


Genetic support for Gram-negative bacilli encoding the blaNDM resistance gene



Abstract

[bookmark: _GoBack]Introduction: The bacterial genome is divided into two types of molecular replicons: chromosomes and plasmids. Most housekeeping genes are encoded by chromosomes. Plasmids are capable of moving between bacteria and are recognized as important vectors for transferring antibiotic resistance genes between bacterial species.
Objective: To characterize the genetic support of Gram-negative bacilli coding for blaNDM
Methodology: A sample of 278 bacterial strains was collected from Saint-Camille Hospital in Ouagadougou, Notre-Dame de la Paix Polyclinic and Pietro Annigoni Biomolecular Research Center. The genetic material of the bacterial strains was extracted by the boiling method. Plasmids were extracted by an alkaline lysis method. These DNAs are analyzed by conventional PCR to detect the NDM gene. The Chi-square test is performed between chromosomes and plasmids and the significance will be approved at p < 0.05.
Results: In total, 33.4% or 93 strains coded for blaNDM in the total DNA (Chromosomes/Plasmids). Among these 93 strains, 16 strains that code for blaNDM or 17.2% whose genetic support is the plasmid. Chi-square test showed that plasmids and chromosomes are significantly associated with blaNDM gene propagation with a P-value of 0.01.
Conclusion: Bacterial infections are a real public health problem worldwide. Our study reveals that there is a relationship between chromosomes and plasmids in the transmission of the blaNDM resistance gene.
Keywords: BGN, Chromosomes, plasmids, blaNDM, antibiotics.
1. Introduction
The management of Gram-negative bacilli is becoming increasingly complex due to the growing resistance of pathogens to a wide range of antimicrobial compounds, including carbapenems, often considered a treatment of last resort (Thaden et al., 2017) . Antimicrobial resistance (AMR) compounds this burden in a region where access to essential medicines is already inequitable. A recent study published in the Lancet estimated that 1.27 million deaths worldwide in 2019 were due to bacterial AMR, with the greatest burden in Western sub-Saharan Africa, with Australasia having the fewest deaths due to AMR (Murray et al., 2022) . In a study by Elton et al. documented concerns about the overall preparedness of sub-Saharan African countries to combat AMR (Elton et al., 2020) . However, considerable variation was observed between countries, with East Africa being the best prepared. Southern Africa performed best in routine reporting of resistant pathogens and in infection prevention and control training. (Elton et al., 2020) . Overall, only 25% of sub-Saharan African countries had National Action Plans (NAPs) in place and only 32% had conducted routine AMR surveillance, with a similar number reporting national guidelines for antimicrobial distribution and use in place (Elton et al., 2020) . We consider the bacterial genome as two types of molecular replicons: the chromosome and plasmids. Most housekeeping genes are encoded by chromosomes (Nogueira et al., 2009) . Plasmids are capable of moving between bacteria and are recognized as important vectors for antibiotic resistance gene transfer between bacterial species (Partridge et al., 2018 , San Millan, 2018) . In the presence of antibiotic stress, these plasmids are beneficial for host bacteria, as they act as flexible storage elements to acquire and reorganize exogenous genetic traits from different genetic backgrounds. Notably, some antibiotic-resistant bacteria can carry multiple plasmids (Weingarten et al., 2018) . With this in mind, we are interested in the genetic support of Gram-negative bacilli that encode blaNDM.
2. Methodology
2.1. Collection of bacterial strains
This is a cross-sectional study that took place at the Laboratory of Molecular Biology and Genetics (LAMBIOGEN). A collection of 278 samples was carried out at Saint Camille Hospital, at the Notre de la Paix Polyclinic and at the Pietro Annigoni Biomolecular Research Center (ABRCE) in Ouagadougou, from April 2, 2024 to June 30, 2024. All pathological products examined clinically were considered: These are urine, stool, pus, blood and vaginal swabs. Of all the 278 Gram-negative bacilli (GNB) collected, those coded for blaNDM and these will be the subject of our study for the search for integrons. The non-inclusion criteria are any other bacteria other than GNB, and also any kind of soiling from the samples. A total of 11 bacterial species listed: including 1 Enterobacter aerogenes, 1 E. cloacae, 1 Salmonella arizonae, 2 Klyuvera spp. 1 Serratia marcenscens, 2 Serratia odifera, 172 Escherichia coli, 55 Klebsiella pneumoniae, 17 Pseudomonas aeruginosa and 18 Salmonella enterica.

