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Centro Nacional de Diagnóstico y Referencia, Ministerio de Salud, Managua, Nicaragua; 3Sustainable Sciences Institute, Managua, Nicaragua;
4Division of Infectious Diseases and Vaccinology, School of Public Health, University of California, Berkeley, California; 5Foundation for Atlanta

Veterans Education and Research, Veterans Affairs Medical Center, Atlanta, Georgia

Abstract. Antimicrobial resistance (AMR) is a global public health crisis. Much of the burden of AMR in resource-
limited settings remains unknown. This pilot study characterized clinical isolates of multidrug-resistant Gram-negative
rods (MDR-GNRs) fromNicaragua. New Delhi metallo-β-lactamase (NDM) carbapenemase genes were detected in 60%
of isolates. Enterobacteriaceae had the highest rates of NDMdetection, with 92% (50/54 isolates) positive by polymerase
chain reaction (PCR). Pulsed-field gel electrophoresis (PFGE) analysis revealed patterns of clustering among isolates by
two factors: plasmidprofiles and year of culture. These findings of very high rates ofNDM-carbapenemasegenes inMDR-
GNRs from hospitals throughout Nicaragua are alarming. Further research is needed to determine clinical and epide-
miologic factors associated with multidrug-resistant isolates and to guide interventions to limit further spread.

Antimicrobial resistance (AMR) is a global public health crisis
that requires coordinated efforts between countries and in-
ternational organizations. Public health institutions, including the
CDC and WHO, recognize AMR as one of the most important
threats to public health of our time. Rates of multidrug-resistant
(MDR) bacterial isolates, including extended-spectrum β-
lactamases (ESBLs), carbapenem-resistant Enterobacteriaceae,
Acinetobacter baumannii, andPseudomonas aeruginosa, are on
the rise worldwide.1–4

Themost commonmechanism for development ofmultidrug-
resistance in Gram-negative bacteria is via horizontal transfer of
plasmids carrying resistance genes, particularly carbapene-
mases.5 Carbapenemases are members of the molecular Class
A, B, and D β-lactamases and can be organized further into
enzyme families.6 Class A andD β-lactamaseswork by a serine-
based hydrolytic mechanism. Klebsiella pneumoniae carbape-
nemases (KPCs) are the most prevalent of the class A group,
whereas oxacillin-hydrolyzing–type (OXA) carbapenemases
are the most prevalent class D carbapenemases.7 Class B
enzymes are metallo-β-lactamases and include the VIM
(verona integron-mediated metallo-β-lactamase), imipe-
nem metallo-β-lactamase (IMP) (active on IMP), and New
Delhi metallo-β-lactamase (NDM) families (among others).
Carbapenemase gene detection is a critical component of
surveillance at all levels—local, national, and international.
Much of the burden of AMR in resource limited settings re-

mains unknown. In Nicaragua, no prior published studies have
characterizedAMRamong clinical isolates. From2014 to 2017,
334 Gram-negative rod (GNR) isolates were sent to Centro
Nacional de Diagnóstico y Referencia (CNDR) for confir-
mation of carbapenemases; 268 were processed and 66
were nonviable (Supplemental Table 1). Isolate distribution
by year is shown in Supplemental Table 1. Of the 268 iso-
lates tested, 231 isolates were defined as being resistant to
imipenem by disk diffusion. This pilot study examined 100

selectedMDR-GNR isolates from throughout the country to
determine the genetic relatedness of resistant strains and
better characterize the mechanisms of resistance.
Isolates from sterile sites collected from 2014 to 2017

