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1.0 INTRODUCTION

Exposure monitoring and assessment is important to ensure the health and safety of
workers. In 1991 the Department of Defense (DoD), in response to health impacts of the Gulf
War, initiated a risk assessment model to monitor occupational and environmental health of
military during deployments (1). Traditionally, DoD exposure assessment of occupational and
environmental exposures has relied on air, soil, and water measurements, and self-reporting via
questionnaires (1, 2). More recently, exposure assessment monitoring approaches have
expanded to include the use of individual biomonitoring to identify important exposures (2, 3).
The goal of these changes is to develop a hazard assessment system to identify the source,
internal dose, and health consequences of exposure.

Broadly, biomarkers are defined as any reliable characteristic measured in the body that is
indicative of normal biological processes, pathogenic processes, or response to exposure and/or
therapeutic intervention (3-5). Biomarkers can be further categorized as biomarkers of exposure,
effect, or susceptibility (3-6). Biomarkers of exposure are chemicals and/or metabolites in
biofluids, such as blood, urine or saliva that are specific to the exposure (3, 6, 7). Biomarkers of
effect are biochemical, physiological, or behavioral changes associated with an exposure or a
resulting disease state (3, 6, 7). Finally, biomarkers of susceptibility are typically genetic factors
or pre-existing diseases that may impair how an individual responds to an exposure (3, 6, 7)
(Figure 1). Importantly, biomarkers of effect and susceptibility, including single nucleotide
polymorphisms or gene expression modifications, identify subclinical changes and individuals at
risk, respectively but cannot be used as direct measures of exposure (3, 6, 7).

Biomarkers of Exposure } Biomarkers of Effect ]
Chemical (direct) Bmc.h - 2
. Physiological
Metabolite :
Behavioral
,

[ Exposure H Internal Dose H Effective Dose HBiological Eﬁ“ectHAltercd FunctionHHcalth Outcome

SNPs
Gene expression

Pre-existing conditions

[Eiomarkers of Susceptibility]

Figure 1. Relationship between exposure and disease with respect to biomarker categories
SNP = single nucleotide polymorphism. Adapted from (6, 8, 9).

In order to adequately and rapidly respond to exposure incidents, it is critical that
response teams know which biological fluids to collect and which biomarkers to measure. The
scope of existing literature on biomarkers relevant to military exposures is important to
understand. In addition to literature, there are number of exposure databases publicly available
where information about chemicals, exposures, relevant biomarkers, populations, and disease
outcomes are synthesized from literature and other open sources. There also closed databases
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specific to the DoD that are commonly used to document epidemiological and health data from
military members. The goal of this report is to identify and review literature, open access
databases, and DoD databases containing chemical and exposure information and evaluate their
utility for informing biological measurements during exposure assessments.
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2.0 APPROACH

2.1 Literature Search

To understand the scope of biomarker research in the military, a search was carried out for
publications using the PubMed database (https://pubmed.ncbi.nlm.nih.gov/). Preliminary article
searches were categorized using the following search criteria: “biomarkers AND military”.
These results were further divided into seven subgroups by utilizing tertiary search criteria
(“biomarkers AND military AND cancer”, “biomarkers AND military AND heart”, “biomarkers
AND military AND brain injury”, “biomarkers AND military AND post-traumatic stress
disorder (PTSD)”, “biomarkers AND military AND mental health”, “biomarkers AND military
AND deployment”, “biomarkers AND military AND exposure”). The results of these searches
were filtered by species and only human reports were included in the analysis. Sources
considered included books and documents, clinical trials, meta-analysis reports, randomized
controlled trials, reviews, systematic reviews, and primary literature. Although the results were
treated as individual publications for this analysis, it is possible that some of the publications
may have overlapped in the subgroups (cancer, heart, brain injury, PTSD, mental health, and
deployment). This search was completed on September 14 2020.

2.2 Open Access Database Search

A search was conducted to identify open access databases containing biomarkers of
exposure that can be measured in biological fluids to inform exposure assessment response
protocols. The centers for disease control and prevention (CDC), the World Health Organization
(WHO), and the military health system were some of the resources used to identify databases.
Furthermore, some database sites also contained links to similar databases, which were also
included in the review. Database information including website and notes are represented in
Table 1.

Requirements for a database to meet the needs of the 711" Human Performance Wing
(HPW) include documentation of exposure, biomarkers of exposure, chemical information,
metabolites, biofluids used for detection, methods for measurements, physiological and/or health
effects associated with the exposure, and gene and protein targets of the exposure. After a list of
databases was compiled, the information provided from each database was noted in a
comprehensive table. Finally, to test the utility of the database, three exposures of interest were
queried: organophosphates, particulate matter, and copper. If the search term “particulate
matter” did not produce results, PM10, and PM2.5 were also used. The results from the queries
were compared to determine which, if any, database contained the complete set of information
needed.

23 Department of Defense Database Search

DoD databases were identified utilizing three strategies. First, informational interviews
were conducted with 711" HPW researchers and military personnel regarding their
recommendations of databases potentially relevant to the research question. Second, the official
website of the military health system (https://www.health.mil/) was used to find additional
information related to data sources used previously by the 711" HPW and other operationally-
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focused studies of health outcomes or exposures. This website has a reference center where fact
sheets can be found highlighting capabilities of select military related databases. Finally,
presentations at the 2018 Military Health System Research Symposium (MHSRS) led to the
discovery of the Millennium Cohort Study database.
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3.0 RESULTS

3.1 Literature Search

Based on PubMed search results, approximately 6,400 records were associated with
biomarkers and the military. Evaluating these records by year, it was identified that there was a
substantial increase in publications related to biological monitoring in the military between 1990
and 2019 (Figure 2, green bars). This was likely fueled by the paradigm shift to advancements in
biomarker assessments tools and knowledge and more individualized research efforts over the
past 30 years. On the other hand, the portion of these military biomarker publications that also
contained the key word “exposure” were limited (Figure 2, blue bars). Interestingly, the total
number of publications returned for both searches declined slightly from 2016 to 2019. The
cause for this decline is not immediately transparent. In 2020, there was a very significant
decline in publications. This search was completed on September 14" 2020, so the final number
is expected to be higher than shown, but not likely as high as in 2019.
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Figure 2. Human biomarker related studies referencing the military

PubMed search query: “biomarkers AND military” and “biomarkers AND military AND exposure”. Exposure
results are graphed on top of all military results to represent relative publication numbers. This search was
completed on September 14th 2020.

Literature search results were filtered by several additional search criteria, including
cancer, heart, brain injury, PTSD, mental health, and deployment (Figure 3). Considering each
search result as an individual source, the combined subgroup (Tier 2) publications accounted for
73.6% of the military biomarker publications. The remaining 27.4% (or approximately 1,690
publications) included hepatitis, sepsis and shock, diabetes, liver and kidney disorders, and
neurological disorders (Appendix, Table Al). Interestingly, over half (54%) of the military
biomarker publications were related to cancer. In fact, military biomarker publications related to
cancer vastly outnumber any other subgroup searched.
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Tier 1

Figure 3. Breakdown of publications by search query in PubMed

All searches included “biomarkers AND military”. The second row (Tier 2) represents subgroups differentiated by
the tertiary search term. Number in parentheses = number of publications.

