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Abstract

Background: The increasing resistance of bacteria to various antibiotics is a
worldwide public health issue. Carbapenems that have elicited great hope in
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cacy narrowed over time with the emergence of other novel resistance me-
chanisms, notably the production of Carbapenemases. Methods: A prospec-
tive cross-sectional study was conducted from May 2017 to May 2018 in
Douala (Cameroon) to detect carbapenemase-producing Gram-negative ba-
cilli. Isolated strains were identified using the Vitek2™ system. Antimicrobial
susceptibility testing was performed using the Kirby-Bauer disk diffusion
method on agar plates with 20 selected commercially available antibiotic
discs. The bacterial strains were tested for the production of three Carbape-
nemases (OXA-48, NDM, KPC), using an immuno-chromatographic tech-
nique, with the “RESIST-3 O.K.N. K-SeT” rapid detection kit. Results: Dur-
ing the study period, 1687 strains of Gram-negative bacilli were isolated in
selected laboratories with a total of 200 multi-resistant strains identified
(11.9%). Among the multi-resistant strains, £. coli was the species most
represented in Enterobacteriaceae (27.5%) followed by K. pneumoniae
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(15.5%) and the non-fermenting Gram-negative bacilli were predominantly
P. aeruginosa (20.5%). These strains mainly came from urine and pus, ie.
41% and 32% respectively. Thirty-two (16%) strains produced one of the
Carbapenemases with a higher frequency at the General Hospital (84%).
NDM-type carbapenemase was the most frequently identified (8.5%),
OXA-48 type 7.5%, and no KPC production was observed. Among the Entfe-
robacteriaceae 22.9% produced Carbapenemases and only 5.1% of the
non-fermenting bacilli produced these enzymes. The isolates strains were
completely resistant to all antibiotics except Amikacin and Fosfomycin. The
strains producing the NDM-type carbapenemase showed higher rates of re-
sistance to almost all of the antibiotics tested. Conclusion: Multi-
drug-resistant strains are experiencing an increase in evolution. The appari-
tion of strains producing Carbapenemases prominently, the NDM and
OXA-48 favor this increase. The activities of antibiotics with high efficacies
on these strains are low.
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1. Introduction

The resistance of bacteria to antibiotics poses a significant public health problem
globally, particularly in countries with limited resources [1]. The increased re-
sistance is of particular concern in gram-negative bacilli such as Pseudomonas
aeruginosa, Acinetobacter baumannii and Enterobacteriaceae, the latter being
the most found in humans [2] [3]. To treat infections caused by bacteria that
show multiple resistances to antibiotics, Carbapenems are given as a last resort
[4]. Their excellent anti-bacterial activity is mainly linked to the rapidity of their
trans-membrane penetration through the external wall of gram-negative bacilli
and their stability concerning most natural or acquired S-lactamases including
cephalosporinases and extended-spectrum f-lactamases [5]. Unfortunately, bac-
teria have been able to adapt and have developed resistance mechanisms for
these Carbapenems. This resistance is linked either to the association of the
overexpression of extended-spectrum p-lactamases with the efflux pump and
impermeability, or to the expression of S-lactamases hydrolyzing Carbapenems,
known as Carbapenemases [6].

According to Ambler’s classification, Carbapenemases belong to three of the
four classes of f-lactamases (A, B, C and D), the most frequent being of type
Klebsiella pneumoniae Carbapenemase (KPC, class A), New Delhi Metal-
lo-beta-lactamase (NDM, class B) and Oxacillinases of type OXA-48 (class D)
[5] [7]. The other danger of carbapenemase-producing strains is that they are re-
sistant to all the most effective antibiotics and being colonized by them is an in-

dependent risk factor for mortality [8]. The therapeutic limits resulting from the
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resistance of these microorganisms to Carbapenems and other antibiotics under-
line the importance of preventing, limiting and controlling their spread. The
prerequisite for taking these measurements is their knowledge, then their detec-
tion using techniques that vary from the most expensive such as mass spectro-
metry and molecular biology to the more accessible such as rapid diagnostic
tests [9]. This study aimed to investigate the production of Carbapenemases by
Gram-negative bacilli isolated in the city of Douala using an accessible tech-

nique.

