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Increased bacterial antibiotic resistance is a global public health problem; this problem is all 

the more worrying with the appearance and spread of carbapenemases. This study aimed to 

identify the production and distribution of carbapenemases in Gram-negative bacilli 

isolated in Douala. A cross-sectional study was conducted from January 2023 to March 

2024 (1 year two months)). Included in the study were all strains of Gram-negative bacilli 

isolated in one of the two selected hospitals and resistant to at least 3 classes of antibiotics 

(multi-resistant). These strains were identified using biochemical tests with colorimetric 

revelation (Vitek 2). After which, they were subjected to an antibiogram by the agar 

diffusion method with a range of 20 standard antibiotics. Once confirmed to be multi-

resistant, the strains were tested for the production of one of the five carbapenemases 

detected by immunochromatographic technique (OXA-48, NDM, IMP, VIM, KPC) using 

the rapid detection kit "NG-TEST/CARBA 5”. Statistical analysis of the data was carried 

out using Epi info version 7.2.2.6 and Excel 2013 software. A total of 475 strains of gram-

negative bacilli were collected during the study period, 40 multi-resistant strains were 

identified, mainly in the ECBU samples (47.0%); 37.5% of the multi-resistant strains 

produced the carbapenemases detected with a higher frequency at the General Hospital 

(53.3%). NDM-type carbapenemase was the most frequently identified (47.1%); The 

prevalence of carbapenemase production was higher in E. coli (66.7%), which was also the 

most isolated species (22.5%) Amikacin was the most active antibiotic on multi-strains 

resistant and carbapenemase-producing strains OXA-48 and NDM. The production of 

carbapenemases is increasing given the figures obtained in this study compared to those 

obtained in 2018. 
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Introduction 

 
Since the turn of the century, there has been an 

increasingly rapid spread of extended-spectrum β-

lactamases among enterobacteria, mainly in E. coli 

(Doortet et al., 2014). This phenomenon has become 

uncontrollable in just 10 years, and the epidemic has now 

been identified internationally as a source of community-

acquired infections in particular (Nordmann et al., 2009). 

In 2004, Greece was hit by a major epidemic caused by a 

clone of Klebsiella pneumoniae producing a Verona 

Integron-encoded Metallo-β-lactamase (VIM-1), rapidly 

followed by a second epidemic in 2006 caused by 

Klebsiella pneumoniae producing a xxxx-type 

carbapenemase (KPC) (Nordmann et al., 2012; Ebongue 

et al., 2021).  

 

New Delhi Metallo-lactamase (NDM) carbapenemases 

were first identified in Sweden in 2008 and have rapidly 

spread worldwide (Tamma et al., 2018; Sbiti, 2017). 

Since 2010, numerous outbreaks caused by 

carbapenemase-producing OXA-48 bacteria have been 

reported in most European countries (Nordmann, 2014). 

Taking into consideration the type of carbapenemase and 

the bacterial host species, KPC, IMP and VIM seem to 

have been identified so far in the main nosocomial 

pathogen, Klebsiella pneumoniae (Doortet et al., 2014).  

 

However, in the case of NDM and OXA 48 

carbapenemases, K. pneumoniae and E. coli can be 

considered as sources of both nosocomial and 

community-acquired infections (Nordmann et al., 2012; 

Nordmann et al., 2011). In Nigeria in 2015, the 

prevalence of carbapenemase producing bacteria was 

13% (Yusuf et al., 2011); In 2018, a study carried out in 

the city of Douala in Cameroon on carbapenemase 

production in Gram-negative bacilli showed a high 

presence of these enzymes (16%), mainly of the OXA 48 

and NDM type (Ebongue et al., 2021). 

 

This study targets a wider range of enzymes and 

investigates the five main carbapenemases (NDM, OXA 

48, KPC, IMP, VIM) in two referral hospitals in Douala, 

with knowledge of the epidemiological data on these 

enzymes being a prerequisite for containing their spread. 

 

Materials and Methods  
 

This was a descriptive cross-sectional study conducted 

from January 2023 to March 2024 (1 year two months). 

Strains were collected from two hospitals in the city of 

Douala: The General Hospital and the Laquintinie 

Hospital.  

 

The strains were analysed in the clinical biology 

laboratory of Douala General Hospital. All Gram-

negative bacillus strains isolated from pathological 

products in one of the two selected hospitals during the 

study period were included in the study. 

