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Questions for your consideration

 Should the microbiome and antibiotic resistome be evaluated as a
key part of clinical trials for antibacterial drugs?

 What information can be gained?

 What would it take to get us there?
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Antibiotic resistance is a major global public health threat

A Blog by Maryn McKenna

Apocalypse Pig: The Last
Emergence of plasmid-mediated colistin resistance >@ +\ ® Antibiotic Begins to Fail 3 Antibioti =
mechanism MCR-1 in animals and human beings in China: e ntibiotic-Resistant Infection

a microbiological and molecular biological study ;I:eatmze(;‘szcwts Have Doubled
ince » Now Exceedi
$2 Billion Annually =

By Kemeth £ Toorpe, Poter Joski, and Karton | Jheston

Yi-YunLiu®, YangWang®, Timothy R Walsh, Ling-Xian Y, Rong Zhang, James Spencer, Yohei Doi, Guobao Tian, Baolei Dong, Xianhui Huang,
Lin-Feng Yu;, Danxia Gu, He Ren, Xiaajie Chen, Luchao Ly, Dandan He, He hou, Zisen Liang,Jian-Hualiu, fianzhong Shen

Summary
Background Until now, polymyxin resistance has involved chromosomal mutations but has never been reported via  ancet infect o5 2015

horizontal gene transfer. During a routine surveillance project on antimicrobial resistance in commensal Escherichia  rubisted oniine ASSTRACT Antibioticresista
coli from food animals in China, a major increase of colistin resistance was observed. When an E coli strain, SHP45, November1d 2015 The Centers for Disease (, Infections are a giobal health care
possessing colistin resistance that could be transferred to another strain, was isolated from a pig, we conducted MF/LOGCIOL Americans with thege pop ) 404 on esti St

further analysis of possible plasmid-mediated polymyxin resistance. Herein, we report the emergence of the first Z:’;ﬂi:ifﬁ:‘:’“

plasmid-mediated polymyxin resistance mechanism, MCR-1, in Enterobacteriaceae. P
Siarzannanmmasa.

CDC Report on Antibiotic Resistance Threats in the US, 2019

s Global burden of bacterial antimicrobial resistance in2019: &A@ ®

Each year, antibiotic-resistant Clostridioides difficile is a systematic analysis
bacteria and fungi cause at + related to antibiotic use and o .
least an estimated: antibiotic resistance: Antimicrobial Resistance Collaberators m

Summary

z 223 goo Background Antimicrobial resistance (AMR) poses a major threat to human health around the world. Previous rubl
# ,868,7 % ’ publications have estimated the effect of AMR on incidence, deaths, hospital length of stay, and health-care costs for />

infections cases specific pathogen—drug combinations in select locations. To our knowledge, this study presents the most
comprehensive estimates of AMR burden to date.

50140-673

See Onlineg/Comment

5% 35,”0 deaths :;% 12,800 deaths

4.95 million deaths associated with AMR
1.27 million deaths directly attributable to AMR
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The term “antibiotic resistome” was first used in 2006

Telithromycin

Sampling the Antibiotic Resistome pc s g
Synercid | Sulfamethoxazole
Vanessa M. D'Costa,* Katherine M. McGrann,* Donald W. Hughlz:i,2 Gerard D. Wri ghtl'|r Clindamycin ' ""--;,. o' j"/“ Ciprofloxacin
Py )
Microbial resistance to antibiotics currently spans all known classes of natural and synthetic Chloramphenicol ( ._-°' , P Novobiocin
- $ A

compounds. It has not only hindered our treatment of infections but also dramatically reshaped i R TN
drug discovery, yet its origins have not been systematically studied. Soil-dwelling bacteria '\ﬁ' i ‘ N
produce and encounter a myriad of antibiotics, evelving corresponding sensing and evading Tigecycline Y . wiy = Rifampicin
strategies. They are a reservoir of resistance determinants that can be mobilized into the /\‘ g A

microbial community. Study of this reservoir could provide an early warning system for 4 N

future clinically relevant antibiotic resistance mechanisms. Vancomycin

Tetracycline

Minocycline - Cephalexin

Gentamicin Fosfomycin

Daptomycin

Library of 480 morphologically diverse spore-forming soil bacteria
screened against 21 antibiotics
*Each strain was resistant, 7-8 antibiotics on average, range 2-21 drugs

