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Summary 

           Klebsiella pneumoniae is not only a major hospital-acquired pathogen 

but also an important food-borne pathogen that can cause septicaemia, liver 

abscesses, and diarrhea in humans. The phenotypic and genotypic 

characteristics of Klebsiella pneumoniae in foods have not been thoroughly 

investigated in Iraq. So, the objective of this study was to identify serotypes 

of  Klebsiella pneumoniae isolates from various food samples  and 

determination of virulence factors genes , antibiotic resistance patterns ,as 

well as  analyze the genetic diversity  of isolates by (GTG)5-PCR molecular 

typing and then compared with clinical isolates. From July to October 2020, a 

total of 190 food samples were collected from various sources in AL-

Diwaniyah city ,from them only 25(13.2 % ) give positive results for 

Klebsiella pneumoniae distributed  by  5(20.0%) isolates from food granish 

samples,3(12.0%) isolates from Cucumber ,4(16.0%) from Orange,4(16.0%) 

from Pomegranate,2(8.0%) isolates from each Grape and  Shredded nuts, 3 

912.0%)isolates from Minced meat and one (4.0%) isolate from  each meat 

and  fish. Whereas 31(38.8%) clinical isolates were collected from patients 

with different clinical cases in Al-Diwanyiah teaching hospital included 

(16(51,6%) from sputum ,10 (32.3%) from urine, 3(9.7%) from burns, 

2(6.5%) from wounds  ). All isolates were diagnosed by traditional 

biochemical tests and Vitek system. 

       Antibiotic susceptibility of Klebsiella  pneumoniae isolates against  17  of 

commonly used antibiotic was determined through disc-diffusion method. 

Results declared that the isolates were resistant to the used antibiotics except 

their sensitivity to Imipenem ,Levofloxacin, , Ciprofloxacin ,Ampicillin-

sulbactam, Moxifloxacin. 

       The capsular serotypes of the 56 Klebsiella pneumoniae isolates(25 food 

isolates and 31 clinical isolates) tested by  the seven capsular serotypes; four 
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different capsular serotypes were identified. K2, K20, K57, and K54 in food 

and clinical isolates ,k2serotype was in one food isolate whereas four in 

clinical isolates  ,k20 identified in two food isolates and not detected in 

clinical isolates ,k57 was found in  four of clinical isolates , in food isolate not 

detected , k54gene detected in both food and clinical isolate (12 in clinical, 8 

in food ) .Serotype k1,k3,k5 not identified in both food and clinical isolates.                                          

      The presence of 13 virulence factors and capsule serotype genes was 

assessed by PCR in food and clinical isolates. The most common genes in 

food isolates were :   FimH in 20 (80.0 %); Uge in 16( 64.0 %),  wabG in 12 

(48.0 %), ureA in 9( 36.0 %); KfuBC in 9 (36.0 %),  K54 in 8 (32.0% ) , YbtA 

in 4(16.0 %);  allS in 3(12.0 %);  iucB in 2(8.0 %),  rmpA in 2 (8.0 %),k20 in 

2 (8.0 %) and k2 in 1 (4.0 %). In our study, the following virulence genes 

were not reported in any of the food isolates: ironB, k1, k3, k5,  k57 and 

wcaG. Whereas, the virulence and serotypes genes that detected in clinical 

isolates were  wabG gene in 19 (61.3 %),Uge gene in 18 (58.1 %), fimH in 16 

(51.6 %),  K54 in 12 (38.7 %), rmpA in 12 (38.7 %), kfuin 10 (32.3 %)  ureA 

in 8 (25.8 %), allS in 7 (22.6 %), iucB in 7 (22.6 %), ybta in 6 (19.4 %), K2 in 

4 (12.9 %),k57in 4 (12.9) . 

       The frequency of fimH was significantly higher in food isolates than in 

clinical isolates (p = 0.028), the recurrenceof khe was highly significant  in 

food isolates than clinical isolates (p < 0.001). Whereas, the frequency of 

rmpA was lower in food isolates than in clinical isolates with high significant 

(p = 0.002), and other genes showed no significant difference (p > 0.05).                                                                             

        Distinct PCR -(GTG)5 patterns were detected, and the cluster analysis 

using (algorithm Ward's method) showed 7 clusters between 31 clinical 

isolates  and 7 clusters were  between 25 food isolates of Klebsiella 

pneumoniae and about 21 polymorphic variants between food and clinical 
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isolates. Some isolates from the same geographic area have a closer 

relationship.   

         The presence of virulent and antibiotic-resistant Klebsiella pneumoniae 

in foods poses a potential health hazard for consumers. Our findings highlight 

the importance of surveillance  of Klebsiella pneumoniae in in foods. 
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1.1.Introduction 

        Klebsiella pneumoniae (K.pneumoniae) is an important opportunistic 

pathogen that causes a variety of infectious diseases in humans, including 

septicemia, liver abscesses, diarrhea, and pneumonia (Guo et al., 2017). It is 

one of the known pathogens acquired in hospital and is associated with 

increased patient morbidity and mortality (Cabral et al., 2012). In addition to 

the clinical environment, K. pneumoniae is often found in foods including raw 

vegetables, dried children's powder, meat, fish, and street foods, and has been 

considered a foodborne pathogen (Davis and Price, 2016). 

         K.pneumoniae can express a variety of virulence factors including 

capsules, endotoxins, siderophores, iron scanning systems, and adhesins, 

which have been shown to play important roles in their etiology. The capsule 

is an important virulence factor, involved at least two pathogenic 

mechanisms: (1) protecting bacteria from phagocytosis, and (2) inhibition of 

the host's immune response (Kang  et al., 2015). Some types of capsules (K), 

especially K1, K2, K54, K57 ،K20 and K5, are often associated with 

community-acquired invasive purulent liver abscess syndrome, septicemia, 

and pneumonia (He, 2012). K2 and K5 are associated with community-

acquired  pneumonia (Brisse et al., 2009). K3 is generally associated with 

rhinoscleroma (He, 2012). Capsules typing is currently the most used 

technique for typing K. pneumoniae isolates and shows good reproduction in 

distinguishing clinical isolates (Siu et al., 2011). Several PCRs targeting the 

wzy genes have been developed for capsule typing of K. pneumoniae (Cheng 

et al., 2015).  

       Other virulence factors such as the rmpA gene (regulator of mucoid 

phenotype A); allS gene (the allantoin regulon activator coding, associated 

with the allantoin metabolism); Genes related to internal toxins, wabG, uge, 

and wcaG; Genes related to the iron acquisition  system iucB, iroNB, ybtA and 
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kfuBC; Adhesin fimH genes (Type I fimbriae); it is also believed that the ureA 

gene (sub-unit α-urease, related to invaders) is involved in virulence processes 

(Calhau et al., 2014). 

       The emergence of antimicrobial resistance in Klebsiella spp. is a major 

concern worldwide in human medicine (Hu et al., 2013). Drug-resistant K. 

pneumoniae strains were isolated from different samples (Yaici et al., 2017). 

Dietary intake is one of the main ways to introduce antibiotic-resistant 

bacteria and their genes into the human digestive system. Consumption of 

certain food groups may affect the genetic diversity of antibiotic resistance 

(Milanović et al., 2017 ).  Molecular typing is a useful tool for identifying the 

genetic relationships of foodborne bacteria and identifying potential sources 

of infection. This is especially important in endemic and epidemic hospital 

outbreaks of K. pneumoniae infections to improve the management of such 

outbreaks. A variety of methods have been used to typing K. pneumonia, 

including pulsed gel electrophoresis (PFGE), enterobacterial repetitive 

intergenic consensus-repetitive polymerase chain reaction (ERIC-PCR), and 

randomized amplified polymorphic DNA (RAPD), and ( GTG) 5 

oligonucleotide PCR (Barus et al., 2013 and Sachse et al., 2014 ). (GTG) 5-

PCR test is relatively simple and cost-effective method that have been 

successfully used in genotyping K.pneumoniae isolates from various sources 

(Barus et al., 2013). ).In recent years, the number of food-borne disease 

outbreaks due to K.pneumoniae has increased. However, to date, limited 

information is available on the properties of K. pneumoniae isolated from 

food in Iraq.  
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1.2.The aim of the study  

       Evalutaion of the  properties of  K.pneumoniae isolated from food 

samples and clinical specimens at phenotypic and Genotypic level.                 

To achive this aim, following steps  were suggested.                                          

First: Collection of  Samples ,Specimens  

Collection of  food  samples from different sources in Al-Diwaniyah city 

and clinical specimens  from Al-Diwaniyah teaching hospital  . 

isolates by traditional  pneumoniae.KIsolation and Identification of Second:

biochemical tests and Vitek system.                                                              

Third: Assay the antimicrobial susceptibility of the isolates by disk diffusion 

method.                                                                                                               

Fourth: Detection of virulence genes and Capsular Serotyping genes of  

K.pneumoniae isolates by PCR. 

Fifth:Comparison the prevalence of the virulence factors and serotype genes 

in clinical and food isolates of K.pneumoniae. 

Sixth: Typing of  K. pneumoniae  isolates by(GTG)5-PCR. 
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2. Literatures Review 

2.1.  Klebsiella pneumoniae 

       In 1882, Carl Friedlander characterized  Klebsiella pneumoniae for the 

first time . He mentioned it as an encapsulated bacillus after isolation bacteria 

from the lungs of patient died from pneumonia. Originally named 

Friedlander's bacillus, it was not until 1886 when the bacterium garnered the 

name Klebsiella. Klebsiella pneumoniae is a gram-negative, encapsulated, 

non-motile bacterium that is found in the environment and has been 

associated with pneu monia in patient populations with alcohol use disorder 

or diabetes mellitus. Usually the bacteria colonizes the mucosal surfaces of 

the oropharynx and gastrointestinal (GI) tract. Once the bacterium enters the 

body, it can display high degrees of virulence and antibiotic resistance 

.Today, Pneumonia caused by K.pneumoniae  consider the most common 

cause of  hospital acquired pneumonia in the United states , and the organism 

regard 3  to 8 % of all nosocomial bacterial infections (Jondle et al.,2018 and 

Aghamohammad et al.,2020). 

2.1.1. Etiology of Klebsiella pneumoniae 

       Klebsiella pneumoniae (K.pneumoniae) falls in the enterobacteriaceae 

family and is characterized as gram negative ,encapsulated , non motile 

bacteria . The virulence of  bacteria is provided by a wide range of factors that 

can progress to infection and antibiotic resistance. The polysaccharide capsule 

of the organism is the most significant virulence factor and permits the 

bacteria to avoid opsonophagocytosis and serum killing by the host organism . 

To date,  77 different capsular types have been studied , and Klebsiella 

species  without a capsule resort to be less virulent . A second virulence factor 

is lipopolysaccharide  that cover the outer surface of gram negative bacteria . 

The s ensing of lipopolysaccharides liberate an inflammatory system in the 

host organism and has been clarified to be a major  criminial of the sequel in 
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sepsis and septic shock. The other virulence factor, fimbriae , permits the 

organism to bind itself to host cells. Siderophores are another virulence factor 

that is requisted by the organism to cause hosts infection. Siderophores gain 

iron from the host to permit diffusion of the infecting organism (Tsereteli et 

al.,2018 and Rønning et al.,2019).  

        Klebsiella pneumoniae is one of a handful bacteria that are yet 

experiencing a high prevalence of antibiotic resistance secondary to  

modification in the core genome of the organism . Alexender Fleming first 

find out resistance to beta- lactam antibiotics in 1929 in gram negative 

organisms. Ever after that time,  K.pneumoniae has been well studied and has 

been clarified to produce a beta-lactamase that lead to  hydrolysis of beta-

lactam ring in antibiotics. Extended –spectrum beta-lactamase (ESBL) 

K.pneumoniae was shown in Europe in 1983 and United States in 1989. 

