


Rapid phenotypic antimicrobial susceptibility testing
using nanoliter arrays



Antibiotic/Antimicrobia resistance

(AMR)

Stop Antibiotic Resistance.




Introduction:

infections with AMR were estimated to take the lives of over

700,000 people every year, and that number is expected to rise to
10 million people by the year 2050
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one that is estimated to cost the United States $35

billion a year and is expected to cost the world $100
trillion by the year 2050.
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% Diffusing antibiotic gradients from strips (e.g., E-test)
% Liquid suspension-based methods ( broth microdilution method)(VITEK)

% Genotypic AST(AntimicrobiaI Susceptibility Testing ) (1-3h)




Stationary Nanoliter Droplet
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Herein, we present a system that combines the resazurin assay with a

/

nanoliter well array containing lyophilized antibiotics within each
. well, forming a system with multiplexing potential that can be
operated in a practical manner. Because well volumes are small and
chemically isolated, the fluorescence buildup (i.e., metabolism) of a

small number of bacterial cells can be detected for different

antibiotic conditions simultaneously.
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Materials ape,Methods:
o fResazurin
FC-40 oil
pipette
bacterial suspension
positive control
negative control
SNDA-AST DEViCE(stationary nanoliter droplet array)
Antibiotic
inverted epifluorescent microscope
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Materials and Methods:
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O resomfin s
s} -}

02
) e
02

‘02




Evaporation

1 nL culture medium (the volume of each microchamber)
can be evaporated in less than 1 h(aziziet.al)
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Materials and Methods:

bacterial suspension
v
Resazurin




Materials and Methods:

SNDA-AST DEViCE(stationary nanoliter droplet array)

10 pL pipette 1 k

oil plug
bacteria N\ \l %1 & _
with resazurin \
/’/
Steplr=—— e e e = Step 2 ————
P Inject bacteria suspension Qil plug follows and I Step 22. Monitor well
with resazurin separates the wells fluorescence
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Antibiotic (Lyophilizated)
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Load
antibiotics
into SNDA
and freeze
(-80°C) for
A0 min

Freeze dry

(lyophilize)
overnight

Prepare
Bacteria for
seeding at
concentrati
on of 5*10°
CFU/ml

Load
bacteria
into SNDA

[antibiotics
redisolve)
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(B) Comparison of the standard “wet” and dried gentamicin at the 0r ——
breakpoint concentration using E. coli with 8 mg/L ampicillin showing that
the dried antibiotic has efficacy similar to that of the standard “wet” 0.1
counterpart. 0 1 2 3 4 g &

Time (hr

(C) Schematic of parallel SNDA-AST device used for multiplexing. A bacterial sample can be loaded
into the device and tested against two different types of antibiotics simultaneously.
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Table 1. Experiments used to estimate the time to S/R determination of the SNDA-AST device

Bacteria lsolate Source SNDA-AST determination (time) VITEK 2 (laboratory) determination (time)

E. coli Clinical Urine AMP 8 mg/L — S (5.00 h) CIP 0.5 mg/L — R (4.00 h) AMP - S CIP - R (9.75 h)
K. pneumoniae Clinical Urine AMP 8 mg/L — R (4.50 h) GEN 2 mg/L - S (2.00 h) AMP - R GEN -5 (8.75 h)
Staphylococcus aureus Clinical BAL  PEN 0.125 mg/L — R (2.50 h) CIP 1 mg/L - S (4.00 h) PEN-RCIP-5(9.75 h)
Staphylococcus haemolyticus  Clinical  Urine  CIP 1 mg/L — S(5.35 h) ERY 1 mg/L - S (3.85 h) CIP - S ERY -5 (9.75 h)
Acinetobacter baumannii Clinical Burn CIP 1 mg/L -5 (4.25 h) CST 2 mg/L -5 (2.25 h) CIP - SC5T -5 (9.25 h)
Citrobacter freundii Clinical Urine CIP 1 mg/L -5 (4.50 h) GEN 1 mg/L - S {(4.50 h) CIP — S GEN - S {9.50 h)




Same-Day Detection and AST for UTlIs
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Same-Day Detection and AST for UTls
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Experiments used to estimate the time to S/R determination of the SNDA—AST device

Exp.

Organism

SNDA-AST determination (time)

VITEK 2 {laboratory) determination (time)

L I

K. pneumoniae

K. pneumoniae
Enterococcus faecalis
E.coli

E. coli

AMP 8 mg/L — R (3.5 h) CIP 0.5 mg/l—S (3.5 h)
AMP 8 mg/L - R (5.5 h) CIP 1 mg/L{{5)}1.0 h)
AMP 8 mg/L +5<1.0 h) CIP 4 ma/L Z543.5 h)
AMP 8 mg;uj_@);.u h) CIP 0.5 mg/L - S (5.0 h)
AMP 8 mg/L — (4.5 h) CIP 0.5 mg/L - R (5.5 h)

AMP - R CIP -.£9.25 h)
AMP - R CIP(R)}).0 h)
5 AMP S - Gi(11.0 h)
(®)amP s - P (1175 h)
FCAMP R - CIP (8.5 h)




Schematic of parallel SNDA-AST device used for multiplexing
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Discussion

» Same-day AST results are possible using the SNDA—AST system
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