The results shown in Figure 3 were plotted over time to evaluate the evolution of
biomarker research with respect to each subgroup (Figure 4). The biomarkers that were not
associated with any of the top seven subgroup search terms were labelled “military” and are
shown in grey. Publications related to biomarkers associated with cancer first appeared in 1976
and was most prevalent during most years, except for 2019. (Figure 4, blue bars). The diversity
in subgroups associated with different health outcomes increased from 1998 to present.
Publications associated with heart first appeared in 1998, brain injury first appeared in 1999,
PTSD first appeared in 2000, deployment first appeared in 2001, and metal health first appeared
in 2007.
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Figure 4. Relative military related biomarker publications by year

Military Biomarker Publication Search (# records)

Military biomarker publications are represented in gray. All other searches are subcategories of military biomarker
publications differentiated by the tertiary search term. Results are graphed in overlapping format to appreciate
relative publication number by year. This search was completed on September 14th 2020.

3.2 Open Access Databases

Extensive searches revealed ten open access databases that could be useful for biomarker
research. Databases detailed in this report include those specializing in disease inheritance
Online Mendelian Inheritance in Man (OMIM), drug interactions (DrugBank), chemical
properties (PubChem, InNCHEM, ChEBI, INCHEM), metabolomics (HMBD), exposure
(Exposome-Explorer, CDC National Biomonitoring Program), and Comparative
Toxicogenomics Database (CTD). Information regarding access to the open access databases
reviewed in this report can be found in Table 1. Additional information related to database
maintenance and updates can be found in the Appendix (Table A2).

7
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Table 1. Information Related to Open Access Databases

Database Website Notes

Human Metabolome https://hmdb.ca/ Provides metabolites associated
ps: ) .
Database (HMDB) with search term.

Useful for specific metals and
gases.

DrugBank https://www.drugbank.ca/

PubChem https://pubchem.ncbi.nlm.nih.gov/ Good for specific chemicals.

Chemical Entities of
Biological Interest https://www.ebi.ac.uk/chebi/init.do
(ChEBI)

Good for specific chemical
information.

Genetic disease database, good
for chronic diseases; can find
diseases associated with
exposure based on literature.
If biomarker is known, can
search and get reference values
in literature. Good for specific
metabolites.
Limited list of biomonitoring
https://www.cdc.gov/biomonitoring/index.html summaries. Also contains link to
chemical fact sheet.

Online Mendelian
Inheritance in Man https://omim.org/
(OMIM)

Exposome-explorer http://exposome-explorer.iarc.fr/biomarkers

CDC National
Biomonitoring Program

International Peer

Reviewed Chenpcal http://www.inchem.ore/#/search Links to comprehensive reports
Safety Information on exposures.

(InCHEM)

MEB-Labs database  http://www.eh3.uc.edu/meb/ Limited list of search terms.
Comparative

Specific tabs for exposure studies

Toxicogenomics http://ctdbase.org/ and details.

Database (CTD)

These databases collect source material from a variety of locations including the CDC,
the National Institute of Health (NIH), PubMed, the Environmental Protection Agency (EPA),
PubChem, and National Center for Biotechnology Information (NCBI) (see Appendix, Table
A2).

As expected, variable results were obtained when testing the databases by searching
exposures and chemicals of interest, including copper, organophosphates, and particulate matter
(Table 2). Of the databases reviewed, 90% (9 out of 10) contained search pages for
organophosphates and copper. However, only 35% (3.5 out of 10) contained search pages for (or

8
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related) to particulate matter. One database had a record that indirectly mentioned particulate
matter, hence a score of 0.5.

Table 2. Results from Test Queries of Databases

Query page available

Database Copper Organophosphates Particulate

Matter
HMDB yes no indirect
DrugBank yes no no
PubChem yes yes yes
ChEBI yes yes no
OMIM yes yes no
Exposome-explorer no yes no
CDC National Biomonitoring Program no yes no
INCHEM yes yes yes
MEB-Labs database yes yes no
CTD yes yes yes

Indirect indicates that the database query linked to information from another database.

Additional useful exposure resources not included in detail in this report are the
Occupational Safety and Health Administration (OSHA), National Institute for Occupational
Safety and Health (NIOSH), and American Conferences for Governmental Industrial Hygiene
(ACGIH) websites. OSHA provides enforceable permissible exposure limits that must be
adhered to in order to protect employee health. NIOSH provides recommended exposure limits
by considering all available medical, biological, chemical, and engineering information.
Additionally, NIOSH has a searchable pocket guide to chemical hazards
(https://www.cdc.gov/niosh/npg/) where chemical information, measurement methods, exposure
routes, symptoms, target organs, and both OSHA and NIOSH exposure limits can be found (10).
Finally, the ACGIH releases recommendations for threshold limit values (TLV) and biological
exposure indices (BEI) every year. TLVs are related to what a person may be exposed to day
after day without adverse health consequences. BEIs are guidance values for biological
monitoring specifically relating to concentrations of chemicals that can be detected in bodily
fluids. BEIs provide guidance about when to collect biological samples to make meaningful
measurements (7). It is important to note that both OSHA and NIOSH exposure limit
information is publicly available. However, because ACGIH is a private, non-governmental
corporation, their TLVs and BEIs must be purchased.
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3.2.1. Human Metabolome Database (HMDB)

HMDB is a metabolomics database supported by the Canadian Institute of Health
Research, Canada Foundation for Innovation, and The Metabolomics Innovation Center (11).
This database is designed to provide detailed information about small molecule metabolites
found in the body and is intended to be used for metabolomics, clinical chemistry, biomarker
discovery, and general education. This database allows the user to search by metabolites,
diseases, pathways, proteins, and reactions. If the metabolite or biomarker of interest is known,
the user is able to filter results by specific biospecimens, including blood, urine, saliva, and
sweat. It is more challenging to search by exposure in this database.

Test queries of organophosphates, particulate matter, and copper revealed variable results,
where copper was the only search term directly identified in the database (see Table 2).
Organophosphates were not found in the database, nor was the more specific query, tricresyl
phosphate. The phrase “particulate matter” was indirectly identified in the results for
levoglucosan. Interestingly, levoglucosan is produced from the burning of carbohydrates and
can be measured in urine as a biomarker for wood smoke exposure, of which particulate matter is
a large component (12).

Copper does contain a specific results page that begins with a brief description. Copper is a
natural ion in the body and is both an electron acceptor and donor which is important in
oxidation-reduction (redox) reactions. Routes of copper exposure include dermal, inhalation,
and ingestion. Important for biomonitoring applications, copper can be measured in blood,
saliva, and urine. The database divides copper concentrations into normal and abnormal bins.
There are 13 linked reports where copper was measured in adults and the overall concentration
was between 12-22 micromolar (uM). Abnormal concentrations in blood are correlated with
diseases including Wilson’s disease and neurodegenerative diseases. Interestingly, for patients
with Wilson’s disease, a disorder in which copper builds up in the body, copper levels actually
decreased in serum according to several reports.

