Production of New Delhi Metallo beta lactamase 1 (NDM-1) in Carbapenem resistant Klebsiella pneumoniae isolated from clinical specimens in Imo State, Nigeria.

ABSTRACT
[bookmark: _Hlk165340917]Carbapenems are the beta -lactams of choice for treating infections caused by multi-drug resistant klebsiella pneumoniae and are also regarded as a last resort for the treatment of potentially fatal health-care-associated infections. However, carbapenem resistance has been widely reported as a result of the production of carbapenemases such as the New Delhi metallo beta lactamase 1(NDM-1) by the bacterium. NDM-1 is an enzyme that confers resistance to all ß-lactams, particularly carbapenems. The blaNDM-1 gene is carried by plasmids and hence moves easily to other microorganisms via horizontal gene transfer, thereby increasing the probability of emergence of drug-resistant strains of pathogenic microorganisms. The main objective of this study was to study the prevalence of blaNDM-1 induced carbapenem resistance in K. pneumoniae isolated from clinical specimens in Imo state, Nigeria. Out of the 200 clinical specimens examined, 75 were positive for Klebsiella pneumoniae representing 37.5% of the total number examined. The prevalence of Carbapenem-resistant K. pneumoniae in this study was 52(69.3%) while the prevalence of NDM-1 genes among the Carbapenem-resistant isolates of K. pneumoniae was 4(8%). The results obtained revealed the presence of the New Delhi metallo Beta lactamase 1 (NDM-1) in Klebsiella pneumoniae from clinical specimens in Imo state, Nigeria. Hence, reinforcement of infection control measures will be required to eliminate the spread of these resistant genes.
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1. INTRODUCTION

Klebsiella pneumoniae (K. pneumoniae) is one of the most important causes of infections especially among hospitalized patients [1] K. pneumoniae frequently infects the urinary tract, respiratory tract, surgical sites, and bloodstream, causing severe diseases such as pneumonia and sepsis [2]. The organism is mostly found in the gastrointestinal tract, with a few in the nasopharynx, where the bacteria can enter the bloodstream or other tissues and cause infection. Multi-drug resistant (MDR) K. pneumoniae isolates are becoming more common in clinical and nosocomial settings, and they have been identified as a major threat in the treatment of nosocomial infections.  This is due to the different mechanisms and factors involved in the development and spread of antibiotic resistance in bacterial strains. Among them are the acquisition of resistance genes especially through transfer of mobile genetic elements, inactivation of drugs, modification of target sites and decreased accessibility of target through drug efflux, reduced uptake and over-expression of the drug target and the production of beta-lactamases [3]. Beta-lactamases in bacteria especially in Klebsiella pneumoniae is the most common mechanism used to hydrolyze beta-lactam antibiotics. Βeta-Lactamase enzymes are a bacterial defense mechanism which is used to hydrolyze amide bond in beta-lactam antibiotics which renders them inactive. The emergence of extended-spectrum β-lactamase- (ESBL-) producing bacteria, particularly in K. pneumoniae is now a major concern in the development of antibacterial therapies. These isolates are resistant to extended-spectrum beta-lactam antibiotics, aminoglycosides, and fluoroquinolones [4]. Carbapenems are the beta -lactams of choice for treating infections caused by extended-spectrum beta-lactamase (ESBL)-producing bacteria such as K. pneumoniae [5]. These antibiotics are also regarded as a last resort for the treatment of potentially fatal health-care-associated infections [6]. Unfortunately, bacterial resistance to carbapenems has been discovered in Klebsiella pneumoniae and has become a serious issue globally.
According to the Ambler classification, we have four major classes of beta-lactamases (A, B, C, and D) consisting of two major families: serine-β-lactamases (SBLs) and Metallo-β-lactamases (MBLs) [7].  Among the newly identified metallo—lactamases, New Delhi metallo-ß-lactamase (NDM) is a recently described enzyme that confers resistance to all ß-lactams, particularly carbapenems, with the exception of monobactams.  
First time in 2009, New Delhi metallo-β-lactamase-1 (NDM-1) was identified in Klebsiella pneumoniae from a clinical sample isolated from a tourist patient in New Delhi [8]. The blaNDM-1 gene, responsible for producing NDM in clinical isolates, is carried by plasmids and hence moves easily to other microorganisms via horizontal gene transfer, thereby increasing the probability of emergence of drug-resistant strains of pathogenic microorganisms [9]. There have been more than 27 variants discovered since the first report of NDM. These genotypes have been reported from representatives of Enterobacteriaceae (mainly Escherichia coli and K. pneumoniae) and non-Enterobacteriaceae (mainly Acinetobacter baumannii and Pseudomonas aeruginosa) family from distant countries around the globe [10].
There is limited data on the detection of NDM-1 producers in clinical specimen isolated in Africa. Therefore, the aim of this research to study the prevalence of blaNDM-1 induced carbapenem resistance in K. pneumoniae isolated from clinical specimens in Imo state, Nigeria.

