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abstract
aim: Carbapenem resistant Acinetobacter baumannii have limited treatment options and a propensity to cause hospital outbreaks. 
In recent years an increase in their detection has been observed in New Zealand. This study aimed to describe the molecular  
epidemiology of these isolates.
method: This study utilised carbapenem resistant A. baumannii complex isolates identified across New Zealand between January 
2010 to April 2018. Whole genome sequence analysis and associated demographic information was used to contextualise local isolates 
within the global epidemiology and establish the relationship between isolates. 
results: Thirty-three carbapenem resistant A. baumannii complex isolates (31 A. baumannii sensu stricto) were identified. Twenty-four 
(73%) were from January 2015 onwards. Twenty-four (73%) had an identifiable epidemiological link to overseas hospitalisation. Twenty-three 
(74%) of 31 A. baumannii sensu stricto were sequence type (ST) 2 (Pasteur scheme). Phylogenetic analysis identified three ST2 clusters. 
The largest cluster, of 12 isolates, was from 2015 onwards; with nine (75%) associated with recent hospitalisation in Fiji or Samoa.
conclusion: Increasing numbers of carbapenem resistant A. baumannii are being identified in New Zealand. Our data show that 
this is in large part associated with transnational spread of a single A. baumannii sensu stricto ST 2 strain between Fiji, Samoa and 
New Zealand. 

Acinetobacter baumannii is a gram-negative 
coccobacillus that has emerged as a 
multi-drug resistant (MDR) cause of hos-

pital acquired infection in many locations world-
wide.1,2 Infections primarily affect vulnerable 
patients in the intensive care setting and are asso-
ciated with high crude mortality.1 The emergence 
of MDR A. baumannii has occurred in association 
with regional and international spread of hospi-
tal adapted clones.3–5 Carbapenem antimicrobials 
were the primary treatment option for MDR A. 
baumannii strains. However, the emergence of car-
bapenem resistance in these global lineages, medi-
ated primarily by acquired OXA carbapenemases, 
has severely restricted treatment options.3,6

In the Pacific/Oceania regions, carbapenem 
resistant A. baumannii have been reported from 
French Polynesia, New Caledonia and Australia 
since the early- to mid-2000s.7–9 In 2015–2017 an 
outbreak occurred in a Fijian neonatal intensive 
care unit, with invasive infection associated with 
a crude mortality of 86%.10 MDR A. baumannii is 
not endemic in New Zealand hospitals, with spo-
radic cases identified primarily in individuals 
with a history of overseas hospitalisation. A sin-
gle outbreak has been reported in New Zealand, 

with an MDR, but carbapenem sensitive, strain 
that affected an Auckland hospital in 1998–1999.11 
However, in recent times we have experienced an 
increase in their detection, associated with prior 
hospitalisation in neighbouring Pacific Island 
countries and territories (PICT). 

The limited antimicrobial treatment options 
and propensity of carbapenem resistant A. bau-
mannii to cause hospital outbreaks poses a threat 
to healthcare in New Zealand and other PICT. 
Enhancing our understanding of the local epide-
miology of carbapenem resistant A. baumannii 
may assist with mitigation strategies. Utilising the 
high discriminatory capacity of whole genome 
sequence (WGS) molecular epidemiology we aim 
to contextualise local New Zealand isolates within 
the global epidemiology, establish the local rela-
tionship between isolates, considering especially 
those with links to PICT, and explore potential 
routes of dissemination in the Pacific regions. 

Methods 
This was a retrospective descriptive study. 

We identified carbapenem resistant A. bauman-
nii complex isolates with putative acquired OXA 
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carbapenemase genes from laboratory records at 
Auckland District Health Board (ADHB) and the 
Antimicrobial Resistance (AMR) Reference Labo-
ratory at the Institute of Environmental Science 
and Research (ESR) from January 2010 to April 
2018. This is believed to have captured the major-
ity of cases in New Zealand over this period as all 
laboratories were encouraged to send carbapenem 
resistant A. baumannii isolates to ESR for further 
characterisation. Basic demographic information 
(age, gender, ethnicity) and epidemiological meta-
data, such as a documented history of overseas hos-
pitalisation, were retrieved from clinical records 
where possible. Study approval was obtained from 
the New Zealand Health and Disability Commission 
ethics committee (reference number 18/NTB/24). 
Funding was provided by the A+ Trust Microbiol-
ogy Education and Research Fund.