If the metabolite of interest is known, this database is useful to obtain information on basic
physiological properties, biofluids used for measurement, and concentrations detected in
biofluids from published reports. However, the exposure utility of this database is limited as
represented by the fact that organophosphates and particulate matter did not reveal specific
results pages.

3.2.2. DrugBank

DrugBank is a freely available database developed and maintained by the Wisehart
Research Group that combines detailed drug data with drug targets (13). Drug information
includes chemical, pharmacological, pharmaceutical, and toxicological data. Drug targets
include enzymes, carriers, and transporters. While this database is not specific to exposure, it
could be used to identify biological changes that may occur due to confounding factors, such as
medications or drug interactions. When examining occupational exposure effects, it is important
to consider how medications (prescription and over the counter) may impact how the body
responds. In fact, medications and drugs may alter the levels of a biomarker of interest (14).

When the database was searched for the test queries of copper, organophosphates, and
particulate matter, only copper produced results (see Table 2). Some useful information from the
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copper query results included how copper is processed by the body. It is thought that copper is
reduced to Cul” before it is absorbed by the gut via copper transport proteins. Once secreted into
the bloodstream, copper remains bound to serum proteins until it is eliminated through bile.
DrugBank also highlighted the role of copper in redox reactions where it is important for
superoxide activity helping mitigate the presence of reactive oxygen species. Too much copper
leads to cell damage due to the production of reactive oxygen species causing cell damage, which
is thought to be its mechanism of toxicity. On the other hand, copper deficiency is also
detrimental, causing connective tissue and neurological impairment. Interestingly, copper ions
also affect fertility which is why some intrauterine devices contain copper.

Overall, this database is useful to research the effects of known medications and
supplements taken by study subjects. However, data provided from the database was incomplete
as tissue targets, half-life, and measurement details were not available, which are important for
estimating exposure. Because this database is not tailored specifically to exposure, it has limited
use for biomarker application.

3.2.3. PubChem

PubChem is a freely available database supported by the NIH Library of Medicine (15).
PubChem compiles data from over 754 data sources including government agencies,
publications, and chemical vendors. One unique feature of PubChem is the mechanism for
outside, unaffiliated labs, investigators, and companies to submit data to be included in the
database. These submissions must undergo a review process before being included.
Modifications to database records are tracked and cataloged by date allowing the user to see
when the last update occurred. Query results also include a detailed literature list. However, the
majority of the information presented by PubChem are links to other sites, which while helpful,
limits the utility of the database. If the user wishes to search chemicals, specifically, PubChem
provides details on chemical properties including weight, melting point, solubility, and physical
properties including color and odor. With respect to pharmacology and mechanisms of action,
PubChem links the user back to DrugBank.

All three search queries provided results in PubChem. Both organophosphates and
particulate matter (PM2.5 and PM10) provided results that linked to the CTD, which will be
discussed in detail below. On the other hand, PubChem provided a detailed analysis of the
chemical properties of copper along with a summary of toxicological effects, which are
important criteria for understanding how copper exposure effects the body. PubChem also
provided a table of copper associated disorders and diseases; however, this information also
came from CTD. Finally, there is very little, if any, biomonitoring information, specifically,
biofluids where copper can be measured and methods of detection. These results highlight the
fact that PubChem is not the best source for exposure related searches and that specific chemical
searches are more likely to be successful. On the other hand, PubChem does provide links to
other databases, which can be helpful if the user is not sure where to start in their search.

3.2.4. Comparative Toxicogenomics Database (CTD)

The CTD is a freely available environmental exposure database supported by the
National Institute of Environmental Health Studies (16). It is hosted by North Carolina State
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University and updated monthly. The goal of the database is to further understand how
environmental exposures affect human health. To do this, the database includes information
linking chemicals to gene/protein interactions and disease development. The chemical-disease
and gene-disease links include both curated and inferred associations. Curated disease
associations are established by both the CTD and the OMIM database. Inferred associations are
established by assuming that if a chemical has a known interaction with a gene and the gene has
a known association with a disease that the chemical is associated with the disease. This
comprehensive database also includes detailed references.

In the CTD, the user is able to perform a general search or specifically search by
chemical, disease, gene, organism, pathway, and anatomy. The results summary page provides a
list of the top interacting genes and distributes information in a series of tabs (Figure 5).

ConTacT us

‘G,I ctd Numingting how chemicals affect humsan heslth

Comparative Toxicogenomics Database

oo | soaen ~ | oaa ~ | oownasa — omosasos [ bp - |

O Particulate Matter

Chemis [Name, cAS RN, 1D |[ searcn | *

| Basics | Gene Interactions | Genesl Diseases | Phenotypes | Comps | Palhwaysl [=:] | P Studies | P Details | References |

Name ? Particulate Matter
Equivalent Terms ? Airborne Particulate Matter | Air Pollutants, Particulate | Ambient Particulate Matter | Particles, Ultrafine | Particulate Air
Pollutants | Particulate Matter, Airborne | Particulate Matter, Ambient | Particulate Matter, Ultrafine | Ultrafine Fibers |
Ultrafine Particles | Ultrafine Particulate Matter
CTD-Curated Synonyms ?* PM10 | PM2.5
Definition * Particles of any solid substance, generally under 20 microns in size, often noted as PM30. There is special concern with PM1
which can get down to PULMONARY ALVEOLI and induce MACROPHAGE ACTIVATION and PHAGOCYTOSIS leading to
FOREIGN BODY REACTION and LUNG DISEASES.
Top Interacting
Genes ?

ILs

TNF

Interactions

MeSH® ID » D052638
External Links puhchem »
D052638

Figure 5. Representative results page from CTD query of “particulate matter” (16)

The “gene interactions” tab reveals a table of genes that the search term is documented to
interact with along with whether the gene is increased or decreased due to the interacting
chemical (Figure 6). These data are useful for identifying potential genetic markers of exposure.
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inating how chemicals affect human hesalth.

Comparative Toxicogenomics Database

e e e e I

O Particulate Matter

Chemicals W | | Narme

RN. 1D |[ searcn | #

[ Basics |".Gene Inleraclions\'l".l:enes |".Disease5 |".P||en0l\fPEE "|".Comps |".Pathways |"IGD | p studies | Details |".Reference5 ]

1-50 of 24,860 results.

