Uncharted territories: applying “precision medicine” to understand the treacherous landscape of extensively and multidrug
resistant (XDR and MIDR) Pseudomonas aeruginosa in a patient with cystic fibrosis and lung transplantation
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ABSTRACT (modified)

Backgrou nd. Pseudomonas aeruginosa iS a persiste nt a nd difﬁcu It_to_treat pathogen in ma ny Table 1. Antimicrobial Susceptibility prOﬁIeS and PDC variants found in P.aeruginosa isolates -
. . . . . . . . . . PDC Minimum inhibitory concentrations (MICs, mg/L) o (nhaled
patients, especially those with cystic fibrosis (CF). Herein, we describe our experience managing a = Innale
young woman suffering from CF with XDR P. aeruginosa who underwent lung transplantation. We D |isolationdate| 5 | B _— T telve|felfE|l. |2l el Bl 8 clc]|. c|| & | = inrenasa bae AZ15
_ ) . . - o _ _ . . @ o s L= 5B g8 k|| E |3 @ g c || 8 | 8 E|E |8 |« E. 3 B Diccharaed Pae_AZ03 Pae AZ05 "::;‘ﬁl"l Pae AZ14 Pae AZ17
highlight the contemporary difficulties reconciling the clinical, microbiological, and genetic SHHIEESIRAR R ERE: : Bls |2 (2|22 |E)2| = sample L e e i T, SRS e ite s
. . z B el 2|8 & 3 E s O g o el |8 |& g utum _ _ sequence ae_ Pae AZ08 e Pae AZ18 Pae AZ21
information. Pae AZ01 | _[2/23/17 | spu | A |New 1 [R79Q, T96l, T105A 322 |>128| <2 | <2 || >16 | 32 || >8 | 16 ||>32]| >2 | >8 || >8 | 8 | 32| 2 | 2 || »64 :fort]chim wash zole/trimethoprim- i
Methods. Twenty-two sequential XDR and PDR P. aeruginosa isolates obtained from the patient Pae AZ02_| & [3/14/17 | SPU Not sequenced 6 Jea [ [/ 8488 |[t6}los]2]/8 [s1]16]x]>a][>64]  Bronchaheoariavage “EIOOTVER" I wl
o _ Pae_AZ03 2 4/8/17 SPU New 2 |R79Q, T105A, F147L, E247K 16 | 128 | 4 | <2 || 16 | 16 || >8 | 8 [/ 16 || 05| 2 8 | <1 |16 | >4 |>]|| >64 Bronchial aspirate Vancomycin I
within a 17-month period, before and after a double-lung transplant were analyzed by whole Pae Az04 | £ [a/8/17_| sPU New 3 |T105A, E247K >64 | >128 | >16 | >8 || >16 | >32 || >8 | >32 ||>32|| >2 | >8 || >8 | 4 |>32] 2 | 1 || »64 Sinus Daptomycin- | | i
. . . . Pae_AZ05 & [5/27/17 | SPU New 2 |R79Q, T105A, P180L, E247K 32 | >128| >16 | >8 || >16 | >32 4 8 ||>32(| >2 | >8 || >8 | 2 [>32(05| 1 || >64 Fosfomycin- — 1] i i EiEi I
genome SequenCIng (WGS) and RNAseq In Order tO UnderStand the genEtIC baSIS Of the ObserVEd Pae_AZ06 6/7/17 B-WA Not sequenced >64 | >128 | >16 >8 >16 | >32 8 16 >32 >2 >8 >8 4 (>32| 2 1 >64 Colistin- i I ] - | _—-
reSIStance phenotypesl establlsh the genomic populal—lon dlver5|ty, and deﬁne the nature Of Pae_AZ07 7/7/17 BAL New 2 |R79Q, T105A, P180L, E247K 64 | >128 | >16 | >8 >16 | >32 <1 16 ||>32|| »>2 | >8 >8 | 2 [»>32| 2 |1 >64 L'evofloxacin- i ! | ' -
] Pae_AZ08 8/3/17 BAL New 4 (R75Q, T96l, T105A, P180L, E247K >64 | >128 | >16 >8 >16 | >32 ] 8 >32 >2 >8 >8 4 |[>32| 2 | 4 >64 Ciprofloxacin- ' ' ' |
sequence changes over time Pae_AZ09 8/7/17 BAL New 2 [R79Q, T105A, P180L, E247K >64 | >128 | >16 | >8 || >16 | >32 || >8 | >32 [[>32|| >2 | >8 || >8 | 4 [»>32] 2 | 1 || >64 Aztreonam - i e = . i
. . . Pae_AZ10 8/21/17 BAL New 5 |R79Q, T105A, D107N, AG240, E247K|| >64 | >128 | >16 | >8 >16 | >32 8 >32 (| >32 || »2 8 >8 | >8 (»>32| 1 | 1 >64 Meropenem - :
Results. Our phylogenetic reconstruction demonstrates that these isolates represent a a0 AZLL anair | BaL New 2 TR79Q T10SA P18OL E247K i s oae T os 1T ote Tosa 15 T30 1asa 1 e Tos 1M as T Tosa T T Mo Topenem B
