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Background and Hypothesis 

•  Diagnosis of major pathogens continues to depend on slow, culture-based 
methods to determine antibiotic susceptibility 

•  Delays in treatment for a patient with sepsis can greatly increase mortality

•  Current molecular diagnostics necessitate complete and prior knowledge on 
all possible genotypes conferring resistance  

We propose a “semi-phenotypic” RNA-based assay to probe antibiotic 
susceptibility rapidly in a manner agnostic to resistance mechanism. 

We use RNA-Seq data and an RNA hybridization assay (NanoString) to 
distinguish susceptible and resistant strains of Acinetobacter baumanii and 
Klebsiella pneumoniae for 3 key antibiotics from distinct classes: 
ciprofloxacin, gentamicin, and meropenem. 
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NIH (1 R01 AI117043-01).
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Culture Determined Susceptibility

N
an

oS
tr

in
g 

Te
ch

no
lo

gi
es

D
et

er
m

in
ed

 S
us

ce
pt

ib
ili

ty

Untreated Culture

Resistant Culture

Susceptible Culture

A
bu

nd
an

ce
A

bu
nd

an
ce

A
bu

nd
an

ce

mRNA

mRNA

mRNA

Identical

Distinct

Acinetobacter baumanii Klebsiella pneumoniae

Lo
g 2

 (Δ
Fo

ld
)

Resistant Susceptible
Acinetobacter baumanii Klebsiella pneumoniae

Breakpoint Bins MIC Dose Response

Ciprofloxacin
30 min

Log2(Abundance)

SusceptibleResistant Breakpoint Bins MIC Dose Response

SP
D

H
ig

h 
SP

D
Re

sis
ta

nt
Lo

w
 S

PD
Su

sc
ep

tib
le

Gentamicin
30 min

Meropenem
60 min

MA plots depicting log transcript abundance versus log-fold change of susceptible strains 
and resistant strains where each point represents one transcript. Red dots denote statistically 
significant up-regulation while blue dots represent down-regulation in expression level 
compared to untreated strains. Data shows average of 2 unique clinical isolates. 

1. Antibiotic Susceptibility Signature Determination 2. NanoString Technologies Assay Validation
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•  2 susceptible and 2 resistant strains were 
chosen for antibiotics treatment

•  Strains were lysed via bead-beating and 
RNA libraries were made for t = 0, 10, 
30, and 60 min

•  173 uncharacterized strains from 
Brigham and Women’s Hospital and the 
CDC were treated with antibiotics and 
lysed via bead-beating

•  Crude lysate was tested
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•  In previous works, we have demonstrated that:

Ø  our phenotypic, transcriptional assay can 
determine antibiotic susceptibility without prior 
knowledge on the genetic basis for resistance. 

Ø  This assay can be conducted on a positive blood 
culture with minimal sample preparation. 

We suggest that our 8-hour transcriptional assay may 
be further generalized to other pathogen-antibiotic 
pair to rapidly determine antibiotic susceptibility 
while remaining agnostic to the resistance 
mechanisms.

Each species was treated the clinical breakpoint for each antibiotic as dictated by the Clinical 
and Laboratory Standards Institute (CLSI). Acinetobacter baumanii was treated at 1 mcg/mL 
ciprofloxacin, 4 mcg/mL gentamicin, or 4 mcg/mL meropenem while Klebsiella pneumoniae 
was treated at 2.5 mcg/mL ciprofloxacin, 4 mcg/mL gentamicin, or 2 mcg/mL meropenem. 

•  Our assay demonstrated 96% 
accuracy (167  out of 173).

•  Based on the FDA criteria for 
antimicrobial susceptibility 
devices, our assay consisted of:

•  Reasons for assay failure are currently being explored

Ø  4 cases of minor error where an intermediate 
strain is incorrectly determined as resistant or 
susceptible (yellow)

Ø  1 major error where a strain determined as 
susceptible by culture is called resistant by our 
assay (orange)

Ø  1 very major error where a strain determined as 
resistant by culture is called susceptible by our 
assay (red) 