[MFirst [ 4 previous| 1[2]3]4]5] 6] 7] 8]® Next [MLast|
Interacting.  Interacting
Chemical Gene Interaction References  Organisms
1. Particulate A2M [air Pollutants results in increased abundance of Particulate Matter] which results in 1 1
Matter increased exprassion of AZM mRNA
2. Tobacco AZM Tobacco Smoke Pollution affects the expression of A2M protein 1 1
Smoke
Pallution
3. Tobacco AZM Tobacco Smoke Pollution results in decreased expression of A2ZM mRNA 1 1
Smoke
Pallution
4. Tobacco AZM Tobacco Smoke Pollution results in increased exprassion of A2M protein 1 1
Smoke
Pallution
5. Tobacco AZML1 [AGER gene results in increased susceptibility to Tobacco Smoke Pollution] which results 1 1
Smoke in increased expression of AZML1 mRNA
Pallution
6. Tobacco AZML1 Tobacco Smoke Pollution affects the expression of A2ML1 protein 1 1
Smoke
Pallution
7. Tobacco AZML1 Tobacco Smoke Pollution results in increased expression of AZMLL mRNA 2 2
Smoke
Pallution
8. Tobacco AZML1 Tobacco Smoke Pollution results in increased methylation of A2ML1 intron 1 1
Smoke
Pallution
9. Particulate  A4GALT Particulate Matter results in increased expression of A4GALT mRNA 1 1
Matter
10. Smoke A4GALT Smoke results in decreased expression of A4GALT mRNA 1 1
11. Tobacco A4GALT Tobacco Smoke Pollution affects the expression of A4GALT protein 1 1
Smoke
Pallution
12, Soot A4GNT Soot results in increased expression of A4GNT mRNA 1 1
13. Particulate AACS [air Pollutants results in increased abundance of Particulate Matter] which results in 1 1
Matter decreased expression of AACS mRNA

Figure 6. Representative table from “Gene Interactions” tab of CTD results from search
term “particulate matter” (16)

The “Phenotypes” tab produces a table of phenotypes associated with the chemicals listed
in the chemical column (Figure 7). This table includes targeted anatomy as well as the species
associated with the phenotype making it easy to look for human related affects.
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ting how chemicals affect human health.

€ ctd wm
Comparative Toxicogenomics Database

comcn + | ooy~ oo~ | comerstvs g -] ]

O Particulate Matter

| Basics | Gene Interactions || Genes | Diseases |".P||enul\r|!es \'l' Comps | Pathways | GO | Exp ies | Exp Details i References |

1-50 of 2,701 results.

[MFirst[ 4 previous| 1][2]3[4]5] 6] 7] 8™ Next [MLast]
Co-
Mentioned Inference
Chemical- Phenotype Terms Interaction Organisms.  Anatomy Network References
1. Coal Ash  reactive oxygen MTHFR [MTHFR polymeorphism affects the 1 Hama Lymphocytes 1
species biosynthetic susceptibility to Coal Ash] which affects =~ =P*®™
process reactive oxygen species biosynthetic
process
2 Coal Ash DMA damage MTHFR [MTHFR polymeorphism affects the 1 Hama Lymphocytes 1 gene: PagP1 1
response, detection of susceptibility to Coal Ash] which affects =~ =P*™
DMA damage DMA damage response, detection of DNA
damage
3. Coal Ash DMNA damage GETTL [GSTT1 polymorphism affects the 1 Hama Lymphocytes 1 gene: PaRRL 1
response, detection of susceptibility to Coal Ash] which affects =~ =%F"="*
DMA damage DMA damage response, detection of DNA
damage
4. Coal Ash  positive regulation of Simvastatin  Simvastatin promotes the reaction [Coal — 1: Heme g:nrall gt*lilm @ 4 genes: IMNG 1
protein import into Ash results in increased positive regulation *F'*"™ Line, Tumor 116 | PRKCQ | TGFBS
nucleus of protein import into nucleus]
5. Coal Ash  positive regulation of NFE2LZ|  Simvastatin promotes the reaction [[Coal = 1: Home Neural Stem (0 genes: (NG 1
protein import into Simvastatin - ach results in increased positive regulation =P Efq!s H:;I:Ir ILG | PRKEQ | TGFEL
nucleus of protein import inte nucleus] which
affects the localization of NFE2L2 protein]
6. Coal Ash positive regulation of Simvastatin  Simvastatin inhibits the reaction [Coal Ash ; *:‘;3:’:0 g:ﬁs"all g:ﬁm @ 3 genes: cre 1
superoxide anion rasults in increased positive regulation of = Line, Tumar  CXCLt | TeFBL
generation superoxide anion generation]
7. Coal Ash  positive regulation of Simvastatin - Simyastatin inhibits the reaction [Coal Ash 1: -‘7"5:'0 genrill gtlelm 1
apoptotic process results in increased positive regulation of =77 e Tumor
apoptotic process]
8. Coal Ash  positive regulation of Simvastatin - Simyastatin inhibits the reaction [Coal Ash 1: Heme Neural Stem 1
sapiens Cells | Cell

cellular senescence rasults in increased positive regulation of

Line, Tumaor
cellular senescence]

Figure 7. Representative table under “Phenotype” tab of CTD results from search term
“particulate matter” (16)

Finally, under the “Exposure Details” tab, a table is generated that breaks down each
reference by exposure stressor, receptors (or study population), measurement medium, exposure
marker, and disease implications (Figure 8). These results can be expanded and narrowed based
on the check boxes above the table. All of the tables generated by CTD allow the user to sort the
data in each column in order to focus on a specific area of interest. Unfortunately, sorting on the
website can be tedious so CTD also allows the user to export all tables to excel which makes
sorting data and finding key terms of interest much easier.
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These are exposure details associated with the chemical and all of its children.

Specify Report Fields

1-50 of 12,871 results.

[MFirst [ 4 previous| 1]2]3]4[5] 6] 78 [P Next [P Last]
Number
Exposure of
Reference  Stressor  Receptors Receptors
1. Peng C, etal.  Air Pollutants 551 Controls for
(2018} dizease: Diabetes
Mellitus
2. Schildcrout JS, Air Pollutants 119 Children
et al. (2008).
3. Chen G, et al.  Air Pollutants 1,364 Children
(2018},
4. Pirani M, et al.  Air Pollutants
(2015).
5. Lépez- Air Pollutants
villarrubia E,
etal. (2010).
5. Bentayeb M, =t Air Pollutants 20,327 Study subjects
al, (2015).
7. Lépez- Air Pollutants
villarrubia E,
et al. (2010).
8. Evans KA, et Air Pollutants 362 Subjects with
al. (2017). disease:ST
Elevation
Myccardial
Infarction
8. Schildcrout 35, Air Pollutants 128 Children

et zl. (2008).