2. Methods
2.1. Design and Location of the Study

This was a descriptive cross-sectional study conducted from May 2017 to
May 2018 (12 months) on the detection of carbapenemase production by
Gram-negative bacilli. The strains were collected in several hospitals in the city
of Douala, in particular the General Hospital, the Laquintinie Hospital, the Gy-
neco-Obstetric and Pediatric Hospital, the Military Hospital and at the Bonas-
sama District Hospital. Strain analysis was carried out in the clinical biology la-
boratory of the Douala General Hospital (DGH). All strains of Gram-negative
bacilli isolated from clinical specimen in one of the five selected hospitals and

during the study period were included in the study.

2.2. Samples Collection

Samples collected from patients in hospitals were urine, blood, pus and other
fluids from puncture like ascites and synovial liquid. Strains from positive cul-
ture were collected with a sterile swab in their primary culture medium (Eosin
Methylene Blue, Cystine Lactose Electrolyte Deficient, Mac Conkey, Salmonella
Shigella), then transported in screw tubes containing regular broth. These tubes
were placed in a cooler, transported quickly to the place of analysis where the
strains were re-isolated on Eosin Methylene Blue culture medium and incubated
at 37°C for 18 to 24 hours.

2.3. Identification and Susceptibility to Antibiotics

The strains were identified by the automatic colorimetric method using Vitek2™
(Biomérieux). An antibiogram was carried out by the diffusion method in Mueller
Hinton agar with a range consisting of a panel of 20 standard antibiotics, namely
Amoxicillin + Clavulanic acid (30 pg); Ticarcillin + Clavulanic acid (85 pg); Pipe-
racillin + Tazobactam (85 pg); Tobramycin (10 pg); Levofloxacin (5 ug); Norflox-
acin (5 pg); Ceftriaxone (30 pg); Cefixime (5 pg); Cefepime (30 ug); Ceftazidime
(30 pg); Meropenem (10 pg); Ertapenem (10 pg); Imipenem (10 pg); Amikacin
(30 pg); Gentamicin (15 pg); Ofloxacin (5 pg); Ciprofloxacin (5 pg); Cefotaxime
(30 ug); Fosfomycin (50 pg); Nalidixic acid (30 pg). The European Committee on
Antimicrobial Susceptibility Testing (EUCAST v 6.0) standards used as interpre-

tive criteria for antimicrobial susceptibility testing (https://www.eucast.org/).
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2.4. Detection of Carbapenemases

The search for carbapenemase was carried out on Multi-Drug-Resistant (MDR)
strains; that is resistant to at least three classes of antibiotics. The test for the
production of the Carbapenemases was carried out from a bacterial suspension
by the rapid immuno-chromatographic technique using the “RESIST-3 O.K.N.
K-SeT™” kit (Coris BioConcept, Gembloux, Belgium) targeting OXA-48 like,
KPC, and NDM type Carbapenemases. The principle of this test is based on the
detection of a colored indicator after 15 minutes indicating the presence of car-
bapenemase, and the result obtained was interpreted according to the manufac-

turer’s recommendations (Figure 1).

2.5. Statistical Analysis

Microsoft Office Excel 2010 software was used to record the data and calculate
the frequencies. The qualitative variables were represented in frequency and we
used the Khi? test to compare the variables. The difference was considered statis-

tically significant for a p-value less than 0.05.

3. Results
3.1. Isolated Strains

During the study period, 1687 strains of Gram-negative bacilli were isolated
from 5252 specimens received in the selected laboratories, mainly for urine
analysis (60%) and blood cultures (17%); Enterobacteriaceae were the most
represented group with E. coli as the most frequent species (30%) followed by K.
pneumoniae (23%). Pseudomonas aeruginosa was the most common species in

non-fermentative Gram-negative bacilli with 11% of cases.
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Figure 1. Reading and interpretation of the results.
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3.2. Multi-Resistant Strains

A total of 200 multi-resistant strains were identified, Ze, a relative frequency of
11.9%. The frequency of these strains was higher at General Hospital and La-
quintinie Hospital with 85% and 12% respectively (Table 1). Among the mul-
ti-resistant strains, E. coli was the species most represented in Enterobacteria-
ceae (27.5%) followed by K. pneumoniae (15.5%) and the non-fermenting
Gram-negative bacilli were predominantly P. aeruginosa (20.5%) followed by A.
baumannii (15.5%). These strains mainly came from urine and pus, Ze., 41% and

32%, respectively.