 

Collection of Samples 
 

The strains were collected using a sterile swab from their 

primary culture medium (EMB, CLED, Mac Conkey, 

SS), and then transported in screw tubes containing 

ordinary broth. These tubes were placed in a cooler and 

quickly transported to the analysis site, where the strains 

were re-isolated on an EMB culture medium and 

incubated at 37°C for 18 to 24 hours. 

 

Identification and Antibiotic Susceptibility 
 

The strains were identified by the automated 

colourimetric method using Vitek2TM (Biomérieux), 

after an antibiogram was carried out using the Mueller 

Hinton agar diffusion method with a range of 20 standard 

antibiotics, namely: Amoxicillin + clavulanic acid (30 

μg); Ticarcillin + clavulanic acid (85µg); Piperacillin + 
Tazobactam (85µg); Tobramycin (10µg); Levofloxacin 

(5µg); Norfloxacin (5µg); Ceftriaxone (30µg); Cefixime 

(5µg); Cefepime (30µg); Ceftazidime (30µg); 

Meropenem (10µg); Ertapenem (10µg); Imipenem 

(10µg); Amikacin (30µg); Gentamicin (15µg); Ofloxacin 

(5µg); Ciprofloxacin (5µg); Cefotaxime (30µg); 

Fosfomycin (50µg); Nalidixic acid (30µg).  

 

Sensitivity testing was interpreted according to the 

standards of the European Committee for Antimicrobial 

Susceptibility Testing (EUCAST v 6.0) (Bonnet et al., 

2013). 

 

Detection of Carbapenemases 
 

Carbapenemases were detected in multi-resistant strains, 

i.e. strains resistant to at least 3 classes of antibiotics. 

Testing for the production of one of the five 

carbapenemases (OXA-48, NDM, KPC, VIM and IMP) 

was carried out on a bacterial suspension using the rapid 

immuno-chromatography technique with the ‘NG-

TEST/CARBA 5’ kit. The principle of this test is based 
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on the detection of a coloured indicator after 15 minutes 

indicating the presence of carbapenemase, and the result 

obtained was interpreted according to the manufacturer's 

recommendations (Figure 1). 

 

Statistical Analysis 
 

Microsoft Office Excel 2010 was used to record the data 

and calculate the frequencies. Categorical variables were 

presented as frequencies and the Chi square test was used 

to compare variables. The difference was considered 

statistically significant for the p-value of less than 0.05. 

 

Results and Discussion 
 

Isolated Strains 
 

During the study period, 475 strains of Gram-negative 

bacilli were isolated in the selected laboratories; 

Enterobacteriaceae constituted the most represented 

group with E. coli as the most frequent species (30%) 

followed by K. pneumoniae (23%). Pseudomonas 

aeruginosa was the most frequent species among non-

fermenting Gram-negative bacilli, accounting for 11% of 

strains. 

 

Multi-resistant strains 
 

A total of 40 multi-resistant strains were identified, 

representing a relative frequency of 11.9%. The 

frequency of these strains was higher at the Douala 

General Hospital and the Laquintinie Hospital, with 

53.3% and 46.7% respectively (Table I). Among the 

multidrug-resistant strains, E. coli was the most 

represented species among the enterobacteria (22.5%), 

followed by K. pneumoniae (20.0%), and the non-

fermenting Gram-negative bacilli were mainly P. 

aeruginosa (15.0%) and A. baumannii (15.0%). These 

strains came mainly from urine and pus, 41% and 32% 

respectively. 

 

Carbapenemase-producing strains 
 

Carbapenemases were found in 15 of the 40 multidrug-

resistant strains, with the greatest number found at the 

General Hospital. Carbapenemase type NDM was the 

most frequently identified (20.0%) and no production of 

KPC was observed (Table II); carbapenemase-producing 

strains were mainly found in ECBU followed by pus 

(Table III). 

Enterobacteriaceae were the group that produced the 

most carbapenemases tested (82.3%). The prevalence of 

carbapenemase production was highest in E. coli 

(35.3%). Acinetobacter baumannii produced the most 

carbapenemases tested (11.7%) in non-fermenting Gram-

negative bacilli (Table IV). 

