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ABSTRACT 

Carbapenem is a class of antimicrobial agent reserved for infections cause by multidrug-resistant microorganisms. 

This review, using a public health focused approach, aimed to understand and describe the current status of CR in 

Nigeria in relation to common causes of infections and drugs recommended in WHO treatment guidelines. 

Assessment of the prevalence of Carbapenemase-resistance Gram-negative bacteria is necessary in Nigeria. This 

article reviewed the previously published literature on the Prevalence of Carbapenemase-resistance Gram-negative 

bacteria. There were 100 % isolation of Gram-negative bacteria such as Escherichia coli, Klebsiella spp., 

Pseudomonas aeroginosa, Shigella spp., Salmonella spp. Citrobacter spp., Proteus spp., Serratia spp., 

Enterobacter spp., Morganella morganii, Providenciae spp. and Acinetobacter baumanii in all the studies reviewed. 

Veronna integrin-encoded, New Delhi methallo, New Delhi methallo-1, New Delhi methallo-5, Klebsiella 

pneumoniae Carbapenemase, Guiana extended-spectrum beta-lactamase, Oxacillinases-48, Oxacillinases-181, 

Dhahran Hospital in Saudi Arabia b-lactamase were some of resistance mediated genes observed in some of studies 

in Nigeria. Exhaustive search for recent articles (2011–2024) was conducted using PubMed, Google search engine, 

AJOL and other relevant databases in accordance with the PRISMA guidelines. Article retrieval and screening were 

done using a structured search string and strict inclusion/exclusion criteria. Carbapenem-resistant in Gram-negative 

bacteria is a clear and present danger in Nigeria, which needs strong surveillance to curb this menace. Public health 

departments must monitor carbapenem resistant isolates. 
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INTRODUCTION 

Antimicrobial therapy is threatened by the global rise of 

resistance, especially in Gram negative bacteria. Of all 

the agents in the antimicrobial arsenal available to 

humans, Carbapenems are considered to be the most 

potent beta-lactam and have the widest spectrum of 

activity (Uzoamaka et al., 2024). They are used for the 

treatment of suspected or proven multi drug resistant 

severe bacterial infections (Aliyu et al., 2020). They 

include imipenem, meropenem, ertapenem and 

doripenem. Several studies have shown Carbapenems 

to demonstrate broad spectrum activity against Gram 

positive and negative, aerobic and anaerobic clinically 

important bacteria; time dependent killing and rapid 

bactericidal effect (Emmanuel et al., 2021; Iduh et al., 

2020, Nuhu et al., 2021; Olowo-okere et al., 2020; 

Uzoamaka et al., 2024). The mechanism of action of 

this class of antibiotic (Carbapenems) acts on the 

bacteria by binding to the penicillin binding proteins 

(PBP) and disrupt cell wall synthesis while resistance to 

it erupt by production/acquisition of carbapenemase 

enzymes (Egbule et al., 2020). 

Carbapenemases are diverse group of Beta lactamases 

produced by Gram negative rods. Gram negative 

bacteria have developed a variety of resistance 

mechanisms to the beta-lactams including hydrolysis of 

beta-lactam ring by beta-lactamases, alteration in the 

penicillin-binding proteins, decrease in outer membrane 

permeability and expression of efflux pumps. These 

diverse mechanisms of resistance developed by Gram 

negative bacteria prompts them into resistant to various 

categories of β-lactam antibiotics such as 

cephalosporins, monobactams, and carbapenems. 

Therefore, disregard for early screening for 

Carbapenem-Resistance-producing organisms will have 

tremendous consequences including therapy failure, 

laboratories detection, and infection control issues 

(Yahaya et al., 2015; Mukail et al., 2019).  

Carbapenems evade most lactamases but are 

hydrolyzed by metallo-betalactamases (MBLs), 

Klebsiella pneumonia carbapenemases (KPC) and 

OXA-48-like groups, respectively. MBLs are classified 

as class B and are divided into three main groups of 

enzymes [active on imipenem (IMP), Verona integron-

encoded metallo-betalactamases (VIM), and New Delhi 

metallo-betalactamases (NDM) (Aliyu et al., 2021).  

