusions pacs Next Steps

¢ Model of laser injury for GII and MVL was established * Investigate individual proteins
in non-human primates.

+ Panels of candidate protein biomarkers in response (o + Identify “best” diagnostic panel of biomarkers
retinal injury were identified.
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Sensors for Monitoring Laser Radiation Exposure

Sensing Strategies, Inc
Dr. Richard Preston

In response to the growing use of lasers in military applications, AF/SGR has developed novel laser sensors to
detect and characterize laser radiation exposures. The sensors can be used for occupational health purposes in
domestic testing or for force protection in tactical applications. Two types of laser sensors have been fabricated
and tested. The first is called the Personnel Protection Sensor (PPS) which is designed to detect pulsed lasers in
the 400-1100 nm spectral range. The sensor provides live feedback regarding the exposure levels and indicates
if protective eye wear will be effective in preventing injury. The PPS is battery operated and can be run for up
to seven hours to log exposures during domestic testing or in ground or flight operations in tactical
engagements. The second type of sensor is called the Geolocation Sensor and it characterizes both pulsed and
CW lasers. This sensor provides more detailed data on the laser radiation and explicitly measures wavelength
and angle of arrival. The Geolocation Sensor is larger in size than the PPS and requires external power to
operate. This talk will describe the sensors and present sample test data. AF/SGR welcomes organizations
interested in borrowing the hardware for new test applications. AF/SGR will provide test planning consultation
with potential users and provide subject matter experts to assist in data analysis if needed.
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Gene Expression Profile of Jurkat Cells Exposed to High-Power Terahertz Radiation
711 HPW/RHDR
1Lt Jessica Grundt

Terahertz (THz) radiation sources are now being used in a various military, defense, and medical applications.
Widespread employment of these new applications has prompted concerns regarding the potential health effects
associated with THz radiation. A source for these concerns stems from results of recent studies which provide
evidence that THz radiation can couple directly to biological macromolecules (lipids, DNA, proteins) causing
localized effects affecting gene transcriptional processes. In this work, we hypothesized that if THz radiation
does cause direct damage to biological macromolecules, then THz-exposed cells may express a specific gene
expression profile indicative of this unique damage. To test this hypothesis, Jurkat cells were irradiated with a
molecular gas THz laser (2.52 THz, 636 mWcm-2, durations: 5, 10, 20, 30, 40, or 50 min). Cellular viability
was assessed 24 h post-exposure using conventional MTT assays, and gene expression profiles were evaluated 4
h post-exposure using mRNA microarrays gene chips. Comparable analyses were also performed for
hyperthermic (bulk heated) positive controls (44°C for 40 min). We found that many of the genes that were
upregulated in the THz-exposed samples were also expressed in the thermal controls; however, several genes
were only expressed in the THz exposure group. Interestingly, these target genes are known to function in the
regulation of cellular proliferation, membrane repair, and transcriptional processes. These results suggest that
THz radiation may couple to biological macromolecules resulting in direct effects, which do not appear to be
fully attributable the temperature rise generated during exposures (i.e. conventional thermal effects).
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Department of Defense Biological Threat Responses to the 2009-2010 HIN1 Influenza Outbreak

AF/A5XP
Ms. Calli Levin

Beginning in April 2009 with the outbreak and rapid spread of the HLN1 “swine flu,” the world witnessed the
potential effects of a bioterrorist attack. While the 2009-2010 H1N1 pandemic was a naturally-occurring
disease outbreak and not a deliberate attack, the symptoms, infection rates and response mechanisms associated
with the virus could be similar to the impacts of a deliberate biological agent attack. Unlike nuclear or chemical
weapons that have clearly identifiable signatures, biological agents may be disseminated covertly, and therefore
they may not be identified immediately. The first indication of a biological event could be more numerous-than-
expected hospital visits in a particular location (e.g. a military installation), or in a group of people who were in
the same location at the same time (e.g. basic combat training). Force health protection planners will be better
positioned to respond to future biological events using experience gained during the HIN1 pandemic. It
provided the Department of Defense an opportunity to exercise disease containment planning measures and
address biological warfare response mechanisms. Seventy-five percent of HLN1 infections worldwide involved
those under 30 years of age—a significant statistic for the DoD as more than 66 percent of active duty military
personnel are within that age bracket. The H1IN1 outbreak prompted the DoD to implement a range of force
health protection measures, focusing on social distancing efforts called for in USNORTHCOM CONPLAN
3551, and on vaccination campaigns. This presentation will address the protective measures implemented by
the DoD and will present key lessons learned.
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Expanding Surge Capacity in Airborne Isolation & Worker Protection During Bioterrorism & Epidemic
Response