genotypically and phenotypically heterogeneous population. The pattern of mutation accumulation Pae AZI12 | ¢ |9/25/17 | B-Asp Not sequencer >64 | >128| >16 | >8 || >16 | >32 || 8 | 32 ||>32]] 2 | >8 || >8 | >B |>321 05| 1 || >64 Ampicillin- i
. . . . . Pae_AZ13 a 10/15/17 | Nasal New 2 (R75Q, T105A, P180L, E247K >64 | >128 | >16 >8 >16 | >32 8 32 >32 >2 >8 >8 4 (>32| 2 2 >64 Penicillin G- !
and variation of gene expression suggests that a group of closely related strains was present in the Pac AZ14 | & [11/1/17 | BAL New 5 |R79Q, T105A, D107N, AG240, E247K || >64 | >128 | >16 | >8 || >16 | >32 | 8 | >32 |[>32|[ 2 | 4 || 8 | »8 |>32| 1 | 1 || »64 Cettolozaneftazobactam —— g A N m
. . . . Pae_AZ15 + (11/30/17 | BAL New 2 (R75Q, T105A, P180L, E247K >64 | >128 | >16 >8 >16 | >32 4 32 >32 >2 >8 >8 | >8 |»>32| 2 1 >64 - . ) _
patient prior to transplantation and continued to evolve throughout the course of treatment vae azie | & [12/9717 | spu New 5 [R790. T105A D1070 26240 E227K| [oea Traza | w16 T oa | oae Tosz 1 & Tosz 1ozl o2 15 1 os 1os Tosz | 1 T2 aca Mefffe”f;i’,!'ﬂ,i’fb‘ﬁﬁiﬁiﬂ e i " i
regardless of antibiotic usage. Our findings challenge antimicrobial stewardship programs that assist Pae_AZ17 1;/50/17 BAL :ew ; E;gg Egzﬁ Ei:gt ggi - - - - | e N N B | Piperacillin/tazobactam- - el |
. . . e . . . . .. . . . Pae_AZ18 1/5/18 SPU ew ’ ’ >64 | >128 | >16 >8 >16 | >32 >8 | »>32 (| >32 >2 >8 >8 | >8 (>»32| 2 | 1 >64 .
with the selection and duration of antibiotic regimens in critically ill and immunocompromised Pae_AZ19 1/15/18 | sPU New 2 |R79Q, T105A, P180L, E247K 32 |>128| >16 | 8 || >16 | >32 || 8 | »32 ||>32|| >2 | >8 || >8 | >8 |>32| 1 | 1 || »64 . t’:"""a"f”' : | . T — s
: : K Aar : : Pae_AZ20 1/25/18 | B-WA New 2 |R79Q, T105A, P180L, E247K >64 |>128 | >16 | >8 || >16 | >32 || >8 | >32 |[>32]|[ >2 | >8 || >8 | 58 [>32] 2 | 2 || >64 obramycin il N NN Ll I | L L |
patients based on single-isolate laboratory-derived resistant profiles. We propose that an approach oY VTR New 2 1R790 T105A P18OL E227K i ot oae T 1o Tose s T3 1 rsn 1o T os 1M as Tos Toma T T Mea |
sampling the population of pathogens present in a clinical sample instead of single colonies be Pae_AZ22 3/4/18 | B-WA New 2 |R79Q, T105A, P180L, E247K >64 | >128 | >16 | >8 || >16 | >32 || >8 | »32 |[>32|| 2 | >8 || >8 | >8 [»32]| 2 | 2 || »64 e Jan 17 Mar 11 May 17 Jul X7 ¥p 17 Noy 17 Jan 18 Mar|18
. . . . . . . . SPU: sputum; B-WA, bronchial wash; BAL, bronchoalveolar lavage; B-Asp, bronchial aspirate. * Isolate could not be regrown from frozen stock. NS, not sequenced.
appIIEd }Nhen dealmg with XDR P, aeruginosa, espeua!ly In pahehts with CF. . - . Numbers in bold indicate resistant according to CLSI breakpoints, except for fosmoycin (** Ecoff value as per EUCAST). Colors indicate each one of the clades: Clade A Figure 1. Timeline of antibiotic treatment and isolates recovered from the CF patient within the 17-month period until the withdrawal of
Conclusion. In complex cases such as this, real-time combination testing and (gray), Clade B (orange), and Clade C (teal). care. Indicated in bold are isolates that underwent WGS.
. . . . . “ . * . ® ” . . . . . of o . . . . .
genomic/transcriptomic data could lead to the application of true “precision medicine” by helping The majority of isolates were resistant to almost all antibiotics tested, with only colistin and Polyxmyxin B
clinicians choose the combination antimicrobial therapy most likely to be successful against a remaining active. Only 3/21 isolates were susceptible to caz/avi and tol/tazo A B