ESBLs can hydrolyze oxyimino cephalosporins rending third –generation 

cephalosporins ineffective against treatment.  Due to this resistance , 

carbapenems became a choice for ESBL. However, of the 9000 infections 

recorded to the Centers for Disease Control and Prevention (CDC) due to 

carbapenem resistant Enterobacteriaceae in 2013, nearly 80% were belong to 

K.pneumoniae . Resistance to carbapnem has been related to an up-regulation 

in efflux pumps,and modification of the outer membrane, and increase 

production of  ESBL enzymes in the organism.  

2.1.2. Epidemiology 

       Humans render as the fundamental reservoir of K.pneumoniae. In the 

global community ,5% to 38% of  individuals load the organism in their 

faeces and 1 % to 6% in the nasopharynx . The major reservoirs of infection 

are the  gastrointestinal tract of patients and hands of hospital personnel. It 

can due to  a noscomial outbreak. However, higher prevalence of habitation 

have been recorded in those of Chinese ethnicity and those who have chronic 
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alcoholism.  In hospitalized patients ,the transporter rate for K. pneumoniae is 

highe r than that present in the community. In one study ,carrier prevalence as 

high as 77%  can be shown in the feces of those hospitalized and are felt to be 

associated to the number of antibiotics that are being given (Esposito et 

al.,2018 and Walter et al.,2018).  

        K. pneumoniae that caused Pneumonia can be broken down into two 

categories: Social and hospital acquired pneumonia . Though community –

acquired pneumonia  is fully common diagnosis , the infection with K. 

pneumoniae is rather uncommon .In the western culture ,it is evaluate that 

nearly 3% to 5% of all community acquired pneumonia is related to infection 

occurring by K. pneumoniae ,but in the developing countries like Africa, it 

can account approximately 15% of all pneumonia cases .In general , K. 

pneumoniae accounts for  nearly 11.8% of all hospital- acquired pneumonia in 

the world. In those who evolve pneumonia whilst on a ventilator , between 

8% to 12 % are caused by K. pneumoniae , Whilst only 7 % occur in patients 

who are not ventilated. The range of mortality about 50 % to 100% in patients 

with alcoholism and septicemia(Tsereteli et al.,2018).  

       In Taiwan, K. pneumoniae–associated primary pyogenic liver abscess 

(PLA) has become an important emerging infectious disease. This disease is 

also a global concern, as is attested by reports from Europe (Yeh et al., 2007) 

and Asia (Dubey et al., 2013). In Baghdad /Iraq , a total of 268 clinical 

specimens were collected from different Hospital’s Environment and patients 

in Ibn Al-baladi  hospital, the Results  show that out of  268 clinical 

samples,there were 36 (13.4 %) K. pneumoniae isolates (Tamara ,2006). 

2.1.3. Pathogenicity      

        K.pneumoniae cause a different opportunistic nosocomial and 

community acquired infections , like urinary tract infection , soft tissue 

infection, pneumonia, septicemia , bacteremia, meningitis, and pyogenic liver 

https://pubmed.ncbi.nlm.nih.gov/?term=Tsereteli+M&cauthor_id=30204118
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abscesses. As have acquired resistance against different antibiotics  ,they 

oftentimes become a challenge in treating these infections . For instance, 

K.pneumoniae isolates have constantly cumulative resistance against four 

important classes of antibiotics, namely, the third generation cephalosporins, 

aminoglycosides, fluoroquinolones and carbapenems.  Multiple drug 

resistance like this lastly leads to extremely drug resistant Klebsiella strains 

(XDR) (Martin and Bachman,2018; Vading et al.,2018). 

 

2.1.4. Virulence factors  

      Klebsiella pneumoniae has a number of virulence factors that participate 

with pathogen and include capsule antigens, adhesive  factors, enterotoxin 

produce like lipopolysaccharide as well as the resistance to killer effect of 

serum and system for gain an iron(Siderophore)and the multi resistance for 

antibiotics that represented the major cause in propagation acquired infections 

in hospitals, as the percentage infections 80% that led to present alternative 

treatments (Jasim et al .,2020). 

 

 

Figure (2-1): Schematic representation of Klebsiella virulence factors (Paczosa and 

Mecsasb, 2016) 
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2.1.4.1.Capsule polysaccharide 

• CPS gene loci  

      Klebsiella pneumoniae CPS is an acidic polysaccharide commonly 

composed of repeating units of three to six sugars . K. pneumoniae CPS is 

synthesized of the Wzy-dependent polymerization pathway, which is well 

characterized for Escherichia coli group I CPS (Whitfield .,2006) and the cps 

gene clusters generally consists of genes for sugar nucleotide synthesis , 

capsule repeat unit synthesis and capsular repeat unit assembly and export  

(Shu et  al., 2009 and Ramos et al., 2012 ). The entire length of 

K.pneumoniae cps gene clusters ranges from 21 to 30 kb  , harboring 16-25 

genes. The 5'- terminal regions of all known K.pneumoniae cps gene clusters 

contain six preserved genes( in the following arrange galF, orf2, wzi, wza, 

wzb and wza)  and the 3'- end regions comprise a conserved gene gnd and are 

particularly  terminated  at the ugd gene, while the central regions ,that 

encode the proteins for polymerize and assembly of CPS subunits, are highly 

divergent (Shu et  al.,2009 and Ramos et al.,2012). Both wzy and wzi genes 

are found in all K types, but each of them has a high variability in the 

sequence level among special K types.  Accordingly ,wzy-targeting PCR 

assays have been accomplished to identify K1, K2, K3, K5, K20, K54 and K57  

(Turton  et al.,2010 and  Fevre  et al.,2011) and  furthermore ,wzi sequencing 

is capable to identify the K types of most clinical K.pneumoniae isolates 

(Brisse  et al.,2013). In addition, the typing method  of capsule depend on wzc 

sequencing has been used to detect a novel capsular types of K.pneumoniae 

( Pan et al.,2013). 

• CPS synthesis &  mucoviscosity associated protein (magA) 

       The synthesis of CPS begins with the assembly of  individual sugar-

repeat units, that are catalyzed by various glycosyl transferases in a 
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consecutive pattern  (Whitfield et al., 2006). The producing nascent repeats 

are transported across the inner membrane by a flippase Wzx and  endure 

polymerization by a Wzy polymerase in the periplasmic space.  Morever 

control the polymerization  and export of mature CPS to the bacterial cell 

surface take place under the  composite action of Wza ( an inner membrane 

tyrosine autokinase), Wzb ( a protein tyrosine phosphatase) and Wzc ( an 

integral outer membrane lipoprotein) (Whitfield et al.,2006). magA (wzyKpK1) 

encodes a capsular  K1- specific Wzy polymerase  (Lin et al.,2012), but plays 

no role in lipopolysaccharide (LPS) synthesis (Yeh et al.,2010) and acts as an 

important virulence determiniant in expiremental K.pneumoniae K1- induced 

metastatic infections  (Hunt  et al., 2011 ). 

         K. pneumoniae usually produce both smooth lipopolysccharide (LPS) 

with O antigen molecules and capsule polysaccharide (K antigen) on the 

surface. A single mutation in a gene that encodes for a UDP galacturonate 4-

epimerase (uge) makes a strain with the O−:K− phenotype (lack of capsule 

and LPS without O antigen molecules and outer core oligosaccharide)( Regue 

et al.,2004) .The uge gene was present in all the K. pneumoniae strains tested. 

The K. pneumoniae uge mutants were unable to produce experimental urinary 

tract infections in rats and were completely a virulent in two different animal 

models (septicemia and pneumonia) ( Regue et al.,2004). 

rmpA/rmpA2 ( regulator of mucoid phenotype A) gene  

      The rmpA gene is a plasmid –mediated  give a highly muco-viscous 

phenotype encouraged and regulate the synthesis of the capsular  

polysaccharide (Rivero et al., 2010). It was initially described by Nassif et 

al.(1989a). Yu et al. (2006) explained that rmpA-carrying strains were 

correlated with the hyper-mucoviscosity phenotype, in addition to  the 

invasive clinical syndrome. Nassif et al.(1989b) mentioned that deletion of 

rmp A gene can reduce in mouse lethality tests by 1000 fold.  
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      Plasmid borne rmpA and its isoform rmpA2 encode the activator of cps 

gene transcription  ,CPS synthesis and hyper-mucovisity in K. pneumoniae 

K1/ K2 (Lai et al.,2003; Cheng et al.,2010; Hsu et al.,2011). In the K2 strain 

CG43 , both rmpA and rmpA2 are activators of biosynthesis of CPS and are 

important for virulence in mice (Lai et al.,2003 and Cheng et al.,2010). In the 

K1 strain NTUH-K2044, besides plasmid-borne rmpA and rmpA2, there is yet 

rmpA paralog in the chromosome , and only plasmid carry rmpA encourages 

the transcription of cps gene  (Hsu et al.,2011). 

2.1.4.2. Lipopolysaccharide 

      Lipopolysaccharide consist of three parts :the highly  conserved and 

hydrophobic lipid A anchored in the outer membrane ; the highly variance O-

antigen as the outermost  ingredient of LPS; and the core polysaccharide  

communicating lipid A and O-antigen.   

• O-antigen  

      At least nine O-antigen groups(O1,O2,O2ac,O3,O4,O5,O7,O8 and O12)  

have been recognized in K.pneumoniae (Li et al.,2014). The biosynthesis of 

O-antigen is carried out by the enzymes encoded by a six –gene wb cluster 

consist of wzm, wzt, wbbM, glf, wbbN and wbbO with  respect to their 

direction of transcription .The wb cluster has preserved the organization of 

gene ,but  shows the high genetic variation in corresponding coding sequenes,  

considering  the high chemical variability in various O-antigen groups (Hsieh 

et al.,2012). O1 is the most serotype among clinical K.pneumoniae isolates, 

and it is also more common in hyper-mucoviscous (invasive) strains than in 

non- tissue invasive strains  (Hsieh et al.,2012). K. pneumoniae O-antigen 

prevents arrival of complement components to activators  (e.g. porins and 

rough LPS) and therefore contributes to the resistance of bacteria against 

killing mediated by complement (Merino et al.,2000), and there is a highest 



Chapter Two ……………………….…………………...…Literature review 

 

 11 

rate of serum  resistance among O1-serotype than among non-O1- serotype 

isolates  (Hsieh et al.,2012). Interestingly,in K.pneumoniae O-antigen 

deficient strains  ,CPS conserves the microorganism  against complement 

killing (Alvarez  et al.,2000 and March et al.,2013). As clarified in a murine 

model of septicemia produced by intraperitoneal  injection  ,as well as a 

murine model of liver abscess by intragastric injection, the O1-antigen of 

hyper-mucoviscous K. pneumoniae serotype  O1:K1 has a strong function  in 

virulence by transferring resistance to serum killing  and by enhancing 

bacterial dissemination to and inhabiting of internal organs after the onset of 

bacteremia  (Hsieh et al.,2012). In a murine model of pneumonia caused by 

hypermucoviscous K.pneumoniae serotype O1:K2 , both CPS and LPS O-

antigens are necessary  to bacterial passage of blood  and the occurring of 

sepsis ,but only CPS is is involved in the development of K. pneumoniae-

induced pulmonary infections, because CPS (but not LPS O-antigen) 

modulates the deposition of C3 and protects the pathogen against human 

alveolar macrophage-mediated phagocytosis (Cortes et al.,2002). 

