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"Microbiome" Topic Search in Web of Science



What are microbes?

Bacteria
Archaea
Fungi
Protists
Viruses
Microscopic Animals

http://learn.genetics.utah.edu/content/microbiome/intro/





Genus- and phylum-level classification of 
bacteria colonizing a composite subject

Grice EA, Segre JA. The 
Human Microbiome: Our 
Second Genome. Annual 
review of genomics and 
human genetics. 
2012;13:151-170. 
doi:10.1146/annurev-
genom-090711-163814.





World Urbanization









The Increasing Incidence of Immunoregulatory Disorders

Bach J-F (2002),  New Engl. J. Med. 347:911-920



“Old Friends” and a Failure of Immunoregulation

One factor contributing to increases in 
chronic inflammatory disorders in high-
income countries is thought to be failing 
immunoregulation, attributable to reduced 
exposure to the microbial environment 
within which the mammalian immune 
system co-evolved.1,2

1. Rook GA, Raison CL, Lowry CA. Microbial 'old friends', immunoregulation and socioeconomic status. Clin Exp Immunol. 2014;177(1):1-12.

2. Haahtela T, Holgate S, Pawankar R, et al. The biodiversity hypothesis and allergic disease: world allergy organization position statement. World Allergy Organ J. 2013;6(1):3.



“Old Friends” and a Failure of Immunoregulation

Rook GA, Raison CL, Lowry CA. Microbial 'old friends', immunoregulation and socioeconomic status. Clin Exp Immunol. 2014;177(1):1-12.





Bidirectional Communication Channels 

between the Gut Microbiome, the Gut, 

and the Brain

Sudo et al. (2004) discovered that germ-free mice have an exaggerated

hypothalamic-pituitary-adrenal (HPA) axis response to restraint stress – an

effect that was reversed by monocolonization with a particular

Bifidobacterium species.
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Beneficial and detrimental roles for the 
immune system in TBI

McKee and Lukens, 2016, Front Immunol, 7, 556



Beneficial and detrimental roles for the 
immune system in TBI

McKee and Lukens, 2016, Front Immunol, 7, 556





Veteran Microbiome Study 

Lisa A. Brenner, Ph.D., Kelly Stearns, M.A., Christopher A. Lowry, LtCol Andrew J. 
Hoisington, Ph.D., PE, Teodor T. Postolache, M.D.





45  Item Questionnaire7 Item Questionnaire



Veteran Microbiome Study - Demographic 
Characteristics (n=188)



Veteran Microbiome Study - Military 
Characteristics

1,246 years or 6.6 years/person



Traumatic Brain Injury (n miss = 1)

Yes 133 (71.1%)

No 54 (28.9%)

Moderate or Severe Brain Injury

Yes 23 (12.2%)

No 165 (87.8%)

Number of Traumatic Brain Injuries 
(n = 133)

2.50 ± 1.74 (1-11)

Veteran Microbiome Study – TBI 
(Preliminary)



Variable N (%) or 
Mean ± SD (range)

Insomnia Severity Index2 (nmiss = 3)

Severe Clinical Insomnia 21 (11.3%)

Moderate Clinical Insomnia 44 (23.8%)

Subthreshold Clinical Insomnia 63 (34.1%)

Not Clinical Significant 57 (30.8%)

OQ-45 Total Severity2 (nmiss = 2)

Significant 83 (44.6%)

Not Significant 103 (55.4%)

OQ-45 Symptom Distress Severity3 (nmiss = 2)

Significant 78 (41.9%)

Not Significant 108 (58.1%)

OQ-45 Interpersonal Relations Severity4 (nmiss = 2)

Significant 108 (58.1%)

Not Significant 78 (41.9%)

OQ-45 Social Role Severity5 (nmiss = 2)

Significant 69 (37.1%)

Not Significant 117 (62.9%)

Veteran Microbiome Study – Mental Health Scores 





Veteran Microbiome Project - Stool, Skin, & Oral Samples – Weighted 
Unifrac

Skin

Oral

Stool



Human Microbiome Project

Veteran Microbiome Project

Cadet Microbiome Project

Stool Genus – Top 20 OTUs



Veteran Microbiome Study – Genus Akkermansia

No Reportable SCID Reportable SCID



Veteran Microbiome Study – Genus Collinsella

No Reportable SCID Reportable SCID



Stein et al., 2015, Am J Psychiatry, 172, 1101-1111

TBI is Associated with Increased PTSD Sx



Meta-analysis Reveals Transdiagnostic association of Trauma Exposure with Pro-Inflammatory 

