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Objectives: Our study aimed to elucidate the clonal diversity of carbapenem-resistant Acinetobacter clinical isolates 
producing NDM-type carbapenemase collected through national surveillance in Cuba during a 7-year period 
(2013 − 19). 
Methods: A total of 199 isolates of Acinetobacter spp. from 37 hospitals in 12 provinces were genetically analyzed 
for their species, carbapenemase genes and genotypes. Sequence type (ST) and OXA-51-like gene type were 
determined for bla NDM -positive isolates. 
Results: Most isolates (95%) were identified as species of Acinetobacter calcoaceticus-baumannii complex, with A. 

baumannii being the majority. Acquired carbapenemase genes were assigned to bla OXA or bla NDM type; the most 
commonly detected gene was bla OXA-23 -like (49%), followed by bla OXA-24 -like (20%) and bla NDM (15%). Twenty- 
nine bla NDM -positive isolates (22 A. baumannii , 2 A. pittii , 2 A. johnsonii , 3 other species) were differentiated into 19 
STs, including the most common, ST23. Though NDM genes were mostly typed as bla NDM-1 , a novel bla NDM-42 was 
identified in an ST79 A. baumannii isolate. bla OXA-51-like genes of NDM-positive A. baumannii were discriminated 
into 10 OXA types, including 2 novel ones. 
Conclusions: Our study indicated the spread of bla NDM to various clones of A. baumannii and other Acinetobacter 

spp. in Cuba. 
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Acinetobacter species, primarily A. calcoaceticus-baumannii (Acb)
omplex, are one of the major nosocomial pathogens associated with
rug resistance worldwide ( Hamidian and Nigro, 2019 ). In particu-
ar, resistance to carbapenems, front-line antimicrobials for multidrug-
esistant gram-negative bacteria, has been increasingly reported, pos-
ng a public health concern. Carbapenem resistance in Acinetobacter

s principally mediated by the production of carbapenemases belong-
ng to different types. In Latin America and the Caribbean, resistance
ates to carbapenems in A. baumannii were more than 50% in many
ountries in 2014 − 16 with an increasing tendency in some countries
 PAHO, Pan American Health Organization, 2020 ), with OXA type en-
ymes being the dominant carbapenemases ( Yu et al., 2022a ). In Cuba,
2% to 44% of Acinetobacter spp. in 2010 − 12 showed carbapenem re-
istance, primarily associated with OXA-23, despite the low incidence
f NDM-1 ( Quiñones et al., 2015 ). The present study was conducted
Abbreviations: Acb complex, Acinetobacter calcoaceticus-baumannii complex; ST, 
esistant Acinetobacter ; CRAb, carbapenem-resistant Acinetobacter baumannii . 
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o characterize recent carbapenem-resistant Acinetobacter (CRA), espe-
ially the prevalence and clonal diversity of NDM-producing strains, in
uba. 

ethods 

We conducted a retrospective study for CRA clinical isolates col-
ected from 37 hospitals in 12 provinces of Cuba (Fig. S1) as part of the
ational surveillance of carbapenemases in the National Reference Lab-
ratory for Health Care-Associated Infections for a 7-year period start-
ng January 2013. The clinical specimens were cultured on McConkey
gar and then incubated at 37 °C for 18 to 24 h. For the presump-
ive pathogenic bacteria, species were identified by an automated ana-
yzer (Vitek 2; bioMérieux, France). Partial 16S rRNA and rpoB gene se-
uences were determined for confirmation of Acinetobacter species. Sus-
eptibility to 15 antimicrobials was determined using E-test or disc diffu-
sequence type; MICs, minimum inhibitory concentrations; CRA, carbapenem- 

st 2022 
al Society for Infectious Diseases. This is an open access article under the CC 

https://doi.org/10.1016/j.ijregi.2022.08.008
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijregi
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijregi.2022.08.008&domain=pdf
mailto:nkobayas@sapmed.ac.jp
https://doi.org/10.1016/j.ijregi.2022.08.008
http://creativecommons.org/licenses/by-nc-nd/4.0/


D. Quiñones Pérez, M.S. Aung, Y. Carmona Cartaya et al. IJID Regions 5 (2022) 93–96 

Table 1 

Prevalence of OXA- and NDM-type carbapenemase genes among clinical isolates of Acinetobacter spp . in Cuba 
(2013-2019). 