Figure 1 : Distribution of bacterial strains identified during sample collection
Strains were stored at -20 °C in Luria Bertani (LB) supplemented with 30 % glycerol at LAMBIOGEN
2.2. Molecular detection of the carbapenemase gene and search for integrons
2.2.1. Extraction of total DNA
[bookmark: _Hlk98153773]DNA extraction was done by the boiling method of Dashti et al., 2009. A pure and isolated colony, obtained after culture on Muller-Hinton (MH) agar, was picked and suspended in 200 µl of distilled water in labeled Eppendorf tubes. Then, the bacterial suspension was placed in a water bath at 100 °C for 15 minutes to release the genetic material from the bacteria. After, a 10 min centrifugation at 12000 rpm; the supernatant containing the released DNA was transferred to a new Eppendorf tube. After quantification and verification of DNA purity with the nanodrop, part of the DNA was used for molecular analyses.

2.2.2. Extraction of plasmids by alkaline lysis
This extraction aims to separate plasmid DNA from chromosomal DNA from pathogenic bacteria. The most widespread technique includes a cell recovery and washing step and another alkaline lysis step described by Birnboim and Doly in 1979 (Birnboim and Doly, 1979) .
2.2.3. Amplification program for the search for blaNDM and integron
PCR was performed using the GeneAmp PCR System 9700 thermal cycler (Applied Biosystems, California, USA) in a 20 μL reaction mixture. This reaction mixture consisted of 4 μL of GREEN PCR Master Mix 12.5 Mm + 0.5 μL of 10 Mm forward primer + 0.5 μL of 10 Mm reverse primer + 14 μL of PCR water + 1 μL of bacterial DNA from each strain. The PCR amplification reactions of the NDM gene were performed according to the following program: The denaturation temperature used was 96°C (initially for 5 min and then for 30 seconds), the annealing temperature was 62°C for 30s and an elongation of 72°C (initially for 30s and a final elongation of 7 min). For each step of denaturation, hybridization and elongation the number of cycles carried out was 30 cycles. blaNDM primers is shown in Table 1.
Table 1 : Sequences of blaNDM primers used for PCR and the size sought for electrophoretic revelation
	Genes sought
	Sequences (5'-3')
	
Size (bp)
	
	
References

	bla NDM
	For :5`CCATGCGGGCCGTATGAGTGATT3`
Rev:5`AAGCTGAGCACCGCATTAGCCG3`
	
500
	
	(Khosravi and Mihani, 2008)








2.3. Statistical analysis
Data were processed and analyzed using IBM SPSS Statistics v.25.0 (IBM Corp, Armonk, NY, USA). Chi-square test was used to determine whether there was a relationship between chromosomes and plasmids encoding blaNDM. The exact significance ratio was compared with p-value = 0.05. The strength of the relationship was determined using Cramer's V test.
3. Results
3.1. Distribution of total DNAs coding for blaNDM according to bacterial species
After amplification and electrophoresis, the target size of the blaNDM gene was revealed by Figure 2 below:
[image: ]
Figure 2: Revelation after agarose gel electrophoresis, the blaNDM amplicons identified in the total DNAs of some bacterial strains
Legend: MW: Molecular Weight Marker, NW: Negative control. S8 and S11: E. coli strains that encode blaNDM 
Of a sample of 278 bacterial strains, 33.5% coded for blaNDM, or 93 strains. Among the bacterial species identified during the study, 5 bacterial species encoded blaNDM. These are E. coli, K. pneumoniae, P. aeruginosa, P. mirabilis, and S. enterica with respective rates of 37.8%, 34.5%, 17.6%, 11.1%, and 27.8%.
Table 2 : Distribution of Gram-Negative Bacilli coding for blaNDM across all genetic media
	 
	Total DNAs

	
	Negative to blaNDM
	Positive for blaNDM

	
	Number
	Number of valid lines per line (%)
	Number
	Number of valid lines per line (%)

