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Abstract 

Fifty-one clinical isolates of Klebsiella pneumoniae were obtained from 

different hospitals in Jenin, Nablus and Tulkarem districts-Palestine, during 

September - December 2015. Identification of isolates were confirmed in 

Microbiology laboratories at An-Najah National University-Nablus, 

Palesine; using different tests such as growth on MacConkey, detection of 

growth at 5°C and 44.5°C, Gram stain reaction, motility test and other 

biochemical tests were used such as Indole test and Voges-Proskauer test. 

Multiplex PCR was used to detect and determine the molecular 

epidemiology of MBL, ESBL and AmpC β-lactamase producing K. 

pneumoniae isolates. Results showed that the prevalence of possible ESBL, 

MBL and AmpC β-lactamase using multiplex PCR technique were 92.2%, 

9.8 and 3.9%, respectively. TEM gene was the most dominant (72.5%) 

among the K. pneumoniae isolates. Other genes were (0.0%), (17.6%) and 

(31%) for CTX-M, SHV and OXA genes, respectively. For MBLs and 

AmpC β-lactamases (9.8%) NDM and (3.9%) DHA genes were detected, 

respectively, among the collected isolates. Six isolates (11.8%) showed 

coexistence with at least another type of β-lactamases. Molecular analysis 

and phylogenetic relationships showed that all sequenced TEM, SHV, OXA, 

NDM and DHA genes belonged to TEM-1, SHV-1, OXA-1, NDM-1 and 



XII 

DHA-1, respectively. Results of the current study showed that all  K. 

pneumoniae isolates were sensitive to Imipenem (100%), while 68.6% and 

54.9% of the isolates were resistant to Meropenem and Cefotaxime, 

respectively. A total of 26 of K. pneumoniae isolates (51%) harbored class 

1 integrons, whereas other classes were not detected. All integrons were 

detected in K. pneumoniae isolates carrying β-lactamase genes. 

ERIC-PCR typing of 40 clinical isolates of K. pneumoniae harbored β-

lactamase genes were genetically diverse and consisted of a heterogeneous 

population with a total of 16 ERIC PCR profiles (clusters) at a 50% 

similarity level. 

Results of the current research showed high occurrence of β-lactamases 

among clinical isolates of K. pneumoniae in Palestine. To restrict the 

further spread of β-lactamases producing K. pneumoniae isolates within 

hospitals in this country, we recommend the continuous monitoring and 

surveillance of the prevalence, proper prevention practices and effective 

antimicrobial drugs use. 
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1.1. General background 

Human pathogens include K. pneumoniae subspecies pneumoniae, 

ozaenae, and rhinoscleromatis; K. oxytoca; K. granulomatis; K. variicola; 

and K. singaporensis. K. planticola, K. terrigena, and K. orinthinolytica 

have been transferred to the genus Raoultella (Janda and Abbott, 2006; 

Abbott, 2007). Klebsiella spp. are Gram-negative, nonmotile, usually 

encapsulated rod-shaped bacteria, belonging to the family 

Enterobacteriaceae. These bacteria produce lysine decarboxylase but not 

ornithine decarboxylase and are generally positive in the Voges-Proskauer 

test. They are generally facultative anaerobic, and range from 0.3 to 1.0 

mm in width and 0.6 to 6.0 mm in length. Klebsiella spp. often occur in 

mucoid colonies (Janda and Abbott, 2006; Abbott, 2007). 

Klebsiella spp. are common opportunistic pathogens of nosocomial 

infections which is considered as one of the leading causes of human 

morbidity and mortality (Podschun and Ullmann, 1998; Struve and  

Krogfelt, 2004 ). They have been identified as important common 

pathogens for nosocomial pneumonia (7 to 14% of all cases), septicaemia 

(4 to 15%), urinary tract infection (6 to 17%), wound infections (2 to 4%), 

intensive care unit (ICU) infections (4 to 17%), and neonatal septicaemias 

(3 to 20%). Klebsiella spp. can also cause bacteremias, hepatic infections 

and have been isolated from a number of unusual infection, including 

endocarditis, primary gas-containing mediastinal abscess, peritonitis, acute 

cholecystitis, crepitant myonecrosis, pyomyositis, necrotizing fasciitis, 

psoas muscle abscess, facial space infections of the head and neck, and 
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septic arthritis. They are also important opportunistic pathogens, 

particularly among the immunocompromised patients. Pathogenicity 

factors of Klebsiella spp. include adhesins, siderophores, capsular 

polysaccharides (CPLs), cell surface lipopolysaccharides (LPSs), and 

toxins, each of which plays a specific role in the pathogenesis of these 

species. Depending on the type of infection and the mode of infectivity, 

bacterial cells of Klebsiella spp. may adhere and attack upper respiratory 

tract epithelial cells, gastrointestinal tract cells, endothelial cells, or 

uroepithelial cells, followed by colonization of mucosal membranes. 

Common underlying conditions include alcoholism, diabetes mellitus, 

chronic liver disease (cirrhosis), chronic renal failure, cancer, transplants, 

burns, and/or use of catheters (Janda and Abbott, 2006). 

Antimicrobial resistance has been identified as a key public health 

challenge and is often difficult to control (Spellberg et al., 2008). It is clear 

that bacteria will continue to develop resistance to currently available 

antibacterial agents and susceptible bacteria may become resistance to 

multiple classes of antimicrobial drugs through the development of intrinsic 

mechanisms to many antibiotics and acquired mechanisms, which have the 

ability to develop resistance through mutations in different chromosomal 

loci or through the horizontal acquisition of resistant genes, which are 

carried on plasmids, transposons or integrons (Hill et al., 2007, Hammami 

et al., 2011). A major mechanism for antibiotic resistance among Gram-

negative bacteria is the production of β-lactamases. Beta-lactamases are 

commonly classified according to two general classification systems: the 
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Ambler molecular classification and the Bush–Jacoby–Medeiros functional 

classification (Ambler, 1980; Bush and Jacoby, 2010). The scheme 

classifies β-lactamases into four classes according to protein homology of 

enzymes. Beta-lactamases of class A, C, and D possess a serine active site 

called serine β-lactamase, whereas class B beta-lactamases are 

metalloenzymes usually requiring a zinc molecule for their catalytic 

activities. The Bush–Jacoby–Medeiros classification system groups β-

lactamases according to functional properties; this classification system 

uses substrate and inhibitor profiles in an attempt to organize the enzymes 

in ways that can be correlated with their phenotype in clinical isolates 

(Bush and Jacoby, 2010). This classification grouped the beta-lactamases in 

3 major groups and 16 subgroups. The most important beta-lactamases are 

cephalosporinases like, extended spectrum beta-lactamases (ESBLs) and 

the carbapenemases like metallo-beta-lactamases (MBLs) (Peterson, 2006). 

Class C cephalosporinases are among the most abundant β-lactamases on 

the basis of the number of organisms that produce these enzymes. These 

cephalosporinases, frequently named as species-specific AmpC enzymes, 

are often found in most Enterobacteriaceae as chromosomal enzymes. 

These enzymes are generally present at a low (basal) level but may be 

induced to high levels in the presence of selected inducing agents such as 

amoxicillin or clavulanic acid (Bush, 2010). Treatment of organisms 

producing an inducible AmpC cephalosporinase has created some 

controversy. A group of investigators has recommended that any AmpC-

inducible Enterobacteriaceae be regarded as resistant to all third-
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generation cephalosporins (Livermore et al., 2004). Plasmid-encoded 

AmpC cephalosporinases closely related in sequence to chromosomal 

AmpC enzymes from Enterobacter cloacae, Citrobacter freundii, or 

Aeromonas spp. also appear in Enterobacteriaceae in organisms that 

produce at least one other β-lactamase (Jacoby, 2009). Although some of 

the plasmid-encoded AmpC enzymes are inducible, most of the enzymes 

are produced at much higher levels than seen for basal AmpC 

cephalosporinases, similar to isolates with derepressed AmpC enzymes 

(Jacoby, 2009).    

