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One Health

National One Health Framework
to Address Zoonotic Diseases and Advance Public
Health Preparedness in the United States

ONE HEI-TH One Health is a collaborative,

e multisectoral, and transdisciplinary
. approach with the goal of achieving
optimal health outcomes that
recognizes the interconnection
between people, animals, plants, and
their shared environment.

Framework

to Address Zoonotic Diseases
. . S R and Advance Public Health
CONNECTING HUMAN, ANIMAL, AND ENVIRONMENTAL HEALTH 5 Preparedness
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Goal

Develop
microbiome-based solutions

for use in the agricultural industry



What is the Microbiome?

microbiome noun
Save Word

mi-cro-bi-ome | \ mi-kro-'br- om @\

Definition of microbiome

1 :acommunity of microorganisms (such as bacteria, fungi,
and viruses) that inhabit a particular environment and
especially the collection of microorganisms living in or on
the human body

// Your body is home to about 100 trillion bacteria and
other microbes, collectively known as your microbiome.

— Carl Zimmer







4 Billion Years of Microbial Life

Planet Microbe
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Soil tilling -> Drought adaptation ->
Plant health -> Livestock Health -> Food health
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One Health Action Collaborative

CDC, WHO, DHS, USDA, USGS, Merck...

v Rhizosphere, root and
Gut microbicme seed microbiome

Recruitment
through
consumption
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exposure, geophagia Recrujtment geophagia,
by plants predation
Soil
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Microorganisms as the conduit of one health components and soil microbiomes as the micrebial reservoir

Rumen, gut and
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Rhizosphere, root and Rumen, gut and
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Recruitment through dust. ;
exposure, geophagia Recruitment
by plants

Natural environments and
wildlife

Chloroftexcta
. Cyanobacteria

g Gemmatimonadats

I Planctomycetota
. Pseudomonadota

Verrucomicrobiota

- Other

Microorganisms as the conduit of one health components and soil micrebiomes as the microbial reservoir
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One Health I\/Ilcroblome Center
Penn State-Univetsity:

microbiome.psu.edu

2,000
articles in
the last 5

years

PennState ~ One Health
Microbiome Center

550
Members

125 Faculty
in 42 Dept.
from 10

Only colleges
Microbiome

Sciences
PhD

Program

@PSUmBiome
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Project

ver the Microbes Within!
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Discovery-based,
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Chad Fault §
Andrew Hieronymi

. CONTACT: Gaming with
Microbes

SYNERGIES (R

IN ART AND SCIENCE

Luncheon § Panelist
Discussion

Friday, November 8th from
1:30-2:30PM in Boreland 125

"‘n ;’ PennState

Cristin Millet

Ex-Utero: A Sculptural
Exploration of Ectogenesis

One Health
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Mycelium-Based Building
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Lights Out For Birds
Exhibition showcases art and science

2 9 Billion birds have been collaborations
o lost since 1970

But why have bird populations been crashing?

ONE OF THE LEADING CAUSES
Mist; OF ANNUAL BIRD MORTALITY
Poison - 72 Miltion AR[ wmnuw Cﬂmsm"s

Vehicles - 214 Million

Collisions - 650 Mitlien

Cats - 1.8+ Billion

‘, BIG CITIES AND LIGHTS DISORIENT
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NIGHT, WE CAN REDUCE COLLISIONS A | @
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MycoKnit: Cultivating Mycelium-based
Composites on Knitted Textiles for Large-Scale -
Biodegradable Architectural Structures, 2023
Benay Gursoy and Felecia Davis

.

Placen-Tech, 2024
Ex-Utero Collective
(Cristin Millett, Cynthia
White, and lonat Zurr)
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2024 Or. Edith Hammer Dr. Steffanie Strathdee
"Windows to the underground - live broadcast ~ "From Bog to Bedside: The Story Behind
from the world of the soil microbes” the First Dedicated Phage Therapy

Program in the United States.”

Or. Schulze-Lefert Dr. Gloria Dominguez-Bello

- "Reductionist approaches to determine "The Microbiome in the Novacene"
Oy PennState One Health
’ Microbiome Center functions of the plant root microbiota”
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Randomized
Controlled
Trials

Causality
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The Players Products
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Animal Microbiomes and Antibiotic Resistance



https://www.eufic.org/en/food-production/category/animal-welfare
https://foodanimalconcernstrust.org/food-labels
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The Dairy Value Chain

® Bovine
. Mastitis

Farm Input Suppliers Milk Producers
- @



% of US Dairy Herd
m Affected B [reated

25%

22%

million

NAHMS Dairy 2014



Antimicrobials used for Treatment of Mastitis

8.7 Other
Sulfonamide
24.6
Macrolide

B Aminoglycoside

B Aminocyclitol

W Tetracycline
Noncephalosporin beta-lactam

Lincosamide

B Cephalosporin

NAHMS Dairy 2014



The Problem
Third-generation Cephalosporins and mastitis

Gram -
Improved bacteriological cure.