3.3. Carbapenemases Producing Strains

Thirty-two (32) or 16% of the strains produced one of the Carbapenemases with
a higher frequency at the General Hospital (84%). NDM-type carbapenemase
was the most frequently identified (8.5%), OXA-48 type 7.5%, and no KPC pro-
duction was observed. The strains producing Carbapenemases came mainly
from urine specimens (41%) followed by pus with 31.5% (Table 2). Among the
Enterobacteriaceae 22.9% produced Carbapenemases and only 5.1% of the
non-fermenting bacilli produced these enzymes. The frequency of carbapene-
mase production was 25.4% for E. coli, 19.3% for K. pneumoniae and 6.4% for

Acinetobacter baumannii (Table 2, Table 3).

Table 1. Distribution of multi-resistant strains according to the species.

DGH LHD Others Total

G G Speci

roup enera pecies N=170 N=24 N=6 n (%)
Escherichia E. coli 48 6 1 55 (27.5)
Klebsiella K. pneumoniae 27 3 1 31 (15.5)

C. freundii 1 0 0 1(0.5)

Citrobacter
C. koseri 3 0 0 3(1.5)
Enterobacter E. cloacae 7 2 1 10 (5)
Enterobacteriaceae

Proteus P. mirabilis 12 2 0 14 (7)

Morganella M. morganii 4 0 0 4(2)

Providencia P. stuartii 2 0 0 2(1)

Serratia S. marcescens 1 0 0 1(0.5)

Raoutella  R. ornithinolytica 0 0 1 1(0.5)
P. aeruginosa 32 7 2 41 (20.5)

Pseudomonas  P. fluorescens 2 1 0 3(1.5)

P. putida 1 0 0 1(0.5)

NFGNB
A. baumannii 28 3 0 31 (15.5)
Acinetobacter
A. Iwoftii 1 0 0 1(0.5)
Achromobacter  A. anthropi 1 0 0 1(0.5)

Khi-2 of Pearson = 158.696; ddl = 60; p-value = 0.000*; DGH = Douala General Hospital/LHD = Laquinti-
nie Hospital Douala; Others: Douala Gyneco-Obstetric and Pediatric Hospital, Bonassama District Hospit-
al, Douala Military Hospital; NFGNB = Non-fermenting Gram-negative bacilli.
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Table 2. Origin of strains producing carbapenemases.

Carbapenemases production Total
Characteristics
NDM  OXA-48 KPC None n (%)
Urine 6 10 0 66 82 (41)
Pus 3 3 0 57 63 (31.5)
Urinary probe 3 1 0 20 24 (12)
Sample
Blood culture 3 1 0 11 15 (7.5)
Catheter 1 0 0 9 10 (5)
Puncture liquid 1 0 0 5 6 (3)
DGH 15 14 0 139 168 (84)
LHD 1 1 0 24 26 (13)
Health facility DGOPH 1 0 0 2 3(1.5)
DMH 0 0 0 1 1(0.5)
BDH 0 0 0 2 2(1)
Total n (%) 17 (8.5)  15(7.5) 0(0) 168 (84) 200 (100)

Khi-2 of Pearson = 9.745; ddl = 10; p-value = 0.463. DGH = Douala General Hospital/LHD = Laquintinie
Hospital Douala/DGOPH = Douala Gyneco-Obstetric and Pediatric Hospital/BDH = Bonassama District
Hospital/ DMH = Douala Military Hospital.

Table 3. Distribution of the types of carbapenemase identified according to the species.

Carbapenemase Type of Carbapenemase

Frequenc
Group Specie q 7 production
n NDM OXA-48 KPC
n (%)
E. coli 55 14 (25.4) 4 10 0
K. pneumoniae 31 6 (19.3) 3 3 0
P. mirabilis 14 1(7.1) 1 0 0
C. freundii 1 1 (100) 1 0 0
C. koseri 3 1(33.3) 1 0 0
Enterobacteriaceae
E. cloacae 9 1(11.1) 0 1 0
M. morganii 4 1(25) 1 0 0
P. stuartii 2 1 (50) 1 0 0
S. marcescens 2 1 (50) 1 0 0
R. ornithinolytica 1 1 (100) 1 0 0
Total 1 122 28 (22.9) 14 14 0
P. aeruginosa 41 1(2.4) 0 1 0
P. fluorescens 3 0(0) 0 0 0
P. putida 1 0(0) 0 0 0
NEGNB
A. baumannii 31 2 (6.4) 2 0 0
A. Iwoffii 1 0(0) 0 0 0
A. anthropi 1 1 (100) 1 0 0
Total 2 78 4(5.1) 3 1 0
Total 1+2 200 32 (16) 17 15 0

Khi-2 of Pearson = 51.982; ddl = 30; p-value = 0.008; NFGNB = Non-fermenting Gram-negative bacilli.
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3.4. Susceptibility to Antibiotics

Both carbapenemase-producing and non-carbapenemase-producing strains were
totally resistant to all antibiotics except Amikacin and Fosfomycin; these mole-
cules were also more active for strains producing OXA-48 than those producing
NDM (Table 4).