Extended-spectrum β-lactamases (ESBL) are enzymes produced by many 

Gram-negative bacteria, which have ability to change the susceptibility of 

different antimicrobial agents (Al-Muharrmi et al., 2008). These enzymes 

have the capability to hydrolyze and inactivate broad spectrum of β-Lactam 

antimicrobials, including third-generation cephalosporins, penicillins and 

aztreonam; but are inhibited by β-lactamase inhibitors such as clavulanic 

acid (Nathisuwan et al., 2001; Al-Muharrmi et al., 2008). In addition, 

ESBL-producing organisms are often able to reduce the susceptibility of 

other non-β-lactamase antimicrobial classes, such as aminoglycosides, 

sulphonamides, trimethoprim, tetracyclines, chloramphenicol, 

fluoroquinolones, and nitrofurantoin (Paterson, 2000; Winokur et al., 2001; 

Wang et al., 2004; Mammeri et al., 2005). Thus, very broad antibiotic 

resistance extending to multiple antibiotic classes is now a frequent 

characteristic of ESBL-producing enterobacterial isolates. As a result, 
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ESBL-producing organisms pose a major problem for clinical therapeutics 

due to leaving a limited range of therapeutic agents. 

Enterobacteriaceae, especially Klebsiella spp. -producing ESBLs such as 

SHV and TEM types, have been established since the 1980s as a major 

cause of hospital-acquired infections. However, during the late 1990s, 

several community-acquired pathogens that commonly cause urinary tract 

infections and diarrhea have also been found to be ESBL producers 

(Paterson and Bonomo, 2005; Pitout et al., 2005). The CTX-M type of 

ESBLs are the most widespread enzymes, distributed both over wide 

geographic areas and among a wide range of clinical bacteria, in particular, 

members of the family of Enterobacteriaceae. They were initially reported 

in the second half of the 1980s, and their rate of dissemination among 

bacteria in most parts of the world has increased dramatically since 1995. 

At present, the CTX-M family comprises 67 enzymes. The phylogenic 

study reveals five major groups of acquired CTX-M enzymes (CTX-M-1, 

CTX-M-2, CTX-M-8, CTX-M-9 and CTX-M-25) (Ben Achour et al., 

2009). 

Class B β-lactamases, termed metallo-β-lactamases, which are the most 

clinically important carbapenemases because they are capable of 

hydrolyzing all β-lactam antimicrobial agents, except the monobactam 

subgroup, and are not susceptible to β-lactamases inhibitors such as 

tazobactam, clavulacic acid and sulbactam (Walsh et al., 2005). Currently, 

the carbapenem hydrolyzing β-lactamases (metallo β-lactamases) belong to 

the Bush and Jacoby group 3 classification of β-lactamases (Bush and 
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Jacoby, 2010). The global spread of acquired metallo-β-lactamases (MBLs) 

has raised serious concern because of their ability to confer resistance of 

Gram-negative bacteria to a broad spectrum of β-lactam antibiotics, 

including carbapenems. The infections, which are caused by such bacteria, 

are believed to result in high mortality as well as high healthcare costs and 

prolonged hospitalization. Therefore regular monitoring of the incidence of 

the β-lactamase producing organisms has become essential. To date, nine 

MBL types, namely, IMP-like, VIM-like, SPM-1, GIM-1, SIM-1, AIM-1, 

KHM-1, NDM-1 and DIM-1, have been identified in Gram negative bacilli 

(Hammami et al., 2011). The emergence of the most recently described 

carbapenemase, namely, the New Delhi metallo-β-lactamase (NDM-1), 

constitutes a critical medical issue. Indeed, this enzyme compromises the 

efficacy of almost all β-lactams (except aztreonam), including the last 

resort carbapenems. Although the spread of bla-NDM-like genes (several 

variants) is derived mostly by conjugative plasmids in Enterobacteriaceae, 

this carbapenemase has also been reported from Acinetobacter spp. and 

rarely from P. aeruginosa. The Indian subcontinent, the Balkans regions, 

and the Middle East are considered the main reservoirs of NDM producers 

(Dortet et al., 2014). These are located within a variety of integron 

structures, where they have been incorporated as gene cassettes. When 

these integrons become associated with plasmids or transposons, transfer 

between bacteria is readily facilitated (Queenan and Bush, 2007). Five 

classes of integrons are known to play a role in the dissemination of 

antibiotic resistance, and the most extensively studied was class 1 integrons 
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(Mazel, 2006). MBL encoding genes are usually found as gene cassettes in 

class 1 integrons (Shibata et al., 2003). Integrons are genetic elements 

encoding the components of a site specific recombination system that 

recognizes and captures mobile gene cassettes, mostly resistance 

determinants (Recchia and Hall, 1995). Such elements may be located 

within transposons, which in turn contribute actively to the dissemination 

of resistance determinants to aminoglycosides and β-lactams among Gram-

negative species (Partridge et al., 2002). In addition, it has been 

demonstrated that integrons and transposons are associated with the spread 

of resistance to third-generation cephalosporins when they encode 

extended-spectrum β-lactamases (ESBLs) (Luzzaro et al., 2001). 

Enterobacterial repetitive intergenic consensus (ERIC) PCR is a PCR-

fingerprinting technique which is not arbitrary. The ERIC sequences are 

present in many copies in the genomes of different Enterobacteriaceae. 

ERIC elements are highly conserved at the nucleotide level, their positions 

in enterobacterial genomes varies between different species and has been 

used as a genetic marker to characterize isolates within a bacterial species. 

In ERIC-PCR a band pattern is obtained by amplification of genomic DNA 

located between successive repetitive ERIC elements or between ERIC 

elements and other repetitive DNA sequences for subtyping different 

Gram-negative enteric bacteria (Zulkifli et al., 2009).  

1.2. Literature review 

Klebsiella spp. are known to show resistance to penicillins, especially 

ampicillin and carbenicillin (Janda and Abbott, 2006). Since more and 
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more strains of Klebsiella spp. appear to be developing and harboring 

extended-spectrum beta-lactamases (ESBLs), cephalosporinases, and 

carbapenemases, resistance of Klebsiella spp. to current antibiotics appears 

to be increasing (Podschun and Ullmann, 1998; Janda and Abbott, 2006; 

Abbott, 2007). According to results from some studies in Europe and USA, 

ranges of susceptibility were as follows (Janda and Abbott, 2006): 

ceftriaxone (96-98%), ceftazidime (92-95%), gentamicin (95-96%), 

cefotaxime (96%), imipenem (98-100%), amikacin (98-99%), 

triethoprimsulfamethoxazole (SXT), (88-90%) piperacillin-tazobactam (90-

97%). Resistance values tend to be higher for strains isolated from ICU 

patients compared to non-ICU patients. Pan-resistant isolates have been 

identified in India. In new study from Pakistan, the ESBL producing 

Klebsiella spp., showed maximum resistance to ceftazidime (100%), 

cefotaxime (89%) and cefuroxime (84%) while minimum resistance was 

seen with imipenem (4%), nitrofurantoin and piperacillin/tazobactam (8%) 

(Majda et al., 2013). 