Nevertheless ,O-antigen participates to lethality by rising the tendency for 

bacteremia and not significantly  changing  the early course of intrapulmonary 

infection  (Shankar-Sinha et al.,2004). The O-antigen of K.pneumoniae 

serotype O5:K57 participates to in vitro adhesing to uroepithelial cells and 

also coloniozation of urinary tracts of rats infected by the transurethral route  

(Merino et al.,2000). As a factor regulate the natural immune responses of the 

lung, surfactant protein D have an important function in the efficient 

inhibition of the adhesion of K.pneumoniae to epithelial cells of the lung 

through special interaction with the mannose-rich repeating units of the O-

antigen of this pathogen (Sahly et al.,2002). 
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• Core polysaccharide 

      Only two types(type 1 and type 2)  of core polysaccharide have been 

described for K.pneumoniae, which were synthesized by the products of two 

various 13-gene wa gene clusters  (Regue et al.,2005 and Fresno et al.,2007). 

The type 2 wa gene cluster consist of hldD, waaF, waaC, wabK, waaL, 

wabM, waaQ,wabG,wabH, orf10,waaA,waaE and coaD (Fresno et al.,2007). 

The two wa gene clusters vary by only two genes :Type 1 has wabI and wabJ 

, that encode 3-deoxy-d-manno-octulosonic acid (Kdo) transferase and 

heptosyltransferase , that are accountable for the integration of the last two 

outer core residues Kdo and 1,d-HepI, respectively; type 2 exists the two  

corresponding genes wabK and wabM, that are implicated in the transport of 

the last two outer core Glc residues(Regue et al., 2005). Accordingly, the 

main structural difference between these two core types  take places at the 

GlcN substituent in the outer core proximal diassacharide GlcN-(1,4)-GalA: 

the GlcpN residue of the type 2 core is replaced at the O-4 position by the 

disaccharide β-Glcp(1-6)-α-Glcp(1), whereas that of type 1 is substituted at 

the O-6 position by a Kdo residue or by α-Hep (1-4)-α-Kdo(2) (Regue et al., 

2005 and Fresno et al.,2007).The single-gene mutants of K.pneumoniae LPS 

core synthease genes, like waaC, waaF, and  wabG  ,are  extremely 

attenuated as tested in various animal models, and appear drastically 

decreased colonization capabilities in an experimental urinary system 

infections in rats  (Izquierdo et al.,2003 ;Regue et al., 2005;  Fresno et 

al.,2007 and Clements et al.,2008).  Hypermucoviscous K.pneumoniae 

syntheses type  2 core polysaccharide (Wu  et al., 2009), and the  alteration of 

the type 1 core in a type 2 strain exists lower virulence than the wide-type 

strain of core type 2 in a murine model infected via the intraperitoneal route 

(Regue et al.,2005). 
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• Lipid A 

      Nascent core lipid A is  synthesized in the cytoplasm by a group of 

conserved constituent enzymes, transferred by the ABC transporter MsbA and 

finally anchored in the outer membrane.  Occurring through lipid A 

transportation ,covalent alterations of lipid A are catalyzed by different 

modifications enzymes upon the environmental inducers, that are involved in 

alternating the virulence of a number Enterobacteriaceae pathogens (Raetz et 

al.,2007). The modification of K. pneumonia lipid A participates to resistance 

to host natural responses, particularly including resistance to antibacterial 

peptides, and the mutation of alteration of the enzyme genes cause the 

attenuation of K.pneumoniae virulence as tested in various animal models 

(Clements  et al.,2007 and  Llobet et al.,2011). Lipid A and core 

polysaccharide , but not O-antigen are needed for phagocytosis resistance by 

mouse alveolar macrophages (March et al.,2013), that has a significant 

function in the defense of the host  against K. pneumoniae . 

 

 

Figure (2-2): Structure of  lipopolysaccharide of Klebsiella 

(Fox, 2011) 

man=mannose; rha=rhamnose; abe=arabinose; gal=galactose; gln=glucose; p=phosphate 
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2.1.4.3.Fimbriae 

        At least four types of fimbriae, namely type 1 fimbriae, type 3 fimbriae 

(Struve et al.,2009), Kpc fimbriae (Wu et al.,2010) and KPF-28 adhesin, have 

been described experimentally for K.pneumoniae . The previous three, as 

opposed  to KPF-28, are synthesized by hypermucoviscous O1:K1 strain 

NTUH-K2044 with  detected  complete  genome sequences (Wu et al.,2009) 

,and NTUH_K2044 still  harbors six uncharacterized fimbrial gene loci  :kpa, 

kpb, kpd, kpe, kpf and kpe ( Wu et al.,2010). 

• Type 1 fimbriae   

       The chromosomes of K.pneumoniae contain  a conserved fimbriae 

encoding region which is consist of the regulatory gene locus mrkHIJ  ,the 

type 3 fimbriae gene cluster mrkABCDEF, a four gene interspacing region 

and the type 1 fimbriae gene locus fimBEAICDFGHK (Struve et al.,2009).     

Type 1 fimbriae are thin, rigid, adhesive thread like surface  appendages on 

the outer membrane, and the appendages are primarily consist of repeating 

FimA subunits with an adhesion molecule  FimH at the end (Kline et al.,2010) 

. In contrast with E.coli ,the K.pneumoniae  fim gene cluster has an unique 

gene fimK existed behind fimH. FimK act as transcriptional regulator with  a 

putative DNA-binding region at its N-end and it can specially bind to a 

vegetative promoter upstream of fimA in order  to enhance fimA transcription 

(Wang et al.,2013). A 314 bp region  flanked by inverted repeat sequences 

(fim switch), called fimS, is found upstream of fimA, and furthermore, fimS 

mediates the phase –variable expression of K.pneumoniae type 1 fimbriae   

(Struve et al.,2008), that is very identical to the expression of E.coli type 1 

fimbriae . K. pneumonia type 1 extend beyond the capsule and mediate 

bacterial adhesion to mannose-containing structures on host cells or on 

extracellular matrices by the adhesion FimH (Rosen et 

al.,2008).  K.pneumoniae  type 1 fimbriae are essential for the initial 
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establishment of urinary tract infection, but have no impact on the capability 

of K. pneumoniae to inhabit the intestine or infect the lung(Struve et 

al.,2008). 

• Type 3 fimbriae   

       Type 3 fimbriae of  K. pneumoniae  are described as 2-4nm wide and 0.5-

2 μm long appendages. mrkA encodes the fimbrial subunit, that is 

polymerized to compose the helical fimbrial shaft (Murphy et al.,2012).The 

adhesion subunit ,with the capability to connect to collagen molecules, is 

encoded by mrkD and set at the tip of the fimbriae  (Murphy et 

al.,2012). mrkB, mrkC and mrkF encode the chaperone, usher and scaffolding 

proteins , respectively which are responsible for fimbrial synthesis / 

stabilization (Murphy et al.,2012).Type 3 fimbriae mediate  in vitro adhesion 

to epithelial cells , kidney and lung tissues, most  probably in a mannose 

resistant manner (Stahlhut et al.,2012a). Type 3 fimbriae is a major 

participator to K.pneumoniae biofilm formation, but have no role in the 

intestine and pulmonary infections  (Struve et al.,2009). K.pneumoniae 

induced urinary tract infections are frequently associated with the formation 

of K.pneumoniae biofilms on indwelling urinary catheters. Both type 1 and 

type 3 fimbriae , functioning in a compensating pattern ,induce K.pneumoniae 

biofilm formation on urinary catheters (Stahlhut et al.,2012b). In addition to 

type 1 fimbriae, type 3 fimbriae act as another significant colonization factor 

for K.pneumoniae biofilm associated to urinary infections belong to the 

indwelling of urinary catheters (Murphy et al.,2013).  

• Kpc fimbriae  

      The Kpc fimbriae are composed and assembled by the products of the 

kpcABCD operon, which is highly associated with hypermucoviscous 

K.pneumoniae  (Wu  et al.,2010). A site –special recombinase encoding gene 



Chapter Two ……………………….…………………...…Literature review 

 

 16 

kpcI together with a promoter element kpcS  (a 302-bp intergenic DNA region 

sided by 11-bp inverted repeats) are set upstream of kpcA (Wu  et al.,2010). 

KpcA is the major subunit component of Kpc fimbriae , and KpcS integration 

with KpcI mediates the phase-variable regulation of Kpc fimbriation (Wu  et 

al.,2010). The heterologous expression of kpcABCD in a fimbriate E.coli 

makes the recombinant bacterium exist Kpc fimbriae, and moreover confers  

on it higher biofilm forming activity, mentioned that the Kpc fimbriae may 

participate to K.pneumoniae biofilm formation  (Wu  et al.,2010). 

• KPF-28 adhesin  

       As a polymer of a 28-KDa major fimbrin subunit, KPF-28 is a long ,thin 

and flexible fimbriae  which is 4-5 nm in diameter and 0.5-2 nm in length 

,and the structural gene of the KPF-28 major subunit is found on a 

transferable R plasmid encoding the CAZ-5/SHV-4 β-lactamase(Li et 

al.,2014). The multidrug-resistant strains of K.pneumoniae producing 

plasmid-encoded CAZ-5/SHV-4 and KPF-28 consider an epidemic clone of 

K.pneumoniae in the hospitals in Clermont –Ferrand, France (Li et al.,2014). 

No expression of  KPF-28 can be showed in E.coli transconjugants harboring 

the CAZ-5/SHV-4-encoding plasmid alone,and therefore ,besides the R 

plasmid ,extra factor(S) most probably encoded by the chromosomes of 

K.pneumoniae  are required  in order to enhance KPF-28 expression . The 

KPF-28 fimbriae participate to the adhesion of K.pneumoniae to human 

Caco-2 cell lines, pointing that the fimbriae may be an inhabitation factor 

within the intestine of the mammalian ( Li et al.,2014). 
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2.1.4.4.Outer membrane proteins 

• OmpA  

      It is evidenced that CPS is essential but not sufficient to attenuate airway 

epithelial cell-mediated inflammatory responses (Regueiro et al.,2011). OmpA 

is one of the major outer membrane of Gram-negative bacteria  ,and it is 

extremely  preserved among Enterobacteriaceae. K. pneumoniae OmpA, 

independent of CPS, is important for preventing the activation of airway 

epithelial cells via acting on NF- κB-, p38- and p44/42-dependent pathways 

and so  participate to the attenuation of the airway epithelial cell-mediated 

inflammatory response ( March et al.,2011). Absence of OmpA makes  

K.pneumoniae more sensitive to antimicrobial peptides, but has no impact on 

CPS production, that is known to be responsible for resistance to 

antimicrobial peptides (Llobet et al.,2009). It is believed that OmpA is 

included in the activation of  as yet- unknown systems consecrated to  

improvement the cytotoxicity of antimicrobial peptides. OmpA also 

participates to resistance to phagocytosis  by  alveolar macrophages  ( March 

et al.,2011). 

• Outer membrane porins  

        K.pneumoniae produces two major outer membrane porins-OmpK35 

_OmpK36- through which hydrophilic molecules (e.g., nutrients and 

cephalosporins /carbapenems) spread into the bacteria  (Tsai et al.,2011). In 

addition, K. pneumoniae expresses alternative porins, such as KpnO (Garcia-

Sureda  et al.,2011) and OmpK26 (Srinivasan et al.,2012), in order to 

compensate for  the absence of OmpK35/36.  Loss of any of  OmpK36, KpnO 

or Ompk26 leads to increase resistance to cephalosporins/carbapenems and 

decreased virulence in mouse models of acute systemic infections ,whereas 

absence of OmpK35 has no effect on antibiotics resistance and virulence ( 
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Tsai  et al.,2011; Garcia-Sureda et al.,2011; Srinivasan et al.,2012; March et 

al.,2013). Absence of OmpK36 remodels the surface structure of 

K.pneumoniae and thereby modifies the binding of phagocytes, leading to 

incresed sensisitivity  to phagocytosis and  so an attenuation in virulence (Tsai 

et al.,2011 and March et al.,2013).  