200 different resistance profiles

all antibiotic resistance genes, including genes associated with
non-pathogens and including cryptic and precursor genes

D’Costa, VM et al. (2006) Science. 311: 374-377
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Resistance develops soon after antibiotics are introduced:
the resistome is a source of ARGs

The Lifetime of Antimicrobials: Bedaquilinel
- _ Fidaxomicin@
From Clinical Approval Glycylcycline (Tigecycli g%)l—it _
i aptomycin
to Resistance Oxazolidingne!ﬂ p. y
- p——ACiprofloxacin
1905-2015 Carbapeneml—« P

K Pleuromutilin

MQuinolones
Lincomycin (Clindamycin)_
~ WFusidic Acid
Streptograminshil o
K Beta-Lactams (Methicillin)

Polymyxin (Colistin)P—— : 1
) _ Rifampin
Glycopeptides (Vancomycin)b )
. . 4 Macrolides
Aminoglycosides@ :
M Chloramphenicol
. letracyclines
Beta-Lactams (Penicillin) -4 :

1905 »—— Sulfonamides 2015
| p—————— Arsphenamine (Salvarsan) |
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9 S RN G &KL 9 N &S

Spangnolo F. et al. (2021) mBio. 12: e01966-21
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We often focus on pathogens: Antibiotics impact pathogens
and commensals

Pathogen selection Microbiota/commensal selection
Succesful treatment Failed treatment Prosalaction Post selection
— Alternative antibiotic community competition
A 4 s > A
B [ '
8 g !
£ ! @
£ ol l 8
@ @ 1 £
3 5 ! >
e Clearance = s e
4 3 \ 4 Host death - 8
. L
Time Time
O N O N 0
Antibiotic therapy Antibiotic therapy >
Time
Susceptible Resistant 2O N
bacteria bacteria Antibiotic therapy

Depends on:

eConcentrations achieved in a particular body site

*Susceptibility of the resident microbiota (species and resistance genes expressed)
*Interactions between species

This is relevant because:

Commensals can be “pathogens” and resistant strains/genes can be transmitted

Raymond, R (2019) Evolutionary Applications, 12: 1079-1091.
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Papers in PubMed 2006-2022

Microbiome Resistome
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Challenges for microbiome and resistome studies: One-size
does not fit all

eLack of standardization in methods, definitions, and terminology

*Majority of studies focus on the gut and are cross-sectional and/or
observational

*High inter-individual, geographic, and temporal variation

*Data and analytic challenges associated with technical variability, high-
dimensionality, and sparsity/zero inflation

*Resources
*trade-offs in coverage and cost
especimen collection

*Requires tailored computational and bioinformatic expertise, familiar with
molecular and population data
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Workflow for microbiome profiling

Study design

(power calculations
and determination of
metadata to collect)

}

High-level Functional Real-time
community profiling functional
profiling profiling

| ' |

Sample and metadata collection ‘

' ' !

Marker gene Metagenomics Metatranscriptomics
(16S rRNA, ITS
or 185 rRNA)

| '

Denoise to In silico removal of In silico removal of

sOTUS (Deblur) host DNA (bowtie 2) rRNA and host RNA
(SortMeRNA or
bowtie 2)

|
¢ v

High level analyses Read-based profiling Assembly-based
(alpha and beta diversity, (Kraken, MEGAN or analysis (metaSPAdes
random forests regression HUMARN) or MEGAHIT)

or source tracker)

1

D’Costa, VM et al. (2006) Science. 311: 374-377



«) ARLG

Antibacterial Resistance Leadership Group

Should you perform 16S rRNA profiling or shotgun
metagenomic sequencing?