ESBLs have emerged worldwide as a significant cause of community and 

health care associated infections. In a 1997-1998 survey of 433 isolates 

from 24 intensive care units in western and southern Europe, 25% of 

Klebsiella spp., possessed ESBLs (Babini and Livermore, 2000). Another 

large study from more than 100 European intensive care units found that 

the prevalence of ESBLs in Klebsiella ranged from as low as 3% in 

Sweden to as high as 34% in Portugal (Hanberger et al., 1999). A third 

study, which has been done in 2001 in two Greek hospitals, revealed that 
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58% of K. pneumonia isolates were characterized as ESBL producers, and 

showed that SHV-5-type ESBLs were the most frequent followed by CTX-

M (Tzelepi et al., 2003). In Turkey, a survey of Klebsiella spp. from 

intensive care units from eight hospitals showed that 58% of 193 isolate 

harbored ESBLs (Gunseren et al., 1999). First reports of ESBL-producing 

organisms in the United States occurred in 1988 (Jacoby and Medeiros, 

1991). In Latin America, previous data suggested that many centers in 

different countries K. pneumonia have about 45%  phenotypes consistent 

with ESBL production (Winokur et al., 2001); whereas in the United States 

only 3.3% of E. coli and 8% of K. pneumonia have such phenotype 

(Neuhauser et al., 2003). In South America, ESBLs have been found in 30 

to 60% of Klebsiella spp., isolated from intensive care units in Brazil, 

Venezuela and Colombia (Pfaller et al., 1993; Sader et al., 2000; Otman et 

al., 2002).  

Recently, ESBL screen test was positive in 96% of K. pneumoniae isolates 

positive. It was reported that AmpC production was 12.5% more compared 

to ESBL and MBL production (8% both), and the occurrence of co-

production of AmpC and MBL was found in 67% of K. pneumoniae 

isolates recovered from blood samples of suspected cases of neonatal 

septicemia (Gajul et al., 2015).  In another study, it was shown that 37.5% 

and 33.3% of Klebsiella spp. were ESBL and MBL producers, respectively 

(Wadekar et al., 2013). 

In a study carried out by Vinod Kumar et al. in India, it was reported that 

the rate of MBL producers among K. pneumoniae isolates were 27% 
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(Vinod Kumar et al., 2013). Klebsiella pneumoniae isolates collected in the 

Czech Republic from 16 hospitals, 24.2% were determined to be ESBL-

positive. The frequency of ESBL positive isolates was significantly higher 

in intensive care units (39.9%) than in other hospital wards (13.1%). More 

than 50% of ESBL-positive isolates were treated effectively with only 

meropenem (98%), cefoperazone/sulbactam (61%) and amikacin (54%) 

(Kolar et al., 2006). It was reported that 89% K. pneumoniae isolates were 

positive in ESBL screening (Modi et al., 2012). Oberoi et al., reported that 

the prevalence of β-lactamases in North India was 79.6% among K. 

pneumoniae isolated from ICU patients. Distribution of various β-

lactamases in these clinical isolates was 34.1%, 22.7%, 2.3%, 9.1%, 2.3%, 

9.1% for ESBL, MBL, AmpC, ESBL/MBL, AmpC/MBL and 

ESBL/AmpC, respectively (Oberoi et al., 2013).  Altun et al., reported that 

the prevalence of ESBL, AmpC among K. pneumoniae obtained mainly 

from ICU patients was 73%, 47%, respectively (Altun et al., 2013). A 

study from Kuwait showed high prevalence of VIM-4 and NDM-1 metallo-

-lactamase among carbapenem-resistant Enterobacteriaceae including 

Klebsiella spp. It was shown that K. pneumoniae isolates produced the 

MBL NDM-1 and co-produced the plasmid-encoded AmpC CMY-4. The 

VIM-4-producing isolates co-produced extended-spectrum B-lactamases 

including CTX-M-15 and some SHV derivatives (Jamal et al., 2013). In 

Iraq it was reported that ESBL production among K. pneumoniae isolates 

was 80% (Jarjees, 2006). In United Arab Emirates, who found that the 

ESBL production in K. pneumoniae was 42% (Al-Zarouni et al., 2008). In 
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Egypt during 2004-2005 it was reported that 61.5% K. pneumoniae isolates 

were ESBL producers (Fam et al.,2006). In the same period it was 24.3% 

in K. pneumonia in Bahrain (Bindayna et al., 2009) ; whereas it was 77.7% 

in K. pneumonia in (2005-2007) in Iran (Mehrgan et al., 2010). In Saudi 

Arabia in 2007, phenotypic characterization identified a high ESBL rate of 

55% of K. pneumonia isolates, the prevalence of SHV, TEM and CTX-M β-

lactamase genes were 97.3%, 84.1% and 34.1%, respectively. Within the 

CTX-M family, two groups of enzymes, CTX-M-1 and CTX-M-9-like 

genes were found with prevalence of 60% and 40%, respectively (Al-

Agamy et al., 2009). In Jordan in 2004, 71.4% were ESBL producers in K. 

pneumonia and 28.6% in K. oxytoca (Batchoun et al., 2009). A study in 

Algeria in 2009, reported that the prevalence of ESBL producers in K. 

pneumonia was 17.4%, CTX-M-1 is predominant (Nedjai et al., 2012). In 

France, 10 to 30 % of K. pneumoniae strains are reported to produce 

plasmid mediated ESBLs of the TEM or SHV families (Jacoby and 

Medeinos, 1991).  

  In Poland, in three pediatric hospitals, 58.2% of K. pneumoniae strains  

with multiple ESBLs were found, including five non-clonal strains (4.5%) 

harboring bla genes for ESBLs of three families (CTX-M, SHV and TEM). 

K. pneumoniae strains harboring bla genes for TEM-130 and TEM-132 

ESBLs were also detected (Dzierzanowska et al., 2010). In Japan it was 

found that 65.4% in K. pneumoniae isolates were ESBL enzymes 

producers. Bareja et al., (2013), reported that 28.7% and 13.4% of 

Klebsiella spp. were ESBL and AmpC positive, respectively. Also it was 



13 

 

reported that 71%, 9.7% and 9.7% of K. pneumoniae recovered from 

suspected cases of neonatal sepsis were  ESBL, AmpC and co-existence of 

ESBL and AmpC producers, respectively. However, 75% of K. oxytoca 

were ESBL producers. TEM gene occurred 31.8% of K. pneumoniae and 

33.3% of K. oxytoca were ESBL producers (Chelliah et al., 2014). In Iran, 

it was reported that 44% of K. pneumoniae isolates were ESBLs producers, 

28% produced AmpC β-lactamases and 1.3% produced MBLs. 

Simultaneous production of ESBLs and AmpC β-lactamases were also 

observed in 28% isolates of K. pneumoniae (Mansouri et al., 2014). 

Bhattacharjee et al., (2008) recorded that the prevalence ESBL producing 

K. pneumonia was 62.7% among K. pneumonia isolates; whereas Jain et 

al., (2003) showed that ESBL production was reported in 86.6% of K. 

pneumoniae. As per Gandhi et al., (2013), ESBL production was seen in 

50% of K. pneumoniae isolates. In New Zealand, the prevalence of ESBLs 

was estimated to be 4.2% among Klebsiella spp. Clearly, CTX-M ESBLs, 

in particular CTX-M-15, are almost wholly dominant among ESBL-

producing K. pneumoniae. Other types CTX-M-14, CTX-M-68 and SHV-

2a were also reported (Heffernan et al., 2009). In Tunisia, the prevalence of 

ESBL-producing K. pneumoniae strains was ranged from 32.4%-37.5% 

(Messai et al., 2007; Abbassi et al., 2008). In India, it was reported that 

67% of Klebsiella spp were β-lactamases NDM-1 producing strains ( 

Bhaskar et al., 2013). NDM-1 have now been found in multiple areas of 

India and Pakistan and in the United Kingdom (Kumarasamy et al., 2010). 

Recently in Nepal, it was reported that 21.08% K. pneumoniae strains were 
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suspected to be carbapenemase-producers and 71.79% of K. pneumoniae 

isolates producing MBL were found to be “pandrug- resistant (Bora et al., 

2014); whereas in Logos, Nigeria the prevalence of MBL during 2008 was 

53% in  K. pneumoniae (Enwuru et al., 2011). In India, Among the ESBL 

and MBL genes, CTX-M was detected in 37.33 %, SHV was detected in 

45.33 % and TEM was detected in 47.33 %, NDM-1 was detected in 6.25 

%, and KPC and VIM were detected in 7.9 % and 17.3 %  K. pneumoniae 

isolates, respectively. However, the blaSHV gene was found to be 

associated with the blaTEM in 32.0 % of isolates. (Chaudhary and Payasi, 

2013). The proportion of imipenem-resistant K. pneumoniae has increased 

from less than 1% in 2001, to 20% in isolates from hospital wards and to 

50% in isolates from ICUs in 2006 (Vatopoulos, 2008). 