• Efflux pumps  

         K.pneumoniae produses the efflux pump AcrAB, that participates to the 

export of not only antibiotics(e.g., quinolones and β-lactams) ,but also host  

derived antimicrobial factors (e.g. the antimicrobial agents in human 

bronchoalveolar lavage fluid and human antimicrobial peptides, and AcrAB 

acts as a resistance determinant of K.pneumoniae to host innate immune 

responses (Padilla  et al., 2010).The inhibition of AcrAB not only leads to a 

multidrug resistance phenotype , but also to a reduced ability to cause 

pneumonia in a murine model  (Padilla  et al., 2010). The production of  other 

K.pneumoniae efflux pump, namely EefABC ,is not associated to any 

antibiotic resistance phenotype, but it  gives acid tolerance in vitro and high 

competition possibility in the host GI tract  (Coudeyras et al.,2008). 

 

2.1.4.5.Iron acquisition 

       Iron is essential for the growth of  bacteria both in vitro and in vivo  . At 

least 12 distinguished iron uptake systems can be characterized in 

K.pneumoniae   NTUH-K2044, and they can be appointed into four major 

classes: Fe
2+

 transporter Feo , ABC transporter ,hemophore-based uptake 

systems and siderophore –based uptake systems. Of these 12 iron uptake 

systems, two ABC transporters  Kfu (Ma et al.,2005) and Sit (Sun et al.,2014) 

and three siderophore- based systems ,Yersinia high-pathogenicity island, Iuc 

and IroA have been clarified to be required for the entire virulence of 

K.pneumoniae (Lawlor et al.,2007 ; Hsieh et al.,2008). The kfu ,high –
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pathogencity island, iuc and iroA regions are highly related with hypervirulent 

K. pneumoniae   , thereby considering horizontally acquired virulence loci 

during the development of hypervirulent variants from opportunistically 

pathogenic K. pneumoniae(Chen et al.,2014). Bacterial pathogens overcome 

with the deficiency of iron in their mammalian hosts  ( in which iron is 

restricted  by different iron-binding proteins) by synthesizing small iron-

scavenging molecules named hemophores or siderophores . 

Enterobacteriaceae pathogens ,inclusive K.pneumoniae  produce  a 

prototypical siderophore named enterobactin  , that has the highest iron 

affinity in contrast to any another known iron chelators . Mammals have 

developed to excrete lipocalin 2   so as to sequester enterobactin,  the leading 

to the blocking of siderophore-based iron acquisition as a part of their innate 

immune defense  (Bachman et al.,2009). As a countermeasure , a subset of K. 

pneumoniae isolates with a tendency to cause clinical respiratory or 

pulmonary infections produes additional siderophores, like yersiniabactin  ( a 

phenolate- type siderophore) and salmochelin( a glycosylated shape of 

enterobactin), so as to rejuvenate the siderophore- based iron acquiring  

pathways ,permitting this pathogen to  avoid the lipocalin 2- based 

mechanism of the host innate immune response (Bachman et al.,2011 and 

Bachman et al.,2012). Notably, hypervirulent K.pneumoniae excrete 

quantitatively further and biologically more efficient siderophore molecules 

than classical K. pneumoniae  , delineating an additional mechanism by which 

hypervirulent K. pneumoniae icreases its pathogenic potential (Russo et 

al.,2011). 

2.1.4.6.Nitrogen source utilization 

• Urease 

       Many pathogens of gut , including  K.pneumoniae , can produce 

cytoplasmic  urease so as to hydrolyze urea to ammonia and CO2 as a  source 
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of nitrogen for growth. The ureDABCEFG operon encodes structural 

subunits(UerA, UreB and UreC) of the metalloenzyme  urease and accessory 

nickel-binding proteins (UreD , UreE, UreF and UreG) which are responsible 

for the integration of nickel ions into the active site of the urease enzyme ( Li 

et al.,2014). The inhibition of  K.pneumoniae urease based metabolism of 

urea will impair the pathogen growth  in the host GI tract, where urea is 

abundant (Maroncle et al.,2006). 

• Allantoin metabolism  

      A 22-kb chromosomal all gene locus responsible for allantoin metabolism 

is highly associated with hypervirulent K.pneumoniae   (Chen  et al.,2014). 

and plays an important role in K. pneumoniae-induced liver infection (Chou et  

al.,2004). Primary liver abscesses caused by hypervirulent K. 

pneumoniae frequently occur in diabetes mellitus patients with an increased 

allantoin concentration. The allantoin utilization phenotype described in 

hypervirulent K. pneumoniae elevates its capability to compete for allantoin 

as a nitrogen source in mammalian hosts (Chou et al.,2004). 

 

2.1.4.7. Other virulence factors: 

      There are many other factors contributing in pathogenicity of Klebsiella 

spp. such as: haemolysin, cytotoxins (Endotoxins) and Bacteriocin          

(Weberhofer, 2008). Little is known about the hemolysins produced by 

Klebsiella spp. that were considered as non-hemolytic for human red blood 

cells and found to be hemolytic in rabbit blood agar (Yu et al., 2006).  

      Other potential virulence factors produced by K. pneumoniae possibly 

include the production of  heat- labile and heat-stable endotoxins (Brisse et 

al., 2006) . 
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       The bacteriocin produced by certain species of bacteria which inhibit or 

kill the bacteria growth of similar or closely related bacterial strain, that by 

inducing metabolic block, restriction of  DNA, inhibition of protein synthesis 

by effecting in 16S rRNA, inhibition of peptidoglygan synthesis in cell wall 

and channel formation that permeability to ions in the cell membrane (Luders 

et al., 2003; Gordon and O'Brien, 2006). 

      Bacteriocin did not specifically consider virulence factors but it increased 

the likelihood of competition among  produced strains (Kayaoglu and 

Qrsavik, 2004). 

     The bacteriocin family includes a diversity of proteins in terms of size, 

microbial targets, mode of action, and immunity mechanism. The most 

extensively studied the colicins produced by E. coli. Klebsiella bacteriocins 

(Klebocin)  have been initial characterized in 1963 by Hamon and Peron 

(Riley et al.,2002).  

        Epidemiological investigations on Klebsiella colonization and disease 

have depended on Klebsiella marker systems, for some part, on bacteriocin 

typing that depend on the susceptibility of Klebsiella to bacteriocins 

expressed by set of producers  (Al-Charrakh et al.,2011). 

       As a type of  bacteriocins, klebocins have a narrow spectrum of action 

and are lethal only for bacteria which are closely related to the producing 

strains (homologous activity) (Al-Charrakh et al., 2011). Otherwise it was 

reported that the antimicrobial spectrum of K.pneumoniae klebocins  was 

broad and was not limited by the frames of the genus and family (Al-

Charrakh et al., 2011).The Klebsiella colicin-like bacteriocins, klebicins, have 

received very little attention and only few studies have been published, all 

describing klebicins with presumed nuclease activity(Chavan et al.,2005 cited 

by Denkovskienė et al.,2019). 
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      Riley and Chavan (2007 ) pointed out that K. pneumoniae developed 

Klebicin,  there are four groups (A, B , C and D).Three plasmid-genes encode 

the production of bacteriocin (Gillor et al.,2008):Gene for the production of 

bacteriocin , Immunity gene (to avoid the effect of Bacteriocin produced from 

it on the cell), Gene for lysis (to release Bacteriocin from producing cell). 

2.1.5. Antimicrobial Susceptibility of Klebsiella pneumoniae 

      Klebsiella pneumoniae  is   a   bacterium   that   is resistant to many 

antibiotics, it is reported that K.pneumoniae  has a  natural resistance  to 

ampicillin (Murray,2018).   Mostly cephalosporin   and   aminoglycoside 

antibiotics  were   chosen for   the  infections therapy caused by it, but isolates 

of K. pneumoniae  have developed  the resistance to cephalosporin by the 

production   of   extended-spectrum  beta-lactamase(ESBL) enzymes  and 

limited  their use. Therefore, carbapenems   are   now   preferred  (Paterson, 

2006),   with   the introduction  of   carbapenems, resistance   has been 

reported too. Determining the appropriate  treatment protocol  for  K. 

pneumoniae isolates   and   analysing   the   resistance   status   to prevent the 

development of resistance has become essential. High   mortality rates have   

been seen in the infections   caused   by  K.   pneumoniae  strains resistant   to  

carbapenems,   especially   septicemia. Most of these infections occur  

asymptomatic   and the   risk   of  co morbidity  increases   by   previous 

surgeries,   invasive  devices   and  apparatuses   and colonies commonly 

found in the body (Bassetti et al.,2018). Although   it   is   a   rare   phenotype   

in   many geographical regions, carbapenem resistance of  K. pneumoniae  

was   first   reported   in  1983.   Then carbapenemase-producing  K. 

pneumoniae (primarily in Greece) emerged and shown that they were  

producing   Metallo-beta-lactamase  (Giakkoupi et al.,2003 cited by Ozgen 

and Eyupoglu, 2020  ).  K. pneumoniae  carbapenemase  (KpC), a new family 

of  enzymes, were   first   identified   in   the  USA   and caused   epidemics,   
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mainly   in   New   York. Carbapenemase-producing  Enterobacteriaceae 

members are  susceptible only  to polymyxins and tigecycline,   so  they   pose  

a serious   threat   in hospitals   and   should   be   carefully   monitored   for 

carbapenem resistance (Pereira et al.,2011).  

       K.pneumoniae is a possibility community- acquired pathogen. The recent  

hypothesis is depend on this fact that these bacteria acquire multidrug 

resistance (MDR) by horizontal transfer from antimicrobial resistance genes.  

Various genes are involved in MDR pattern to commonly antimicrobial 

agents. Though ,raise prevalence of resistance to drug has been reported in 

MDR strains of K.pneumoniae ,there is limited information about the genomic 

characteristics that  can be responsible for the high level of resistane.   

        In general, K. pneumoniae is a hospital – associated pathogen which is 

subjected to persistent  selective pressure belong to continuous exposure to 

multiple antiobiotics. K.pneumoniae inactivates a spectrum of beta-lactams by 

the carbapenemases action and and an extended spectrum of beta- lactamases 

(ESBL). As a result, Klebsiella pneumoniae can become beta- lactams 

resistance and thrive in healthcare settings .e.g., a New Delhi metallo-b-

lactamase 1(NDM-1) expressing K.pneumoniae  strain creating from India has 

now spread across the worldwide (Feng et al., 2018; Fu et al., 2018). 

      Colistin, the antimicrobial peptide of last resort that has been used against 

carbapenems –resistant Enterobacteriaceae , targets bacterial lipid A. 

K.pneumoniae has developed colistin resistance by mutations in lipid A 

modification regulatory genes such as mgrB. Though both cKp and 

hypermucoviscosity K.pneumoniae (hvKp) are worldwide pathogens ,the 

previous is  predominantly present in Western countries, whereas the final is 

observed in the Asia-Pacific Rim (Rossi et al., 2018; Russo and Marr, 2019). 

 However, the development of hvKp strains with multiple drug 

resistance(MDR) and  extreme drug resistance (XDR) is belong to either 
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hypermucoviscosity K.pneumoniae acquiring drug resistant plasmids from 

cKp or cKp acquiring a hypermucoviscosity K. pneumoniae virulence 

plasmid.Both demonstrate an important challenge with  respect to the 

infection treatment. K.pneumoniae has developed various mechanisms to 

resist antibiotics .In contrast to Escherichia coli , K. pneumoniae has acquired 

double the number (Further than 400) of the antimicrobial resistant (AMR) 

genes (Wyres and Holt,2018).   

       Interestingly, ESBL-producing K.pneumoniae displays carbapenem 

resistance as yield of modifications in permeability due to absence of porins 

and over-expression of efflux pumps. K. pneumonia has also acquired AMR 

by horizontal gene transfer enabled via plasmids and movable genetic 

environment.   