Isolates were grown on sheep blood agar and 
identified to species-complex by MALDI-ToF MS 
(BioMerieux). Susceptibility to meropenem, pip-
eracillin-tazobactam and colistin, was deter-
mined using Sensititre (ThermoFisher Scientific) 
microbroth dilution method. Meropenem and 
colistin mean inhibitory concentrations (MICs) 
were interpreted as per EUCAST Acinetobacter 
breakpoints; and piperacillin-tazobactam MICs 
were interpreted as per CLSI Acinetobacter break-
points (EUCAST breakpoints not being available 
for Acinetobacter versus piperacillin-tazobac-
tam).12,13 Susceptibility to ciprofloxacin, cotrimox-
azole, gentamicin, and amikacin were determined 
using disc diffusion as per EUCAST.12 Ceftazidime 
susceptibility was determined by disc diffusion as 
per CLSI (EUCAST breakpoints not being available 
for Acinetobacter versus ceftazidime).13 

DNA was extracted from each isolate utilis-
ing the QIAamp DNA mini-Kit (QIAGEN). Unique 
dual indexed libraries were prepared using the 
Nextera XT DNA sample preparation kit (Illu-
mina). Libraries were sequenced on the Illumina 
NextSeq 500 with 150-cycle paired end chemis-
try as described by the manufacturer’s protocols. 
Bioinformatic analysis was performed using the 
Nullarbor14 v2 pipeline. Briefly, Trimmomatic15 
v0.36 was used to remove adaptors and low-qual-
ity bases and reads. Kraken16 v1.0 was used to 
perform in silico species detection and assess the 
paired-end read-sets for contamination. Short-
reads were assembled de novo using SPAdes17 
v3.12.0 and the resultant contigs were annotated 
using Prokka18 v1.14. Multi-locus sequence type 
(MLST) was determined using MLST19 v2.11 with 
the A. baumannii Pasteur scheme20 (cpn60, fusA, 

gltA, pyrG, recA, rplB, rpoB) downloaded in July 
2018. OXA carbapenemase genes were identi-
fied using the Resfinder21 database in Abricate22 
v0.8.2. Mash23 v2.1 was used to create a distance 
matrix from k-mer hashes, and QuickTree24 v2.3 
was used to construct a neighbour joining tree for 
exploratory analysis of the relationship among 
isolates. A core-genome (defined as sequences 
found in ≥99% of isolates) maximum likelihood 
tree was then inferred for MLST ST2 isolates with 
IQ-TREE25 v1.6.5, using the A. baumannii refer-
ence genome under NCBI accession NC_021729, 
with core-genome SNPs identified using Snippy26 
v4.0, and probable recombinant sites removed 
using Gubbins27 v2.3.1. Reads for each sequenced 
isolate (AB1-20, AB22-34) have been deposited in 
NCBI under Bioproject accession PRJNA855258.

Results
Thirty-three distinct carbapenem resistant 

A. baumannii complex isolates were identified 
from 32 persons (cases) between January 2010 
and April 2018. Twenty-four of 33 (73%) isolates 
were identified since January 2015 (Figure 1), and 
23 (70%) were identified in the Auckland region 
(Figure 1A). Eighteen of the 26 (69%) isolates with 
available data were identified in clinical speci-
mens, while eight (31%) were identified in MDR 
organism screens alone. Cases had a median age 
of 56 years (range <1 to 77) and 18 of 32 (56%) 
were female. Eight of 30 (27%) cases, with avail-
able ethnicity data, were reported as Pākehā/
NZ European; four (13%) as Māori; four (13%) as 
Fijian; four (13%) as Samoan; three (10%) as Indian; 
three (10%) as other European; two (7%) as Fijian 
Indian; one as Chinese (3%); and one (3%) as other 
Asian. Twenty-one of 32 (66%) cases had an identi-
fiable history of “recent” overseas hospitalisation; 
14 were direct hospital to hospital transfers, five 
were hospitalised overseas in the preceding four 
weeks, and in two cases the exact timeframe could 
not be identified. Ten of these 21 (48%) persons had 
been hospitalised in Fiji, four (19%) in Samoa, and 
one (5%) in each of French Polynesia, China, India, 
Korea, Thailand, Greece and Romania. One of these 
persons carried two distinct strains. Two further 
cases had a strong epidemiological link (hospital-
ised in same ward in New Zealand) to imported 
cases (Fiji and French Polynesia respectively); giv-
ing 24 (73%) of 33 isolates an identifiable link to 
overseas hospitalisation (Figure 1B).