 In Taiwan, CTX-M and SHV-type ESBLs with CMY- and DHA type 

AmpC enzymes are the most common β-lactamases that conferred 

resistance to extended-spectrum cephalosporins in clinical K. pneumoniae 

isolates (Yan et al., 2004, Yan et al., 2006). The emergence of a multidrug 

resistant K. pneumoniae isolates, which produce VIM-4, CTX-M-15, TEM-

1, CMY-4 have been reported from France (Ktari et al., 2006). Co-

existence of CMY-8 and CTX-M-3 was reported in a 269 kb conjugative 

plasmid from K. pneumoniae (Chen et al., 2007). A recent report for co-

existence of CMY-6 and CTX-M-15 has recently been reported on the 

similar type of plasmid from India (Shahid et al., 2009). In Tunisia, CTX-

M and SHV enzymes have been reported in K. pneumoniae and E. coli 

strains isolated from humans or food samples of animal origin (Mamlouk et 
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al., 2006; Ktari et al., 2006;  Jouini et al., 2007; Abbassi et al., 2008; Ben 

Achour et al., 2009).  

Among the MBLs detected in K. pneumoniae IMP-1 and IMP-8 have been 

described from Singapore, Japan and Taiwan (Senda et al., 1996; Podschun 

and Ullmann, 1998; Koh et al., 1999). IMP-1 has been described from 

Brazil (Lincopan et al., 2006), Turkey (Aktas et al., 2006), and UK 

(Woodford et al., 2007). VIM-1 and VIM-4 have been described in Greece 

and Italy (Giakkoupi et al., 2003; Luzzaro et al., 2004). In 2008 in 

Lebanon, CTX-M-15 has been described and the first isolation MBL 

producing K. pneumonia (blaIMP-1) has been detected also (Daoud et al., 

2008). The first isolation MBL (IMP-1) producing K. pneumoniae in Brazil 

was in 2003 (Lincopan et al., 2006).  CTX-M-28 has been described from 

Tunisia (Ben Achour et al., 2009). Recently, NDM-1-producing K. 

pneumoniae has been detected from Vietnam (Hoang et al., 2013). 

The first report of NDM-1 producing K. pneumoniae in Iran was in 2013 

(Shahcheraghi et al., 2013); whereas it was reported in Slovakia in 2014 

(Lovayová et al., 2014). In northern Italy, an Outbreak of NDM-1-

producing Enterobacteriaceae including K. pneumoniae was reported in 

2011 (Gaibani et al., 2011). Another report from United Arab Emirates in 

2009–2011 revealed the emergence and spread of NDM-1 producer K. 

pneumoniae (Sonnevend et al., 2013). In Ireland, first K. pneumoniae 

carbapenemase (KPC)-producers were in 2009 (Roche et al., 2009). 
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1.3 Aims of the study: 

Little information is available about the prevalence and molecular 

characterization of β-lactamases (ESBLs, MBLs and AmpC β-lactamases) 

in Palestine. The Specific aims of the present study were: 

(1) to determine the molecular epidemiology of MBL, ESBL and AmpC β-

lactamase producing K. pneumoniae isolates using molecular techniques;  

(2) to determine the susceptibility pattern to different classes of antibiotics  

(3) to assess the prevalence of class 1, 2 3 and 4 integrons in clinical K. 

pneumoniae isolates. 
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2.1. Sample collection and Klebsiella pneumoniae identification:  

A total of 51 isolates of Klebsiella pneumoniae (11 blood, 18 urine, 5 

sputum, 17 swab)  were isolated from inpatients and outpatients at An-

Najah Natinal University Hospital- Nablus (n=16), Rafidia Hospital-Nablus 

(n=2) and al-Watani (the National) Hospital –Nablus (n=2), The Martyar 

.Dr. Khalil. S. Hospital-Jenin (n=8), Al-Amal Hosptal-Jenin (n=1), AL-

Razi Hospital- Jenin (n=1), Al-Shamal Lab- Jenin (n=7), Thabat hospital- 

Tulkarem (n=14) during September-December 2015. The isolates were 

identified by API 20 E system in laboratories of these hospitals. In 

addition,  isolates were confirmed in Microbiology laboratories at An-

Najah National University-Nablus, Palesine; using different tests such as 

growth on MacConkey, detection of growth at 5°C and 44.5°C, Gram stain 

reaction, motility test and other biochemical tests were used such as Indole 

test and Voges-Proskauer test (Brisse et al., 2006). 

2.2. Media preparation 

2.2.1. MacConkey Agar 

MacConkey agar (HIMEDIA, India ) was prepared according to the 

manufacturer's instructions. A 2L bottle containing 1000 ml of deionized 

water and 50 g of the medium was heated and stirred until completely 

dissolved. The solution was allowed to boil for 1min, and then autoclaved 

at 121°C for 15 min. After that it was allowed to cool to approximately 50-

60°C, the melted agar was poured into Petri dishes to have about 20-25 ml 
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in each, then covered and left overnight at room temperature. On the next 

day, Petri dishes were stored in refrigerator at 4°C. 

2.2.2. Sulfide Indole Motility (SIM) medium  

SIM medium (Acumedia, USA) was prepared according to the 

manufacturer's instructions. A 1L bottle containing 500 ml of deionized 

water and 15 g of the medium was heated and stirred until completely 

dissolved. A total of 10 ml of medium was distributed into each tube and 

plugged with cotton. Then the medium was autoclaved at 121°C for 15 

min, allowed to cool and then stored in refrigerator at 4°C. 

2.2.3. Mueller Hinton Agar (MHA) 

Mueller  Hinton agar (BD, Baltimore) was prepared according to 

manufacturer's instructions. In a 1 L bottle, 500 ml of deionized water were 

mixed with 19 g of the medium, heated and stirred until completely 

dissolved. The solution was allowed to boil for 1 minute, and then 

autoclaved at 121 °C for 15 minutes. After that it was allowed to cool to 

approximately 50-60°C, the melted agar was poured into sterile Petri dishes 

to have approximately 25 ml each, then covered and left overnight at room 

temperature. On the next day, Petri dishes were stored in refrigerator at 

4°C. 

2.2.4. Nutrient Agar (NA) 

Nutrient agar (ACUMEDIA, USA) was prepared according to 

manufacturer's instructions. In a 2 L bottle, 1L of deionized water was 

mixed and heated with 11.5 g of the medium until the agar completely 
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dissolved. The solution was allowed to boil for 1 minute, and then 

autoclaved at 121°C for 15 minutes. After that it was allowed to cool to 

about 50-60°C, the melted agar was poured into sterile Petri dishes to have 

approximately 20-25 ml each then covered and left overnight at room 

temperature. On the next day, Petri dishes were stored in refrigerator at 

4°C. 

2.2.5 Tryptone Soy Broth (TSB) 

Tryptone Soy broth (OXOID, England) was prepared according to 

manufacturer's instructions labeled on the bottle. In a 0.5 L bottle, 250 ml 

of deionized water were mixed and boiled with 7.5 g medium until 

completely dissolved. The broth was then distributed into tubes to have 

approximately 10 ml each and plugged with cotton. Then tubes were 

autoclaved at 121 °C for 15 minutes, allowed to cool and then stored in 

refrigerator at 4°C. 