Acinetobacter species (Number of 
isolates) 

Acquired carbapenemase genes 

bla OXA-23-like bla OXA-24-like bla OXA-58-like bla NDM 

Acb complex (190) 
A. baumannii (186) 94 39 14 22 
A. pittii (2) 0 0 2 2 
A. calcoaceticus (2) 1 0 0 0 

Non-Acb complex (9) 
A. junii (4) 3 0 1 1 
A. johnsonii (2) 0 0 0 2 
A. lwoffii (1) 0 1 0 0 
A. haemolyticus (1) 0 0 1 1 
A. bereziniae (1) 0 0 1 1 

Total (199) 98 40 19 29 

Acb complex: Acinetobacter calcoaceticus-baumannii complex. 

Table 2 

ST, OXA/NDM gene types of Acinetobacter isolates harboring bla NDM in Cuba (2013-2019). 

Acinetobacter 
species 

ST (number of 
isolates) 

Allelic profile 
(variant ∗ 1 ) 

OXA-like gene profile 
(51, 23, 24, or 58) 

OXA-51-like gene 
type NDM type year specimen / source 

A. baumannii 

(n = 22) 
ST23 (6) 1-3-10-1-4-4-4 (SLV 

of ST10) 
51, 58 OXA-68 NDM-1 2013, 2015, 2019 blood, respiratory tract, 

surgical site 
ST78 (2) 25-3-6-2-28-1-29 51 OXA-90 NDM-1 2015, 2018 catheter tip 
ST79 (2) 26-2-2-2-29-4-5 51, 24, 58 OXA-65 NDM-1 2013 surgical site 

51, 24 OXA-65 NDM-42 ∗ 2 2019 respiratory tract 
ST85 (2) 5-2-4-1-3-3-4 51, 24, 58 OXA-94 NDM-1 2015 blood 

51, 24 OXA-94 NDM-1 2015 blood 
ST108 (2) 35-1-11-7-9-25-2 51 OXA-132 NDM-1 2015 respiratory tract, 

catheter tip 
ST2 (1) 2-2-2-2-2-2-2 51, 23 OXA-66 NDM-1 2014 respiratory tract 
ST10 (1) 1-3-2-1-4-4-4 51, 58 OXA-68 NDM-1 2019 surgical site 
ST32 (1) 1-1-2-2-3-4-4 (TLV 

of ST10) 
51, 58 OXA-100 NDM-1 2016 catheter tip 

ST52 (1) 3-2-2-7-9-1-5 51, 58 OXA-1117 ∗ 2 NDM-1 2018 skin 
ST368 (1) 1-62-3-2-40-1-4 51, 58 OXA-71 NDM-1 2018 blood 
ST905 (1) 1-1-2-2-30-4-4 (TLV 

of ST10) 
51, 58 OXA-100 NDM-1 2019 cerebrospinal fluid 

ST921 ∗ 2 (1) 3-3-2-2-3-4-4 (TLV 
of ST10) 