2. MATERIALS AND MTHODS
       2.1 Study Area
Imo State is one of the thirty-six States of the Federal Republic of Nigeria. It is situated in South Eastern Nigeria, and covers an area of around 5,530 square kilometers. The inhabitants of Imo state are Igbo. The official language of the state is Igbo alongside English.  The state is divided into three zones; Owerri, Orlu and Okigwe. The Federal Teaching Hospital Imo state, Owerri, Nigeria was used as sample collection center.

           2.2 Ethical considerations
[bookmark: _Hlk190339483]This study was approved by the Health Research Ethics Committee of Federal medical center, Owerri, Imo state (Reference Number: FM/OW/HREC/VOL.1/34) and informed consent from study participants was obtained before any participant was recruited to the study. The participants included both male and female genders.
        

            2.3 Specimen collection 
A total of two hundred (200) clinical specimens were used in this study.   Out of the 200 specimens, 145 were urine samples, 32 were sputum samples and 23 were wound samples. However, 113 of the specimens were collected from females consisting of urine (80), wound (20) and Sputum (13) samples while 87 of the specimens were collected from males consisting of urine (65), wound (12) and sputum (10) samples. Urine samples were collected using sterile screw-capped containers, sputum samples were collected using sterile screw-capped containers while wound swabs were collected by swabbing the infected wound surfaces using sterile single use cotton swabs. 
2.4. Bacterial Isolation and Identification
All the specimen collected were cultured on MacConkey agar. The plates were incubated at 370 C for 24hrs under aerobic conditions. After 24hrs, pure cultures of Klebsiella were obtained by sub culturing colonies from the cultured plate on nutrient agar at 370 C for 24hrs. The isolated organisms were identified using standard bacteriological procedures including Gram stain and other biochemical tests for Klebsiella pneumoniae identification as described by Cheesbrough [11].
            2.5 Antimicrobial susceptibility testing
Susceptibility testing of the isolates to antibiotics was carried out according to the methods by Kirby-Bauer and Clinical laboratory Standard Institute (CLSI) standards for antimicrobial susceptibility testing [12]. The antibiotics used for this study included ceftazidime(10μg), ceftriaxone (30μg), Imipenem (10μg), meropenem (10μg), ciprofloxacin (5μg), levofloxacin (5μg), colistin (10μg), polymyxin B (30μg) and cefepime (30μg) (Oxoid UK). The cells from the pure cultures were standardized using 0.5 MacFarland standards so as to obtain cells equivalent to 1.5x108 CFU/ml. Thereafter 0.5ml (1.5x108 CFU/ml) of the standardized inoculum was inoculated into the already prepared Mueller Hinton agar plates using the spread plate method. The antibiotics impregnated disc were placed gently and aseptically on the Mueller Hinton agar some millimeters apart. The plates were incubated at 350C for 24 hours. After incubation, the diameter of the zones of inhibition was measured using a meter rule and compared to the standards on the Clinical and Laboratory Standard Institute and interpreted as sensitive or resistant. Carbapenem resistance was assessed by identifying isolates that were resistant to imipenem and meropenem.
2.6 DNA Extraction
Extraction of the DNA from the Klebsiella isolates was carried out using 24 hours growth of the isolates in Brain Heart Infusion broth harvested by centrifugation at 14,000rpm for 10 minutes. 1 ml of ultra-pure water was used to wash the cells three times by centrifuging at 12,000rpm for 5 min. DNA extraction and purification was done using ZR bacterial DNA MiniPrep™50 Preps. Model D6005 (Zymo Research, California, USA). 200μl of sterile water was used to resuspended 50-100mg of the bacterial cells after which it was transferred into a ZR bashing bead™ lysis tube. Exactly 750μl lysis solution was added to the tube. The solution contained in the bead was secured in a bead beater fitted with a 2 ml tube holder assembly and processed at maximum speed for 5 minutes. The ZR bashing bead™ lysis tube was centrifuged in a micro-centrifuge at 10,000rpm for 1 minute.  With the use of a collection tube, 400μl of the supernatant was pipetted into a zymo-spin™ IV spin filter and centrifuged at 7,000rpm for 1 minute. This was followed by the addition of 1,200μl of bacterial DNA binding buffer into the filtrate in the collection tube.  After this 800μl of the mixture was transferred into a zymo-spin™ IIC column in a collection tube and centrifuged at 10,000rpm for 1 minute. The flow through was emptied from the collection tube and the process was repeated to get the residual products.  The 200μl DNA pre-wash buffer was added into the zymo-spin™ IIC column in a new collection tube and centrifuged at 10,000rpm for 1 minute. This was followed by the addition of 500μl bacterial DNA wash buffer into the zymo-spin™ IIC column and centrifuged at 10,000rpm for 1 minute. The zymo-spin™ IIC column was transferred into a clean 1.5 ml micro-centrifuge tube and 100μl of DNA elution buffer was then added directly to the column matrix. This was centrifuged at 10,000rpm for 30 seconds to elute the DNA. The ultra-pure resultant filtrate (DNA) which was obtained was used as a template for the assay. This was transported in ice to the laboratory for sequencing. 
           2.7 Molecular Identification of the isolates
In line with the method described by Tang, Ku, Lee, Chuang and Yu [13], molecular identification of the isolates was done by sequencing analysis using 27F.1 Forward 5’AGRGTTTGATCMTGGCTCAG 3 and 1492R reverse 5’GGTTACCTTGTTACGACTT 3’ primers. Sequencing was performed with the use of BigDye Terminator kit on a 3510 ABI sequencer by Inqaba Biotechnological, Pretoria South Africa. The sequencing was done at a final volume of 10µl, the components included 0.25 µl BigDye® terminator v1.1/v3.1, 2.25µl of 5 x BigDye sequencing buffer, 10µM Primer PCR primer, and 2-10ng PCR template per 100bp. The sequencing conditions were as follows; 32 cycles of 96°C for 10s, 55°C for 5s and 60°C for 4min. The purified products were sequenced and compared by online BLAST (Basic Local Alignment Search Tool) software. Basic Local Alignment Search Tool (BLAST) software was used as a statistical comparison to compare the significant differences in the protein sequence to the sequence database. 