from hospitals throughout Nicaragua were originally sent to
theCNDR inManagua. Isolateswere obtained frompatients
ranging in age from 1 day old to 90 years old and from a
variety of hospital departments, including the neonatal in-
tensive care unit (ICU), pediatric and neonatal floors, and
adult ICU. The majority of the isolates were cultured from
blood (81%) with the remainder cultured from pleural fluid
(7%), cerebrospinal fluid (CSF) (4%), peritoneal fluid (2%),
bronchial lavage (2%), and source unknown (4%) (Supplemental
Table 2). Isolates were identified at the CNDR using the Vitek
2 (bioMérieux,Marcy l’Etoile, France). Isolateswithcarbapenem
resistance identified by E-test, with or without confirmed
resistance to additional antibiotic classes, were stored in
media supplemented with 25% glycerol. Hundred suspected
multidrug-resistantGram-negative rods (MDR-GNRs) representing
the most common species (Escherichia coli, K. pneumoniae,
A. baumannii, and P. aeruginosa) were shipped to Emory
University for further characterization. Of the 100 isolates,
16% were P. aeruginosa, 30% were A. baumannii, and 54%
were Enterobacteriaceae. The majority of Enterobacteriaceae
were K. pneumoniae (50/54, 93%) and remainder were E. coli
(4/54, 7%).
Susceptibility testing of all isolates to appropriate carba-

penems for each species was performed by disk diffusion
according to Clinical and Laboratory Standards Institute.8

Resistance to carbapenems was confirmed for 99 of the 100
isolates. One P. aeruginosa isolate was found to be suscep-
tible to all carbapenems tested. All isolates were found to be
susceptible to colistin by E-test (Supplemental Table 2).
Although colistin testing by gradient diffusion has limitations,8

many clinicalmicrobiology laboratories use thismethodology.
In addition, our isolates had very low minimum inhibitory
concentrations (none bordering a resistant phenotype or
colonies inside the zone of inhibition) and it is, therefore,
unlikely that any resistant isolatesweremissed by thismethod
(Supplemental Table 2).
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Enterobacteriaceae isolates were tested for the pres-
ence of ESBLs using a combination disk diffusion method
(ceftazidime + ceftazidime-clavulanate and cefotaxime +
cefotaxime-clavulanate).9 Presence of an ESBL was found
in 21/50 (42%) of theK. pneumoniae isolates, but none of the
E. coli isolates. All isolates (Enterobacteriaceae, A. bau-
mannii, and P. aeruginosa) were tested for carbapenemase
production by the modified carbapenem inactivation
method (mCIM).9 All 54 Enterobacteriaceae, 11/16 (68%)
P. aeruginosa, and 1/30 (3%) of A. baumannii were found to
produce a carbapenemase by the mCIM. Results are shown
in Table 1 and Supplemental Table 2.
Bacterial DNA was extracted using an eMag® instrument

(bioMérieux), and all isolates were screened for the presence of
β-lactamase resistance genes blaKPC, blaOXA-48, blaVIM, blaIMP,
and blaNDM as previously described.10,11 Table 2 details the
distribution of carbapenemase genes by each bacterial spe-
cies. All Enterobacteriaceae isolates carried a carbapenemase
gene with the vast majority 50/54 (93%) being positive for the
blaNDM; 46/50 (92%)K. pneumoniae and 4/4 (100%)E. coli. The
blaKPC was found in 4/50 (8%) of the K. pneumoniae isolates.
Acinetobacter baumannii and P. aeruginosa isolates were less
likely to have a carbapenemase gene identified compared with
theEnterobacteriaceae; 11/16 (68.8%) of theP. aeruginosa and
10/30 (33%) ofA. baumannii isolates carried a carbapenemase
gene. Pseudomonas aeruginosa isolates carried blaVIM and
blaIMP carbapenemase genes only, with the majority of these
isolates (10/11, 91%) having both. The 10/30 (33%) of
A. baumannii isolates with a carbapenemase gene were iden-
tified as blaNDM. PCR confirmed the results of the mCIM for all
Enterobacteriaceae and P. aeruginosa isolates. The mCIM
results were less reliable for use with A. baumannii isolates as
seen by others.12

Genetic relatedness and plasmid sizes were determined
by PFGE using the CHEF-Mapper (Bio-Rad, Hercules, CA)
and analyzed with BioNumerics v. 7.6 (Applied Maths, Saint-