}fmntiers
in Microbiology

Comparative Analysis of 16S rRNA
Gene and Metagenome Sequencing
in Pediatric Gut Microbiomes

D
OPENACCESS  uantie

*16S rRNA sequencing is cost-effective, limited taxonomic resolution
*Cannot profile non-bacterial members of the community or AMR

*16S rRNA identifies more taxa at the genus level, relative abundances are
systematically lower

*Bifidobacterium and Enterobacter under-represented in 16S rRNA sequencing

Peterson, D. et al. (2021) Front Microbiol. 12:670336
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Shallow metagenomic sequencing may be appropriate
for some purposes

] [ .
A — Shallow (500k reads/sample) l S0y o ms METHODS AND PRoTOCq
8— ! lovel Systems Biology Te(h“'q“i
2 1°#he, N c
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| = ik ation Conte
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I - n::, Hill Gabrie| A
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N PC1

43 £ 0 .._..‘“:u-u-u- ]
R g, ' *Shallow sequencing does not perform
% 3 g m . . .
g ) +++**++ oo 4 well in low biomass samples or w/high
© S ' 500k reads . .
1& 5 “_/ i host DNA contamination (e.g., blood)
(% 0 - F:) ] ® earman

10 100 1k 10k100k 1m10m100m O 4, | | Feaon *Does not allow for de novo assembly of
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oo o motomom v GENES and genomes
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Hillman, B. et al.. (2018) mSysttems. 3:00069-18.
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There are >47 antibiotic resistance gene databases

ARDB and ARG-  Archived, 2009 Not actively updated

ANNOT and 2018

ARGminer 2019 Ensemble database from other sources (CARD, ARDB, SARG etc.), machine
learning and crowdsourcing to refine

CARD 2021 Comprehensive, sequences must be in GenBank w/published experimental
validation

FARME 2019 Based on metagenomic studies, predicted AMR

MEGAres 2019 Assembled from multiple sources, biocide and metal resistance, designed for
abundance-based analysis from metagenomic data

Mustard 2018 Gut resistome

NDARO 2021 Curated by NCBI; AMR, stress response, and virulence genes for clinically
important pathogens

PATRIC 2017 Genome sequence data and metadata

ResFam 2015 Not actively updated

ResFinder/ 2021 Acquired resistance genes/mutations

PointFinder

SARG 2019 Hierarchical database based on CARD and ARDB, acquired resistance, two

levels-type (e.g., vancomycin) and gene

Papp, M and Solymosi (2022) Antibiotics. 11:339.
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Geographical differences in the gut antibiotic resistome

ARTICLE

Received 21 Feb 2013 | Accepted 13 Jun 2013 | Published 23 Jul 2013

Metagenome-wide analysis of antibiotic resistance
genes in a large cohort of human gut microbiota

Yongfei Hu'*, Xi Yang'*, Junjie Qin% Na Lu', Gong Cheng', Na Wu', Yuanlong Pan!, Jing Li, Liying Zhu3,
Xin Wang?3, Zhigi Meng3, Fangqing Zhao?, Di Liu', Juncai Ma', Nan Qin®, Chunsheng Xiang®, Yonghong Xiao>,
Lanjuan Li®, Huanming Yang?, Jian Wang?, Ruifu Yang®, George F. Gao'"’, Jun Wang? & Baoli Zhu'
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Hu, Y. et al. (2013) Nat Commun 4:2151.
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The microbiome’s response to antibiotics differs by body
site and antibiotic type

A

Bray-Curtis similarity

Bray-Curtis similarity
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Salivary microbiome recovers more
quickly than the fecal microbiome