2.8 Molecular Detection of New Delhi metallo beta-lactamase 1
Polymerase chain reaction (PCR) was used to amplify genes encoding NDM-1 Carbapenamases.  Specific primers sequences for the detection of blaNDM-1 were used (Table 1) on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 40 microlitres for 35 cycles. The PCR mix included: the X2 Dream Taq Master Mix (Inqaba, SA), Taq polymerase, DNTPs, MgCl, the primers at a concentration of 0.4M and 50ng of the extracted DNA as template. The following PCR conditions were used: Initial denaturation, 95ºC for 5 minutes; denaturation, 95ºC for 30 seconds; annealing, 52ºC for 30 seconds; extension, 72ºC for 30 seconds for 35 cycles and final extension, 72ºC for 5 minutes. The product was resolved on a 1% agarose gel at 120V for 25 minutes and visualized on a UV transilluminator.
2.9 Data analysis and Interpretation
Statistical analysis was done using SPSS, Chi square for categorical data and Anova for variable that were more than two.


         
       
 


3. RESULTS
3.1 Prevalence of K. pneumoniae clinical isolates
Out of the 200 clinical specimens, 75(37.5%) were positive for Klebsiella pneumoniae. Urine specimens had the highest prevalence for positive Klebsiella pneumoniae isolates with a total number of 48(24%), followed by sputum 17(8.5%) and wound 10(5%) positive specimens.  Statistical analysis revealed that urine specimen recorded the highest occurrence as against sputum and wound specimen. (x2=14.74, P=0.0053) (Table 2). Out of 113 specimens collected from females, 45(40%) were positive K. pneumoniae isolates while in males, out of 87 specimens collected, 30(34%) were positive for K. pneumoniae isolates. K. pneumoniae was identified in both male and female at different frequencies, however, the frequency of isolation was higher in female (40%) when compared with male (34%). Statistical analysis revealed that there was no statistical difference in the occurrence of K. pneumoniae isolates among all the clinical specimens collected from Owerri (P=0.4259) (Table 3). 
3.2 Antimicrobial susceptibility
All the isolates expressed resistance to at least one antibiotic as summarized in Table 4. The highest level of resistance by K. pneumoniae isolates was recorded against ceftazidime (89.5%) from urine specimen and closely followed by colistin (88.2%) from sputum specimen. Out of 75 positive K. pneumoniae isolates, 52(69.3%) were carbapenem resistant (Table 4).
3.3. Molecular identification 