2.2.6. Methyl Red-Voges Proskauer (MR-VP) 

MR-VP medium (HIMEDIA, India ) was prepared according to the 

manufacturer's instructions. A 0.5 L bottle containing 250 ml of deionized 

water and 4.3 g of medium were mixed thoroughly, heated until completely 

dissolved the components. The broth was then distributed into tubes to 

have approximately 5-8 ml each and plugged with cotton. Then tubes were 

autoclaved at 121°C for 15 min, allowed to cool and then stored in 

refrigerator at 4°C. 
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2.3. Bacterial identification 

2.3.1. Gram staining 

Prepared bacterial smear from Tryptone Soy broth was fixed by heating, 

then fixed smear was stained as previously described (Cappuccino and 

Sherman, 1996). 

2.3.2. Motility test 

A motile organism, caused turbidity (diffused growth) in the SIM agar deep 

tube inoculated by means of stab method and the stab line is obscured. But 

in case of a nonmotile organism, the growth was restricted to the stab line 

and the medium was very clear (Johnson and Case, 1998). 

2.3.3. Indole test 

SIM agar deep tube inoculated with a pure culture of the K. pneumoniae by 

mean of stab method for motility and incubated for 24 hours at 37oC  

Indole test was carried out by adding 0.5 ml of Kovac’s reagent as 

previously described(Cappuccino and Sherman, 1996). Positive result, a 

cherry-red ring (pink to red color) appeared on the top of medium after 

adding the indicator, while negative result showed no color change after the 

addition of the indicator. 

2.3.4. VP test 

MR/VP broth inoculated with a pure culture of the K. pneumoniae and 

incubated for 24 hours at 37oC. Test was carried out by adding 0.5 ml of 

Barritt’s reagent A, the culture was shaken, then immediately another 0.5 
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ml of Barritt’s reagent B was added, then culture was shaken and re-shaken 

after every 3-4 min. Formation a cherry red color after 15 min indicates a 

positive result for VP test while a yellow-brown or no change in color 

indicates a negative result (Cappuccino and Sherman 1996). 

2.3.5. Growth at 5°C and 44.5°C 

Each K. pneumoniae isolate was subcultured on 2 MacConkey agar plates, 

one was incubated at 5°C, while the other plate was at 44.5°C for 24 h.  

2.4. Susceptibility test 

 Susceptibility of bacterial isolates to antibiotics was determined according 

to the Clinical and Laboratory Standard Institute (CLSI) using the disk 

diffusion method (CLSI, 2012). Priefly all K. pneumoniae isolates were 

tested using disks (Oxoid, England) to determine resistance against 

Ceftazidime (CAZ, 30μg), Cefotaxime (CTX, 30μg), Imipenem (IPM, 

10μg), Meropenem (MEM, 10μg), Ceftriaxone (CRO, 30μg) and 

Aztreonam (ATM, 30μg). The MHA plates were swabbed from pure 

bacterial broth, disks were then added and lightly pressed on agar surface 

Then the plates were incubated at 37°C for 18-24 hrs. Inhibition zones were 

measured in millimeters. Isolates were classified as sensitive, intermediate 

or resistant according to the criteria recommended by CLSI guidelines 

(CLSI, 2012). 

2.5. DNA extraction  

K. pneumoniae genome was prepared for PCR according to the method 

described previously (Adwan et al., 2013). Briefly, cells from overnight 
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nutrient agar plate culture, washed with 1 ml of 1X Tris-EDTA buffer (10 

mM Tris-HCl, 1 mM EDTA [pH 8]), then the pellet was resuspended in 0.4 

ml of sterile distilled H2O, boiled for 10-15 min, then cells were incubated 

on ice for 10 min. By centrifugation at 11,500 X g for 5 min, the debris was 

pelleted. Supernatant was transferred into new tube and DNA concentration 

was determined using a spectrophotometer, then DNAsamples were stored 

at -20ºC until use for further analysis. 

2.6. Multiplex PCR amplification 

2.6.1. Detection of MBL genes 

Detection of gene encoding for the VIM, IMP, SPM-1, GIM-1 and SIM-1 

enzymes was performed by  multiplex PCR according to method 

previously described (Ellington et al., 2007). Sequences of primers and size 

of amplicons are described in Table 2.1. Briefly, PCR reactions were 

carried out in a total volume of 50 μl of the mixture containing 25 μl of 

PCR premix with MgCl2 (Sigma), 0.4 μM of each primer, 5 μl of genome 

template. PCR was performed using a thermal cycler (Mastercycler 

Personal, Eppendorf) under the following conditions: initial denaturation at 

94°C for 5 min; was followed by 36 cycles by denaturation at 94°C for 30 

sec, annealing at 52°C for 40 sec and extension at 72°C for 50 sec; with a 

final extension at 72°C for 5 min. Amplified PCR products were detected 

using a 1.5 % agarose gel stained with ethidium bromide. 
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2.6.2. Detection of KPC, NDM and DIM  genes 

Detection of gene encoding for the KPC, NDM and DIM enzymes was 

performed by  multiplex PCR according to method previously described 

(Poirel et al., 2011). Sequences of primers and size of amplicons are 

described in Table 2.1. PCR reactions and conditions were used for 

amplification as well as described in section 2.6.1. 

2.6.3. Detection of AmpC β-lactamase genes 

Amplification of plasmid mediated AmpC β-lactamase (ampC) genes in all 

K. pneumoniae isolates were carried out by PCR as previously described 

(Pérez-Pérez and Hanson, 2002). Primer nucleotide sequences and the 

expected size of amplicons for genes are presented in Table 2.1. PCR 

reactions were performed as described in section 2.6.1. Amplification of 

genes was performed under the following conditions: initial denaturation at 

94°C for 3 min; was followed by 25 cycles of denaturation at 94°C for 30 

sec, annealing at 64°C for 30 sec and extension at 72°C for 1 min; with a 

final extension at 72°C for 5 min. 

2.6.4. Detection of ESBL (TEM, SHV, CTX-M and OXA) genes 

Amplification of gene sequences coding for the TEM, SHV, CTX-M and 

OXA enzymes was performed by the multiplex PCR. The oligonucleotide 

primer sets and the expected size of amplicons (bp) for genes are presented 

in Table 2.1. PCR reactions were performed as described in section 2.6.1. 

Amplification of genes was performed under the following conditions: 

initial denaturation at 94°C for 5 min; was followed by 25 cycles of 
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denaturation at 94°C for 30 sec, annealing at 60°C for 30 sec and extension 

at 72°C for 2 min; with a final extension at 72°C for 5 min.  

2.6.5. Detection of class 1, 2, 3 and 4 integrons   

All K. pneumoniae isolates were screened for the presence of integrase 

genes intI1, intI2, intI3 and intI4 using primers previously described 

(Shibata et al., 2003). Sequences of primers and size of amplicons are 

described in Table 2.1. PCR reactions were performed as described in 

section 2.6.1. The amplification was carried out according to the following 

thermal conditions: denaturation at 94ºC for 30 sec, annealing at 58ºC for 

30 sec, and extension at 72ºC for 1 min  for 30 cycles, with a final 

extension step at 72ºC for 2 min 

2.6.6. ERIC-PCR 

ERIC-PCR was carried out using Primer ERIC1: 5`-ATG TAA GCT CCT 

GGG GAT TCA C-3 and Primer ERIC2: 5-AAG TAA GTG ACT GGG 

GTG AGC G-3. Briefly, PCR reactions were carried out in a total volume 

of 50 μl of the mixture containing 25 μl of PCR premix with MgCl2 

(Sigma), 1μM of each primer, 5 μl DNA template. In addition, the master 

mix was modified by increasing the concentration of dNTPs to 400μM , 

3mM MgCl2 and 2.5 U of Taq DNA polymerase for each reaction. 