51, 58 OXA-424 NDM-1 2015 respiratory tract 

ST1344 ∗ 2 (1) 25-3-6-2-28-1-4 51 OXA-1118 ∗ 2 NDM-1 2019 urine 
A. pittii 

(n = 2) 
ST119 (1) 36-20-38-16-38-18- 

20 
58 - NDM-1 2018 respiratory tract 

ST1170 (1) 45-162-138-10-20- 
18-56 

58 - NDM-1 2018 blood 

A. johnsonii 

(n = 2) 
ST1346 ∗ 2 (2) 205-193-190-96- 

204-107-178 
- - NDM-1 2013 blood, surgical site 

A. bereziniae 

(n = 1) 
ST1345 ∗ 2 (1) 198-190-2-2-194- 

104-173 
58 - NDM-1 2019 surgical site 

A. haemolyticus 

(n = 1) 
ST1347 ∗ 2 (1) 206-191-191-97- 

205-108-179 
58 - NDM-1 2015 blood 

A. junii 

(n = 1) 
ST1343 ∗ 2 (1) 111-170-183-57- 

110-56-97 
58 - NDM-1 2013 blood 

1 SLV, single-locus variant; TLV, triple-locus variant. 
2 Newly identified type (ST, OXA type, NDM type) in this study. 
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ion method, while minimum inhibitory concentrations of meropenem,
mipenem and colistin were measured by broth microdilution method. 

Identification of carbapenemase genes encoding metallo- 𝛽-
actamases (IMP, NDM, VIM) and class D-OXA 𝛽-lactamase (OXA-23,
24, -51, -58-like) was performed by multiplex polymerase chain
eaction (PCR) using primers previously reported ( Queenan and
ush, 2007 ; Nordmann et al., 2011 ). Nucleotide sequences of bla NDM 

nd bla OXA-51 -like were determined by Sanger sequencing with PCR
roduct, using the primers shown in Table S1, on an automated DNA
equencer (ABI PRISM 3100). Multiple alignments of the sequences and
alculation of sequence identity was performed by the Clustal Omega
rogram ( https://www.ebi.ac.uk/Tools/msa/clustalo/ ). Sequences of
94 
ovel types of bla NDM 

and bla OXA identified were deposited into the
enBank database. Sequence type (ST) was assigned according to the

nstitute Pasteur multilocus sequence typing scheme ( Diancourt et al.,
010 ). Plasmid-mediated colistin resistance genes, mcr-1 to mcr-5 were
etected by PCR using primers published previously (Table S1). 

esults and discussion 

During the study period, 199 clinical isolates of CRA were collected.
he isolates were derived from various specimen types/sites: respiratory
ract (34%), blood (22%), surgical site (18%), skin (9%), a central ve-
ous catheter (10%) and others (7%) (Table S2). We identified 8 species

https://www.ebi.ac.uk/Tools/msa/clustalo/
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f Acinetobacter ( Table 1 ). Acb complex accounted for 95% of isolates,
ith A. baumannii predominant. These isolates showed high resistance

ates (70% to 100%) to most of the antimicrobials tested (Table S3),
hough all isolates were susceptible to colistin and tigecycline without
arboring mcr genes. 

The most prevalent acquired carbapenemase gene was bla OXA-23 -like
49%), followed by bla OXA-24 -like (20%), bla NDM 

(15%) and bla OXA-58 -
ike (9.6%) ( Table 1 ). NDM gene was identified in 29 isolates of
 Acinetobacter species, with A. baumannii being the most common
 Table 2 ). NDM-positive isolates had been recovered persistently since
013, showing higher incidence rates (25% to 28%) in 2018 and 2019
Table S4). bla NDM 

-positive isolates were differentiated into 19 STs,
mong which ST23, a single locus variant of ST10, was the most com-
on. The distribution of these STs to individual provinces is shown in

ig. S1. Although NDM genes were mostly typed as bla NDM-1 , a novel
la NDM-42 was identified in an ST79 A. baumannii isolate. The deduced
mino acid sequence of NDM-42 was different from NDM-1 by only one
mino acid (Fig. S2). The intrinsic bla OXA-51-like genes of NDM-positive
. baumannii were discriminated into 10 types, including 2 novel types

OXA-1117, OXA-1118). Sequences of the novel types of NDM and OXA
enes were deposited into the GenBank database under the accession
umbers shown in Table S5. 