The carbapenem resistance infections, especially those 

causes by Gram-negative bacteria are emerging, raising 

valid concerns that we may reached the end of the 

antibiotics pipelines. Carbapenem-resistant gram 
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negative organism are extremely virulent organism 

exhibiting resistance to carbapenems and most, if not 

all, of the other classes of antibiotics available today. 

As a result, they have been associated with high 

mortality rate (Nuhu et al., 2021; Adesola et al., 2023). 

In 2017 study by Tamma et al. (2017), 32% of patient 

with carbapenems resistant Gram negative bloodstream 

infections dies within 14 days of hospitalization. 

Therefore, the aim of this study is to review published 

articles on the prevalence of Carbapenems-resistance in 

Nigeria. 

 

MATERIALS AND METHODS 

Search Strategies  

PubMed, Science Daily, the Cochrane Database for 

Systematic Reviews, African Journals Online Library 

and Free-text Web Searches using Google Scholar were 

searched for articles published in English from 2011 to 

2024 June. Reference lists of relevant articles were 

checked for additional titles for inclusion in the review. 

Key words used for the search were ―Carbapenem-

Resistance Prevalence‖, ―Gram-Negative bacteria‖, 

―Nigeria‖, Clinical samples, phenotypic and molecular 

detection of Carbapenem resistance and 

Enterobacteriaceae. The review was performed using 

the preferred reporting items for systematic review and 

Meta-analysis (PRISMA) statement. 

 

Inclusion and Exclusion Criteria 

The original published articles on the prevalence of 

Carbapenem-resistant strains of Gram-Negative 

bacteria from hospital acquired infections in Nigeria 

were considered. Before an article will be considered 

useful to this study include, phenotypic screening and 

molecular analysis screening, its antibiotic 

susceptibility testing should use reference standard 

methods and recommendations by the Clinical and 

Laboratory Standards Institute (CLSI) for drug 

susceptibility testing of Gram-negative bacteria against 

most commonly used antimicrobial agents, Carbapenem 

resistance detection. Due to the following reasons, 

some studies were excluded from this studies; articles 

not following CLSI recommended drug susceptibility 

testing methods, case reports, meta analyses or 

systematic reviews, letters to editor, review articles, 

non-English, duplicate publication and without these 

relevant database that listed the variables; author, year 

of study, location of study, methods of identification, 

commonest microorganism isolated. 

 

Data Synthesis 

Data extraction was done using a predesigned and 

pretested database, developed for the purposes of this 

review, using the PRISMA statement. Information 

extracted included article information (first author, year 

of publication, and country), study design (hospital 

acquired number of specimens collected), Gram-

negative bacteria identification and antimicrobial 

susceptibility testing methodology, and Carbapepenem 

resistance data. 

 

 

    Main text 

 
Figure 1: Systematic review and meta-analysis 
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Table 1: Bacteria most evaluated organism with most carbapenem resistance gene 

Author (s) 

 

Location of 

study 

 

Sample  

size 

Method of  

identification 

Commonest Gram-negative  

organism/identified/% 
Type of samples 

Carbapenems  

Resistance  

(%) 

Genes 

Abdu  et al. (2019) Bayelsa  153 PCR 
E. coli (25.3%), Klebsiella spp, (14.1%), 

Proteusspp, (3%), Ps. aeruginosa  (37.4%). 

Urine, Wound swabs, Endocervical 

swabs, High vaginal swabs, Throat 
swabs, Eye swab and Ear swabs 

50.0% VIM, NDM 

Abdullahi et al. 
(2017) 

Kano 500 MHT/PCR 

E. coli (37.4%), Klebsiella spp, (26%), K. 

oxytoca ( 0.6%) P. mirabilis (17.4%), P. vulgaris 
(5.8% ), Ps. aeruginosa (11.2%), S. paratyphi 

(0.4%),  S. typhi ( 1.2%) 

Blood, urine, catheter tip 32.4% NDM-1 

Abiola et al. (2013) Ibadan, NR MHT/PCR Acinetobacter baumannii (60.0%). Clinical isolates 60.0% blaOXA-23,  

Adebola et al. (2019) Port-Harcourt 300 
Phenotypic 

screening 
K. pneumonia (40.7%), E. coli (57.8%) Urine 41.4% NR 

Adesola et al. (2020) Lagos 175 PCR K. pneumonia (35.4%), E. coli (64.6%) Clinical isolates 27.4% NDM, OXA-181,  

Adesola et al. (2022) Lagos 123 PCR Pseudomonas aeruginosa  
Wound, urine, surgical swab, ear 

swab, sputum,vaginal swab 
89% VIM-2, VIM-5, bla-NDM-1 

Akinduti et al. 