*Clindamycin resulted in the most

profound microbiota shifts
*4 months in stool
1 month in saliva

Zaura, E. et al. (2015) mBio 6:e01693-15.
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Many drug classes impact the microbiome o

Extensive impact of non

ﬂﬁ S
Vet: animal-targeted drugs

0 0.5 1.0
Fraction of drugs with anticommensal activity

10 20 30 40

Number of
affected strains

O&human 8ut bacteria -antibiotic drugs

Doty

%8 Comead Fernpng
— e, i, g Zeller:

=002 Moy, i 23 Tt Exene Erin 2

*Examined 1,197 marketed drugs screened

against 40 gut bacteria
*835 human targets (i.e., not anti-infectives)

*27% of non-antibiotics inhibited the growth
of at least one strain (i.e., many drugs impact

the microbiota)
eantipsychotics are overrepresented

Maier, L. et al. (2018) Nature. 555: 623-628
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Antibiotic resistance mechanisms protect against human-
targeted drugs

Number of human-targeted drugs with anticommensal activity

r,=0.6

60

40

20

P. distasonis

e C. difficile
o

@

_+E. coliwt

® B. wadsworthia

Odds ratio = 0.06

R. intestinalis ®

E. rectale o

Susceptibility to antibacterial agents and
human-targeted drugs correlates across
strains

Not dependent on cell membrane
structure

Suggests common mechanism (e.g.,
efflux pumps) rather than traditional

T T
60 80

T
100

o H ”
Number of antibacterial drugs with anticommensal activity re S I Sta n Ce ge n e S

Gram stain

® Negative
® Positive

Species

® Bacteroides fragilis
* Bacteroides uniformis
+ Escherichia coli

® Other

Maier, L. et al. (2018) Nature. 555: 623-628
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PERSPECTIVE nature,,
https://doi.org/10.1038/541591-021-01258-0 med-lcme

A framework for microbiome science in
public health

Jeremy E. Wilkinson ©"22, Eric A. Franzosa©"?>3*?2 Christine Everett'*, Chengchen Li"?, HCMPH
researchers and trainees*, HCMPH investigators*, Frank B. Hu'*55, Dyann F. Wirth®137,
Mingyang Song ©'5685 Andrew T. Chan (2134785 Eric Rimm©45¢, Wendy S. Garrett®171012352 and
Curtis Huttenhower ©1237.235

“While microbiome studies in human populations have the luxury
of being amenable to interventional designs (unlike genetics), the
vast majority of studies to date are observational...such studies
also run the risk of conflating causation and correlation....”

Wilkinson, JE. et al. (2021) Nat Med. 27:766-73.
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MORDOR TRIAL
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Twice yearly azithromycin or placebo for 4
years to address infant and child mortality

36 Months 48 Months
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Elfamycins e 2.00 (1.10-7.20) . 1.72 (0.90-4.29)
Fluoroquinolones | ——— 2.09 (1.17-5.21) ——— 1.77 (0.85-6.33)
Metronidazole ——— 2.32 (0.90-5.93) P —e— 3.59 (1.73-8.20)
Multidrug resistance | ——— 2.10 (1.25-4.57) -—— 1.72 (0.85-4.88)
Rifampin ° 3.06 (1.03-19.05) — 2.14 (0.85-14.70)
Sulfonamides 0 L g 2.75 (0.85-13.78) —e 2.09 (0.79-15.68)
Tetracyclines —— 1.68 (1.10-3.31) ——— 1.75 (1.03-4.02)
Trimethoprim | ——— 2.22 (1.25-5.21) -—— 1.61 (0.85-4.29)
0!5 ITO 2?0 4?0 8?0 16l.0 O!S lfO 210 4TO 810 16I.O
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T Doan et al. N EnglJ Med 2020;383:1941-1950.