Receptor
Notes
nondiabetics

al
participants
(124 ASD
cazes and
1240
contrals)

entire cohort

Medium

air, ambient

air, ambient

air, ambient

air, ambient

air, ambient

air, ambient

Exposure
Marker

Farticulate

Matter

Particulate
Matter
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Matter

Soot
Farticulate
Matter

Farticulate
Matter

Particulate
Matter

Smaoke

Farticulate
Matter

Marker
Level

12.02
micrograms
per cubic
mater
37.8
micrograms
per cubic
meter
56.2
micrograms
per cubic
meter

7.6 particle
number
count per
1000 cubic
centimeters

25
micrograms
per cubic
meter

37.7
micrograms
per cubic
mater

0.06
micrograms
per cubic
meter

14
micrograms
per cubic
meter

Measurement

Statistic

75th percentile

50th percentile

median

75th percentile

mean

mean

median

10th percentile

Details I| (References |

Assay

Notes
28-day United States
moving
averags

Canada

estimated China
PM10O
exposurs for
al
participants
(cases and
controls)
during first 3
years of life
United Kingdom

Particulats Spain
Matter == 2.5
micrans in
diamater
FM10 annual  France
mean
exposure at
baseline
(1589)
Particulats Spain
Matter <= 10
microns in
diamater
Delta-C {wood United States
smoke], whole
year hourly
pollutant
concentration
United States

Country

Figure 8. Representative table under the “Exposure Details” tab of CTD results from the
search term “particulate matter” (16)

One feature that CTD offers is the ability to perform analyses within the database
comparing multiple genes, phenotypes, chemicals, diseases, and pathways. There are five
analysis tools provided by the database (Figure 9).
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@ ] [T (e ]
Comparative Toxicogenomics Database
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Analysis Tools

@ Batch Query
Download custom data associated with a set of chemicals, diseases, genes, Gene Ontology terms, pathways, or
references.

€ Set Analyzer
Perform analyses such as set-based enrichment for collections of chemicals or genes, and pathway generation for
collections of genes.

& MyGenevenn
Compare your gene list to genes associated with up to two chemicals or diseases.

& MyVenn
View relationships among your lists of CTD chemicals, diseases, genes, GO terms or pathways, or any other data.

O VennViewer
Compare associated data sets for up to three chemicals, diseases, or genes.

Figure 9. Analysis tools available in CTD (16)

Of particular interest is the VennViewer where the user can identify common genes,
phenotypes, diseases and pathways that are in common and separate from several different
queries of interest (chemicals, genes, phenotypes, diseases). For example, when the chemical
inquiries “PM2.5, copper, and carbon monoxide” are used, Venn diagrams can be generated
showing overlapping and independent diseases, pathways, phenotypes and gene ontology terms
(Figure 10). This is especially useful when investigating exposures with complex mixtures.
Each section of the diagram links to a list of pathways, diseases, phenotypes, or related gene
ontology terms, which are then linked to information pages about the selected item. This
provides a targeted investigation list for both individual exposures and multiple exposures at the
same time. Finally, these Venn diagrams can also be generated using gene expression changes.
The data can be grouped by any change, genes that are increased and genes that are decreased.
This information is helpful for identifying genetic changes associated with exposure. As
mentioned earlier, specific information pages are linked and provide valuable data and resources.
In this instance, carbon monoxide was used as a related exposure of interest to demonstrate the
utility of VennViewer in addition to PM2.5 and copper. Of the six curated diseases associated
with PM2.5, copper, and carbon monoxide, heart failure is listed and links to a CTD with all of
the tabs described above.
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Curated diseases

Particulate Matter (1360) Copper (1045)

Particulate Matter (179) Copper (132)

Carbon Monoxide (152)
Carbon Monoxide (40)

Curated phenotypes Enriched GO terms (Biological Process)

Copper (3275)

Particulate Matter (362) Copper (135)  Particulate Matter (4284)

5
S

Carbon Monoxide (33) Carbon Monoxide (1205)

Comparative Toxicogenotics Database, 2020 Aug 19.

Figure 10. Representative Venn diagrams utilizing the CTD database

Overall, the CTD is quite useful for biomarker research because of the comprehensive
nature. Not only can the user identify diseases associated with exposures of interest, but also
genes, markers, and phenotypes to be aware of. This database is a particularly good resource for
narrowing down potential genetic and biological markers of exposure and resulting disease
development.

3.2.5. Chemical Entities of Biological Interest

Chemical Entities of Biological Interest (ChEBI) is a freely available database of small
chemical compounds both naturally produced and synthetic (17). ChEBI compiles data from
several sources including the integrated relational enzyme database, ChEMBL, and the Protein
Data Bank in Europe (PDBeChem). ChEBI provides chemical information for search terms
including formula, mass, registry numbers, and references, if any, to chemical-gene and
chemical-protein interactions. Unfortunately, this database is not designed to include genes,
nucleic acids, proteins, and/or peptides, limiting the utility of this database for biomarker related
inquiries. Because the database is chemical specific, the search query “particulate matter” did
not provide any results. The search term “organophosphate AND pesticide” revealed 30
resulting pages, including one for “organophosphate insecticides” while “copper” had the most
results (63 entries) corresponding to different copper containing chemical compounds. These
results pages mainly contained chemical information and no data on exposure or disease
implications.
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3.2.6. Online Mendelian Inheritance in Man (OMIM)

OMIM is a publicly available, continuously updated database curated by the McKusick-
Nathans Institute of Genetic Medicine and The Johns Hopkins University School of Medicine
(18). Data included in OMIM is gathered from peer-reviewed biomedical publications focused
on the relationship between genotype variation and phenotype. Specifically, OMIM catalogs
genes and gene mutations that are associated, either directly or indirectly, with a phenotype or
disease. A search query includes a list of gene or gene mutation hits that include the search
terms. The result hit links to a page with a detailed literature review of the gene/phenotype
relationship from basic science studies to clinical trials. For example, when the term
“organophosphate poisoning” was searched, the only hit was for Paraoxonasel (PON1). Under
the results page, a PON1 autosomal dominant mutation was identified as conferring
susceptibility to organophosphate poisoning. The review includes gene structure, function, and
mapping, a molecular genetics overview, genotype/phenotype analysis, and animal models. This
database may be useful for identifying biomarkers of susceptibility. In fact, the OMIM results
for “organophosphate poisoning” indicate that changes in plasma PON1 are associated with
phenotype development. However, with respect to exposure, this database is limited to those
genes and gene mutations that are associated with a phenotype not necessarily due to an
exposure.

3.2.7. Exposome-explorer

Exposome-explorer is a database developed by the International Agency for Research on
Cancer in collaboration with the University of Alberta in Canada released in 2016 and last
updated in September of 2019 (19, 20). This database is freely available and provides an
analysis of known biomarkers of exposure to dietary factors and environmental contaminants
from published literature. Search query results include general tabs for chemical data,
publications, biomarker data, and exposure data. Chemical data contains compound structure,
Chemical Abstracts Service (CAS) number, description, and molecular weight. Importantly, the
biomarker data section includes a summary table from published studies of biospecimens,
biomarkers, and concentrations along with a link to the reference. Additionally, associations
with exposure and cancer are also listed. Finally, the section on exposure data displays known
correlations with the exposure in specific populations and associations of the exposure with
biomarkers. Unfortunately, this database is not comprehensive. According to database statistics,
only 811 publications have been evaluated identifying 907 biomarkers. Based solely on the
“biomarker AND military” PubMed search, over 6,400 results were displayed, indicating that
this database only scratches the surface of published literature.