Compared with a previous study in Cuba (2010 − 12) which showed a
ow incidence of bla NDM 

(1 in 220 CRA isolates) ( Quiñones et al., 2015 ),
n the present study bla NDM 

was prevalent among CRA (29%) mainly
n Acb complex, and distributed also to other species A. bereziniae, A.

aemolyticus, A. johnsonii and A. junii , and there was a relatively lower
revalence of bla OXA-23 -like gene. In Cuba, the NDM-type enzyme has
een found to be dominant in carbapenem-resistant Enterobacterales

2016 − 21) ( Yu et al., 2022b ). These findings contrast with the distribu-
ion of carbapenemase types among Acinetobacter and Enterobacterales

ound in other Latin American countries ( García-Betancur et al., 2021 ;
u et al., 2022a ) and suggest the regional spread of bla NDM 

over Gram-
egative bacteria in Cuba. 

In our study, we employed multilocus sequence typing to clarify
lonal lineages of Acinetobacter because this method was considered the
ost suitable and feasible for comparison among domestic and global

trains to understand their molecular evolution and transmission status.
lobally, over 71% of CRAb strains belong to ST2, ST1, ST79 and ST25,
mong which ST2 is predominant ( Hamidian and Nigro, 2019 ). An en-
emic situation, regional or inter-regional spread of CRAb were reported
ainly in south European and Balkan countries in 2019 ( Lötsch et al.,
020 ), with ST1, ST2 and ST492 being the most common endemic lin-
ages ( Kostyanev et al., 2021 ). Though the prevalence is still low, NDM-
roducing strains were identified in ST2 and ST492 CRAb, and Ser-
ia was suggested as their potential endemic region ( Lukovik et al.,
020 ). In Latin America, most CRAb belonged to clonal complexes re-
ated to ST1, ST2, ST15, ST25 and ST79 ( Rodríguez et al., 2016 ; Levy-
litchtein et al., 2018 ; Cerezales et al., 2019 ), with other distinct lin-
ages prevalent in some countries ( Correa et al., 2018 ; López-Leal et al.,
019 ). Furthermore, the common carbapenemase produced by Acine-

obacter was OXA type, with NDM extremely rare ( Rodríguez et al.,
018 ). However, in our study in Cuba, the common STs in Latin Amer-
ca/Europe were less prevalent (only 3 isolates belonged to ST2 or
T79), and the incidence of bla NDM 

was relatively higher. In contrast,
T23 (single locus variant of ST10) was the most common, along with
T10 and its related types (ST32, ST905, ST921), suggesting the preva-
ence of ST10-related A. baumannii clones in Cuba. 

Our study has some limitations. First, it is possible that the clini-
al isolates collected contain some colonizing bacteria ( Bartal et al.,
022 ). Second, resistance mechanisms other than carbapenemase
 Aurilio et al., 2022 ) were not analyzed. Nevertheless, unique epidemio-
ogical features of CRA in Cuba were revealed, i.e., the potential spread
f bla NDM 

over multiple Acinetobacter species and various clones, indi-
ating a need for further surveillance in the country. 
95 
unding 

This research was supported in part by the Japan Society for the
romotion of Science, KAKENHI , Grant No. 17H04664 . 

thical statement 

In this study, no human participants were directly involved, so clear-
nce of human ethics was not required. We analyzed isolates that had
een routinely cultured from clinical specimens from hospitals and sent
o the National Reference Laboratory for Health Care-Associated Infec-
ions, Bacteriology-Mycology Department in Pedro Kourí Institute of
ropical Medicine for national surveillance. 

eclaration of Competing Interest 

The authors declare no competing interests. 

upplementary materials 

Supplementary material associated with this article can be found, in
he online version, at doi: 10.1016/j.ijregi.2022.08.008 . 

eferences 

urilio C, Sansone P, Barbarisi M, Pota V, Giaccari LG, Coppolino F, et al. Mechanisms of
action of carbapenem resistance. Antibiotics (Basel) 2022;11(3):421. doi: 10.3390/an-
tibiotics11030421 . 

artal C, Rolston KVI, Nesher L. Carbapenem-resistant Acinetobacter baumannii : coloniza-
tion, infection and current treatment options. Infect Dis Ther 2022;11(2):683–94.
doi: 10.1007/s40121-022-00597-w . 