Short vs. Standard Course Outpatient Therapy of
Community Acquired Pneumonia in Children (SCOUT-CAP)

Response Adjusted for Days of Antibiotic Risk (RADAR)

Desirability of Outcome Ranking (DOOR)




SCOUT-CAP and STAR

*|s there a better way to design clinical trials to more effectively address
antibiotic resistance?

*Can we safely shorten the duration of antibiotic therapy to effectively
treat patients and help address antibiotic resistance?

*Does the duration of antibiotic therapy affect the resistome and
microbiota dysbiosis?




PIDS and IDSA guidelines for Community Acquired
Pneumonia (CAP) in children

CAP is a common childhood infection and leading reason for hospitalization

Treatment courses of 10 days have been best studied, although shorter
courses may be as effective...
-Strong recommendation, moderate quality evidence

Treatment for the shortest effective duration will minimize exposure of
both pathogens and the normal microbiota to antimicrobials and
minimize selection for resistance

-Strong recommendation, low quality evidence

Bradley, JS et al. (2011) Clin Infect Dis. 53:e25.



Isn’t the answer obvious?

The effect of antibiotics on the risk of resistance is not the same as the
effect of an intervention to reduce antibiotic use on the risk of resistance

*Fitness gains of resistance may be offset by fitness costs of taxa carrying
antibiotic resistance

*Assumes the absence of an antibiotic has the same but opposite effect as
its presence

*Antibiotics can have lasting impacts (e.g., changes to the genetic level can
change the fitness landscape)

*The presence of clinical concentrations of antibiotics more strongly
selects for resistance than the absence selects for reversion to sensitivity

Smith, HW. 1975. Nature. 258: 628-30. Spangnolo F. et al. 2021. mBio. 12: e01966-21



SCOUT-CAP DOOR step 1: Categorization of participants by
overall clinical outcome

THREE COMPONENTS, EIGHT ORDINAL LEVELS RANKED IN DESCENDING ORDER

Adequate Clinical Response Resolution of Pneumonia Symptoms Maximal Antibiotic Side Effects

1 Yes Resolved None

2 Yes Resolved Mild

3 Yes Resolved Moderate

4 Yes Resolved Severe

5 Yes Persistent Symptoms Any

6 No, ED/clinic visit only Any Any

7 No, hospitalization Any Any

8 Death from any cause Any Any

Williams DJ et al (2022) JAMA Pediatr. 176: E1-E9 .
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Step 2: DOOR and Response Adjusted for Days of Antibiotic
Risk (RADAR)

Composite endpoint, ranks clinical response, resolution of symptoms,
adverse events, and number of antibiotic days

*DOOR is constructed using two rules:

*Comparisons of two patients with different clinical outcomes
epatient with the better clinical outcome receives a higher rank

*Within each door rank (i.e., two patients with the same clinical outcome)
epatient with a shorter actual duration of antibiotic use receives a higher rank

Williams DJ et al (2022) JAMA Pediatr. 176: E1-E9 .



STEP 3: Evaluate superiority of RADAR

*Estimation: probability that a randomly selected patient will have a
better outcome if assigned the new strategy relative to the control

*Hypothesis testing

enull: no difference in RADAR

*the probability that a patient assigned to the new strategy will have a better
outcome than if assigned to the control is 50%
*alternative: 60% probability of a more desirable RADAR for the short course
strategy

*the probability that a patient assigned to the short-course strategy will have a better
outcome than if assigned to the standard strategy is 60%

Williams DJ et al (2022) JAMA Pediatr. 176: E1-E9 .
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SCOUT-CAP and STAR study design and timeline

Provider diagnosis Short Course Strategy: @

of pne.umoma an.d. . Blinded receipt of placebo

prescribed Amoxicillin, through Day 10 [Study Days 1-5]