Activity

Tursich et al., 2014, Transl Psychiatry, e413: 
doi:10.1038/tp.2014.56



Plasma CRP concentrations before Deployment predict Clinician-Administered 
PTSD Scale (CAPS) scores ~3 and 6 months Following Deployment 

“Adjusting for the baseline CAPS score, trauma exposure,

and other relevant covariates, we found baseline plasma CRP 

concentration to be a highly significant overall predictor of post-deployment 

CAPS scores (p = 0.002)”

Eraly et al., 2014, JAMA Psychiatr, 71(4): 423-431

The Marine Resiliency Study, a prospective study of approximately 2600 war zone–deployed 

Marines



Evidence of Inadequate Immunoregulation in 
PTSD: Increased Risk of Autoimmune Disorders

O’Donovan et al., 2015, Biol Psychiatry 77: 365-374



”The relative abundance of [Actinobacteria, Verrucomicrobia]
was also associated with childhood trauma scores (CTQ, total
score), with higher CTQ scores associated with lower total relative
abundance.”



Immunization with M. vaccae

Induces a More Proactive Coping Response to Stress

Reber et al. 2016 PNAS, 113 (22), E3130-E3139



A Systematic Review regarding Prebiotic and Probiotic 
Interventions for those with Traumatic Brain Injury and/or 
Posttraumatic Stress Disorder

Population: Adult humans with TBI of any severity, and/or 
PTSD.

Intervention: Not required for inclusion.

Comparator: Not required for inclusion.

Outcome: All health-related and use-related outcomes. Health-
related outcomes include symptom improvement, safety, and 
adverse events. Use-related outcomes include adherence, 
duration, and frequency. 

Timing/Setting: Restrictions were not based on timing, setting, 
or study design.

“Only 4 studies were identified (3 severe TBI, 1 PTSD, 0 
co-occurring TBI and PTSD). Although findings suggested some 
promise, work in this area is nascent and results to date do not 
support some claims within the extensive coverage of 
probiotics in the popular press.”



Characteristics of Included Studies

Source Study 
Design

Setting Sample Intervention Prebiotic/Probiotic Risk of Bias

Tan et al, 
2011

RCT ICU at Affiliated 
Hospital of 
North Sichuan 
Medical College 
(China)

N=52; Closed 
head injury 
alone

Enteral nutrition 
within 48 hours of 
admission.

0.5 x 108

Bifidobacterium 
longum, 0.5 x 107

Streptococcus 
thermophilus. 

Low

Falcão de 
Arruda & de 
Aguilar-
Nascimento, 
2004 

RCT ICU at the Júlio
Muller 
University 
Hospital (Brazil)

N=23;
Victims of 
brain injury 
alone

Standard diet or 
glutamine-and 
probiotics-enriched 
diet. 

Lactobacillus 
johnsonii. 

High

Gocan et al, 
2012 

Before 
and 
after 
study 

Military 
Hospital, Victor 
Babes, 
(Romania) 

N=11; PTSD All participants 
consumed a specially 
formulated 
fermented soy 
product daily. 

120 mL FSWW08 
(fermented soy) 

High

Painter et al., 

2015

Retrosp

ective 

cohort

Cedars-Sinai 
Medical Center 
(CA) 

N=240;
severely 
brain injured

Registry was queried 
for patients who 
received SF or an IEN 
formula based on 
surgeon’s preference.

The SF was a Two-cal
formula or similar 
formula. The IEN 
formula was Pivot-
1.5. 

High
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Conclusions
• Exposure to immunoregulatory “Old Friends” has declined dramatically 

in developed countries in the last 50 years

• Negative outcomes post-TBI and psychiatric disorders are associated 

with decreased immunoregulation, and increased inflammation

• Immunization with M. vaccae prevents stress-induced inflammation 

and anxiety/fear

• Interventions to increase anti-inflammatory/ immunoregulatory 

signaling might be considered for prevention and treatment post-TBI, 

psychiatric conditions, and co-occurring disorders



Military and Veteran Microbiome:
Consortium for Research and Education
MISSION: Advancing microbiome science and education to benefit 
military personnel, Veterans, and their families.

https://www.mirecc.va.gov/visn19/mvm/
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