Amplification of DNA was carried out according to the following thermal 

conditions: initial denaturation for 3 min at 94ºC was followed by 40 cycles 

of denaturation at 94ºC for 50 sec, annealing at 50ºC for 40 sec and 

extension at 72ºC for 1 min, with a final extension step at 72ºC for 3 min. 
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The amplified products were analyzed by electrophoresis on 1.5% agarose 

gel. Images of gel were scored using binary scoring system that recorded 0 

and 1 for absence and presence of bands, respectively. A binary matrix was 

analyzed by the unweighted pair group method for arithmetic averages 

(UPGMA), using SPSS statistical software version 20 (IBM). 

2.7. Sequence homology and phylogenetic analysis 

Amplified PCR products of some β-lactamases genes were purified by the 

MinElute PCR purification kit (Qiagen, Hilden, Germany) and sequenced 

by dideoxy chain termination method using ABI PRISM sequencer, model 

3130 (Hitachi Ltd, Tokyo, Japan), at Bethlehem University, Bethlehem, 

Palestine. Sequence information for these genes were further submitted to 

Genbank for accession numbers. 

The comparison of the sequences of this research was made with available 

sequences for  β-lactamases genes previously deposited in Genbank using 

BLAST system. Multiple sequence alignment was carried out using 

ClustalW of MEGA software (version 5) and the evolutionary distances 

were computed using the Maximum Composite Likelihood method. 

Phylogenetic relationships were based on alignments obtained from 

ClustalW of a 264 bp sequence. Neighbor-Joining program in the same 

software was used to construct the phylogenetic tree. The robustness of the 

groupings in the Neighbor Joining analysis was assessed with 1000 

bootstrap resamplings. 
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Table 2.1. Beta-lactamases target genes and ERIC sequences for PCR amplification, amplicon size and primer 

sequences  
Group Targets Primer sequence 5′→3′ Expected 

amplicon 

size (bp) 

Primer 

mix 

References 

AmpC β-

lactamase 

(Class C) 

 

 

 

 

 

 

 

 

MOX-1, MOX-2, CMY-

1, CMY-8 to CMY-11 

MOXM F GCT GCT CAA GGA GCA CAG GAT 

MOXM R CAC ATT GAC ATA GGT GTG GTG C 

520 1 Pérez-Pérez and 

Hanson, 2002 

 LAT-1 to LAT-4, CMY-2 

to CMY-7, BIL-1 

CITM F TGG CCA GAA CTG ACA GGC AAA 

CITM R TTT CTC CTG AAC GTG GCT GGC 

462 1 Pérez-Pérez and 

Hanson, 2002 

DHA-1, DHA-2 DHAM F AAC TTT CAC AGG TGT GCT GGG T 

DHAM R CCG TAC GCA TAC TGG CTT TGC 

405 1 Pérez-Pérez and 

Hanson, 2002 

ACC ACCM F AAC AGC CTC AGC AGC CGG TTA 

ACCM R TTC GCC GCA ATC ATC CCT AGC 

346 1 Pérez-Pérez and 

Hanson, 2002 

MIR-1T, ACT-1 EBCM F TCG GTA AAG CCG ATG TTG CGG 

EBCM R CTT CCA CTG CGG CTG CCA GTT 

302 1 Pérez-Pérez and 

Hanson, 2002 

FOX-1 to FOX-5b FOXM F AAC ATG GGG TAT CAG GGA GAT G 

FOXM R CAA AGC GCG TAA CCG GAT TGG 

190 1 Pérez-Pérez and 

Hanson, 2002 

extended 

spectrum β-

lactamases 

OXA OXA F 5-ATT ATC TAC AGC AGC GCC AGT G-3 

OXA R 5-TGC ATC CAC GTC TTT GGT G-3 

296 2 Kim et al., 

2009 
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(Class D) 

extended 

spectrum β-

lactamases 

(Class A) 

SHV SHV F  5-ATG CGT TATATT CGC CTG TG-3  

SHV R 5-TGC TTT GTT ATT CGG GCC AA-3 

747 2 Paterson et al., 

2003 

 TEM TEM F 5-TCG CCG CAT ACA CTA TTC TCA GAA 

TGA-3  

TEM R5- ACG CTC ACC GGC TCC AGA TTT AT-3    

445 2 Monstein et al., 

2007 

CTX CTX-M F  ATG TGC AGY ACC AGT AAR GTK 

ATG GC 

CTX-M R TGG GTR AAR TAR GTS ACC AGA 

AYC AGC GG 

593 2 Boyd et al., 

2004 

KPC KPCM F CGTCTAGTTCTGCTGTCTTG 

KPCM R CTTGTCATCCTTGTTAGGCG 

789 3 Poirel et al., 

2011 

Metallo-β-

lactamases 

NDM NDM F 5-GGTTTGGCGATCTGGTTTTC  -3 

NDM R 5-CGGAATGGCTCATCACGATC -3 

621 3 Poirel et al., 

2011 

 DIM DIM F 5- GCTTGTCTTCGCTTGCTAACG-3 

DIM R 5- CGTTCGGCTGGATTGATTTG-3  

699 3 Poirel et al., 

2011 

Metallo-β-

lactamases 

(Class B) 

Imp Imp-F 5-GGAATAGAGTGGCTTAAYTCTC-3 

Imp-R 5-CCAAACYACTASGTTATCT-3 

188bp 4 Ellington et al., 

2007 

 Vim Vim-F 5-GATGGTGTTTGGTCGCATA-3 

Vim-R 5-CGAATGCGCAGCACCAG-3 

390bp 4 Ellington et al., 

2007 

Gim Gim-F 5-TCGACACACCTTGGTCTGAA-3 

Gim-R 5-AACTTCCAACTTTGCCATGC-3 

477bp 4 Ellington et al., 

2007 

Spm Spm-F 5-AAAATCTGGGTACGCAAACG-3 

Spm-R 5-ACATTATCCGCTGGAACAGG-3 

271bp 4 Ellington et al., 

2007 

Sim Sim-F 5-TACAAGGGATTCGGCATCG-3 

Sim-R 5-TAATGGCCTGTTCCCATGTG-3 

570bp 4 Ellington et al., 

2007 
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Integrases intI1  intI1 F 5-GCATCCTCGGTTTTCTGG-3 

intI1 R 5-GGTGTGGCGGGCTTCGTG-3 

457bp 5 Shibata et al., 

2003 

 intI2  intI2 F 5-CACGGATATGCGACAAAAAGG T-3 

intI2 R 5-GTAGCAAACGAGTGACGAAATG-3 

789bp 5 Shibata et al., 

2003 

intI3  intI3 F 5-AT TGCCAAACCTGACTG-3 

intI3 R 5-CGAATGCCCCAACAACTC-3 

922bp 5 Shibata et al., 

2003 

Intl4 Intl4 F: 5-CGGTATGTCTAATTGCTCTTG-3 

Intl4 R: 5- TGGCCACAAAGACTCAATCAC-3 

696bp 5 Goldstein et al., 

2001 
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3.1. Identification of K. pneumoniae isolates 

A total of 51 of K. pneumoniae isolates were identified in different 

laboratories of hospitals using API 20 E system. In addition, these isolates 

were confirmed in Microbiology laboratories at An-Najah National 

University-Nablus, Palestine. On MacConkey agar, all these clinical 

isolates formed typical rose pink mucoid colonies, lactose fermentation 

positive, while on nutrient agar they showed mucoid, circular, convex small 

colonies. Bacterial cells of these isolates showed Gram-negative reaction 

and bacilli shape In addition, all isolates showed indole and H2S negative, 

VP test positive, and were non motile typical. All of these isolates showed 

a growth on MacConkey agar plates at 44.5◦C but not at 5◦C. 

3.2. Antibiotic susceptiblity 

Results of the current study showed that all K. pneumoniae isolates were 

susceptible to Imepenem, while 68.6% and 54.9% of the isolates were 

resistant to Meropenem and Cefotaxime, respectively. The resistance 

pattern of these isolates against six chosen antimicrobial agents is presented 

in Table 3.1.   
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Table 3.1. Antibiotic resistance of 51 K. pneumoniae isolates recovered 

from different clinical samples. 