(2012) 
Abeokuta, 426 MHT 

Klebsiella spp, Pseudomonas spp and Proteus 
spp,  Salmonella spp,  Citrobacter freundii,  

Enterobacter cloacae, 

Stool 3.3% NR 

Aliyu et al. (2021) Kano 190 MHT/PCR 

K. pneumonia (3.9%), K. ozaenea (2.6%), K. 
oxytoca (2.6%),  Salmonella spp. (2.6%), E. coli 

(44.7%), Proteus Mirabilis (5.3%), Enterobacter 

aerogenes (3.9%),   Proteus  Vulgaris (2.6%),  
Citrobacter freundii (2.6%), Enterobacter 

agglomerans (2.6%),   Enterobacter cloacae  

and Serratia odorifera (1.3%),, 

Urine, blood, sputum, tracheal 

aspirate, and swab 
9.2% VIM , NDM, KPC 

Anibijuwon et al. 

(2018) 
Ilorin 300 

Phenotypic 

screening 

E. coli (52.5%), Enterobacter (23.8%), 

Klebsiella (10.2%) Proteus (13.6) 
Blood and urine 7.7% NR 

Ayorinde et al. 
(2021) 

Ibadan   141 PCR 
K. pneumonia, K. quasipneumoniae, 
Acinetobacter baumannii, Ps. aeruginosa 

Blood, urine, stool, throat, rectal, 
oculat swab 

8.5% OXA-48, NDM-1,NDM-5 

Brinkac et al. (2019) Abuja 476 PCR Klebsiella spp blood NR NDM-5 

Christiana et al. 
(2017) 

Edo 218 
Molecular 
Method  

Escherichia coli, Klebsiella 
Pneumonia, Enterobacter cloacae 

Endocervical swab, urine, Peritoneal 
Fluid, Unidentified source 

22.2% 
blaVIM, blaGES, blaNDM, blaOXA-
181, and blaKPCblaOXA-48 

Egbule et al. (2020) Delta 84 MHT 
K. pneumonia (75%)., E. coli (36.7%),  Ps. 

aeroginosa (37.5%) 
blood, urine, wound and stool 47.62% NR 

Ejikeugwu, et al. 

(2012) 
Awka 79 

Phenotypic 

screening 
E. coli 3.8% and K. pneumonia, 7.6% Urine 12.8% NR 

Emmanuel et al. 
(2021) 

Makurdi 583 
CM/MIC/ 
PCR/WGS 

K. pneumonia (51.8%), E. coli (48.2%), 
Stool, urine, environment, swab, 
liver 

9.1% OXA-1, DHA 

Enwurum et al. 

(2011) 
Lagos 60 

CDDT & 

DDST 
E.coli and Klebspp, Clinical isolates 98.33% NR 

Glolabo et al. (2023) Kogi 420 PCR Klebsiella pneumoniae 

Urine, blood,sputum, wound swabs, 

high vaginal swab, pus, stool, 

trachea aspirate, semen 

7.0% 

VIM (43%), OXA (28.9), IMP (22.7), 

NDM (17.2), KPC(13.3%), CMY 

(11.7%), FOX (9.4%).  
Hussaini et al.(2020) Zaria 150 MHT K. pneumonia (12.67%), E. coli (17.33%), Urine, wound swab, sputum 15.6% NR 

Iduh et al. (2020) Sokoto   191 
Phenotypic 

screening 

K.spp, E. coli, Pseudomona. spp. Salmonella 

spp. 
Stool  15.7% NR 

Ijeoma et al. (2020) Anambara 187 MHT E. coli (21.9%) blood, urine, wound swab 11.23% OXA-48 (6.4%), NDM (1.6%) 

Isabella et al. (2021) Yola 66 WGS Gram negative bacteria Clinical isolates 13.6% OXA-10, OXA-1 
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Iregbu et al. (2022) Abuja 218 MIC/PCR E. coli, Klebsiella Clinical isolates 12.5% Bla (OXA-48,244,833 andd KPC), 

Kabiru et al. (2021) Lagos  127 MHT/PCR K. pneumonia (34%) 
Urine, blood, wound , stool, nasal 
swab  abscesses  