        The emergence of  ESBL genes by plasmids in K.pneumoniae  consider  

as one example . The transportation of genes that encoding carbapenemases 

from plasmids of K.pneumoniae onto a chromosome  makes  infections 

almost impossible to control. Due to chromosomal mutations, K. pneumoniae 

has also resistant to the antimicrobial peptide colistin, leaving so few 

therapeutic  choices for the treatment of infected patients with K. pneumoniae  

. Therefore, it has become excess challenging to treat infections with 

K.pneumoniae  , as considered by the increase in the number of intense 

infections and the lack of an effective antimicrobials.  As Klebsiella reservoirs 

for antibiotic resistance genes (Bengoechea and Sa Pessoa, 2019).They can 

act  as key traffickers of AMR genes to another clinically and 

environmentally important gram-negative bacteria . One such example is 

disseminate of gene for carbapenenm resistance from K.pneumoniae strains 

generated in the United States to another gram negative bacterial species like 

Salmonella, Enterobacter spp., Escherichia coli and Proteus mirabilis .  

These examples of interspecies spread  have been observed for  fully some 

time (Liu et al., 2018). 
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2.2.Typing of K.pneumoniae 

      Klebsiella spp. is genetically heterogeneous and interspecies strains and 

subspecies can be discriminated by a variety of methods including: 

biochemical checks, study of antigenic specificities, bacteriophage 

susceptibility typing, bacteriocin susceptibility and molecular typing methods 

(Anbazhagan et al., 2010). 

2.2.1. Phenotyping 

      Phenotypic methods such as biotyping, serotyping, Bacteriocin typing 

and phage typing are costly and time-consuming, have limited 

epidemiological value and are not capable of proper differentiation (Brisse et 

al., 2006). 

       Methods of phenotyping are not permanently identify the microorganism 

to the species level , and much less to the strain level . Thus, if  a breakout , in 

which only one clone is responsible ,is to be detected  , further time and the 

using of genotypic (molecular) or more special immunological techniques are 

needed .In spite of their limitation,phenotypic methods provide a first 

identification which permits taking decisions and is more available at clinical 

laboratories or hospitals due to  their minimal costs and ample training of the 

.,2015) .                              et al Escarpulli-Castro(areapersonnel in this health  

       For the identification of the causative agent of an infectious process,the 

next must be considered  :1- collection of samples , 2- detection of colonial 

and microscopic morphotypes, and 3- identification depend on the 

metabolism of  bacteria through conventional or automated assays (Bou et 

al.,2011).The phenotyping study considers the classical point of  

identification view ,and almost identification strategies are depend on it 

(Forbes et al.,2010). In most conditions, phenotyping identification is depend 

not only on one technique but rather on the incorporation of more than one . 

https://www.sciencedirect.com/topics/medicine-and-dentistry/bacteriocin
https://www.sciencedirect.com/topics/medicine-and-dentistry/bacteriophage-typing
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The sample should come from the location where the microorganism is 

causing the damage or must be  representative of the location or  product  that 

it is multiplying . Some methods demands a pure isolation of the 

microorganism from the sample ,while others do not require it .The 

phenotypic identification of  bacteria is depend mainly on the comparison of 

phenotypic features of unknown bacteria to those of type culture  (Castro-

                                                                                 2015) ..,et al escarpulli 

2.2. 2.Serotyping   

        Klebsiella isolates have been classified into serotypes and tracked using 

typing antisera. Serotyping is based on the recognition of distinct variations of 

surface-exposed polysaccharides, namely O-antigens and K-antigens, by 

specific antibodies, resulting in different O and K serotypes. (Follador et 

al.,2016). 

      The strains of K.pneumoniae can be distinguished by  K-antigen types 

which are the capsular polysaccharide (CPS) (77 serotypes) and 

lipopolysaccharide (LPS) O- antigen types (9 serotype ) (Fang et al.,2016). 

The K and O type of  K.pneumoniae both have important  epidemiological 

and clinical significance (Fang et al.,2007 ; Hsieh et al.,2012). K1 clonal 

complex 23 is a recently appeared hypervirulent clade, that causes pyogenic 

liver abscesses with septic ocular or central nervous system complications 

(Struve et al.,2005; Brisse et al.,2009). Likewise, O1 is related with 

hypervirulent strains that cause pyogenic liver abscess (Hsieh et al.,2012). 

The O:K typing also aids establish the clonality of K.pneumoniae  in 

nosocomial outbreak investigations (Hansen et al.,2002). Methods of K-

genotyping are now available for  speedly and correctly detection of the K 

types in  K.pneumoniae (Brisse et al.,2013, Pan et al.,2015). Otherwise, there 

is still an absence of genotyping methods for characterizing the O types of 

K.pneumoniae strains. 
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       A rapid and exact O-genotyping technique for K.pneumoniae  is 

desirable, because O-serotyping techniques have various notable restrictions . 

Conventional O serotyping like tube agglutination is interfered with by the 

masking effect of heat-stable CPS, that  requires the use of capsule-free 

mutants (Fang et al.,2016). The introduction of suppression enzyme-linked 

immunosorbent assay (iELISA)   has  obviated the requirement for mutants 

(Fang et al.,2016). Also, the procedure is still ponderous and the reagents are 

not commercially obtainable . Moreover, serological cross-reactivity presents 

between biochemically distinct O types belong to identity in their O-antigen 

structures (Vinogradov et al.,2002). For example, serological interaction 

occur between O1,O2(2a), and O2(2a,2c) because the O-antigen 

polysaccharide in O1 (D-galsctan I and D-galactan II), O2(2a) (D-galactanI 

alone) , and O2 (2a,2c)( D-galactan I and 2c polysaccharide)  have a common 

element : D-galactan I  (Fang et al.,2016). The technical difficulties in O 

serotyping have hindered the clinical and epidemiological applications of K. 

pneumoniae O typing. 

2.2.3.Molecular typing: 

         Molecular testing allows for highly specific and sensitive identification 

of large number of pathogens from clinical specimens and isolates. The 

capability of molecular methods to identify pathogens immediately from 

clinical specimens makes the rapid identification without resort to culture 

potential (Barbut et al.,2011) .  

      Molcular typing techniques aimed to distinguish strains depend on the 

variations in genomic DNA sequence and organization (Van Belkum et al., 

2001). Through the last years many molecular typing techniques have been  

used to detect outbreaks due to Klebsiella strains and to contrast strains from 

various time periods and geographic origins (Bortz et al.,2008).  
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      K-serotyping currently is the most widely used technique for typing 

Klebsiellae spp. Klebsiella usually have well-developed polysaccharide 

capsules, which give their colonies their characteristic mucoid appearance 

(Al-Shukr, 2005). 

      The O-serotypes (O1and O2) are the most commonly in virulence strains, 

while in K-serotype from K1 to K6 are the most dangerous type clinically, 

specifically high virulence on serotypes K1 and K2 because they contain 

patterns of virulence genes (Yeh et al., 2009). 

       There are relationship between serotype K and O when found O1 that 

linked with K1 and K2, while K3 relation with OR2R. The serotype K1 is the 

highest virulence of serotype K2 in lesions of  the nervous system (Fang et al., 

2009), while urinary tract infection, it is responsible from serotypes K8, K9, 

K10 and K24 (Don et al., 2005), a study suggests that serotype K57 has high 

virulence causing invasive infection and there is other serotypes cause low 

antigenic response that do not cause infection without very high doses, such 

as serotype K21 and K7 (Pan et al., 2008). 

      There are several genes location in cps gene clusters part of them 

responsible for K1 and K2 capsule biosynthesis such as K1 genes magA 

(mucoviscosity-associated gene A), wzc (encoding tyrosine-protein kinase for 

K1) and for K2, k2A (K2 capsule-associated gene A), orf10 (open reading 

frame) encoding putative inner membrane protein for K2 (Zacharczuk et al., 

2011). 

       Molecular genotyping is a beneficial approch for identifying  possible 

sources of infections by detecting bacterial genetic profiles (Zhang et 

al.,2018). Furthermore, characterization of bacteria with genotypic techniques 

lead to better identifying some properties of bacteria, including increased 

transmissibility  and virulence (Yıldırım et al.,2012). 
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       Genetic methods  to confirm relatedness of strains at a molecular level 

have transformed the capability to  investigate nosocomial infection 

outbreaks. Typing methods that supply discrimination within a genetic 

relatioship and epidemiologically  unrelated isolates are critical tools to report  

a transmission event  (Goering ,2010; Purighalla et al.,2017).The DNA-

depend typing method ,pulsed field gel electrophoresis(PFGE) is considered  

as a gold standard for genetic typing of isolates. Furthermore, this method is 

very laborious, technically requiring and is prone to subjectivity dependable  

for  data comparison across laboratories (Goering, 2010). To avoid these 

restrictions ,a number of molecular methods that are rapid and cheap have 

been developed for typing of bacterial strain (MacCannell,2013). A different 

of  methods have been used for typing of K.pneumoniae ,including pulsed-

field gel electrophoresis (PFGE), randomly amplified polymorphic DNA 

(RAPD) , (GTG)5 Oligonucleotide PCR , and enterobacterial repetitive 

intergenic consensus-polymerase chain reaction (ERIC-PCR)  (Haryani et 

al.,2007; Ryberg et al.,2011; Barus et al.,2013; Sachse et al.,2014).  

       Rep-PCR technique can be noted as an alternative technique to directly 

produce fingerprints without the use of endonuclease enzymes. In this 

method, oligonucleotide primers are designed based on sequences of 

repetitive short repeat nucleotides which are distributed in prokaryotes. This 

technique is rapid and reproducible and has a high discriminatory power. In 

this technique, three types of primer sequence are used, which are 

complementary with three types of repetitive elements including ERIC, BOX, 

and REP. ERICs are repetitive intergenic sequences of Enterobacteriaceae 

family with 126 base pairs length (Hiett and Seal ,2009 ;Mehr et al.,2017).  

      To date, the repetitive element polymerase chain reaction (rep-PCR) has 

consider as one of the highly powerful molecular tools usable for the 

identification of  bacteria and differentiation of bacterial strains of the same 
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species  (Gomez-Gil et al., 2004). Though there are various methods of rep-

PCR, (GTG)5 has demonstrate to show the highest discriminatory power 

(Mohapatra et al.,2007) and efficient in screening a great amount of bacterial 

strains (Gevers et al., 2001 cited by Kathleen et al.,2014). 

      (GTG)5-PCR fingerprint method is a novel genotyping technique and 

carry out with a single poly-trinucleotide (GTG) primer purposing a 

conserved and repetitivie poly GTG sequences exist in bacterial genomes. 

The  effectiveness of assay has been considered acceptable in contrast with 

another molecular typing analysis (Ryberg et al.,2012). 

       In some recent studies ,The analysis of (GTG)5-PCR fingerprint has been 

used for genetic typing of Salmonella enterica (Rasschaert et al.,2005), 

Enterococcus faecium (Svec et al., 2005; Jurkovic et al.,2007), 

Campylobacter concisus (Matsheka et al.,2006), Streptococcus mutans (Svec 

et al.,2008), Acinetobacter baumanii (Huys et al., 2005) , Escherchia coli 

(Mohapatra et al.,2007), and to identify the lactic acid bacteria that isolated 

from human blood cultures (Svec et al., 2007). 

       Actually,(GTG)5 PCR is a type of repetitive extragenic palindromic(rep)-

PCR that  magnifies the (GTC)5 repetitive element that lays throughout  the 

genome of bacteria. Apart from high distinguishing power and  throughput of 

strains, this  simple PCR-based method as well comes with usefulness which 

is a low cost and  accurate tool for typing a broad range of Gram-negative 

bacteria and a strict range of Gram-positive bacteria (Kathleen et al., 2014). 
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3. Materials and Method 

3.1 Materials 

3.1.1 Equipment and instruments 

      The equipment and instruments used in the procedures of this study along 

with their country of origin are listed in the table (3-1). 

Table (3-1):The equipment and instruments used in the procedures ofthis 

study with their company names and country of origin. 