There are a few benefits of the Exposome-Explorer database. Under the biomarker data tab
is a list of all of the biomarkers in the database and the number of publications associated with
the biomarker. The user can also look at biomarkers correlated with exposures where the
biospecimen, correlation type, intake (or exposure), and population are listed. Finally, under the
classifications tab, the user can select specific categories including biospecimens, analytical
methods, and cohorts. For example, under biospecimens category, a list is generated showing the
specific biospecimen (e.g. blood, urine, plasma, hair, nails.) along with the number of
biospecimen subtypes or collection time. The biospecimen name is linked to a table of the
biomarkers measurable in the biospecimen of interest, the concentration, normalization method,
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and publication. It may be useful to search biospecimen categories to investigate whether the
biomarker of interested can be measured in the specific biospecimen. However, the utility for
military exposure biomarkers is limited.

3.2.8. CDC National Biomonitoring Program

The CDC National Biomonitoring Program provides an assessment of exposures to the
U.S. population. The website provides links to a list of 25 chemical factsheets and 93
biomonitoring summaries. The biomonitoring summary contains a brief literature review on
general chemical information, exposure routes, physiological effects, metabolism of chemicals,
and biomonitoring applications including biofluids used for exposure evaluation and references.
Unfortunately, the list of summaries is limited, making this database useful if the user knows
what compound to target and if the compound happens to be cataloged in the program. Of the
test queries utilized in this review, the biomonitoring program only had a chemical factsheet for
organophosphorus insecticides, specifically dialkyl phosphate. Included in the factsheet are
common exposure routes, health effects, and links to the EPA and NIOSH. The biomonitoring
summary provided a more detailed literature review of dialkyl phosphate, including a list of
metabolites of exposure that can be measured in urine. Overall, this database has limited utility
for biomarker application work. This is especially true given the fact that the page has not been
reviewed since April 7, 2017 and the limited list of chemicals included.

3.2.9. International Peer Reviewed Chemical Safety Information (INCHEM)

INCHEM is an international initiative to consolidate current, internationally peer-
reviewed chemical safety-related publications and database records from international bodies, for
public access. In collaboration with the WHO and the Canadian Center for Occupational Health
and Safety (CCOHS), INCHEM provides rapid electronic access to full-text documents on
chemical risks and safety. Search results provide a list of full-text reports associated with the
search term (Figure 11). Reports contain a comprehensive review of chemical information
including chemical properties, analytical methods, sources of human environmental exposure,
effects of exposure in animals and humans, and evaluation of health risks. Importantly,
INCHEM reports contain information on routes of exposure, summaries of toxicity, and effects
of repeated and long-term exposure. Because the results are reports, the information can be
difficult to sort through to find items of interest.

Additionally, the reports are not necessarily specific to the search term. When “PM2.5”
was used as the search term, reports on diesel exhaust, copper, and manganese were some of the
relevant results (Figure 11). These results make sense, as these exposures can be present in
particulate matter; however, a summary report dedicated to particulate matter in general was not
found. Additionally, while these reports are relatively comprehensive with respect to chemical
properties, they do not provide information on gene and protein targets of exposures, which are
important considerations when investigating biomarkers of exposure.
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Figure 11. Representative INCHEM search results
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3.2.10. Measuring Environmental Biomarkers-Laboratories (MEB-Labs Database)

The MEB-Labs database is publicly available developed by the Integrative Health Sciences
Core at the University of Cincinnati. The database contains information on measurable chemical
biomarkers, analytical techniques, limits of detection and references. The user is able to search
by analyte (13 classes), a list of chemicals, and a list of laboratories. The database is limited in
scope because only a fraction of literature (96 publications) and chemicals/biomarkers (160 total)
are included. Search queries provide a table of related biomarkers, labs where the analysis is
performed, the sample used for measurement, and the limits of detection (Figure 12). This
database is useful to identify biofluids that may be used for detection as well as the labs that
perform the work so follow up research may be completed to identify methods of detection.
Unfortunately, due to the limited list of analytes and chemicals, there are substantial gaps in the
database. For example, when using the analyte class “metals” to generate a list of results, copper
is not included in the list. Unfortunately, during final editing of this report, it appears that this
database has been suspended. Attempts to select a search category resulted in a server error.
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ANALYTES \ Excel || Plain Text H Print \ Start Over H Refine Query
o Jump to: Summary Analytes i
Sample . . .

Name of lab Class of analytes Name of analyte Analyze sourc Limits of detection

CDC Environmental Lab ~ Organophosphate  2-(Diethylamino)-6- Yes Urine  Urine: 0.2
Pesticides methylpyrimidin-4-ol/one

CDC Environmental Lab ~ Organophosphate  2-lsopropyl-4-methyl-6- Yes Urine  Urine: 0.7
Pesticides hydroxypyrimidine

CDC Environmental Lab Org;npphosphate 3,5,6-Trichloro-2-pyridinol Yes Urine Urine: 0.4
Pesticides

CDC Environmental Lab ~ Organophosphate  3-Chloro-7-hydroxy-4-methyl-2H- -y g Urine  Urine: 0.2
Pesticides chromen-2-one/ol

CDC Environmental Lab Org;npphosphate Diethyldithiophosphate Yes Urine Urine: 0.1
Pesticides

CDC Environmental Lab Org;npphosphate Diethylphosphate Yes Urine Urine: 0.2
Pesticides

CDC Environmental Lab Orgqnpphosphate Diethylthiophosphate Yes Urine Urine: 0.1
Pesticides

CDC Environmental Lab Orgqnpphosphate Dimethyldithiophosphate Yes Urine Urine: 0.1
Pesticides

CDC Environmental Lab Orgqnpphosphate Dimethylphosphate Yes Urine Urine: 0.5
Pesticides

CDC Environmental Lab Orgqnpphosphate Dimethylthiophosphate Yes Urine Urine: 0.4
Pesticides

CDC Environmental Lab Orgqnpphosphate Malathion Dicarboxylic Acid No
Pesticides

CDC Environmental Lab Orgqn?phosphate Para-Nitrophenol Yes Urine Urine: 0.1
Pesticides

National Exposure Organophosphate 2-(Diethylamino)-6- No

Research Laboratory Pesticides methylpyrimidin-4-ol/one

National Exposure Organophosphate 2-Isopropyl-4-methyl-6- No

Research Laboratory Pesticides hydroxypyrimidine

National Exposure Organophosphate T s . Urine: 10ppb by ELISA in urine,

Research Laboratory Pesticides 3,,6-Trichloro-2-pyridinol Yes Urine food, dust and soil

National Exposure Organophosphate 3-Chloro-7-hydroxy-4-methyl-2H- No

Research Laboratory Pesticides chromen-2-one/ol

National Exposure Organophosphate . s

Research Laboratory Pesticides Diethyldithiophosphate No

National Exposure Organophosphate .