Amoxicillin/Clavulanate

or Cefdinir
Enroll and Outcome

Standard Course Strategy: Outcome
Randomize (1:1) - . - Assessment
. Blinded receipt of original Assessment Visit 2 (0AV2)
on Day 3 - 5 of antibiotic through Day 10 Visit 1 (OAV1) [Study Day 19-25]
Therapy [Study Day [Study Days 1-5] [Study Day 6-10] y Bay
-3to -1]
Day -5 Day 1 Day 8 +2 Day22+3

Pettigrew, MM et al. (2022) mBio. E00195-22



SCOUT-CAP results

*380 children with non-severe pneumonia, ages 6-71 months (short
course=189; standard course=191)

*No differences between strategies in DOOR

*Short course strategy: 69% (95% Cl 63%-75%) probability of a more
desirable RADAR outcome compared to the standard course strategy

*5-day antibiotic strategy superior to a 10-day strategy
similar clinical response and antibiotic adverse effects
ereduced antibiotic exposure

Williams DJ et al (2022) JAMA Pediatr. 176: E1-E9.



ARLG-STAR objectives

Primary Objective: To compare the antibiotic resistome in children
receiving short course vs. standard course antibiotic therapy for CAP

Primary Hypothesis: The relative abundance of antibiotic resistance
genes will be lower in children receiving short course vs. standard
course antibiotic therapy

Secondary Objective: To identify changes in the gastrointestinal
microbiome associated with antibiotic-associated diarrhea in children
receiving short course vs. standard course antibiotic therapy for CAP




ARLG-STAR methods

* Intention to treat cohort (ITT): all randomized subjects that were still
eligible on Day 1 of the study

* 171 subjects with analyzed throat swab samples

* Shotgun metagenomic sequencing of enrollment visit and OAV2 throat
samples

*identification of antibiotic resistance genes
*species level taxonomic identification

* 16S rRNA gene sequencing of throat and stool samples from enrollment,
OAV1 and OAV2

etaxonomic identification of bacteria at the genus level

Pettigrew, MM et al. (2022) mBio. E00195-22




ARLG-STAR characteristics of the ITT population

Characteristic Short (n = 84) Standard (n = 87) Total (n=171)
Age
6—23 mo 26 (31) 30 (34) 56 (33)
24-71 mo 58 (69) 57 (66) 115 (67)
Sex
Female 46 (55) 38 (44) 84 (49)
Male 38 (45) 49 (56) 87 (51)
Race
Asian 4 (5) 1(1) 5(3)
Black or African American 19 (23) 23 (26) 42 (25)
Multiracial 8 (10) 4 (5) 12 (7)
White 51 (61) 58 (67) 109 (64)
Initial antibiotic
Amoxicillin 78 (93) 78 (90) 156 (91)
Amoxicillin-clav. or Cefdinir 6 (7) 9 (10) 15 (8)
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Resistance genes per prokaryotic cell (RGPC) were
higher in the standard strategy group at OAV2 (N=171)

Resistance examined for 10 clinically relevant antibiotics

Beta-lactams Macrolides Multi-drug efflux
3
1.5 0.5
P=0.029 P = 0.026
P =0.001
10 2
K K K
O O 0.0 O
E Treatment group E % Treatment group E Treatment group
§ 05 . R B short (n=84) § - il B short (n=84) § 1 B short (n=84)
& . ‘g"‘% B3 Standard (n = 87) & . :; g%: B3 Standard (n = 87) & B3 Standard (n = 87)
N N . N
g Yoo A B g ' | (- g
PLI % )
0.0 og;g s 2 -0.5 o 1o 0
; :
. A A
-0.5
-1
Short Standard Short Standard Short Standard
Beta-lactam Macrolide Multi-drug

Wilcoxon-Rank sum test

Pettigrew, MM et al. (2022) mBio. E00195-22



(N=158)

RGPC at enroliment and OAV2 by treatment stra

=

tegy

No significant differences in RGPC by treatment strategy at

enrollment for any of the 10 antibiotic types

Beta-lactams

Short Strategy

| | Standard Strategy

P <0.001

log, Genes per Cell

Study Day1  OAV2 Study Day 1

Beta-lactam

OAV2

log, Genes per Cell

1.01

0.51

0.01

-0.51

-1.01

Macrolides
Short Strategy | l Standard Strategy
P =0.07 P =0.46

Study'Day 1

Wilcoxon-Rank sum test, FDR adjusted P values

OAV2 Study Day 1
Macrolide

OAV2

log, Genes per Cell

Multi-drug efflux

Short Strategy | | Standard Strategy

3 4

2. P =0.001 P=0.19

1

0- . l ® x
1 ' !