7.0% NR 

Lloduba et al. (2021) Bayalsa 142 MHT/PCR K. pneumonia (10.6%), Swab samples 53% NR 

Magashi et al. (2012) Kano 135 MHT 
K. pneumonia (16.7%), E. coli (12.5%) Proteus, 
spp (16.0%). And Serratia spp. (1.0%) 

Clinical isolates 14.0% NR 

Motayo et al. (2013) Abeokuta 97 MHT K. pneumonia , E. coli  
Blood, urine, cerebrospinal fluid, 

genitals, 
9.3% NR 

Muhabat et al. 

(2013) 
Lagos 38 MIC/PCR 

K. pneumonia (31.4%), E. coli (42.2%) Proteus, 

mirabilis (9.8%), Enterobacter cloacae (3.9), 

Morganella morganii (1.9%), Citrobacter spp 
(1.0%). 

Urine, blood, skin, soft tissues, 
surgical site, tracheal, ear, body 

fluid. 

3.7% NR 

Mukail et al. (2019) Zaria  164 MHT 
K. oxytoca (14.0%), K. pneumoniae (12.8), 

K.ozaenae (1.2%), Enterobacteriaceae (72%). 

Urine (35.4%), sputum (26.2%), ear 

swab (17.1%), wound swab 
(13.4%), Vaginal swab (7.9%) 

24% NR 

Nuhu et al. (2020) Sokoto  576 PCR E. coli (3.9%) 
Vaginal swab, pus, urine, stool, 

aspirate, wound swab, 
45.7% NR 

Odih et al. (2020) Ibadan 86 PCR A. baumannii Clinical isolates 32.2% blaNDM-1,  blaOXA-23 (34.9%) 

Oduyebo et al. 

(2015) 
Lagos  177 

Phenotypic 

screening 

K. pneumonia, K. oxytoca, K. ozaenae, E. coli, 

Enterobacter (agglomerans, aerogenes, 
cloacae), Proteus (mirabilis and vulgaris), 

Serratia rubidaea, Morganella morganii, 

Citrobacter freundi, Providencia rettgeri 

Urine (30.4%), blood (28.1%), 
sputum (8.3%), wound (21.2%),  

pus (11.9%) 

12.4% OXA-48, KPC 

Ogbolu et al. (2014) Osun  182 MIC/PCR Gram-negative bacteria Clinical isolates 5.5% NDM, VIM, GES 

 

Oladipo et al. (2021) 

 

 Osun 
100 

Phenotypic 

screening 
K. pneumoniae Clinical isolates 8.6% NR 

Olaniran et al. 

(2021) 
southwest 430 PCR Ps. aureginosa Clinical isolates 56.2% 

blaGES, blaNMC-A, blaBIC-1, 

blaSME, blaIMP, blaVIM, blaSPM, 

blaNDM, blaAIM, blaDIM, blaSIM, 
blaGIM, blaOXA-48, 

blaOXA-58 

Olowo-Okere et al. 
(2019) 

Sokoto 110 MIC Gram-negative bacteria 
High vaginal swab, sputum, stool, 
urine,wound 

38.0% NR 

Olowo-Okere et al. 

(2020)  
Sokoto  292 

Modified 
Carba NP Test 

/MIC/ PCR 

K. pneumonia (n=28), E. coli (n=51), Proteus 

Mirabilis (14), Enterobacter cloacae (n=18)),  
Citrobacter freundii (n=10)), Morganella 

morganii (n=4), Providenciaerettgerii (n=1),  

Providenciaestuartii (n=3) 

Urine, sputum, stool, wound swab  

and ear swab 
6.9% NDM-5, OXA-181 

Oluwafolajimi et al. 

(2020) 
Ibadan 800 MHT 

K. pneumonia (33.3%),K.oxytoca (13.6%), E. 

coli (20.3%), Ps. aureginosa (17.5%) Proteus 

Mirabilis (6.8%), Enterobacter cloacae 

(1.7%),Acinetobacter baumanii (1.7%),   Proteus  

Vulgaris (1.7%),  Ps. luteola (1.1%),Morganella 

morganii (1.1%) Providencia spp. (0.6%) 

Urine (40.7%), wound(28.3%), 
sputum(7.3%), tracheal  aspirate 

(9.0%), cartheter tip (4.40%), pleural 

fluid (3.4%), eye swab (2.3%), pus 

(1.7%), ear swab(1.1%), tissue biopsy 

(1.1%), rectal swab (0.6%) 

22% NR 

Onipede et al. (2021) Ile-Ife 144 
Phenotypic 

screening 

Pseudomonas 

aeruginosa 
Clinical isolates 28.6% VIM, NDM1, IMP. 