Research Laboratory Pesticides DS [p Ui g

National Exposure Organophosphate . -

Racaarrh | ahnrataru Dactiridac D1ethylthlophosphate No

Figure 12. List of results from MEB-Labs when searching the analyte class
“organophosphate pesticides”

3.3 Department of Defense Databases

In addition to open access databases, there are also several databases that are specific to the
DoD. These databases are commonly used to document epidemiological and health data from
military members. These databases are not publicly available and some require rigorous steps to
obtain access. A list of the databases with access requirements are shown in (Table 3).
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Table 3. Information Related to DoD Databases and Studies

Database/Study Website Access

DOEHRS https://doehrs-ih.csd.disa.mil/ Requ?sted through
website

) . . 3-5 page outline, then

MCS https://www.millenniumcohort.org/about
10-15 page proposal
PDF of book (2015)

AFHS ISBN 978-0-309-33914-8 freely accessible.

To access data — Letter
of Intent, then proposal

DoD-CCR https://www.jpc.capmed.mil/education/dodccrs/index.asp unknown
https://health.mil/Military-Health-Topics/Combat-
ESSENCE Support/Armed-Forces-Health-Surveillance- unknown

Branch/Integrated-Biosurveillance/ESSENCE

https://www.health.mil/Reference-Center/Fact- CAC authentication

Sheets/2020/09/02/ASIMS required. Must request
account.

ASIMS

CAC — Common Access Card

A summary of DoD database purpose and content is shown in Table 4. Descriptions are
also included in the following sections.
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Table 4. Summary of DoD Databases and Studies

Database Name

Purpose

Variables/Content

Defense Occupational
and Environmental

To manage documentation of
threats with completed pathways

Industrial hygiene assessment, acceptable level
(Y/N), start date, exposure rating, health effect

evaluate the impact of military
exposures, including
deployment, on long-term health
outcomes

Health Reporting of exposure; unclassified rating, hazard name

System (DOEHRS)

21)

Air Force Health Compare health effects in Personnel/partners/kids medical records,

Study (Ranch Hand) [Vietnam veterans exposed or not |physical exams (medical tests, clinical

(AFHS) (23) to herbicides (Agent Orange) endpoints), serum samples, education, income,
fertility/marital status, lifestyle behaviors,
toxic substances exposure, herbicide exposure,
military experience

Millennium Cohort Prospective epidemiological General health, health behaviors, physical

Study (MCS) research post-Gulf War to symptoms, diagnosis, pregnancy/infertility,

out/in patient visits, alternative medicine/other
facility use, vaccines, potential exposures
(combat, injuries, burn pit,
chemical/pesticide/uranium, assault, etc.),
military life, employment, education,
homelessness, anger, stress events

Automated Central

Current cancer registry system in

name, Social Security Number, phone

Notification of
Community-based
Epidemics
(ESSENCE) (25)

detect trends of public health
interest; Allow DHA
epidemiologists and public
health officers to obtain medical
situational awareness and
investigate reportable disease
events

Tumor Registry use in the Department of numbers, age, addresses, emails, medical

(ACTUR) / DoD Defense to track cancer and record numbers, race, and date of birth are

Consolidated Cancer |tumor development; part of the [collected; collected about DoD Service

Registry System Defense Enrollment Eligibility |members (active or retired) and their

(CCR) System (DEERS) dependents; oncology data (specifics
unknown)

Electronic Monitor worldwide DoD Patient visit data: arrival time, facility, illness

Surveillance System [outpatient health care data for  |category, chief complaint, triage notes, tests

for the Early certain medical syndromes to ordered, age, zip code, sex, medical record#,

system identification, International
Classification of Disease (ICD)-10 codes

Aeromedical Services
Information
Management System
(ASIMS) (26)

Installation wide system for unit
commanders to access their
Airmen’s medical readiness
requirements (AFI 10-250).
Allow data sharing between
personnel and medical readiness
information systems.

Immunization records, health assessments
(baseline, pre deployment, post deployment),
medical clearances, occupation health, fitness
limitations, pre and post deployment medical
processing. Interfaces with 19 systems.

DoD — Department of Defense, DHA — Defense Health Agency, ICD — International Classification of
Disease. AFI — Air Force Instruction
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3.3.1. Defense Occupational and Environmental Health Reporting System (DOEHRS)

The DOEHRS is a product of the Defense Health Agency (DHA) and is managed by the
Defense Health Service System (DHSS) (Table 4). According to the DOEHRS Factsheet, this
database is designed to be an individual, longitudinal exposure record for military members and
includes workplace practices, environmental surveillance and public health information, and
environmental exposure registries (21). Some of the information tracked by the database include
biological, chemical and physical health hazards. The database is updated regularly. However, it
does not link exposures with measurable biomarkers. Biomarker and biomonitoring information
would be a useful update for this database.

3.3.2. Air Force Health Study (AFHS)

The AFHS is a longitudinal investigation (1982 — 2006) following a cohort of military
personnel exposed to the herbicide, Agent Orange, in southern Vietnam (Table 4) (22). While
not a database, this study used questionnaires to document the long-term health consequences of
exposure to Agent Orange including medical history, marital and fertility information, toxic
substances exposure, and other lifestyle behaviors. Biospecimens, including urine, semen, and
blood, were collected over 6 study visits during the period of performance. These samples are
now banked and can be utilized for further studies on biomarkers of exposure and effect (23).

3.3.3. Millennium Cohort Study (MCS)

The MCS is a prospective study designed to follow a large group of military members over
a long period of time (Table 4). Enrollment in this study began in 2001 and has continued up
through 2019 with over 200,000 participants enrolled. The study utilizes surveys to collect a
wide array of data including medical history, in/out patient visits, deployments, education, and
potential exposures. This study targets military personnel that may have served in Iraq and
Afghanistan (24). The data collected in this study can help link exposures with long-term health
effects helping identify biomarkers of effect that may be monitored. Some of the targeted long-
term effects include chronic pain, obesity, and reproductive health.

3.3.4. DoD Consolidated Cancer Registry System (CCR)

The DoD CCR was created through the Deputy Assistant Director for Medical Affairs to
collect and document data regarding tumor and cancer development in military members (Table
4). The DoD CCR works in collaboration with the Automated Central Tumor Registry
(ACTUR) to monitor and track cancer data for all DoD beneficiaries. If this registry also
contains information regarding potential exposures experienced while active in the military, then
cancer development may be linked with exposure and thus biomarkers could be utilized to
monitor cancer risk and progression.

3.3.5. Electronic Surveillance System for Early Notification of Community-based
Epidemics (ESSENCE)

Developed in 2004, this program is designed to increase Military Health System (MHS)
monitoring capability for detection of health threats that may impact force health readiness (25)
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(Table 4). This system utilizes the same software as the CDC allowing collaboration with
civilian counterparts during outbreaks. ESSENCE monitors the direct care of the MHS
population by analyzing DoD healthcare data continuously. The database also allows queries by
disease, reported medical event, and injury categories. Important for biomarker discovery, this
database provides longitudinal health monitoring allowing for the identification of potential
chronic health effects.