	E. aerogenes
	1
	100.0%
	0
	0.0%

	E. cloacae
	1
	100.0%
	0
	0.0%

	E. coli
	107
	62.2%
	65
	37.8%

	K. pneumoniae
	36
	65.5%
	19
	34.5%

	Kluyvera spp.
	2
	100.0%
	0
	0.0%

	P. aeruginosa
	14
	82.4%
	3
	17.6%

	P. mirabilis
	8
	88.9%
	1
	11.1%

	S. arizonae
	1
	100.0%
	0
	0.0%

	S. enterica
	13
	72.2%
	5
	27.8%

	S. marcescens
	1
	100.0%
	0
	0.0%

	S. odifera
	1
	100.0%
	0
	0.0%


Percentages were calculated from the number of strains identified in each bacterial species.
3.2. Distribution of plasmids encoding blaNDM according to bacterial species
Plasmids from the 93 strains encoding blaNDM were extracted for PCR amplification and migrated by electrophoresis. The size of the blaNDM gene amplicons was revealed by Figure 3 below.
[image: ]
Figure 3 : Revelation after agarose gel electrophoresis, the blaNDM amplicons identified in the plasmids of some bacterial strains
Legend: MW: Molecular weight marker, NW: Negative control. S7: E. coli strains that encode blaNDM 
Among the strains that code for blaNDM, there are only 16 strains whose genetic support is plasmids, a frequency of 17.2%. Among these strains, the most frequent bacterial species was E. coli, of which 12 strains out of 172 strains of E. coli, a rate of 7%. The second most frequent species that codes for blaNDM on plasmids is Salmonella enterica, 11.2% of S. enterica.
Table 3 : Distribution of Gram-Negative Bacilli encoding blaNDM on plasmids
	 
	Plasmids

	
	Negative to blaNDM
	Positive for blaNDM

	
	Number
	Number of validated per line (%)
	Number
	Number of validated per line (%)

	E. aerogenes
	1
	100.0%
	0
	0.0%

	E. cloacae
	1
	100.0%
	0
	0.0%

	E. coli
	160
	93.0%
	12
	7.0%

	K. pneumoniae
	54
	98.2%
	1
	1.8%

	Kluyvera spp.
	2
	100.0%
	0
	0.0%

	P. aeruginosa
	16
	94.1%
	1
	5.9%

	P. mirabilis
	9
	100.0%
	0
	0.0%

	S. arizonae
	1
	100.0%
	0
	0.0%

	S. enterica
	16
	88.9%
	2
	11.1%

	S. marcescens
	1
	100.0%
	0
	0.0%

	S. odifera
	1
	100.0%
	0
	0.0%


Percentages were calculated from the number of strains identified in each bacterial species.
This suggests that the other 77 strains that code for blaNDM and are not carried on plasmids have chromosomes as their genetic support. Thus, the Chi-square test allowed us to statistically determine a relationship between chromosomes and plasmids that code for blaNDM.
Table 4 : Chi-square cross-tabulation associating Gram-negative bacilli encoding blaNDM on chromosomes and plasmids
	Chi-square tests

	 
	Value
	ddl
	Asymptotic significance (bilateral)
	Exact sig. (bilateral)
	Exact sig. (one-sided)

	Pearson chi-square
	6,434 a
	1
	0.011
	 
	 

	Correction for continuity b
	5,124
	1
	0.024
	 
	 

	Likelihood ratio
	5,991
	1
	0.014
	 
	 

	Fisher's exact test
	 
	 
	 
	0.025
	0.014

	Linear by linear association
	6,411
	1
	0.011
	 
	 

	Number of valid observations
	278
	 
	 
	 
	 

	a. 0 cells (.0%) have a theoretical workforce of less than 5. The minimum theoretical workforce is 5.35.

