
ABSTRACT
Background: Carbapenem-resistant A. baumannii 
(CRAb) is a WHO priority 1 critical pathogen. Despite 
Israel being affected early by high CRAb rates, limited 
molecular data are available. We investigated the 
presence of carbapenemases among 198 
Acinetobacter spp. clinical isolates from Israel 
between 2001 and 2006.

Methods: Strains from 3 archives underwent whole-
genome sequencing (Illumina NovaSeq on all, MinION 
on a subset) and computational analyses: 
assembly (Unicycler), annotation (prokka), 
identification (Kraken, 16S rRNA), search for 
carbapenemases (ResFinder, BLDB curation). Figures 
were generated in Inkscape, plasmid alignment on 
AliTV.

Results: A. baumannii (Ab) represented 179/198 
(90.4%) Acinetobacter spp. (Figure 1). Annual 
incidence varied from a minimum of 16 (2001) to a 
maximum of 62 (2004), with an average of 30. Eighty-
four Ab (46.9%) carried a carbapenemase: 38 (45.2%) 
blaOXA-72 (blaOXA-24-like); 28 (33.3%) blaOXA-23-like 
(20 blaOXA-23 and 8 blaOXA-225); 18 (21.5%) 
blaOXA-58 (16 from 2001-2). Annual CRAb rate 
increased yearly from 2002 (32%) to 2006 (67%). 

Eight species of non-baumannii Acinetobacter (NbA) 
accounted for 19 isolates (9.6%): A. pittii (n=6), lwoffii 
(n=4), junii (n=3), ursingii (n=2), others n=1: A. 
gyllenbergii, johnsonnii, schindleri, and variabilis 
(Figure 1). Two of three A. junii contained blaOXA-58, 
one of which, Ajun-H1-3, isolated in a blood culture in 
January 2004, also possessed blaNDM-1. The 
pNDM-Ajun-H1-3 plasmid matched numerous BJ01-
like plasmids reported from 2005 
onwards in Acinetobacter spp. as well as 
Enterobacterales (Figure 2).

Conclusion: We retrospectively assessed 
carbapenemase diversity among Acinetobacter spp. in 
Israel from 2001-2006. Analysis of 179 Ab 
isolates predate observations elsewhere: rapidly 
rising CRAb rates, driven by the dissemination of 
blaOXA-23-like and blaOXA-24-like genes replacing 
blaOXA-58. 

Among 19 NbA, an A. junii isolated in 2004 carried two 
carbapenemases, blaOXA-58 and blaNDM-1, making 
it the earliest NDM-positive isolate reported to 
date, preceding NDM-positive Acinetobacter spp. 
found in 2005 in India. 

Further investigations into the origins of blaNDM 
are needed to understand the conditions that led 
to its emergence and prevent similar issues from 
arising in the future.

BACkgRound

• An outbreak is traditionally suspected when a cluster of cases associ-
ated with a common organism is observed.

• Outbreaks due to carbapenemase-producing organisms challenge tra-
ditional infection control approaches as the focus shifts to the actual 
resistance genes transmitted between different genera and species.

• Whole genome sequencing (WGS) is a new tool that allows for the ge-
netic typing of isolates and for tracking of mobile resistance elements.

oBjeCTiveS

MeThodS
Design: 

Retrospective molecular analysis of clinical samples. The study 
was approved by institutional Research Ethics Committee.

Population/Sample Selection:
• Samples were obtained from inpatients at a 637-bed university 

teaching hospital in Montréal, Canada.
• Detection of two new cases of KPC-producing Enterobacteriace-

ae of different genera (Isolates A & B) prompted the collection 
of epidemiologically-linked clinical and surveillance samples
harbouring the blaKPC gene (n=9).

Laboratory Diagnostics:
• blaKPC gene presence was detected by polymerase chain reaction 

(PCR) at the primary site, and confirmed by the Laboratoire de Santé 
Publique du Québec, also by PCR

KEY TAKE-HOME MESSAGES
• blaNDM is the most prevalent carbapenemase gene worldwide
• prior to our study, the earliest known blaNDM-positive strains were Acinetobacter spp. 

from 2005 in India (Jones et al.)

• we identified the earliest blaNDM-positive strain, an A. junii from 2004 from Israel
• this finding further supports the claim that Acinetobacter spp. are the likely source of 

blaNDM before this gene spread to more common human pathogens
• it also suggests blaNDM may have originated elsewhere than in India
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CARBAPENEMASE-PRODUCING ACINETOBACTER spp. FROM ISRAEL, 2001-2006 
EARLIEST REPORT OF blaNDM

PREDATING THE OLDEST KNOWN blaNDM-POSITIVE STRAINS
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0 Organism Patient ID Isolate ID

Klebsiella oxytoca D 6
Enterobacter cloacae E 9
Klebsiella pneumoniae C 4
Klebsiella pneumoniae D 5
Enterobacter cloacae B 2
Klebsiella pneumoniae A 1
Klebsiella pneumoniae D 7
Escherichia coli D 8
Klebsiella pneumoniae C 3

Figure 2: Plasmid alignment of pNDM-Ajun-H1-3 with other BJ01-like plasmids with or without blaNDM

ReSulTS

• SNP analysis of Tn4401 and pRFLP revealed 3 transposon types:
n Tn4401b-1, Tn4401b-2, and Tn4401a-1:

• incorporated into 6 distinct plasmids: A1, A2, B1, C1, D1, E1
• belonging to IncN, IncP, L/M, IncFllk or IncFIA(H1)

• Tn4401b-1 was identified in: n
3 plasmids: A2, D1, E1
n 3 species: K. pneumoniae,

E.cloacae and K. oxytoca.
• a2, an IncN plasmid, associated with Tn4401b-1 was identified

in Isolates 1 and 2 suggesting that they are linked.

FIGuRE 1: Plasmid fingerprinting of isolates using bgl II. 

FIGURE 1 : a) Breakdown of Acinetobacter according to species, including presence of oxacillinases and carbapenemases
b) distribution over time separated between A. baumannii and non-baumannii Acinetobacter
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