Schukken et al., 2011 Suojala, 2013

PennState
College of Agricultural Sciences




The Application of
Next Generation Sequencing
to Further Understand the Microbial Dynamics of Bovine Clinical Mastitis

Naturally Infected Experimentally Infected



Resilience of Milk Microbiome

Independent of
antimicrobial treatment

In mild and moderate cases of
E. coli mastitis treated with ceftiofur
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Postdoc in Food Science

Molecular Sequencing and Artificial Intelligence
to improve food safety
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Farm Input Suppliers Milk Producers Milk Processors

Adapted from: http://www.delavalcorporate.com/sustainability/our-take/the-dairy-value-chain/
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Al decodes microbes’ message in
milk safety testing approach

DNA sequencing combined with artificial intelligence could detect anomalies that signal trouble in
dairy production, researchers report

| A | MSystems

MICROBIOLOGY

3 | Applied and Industrial Microbiology | Research Article

Development and evaluation of statistical and artificial
intelligence approaches with microbial shotgun metagenomics
data as an untargeted screening tool for use in food production

Kristen L. Beck,' Niina Haiminen,? Akshay Agarwal,' Anna Paola Carrieri,’> Matthew Madgwick,’ Jennifer Kelly,> Victor Pylro,* Ban
Kawas,' Martin Wiedmann,® Erika Ganda®’
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child of a One-Health challenge
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Salmonella Dublin is a poster child of a One-Health challenge
/Zoonotic Potential

Photo credit; Pexels CC BY



Salmonella Dublin is a poster child of a One-Health challenge

« Responsible for acute invasive
disease, marked by
nonclassical salmonellosis in
calves

- Subclinical carriers contribute
to herd endemicity

i ~

Zoonotic potential via animal 0~ %™

contact and c(:jotr)wsufm pt(|jon of celosoum)

contaminated beef or dairy T g 4 7l
%2 >

products AN N

Figure 1. Velasquez-Munoz et al., 2024



Salmonella Dublin is a poster child of a One-Health challenge

Antimicrobial drug resistance in Salmonella enterica serotype Dublin and other Salmonella, United States, 1996-2013*

‘Sophia Kennéy
Resistance pattern Salmonella Dublin, no. (%), n = 102 Other Salmonella, no. (%), n = 33,415
| n C r- e a S | n g Pansusceptible 42 (41) 26,552 (79)
Resistant to >1 class 60 (59) 6,863 (21)

a n tl m | C rO b | a | Resistant to 23 classes 56 (55) 4,013 (12)
res | St ance | N S Resistant to >5 classes 47 (46) 2,374 (7)
Resistant to z? classes 32 (31) 601 (2)

D U b | | n St ra | n S Resistant to at least ACSSuT 42 (41) 2,156 (6)
i S O | a t e d fro m Resistant to at least ACSSuTAuCxi 29 (28) 581 (2)

| d h Resistant to ceftriaxone 32 (31) 947 (3)
C a tt e a n U m a n S Resistant to nalidixic acid 6 (6) 643 (2)
Resistant to nalidixic acid and ceftriaxone 4 (4) 39 (0.1)

*Data from the National Antimicrobial Resistance Monitoring System. p<0.01 for all.
TResistant to ampicillin, chloramphenicol, streptomycin, sulfamethoxazole/sulfisoxazole,and tetracycline.
iResistant to ACSSuT, amoxicillin—clavulanic acid, and ceftriaxone.

Harvey et al, 2017
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AMR/Stress Gene Absent
AMR/Stress Gene Present
Plasmid Replicon Absent
Plasmid Replicon Present
RhierBAPS Cluster 1

Public Genome
. RhierBAPS Cluster 2

Heatmap
. RhierBAPS Cluster 3

Tip Labels

Africa

Asia

Europe

South America

Clade Labels

S. Dublin Major Clade |

S. Dublin Major Clade Il

S. Dublin Small Subclade

S. Dublin Large Subclade

2000

1950

Time (Years)

1900

1850

Carroll et al. Front Microbiol. 2021. PMID: 34671335.
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&

Upper # = respondents
Lower # = operations selected for the survey

Bulk tank milk and milk filter samples were tested for Sa/monella, Campylobacter and Listeria. Additional testing
was conducted specifically for Salmonella Dublin.

The prevalence of S. Dublin ranged from 1 1 % of small herds to 40 % of large herds.