erezales M, Xanthopoulou K, Wille J, Bustamante Z, Seifert H, Gallego L, Higgins PG.
Acinetobacter baumannii analysis by core genome multi-locus sequence typing in two
hospitals in Bolivia: endemicity of international clone 7 isolates (CC25). Int J Antimi-
crob Agents 2019;53(6):844–9. doi: 10.1016/j.ijantimicag.2019.03.019 . 

orrea A, Del Campo R, Escandón-Vargas K, Perenguez M, Rodríguez-Baños M,
Hernández-Gómez C, et al. Distinct genetic diversity of carbapenem-resistant Acine-

tobacter baumannii from Colombian Hospitals. Microb Drug Resist 2018;24(1):48–54.
doi: 10.1089/mdr.2016.0190 . 

iancourt L, Passet V, Nemec A, Dijkshoorn L, Brisse S. The population structure of Acine-

tobacter baumannii : expanding multiresistant clones from an ancestral susceptible ge-
netic pool. PLoS One 2010;5(4):e10034. doi: 10.1371/journal.pone.0010034 . 

arcía-Betancur JC, Appel TM, Esparza G, Gales AC, Levy-Hara G, Cornistein W,
et al. Update on the epidemiology of carbapenemases in Latin Amer-
ica and the Caribbean. Expert Rev Anti Infect Ther 2021;19(2):197–213.
doi: 10.1080/14787210.2020.1813023 . 

u H, Ezpeleta-Lobato G, Han X, Carmona-Cartaya Y, Quiñones-Pérez D. Carbapenamase-
Producing Acinetobacter baumannii in China, Latin America and the Caribbean.
MEDICC Rev 2022a;24(1):59–69. doi: 10.37757/MR2022.V24.N1.8 . 

u H, González Molina MK, Carmona Cartaya Y, Hart Casares M, Aung MS, Kobayashi N,
et al. Multicenter Study of Carbapenemase-Producing Enterobacterales in Ha-
vana, Cuba, 2016-2021. Antibiotics (Basel) 2022b;11(4):514. doi: 10.3390/antibi-
otics11040514 . 

amidian M, Nigro SJ. Emergence, molecular mechanisms and global spread of
carbapenem-resistant Acinetobacter baumannii . Microb Genom. 2019;5(10):e000306.
doi: 10.1099/mgen.0.000306 . 

ostyanev T, Xavier BB, García-Castillo M, Lammens C, Bravo-Ferrer Acosta J, Rodríguez-
Baño J, et al. Phenotypic and molecular characterizations of carbapenem-resistant
Acinetobacter baumannii isolates collected within the EURECA study. Int J Antimicrob
Agents 2021;57(6). doi: 10.1016/j.ijantimicag.2021.106345 . 

evy-Blitchtein S, Roca I, Plasencia-Rebata S, Vicente-Taboada W, Velásquez-Pomar J,
Muñoz L, et al. Emergence and spread of carbapenem-resistant Acinetobacter bauman-

nii international clones II and III in Lima. Peru. Emerg Microbes Infect. 2018;7(1):119.
doi: 10.1038/s41426-018-0127-9 . 

ópez-Leal G, Zuniga-Moya JC, Castro-Jaimes S, Graña-Miraglia L, Pérez-Oseguera Á,
Reyes-García HS, et al. Unexplored genetic diversity of multidrug- and extremely
drug-resistant Acinetobacter baumannii isolates from tertiary hospitals in Honduras.
Microb Drug Resist 2019;25(5):690–5. doi: 10.1089/mdr.2018.0311 . 