Shuwaram et al. 

(2019) 
Yola  1741 PCR Gram-negative organism 

Wound  (21.8%), Sputum  (10.9%),, 
stool  (12.6%),, urine  (46.2%),  

genital tract  (6.0%),  pleural 

aspirate (0.8%). 

25.2% blaNDM and blaVIM 
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Sulaiman et al. 

(2020) 

 

Kano 540 
Phenotypic 

screening 
Shigella spp Stool  40% NR 

Suwaiba et al. (2020) Kaduna 350 PCR K. pneumonia (13%),E. coli (41.1%), Urine 1.4% NR 

Umar et al. (2018) Sokoto 150 MIC Ps. aeruginosa (36.7%). Wound swab, ear swab 54.5% NR 

Umar et al. (2022) Kano 348 
Phenotypic 

screening 

K. pneumonia, E. coli , Proteus mirabilis, 

Proteus vulgaris, Ps. aeruginosa 

Urine,  blood, wound, sputum, 

semen, vaginal swab 
14.9% NR 

Uzoamaka et al. 

(2024) 
Enugu 150 

Phenotypic 

screening 
K. pneumonia (27.7%), E. coli (25.9%), urine 12.0% NR 

Yahaya et al. (2015) Sokoto  225 
MIC/ 

MHT/PCR 

K. pneumonia (32.4%), E. coli (27.1%), 

Citrobacter sedlakii (0.9%), Proteus mirabilis 

(8.0%), Serratia, marcescens (3.1%), 

Morganella morganii (5.3%), Enterobacter  

aerogenes (1.4%), Klebsiella mozaenae (1.4%), 

K. oxytoca (5.8%) 

Urine, blood, sputum, cerebrospinal 

fluid 
10.2% 

KPC (47.8%), VIM (8.7%), NDM-

1(21.7%) 

Yusuf et al. (2014) Kano 633 MHT 
Proteus mirabilis (16.0%), Ps. aeruginosa and 

K. pneumonia (13.3%), and E. coli (11.5%). 

Urine, catheter tips, stool, semen, 

urogenitals, and abscesses 
11.5% NR 

Yusuf et al. (2017) Kano 248 MHT E. coli and K. pneumoniae. 
urine, catheter tips and wounds, and 

abscesses 
38.7% NR 

Zubair et al. (2018) Abuja 200 

Phenotypic 

detection and 

PCR 

Pseudomonas aeruginosa 

Wound swab, ear swab, blood, 

urine, eye swab, sputum, nasal 

swab, bone tissue 

2.5% BlaVIM-1 

MHT – Modified Hodge Test method, MIC – Minimum inhibitory Concentration, CM – Carbapenem inactivation method, PCR – Polymerase Chain Reaction, 
WGS – whole genome sequencing, Combined Disc Diffusion Test (CDDT), Double Disc Synergy Test (DDST), NR – Not Recorded, Ps – Pseudomonas 
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Data and Study Characteristics 

In total, 463 articles were identified. Of those, 44 

studies met the inclusion criteria and were included in 

the final analysis. Samples sizes were analyzed in all 

the selected studies. Percentage distribution of 

Carbapenem resistance in Nigeria were mostly from 

Northern Nigeria 19(43.3%), follow by Western 

17(38.6%), Southern (6(14.3%) while the least 

percentage was in Eastern Nigeria region 2(4.6%). 

Articles published within a decade between January 

2011 and June, 2024 was analyzed for this study. High 

percentages 56.8% (25/44) were published after 2020. 

Most of this studies review are primary samples with 

the prevalence of 75% (33/44) while 25% (11/44) were 

secondary samples (clinical isolates) . All the studies 

were published with susceptibility data and few of the 

studies reviewed, gave the prevalence of the clinical 

samples analyzed (Mukail et al., 2019; Oluwafolajimi 

et al., 2020; Shuwaram et al., 2019). 