The majority of strains (75%) resistant to at least one of the Carbapenem anti-
biotic (Imipenem, Meropenem or Ertapenem) produced none of the three types
of Carbapenemases. The strains producing the NDM-type carbapenemase

showed higher resistance rates to almost all of the antibiotics tested (Table 4).

3.5. Carbapenem Resistance Phenotypes

Among Carbapenems, Ertapenem was less active than Imipenem and Merope-
nem. The carbapenemase-producing strains exhibited very high Minimal Inhi-
bitory Concentrations (MIC) for the majority of them (>16 for Imipenem and
Meropenem, and 8 for Ertapenem). A strain producing NDM carbapenemase
and one strain producing OXA-48 had MIC of a phenotype sensitive to Imipe-

nem and Meropenem, respectively (Table 5).

Table 4. Antibiotic resistance according to the expression of the NDM and OXA-48 type
carbapenemases.

Resistance rate %

Antibiotic OXA-48 NDM Multi-resistant  Kbi-*  ddl  p-value
N=15 N=17 strains
AMO/TIC 100 100 100 0.191 2 0.909
PIT 93.3 100 93.5 5.692 4 0.223
CFM/CFO 100 100 100 0.385 2 0.825
CAZ/CTX 100 100 99 1.603 4 0.808
Cefepime 100 100 98.5 2.088 4 0.720
Imipenem 100 94.1 80 7.245 4 0.123
Meropenem 93.3 100 76 12.028 4 0.017*
Ertapenem 100 100 89 7.348 4 0.119
Amikacin 46.7 94.1 61.5 14.727 4 0.005*
Gentamycin 100 100 97.5 1.382 2 0.501
Tobramycin 86.7 100 92 15.219 6 0.019*
Nalidixic acid 100 100 99.5 11 4 0.027*
Ciprofloxacin 100 100 97.5 11.746 4 0.019*
LEV/NOR 100 100 100 / / /
Ofloxacin 100 100 99.5 0.580 4 0.965
Fosfomycin 40 76.5 55 5.461 2 0.065

AMO = Amoxicillin + Clavulanic acid/TIC = Ticarcillin + Clavulanic acid/PIT = Piperacillin + Tazobac-
tam/CFM = Cefixime/CFO = Cefotaxime/CAZ = Ceftazidime/CTX = Ceftriaxone/LEV = Levofloxacin/NOR
= Norfloxacin.
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Table 5. Phenotypes and variability of MICs of carbapenems in Gram-negative bacilli.

Carbapenemase production

Carbapenem Phenotype MIC (mg/l) OXA-48 + NDM + Negative
(N = 15) (N =17) (N = 168)
S <2 0 1 39
I 2<MIC > 4 1 0 8
Imipenem R 4<MIC>8 1 1 12
R 8§<MIC=16 8 4 61
R >16 5 11 48
N <2 1 0 47
I 2<MIC >4 2 0 10
Meropenem I 4<MIC>38 3 0 11
R 8§<MIC=16 4 7 55
R >16 5 10 45
S <0.5 0 0 22
R 0.5< MIC > 1 4 0 18
Ertapenem R 1<MIC>4 3 3 17
R 4<MIC=8 4 5 54
R >8 3 6 57

S = Sensitive strains at standard dosage; R = Resistant strains; I = Sensitive strains at high dosage.