 

Susceptibility to Antibiotics 
 

Strains producing carbapenemases OXA-48 and NDM 

were almost completely resistant to all antibiotics except 

for Amikacin and Imipenem. However, strains producing 

IMP and VIM were not sensitive to any of the antibiotics 

tested (Table V). 

 

A good frequency of strains (46.4%) resistant to the three 

Carbapenem antibiotics (Imipenem, Meropenem and 

Ertapenem) did not produce any of the five types of 

Carbapenemases tested. (Table VI). 

 

Multidrug-resistant strains were isolated in two referral 

hospitals due to the type of use and level of activity of 

these facilities since complex cases are transferred to 

them for better management. The multidrug-resistant 

strains came mainly from pus and urine samples, a result 

similar to those obtained in other national studies in 2021 

(Ebongue et al., 2021). Pathologies caused by 

carbapenem-resistant bacteria are mainly urinary tract 

infections, as well as sepsis and soft tissue infections 

(Betbeu et al., 2015; Diene et al., 2014). The prevalence 

of carbapenemase production was high in our study 

(37.5%) compared with the work of Ebongue et al., 

(2021) in Cameroon in 2021 (16%) and Yusuf et al., 

(2011) in Nigeria in 2011 (13.3%) (Ebongue et al., 2021; 

Liazid and Asma, 2012). This observed increase could be 

justified by the search for a wider range of enzymes in 

this study, five in total (Dortet et al., 2013). NDM-type 

carbapenemase from the metallo-beta-lactamase group 

was the most common.  

 

This observation is similar to that of the study by 

Ebongue et al., (2021), confirming the predominance of 

this enzyme among the carbapenemases identified in 

Cameroon (Ebongue et al., 2021; Hajar, 2017). The 

NDM and OXA-48 type carbapenemases identified were 

respectively more frequent in Enterobacteriaceae and 

mainly in E. coli and K. pneumoniae. In France, Vaux et 

al., (2022) showed a higher frequency of K. pneumoniae, 

as did Yusuf et al., (2011) in Nigeria (Yusuf et al., 2011; 

Lagha et al., 2015). 
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Table.1 Distribution of multi-resistant strains according to species identified 
 

Groups Genus Species HGD 

N=18 

 HLD 

N=22 

Total 

N=40(%) 

Enterobacteria Escherichia E.coli 3  6 9(22.5%) 

 Klebsiella K.pneumoniae 4  4 8(20.0%) 
 Citrobacter C. freundii 1  0 1(2.5%) 

  C.diversus 0  1 1(2.5%) 

 Enterobacter E. cloacae 2  1 2(5.0%) 

 Proteus P. mirabilis 0  2 2(5.0%) 

 Shigella S. shigella 0  1 1(2.5%) 

 Serratia S. liquefaciens 0  1 1(2.5%) 
 Raoutella R. ornithinolytica 0  1 1(2.5%) 

Non-fermenting Pseudomonas P.aeruginosa 3  3  6(15.0%) 

 Acinetobacter A. baumannii 4  2  6(15.0%) 

  A.lwoffii 1  0 1(2.5%) 
Legend: HGD=General Hospital Douala; HLD=Laquintinie Hospital Douala 

 

Table.2 Types of carbapenemases identified 
 

Types of carbapenemases Count Frequency (%) 

OXA 48 4 10 

NDM 8 20 

IMP 4 10 

VIM 1 2.5 

KPC 0 0.0 

None 23 57.5 

Total 40 100 

Legend: OXA-48=Oxacillinase48; NDM=New Delhi Metallo-β-lactamase; KPC: Klebsiella Pneumoniae Carbapenemase; IMP= 

Imipenemase; VIM= Verona Integron-encoded Metallo-β-lactamase 

 

Table.3 Distribution of carbapenemase-positive strains according to strain origin 
 

Origin NDM OXA 48 IMP VIM Total(%) 

ECBU 3 3 2 0 8(47.0) 

Pus 4 1 1 1 7(41.1) 

HEMOC 1 0 0 0 1(5.9) 

SU 0 0 1 0 1(5.9) 

Legend: OXA-48=Oxacillinase48; NDM=New Delhi Metallo-β-lactamase; KPC: Klebsiella Pneumoniae Carbapenemase; IMP= 

Imipenemase; VIM= Verona Integron-encoded Metallo-β-lactamase; ECBU=Urine cytobacteriological examination; SU=Urinary 