 NDM-1 was detected in 4/52(8%) of the K. pneumoniae isolates (Figure 1). The prevalence of carbapenem-resistant Klebsiella pneumoniae in the total sample population was 75/200 (37.5%) while that of NDM-1 producing Klebsiella pneumoniae was 4/52(8%)



Table 1: Primer sequence used in the study

	Primers
	                                                             Sequence                                      
	                     
	                           

	
	
	
	

	
	
	
	

	NDM-1 (F)
NDM-1 (R)
	                 AAGTATTGGGGCTTGTGCTG                     
                  CCCCTCTGCGCTCTACATAC           
	                          
	             

	
	
	
	



Table 2: Prevalence (%) of K. pneumoniae Clinical isolates
	Specimens
	Total number Examined
	No. positive for Klebsiella pneumoniae (%)
	No negative for Klebsiella pneumoniae (%)

	Sputum
	23
	17 (8.5)
	          6 (3)

	Wound
	32
	10 (5)
	        22 (11)

	Urine
	145
	48 (24)
	       97 (48.5)

	Total
	200
	75 (37.5)
	125 (62.5)




Table 3: Distribution (%) of clinical isolates of K. pneumoniae according to gender

	Female
	Male

	Specimens
	No. Examined
	Positive (%)
	Negative (%)
	No.
Examined
	Positive
  (%)
	  Negative    
    (%)

	Sputum
	13
	10 (8.8)
	3 (2.65)
	10 
	 7 (8.0)
	   3 (3.4)

	Wound
	20
	4 (3.5)
	16 (14.1)
	12
	6 (6.9)
	   6 (6.9)

	Urine
	80
	31 (27.4)
	49 (43.3)
	65
	17 (19.5)
	  48 (55.1)

	Total
	113
	45 (40)
	68 (60.1)
	87
	30 (34.4)
	   57 (65.5)



	Antibiotics
	                                               Sample types/Resistant rates


	
	Sputum
n= 17
	          Urine
           n=48
	         Wound
            n=10


	
	R (%)
	S (%)
	R (%)
	S (%)
	R (%)
	S (%)

	Ceftriazone 
	13(76.4)
	4(23.5)
	32(66.6)
	16(33.3)
	6(60)
	4(40)

	Meropenem 
	9(52.9)
	8(47)
	22(45.8)
	26(54.1)
	3(30)
	7(70)

	Cefepime 
	12(70.5)
	5(29.4)
	28(58.3)
	20(41.6)
	5(50)
	5(50)

	Imipenem 
	5(29.4)
	12(70.5)
	9(18.7)
	39(81.2)
	4(40)
	6(60)

	Ceftazidime 
	9(52.9)
	8(47)
	43(89.5)
	5(10.4)
	4(40)
	6(60)

	Ciprofloxacin 
	7(41.7)
	10(58.8)
	34(71)
	14(29.1)
	6(60)
	4(40)

	Levofloxacin 
	13(76.4)
	4(23.5)
	35(72.9)
	13(27.0)
	5(50)
	5(50)

	Polymyxin-B 
	11(64.7)
	6(35.2)
	33(68.7)
	15(31.2)
	5(50)
	5(50)

	Colistin 
	15(88.2)
	2(11.7)
	42(87.5)
	6(12.5)
	5(50)
	5(50)


Table 4: Antibiotic resistance (%) profile of Klebsiella pneumoniae isolated from the clinical specimens



Key: R=Resistant
          S=Sensitive














Figure 1 A: Agarose gel electrophoresis of the blaNDM-1 genes extracted from some of K. pneumoniae isolates. 
Key: Lane M represents the DNA molecular size marker while lanes 2d and 5d represents the isolate genes.
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Figure 1B.  Agarose gel electrophoresis of the blaNDM-1   genes identified from K. pneumoniae isolates

Key: Lane M represents the DNA molecular size marker while lane 7a and 9a represents the K. pneumoniae isolate genes.