4. Discussion

Multi-resistant strains were isolated in the five selected hospitals with a variable
frequency due to the type of attendance and the level of activity of the health fa-
cility. As the Douala General Hospital and Laquintinie Hospital are referral hos-
pitals, complex cases are transferred to them for better management. The multi-
drug-resistant strains came mostly from urine and pus samples, a result similar
to those obtained in other national studies in 2018 [10]. The pathologies caused
by bacteria resistant to Carbapenems are mostly urinary tract infections, as
well as sepsis and soft tissue infections [11]. The prevalence of carbapenemase
production was high in our study (16%) compared to the work of Betbeu et al.
in Cameroon in 2015 (11%) and Yusuf ef a/ in Nigeria in 2011 (13.3%) on
Klebsiella spp strains [12] [13]. This observed increase could be justified by the
larger target population including Enterobacteriaceae and non-fermenting
Gram-negative bacilli and also by the ever-increasing evolution of the resistance
of bacteria to antibiotics over time [14]. The NDM-type carbapenemase of the
Metallo-beta-lactamase group was the most common. The study of Vaux et al in
2011 showed a higher frequency of the OXA-48 type followed by the KPC type,
which may be justified by differences in the geographical distribution of Carba-
penemases; Cameroon is an epidemiologically sporadic zone [15] [16]. The
identified NDM and OXA-48 type Carbapenemases were more frequent in En-
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terobacteriaceae and mainly in E. coli and K. pneumoniae respectively. In
France, Vaux ef al had shown a higher frequency in K. pneumoniae, as did Yu-
suf ef al. in Nigeria [13] [15]. Currently the production of NDM in Enterobacte-
riaceae has been reported almost everywhere globally, especially in Asia, Aus-
tralia, America and Europe, with the Indian subcontinent as the main reservoir
[17]. NDM-4 p-Lactamase showing increased carbapenemase activity compared
to NDM-1 has been described in a hospitalized patient in India; Dortet et al
showed that this variant was also present in Africa, isolated in particular from a
patient coming from Douala, carrying E. coli strains expressing two NDM va-
riants [18]. We did not identify any strains producing KPCs in the geographic
area of this study, although they are currently the most clinically important in
the world [19]. Initially described in the United States and presently distri-
buted worldwide, this enzyme is most often found in K. pneumoniae and En-
terobacter spp, and rare in P. aeruginosa and other Enterobacteriaceae [2]
[19]. The most common Carbapenemases found in P. aeruginosa are mainly
Metallo-beta-lactamases of the VIM and IMP type; in A. baumanii types
NDM, IMP, VIM and OXA-23, 40 and 58 which are specific to it, but not OXA
48 [20]. OXA-48-producing bacteria, often the source of epidemics of health-
care-associated infections, have been widely reported in Turkey, followed by
countries in North Africa, the Middle East and India [21]. The carbape-
nem-resistant strains isolated in this study and not producing NDM, OXA-48 or
KPC may produce Carbapenemases not sought here, or have developed other
resistance mechanisms [22]. These isolates are often associated with a decrease
in external permeability, which is widespread in species of Enterobacteriaceae
that naturally produce a cephalosporinase such as Enterobacter spp [2]. The sen-
sitivity profile showed good activity of Fosfomycin and Amikacin on mul-
ti-resistant strains and significant activity on strains producing OXA-48 Carba-
penemases; also reported by Harchay ef al in 2016 on MDR strains and by
Ebongue et al. in 2018 on Enterobacteriaceae producing Extended Spectrum Be-
ta-lactamase (ESBL) in Douala [10] [23]. The good activity of these antibiotics
on these strains could be attributed to the low use of these molecules in our en-
vironment.

This study reveals a strong resistance of the strains to Imipenem and other
Carbapenems with MICs mostly greater than 4 pg/ml. This could be attributed
to an increasing evolution of antibiotic resistance like described in some Euro-
pean countries [18] [24].

Two strains of phenotype sensitive to Imipenem and Meropenem producing
NDM and OXA-48 respectively have been identified; the use of these molecules
in these cases can lead to treatment failures.

The rapid techniques making it possible to detect the activity of Carbapene-
mases (hydrolysis in Enterobacteriaceae, P. aeruginosa and A. baumanii) but not
the resistance genes are very sensitive and specific with results available quickly,
unlike costly molecular techniques [9]. In a study carried out in Turkey on iso-
lates of K. pneumoniae, the results obtained by the RESIST-3 OKN K-SeT im-
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muno-chromatographic method were identical to those obtained by PCR tar-
geting the carbapenemase genes blakpc, blanom and/or blaoxa.ss with 100% con-
cordance [25]. Han et al demonstrated the good performances of rapid immu-
nochromatographic tests on clinical isolates, in comparison with molecular
techniques (sensitivity greater than 99.4% according to the manufacturer and
specificity of 100% for all the tests used in their study) [26].

Limitation

We did not have the opportunity to confirm the expression of carbapenemase

genes by PCR and DNA sequencing techniques.

5. Conclusion

This study on the fast detection of Carbapenemases demonstrated the presence
of Gram-negative bacilli producing Carbapenemases, particularly types NDM-1
and OXA-48 in the city of Douala. It is essential to identify these layers to pre-
vent their diffusion, the emergence of which could be linked to mutations to be

explored by molecular techniques.
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