Catheter; Hemoc= Hemoculture 
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Table.4 Distribution of carbapenemase types identified according to species 
 

Species Count Carbapenemase 

produced % 

NDM OXA48 IMP VIM KPC Prevalence% 

E.coli 9 6(35.3%) 2 3 1 0 0 66.7% 

K.pneumoniae 8 4(23.5%) 3 1 0 0 0 50% 

C. freundii 1 1(5 ;88%) 0 0 1 0 0 100% 

E. cloacae 3 1(5.88%) 1 0 0 0 0 33.3% 

S. shigella 1 2(11.7%) 1 0 1 0 0 200% 

Total 1 27 14(82.3%) 7 4 3 0 0 51.8% 

P.aeruginosa 6 2(11.7%) 1 0 0 1 0 33.3% 

A. baumannii 6 1(5.88%) 0 0 1 0 0 16.7% 

Total 2 13 3(17.7%) 1 0 1 1 0 23.1% 

Total 1+2 40 17(100.0%) 8 4 4 1 0 42.5% 

Legend: OXA-48=Oxacillinase48; NDM=New Delhi Metallo-β-lactamase; KPC: Klebsiella Pneumoniae Carbapénèmase; IMP= 

Imipenemase; VIM= Verona Integron-encoded Metallo-β-lactamase 

 

Table.5 Frequency of resistance to the antibiotics tested in Gram-negative bacilli linked to expression of the 

carbapenemases NDM, OXA-48, IMP and VIM 
 

 NDM (N=6) OXA 48(N=4) IMP (N=2) NDM+IMP (N=2) VIM (N=1) 

Antibiotics  Resistance% Resistance% Resistance% Resistance% Resistance% 

AUG 100% 100% 100% 100% 100% 

TTC 100% 100% 100% 100% 100% 

PIT 100% 100% 100% 100% 100% 

CFM 100% 100% 100% 100% 100% 

CRO 100% 100% 100% 100% 100% 

CAZ 100% 100% 100% 100% 100% 

CTX 100% 100% 100% 100% 100% 

FEP 100% 100% 100% 100% 100% 

IMI 83.3% 75% 100% 100% 100% 

MRP 100% 100% 100% 100% 100% 

ERT* 100% 100% 100% 100% / 

AK 66.7% 75% 100% 100% 100% 

CN 83.3% 100% 100% 100% 100% 

TOB 100% 100% 100% 100% 100% 

NA 100% 100% 100% 100% 100% 

CIP 83.3% 100% 100% 100% 100% 

LEV 100% 100% 100% 100% 100% 

NOR 100% 100% 100% 100% 100% 

OFL 100% 100% 100% 100% 100% 

FOS 100% 100% 100% 100% 100% 

Legend: OXA-48=Oxacillinase48; NDM=NEW Delhi Metallo-β-lactamase;  IMP= Imipenemase ; VIM= Verona Integron-

encoded Metallo-β-lactamase ; AUG =Amoxicilline+clavulanic acid; TTC=Ticarcilline+acideclavulanique; 

PIT=piperacilline+tazobactam;CFM=cefixime; CRO=ceftriaxone; CAZ: ceftazidime; CTX=cefotaxime; FEP =cefepime; IMI 

=imipénème; MRP= meropénème; ERT =ertapénème; AK=amikacine; CN=gentamicine; TOB=tobramycine; NA=nalidixic acid; 

CIP =ciprofloxacine; LEV=levofloxacine; NOR=norfloxacine; OFL=ofloxacine; FOS= fosfomycine 
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Table.6 Frequency of carbapenemase-producing strains tested among carbapenem-resistant strains 
 

Gram-negative 

bacilli Groups 

Number 

of Multi-

Resistant 

Strains 

Number of 

strains 

Resistant to 3 

Carbapenems 

Number of 

StrainsOXA48/NDM/IMP/VIM 

Positive (%) 

 

Number of 

StrainsOXA48/NDM/VIM/VIM 

Negative (%) 

 

Enterobacteria 27 19 12(42.9) 7(25.0) 

Non-

fermenting 

13 9 3(10.7) 6(21.4) 

Total 40 28 15(53.6) 13(46.4) 

Legend: GNB=Gram Negative Bacille; OXA-48=Oxacillinase48; NDM=New Delhi Metallo-β- lactamase; IMP= Imipenemase; 

VIM= Verona Integron-encoded Metallo-β-lactamase; KPC: Klebsiella Pneumoniae Carbapenemase 

 

Figure.1 Procedure and interpretation of NG-Test CARBA 5 cassettes 
 

 
 

Currently, NDM production in Enterobacteriaceae has 

been reported almost everywhere in the world, 

particularly in Asia, Australia, America and Europe, with 

the Indian subcontinent being the main reservoir (Zhanel 

et al., 2007).  