Thirty-one (94%) of the 33 A. baumannii com-
plex isolates were identified (from sequence data) 
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Figure 1: Carbapenem resistant Acinetobacter baumannii complex New Zealand 2010–2018: (A) by location of  
isolation; (B) link to overseas hospitalisation; and (C) phylogenetically clustered versus non-clustered isolates  
(refer to Figure 2).

Figure 2: maximum likelihood phylogenetic tree of ST2 Acinetobacter baumannii sensu stricto in NZ 2010–2018. Scale, 
substitutions per site. 1) Epidemiologically linked (hospitalised in same ward in New Zealand) to imported cases.
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as A. baumannii sensu stricto (AB1-16, 18–20, 
22–25, 27–34) and two (6%) as A. pittii (AB26, 17). 
Twenty-three (74%) of the 31 A. baumannii sensu 
stricto were ST 2 (AB1-10, 13, 16, 19, 22–24, 27–29, 
31–34), three (10%) were ST 25 (AB11, 12, 14), two 
(6%) were ST 1 (AB18, 25), and there was one (3%) 
each of ST 103 (AB15), ST 107 (AB20), and ST 164 
(AB30). None of the 31 A. baumannii sensu stricto 
were susceptible to meropenem (as per selection 
criteria); three (10%) were susceptible to ceftazi-
dime; none were susceptible piperacillin-tazobac-
tam; one (3%) was susceptible to gentamicin; five 
(16%) were susceptible to amikacin; three (10%) 
were susceptible to cotrimoxazole; three (10%) were 
susceptible to ciprofloxacin; and 29 (94%) were sus-
pectable to colistin. None of the A. pitti were suscep-
tible to meropenem or piperacillin-tazobactam but 
were susceptible to all other antimicrobials tested. 
Twenty-nine (94%) of the 31 A. baumannii sensu 
stricto carried a blaOXA-23 gene and two (6%) car-
ried blaOXA-40-like genes. Both A. pittii isolates carried 
a blaOXA-40-like gene. 

The maximum likelihood phylogenetic tree 
(based on analysis of 281,823 SNPs) of the 23 ST 2 A. 
baumannii sensu stricto is shown in Figure 2. There 
were three genomic clusters of closely related iso-
lates separated by ≤15 single nucleotide polymor-
phisms (SNPs) on pairwise analysis; in contrast to 
thousands of SNPs between each respective cluster 
and other ST 2 strains; These clusters included, 1) 
12 isolates identified predominantly in the Auck-
land Region between 2015 and 2018; 2) three iso-
lates identified in Canterbury between 2015 and 
2018; and 3) two isolates from Auckland in 2011. 
Clusters 1, 2, and 3 accounted for 36%, 9%, and 6% 
of the 33 carbapenem resistant A. baumannii com-
plex isolates in this study (Figure 1C).