Study Day1 OAV2 Study Day 1 OAV2
Multi-drug

Pettigrew, MM et al. (2022) mBio. E00195-22



Beta diversity in ARGs differs by visit and treatment strategy

Bray-Curtis Dissimilarity

o
¥

-8 OAV2 (Study Day 19-25)

Axis.2 [17.1%]

0.2 04 -04 -0.2
Axis.1 [41.3%]

*ARG composition differed by visit
(PERMANOVA, P=0.001) but not by
treatment group

Interaction between treatment
strategy and visit

*Compositional ARG profile differed
at enrollment and OAV2 in the
short course strategy group
(P<0.001)

*No statistically significant
difference by visit for the standard
treatment group

Pettigrew, MM et al. (2022) mBio. E00195-22




Commensal taxa differ in abundance by treatment strategy

* 4,494 unique species

Higher relative abundance in

the standard strategy group
*Neisseria subflava
*Capnocytophaga

Higher relative abundance in
the short strategy group
*Prevotella scopos
*P. oris
*P. jejuni
*Veillonella parvulla

Pettigrew, MM et al. (2022) mBio. E00195-22
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Pathogens are among 48 differentially abundant taxa in
samples with a high vs. low beta-lactam ARGs

Streptococcus mitis —_—,—
Streptococcus pneumoniae —_——
Gemella haemolysans —_——

Streptococcus pseudopneumoniae ——
Streptococcus sp. oral taxon 431 —
Streptococcus sp. ChDC B345 —.—
Streptococcus oralis ——
Neisseria meningitidis —
Haemophilus influenzae ——
Haemophilus haemolyticus -
Neisseria cinerea
Streptococcus sp. NPS 308
Neisseria polysaccharea
Haemophilus sp. oral taxon 036
Streptococcus sp. oral taxon 064
Gemella morbillorum
Streptococcus cristatus
Streptococcus gordonii
Streptococcus suis
Streptococcus agalactiae
Candidatus Saccharibacteria oral taxon TM7x L]
Selenomonas sp. oral taxon 136 L]
Selenomonas sp. oral taxon 478 L]
Prevotella denticola L]
Prevotella oris L]
Prevotella fusca L]
Veillonella rodentium L]
Leptotrichia sp. oral taxon 847 -
[Eubacterium] sulci -
Leptotrichia sp. oral taxon 498 o
Capnocytophaga leadbetteri -
Leptotrichia sp. oral taxon 212 -
Campylobacter concisus L
-
——
-
-
o~
-
e
—.—

.....-OC.'

Differentially abundant species

Lachnoanaerobaculum umeaense
Leptotrichia buccalis

Prevotella scopos

Prevotella intermedia
Mogibacterium diversum
Actinomyces hongkongensis
Actinomyces pacaensis
Atopobium parvulum

Fusobacterium periodonticum —
Veillonella parvula ——
Schaalia meyeri —
Prevotella jejuni ——
Streptococcus parasanguinis —_——
Veillonella dispar —_—
Prevotella melaninogenica —_——
-0.06 -0.04 -0.02 0.00 0.02 0.04

log fold change

ettigrew, MM et al. (2022) mBio. E00195-22



No differences in the gut resistome by treatment strategy
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Treatment strategy

B3 Short (n =38)
B3 Standard (n = 36)