 

NDM-4 β-lactamase with increased carbapenemase 

activity compared with NDM-1 was described in a 

patient hospitalised in India; Dortet et al., (2013) showed 

that this variant was also present in Africa, isolated in 

particular from a patient in Douala, who carried E. coli 

strains expressing two NDM variants (Nordmann et al., 

2009).  

 

We did not identify any KPC-producing strains in the 

geographical area covered by this study, although they 

are currently the most clinically important in the world 

(Livermore, 2000). Originally described in the USA and 

now distributed worldwide, this enzyme is most 

commonly found in K. pneumoniae and Enterobacter spp 

and is rare in P. aeruginosa and other 

Enterobacteriaceae (Nordmann et al., 2009; Livermore, 

2000). 

 

The most common carbapenemases found in P. 

aeruginosa are mainly metallo-beta-lactamases of the 

VIM and IMP types; in A. baumanii the NDM, IMP, 

VIM and OXA-23, 40 and 58 types are specific to it, but 

not OXA 48 (Nordmann et al., 2013).  

 

OXA-48-producing bacteria, which often cause 

outbreaks of nosocomial infections, have been widely 

reported in Turkey, followed by countries in North 

Africa, the Middle East and India (Ktas et al., 2008). The 



Int.J.Curr.Microbiol.App.Sci (2024) 13(08): 76-84 

82 

 

carbapenem-resistant strains isolated in this study that 

did not produce NDM, OXA-48, VIM, IMP or KPC 

could produce carbapenemases not investigated here or 

have developed other resistance mechanisms (NCCLs, 

2000).  

 

These isolates are often associated with reduced external 

permeability, which is common in Enterobacteriaceae 

species that naturally produce a cephalosporinase, such 

as Enterobacter spp (Nordmann et al., 2009).  

 

The sensitivity profile showed good activity of Amikacin 

on multi-resistant strains and significant activity on 

OXA-48-producing strains; also reported by Harchay et 

al., (2016) on MDR strains and by Okalla et al., (2021) 

on Enterobacteriaceae producing Extended-Spectrum 

Beta-lactamases (ESBL) in Douala (Ebongue et al., 

2021; Bonnet et al., 2013). The good activity of this 

antibiotic on these strains could be attributed to the low 

use of this molecule in our environment. 

 

Rapid techniques for detecting carbapenemase activity 

(hydrolysis in Enterobacteriaceae, P. aeruginosa and A. 

baumanii), but not resistance genes, are highly sensitive 

and specific, with results available quickly, unlike costly 

molecular techniques (Yusuf et al., 2011).  

 

In a study carried out in Turkey on K. pneumoniae 

isolates, the results obtained by the RESIST-3 OKN K-

SeT immuno-chromatographic method were identical to 

those obtained by PCR targeting the carbapenemase 

genes bla KPC, bla NDM and/or bla OXA-48, with 

100% concordance (Harchay et al., 2016).  

 

 Ebongue et al., (2021) demonstrated the good 

performance of rapid immunochromatographic tests on 

clinical isolates, compared with molecular techniques 

(sensitivity greater than 99.4% according to the 

manufacturer and specificity of 100% for all the tests 

used in their study) (Ebongue et al., 2021; Harchay et al., 

2016). 
 

Limitations 
 

At this stage of the study, confirmation of carbapenemase 

gene expression using PCR and DNA sequencing 

techniques has not been carried out. This study was 

aimed at the rapid detection of carbapenemases, 

demonstrated the presence of gram-negative bacilli-

producing carbapenemases, in particular types NDM-1, 

OXA-48, VIM and IMP in the city of Douala. It is 

essential to identify these strains to prevent their spread, 

the emergence of which could be linked to mutations that 

need to be explored using molecular techniques. 
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