Discussion
This study describes the epidemiology of car-

bapenem resistant A. baumannii in New Zealand 
from 2010 to 2018. The majority of cases were 
identified in the Auckland city region, reflect-
ing perhaps a relatively larger population size, 
regional differences in population demographics, 
receipt of medical repatriations, and/or provision 
of tertiary services to other PICT. The majority of 
cases also had an identifiable history of recent 
overseas hospitalisation; in particular, hospital-
isation in Fiji or Samoa. An increase in cases asso-
ciated with these countries has occurred since 
2015 in temporal association with an outbreak in 
Fiji.10 This association contrasts with other MDR 

Gram-negative bacilli in New Zealand, such as car-
bapenemase producing Enterobacterales, which 
are typically associated with healthcare contact 
or travel in South and South-East Asia.28

A. baumannii ST 2 was the most common ST 
identified. ST 2 is a globally distributed hospital 
adapted clone that is commonly associated with 
outbreaks, including in Fiji.3,10 Using WGS based 
molecular epidemiology we identified three clus-
ters of closely related isolates among the 23 ST 2. 
Cluster 1 consisted of 12 isolates that were iden-
tified at three different laboratories in the Auck-
land Region and one laboratory in the Waikato 
between 2015 and 2018. Nine (75%) of the cases 
had a history of recent hospitalisation in either Fiji 
(5) or Samoa (4). Of the remaining three cases, one 
is presumed to represent transmission in the New 
Zealand hospital setting, another was of Samoan 
ethnicity, while the final case had no demographic 
or epidemiological data available. Cluster 1 iso-
lates were resistant to all antimicrobials tested 
except colistin and all carried the carbapenemase 
gene blaOXA-23. The close epidemiological, phyloge-
netic, and temporal relationship of the Cluster 1 
isolates indicate recent trans-national spread of a 
single strain between healthcare facilities in Fiji, 
Samoa and New Zealand. We hypothesise Cluster 
1 to be the same strain responsible for the 2015–
2017 outbreak in Fiji but did not have isolates avail-
able to allow testing of this hypothesis.10 Cluster 2 
consisted of three ST 2 isolates identified in Canter-
bury between 2015 and 2018. The earliest case had 
a history of hospitalisation in South Korea. Their 
close phylogenetic relationship and common loca-
tion suggests local transmission. Cluster 3 consisted 
of two isolates identified in an Auckland hospital 
in 2011. One case had a history of hospitalisation 
in French Polynesia with the second case strongly 
linked by epidemiological and now genomic data 
to in-hospital transmission in New Zealand.

In addition to the isolates described in Cluster 
1, a further five unrelated cases were associated 
with recent hospitalisation in Fiji. These included 
four A. baumannii sensu stricto isolates: one ST 1 
from 2011, one ST 107 from 2014, one non-clus-
tered ST 2 from 2017, and one ST 25 from 2017; as 
well as a single A. pittii from 2016. This suggests 
there have been multiple strains of carbapenem 
resistant Acinetobacter introduced into Fijian hos-
pitals and/or circulation of the transposons bear-
ing carbapenem resistance genes over the past 
decade, the latter which could be the subject of a 
future study. In contrast, all four isolates associ-
ated with hospitalisation in Samoa were part of 
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ST 2 cluster 1. The ST 2 strain associated with hos-
pitalisation in French Polynesia from 2011 was 
not closely related to any isolates associated with 
Fiji or Samoa suggesting a separate introduction 
into the Pacific. The acquired blaOXA-23 gene was the 
most common carbapenemase gene identified. 
The clonal nature of a significant proportion of 
the isolates in this study narrows blaOXA diversity; 
however, the predominance of blaOXA-23 is consis-
tent with reports from the Asia-Oceania regions.29 

Increasing numbers of carbapenem resistant 
A. baumannii have been identified in New Zealand 
since 2015. This has occurred in association with 
the transnational spread of a ST 2 strain between 
Fiji, Samoa and New Zealand. 

With a known propensity to cause hospital 
outbreaks and limited antimicrobial treatment 
options, carbapenem resistant A. baumannii poses 
a potentially escalating threat to safe healthcare 
delivery in New Zealand and other PICT. The 
major risk factor for carbapenem resistant A. bau-
mannii infection/colonisation in the New Zealand 
setting is recent hospitalisation overseas; includ-
ing in PICT that historically have been considered 
low risk for MDR gram-negative organisms. Hospi-
tals require systematic processes to identify high 
risk individuals at presentation so appropriate 
microbiological screening can be performed and 
transmission-based infection control precautions 
implemented. 
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