Assessing Carbapenemase-Producing Bacteria in Wastewater Samples in New York State:
a Pilot Study
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Overview Real-Time PCR and WGS Results ONT 16S Sequencing Analysis
- Wastewater (WW) surveillance for SARS-CoV-2 has been successful in providing an early indication of community spread and an High Speed vs Low Speed WW pellets tested by the WC AR LDT real-time PCR assays | a oot - _
understanding of emerging variants. The Wadsworth Center (WC) collaborated in a pilot study to detect and monitor trends of 200 | o i Genera ldentified from WW Pellets and TSB Enrichments by
antimicrobial resistance (AR) alongside the existing New York State (NYS) WW surveillance program. 180 172 172 ' hodobactt ONT 16S Sequencing
« Carbapenemase genes are found on mobile genetic elements that can be transferred between bacterial species, posing concern for 160 153 | § Clostridium
patients in healthcare facilities. The carbapenemase genes of focus are: blagpc, blaypy, Plagxa.as, blay, and blaye 0 — | ,
« The WC used various testing methods including culture, real-time PCR, Oxford Nanopore Technologies (ONT) 16S sequencing, and %‘3 ZZZZZ
whole-genome sequencing (WGS) to identify bacterial species carrying carbapenemase genes (Figure 1). § 120 110 o + ONT 16S sequencing from 2 WW pellets and TSB
« Paired high and low speed ultracentrifuged WW pellets were received monthly from various counties and WW collection sites Hg 100 90 “_{—‘ Streptococcus enrichments was performed.
throughout NYS from September 2023 to December 2023. Starting in January 2024, only low speed samples were tested. 2 80 £3 ) Lactococcu: + The WW pellet samples were dominated by members
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| _ y WW samples have been received from 16 counties and 24 ) 0000 0000 I B iG 2 0000 0000 I cf 2122 3hog 21 ii 4L Streptococcus (~39%), Escherichia/Shigella (~26%),
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blayp. blaypy blagy s blay, blayp i 1_‘ o Enterobacter (~6%). Out of the 12 genera represented
Figure 2. M Paired High Speed Paired Low Speed B Unpaired Low Speed M Total . ’ |n the TSB enrlchments 5 CorrespOnd tO Cllnlca”y
B NYS Counties with Wastewater Samples Tested e 172 WW high and low speec_l pellets have _been extracted and tested by the WC AR LDT real-time PCR assays. S Victowatar Pellet D) Aeromonas _releve_mt bacteria commonly associated with AR
« Both high and low speed paired ultracentrifuged pellets (62) were collected and tested from each WW collection site. B TSB Enrichment — eudar s infections.
Methods and \Workflow « Since January 202_4, _o_nly IOV\_/ speed p_ellets (48) with a t_otal of 110 low spe_ed pellets were tested overgll. B Pellet and Enrichment 7
 There was not a significant difference in AR gene detection between the high and low speed ultracentrifuged pellets ‘ .
* 24-hour composite samples were collected from influent flow at WW treatment plants across NYS. collected and tested : Eecherichia/Shiell
. scnericnia igelia
500 mLs of WW were centrifuged (10,000 x g for 10 minutes) to lightly pellet the solids (low speed). From the same site 500 mLs were also centrifuged at o T 0 T ) —_
186,000 x g for 32 minutes and run through a 50% sucrose cushion to generate high speed pellets. Pellets (< 1 g) were mixed with 1 mL of 1X phosphate- Of the 172 tOtaI_S_amplef teSted’ 172 were bIaKPC an_d_ blaOXA'48° p03|t|ve (1 00 A)’ 63 were blaNDM pOSItlve (39'5 /o), 110 Zet atZ ;
buffered saline (PBS), preserved in 20% glycerol, frozen at -80 °C, and shipped on dry ice to Wadsworth Center. were blay,, positive (64%), and 159 were bla,,, positive (92.4%). K;' :n? ;c o
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50 pL of the WW pellets were extracted on bioMeérieux’s EMAG® and run on WC AR laboratory developed test (LDT) real-time PCR assays to detect blayp, Table 2 Carbapenemase Gene Positive Isolates Recovered from WW Pellets Figure 4.