Martens-Latem, Belgium).13–16 PFGE analysis revealed
patterns of clustering among isolates. Isolates appeared
to cluster by three factors: plasmid profiles, year of culture,
and health care setting (Figure 1). Clustering was particularly
apparent for K. pneumoniae isolates (Figure 1A); however,
more plasmids were identified within these strains.
This study reveals very high rates of NDM-carbapenemase

genes in MDR-GNRs from hospitals throughout Nicaragua.
Prior studies have shown the presence of NDM-1 in Latin
and Central America, but there is limited evidence regarding
the prevalence of this resistance mechanism in most of
Central America, and particularly in Nicaragua.17–19 The
burden of MDR-GNR may be underestimated as approxi-
mately 38% of the isolates were either nonviable or not
received by the CNDR. PFGE analysis revealed clusters of
isolates by year of isolation, health care setting, and approx-
imate plasmid size, suggesting genetic relatedness. Available
clinical data for the 100 tested isolates were limited. However,
only strains isolated from sterile sites were selected for this
study, indicating the clinical relevance of these data.
Further research is needed to examine clinical and epidemi-

ologic factors associated with MDR isolates and to determine
patterns of acquisition, as well as high-risk exposures or
comorbidities associatedwithMDR infection inNicaragua. In
settings with limited health care resources, cost-effective
management and surveillance strategies are warranted to
control transmission and provide appropriate empiric
therapy to individuals with bacterial infections to improve
clinical outcomes. This study allows us to draw conclusions
about the prevalence of certain types of carbapenemase
among MDR-GNR isolates; however, further research is
needed to determine the overall prevalence of MDR-GNR. A
prospective study that collects epidemiologic and geographic
information for isolates could help identify specific regions and
populations within Nicaragua with higher rates of community
MDR carriage. Determining the burden of highly resistant bac-
teria in Nicaragua is a crucial first step to guide interventions to
limit further spread both locally and globally.
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TABLE 1
Summary of findings for all isolates

Carbapenem resistance* Extended-spectrum β-lactamases Carbapenemase

Species Ertapenem Doripenem Imipenem Producer† Producer (%)‡

Klebsiella pneumonia, n = 50 49 (98%)§ 48 (96%)§ 49 (98%)§ 21 (42%) 50 (100%)
Escherichia coli, n = 4 4 (100%) 4 (100%) 4 (100%) 0 (0%) 4 (100%)
Pseudomonas aeruginosa, n = 16 ND 15 (94%)k 14 (87%)k ND 11 (68.8%)
Acinetobacter baumannii, n = 30 ND 30 (100%) 30 (100%) ND 1 (3%){
ND = not tested.
* Determined by disk diffusion.
† Determined using a combination disk diffusion method (ceftazidime + ceftazidime–clavulanate and cefotaxime + cefotaxime–clavulanate).
‡ Determined by the modified carbapenem inactivation method (mCIM) phenoptypic test for the production of carbapenemase.
§ Remaining isolates were intermediate to ertapenem, doripenem, and meropenem.
k One P. aeruginosa was susceptible to all carbapenems tested and one was intermediate to imipenem.
{ Note: mCIM has been found to be less accurate for A. baumannii.

TABLE 2
Distribution of carbapenemase genes by bacterial species

Species
blaKPC
(%)

blaNDM
(%) blaVIM (%) blaIMP (%)

blaOXA-
48 (%)

Klebsiella
pneumoniae, n = 50

4 (8) 46 (92) 0 (0) 0 (0) 0 (0)

Escherichia coli, n = 4 0 (0) 4 (100) 0 (0) 0 (0) 0 (0)
Pseudomonas
aeruginosa, n = 16

0 (0) 0 (0) 11 (68.8) 10 (62.5) 0 (0)

Acinetobacter
baumannii, n = 30

0 (0) 10 (33) 0 (0) 0 (0) 0 (0)
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FIGURE 1. Cluster analysis of PFGE patterns (data not shown), carbapenemases, and plasmids of Enterobacteriaceae (A), Pseudomonas
aeruginosa (B), and Acinetobacter baumannii (C) isolates from 2014 to 2017 (Yr) shown in red, blue, purple, and green, respectively. Percent
similarity of PFGE bands at top of dendrogram. Size of plasmids is approximate kb. This figure appears in color at www.ajtmh.org.
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