Antibiotic 

Resistant strains 

No. % 

Cetriaxone 27 52.9 

Cefotaxime 28 54.9 

Imipenem 0 0 

Ceftazidime 21 41.2 

Aztreonam 23 45.1 

Meropenem 35 68.6 

3.3. Detection of β-lactamases and integrons 

The prevalence of  possible ESBLs, MBLs and AmpC β-lactamase genes 

among the 51 studied clinical strains of K. pneumoniae, using multiplex 

PCR technique was (92.2%), (9.8) and (3.9%), respectively. The majority 

of possible ESBL producing K. pneumoniae isolates that had a single 

possible ESBL enzyme, were harboring the TEM gene with a prevalence of 

43.1% and other isolates were carrying SHV and OXA genes with a 

prevalence of (17.6%) and (1.96%), respectively. Fifteen isolates were 

found to carry both TEM and OXA with the prevalence of (29.4%). The 

most common detected gene among the studied clinical isolates of K. 

pneumoniae was TEM gene with a prevalence of (72.5%). For MBLs and 

AmpC β-lactamases NDM and DHA genes were detected, respectively, 

among the collected isolates. In addition, six isolates (11.76%) showed 

coexistence with at least another type of β-lactamases. Prevalence of β-

lactamases of this research are presented in Table 3.2 and Figure 3.1. 

Molecular analysis and Phylogenetic relationships showed that all 
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sequenced TEM, SHV, OXA, NDM and DHA genes  belonged to TEM-1, 

SHV-1, OXA-1, NDM-1 and DHA-1, respectively. Phylogenetic analysis of 

sequenced β-lactamases genes is presented in Figure 3.2. The nucleotide 

sequences reported in this study were deposited at the GenBank database 

under the accession numbers KU594303- KU594326. 

A total of 26 of K. pneumoniae isolates (50.98%) harbored class 1 

integrons, whereas other classes were not detected. Results are presented in 

Figure 3.3. All integrons were detected in K. pneumoniae isolates carrying 

β-lactamase genes. 
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Table 3.2. Prevalence of β-lactamase among 51 clinical isolates of K. pneumoniae detected by multiplex PCR 

technique. 

    

β-Lactamases 

Extended spectrum β-lactamases 

No. (%) 

AmpC β-lactamase 

No. (%) 

Metallo-B-lactamases 

No. (%) 

Class (A)  Class 

(D) 

Class (C) Class (B) 

SHV TEM CT

X-M 

TEM 

and 

OXA 

OXA MO

X, 

CM

Y, 

BIL 

DHA AC

C 

MIR-

1T, 

ACT-

1 

FOX Imp Vim Gim Spm NDM 

9 

(17.6) 

22 

(43.1) 

0 (0) 15 

(29.4) 

1 

(1.96) 

0 (0) 2 (3.9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 5(9.8) 

Total 47 (92.2) Total 2 (3.92) Total 5 (9.8) 
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Figure 3.1. Multiplex PCR profiles specific for possible ESβLs, MBLs and/or AmpC β-lactamase genes detected in clinical isolates of K. 

pneumoniae.
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L represented the ladder. 

Figure A1 or A2 for ESβLs: Lanes 1 and 5 for OXA gene;  Lane 2 for TEM 

gene; lanes 3 and 4 for SHV gene and Lanes 6 and 7 for TEM and OXA 

genes. Figure B1 or B2 for MBLs: Lanes 3, 4 and 6 for NDM genes. Figure 

C1 or C2 for AmpC β-lactamases: Lane 1 for DHA gene. 

 

Figure 3.2. Phylogenetic analysis constructed by Neighbor-Joining method based on 

the partial NDM-1,DHA-1, TEM-1, SHV-1 and OXA-1 and gene nucleotide sequences. 
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 Reference nucleotide sequences for the NDM-1, NDM-2, DHA-1, TEM-1, 

TEM-2, SHV-1, OXA-1 and OXA-2 genes were denoted by asterisk and 

retrieved from genbank. The phylogenetic tree was bootstrapped with 1000 

replicate, and the genetic distance corresponding is shown by the bar. The 

evolutionary distances were computed using the Maximum Composite 

Likelihood method. All positions containing gaps and missing data were 

eliminated. There were a total of 264 positions in the final dataset. 

Evolutionary analyses were conducted using MEGA version 5. 

 

 
Figure 3.3. Multiplex PCR profile specific for integrons. L represented  the ladder, Lanes 1, 3, 

4 and 5 represented class I integron., Lane 6 represented negative control.  

3.4. ERIC-PCR analysis 

ERIC-PCR typing of 40 clinical isolates of K. pneumoniae harbored 

different β-lactamase genes were genetically diverse and consisted of a 

heterogeneous population with a total of 16 ERIC PCR profiles (clusters) at 

a 50% similarity level. Results of ERIC-PCR fingerprint are presented in 

Figures 3.4 and 3.5. 

. 
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Figure 3.4. ERIC PCR profiles of 40 clinical K. pneumoniae isolates carried genes for ESβLs,  MBLs and/or AmpC β-lactamases recovered on 

1.5% agarose gel. Lanes L represented the ladder, while other lanes for ERIC PCR products. 



39 

 

 

Figure 3.5. Dendrogram of 40 K. pneumoniae isolates carried genes for ESBLs, MBLs 

and/or AmpC β-lactamases based on the UPGMA method derived from analysis of the 

ERIC-PCR-profiles at a 50% similarity level.  

C: Cluster 
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Complications of bacterial infection are considered as an important factor 

of outcome for patients seeking hospital admission specially in the 

intensive care units. In particular, this is true in the present period due to an 

increasing in resistance of antimicrobial agents that affects many microbial 

pathogens (Mainardi et al., 1998). K. pneumoniae is one of opportunistic 

pathogens that considerably cause hospital infections (Podschun and 

Ullmann, 1998). Beta-lactam antibiotics are broadly used in the treatment 

of bacterial infections, and this may lead a significant increase in the 

occurrence of β-lactamases-associated infections throughout the people in 

the world (Shaikh et al., 2014).   

Detection of ESBL was based only on the PCR results, so the term possible 

ESBL was used. Results of this study showed that the prevalence of 

possible ESBL among clinical isolates of K. pneumoniae in Palestine is too 

high. In the Middle East countries, the prevalence of ESBL producers K. 

pneumoniae ranged from 17.4%-80% (Jarjees, 2006; Fam et al.,2006; Al-

Zarouni et al., 2008; Bindayna et al., 2009; Al-Agamy et al., 2009; 

Batchoun et al., 2009; Mehrgan et al., 2010;  Nedjai et al., 2012). In 

previous studies carried out in Jordan, results showed that the prevalence of 

ESBL among tested clinical K. pneumoniae isolates ranged from 38%-

71.4% (Youssef et al.,1999; Shehabi et al., 2000; Batchoun et al., 2009). 

This may indicate that the prevalence of β-lactamases, particularly ESBL-

producing microorganisms is increasing rapidly.  

Result of the current research showed that TEM type ESBL was most 

common in these tested clinical K. pneumoniae isolates. Result of this 
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research is in agreement with other studies (Ghasemi et al., 2013; Chelliah 

et al., 2014). In contrast, other reports from different countries showed that 

CTX-M-type or SHV-type ESβL was most common (Yan et al., 2006; 

Daoud et al., 2008; Heffernan et al., 2009; Al-Agamy et al., 2009; 

Dzierzanowska et al., 2010; Nedjai et al., 2012). Sequence analyses and 

phylogenetic relationships of sequenced TEM, SHV and OXA genes showed 

that these genes belonged to TEM-1, SHV-1 and OXA-1 genes, and this 

result was consistent with various studies (Khosravi et al., 2013; Sugumar 

et al., 2014). Coexistence of two ESBL genes (TEM and OXA) was 

observed in clinical isolates of K. pneumoniae in this study. Presence of 

coexistence of ESBL genes in a single isolate was reported previously 

(Kiratisin et al., 2008; Denisuik et al., 2013). 