blaypy, blaoxa.as blayy, and blay,e genes. : — : — ] ]
50 uL of the pellet was inoculated into Tryptic Soy Broth (TSB) and incubated at 37 °C overnight. AR Gene Variant and Species Number of Isolates Numb:anOSfTZIStht AR Geg:;/caig:nt e Nll::g:;:f Numb:’:.LoSfTZIStht High Speed (HS) and Low Speed (LS) WW pellets tested by ONT 165 Sequencing
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100 uL of the TSB was extracted on bioMérieux’s EMAG® and run on the WC AR LDT real-time PCR assays in duplicate. A subset of PCR positive TSB M— e — Others
samples were tested by 16S rDNA sequencing using Oxford Nanopore Technology (ONT) followed by analysis with the WC 16S rDNA sequencing analysis blaKpc_2 29 19 blaypn.1 3 2 90%
pipeline. _ . . S0 B Unk. Enterobacteriales
50 pL of TSB was inoculated onto CHROMagar™ mSuperCARBA™ and incubated overnight at 37 °C. Various isolated colonies were plated onto Tryptic Soy Aeromonas species 6 1 Klebsiella pneumoniae 3 2 W Providencia
e o - - o 70%
Agar with 5% Sheep Blood (BAP) and incubated overnight at 37 °C. ) | Citrobacter freundii complex 4 3 blaNDM-S 5 ) m Proteus
From the BAP the colony was tested by NG-Test® CARBA 5 for KPC, NDM, OXA-48, VIM and IMP carbapenemase enzymes. If positive, the species was 60%
identified by Matrix-Assisted Laser Desorption/lonization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) and then frozen in TSB with 30% glycerol. Enterobacter cloacae complex 6 3 Escherichia coli 5 2 0% . B Morganella
A subset of AR gene positive isolates were sequenced using lllumina™ NextSeq™ and run through the NYS Clinical Laboratory Evaluation Program (CLEP) o _ W Klebsiella
approved AR WGS Pipeline to identify the AR gene variant and multilocus sequence type (MLST) of the bacterial species. Escherichia coli 1 1 blagya.1g1 (blag,, a5 jike) 1 1 40% - Escherichia/Shigella
: . . . 30%
AR Wastewater Testlng Al gorlthm Klebsiella species 8 7 Escherichia coli 1 1 . . B Enterobacter
Raoultella ornithinolytica 4 4 blagys 240 (bla,,, a5 iike) 2 2 oo Citrobacter
Wastewater Pellet blapc 3 42 29 Escherichia coli 2 2 0% Streptococcus
A _ , , Site01-HS Site01-LS Site02-HS Site02-LS Site03-HS Site03-LS Site04-HS Site04-LS Site05-HS Site05-LS Figure 5.
eromonas species , : p : : : ,
P . 123 carbapenemase gene positive isolates were « Relative abundance of genera identified from ONT 16S sequencing of 5 paired high and low speed TSB enrichments
Citrobacter freundii complex 3 2 identified from 24 WW samples: from WW pellets. Samples were normalized to a read depth of 25,000 prior to generating the summaries.
Enterobacter cloacae complex 10 9 KPC (116), NDM (8), OXA-48 (4), VIM (0), IMP(0) * No significant or consistent differences were observed in taxonomic profiles between enrichments obtained from high
Eechoriohin col 1 1 . 83 isolates underwent WGS analysis using the WC speed and low speed pellets.
Tryptic Soy Broth * Extract on EMAG® * Real-time PCR Extract on EMAG® AR WGS Pipeline which identified: :
Klebsiella species 22 12 AR gene variants (7), MLSTs (48) COnCI usIions
Kluyvera species ’ ’ « Species were identified by MALDI-TOF MS
* A known circulating clinical strain of Klebsiella « WW samples throughout NYS contain multiple carbapenemase genes, within a variety of different organisms, MLSTs,
Raoultella ornithinolytica 3 2 pneumoniae, blayp,,., positive and MLST 147 was AR genes and variants detected. Some of the samples were found to have the same MLSTs and AR gene variant as
bla 1 1 identified in the WW samples (Figure 3). those found in clinical strains previously sequenced at WC but are not closely related.
KPC-4
_ _ « The percentage of WW samples positive for AR genes does not align with known clinical strain positivity for these
16S Oxford Klebsiella species 1 1 genes
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MSuperCARBA™ solated Lolonies Sequencing/ 16S eal-ime WGS Related ness AnaIySiS « There is little difference between high and low speed ultracentrifugation for WW pellets by either the AR genes detected
Pipeline by real-time PCR or ONT 16S sequencing. Only low speed samples will be tested moving forward.
WGS Relatedness Analysis of WW vs Clinical Strains + 2 Klebsiella pneumoniae, blaygy,., positive and * ONT 16S sequencing of WW pellets demonstrated limited clinical/surveillance utility as clinically relevant bacteria are
MLST 147 recovered from WW samples were often present at very low frequencies in these sample preparations. However, ONT 16S sequencing can serve as an
O Rio00nsss4301%0 ;‘3"* Source compared to clinical isolates of the same type early screening tool for TSB enrichments to prioritize samples for targeted isolation and characterization.
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On g ~O IDR2IO00BI22201:02 g using a bioinformatic pipeline as described in: « Additional work is needed to optimize testing methodology to detect carbapenemase genes in WW as well as additional
—O IDREZ00007392010% m Haas W, Lapierre P, Musser KA. 2021. J Clin . - BT . . . . .
Ow Westewstr DRZOV0SEST40101 Microbic;I 59'90096,7-20 comparisons to clinical data to determine if this testing could provide an improved public health impact and reduce the
o %IDREEMDTEM&MW: . _ - _ Spread of AR.
Tryptic Soy Agar Ilurmina™ WGS/ AR " IDR2300011861-0102  The two WW isolates were 37 mutation events
NG-Test® CARBA 5 with 5% Sheep MALDI-TOF MS * T - © |DR2200051700-01-00 (ME) from each other but >800 MEs from the
WGS Pipeline : - ..
Blood P | ® T DRzonsisorta closest clinical sample. ACkﬂOWledgementS
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