population of MDR pathogens present. oo Locin Sropsaeherde |
= A phylogenetic tree constructed using 455 SNVs and — Resisance| |Effux Pumps | | Resitance Biosynthesi siosyntnesis| | Pius | | Tass To5S
. . ]
BACKGROUND 129 short indels revealed 3 clades (A, B, and C; with [l ™" DR e L i R T Y
1, 3, and 14 members respectively) that share a Pac_nz N N 11T Il | [ipae_az2z
— Pee_AZ15 B 1 I | FOTM |0 | | Pac_AZ18
" The WHO and CDC have both desighated Pseudomonas aeruginosa as one of the recent common ancestor. Pae_AZ W I | 11T B | feseazi
= Clades A and C contained different mutations in th e AZ11 [ 1 | T JEE 30 |l ee_sz2o
: : e ae
major pathogens for which antibiotics are desperately needed ™~ A e o ot T b T e ) G
DNA mismatch repair gene mutl and exhibited an Pas_AZ07 I12 -
: : : o : : . » . . 1) 0.75 Pae_aZ0s o L) M o 1 | T HREHDRIN Wl Pae_azo7
" P geruginosa is a persistent and difficult-to-treat pathogen in many patients, elevated ratio of transition to transversion mutation : e sl B e e R S .-
[] [ [ ° ° ° [] [ 5 I O d 1 PaE_AZDS 6 ae_
especially those with Cystic Fibrosis (CF); where it is the most prevalent pathogen in = RNAseq performed on representative isolates from SNV/INDEL: 14.5.5.4 elos pae_AZI2 4 | I HHH I I | IIHIHHHH I IIIIH il IHPae_Azos
. . . —— Pae_AZO" Pae _AZ03
the lungs and a major contributor to morbidity and mortality 3 . each clade, revealed substantial differences in the T ez CUEE L 0L T T RN |l
expression of genes associated with antibiotic 7 = swvinoe sszazaz P re W T b i il 1 L e azie
. . . ] . - TirTv | dN/IS Pae AZ10
Our goal was to better understand the molecular basis of phenotypes of a set of P. resistance and virulence traits = Pasnn T ot romsit oeeen. o R eI il | L P
aeruginosa isolates recovered during a 17-month observation period from a young = Interestingly, bla,. expression varied 50-fold across
; PDC Fi . o 1e e ye s . g . . .
. . . . . ] ] ] igure 2A. Maximum Likelihood tree indicating relatedness among sequenced isolates. Tree was built in BEAST using a concordant set of 459 SNVs from GATK, Snippy, and Parsnp. Three main clades shown are Clade A (gray), Clade
woman SUﬁ:erlng from CF who underwent dOUbIE'Iung transplantahOn {o pOtentla”y |so|ates, with the hlghESt expression In Clade B, but s (orange), and Clade C (teal). On each branch, the transition to transverstion ratio (Ti/Tv) and the dN/dS ratio are shown above the line, with total numbers of variants of each type below the line. B. Expression patterns of
. . . . . . . . L g _ . antibiotic resistance/pathogenicity genes amongst P. aeruginosa isolates. RNA-seq data from 12 isolates representing all 3 clades showed variable gene expression in multiple resistance and pathogenicity functional categories
Inform the Ch0|ce Of theraples most IIke'V to be SUCCESSfUI In treahng SUCh Wlth SEVerd Other ISOIateS EXthItlﬂg 2-10x hlgher (indicated at top). Hierarchical clustering of the gene expression data was used to group isolates for differential expression (DE) analysis. Differentially expressed genes were tested for overrepresentation of Gene Ontology Biological
Complicated infeCtiOnS expression than the oldest i50|ate’ Pae AZO1. Process categories compared to the PAO1 genome in PANTHER; DE and overrepresented categories are shown.
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= The genomic/transcriptomic data provided a much richer view of the extent of heterogeneity
among isolates, not evident by antibiotic susceptibility profiles.