4. DISCUSSION
The global molecular detection and dissemination of carbapenemases is becoming more common and is considered a serious public health concern. Emergence of carbapanemase producing Klebsiella pneumoniae has been seen globally, however, data on the spread of these organism are limited especially in Nigeria. The prevalence of K. pneumoniae isolates from all the specimens used in this study was 37.5%. Our findings were high compared to the study observed in Uganda with K. pneumoniae prevalence rate of 28.2% [14] but low compared to the findings established by Ajaz [15] and Usman [16] where the prevalence rates of K. pneumoniae were 55.7% and 55.6% respectively. The frequency of Klebsiella pneumoniae isolates from the clinical specimens used in this study show that the prevalence was highest in urine samples when compared to wound and sputum samples which positively correlates with previous studies reported [17] and [18] where they had mentioned that urine samples had the highest distribution of K. pneumoniae. This could be because Klebsiella pneumoniae accounts for 6 to 17% of all nosocomial urinary tract infections (UTI) as established by [19]. The distribution of infection in relation to gender showed that K. pneumoniae was frequently isolated from both genders however, in general, the frequency of isolation was higher in females than in males although there was no significant difference in the occurrence of infection among the specimens. This is in agreement with the study described by [20] and [21] which demonstrated that females had a high prevalence rate of K. pneumoniae isolates when compared to males. The high prevalence of K. pneumoniae in females compared to males may be due to the differences in the anatomy of the reproductive system where women had very short urethra, close to the anus which makes it more readily transversed by microorganisms [22]. The antibiotic resistance profile of K. pneumoniae isolates showed that the organisms had the highest resistance rates of 89.5% to ceftazidime and 88.2% to colistin from all clinical specimens when compared to other antibiotics. The carbapenem resistance rate of 69.3% from the two carbapenem antibiotics observed in this study was quite high for a drug class which has been used only as a last resort although the prevalence is low compared to colistin and ceftazidime. This is in contrast to other studies done in Kenya and Kuwait, where low resistance rates (5%–8%) to the carbapenems were observed [23, 24] however, is in contrast to an Egyptian study that revealed 100% resistance to meropenem [25]. The observed rates of resistance to the carbapenems in this study could be as a result of the misuse of the antibiotics thereby leading to increased selection pressure. This study's various susceptibility and resistance rates may be attributed to geographic distance and immigration, level of hygiene, specimen types, sample size, and antibiotic overuse and abuse. Other factors such as self-medication, counterfeit drugs, and insufficient hospital control measures can as well contribute to the development of resistance in clinical isolates. The blaNDM-1 gene detected in K. pneumoniae isolates could be responsible for resistance to carbapenems used in this study. This correlates with the work done in Kano-North-western Nigeria [26] and in India [27] where carbapenem induced resistance was a result of the occurrence of NDM-1 genes. The prevalence of NDM-1 gene expression in K. pneumoniae clinical isolates in this study was 8% which is in contrast to a higher prevalence of 12.2% reported in Iran among clinical bacterial isolates [28] and in India (13%) in Klebsiella pneumoniae [29]. However, a slightly lower rate of 1.6% was also noted among K. pneumoniae clinical isolates in South Eastern Nigeria [29].



5. CONCLUSION
In summary, this research provided a detailed insight into the identification and prevalence of K. pneumoniae isolates from clinical specimens in Owerri, in Imo state. Antimicrobial analysis of various antibiotics against K. pneumoniae isolates displayed varied resistance rates. The molecular identification of the isolates revealed the presence of the Carbapenemase, New Delhi metallo Beta lactamase 1 (NDM-1) in the study area. This emphasizes the need for further research to fully understand the mechanisms of carbapenem induced resistance in order to improve the efficacy of antimicrobial agents. The presence of this resistance gene is a serious public health concern since the bacteria producing the enzymes are resistant to all classes of antibiotics in common use. Treatment failure in patients especially after the use of last line treatment drugs should trigger investigations into carriage of the NDM-1 genes by such patients and routine standardized phenotypic test for carbapenemase detection should be encouraged in Clinical settings as this would help reduce the rate of unrecognized asymptomatic carriers. 
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