U.S. Public Health Service
CDC - NIOSH
CAPT Kenneth Mead

Shortages in airborne infection isolation capacity are well documented within the U.S. healthcare system.
During an airborne infectious epidemic, non-traditional healthcare environments such as field medical shelters,
social service facilities, nursing homes, and quarantine stations, could also require emergency airborne isolation
capacity. An affordable method for expedient airborne infection isolation is required to meet emergency surge
requirements. The research discussed in this presentation began as an investigation of expedient methods to
establish airborne infection isolation within conventional, non-isolation hospital rooms using portable filtration
units and common hardware supplies. The research focused enhanced scrutiny on concentration reduction and
worker protection, rather than focusing solely upon containment strategies. For the field studies, two airborne
isolation configurations were evaluated within each of four Midwestern hospitals. Results revealed the
expedient airborne isolation configurations were successful at airborne containment while also providing
significant reductions in potential worker exposures. Concentration reduction ratios were 98-99 percent or
greater, resulting in workplace protectionfactors several times greater than that assigned for N95 respirators.
Subsequent research has expanded the concepts to medical shelters and other alternative-care environments and
has begun to investigate adaptations for ambulance interiors. One application even operates off-the-grid in
austere environments. The ability to keep response workers healthy should be a paramount consideration when
managing an emergency response operation. When combined with the requirement for isolating infectious
patients to avoid further disease propagation, the findings of this research effort could have important
implications upon U.S. healthcare emergency planning policies.
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Update on Lab validation of new bioagent ID system: FilmArray
60 MDG
Maj Carlos Maldonado

In accordance with current (SGROCC #10000040) AFMS needs for advanced molecular diagnostic capabilities
against infectious disease agents, the Clinical Investigation Facility (CIF) at Travis AFB, is participating in a
multi-center, limited labora- tory validation (LLV) to assess both the utility and reliability of a new PCR
platform in a variety of military settings. ldaho Technology’s FilmArray system is a small (bread box-sized)
PCR-based instrument capable of simultaneously detecting mul- tiple biological agents from a single clinical
sample. This novel multiplex system also incorporates an initial sample purifica- tion step within the
instrument eliminating the need for other equipment and a separate facility. The system’s sample-to- answer
turnaround time is approximately 1.25 hrs, which is a significant improvement over the 3-4 hours it takes for the
currently fielded JBAIDS system. This study is sponsored by the AFMSA Research and Development
Innovations (AFMSA/ SG9) office and Idaho Technology Inc. Learning Objectives:

Objective 1. List the current force health protection requirements of different MAJCOMs.
Objective 2. Discuss how the 43T clinical R&D is working to meet those force health protection requirements.

Obijective 3. Discuss the advantages, limitations and mitigation strategies of molecular-based diagnostics.
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Next-Generation Sequencing Technology for Disease Detection

711 HPW/USAFSAM-PHT

Dr. James Baldwin

Polymerase chain reaction (PCR) is a highly efficient method of pathogen detection; however, most PCR-based
assays are unable to provide deeply multiplexed detections (25 or more). Furthermore, such tests need
foreknowledge such as primers/probes in a PCR reaction. As a consequence, PCR tests are limited to a small
number of potential known microbial targets and are not suitable for the detection of unexpected or newly
emergent pathogens. We have demonstrated that methods such as degenerate PCR may be employed to detect
larger selections of organisms, such as newly emergent threats, where exact primers are unknown. However,
with increase in scope comes a greatly increased burden on the detection technology in the form of potentially
numerous detections (deeply multiplexed) per sample. To meet the larger goal of detecting wide ranges of
organisms in a manner suitable for clinical and environmental surveillance against biological threats, future
assays will require enhanced equipment and software. The solution is next-generation sequencing technology.
These devices can read many thousands to millions of parallel sequences in a single run (sample). Furthermore,
they can produce exact sequences that are far more precise for identifying microorganisms than PCR alone.
Recent advances could allow such platforms to approach the cost envelope of conventional PCR testing.
Assays based on next-generation sequencing can provide the capability to detect rapidly emerging infections in
deployed forces. A mature test in such a platform would offer a massive boost to the pathogen identification
capabilities commonly available in the Air Force. Distribution Statement A: Approved for public release;
distribution is unlimited. Case Number: 8ABW-2011-2230, 14 Apr 2011.
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