	b. Calculated only for a 2x2 table



Cramer's V test reveals a value of 0.15 with an approximate significance of 0.01. This measure of association means that the relationship between chromosomes and plasmids is weak.
4. Discussion
[bookmark: ZOTERO_BREF_elMLdNoHxGTm]Currently, the dissemination of resistance genes among pathogenic bacteria by horizontal gene transfer is considered a key mechanism that not only gives rise to an alarming increase in the incidence of antibiotic resistance in hospitals and livestock, but also promotes the genetic diversification and evolution of pathogens (Lacey et al., 2017 , Lorenzo-Díaz et al., 2017) . BlaNDM genes have already spread to various bacterial species worldwide, including Enterobacteriaceae and non-fermenting Gram-negative bacilli (Wu et al., 2019) . In our study, 93 bacterial strains, or 33.5% of our bacterial population, carried blaNDM. The majority strain was E. coli, which accounted for 69% of the blaNDM-positive strains. Our results are comparable to those of Shaaban et al. (2017) in Egypt, who found that 50% of clinical strains encoded the blaNDM gene. According to a study by Hajikhani et al. in 2023 In Acinetobacter baumannii , the prevalence of NDM-1 in Asia, Africa and Europe was 64.02%, 28.05% and 5.56%, respectively (Hajikhani et al., 2023) Gene sharing through horizontal gene transfer contributes significantly to the global dissemination of antibiotic resistance genes. This horizontal gene transfer can occur in any environment, especially when bacterial loads are high, for example in soil or wastewater treatment plants (Wang et al., 2019 ; Karkman et al., 2018) . NDM-1 is selectively secreted in an active form into outer membrane vesicles by different bacteria, protecting them against the action of extracellular proteases (González et al., 2016). These outer membrane vesicles possess potent carbapenemase activity that helps titrate the amount of antibiotic available at the site of infection and may protect neighboring bacteria otherwise susceptible to antibiotics (Rumbo et al., 2011; Chatterjee et al., 2017).
outbreaks of blaNDM encoding bacteria have been reported worldwide (Wu et al., 2019 , Paskova et al., 2018 , Roberts et al., 2023) . Often, plasmids harboring blaNDM carry additional resistance mechanisms to other classes of antimicrobials (Nordmann et al., 2009 , Li et al., 2023) . Among our strains that encode blaNDM , there are only 16 strains whose genetic support is plasmids, a frequency of 17.2%. Our results are comparable to those of Lerminiaux et al. , who pooled 226 complete blaNDM encoding plasmids, which represented approximately 21.9% of their total blaNDM dataset (Lerminiaux et al., 2025) . The plasmid encoding blaNDM consists of a backbone region encoding proteins essential for plasmid replication, transfer, and virulence, and a variable region containing antimicrobial resistance genes (Xu et al., 2023) . The Chi-square test indicates a high value of 6.434. This means a relationship between strains that encode blaNDM located in chromosomes and strains that encode blaNDM located in plasmids. Since the significance value is 0.011 (less than 0.05), then the relationship between the two variables is significant, but of low significance. This test reveals that chromosomes that encode blaNDM influence transmission in plasmids through other factors.
In the context of West sub-Saharan Africa, among the many factors driving antibiotic resistance are antibiotic use, inappropriate administration, overuse, and misuse. Challenges inherent in the resource-poor context of this region are manifested in inadequate access to quality healthcare, clean water, vaccination, and poor sanitation. Consequently, a vulnerable population is exposed to infections, requiring the use of antibiotics for treatment, while operating in a context where regulation of their use remains largely deficient ( Ameh et al., 2021 ; Reuter et al., 2014) .
5. Conclusion
Bacterial infections are a real public health problem worldwide. Antibiotics are the molecules specifically active on these infections. The success of treatment then depends on the right choice of antibiotics. However, some bacteria develop resistance to antibiotics and even multi-resistant due to the accumulation of acquired resistance (Abdoulaye et al., 2022) . The study made it possible to determine the frequency of BGNs that code for blaNDM which is 33.4% or 93 strains in the total chromosomes (Chromosomes or Plasmids). Among these 93 strains, 16 strains that code for blaNDM or 17.2% whose genetic support is the plasmid. We deduce that these 16 strains code for blaNDM on the plasmids. The Chi-square test indicates that there is a relationship between chromosomes and plasmids in the transmission of the blaNDM resistance gene and that this relationship is significant. However, our study reveals a shortcoming that may constitute a research perspective: the characterization of BGNs that transmit GIM, VIM and IMP resistance genes through chromosomes only.
6. Ethical approval
In accordance with the institutional standards of the Saint-Camille Hospital of Ouagadougou (HOSCO), ethical approval for the study was obtained and maintained by the authors. After deliberation, my approval number was 2024-03-002.
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