Effect of method adopted and detection of Carbapenem 

resistance indicate high percentage 56.8% (25/44) of 

the studies used the phenotypic screening method for 

detection carbapenem resistance. Among the different 

studies, eight different methods used includes 

phenotypic screening of imipenem-meropenem disc 

test, minimum inhibitory concentration, modified Carba 

NP Test, modified Hodge Test method, Carbapenem 

inactivation method,  PCR, WEG, susceptibility testing 

and two different interpretation guidelines were used 

(EUCAST, CSLI) in all the studies. Percentage 

isolation of Carbapenem resistance from different 

samples source were mostly with urine 17.2% (29/163), 

wound 12.3%(20/163) and blood 9.2%(15/163) and the 

percentage is from Skin 0.6%(1/163). 

Among the Gram negative Bacteria, E. coli, Klebsiella 

pneumoniae and Proteus mirabilis were the most 

commonly investigated bacteria. Generally, other 

studies report the level of carbapenems- resistance base 

on individual bacteria. Ps. aeruginosa (89%) had the 

highest resistance profile to carbapenem, followed by 

Acinetobacter baumannii (60.0%), E. coli (45.7%), 

Shigella spp (40%) while the least was recorded among 

Klebsiella pneumonia (2.5%) in table 1 (Abiola et al., 

2013; Lloduba et al., 2021; Sulaiman et al., 2020;  

Umar et al., 2018 and Nuhu et al., 2020). the most 

prevalent Carbapenem resistance genes in Nigeria were 

NDM and VIM gene 13%(9/69).  There were 

significant correlation between the phenotypic detection 

methods and molecular techniques used. However, the 

molecular techniques gave more reliable results than 

phenotypic tests. 

 

RESULTS AND DISCUSSION  

Antimicrobial resistance (AMR) especially caused by 

Metallo-βeta-lactamases (MBL) producing K. 

pneumoniae (MBL-Kp) has become a global public 

health concern. Globally, these isolates especially gram 

negative bacteria, have remained the most important 

causes of several infections, associated mortality and 

morbidity rates (Teklehaimanot et al., 2021). The 

current review describes recently (2011–2024, JUNE) 

published data on carbapenem-resistance in Gram-

negative bacteria from Nigeria. The lack of consistency 

in the measurement and reporting of susceptibility data 

for carbapenem-resistance makes it difficult to compare 

findings among different countries and laboratories, 

sometimes even within one country (Lee et al., 2015; 

ECDC, 2014).  

Given the findings of our review, similar harmonization 

efforts are urgently needed in Nigeria. Standardizing 

AMR methods and interpretation guidelines could 

allow for better comparability of results and improved 

resistance tracking. Furthermore, improved access to 

reference laboratories and EQA schemes are needed 

augmenting the current WHO initiative to scale up the 

global antimicrobial surveillance system (GLASS) 

based on country specific priority pathogens (WHO, 

2018). Currently, in the absence of a uniform laboratory 

methodology the GLASS goals will be very difficult to 

meet. The observed differences between data published, 

the current work could indicate carbapenem-resistance 

in certain pathogens. However it could also be because 

of the differences in CR testing methodologies 

underlining the need for harmonization of laboratory 

method in the region. 

Finally, resistance data obtained with different 

laboratory methodologies were combined for the 

purposes of this review. However, as the majority of 

studies used the phenotypic screening of imipenem-

meropenem disc test, Minimum Inhibitory 

Concentration, Modified Carba NP Test, Modified 

Hodge Test method, Carbapenem inactivation method,  

PCR, WEG, susceptibility disk diffusion method and 

CLSI guidelines, the impact of the variation in CR 

methodology on the validity of the final results is 

thought to be minimal. 

 

CONCLUSION 

This review highlights three important findings: first, 

some region of Nigeria did not have much recent 

Carbapenem-Resistance data published in the public 

domain and only a few of those were surveillance data. 

Second, a high level of Carbapenem-resistance exists in 

Nigeria region. Third, the standardization and quality of 

the microbiological identification and susceptibility 

testing methods needs to be improved to allow national 

and international organizations to monitor the extent of 

the Antimicrobial resistant especially carbapenem-

resistance problem. All of the identified areas of 

concern need urgent attention by the global health 

community in order to halt the public health threat 

associated with spreading carbapenem-resistant. 
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