Current study showed that 3.9% of K. pneumoniae  isolates had AmpC β- 

lactamase genes. The prevalence of AmpC β- lactamase genes among 

clinical isolates of K. pneumoniae was reported from various parts of the 

world and had a range from 2.3% to 47% (Yan et al., 2006; Altun et al., 

2013; Bareja et al., 2013; Oberoi et al., 2013; Mansouri et al., 2014; Gajul 

et al., 2015; Madhumati et al., 2015). Low prevalence of AmpC β-

lactamase genes detected among K. pneumoniae isolates in Palestine was 

due to that primers in this research used to amplified plasmid encoding 

genes only. Conventional methods used to detect AmpC β-lactamase 

enzymes have ability to detect both plasmid and non-plasmid-derived 

(chromosomal) AmpC activity (Adwan and Abu Jaber 2016). In this 

research, sequence analyses and phylogenetic relationships showed only 
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the DHA-1 subtype of AmpC β-lactamases was detected among these 

clinical isolates of K. pneumoniae. This result was in agreement with other 

studies (Lagha et al. 2014; Matsumura et al., 2015). Whereas, other studies 

from various parts of the world reported the presence of other different 

genes (Yan et al., 2004; Ktari et al., 2006; Yan et al., 2006; Chen et al., 

2007; Shahid et al., 2009;  Fam et al., 2013). 

The increasing and rapid spread of MBL producing Enterobacteriaceae, 

particularly K. pneumoniae constitutes a serious medical problem to public 

health worldwide. Results of the current study showed that 9.8% of K. 

pneumoniae isolates carried MBL genes. Several recent reports from 

different places in the world demonstrated the prevalence rate of MBL 

production among clinical isolates of K. pneumoniae vary greatly and 

ranged from 8% to 53% (Enwuru et al., 2011; Wadekar et al., 2013; 

Vinodkumar et al., 2013; Oberoi et al., 2013; Bora et al., 2014; Ahmad and 

Ali, 2014; Gajul et al., 2015). Sequence analyses and phylogenetic 

relationships of NDM genes revealed the presence of NDM-1type gene, 

this report is considered the first one about detection of NDM gene in 

Palestine.  

Emergence and spread of NDM-1 producing K. pneumoniae isolates has 

been reported in several studies around the world (Kumarasamy et al., 

2010; Gaibani et al., 2011; Bhaskar et al., 2013; Shahcheraghi et al., 2013; 

Sonnevend et al., 2013; Lovayová et al., 2014). On the other hand, many 

other studies showed the presence of different subtypes of MBLs 

(Giakkoupi et al., 2003; Luzzaro et al., 2004; Roche et al., 2009; Gaibani et 
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al., 2011; Hoang et al., 2013; Shahcheraghi et al., 2013; Sonnevend et al., 

2013; Lovayová et al., 2014). 

Coexistence of two or three types of β-lactamase genes in single isolates 

was observed in this study. This will seriously restrict the options of 

antibiotics used in treatment, may create diagnostic problem and this may 

lead to use an unsuitable antimicrobial agent and the result may be fatal 

(Oberoi et al., 2013). Coexistence of more than one of β-lactamase classes 

or multiple genes of ESβLs, MBLs or AmpC β-lactamases has been 

reported widely from different species of bacterial pathogens including K. 

pneumoniae (Yan et al., 2004; Chen  et al., 2007; Shahid et al., 2009; 

Jamal et al., 2013; Oberoi et al., 2013; Gajul et al., 2015).  

In this study, a total of 51% of clinical isolates of K. pneumoniae carried 

class 1 integrons and none carried other classes of integons. This result is in 

agreement with other reports recently published, which showed that class 1 

integrons was the most common or the only detected among clinical 

isolates of K. pneumoniae (Derakhshan et al., 2014; Lima et al., 2014; 

Mobarak-Qamsari et al., 2014). High prevalence of class 1 integrons 

among clinical K. pneumoniae isolates support high genetic variability and 

rapid dissemination of beta-lactamase genes and other coexisted genes 

among these isolates in hospitals (Lima et al., 2014). 

Genotyping of β-lactamases-producing K. pneumoniae isolates by the 

ERIC-PCR technique showed different DNA profiles. At 50% similarity 

cut-off value analysis, there were a total of 16 groups or clusters among the 

tested 40 K. pneumoniae isolates. These findings indicate that isolates 

http://pedinfect.com/11845.fulltext?page=search&article_author_fname=Safoura&article_author_mname=&article_author_lname=Derakhshan&do_search=1&type=authors
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included in the current study were genetically diverse and multiple clones 

of β-lactamase-producing K. pneumoniae isolates were prevalent in these 

hospitals. This clonal diversity suggests that most of the strains have been 

unable to be maintained or spread in different hospital settings. This 

observation challenges many conventional thoughts about the hospital 

epidemiology of antibiotic resistance including β-lactamase. This 

supporting that the high prevalence of β-lactamases-producing clinical K. 

pneumoniae isolates may be due to high selective pressure decreed by the 

high rate and misuse of antimicrobials particularly cephalosporin and its 

derivatives in this country could be the only major cause (Adwan and Abu 

Jaber, 2016). 

To our knowledge, up to now, this is the first study documented the 

prevalence and molecular characterization of β-lactamases producing K. 

pneumoniae isolates in Palestine. In conclusion, our results showed high 

occurrence of β-lactamases among K. pneumoniae isolates in Palestine. 

Based on these results, the study recommends the continuous monitoring 

and surveillance of the prevalence, proper prevention practices and 

effective antibiotic use will restrict the further spread of β-lactamases 

producing K. pneumoniae isolates within hospitals in this country. 
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 الملخص

عزلة من بكتيريا الكليبسيلا من مستشفيات مختلفة من منطقة جنين، نابلس  51تم الحصول على 
أظهرت النتائج   .2015وطولكرم/ فلسطين خلال الفترة ما بين أيلول إلى كانون الأول من العام 

كان  PCR  باستخدام تقنية  AmpC β-lactamaseو ESβL، MBL أن انتشار كل من 
كان  سائدا  TEM كما أظهرت النتائج أن جين .% على الترتيب3.92و  9.8%، %92.2بنسبة 
 .  أما الجينات الأخرى وهي ESβLالتي تحمل جينات  كليبسيلا% بين بكتيريا ال72.5بنسبة 

CTX-M  ،SHV  وOXA  على الترتيب.  بينما في 31% و17.6 %،0.0فكانت النسب %
AmpC β-lactamases فقد تم تحديد جين DHA وأظهرت 3.9%  فقط، وكانت نسبة انتشاره .

بالإضافة إلى  9.8%.بنسبة انتشار  NDMكانت تحمل جين  MBLالنتائج أن العينات المنتجة ل 
في  4أو 3، 2ولم يظهر النوع  integronsمن  1% من العينات كانت تحمل النوع 50.98أن 

ي باستخدام طريقة شجرة النشوء والتطور أن جميع تسلسلات أظهر التحليل الجزيئ أي من العينات.
التي تم فحص تسلسل النيوكليتيدات لها تعود إلى  DHAو  TEM ،SHV ،OXA ،NDMجينات 

TEM-1 ، SHV-1،OXA-1  ،NDM-1  وDHA-1 كما أظهرت نتائج .على الترتيب 
ERIC-PCR .أن هذه السلالات متنوعة 

لمراقبة المستمرة ومراقبة الانتشار والرقابة السليمة وممارسات الوقاية نتائجنا تؤكد على الحاجة إلى ا
-AmpC βواستخدام المضادات الحيوية الفعالة سيحد من انتشار المزيد من السلالات المنتجة ل 

lactamases ،ESβLs و MBLs.داخل المستشفيات في فلسطين 
 