  

No. 
Equipment and Instruments Company Country 

1 Autoclave Prestige medical England 

2 Burner  Amal Turkey 

3 Centrifuge PLC Series Taiwan 

4 
Digital camera Sony Japan 

5 Distiller  Lab Tech India 

 6 Electric incubator Memmert Germany  

7 Electrophoresis BIONEER USA 

8 Freezer -20 °C Mettler Switzerland 

9 Gel documentation system Wisd Korea 

10 Hot Plate Newal China 

11 Laminar air flow cabinet Lab- Tech Korea 

12 Light Microscope Olympus Japan  

13 Micropippetes (in different size)  Eppendorf Germany  
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14 Millipore Nalgene filters Sigma USA 

 15 PCR system Primrs  

16 Refrigerator Arcelik Turky 

17 
Sensitive balance Sartorius Germany 

18 
Slides and cover slides  Schott Germany                    

19 Standard wire loop   Hi media India 

20 
Sterile cotton swabs Almalak China  

21 

Sterile cotton swabs with Amies 

medium 

Almalak China  

22 
Sterile syringe Ultra health China 

23  Test tube   Superestar  India 

24 
Thermometer  Thermo China 

25 Urine Cup Almalak China 

26 UV. visible spectrophotometer SPEKOL 1300 Germany 

27 VITEK2System Biomerieux France 

28 Vortex Kottermann Germany 

29 Water bath Minilyotrap England 
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3.1.2 Chemical and biological materials: 

     The chemical and biological agents that are used in the study showed in 

table(3-2): 

Table ( 3-2) :Chemicals and biological  materials  used in present study 

Media Company Origin 

Absolute ethanol (96-100%) Bioneer Korea 

Agar- Agar Hi-media India 

Agarose  Promega USA 

α- naphthol(C10H8O) Bioneer Korea 

Barium chloride  BDH England 

Crystal violet Ministry of Health Iraq 

Ethanol Bioneer Korea 

Ethylene Diamine Tetra Acetic 

Acid (EDTA)  

Intron Korea 

Glycerol(C3H8O3) Scharlau Espine 

H2SO4 BDH England 

Iodine Ministry of Health Iraq 

Loading dye Promega U.S.A 

Methyl red Biolife Italy 

Normal saline B BRAUN Germany 

Phosphate buffered saline 

(PBS)  

Sigma Germany 

Potassium Hydroxide (KOH)  Hi-Media India 

Saffaranin Ministry of Health Iraq 

Sodium chloride (NaCl) BDH England 

TBE (Tris – Borate – EDTA) 

Buffer  

Bio Basic INC Canada 

Urea solution Mast Diagnostic England 

 

3.1.3.Culture media 

The following table showed the culture media that used in this study 

Table (3-3) :Culture media used in this study 

Media Company Origin Purpose 

Blood agar Hi-Media India 
Activatition and protection of 

bacteria 

Brain heart infusion 

 broth  
Oxoid England 

Used as a carrier medium for 

the purpose of growth and 

activation of isolates in 
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experiments 

Brain heart infusion 

agar 
Oxoid England 

Used as a carrier medium for 

the purpose of growth and 

activation of isolates in 

experiments 

MacConkey Agar Hi-Media India 

Utilizedas  a selectivemedium 

to differentiate 

lactosefermented gram 

negative bacteria. 

Methyl red   vogas– 

Proskaouragar 
Hi-Media India 

Used to detect the complete or 

partial decomposition of 

sugars and the production of 

acetylmethylcarbinol 

Muller Hinton agar Hi-Media India 
Antimicrobial Susceptibility 

Test 

Nutrient Agar (N.A) Hi-Media India 
Growth ,activation and 

maintenance of bacteria 

Nutrient Broth  

(N.B)  
Hi-Media India 

Activation and maintenance of 

bacteria 

Peptone water Hi-Media India 
Used to detect tryptophanase 

production 

Simon citrate agar Hi-media India 

Used to detect utilizing of 

citrate by bacteria as a single 

source of carbon 

Triple Sugar Iron 

Agar 
Hi-Media India 

Used  for identification 

Enterobacteriaceae, based on 

sugar fermentation and 

hydrogen sulphide production 

Urea agar 

 
Hi-Media India 

Used to investigate bacterial 

capacity to produce urease  

enzyme 

 

3.1.4. Reagents and dyes used in the study 

Table (3-4) clarified the reagent and dyes that are used in this study. 

Table (3-4)Reagents and dyes used in this study 

Reagents and dyes Purpose 

Ethidium Bromide Used with agarose for stain DNA 

Gram stain used to study the phenotypic properties of the 

https://www.sciencedirect.com/topics/medicine-and-dentistry/acetoin
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isolated bacteria. 

Kovac's reagent Used to detect bacterial ability to consume 

Tryptophan by producing the enzyme 

tryptophanase 

Loading dye Gives the colour indication for migration of 

DNA.Also, to make the sample more dense so the 

sample will fall into the wells 

Methyl red reagent This reagent was used to detect the ability of 

bacteria to produce acid as a final product of the 

complete decomposition of sugars 

Safe Red dye Used with agarose for stain DNA 

Voges-Proskauer 

reagent 

Use this detector to investigate the ability of the 

bacteria to partially decompose sugars. 

 

3.1.5.Antibiotics disks 

      The antibiotics disks used in this study provided by (Mast,UK) and  

clarified in table (3-5). 

Table (3-5) Antibiotics and their remarks 

Class of 

Antibiotic 

Categorization 

of Antibiotic 

Antibiotic 

Name  

Symbol Concentration

(mg/disc) 

Aminoglycosides  Amikacin AK 30 

Gentamicine Gm 10 

Beta-lactamase 

Inhibitor 

 Amoxicillin-

clavulanate 

AUG-

AMC 

30 

 

Carbapenems  Meropenem MEM 10 

Imipenem IMP 10 

Cephalosporins III generation Cefotaxime CTX 30 

Ceftazidime CAZ 85 

IV generation Cefepime Cpm 30 

Chloromycetin Nitrobenzene 

Derivative 

Chloramphen

icol 

C10 30 

Monobactams  Aztreonam ATM 30 

Penicillins 

 

 

 Ampicillin AM 10 

Piperacillin PRL 100 

Aminopenicilin 

Semisynthetic 

Amoxicillin-

Sulbactum 

ATM 10 

Quinolones Fluroquinolones Levofloxacin LEV 5 

Ciprofloxacin CIP 5 

Moxifloxacin Mfx 5 

Tetracyclines  Tetracycline T 30 
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3.1.6.Commercial Kits 

The commercial kits used in the present study are shown in Table (3-6) and its 

appendices, as follow: 

Table(3-6)Commercial kits used in the present study 

No. DNA marker Company Origin 

1 DNA Extraction  Kit Geneaid U.S.A 

2 DNA Ladder 100pb Intron Korea 

5 PCR Super Mix BIONEER U.S.A 

4 Primers for finger printing 

ERIC and  GTG 

Scientific 

Researcher 

co.Ltd 

Iraq 

3 Primers of Virulence factors 

genes 

Scientific 

Researcher 

co.Ltd 

Iraq 

 

*DNA Extraction Kit(PrestoTM Mini gDNA Bacteria Kit) 

Component 

Gram+ Buffer 

GT Buffer 

GB Buffer 

W1 Buffer 

Wash Buffer 1  

(Add Ethanol) 

Lysozyme2 

Proteinase K3 (Add ddH2O) 

Elution Buffer 1  

GD Columns 

2 ml Collection Tubes 

 

*Taq PCR SuperMix:The master mix (lypholyzed) contained optimum 

concentrations of reaction requirements . 

Materials for             

20 μl reaction 

Taq DNA polymerase enzyme (1u) 

dNTPs( dATP,  dCTP, dGTP, dTTP)(250mM) 

MgCL2(1.5mM) 



Chapter Three ……………………….……………...…Materials &Methods 

 

 37 

Kcl (30mM) 

Tris-HCL (pH 9.0)    (10mM) 

Stabilizer and Tracking dye 

 

           -M=ladder     

Materials 

Ladder consist of 11 double stranded DNA  with size 100-1000bp & 

100-1500bp 

Loading dye has a composition (15 % Ficoll,0.03% bromophenol 

blue,0.03% xylene cyanol,0>4% orange G,10 mM Tris-HCL(pH 

7.5) and 50mM EDTA) 

 

3.2.Methods  

3.2.1 The culture media used to isolate and diagnose K. pneumoniae  

3.2.1.1.MaCconkey agar  

      The medium was prepared according to the instructions of the 

manufacture, (Macfaddin , 2000). 

3.2.1.2.Blood agar 

      Blood agar prepared according to the  instructions  of the manufacture 

(Macfaddin , 2000). 

3.2.1.3. Nutrient broth 

     The medium was prepared according to the instructions of the 

manufacturer  (Macfaddin , 2000). 

3.2.1.4.Urea Agar  

          

Urea agar baseprepared on the basis of the instructions of the manufacturer   

(Macfaddin , 2000). 
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3.2.1.5  Muller-Hinton agar 

      This medium  made on the basis of the (Oxoid) company and used to 

measure the antibiotic capability of bacteria( Forbes et al., 2007). It was 

prepared  on the basis of the instructions of the manufacturer  (Macfaddin , 

2000). 

3.2.1.6. Brain-Heart infusion broth 

      The medium was prepared according to the instructions of the company 

(Macfaddin , 2000). 

3.2.1.7. Methyl Red-Vogas Proskauer  Medium 

      The medium  prepared according to the instructions of the company 

(Macfaddin , 2000). 

3.2.1.8.Peptone Water medium 

     This medium prepared  according to the instructions of the company 

(Macfaddin , 2000). 

3.2.1.9.Triple sugar iron agar   

      This medium prepared according to the instructions of the company 

(Macfaddin , 2000). 

3.2.2 Reagents and and solutions used in biochemical tests:  

3.2.2. 1.Preparation of reagent 

A- Methyl Red Reagent 

      It was prepared according to the instructions of the company (Brown and 

Smith, 2017). 
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B- Voges-Proskaur Reagent  

     This reagents was used as indicator for Voges – Proskaur test in the set of 

sugar. It was prepared as :  

Reagent A : 6g α-naphthol dissolved in 100 ml of 95% ethanol.  

Reagent B: 16g KOH dissolved in100 ml distilled water ( Brown and Smith, 

2017). 

C – Kovac’s Reagent 

      It was prepared according to the instructions of the company ( Brown and 

Smith, 2017). 

D- Gram stain       

It  has been done according to (Goldman & Green, 2009). 

3.2.2.2.Preparation of Solutions 

A. Normal Saline 

     It  prepared on the basis of the instructions of the manufacturer  

(Macfaddin , 2000). 

B. McFarland standard solutions : 

These solutions were prepared according to CLSI (2006): 

Solution A: It was prepared by dissolved 1.75 mg of BaCl2 in 90 D.W. and 

volume was completed to 100 ml . 

Solution B: It was prepared by added 1 ml of ( H2SO4) to 90 ml of D.W. , and 

volume was completed to 100 ml  .The solution used to compare the bacterial 

density that used in antibacterial susceptibility test.The density of tube No.0.5 

is equivalent to a bacterial density of 1.5 x 108 CFU / mL. This is equivalent 

to an optical absorption of (0.08 -0.13) at the wavelength of 625 nm (Baron et 

al.,1994). 
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***Steps of study 

 

3.2.3. Samples collection 

      A total of 190 food and 80 clinical samples  collected from August  to 

November of  2020 from different sources in Al-Diwaniyah city .  

     Clinical  specimens included burns , wounds, urine , sputum were 

collected using sterile cotton swabs, while the urine and sputum samples  

collecting by sterile plastic bottle.collected from Al-Diwaniyha Teaching 

hospital. 