= As our phylogenetic reconstruction demonstrates, these isolates represent a genotypically and

phenotypically heterogeneous population, therefore profiling of a single isolate to inform

antibiotic choice may yield a treatment that is potentially ineffective against the rest of the

population; highlight the need for a more comprehensive sampling when gathering 1

microbiological data. 2. Esftl)tahrti,Hsl.J,rgéT<:E|rr\:§fg},J. Kluytmans, et al. 2017. "Global priority list of antibiotic-resistant bacteria to guide research, discovery, and development of new antibiotics". In. WHO.

In complex infections such as the one presented, real-time combination testing and 3. E;tter, W.C., D.R. Burgess & D.S. Burgess. 2017. Increasing incidence of multidrug resistance among cystic fibrosis respiratory bacterial isolates. Microbial Drug Resistance. 23: 51-

genomic/transcriptomic data could help to the application of true ”precision medicine” by 4. :Be;?;\;;_égé.c:;ampana, L. Cariani, et al. 2017. Relevance of multidrug-resistant Pseudomonas aeruginosa infections in cystic fibrosis. International Journal of Medical Microbiology.

helping clinicians choose the combination antimicrobial therapy most likely to be successful

against a population of MDR pathogens.
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e 17-year-old woman with CF
(heterozygous CFTR mutations
F508del and R1162X)

e History of rapidly progressive lung
disease, allergic bronchopulmonary
aspergillosis (ABPA), chronic sinusitis,
exocrine pancreatic insufficiency, CF- / \
related liver disease, CF-related
diabetes

e History of allergies and intolerance to
multiple antimicrobics

e Lungs chronically infected with MDR P,
aeruginosa

e Multiple courses of antibiotic
treatment

-

e Total RNA extraction => Qiagen
RNeasy Protect Bacteria Mini Kit

e Library prep /sequencing =
NEBNext Ultra Il Directional RNA
library prep kit + NEBNext
bacterial ribosomal rRNA
depletion kits; lllumina MiSeq
2x150

e Differential gene expression

/heatmap => hclust algorithm in
Complex Heatmap, EdgeR,

PANTHER 14.1
RNAseq “

~

*DNA extraction=> Lucigen
MasterPure™ Gram
Positive DNA Purification Kit

elLibrary prep => Nextera kit
eDe novo assembly =>Veltvet
eAnnotation = Prokka
eResistome =>CARD

—

e |dentification of SNVs = by
comparison of primary sequence
reads to the PA1RG (CP012679.1)
reference genome with GATK
HaplotypeCaller , SNIPPY, PARSNP

e Functional impact of SNVs = snpEff

* ML tree = with SNV using a MCMC
algorithm with a strict molecular
clock, BEAST

REFERENCES

e Automated MICs
MicroScan WalkAway
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Custom Panels
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