3.3.6. Aeromedical Services Information Management System (ASIMS)

ASIMS is a web-based system utilized by Active Duty AF to track medical readiness and
health data including immunizations, health assessments, both pre and post deployment, and
medical clearance records (26) (Table 4). This system tracks National Defense Authorization
Act and DoD mandated health requirements for AF members along with occupational health
assessments. Included in the records are fitness, duty, and mobility restrictions, which can be
important confounding factors for biomarker detection. Importantly, ASIMS interfaces with 19
other databases simplifying data retrieval. Furthermore, health information collected before and
after deployment can help pinpoint occupational exposures that may have occurred during
deployment.
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4.0 CONCLUSION

The goal of this report was to review open access and DoD databases to determine their
utility for informing biological measurements during exposure assessments. Ten open access
databases were evaluated and tested for utility using three military exposures of interest: copper,
particulate matter, and organophosphates. Most of the databases did not contain extensive data
on military-relevant exposures. The CTR provided the most comprehensive and useful results by
documenting biological specimens collected, concentrations of chemicals and markers in
samples, and citations for corresponding literature. The CTD is one of the only databases to
allow comparisons of several different exposures to identify independent and overlapping genes,
phenotypes, and diseases. Six Department of Defense databases were evaluated, and results
found that these databases provide information related to individual warfighter health and
exposure but do not adequately identify measurable biomarkers and methods for detection that
can be applied in exposure assessments.

Based on our analysis, none of the databases evaluated can be used as a single reference to
inform biomarker assessment for exposure assessments in the military. Therefore, either a new
database is needed or existing databases need to be updated. An ideal database for biomarker
assessment of exposure would include information about routes of exposure, relevant
concentrations and durations of exposure, metabolites, biofluids where metabolites can be
detected, half-life and stability of metabolites in each fluid, methods of detection, as well as
references to studies where data was generated with details about the study, including population
demographics and size. These data would be available for military-specific exposures, including
jet fuel, firing range emissions, hypoxia, g-force, impulse noise, and exposures encountered
during deployment. This database would automatically import information from open access
databases and would be straightforward to populate with new data. Since much of the data
would be drawn from military studies, it would ideal if it were secure with access extended to
DoD employees and DoD contractors.
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APPENDIX

Table Al. Subjects Related to 1,690 Publications Not Included in Literature Analysis

Tertiary Search Term | Publications
hepatitis 126
sepsis/shock 109
diabetes 103
liver 88
wound 82
syndromes 81
kidney 80
pregnancy 68
TNF-a 58
allergy 51
tumor 40
diet 27
eye 24
Alzheimer’s 23
heat/heat stress 17
schizophrenia 17
Parkinson’s 9
COVID-19 6

PubMed query biomarker AND military AND tertiary search term.
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Table A2. Updates and Linked Sources of Open Access Databases

Update Frequency .
Database (accessed 15 SEPT 2020) Updated by Linked/Source Databases
Approx. every 3 years. V1 i<ch h h
HMDB  12006. V2 2009. V3 2012. V4 Wisehart Researc KEGG, PubChem, MetaCyc, ChE
’ ) Oi ] ’ Group BI, PDB, UniProt, and GenBank
Daily. Downloads rele.ase‘d Wisehart Research Under Help tab, list of other
DrugBank quarterly. Latest version: Grou databases
5.1.7 updated 07-02-2020 p
Investigators
PubChem nightly submissions that Over 500 data sources
undergo a review
process
ChEBI thl ELIXIR Core Data IntEnz KEGG COMPOUND,
fOmHY Resource PDBeChem, ChEMBL
Investigators
submissions that External links tab under “help”
OMIM monthly undergo a review links to 57 sources/databases
process
Exposome- Every fgw years. V1.0 W45 | International Agency | Under the “about” tab there is a
released in 2017 and V2.0 in . w "
explorer 2019 for Research on Cancer link to “other databases
CDC National | Infrequent. Last update for
Biomonitoring| chemical factsheets is 07 CDC CDC, NIOSH, EPA
Program APR 2017
Undefined — likely based on 13 data sources listed under
INCHEM source databases IFCS, CCOHS “About INCHEM?” link
MEB- At least yearly, copyright on H];) Sttel?e %ﬂi?eils?:alg;d CDC, National Exposure Research
Labs database site is 2020 y Cincinnati y Laboratory, etc.

CTD

At least once a month, last
update 02 SEPT 2020

CTD staff at NC State
University

BioGRID, ChemIDplus®’ cell
ontology, gene ontology, KEGG,

MeSH" NCBI Gene, NCBI

Taxonomy, PubMed"” Reactome,
Uberon

KEGG - Kyoto Encyclopedia of Genes and Genomes, ChEBI — Chemical Entities of Biological Interest, PDBe — Protein Data
Bank in Europe, CDC — Centers for Disease Control and Prevention, NIOSH — National Institute for Occupational Safety and
Health, EPA — Environmental Protection Agency, IFCS — Intergovernmental Program on Chemical Safety, CCOHS — Canadian
Center for Occupational Health and Safety, BioGRID — Biological General Repository for Interaction Datasets, MeSH — Medical
Subject Headings, NCBI — National Center for Biotechnology Information.
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ABBREVIATIONS

uM

711th HPW
ACGIH
ACTUR
AFHS
AFI
ASIMS
BEI
BioGRID
CAC
CAS
CCOHS
CCR
CDC
ChEBI
CTD
DEERS
DHA
DHSS
DoD
DOEHRS
EPA
ESSENCE

HMDB
ICD

IFCS
InCHEM
KEGG
MCS
MEB-Labs
MeSH

micromolar

711th Human Performance Wing

American Conference for Governmental Industrial Hygienists
Automated Central Tumor Registry

Air Force Health Study

Air Force Instruction

Aeromedical Services Information Management System
Biological Exposure Index

Biological General Repository for Interaction Datasets
Common Access Card

Chemical Abstracts Service

Canadian Center for Occupational Health and Safety
Consolidated Cancer Registry System

Centers for Disease Control and Prevention

Chemical Entities of Biological Interest

Comparative Toxicogenomics Database

Defense Enrollment Eligibility System

Defense Health Agency

Defense Health Service System

Department of Defense

Defense Occupational and Environmental Health Readiness System
Environmental Protection Agency

Electronic Surveillance System for Early Notification of Community-
based Epidemics

Human Metabolome Database

International Classification of Disease

Intergovernmental Program on Chemical Safety
International Peer Reviewed Chemical Safety Information
Kyoto Encyclopedia of Genes and Genomes

Millennium Cohort Study

Measuring Environmental Biomarkers-Laboratories

Medical Subject Headings
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MHS Military Health System

MHSRS Military Health System Research Symposium
NCBI National Center for Biotechnology Information
NIH National Institute of Health
NIOSH National Institute for Occupational Safety and Health
OMIM Online Mendelian Inheritance in Man
OSHA Occupational Safety and Health Administration
PDBeChem Protein Data Bank in Europe
PM10 Particulate matter with a diameter less than 10 micrometers
PM2.5 Particulate matter with a diameter less than 2.5 micrometers
PONI1 Paraoxonasell gene mutation
PTSD Post-traumatic stress disorder
Redox Oxidation-reduction reaction
SNP Single nucleotide polymorphism
TLV Threshold Limit Value
WHO World Health Organization
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