      Food sample: collected from super market ,house eat ,different restaurants 

as well as from farm in different region in Al-Diwaniyah city . The samples 

Step 1

sample collection

various food samples from diffrent city regions

various clinical samples (urine, sputum, burn, wound) from Adiwaniyah 

Teaching hospital 

Step 2

bacterial isolation

Isolation and Identification of K.pneumoniae isolates by traditional biochemical 

tests and Vitek system ,then performed the identification by molecular method 

using  16SrRNA gene

Step 3

bacterial susceptibility

Assay the antimicrobial susceptibility of the isolates by disk diffusion method

Step 4

bacterial virulance genes

Detection of virulence genes and Capsular Serotyping genes of  K.pneumoniae

isolates by PCR.

Step 5

Comparison the prevalence of the virulence factors and serotype genes in 

clinical and food isolates of K.pneumoniae.

Step 6

Typing of  K. pneumoniae isolates by(GTG)5-PCR
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including  meat(fresh, freezing, minced and cooked),  aquatic products (fish), 

Fruits(Orange, Graps)  vegetables (Tomato,cucumber and lettuce),grains and 

appetizers. The samples were placed in separate sterile plastic bags and then 

immediately transported to the cool box with a lot of ice. 

      All samples  transferred to  laboratory and culture onto MacConky agar 

medium incubated at  37° C for 24 hr. Isolates  purified several times until 

pure isolates were obtained, exposed to microscopic and special biochemical 

tests then transferred  to identification via VITEK 2 . 

3.3. Identification of bacteria 

      A single colony was taken from positive culture and it was identified 

according to the methods of (MacFaddin, 2000 ; Brown and Smith, 2017 ; 

Tille, 2017). 

3.3.1. Morphological tests 

      It was tested colonial characteristics such as shape of the colonies, size , 

color , borders and texture of colonies . 

3.3.2. Microscopic characteristics 

       Bacteria were examined by the microscope after being with gram
,
s 

stain.Small amount from colony of bacterium was spread with drop of normal 

saline on clean slide, fixed by heat and smeared with crystal violet, treated 

with Iodine, decolorized with alcohol and counter stained with safrranine then 

examined under oil immersion 100X. 

3.3.3. Biochemical tests  

A- IMVC test : 

1- Indole test  

        Tryptophan broth medium was inoculated with bacteria and incubated at 

37°C for 24hours. Afew drops of Kovac’s reagent were added to the tube 

formation of pink- wine color ring indicate positive result. 
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2- Methyl Red Test  

      MR-VP prepared according to manufacturer instructions in plane tube and 

inoculated with bacterial culture, Incubated at 37°C for 24 h, five drops of 

methyl red reagent were added. Formation a bright red color indicated 

positive result, the result was read immediately after mixing .  

3- Voges-Proskauer Test  

      MR-VP broth medium inoculated with bacterial culture and incubated for 

24h at 37°C. Few drops of alpha-naphthol solution and KOH solution added 

and mixed. No change in the color of medium (to pink) after 15 minutes 

indicated a negative result.  

4- Simmon citrate test  

      Simmon citrate slant inoculated with bacterial culture, at 37°C for 24 

hours. A blue color indicated positive results. 

B- Urease production test  

       Urea agar slant was streaked with bacterial culture, and incubated at 37°C 

for 24h. Urease test is positive if the indicator was changing the color of 

medium to purple-pink . 

C- Triple-Sugar-iron test 

     This test was used to determine of an bacteria to ferment the 

glucose,lactose and sucrose, and to detect the ability of bacteria to produce the 

H2S and gas. It was carried out by inoculating  the slant oftriple-sugar-iron 

agar slant with bacterial growth and incubated at 37 ˚C for 24 hours the color 

changes as following : 

Slant Button Result 

Red Red Alkaline /Alkaline 

Red Yellow Alkaline /Acid 

Yellow Yellow Acid /Acid 
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      When the black color precipitation was appeared in tube ,this was 

indicated to H2S production and appearance of bubble inside tube was 

indicated to gas production. 

3.3.4.Identification of bacterial isolates using confirmatory tests 

A- Identification via VITEK 2 compact system :- 

      VITEK-

2 Compact device that involves individual computers and several  internal co

mponents of the reader/incubator have been used for identification of bacterial 

isolates (Klebsiella pneumoniae),using (GN-ID card to gram negative bacteria 

identification).This system was used according to manufacture instructions 

(Biomerieux ,France).The system consist of: 

-Cards cassette  

*Cards reader symbol sealer 

*Card Filler Mechanism  

* Transmittance optics  

*Waste treatment  

*Circular and incubator cassette 

* Cassette Loading handling Mechanism  

* Electronic and firmware controls 

For each routine identification test, this method provides a widespread identifi

cation database (more than 330 microorganism assert for Gram-negative, 

Grampositive, yeast that provides amended competency diagnosis of microbe

s that minimizes the absence of additional tests, this increased safety test and 

employee.Based on standard tests, a long period of time is required, which  m

eans 6-8 hours. 
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Procedures:- 

      The  procedure steps  carried out based on  manufacturer's instruction. 

(Biomerieux ,France). 

1.Placed  3  ml of normal saline in test tube and inoculated by bacterial 

isolates. 

2.Tube of test integrated with Dense examine machines for colony 

standardization  to McFarland standard solutions.(1.5"108 cell/ ml).  

3.Standard vaccinesput inside  cassette and  number  of sample identification 

recorded  in  computer software bycode . 

 4. VITEK 2 cards  reading  from code  put in  card through  manufacturing so  

cards linked with  IDsample.  

5. Cassette put inside  filler unit when cards  filled , cassette moved out  to  

reader/ incubator .  

6.All the following steps are done by a system that tests the temperature of the

  incubation ,visual card read and then continuously tracks the data of the tranf

-er machine test for analysis. The insidewaste container card was 

automatically removed during the test cycle (Wallet  et al ., 2005). 

3.4. Maintenance of bacterial isolates  

The maintenance of bacterial isolates was performed as following :  

 Short term storage  

      Isolates were stored at 4°C in refrigerator in nutrient slant which tightly 

covered with Parafilm( Angshumanjana et al., 2016).  

 Long term storage  

tel:1.5
tel:108
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      The isolates were grown in brain- heart infusion broth for 18hr/37°C 

sterilized glycerol  (15%) was added and kept at -20°C for many months, 

(Green, 2015). 

3.5.Antimicrobial Susceptibility Test 

       Disk diffusion methodwas performed by using Kirby Bauer method ( 

Coldet al ., 1996 ) to test the antimicrobial susceptibility .Some colonies (4-5 

) of bacteria transferred to 5 ml of nutrient broth ,and after incubation for 18-

24 hr at 37 ˚C. The growth was compared with McFarland standard 0.5 ml 

solution and then 0.1 ml of bacteria suspension was transferring and spreaded 

on Muller Hinton agar plate , the antibiotic discs were picked up and placed 

the antibioticdisk by a sterile forceps on surface of the mediumand incubation 

to 18-24  hours at 37˚C,the result reported depended on  measuring the 

diameter of inhibition zone around the disk of antibiotic and  compare the 

results with standard values in CLSI ( 2017). 

3.6. Genotyping assays 

3.6.1. DNA extractionfrom the Klebsiella isolates 

   Genomic DNA was extracted according to the manufacturer’s instructions 

of PrestoTM Mini gDNA Bacteria Kitas  (Geneaid- Taiwan)follows: 

1. Before used                                                                                                                            

 1. Added absolute ethanolto Wash Buffer then mixed by shaking for a few 

seconds. We assured and closed the bottle tightly after each use to avoid 

ethanol evaporation.                                                                                     

 2. Added ddH2O  to ProteinaseK then vortex to ensure ProteinaseK is 

completely dissolved. Once it is dissolved completely, centrifuged for a few 

seconds to spin down the mixture. For extended periods, the ddH2 O and 

Proteinase K mixture should be stored at 4˚C. Use only fresh ddH2O as 

ambient CO2 can quickly cause acidification.                                               
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Gram Negative Bacteria 

      Transferred bacterial cells (up to 1 x 109 ) to a 1.5 ml microcentrifuge 

tube. Centrifuged for 1 minute at 14-16,000 xg then discarded the supernatant. 

Added 180 µl of GT Buffer then re-suspended the cell pellet by vortex or 

pipette. Added 20 µl of Proteinase K . Incubated at 60˚C for at least 10 

minutes. During incubation, inverted the tube every 3 minutes. Proceeded 

with step 2 Lysis.  

Biological Fluids    

       Transferred 1 ml of biological fluid to a 1.5 ml microcentrifuge tube. 

Centrifuged for 5 minutes at 14-16,000 x g then discarded the supernatant.   

Added 200 µl of GT Buffer then re-suspended the pellet by vortex or pipette. 

Added 20 µl of Proteinase K (make sure ddH2 O was added) then mixed by 

vortex. Incubated at 60˚C for at least 10 minutes.During incubation inverted 

the tube every 3 minutes. Proceeded with step 2 Lysis.                                 

2. Lysis                  

      Added 200 µl of GB Buffer to the sample and mixed by vortex for 10 

seconds. Incubated at 70˚C for at least 10 minutes to ensure the sample lysate 

is clear. During incubation, inverted the tube every 3 minutes. At this time, 

pre-heated the required Elution Buffer (200 μl per sample) to 70˚C (for step 5 

DNA Elution).                                                                                               

3. DNA Binding 

     Added 200 µl of absolute ethanol to the sample lysate and mix 

immediately by shaking vigorously. If precipitate appears, break it up as 

much as possible with a pipette. Place a GD Column in a 2 ml Collection 

Tube. Transferred mixture (including any insoluble precipitate) to the GD 

Column then centrifuged at 14-16,000 x g for 2 minutes. Discarded the 2 ml 

Collection Tube containing the flow-through then placed the GD Column in a 

new 2 ml Collection Tube.                                                                                   
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4. Wash                                                                                                                

     Added 400 µl of W1 Buffer to the GD Column. Centrifuged at 14-16,000 

x g for 30 seconds then discarded the flow-through. Placed the GD Column 

back in the 2 ml Collection Tube. Added 600 µl of Wash Buffer (make sure 

ethanol was added) to the GD Column. Centrifuged at 14-16,000 x g for 30 

seconds then discarded the flow-through. Placed the GD Column back in the 

2 ml Collection Tube. Centrifuged again for 3 minutes at 14-16,000 x g to dry 

the column matrix.                                                                                             . 

5. Elution 

       Standard elution volume is 100 μl. If less sample is to be used, reduce the 

elution volume (30-50 μl) to increase DNA concentration. If higher DNA 

yield is required, repeated the DNA elution step to increase DNA recovery 

and the total elution volume to approximately 200 μl.                                    

      Transferred the dried GD Column to a clean 1.5 ml microcentrifuge tube. 

Added 100 μl of pre-heated Elution Buffer1 , TE Buffer2 or water3 into the 

CENTER of the column matrix. Let stand for at least 3 minutes to allow 

Elution Buffer, TE Buffer or water to be completely absorbed. Centrifuged at 

14-16,000 x g for 30 seconds to elute the purified DNA.                                    

1- Ensured that Elution Buffer (10 mM Tris-HCl, pH8.5 at 25ºC) is added into 

the center of the GD Column matrix and is completely absorbed.                

2- Using TE (10 mM Tris-HCl, 1 mM EDTA, pH8.0) for elution is beneficial 

as EDTA preserves DNA for long term storage. However, EDTA will affect 

PCR and other sensitive downstream applications. Ensured that TE is added 

into the center of the GD Column matrix and is completely absorbed.         

3- If using water for elution, ensured the water pH is between 7.0 and 8.5. 

ddH2 O should be fresh as ambient CO2 can quickly cause acidification. 

Ensured that water is added into the center of the GD Column matrix and is 
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completely absorbed. DNA eluted in water should be stored at -20ºC to avoid 

degradation.                                                                                                     

-Measurement of DNA concentration and purity:  

       The concentration of  DNA was measured by Nanodrop system according 

to the Nanodrop Optizen manual, 1 μl of each DNA samples was used. DNA 

purity was measured depending on the ratio of sample absorbance at wave 

lengths 260 and 280 nm.  