*Study likely underpowered (n=74 total)

*Participants characteristics differed from
the SCOUT-CAP by race and age



Conclusions

*Small differences in the duration of therapy make a difference in the
abundance of antibiotic resistance genes

*Standard beta-lactam treatment is associated with higher abundances of
beta-lactam, macrolide, and multi-drug efflux resistance genes (co-selection
of AMR genes)

*Children receiving standard beta-lactam therapy have higher abundances of
ARGs for longer

eLimitations include the lack of swabs prior to study entry and after long-
term follow up

erandomized designed helps control for this

Pettigrew, MM et al. (2022) mBio. E00195-22



What are the potential public health implications?

*031,748 (627,845-1,235,652) antibiotic prescriptions for pediatric
pneumonia in 2015

*Widespread adoption of a 5-day beta-lactam strategy for the treatment of
pediatric CAP could lead to a reduction in antibiotic exposure of ~ 5 million
antibiotic days in US children

Hersh, AL et al. (2020) Clin Infect Dis. 72: 133-7.



Collection of microbiome data allows for examination of other
outcomes: Antibiotic associated diarrhea (AAD)

*1 to 3 loose stools in 24—48-hour window with exposure to
antibiotics

*~30% in children on oral antibiotics

*May last up to 8 weeks after the end of therapy

What’s causing it? _.

Multiple etiologies, C. difficile?
eadults: 15-25% of AAD
echildren: less well studied

Antibiotic treatment ﬂ disturbs the gut flora & function mmp diarrhea

J Infect Dis. Jiac082.



Characteristics of the study population

*Children with stool samples for all 3 visits (n=67)

n=19
*Median diarrhea duration: 3 (2.0, 5.5) days
*Diarrhea occurred sporadically
72% ~
NoAAD "=48
*Groups differed from SCOUT-CAP Sor AAD
*age and race Male  15(79%) 24 (50%)

*Higher proportion of males with AAD (Fisher’s Female 4 (21%) 24 (50%)
Exact Test, P = 0.05)

J Infect Dis. Jiac082.
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Stool Samples

[+] stool Sample 1
[+] stool sample 2

. |+ | stool Sample 3

Gl microbiota differs by outcome (i.e., AAD yes/no) (PERMANOVA, P =

0.03) and over time (PERMANOVA, P <0.001)

J Infect Dis. Jiac082.



Baseline levels of three taxa were associated with AAD

* B. fragilis [OR 0.35; 95%
Cl (0.11, 0.79)]

* Bacteroides sp. [ OR 0.59;
95% Cl (0.24, 0.90)]

e Lachnospiraceae [OR 3.76
95% ClI (1.06, 12.28 )]

W Relative Abundance

Relative Abundance

Taxa identified as differentially abundant at enrollment
by LefSe

0.025

0.020

0.015

0.010

0.005

0.000

Bacteroides fragilis

Bacteroides sp.

0.025

0.020

0.015

0.010

0.005

0.000

\

—
95% CI

Visits

Outcome

Bifidobacterium spp. - AAD ( 19)
n=

0.25

0.20

0.15

0.10

->- No AAD (n = 47)

Visits

J Infect Dis. Jiac082.



Opportunities

More

Effort

Less

Infectious disease
epidemiological monitoring

Infectious disease
diagnosis

Immunomodulation

Maternal—child

health and nutrition

Bioterrorism
monitoring

Novel antimicrobials

Small-molecule
drug discovery

Microbial
drug targeting

Infectious disease
prevention/amelioration

(including phage)
Live-cell Precision Engineered
therapeutics drug dosing live-cell therapeutics
Personalized Chronic disease Chronic disease Chronic disease
nutrition detection/diagnosis management risk assessment
Less Time/research

fed )
Biomarkers

% oo
Interventions
&

Qﬁ E) Wellness

Wilkinson, JE. et al. (2021) Nat Med. 27:766-73.
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