ötsch F, Albiger B, Monnet DL, Struelens MJ, Seifert H, Kohlenberg A. Epi-
demiological situation, laboratory capacity and preparedness for carbapenem-
resistant Acinetobacter baumannii in Europe, 2019. Euro Surveill 2020;25(45).
doi: 10.2807/1560-7917.ES.2020.25.45.2001735 . 

ukovic B, Gajic I, Dimkic I, Kekic D, Zornic S, Pozder T, et al. The first nation-
wide multicenter study of Acinetobacter baumannii recovered in Serbia: emergence
of OXA-72, OXA-23 and NDM-1-producing isolates. Antimicrob Resist Infect Control
2020;9(1):101. doi: 10.1186/s13756-020-00769-8 . 

ordmann P, Naas T, Poirel L. Global spread of Carbapenemase-producing Enterobacteri-

aceae . Emerg Infect Dis 2011;17(10):1791–8. doi: 10.3201/eid1710.110655 . 

https://doi.org/10.1016/j.ijregi.2022.08.008
https://doi.org/10.3390/antibiotics11030421
https://doi.org/10.1007/s40121-022-00597-w
https://doi.org/10.1016/j.ijantimicag.2019.03.019
https://doi.org/10.1089/mdr.2016.0190
https://doi.org/10.1371/journal.pone.0010034
https://doi.org/10.1080/14787210.2020.1813023
https://doi.org/10.37757/MR2022.V24.N1.8
https://doi.org/10.3390/antibiotics11040514
https://doi.org/10.1099/mgen.0.000306
https://doi.org/10.1016/j.ijantimicag.2021.106345
https://doi.org/10.1038/s41426-018-0127-9
https://doi.org/10.1089/mdr.2018.0311
https://doi.org/10.2807/1560-7917.ES.2020.25.45.2001735
https://doi.org/10.1186/s13756-020-00769-8
https://doi.org/10.3201/eid1710.110655


D. Quiñones Pérez, M.S. Aung, Y. Carmona Cartaya et al. IJID Regions 5 (2022) 93–96 

P  

 

 

Q  

Q  

 

 

R  

 

 

R  
AHO (Pan American Health Organization). Magnitude and Trends of Antimicro-
bial Resistance in Latin America. ReLAVRA 2014, 2015, 2016. Summary Re-
port. PAHO documents 2020 https://www.paho.org/es/documentos/magnitud-
tendencias-resistencia-antimicrobianos-latinoamerica-relavra-2014-2015-2016 . 
Spanish . 

ueenan AM, Bush K. Carbapenemases: the versatile beta-lactamases. Clin Microbiol Rev
2007;20(3):440–58. doi: 10.1128/CMR.00001-07 . 

uiñones D, Carvajal I, Perez Y, Hart M, Perez J, Garcia S, et al. High prevalence of bla
OXA-23 in Acinetobacter spp. and detection of bla NDM-1 in A. soli in Cuba: report from
96 
National Surveillance Program (2010-2012). New Microbes New Infect 2015;7:52–6.
doi: 10.1016/j.nmni.2015.06.002 . 

odríguez CH, Balderrama Yarhui N, Nastro M, Nuñez Quezada T, Castro Cañarte G,
Magne Ventura R, et al. Molecular epidemiology of carbapenem-resistant Acine-

tobacter baumannii in South America. J Med Microbiol 2016;65(10):1088–91.
doi: 10.1099/jmm.0.000328 . 

odríguez CH, Nastro M, Famiglietti A. Carbapenemases in Acinetobacter baumannii . Re-
view of their dissemination in Latin America. Rev Argent Microbiol 2018;50(3):327–
33. doi: 10.1016/j.ram.2017.10.006 . 

https://www.paho.org/es/documentos/magnitud-tendencias-resistencia-antimicrobianos-latinoamerica-relavra-2014-2015-2016
https://doi.org/10.1128/CMR.00001-07
https://doi.org/10.1016/j.nmni.2015.06.002
https://doi.org/10.1099/jmm.0.000328
https://doi.org/10.1016/j.ram.2017.10.006

	Clonal diversity of Acinetobacter clinical isolates producing NDM-type carbapenemase in Cuba, 2013-19
	Introduction
	Methods
	Results and discussion
	Funding
	Ethical statement
	Declaration of Competing Interest
	Supplementary materials
	References


