
Abstract—Carbapenemase-resistant Klebsiella pneumoniae 
(CRKP), a nosocomial, community-acquired infection with a 
mortality rate as high as 50%, have become increasingly prev-
alent and difficult to treat. The virulence factors involved in 
pathogenesis of these organisms remain to be fully understood. 
Further characterization of the genomic and molecular basis of 
these factors is thus vital for future diagnostics and antimicrobial 
therapies. This study examined the innate immune response at 
the proteomic, molecular, and phagocytic level to K. pneumoniae 
producing carbapenemases sequence type 258 (ST258) isolates 
infection compared to the serotypic ATCC 43816 (KPPR1) refer-
ence strain. We found that the locally predominant ST258 isolate 
KP35, possessing a novel arcD arginine transporter, increased 
macrophage activation of protein synthesis directly associated 
with the pathways of phagocytosis and nitric oxide/reactive oxy-
gen species production. The normal immune function of phago-
cytosis was elevated in response to KP35 and NR1155 while these 
ST258 demonstrated intracellular persistence. 

I. INTRODUCTION
CRKP sequence type 258 (ST258) isolates, the most prevalent 

sequence type in the clinical healthcare setting, have demonstrated 
high variability in plasmid acquisition, yielding differential cap-
sular composition and antibiotic resistance patterns within iso-
lates[1]. The experiments detailed in this study assessed the genetic 
basis for the altered behavior of a local ST258 isolate, KP35, in rela-
tion to the better studied and more virulent prototypic serotype 2 
K. pneumoniae ATCC 43816 (KPPR1) reference strain. 

The institution where the present work was carried out iden-
tified a clinical ST258 isolate, NR1155, closely related to KP35 but 
missing arcD and possessing differential SNPs and resistance 
genes from KP35[2]. This triggered a question whether KP35, com-
pared to its arcD-negative counterpart NR1155, has similar infec-
tive functions in the in vitro innate immune monocyte model; first 
in the host uptake and intracellular killing response, and second in 
the induction of cellular death. Therefore, it was hypothesized that 
ST258 K. pneumoniae clinical isolates will be more readily phago-
cytosed by macrophages and induce greater host cellular death 
compared to the KPPR1 reference strain. 

II . METHODOLOGY
THP1 macrophages were infected with a multiplicity of 10 of K. 

pneumoniae KPPR1, KP35, NR1155, or control media, respectively. 
Proteomic data of the ST258 isolate KP35 and the published proto-
typic KPPR1 were collected and compared using Ingenuity Path-
way Analysis (IPA) software to detect protein productions in BAL 
fluid of the murine model in response to both respective strains; 
canonical pathway analyses and gene heat maps were consequent-
ly generated by the application. 

Infections’ intracellular bacteria were then enumerated by seri-
al dilutions plated on agar and remaining macrophage cells were 
counted with trypan exclusion for viable concentrations. Finally, 
in ROS assay, macrophage lysate samples taken from the respec-
tive infections were labeled with CM-H2DCFDA reagent and mea-
sured for fluorescence (reactive oxygen species production) using 
the TECAN reader. 

III . RESULTS
Proteomic Pathways: Canonical pathways analysis elucidated 

differentially-activated genes and differences in protein concen-
trations between the isolates: KP35 demonstrated notable increase 
in ratio of protein concentrations associated with Fcγ receptor-me-
diated phagocytosis and production of nitric oxide/reactive oxy-
gen species in host infections. Phagocytic Uptake, Intracellular 
Persistence and Host Survival: Gentamicin protection assays 
performed over a 2 and 6 hour time course indicated that ST258 
isolates are phagocytosed to a greater extent than KPPR1; mini-
mal intracellular killing of ST258 isolates took place at the 6h time 
point compared to the up-regulated macrophage activity against 
the reference strain. The arcD deficient NR1155 markedly reduced 
viable host concentrations and may affect metabolic processes and 
survivability of monocytes. Reactive Oxygen Species: ROS assays 
indicated up- regulation of ROS production in monocytes infected 
with the ST258 isolates, confirming the proteomic analysis. 

Fig. 1. Measurement of 
phagocytic uptake and 
intracellular killing. 
Bacterial burdens of 
THP-1 infected with se-
quence type 258 isolates 
or KPPR1 were quan-
tified by CFU/mL and 
standardized to the mea-
sured inocula growth of 
each strain. ***p<.005 vs. 
prototype KPPR1

IV. CONCLUSION
This study illustrates the distinct changes in host response to 

CRKP ST258 in comparison with the extensively- characterized 
KPPR1 and suggests several mechanisms by which ST258 isolates 
trigger an altered macrophage host response. These characteriza-
tions are paramount for the development of therapeutic strategies 
to combat infections caused by multi-drug resistant K, pneumoni-
ae. A constructed arcD-deficient mutant of ST258 KP35 should be 
utilized in future for competitive index assessment. 
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