What do we know about S. Dublin in in cattle
and humans in the United States?
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NARMS

National Antimicrobial Resistance Monitoring System



[Humans} [ Animals } [Food Products}

Centers for Disease Control and Prevention State Health Depts + Universities

A 4
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‘/\
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https://www.cdc.gov/narms/about/partners.html



( - National
8 Center for
| ) Biotechnology
NCBI Information
NCBI Pathogen Detection Project
[ Centralized system integrating genomic sequence data for bacterial pathogens }

/Includes surveillance efforts from public health agencies and\
researchers over areas of:

« food-borne illness outbreaks
e animals

 production facilities

* clinical specimens

. /

https://ftp.ncbi.nim.nih.gov/pub/factsheets/Factsheet_Pathogen_Detection.pd




National
Center for
Biotechnology
Information

Study Objective

everage existing biosurveillance infrastructure to
evaluate genomic characteristics and evolutionary
relationships of S. Dublin from cattle and human
sources in the USA




Geographic Distribution
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Collection Year and Host Association
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Core Genome SNPs

All pairwise filtered to: 10 < SNP differences
< 20 only

N = 1,512,020 strain pair comparisons
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Antimicrobial Resistance Genes

8 [

Clinical Bovine Clinical Human Environmental
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Salmonella Dublin infections in calves
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Salmonella Dublin infections in calves

20-100% mortality
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Antimicrobial Resistance



https://youtu.be/QUfyq8KMzyc
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Agricultural Sciences

AMR profiling method development

Patent submitted

~$250 / sample

Samantha Seibel
Graduate Student

Relative abundance



HUCK HITS

AMR profiling method development

Patent submitted

~$250 / sample

Samantha Seibel
Graduate Student

Polymerase

RNAseH >

Nanopore C
sequencer

Forward and
reverse primers

Relative abundance
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rhAMR: A comprehensive and cost-effective method
refined and applied to understand
the impact of feed additives on antimicrobial resistance




rhAMR: A comprehensive and cost-effective method
refined and applied to understand
the impact of feed additives on antimicrobial resistance

Ana Fonseca, DVM Samantha Seibel

% USDA

Aﬂrlm Postbiotics

G FREE

Prebiotics

Phytotherapeutics

Symbiotics




rhAMR: A comprehensive and cost-effective method
refined and applied to understand
the impact of feed additives on antimicrobial resistance

Alternatives to Antibiotic Growth Promoters
Do they impact performance?

% s0)
What is the impact in broiler microbiome?

! (!
IMPACT
v" Provide unbiased science-
Q based information for poultry
producers on commercially

available feed additives

New method will be used to answer the question

v Respond to consumer demand

v" Maintain profitability



HI 1 |

Bz

.-ﬂp-rr—_,-

il"n

Ly

| ol

—v—
L=










W
) \‘tt:.\\'.'.‘.‘..

N T

\\m\\m\\ i .‘% -

‘\%\.\y\ i kel

\ X : | ).
i —~ X,
i

1l \ ’
il
)
i




{ )
&

PennState
College of Agricultural Sciences

Agricultural Microbiomes

HEA

PennState One Health el
Microbiome Center LABORA









i é! AMR Salmonella
What is the situation regarding AMR
Salmonella isolated from pets and humans?




AMR Salmonella
What is the situation regarding AMR

Salmonella isolated from pets and humans?

t

Sophia Kenney

N=87/



AMR Salmonella
What is the situation regarding AMR

Salmonella isolated from pets and humans?

99.9996% identical : LR R
220 SNPe differemce Salmonella Infantis S

' ' Salmonella Enteritidis
N=77 ’

CCL
U

N=387/

CLL WL

CLOL LU
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AMR and Heavy Metals in Brazil

November 5, 2015

60 million cubic metres of iron ore waste

and mud hit the town of Bento
Rodrigues.

Credits: David Gormezano, Tommaso Protti, Sam Cowie | Studio Graphique France Médias Monde | http:


http://webdoc.france24.com/brazil-dam-mining-disaster-mariana/

Exposure to metal-contaminated
environments associated with rise
in AMR genes within dairy cattle
microbiomes

> Front Microbiol. 2020 Nov 16:11:590325. doi: 10.3389/fmicb.2020.590325. eCollection 2020.

A Cross-Sectional Study of Dairy Cattle
Metagenomes Reveals Increased Antimicrobial
Resistance in Animals Farmed in a Heavy Metal
Contaminated Environment

Natalia Carrillo Gaeta !, Emily Bean 2 2, Asha Marie Miles 2,

Daniel Ubriaco Oliveira Gongalves de Carvalho 1, Mario Augusto Reyes Aleman 7,
Jeferson Silva Carvalho 1, Lilian Gregory ', Erika Ganda 2


http://webdoc.france24.com/brazil-dam-mining-disaster-mariana/
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RESEARCH //

(Ls

IB iy New partnership will address

j

|

health and food safety challenges
in Kenya

)
Representatives from Penn State, Meru
University of Science and Technology, and
Meru County in Kenya signed a
memorandum of understanding in a
ceremony in Kenya to formally commence
their new partnership. This collaboration
also will involve the Technical University of
Denmark.
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Human and Ethical Dimensions of Antimicrobial Resistance (AMR) on Dairy Farms in Kenya

Pennsylvania State

University

Sample Collection Molecular
Biology

Training

Bioinformatics

Tutorial BEIERAEIWSS

MUST - Meru University of 24 D I F
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Joan Simam
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AMERICAN
SOCIETY FOR
MICROBIOLOGY

Stephanie Bierly  glizabeth Ransom
Ph.D.

Manuscript in Preparation
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| hope you enjoyeac
the ride!
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