3.6.2.Preparation of primers solution:  

      The lyophilized primer was dissolved using deionizer distal water ddH2O 

or Nuclease Free water  to obtain 100 pmol/μl in the master tube, then 10 

pmol/μl was prepared as a working solution by taking 10 μl from master tube 

and completed the volume to 100 μl by adding ddH2O or Nuclase free 

water(90 μl) .  

3.6.3.Detection of genes by PCR 

     The PCR amplification mixture has been prepared according to the 

manufacturer's instructions, by the following steps. 

A-primer 

      The primers of Klebsiella pneumoniae virulence factors ,and typing genes 

were taken from ( references remembered  in Table  3-7) and provided by 

(Scientific Researcher co.Ltd- Iraq) . 

Table (3-7): Primers sequences used in PCR to amplify virulence factors 

genes 

Primer Sequence 5'-3' 
Product 

Size(bp) 
Reference 

wzxK54(Capsule  

serotype  class 54) 

F: CATTAGCTCAGTGGTTGGCT 

R: GCTTGACAAACACCATAGCAG 
881 

Fang et 

al., 2007 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B13
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wzyK1(magA 

mucoviscosity 

associated protein) 

F: GGTGCTCTTTACATCATTGC 

R: GCAATGGCCATTTGCGTTAG 
1283 

Turton et 

al., 2008 

 

 

 

wzyK2(Capsule  

serotype  class 2 

F:ACCCGATATTCATACTTGACAGAG 

R:CCTGAAGTAAAATCGTAAATAGATGGC 
641 

Turton et 

al., 2008 

zxK5(Capsule  

serotype  class 5) 

F: TGGTAGTGATGCTCGCGA 

R: CCTGAACCCACCCCAATC 
280 

Turton et 

al., 2008 

wzyK20(Capsule 

serotype class 20) 
F: CGGTGCTACAGTGCATCATT 

R: GTTATACGATGCTCAGTCGC 
741 

Fang et 

al., 2007 

wzyK57 (Capsule  

serotype  class 57) 
F: CTCAGGGCTAGAAGTGTCAT 

R: CACTAACCCAGAAAGTCGAG 
1037 

Pan et 

al., 2008 

wzyK3 (Capsule 

serotype  class 3) 
F: TAGGCAATTGACTTTAGGTG 

R: AGTGAATCAGCCTTCACCT 
549 

Fevre et 

al., 2011 

rmpA(Regulator 

mucoid phenotype 

A) 

F: ACTGGGCTACCTCTGCTTCA 

R: CTTGCATGAGCCATCTTTCA 
535 

Brisse et 

al., 2009 

allS(Allontion 

metabolism) 

F: CCGTTAGGCAATCCAGAC 

R: TCTGATTTA(A/T)CCCACATT 
1090 

Brisse et 

al., 2009 

kfuBC (Iron 

acquisition) 
F: GAAGTGACGCTGTTTCTGGC 

R: TTTCGTGTGGCCAGTGACTC 
797 

Brisse et 

al., 2009 

ybtA  

(yersiniabactin 

transcriptional 

regulator ) 

F: ATGACGGAGTCACCGCAAAC 

R: TTACATCACGCGTTTAAAGG 
960 He, 2012 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B40
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B40
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B40
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B20
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iucB(siderophore 

biosynthesis 

protein) 

F: ATGTCTAAGGCAAACATCGT 

R: TTACAGACCGACCTCCGTGA 
948 He, 2012 

iroNB (Iron 

acquisition) 
F: GGCTACTGATACTTGACTATTC  

R: CAGGATACAATAGCCCATAG 
992 

He, 2012 

 

fimH      (type 1 

fimbrin D-mannose 

specific adhesin) 

F: GCTCTGGCCGATAC(C/T)AC (C/G)ACGG 

R: GC(G/A)(A/T)A(G/A)TAACG(T/C) 

GCCTGGAACGG 

423 
Brisse et 

al., 2009 

ureA (Urease 

gamma 

subunit ureA ;Urea 

amidohydrolase) 

F: GCTGACTTAAGAGAACGTTATG  

R: GATCATGGCGCTACCT(C/T)A 
337 

Brisse et 

al., 2009 

Uge(UDP 

galacturonate 4-

epimerase 

F: GATCATCCGGTCTCCCTGTA  

R: TCTTCACGCCTTCCTTCACT 
534 

Brisse et 

al., 2009 

wabG(glucuronic 

acid transferase 

Klebsiella 

pneumoniae) 

F: CGGACTGGCAGATCCATATC 

R: ACCATCGGCCATTTGATAGA 
683 

Brisse et 

al., 2009 

wcaG(GDP-L-

fucose synthetase) 
F: GGTTGGKTCAGCAATCGTA 

R: ACTATTCCGCCAACTTTTGC 
169 Turton, 2010 

GTG(Guanine,Thia

mine ,Guanine) 
GTGGTGGTGGTGGTG 

  

Ryberg et 

al., 2011 

*F:Forward Primer, R: Reverse Primer 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B39
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B33
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B-The reaction mixture 

      Amplification of DNA was carried out in a final volume  of 20μl 

containing the following: 

Table (3-8):Contents of the reaction mixture 

NO. Contents of reaction Volume(μl) 

1 Upstream Primer 2 

2 Downstream Primer 2 

3 DNA Template 5 

4 Nuclease free water(ddH2O) 3.5 

5 Master mix 12.5 

 Total Volume 25 
  

  C-Thermal Cycling Conditions: 

      The reaction was performed in a conventional PCR and Gradient PCR 

thermal cycler apparatus ,and after several trails ,and according to the 

manufacturr's guide the following program was adopted.  PCR consisted of a 

preheating at 95˚C for 4 min. after this initial denaturation ,the mixture was 

subjected to 30 ,35 amplification cycles as follows :                                       

Table (3-9):PCR thermocycling conditions for all genes that used in this study 

Cycling Conditions 

 

Target 

gene 
No. of cycles Final 

Extension 

Extension Annealing Denaturation 

30 cycles 72C˚ 10 

min 

72C˚ 1 min 50 °C 30 s 95C˚ 45 sec magA(k1) 
 

35 cycles 72C˚ 10 

min 

72C˚ 1 min 52 °C 30 s 

 

95C˚ 45 sec WzyK2  

35 cycles 72C˚ 5 min 72C˚ 1 min 53  °C  30s     95C˚  2 min WzyK3  

30 cycles  °C 7 72

min 

 °C 1 72

min 

50 °C 30 s 

 

sec 30  95C˚ zxK5 

30 cycles 72C˚ 10 

min 

72C˚ 1 min 50 °C 30 s 

 

95C˚ 30 s wzyK20 

30 cycles 72C˚ 10 

min 

72C˚ 1 min 50 °C 30 s 

 

96C   30 s wzxK54 

30 cycles 72C˚ 10 

min 

72C˚ 1 min 50 °C 30 s 95C˚ 30 s wzyK57 

35 cycles 72C˚ 10 

min 

72C˚ 1 min Or 59°C 30 s 95C˚ 1 min  FimH-1  

30 cycles 72C˚ 7 min 72C˚ 1 min 52 °C 30 s 95C˚ 45 sec Uge  
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35 cycles 72C˚ 7 min 72C˚ 1 min 56°C 30 s 95C˚ 45 sec  Kfu  

30 cycles 72C˚ 7 min 72C˚ 1 min  54°C 30 s 95C˚ 45 sec rmpA  
 

35 cycles 72°C 7min 72°C  1 

min 

49 °C 30 s 

 

95°C  1 min   allS 

30 cycles  °C  10 72

min 

s °C 45 72 50 °C 30 s 

Or 52°C 30 s 

s °C 30 94 wcaG 

30 cycles  °C  10 72

min 

s °C 45 72  °C for 30 55

s 

s °C 30 94 wabG 

30 cycles  °C  10 72

min 

s °C 45 72 47 °C 30 s 

 

s °C 30 94 iucB  

30 cycles  °C  10 72

min 

s °C 45 72  53°C 30 s s °C 30 94  iroNB  

 

30 cycles 

 

 

 °C  10 72

min 

°C 45s 72  52°C 30 s s °C 30 94  

ureA 

30 cycles  C° 10 72

min 

2C° 60 s7  53°C 30 s 95C˚ 30 s YbtA  

30 cycles  °C  10 72

min 

°C 3  72

min 

49 °C 30 s 

 

s °C 30 94 GTG 

 

D-Detection of amplified products by agarose gel electrophoresis  

     Agarose gel of 1-1.5 % concentration was utilized to confirm the size of 

genomic DNA bands and to confirm the size of the PCR products.Agarose gel 

was prepared according to (Sambrook and Green,2012) by dissolving 1.5 gm 

of agarose powder in 100 ml of TBE  buffer  (1x) and(pH:8) in Microwave 

,allowed to cool to 50˚C and then ethidium bromide at the concentration of 

0.5 mg/ml was added. 

      The comb was fixed at one end of the tray form making wells used for 

loading DNA samples (5-50 concetraction).The agarose was poured gently 

into the tray,and allowed to solidify at room temperature for 30 min.The comb 

was then removed gently from the tray.The tray fixed in an electrophoresis 

chamber filled with TBE buffer that covered the surface of the gel,8 μl of 

each PCR product mixed with Gel loading dye along withDNA ladder (100 

bp) were loaded into the wells, the system cover was then placed and the 

system was turned on. Electrophoresiswas performed for 72 min. with a 75 
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volt. The DNA bands were visualized with  a UV transilluminator and 

photographed by using digital camera. 

3.7.Statistical analysis 

      Data were collected, summarized, analyzed and presented using statistical 

package for social sciences (SPSS) version 23 and Microsoft Office Excel 

2010. Qualitative (categorical) variables were expressed as number and 

percentage.                                                                                                           

     The following statistical tests were used: Chi-square test was use to 

evaluate association between any two categorical variables provided that less 

than 20 % of cells have expected count of less than 5. However, Yates 

correction of Fischer exact test were used instead when chi-square test was 

not valid (in case that more than 20 % of cells have expected count of less 

than 5).                                                                                                          

      The level of significance was considered at P-value of equal or less than 

0.05. The level of high significance was considered at P-value of equal or less 

than 0.01.   
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4. Results and Discussion 

4.1. Results of Isolation and Identification of Klebsiella pneumoniae 

4.1.1.Isolation of  Klebsiella pneumoniae from various food sources 

        From a total of 190 food samples collected from various sources in AL-

Diwaniyah city ,there were 25(13.2 % ) of the samples give positive results 

for Klebsiella pneumoniae that were  diagnosed by traditional biochemical 

tests and Vitek system  . These isolates distributed by 5 isolates  from food 

garnish account for 20.0 %, , 3( 12.0 %) isolates from cucumber, 4 (16.0 

%)isolates from orange samples,4( 16.0 %) isolates from pomegranate, 2( 8.0 

%) isolates from grape, 2( 8.0 %)  isolates from Shredded nuts ,3(12.0%) 

isolates from minced meat, One isolate from raw unprocessed meat and 

accounting for 4.0 % and one isolate from fish ( 4.0 %) and these  results are 

more clarified in Table (4-1).  

Table 4.1: Klebsiella pneumoniae isolates from various food sources 

Item Number of Isolates  % 

Food garnish 5 20.0 

Cucumber 3 12.0 

Orange 4 16.0 

Pomegranate 4 16.0 

Grape 2 8.0 

Shredded nuts 2 8.0 

Minced meat 3 12.0 

Meat 1 4.0 

Fish 1 4.0 

Total 25 100% 

 

      In this study, Klebsiella pneumoniae was isolated from a variety of food 

items including vegetables, fruit and meat sources and these results are in line 

with the Chinese study carried out by Zhang et al in 2018 who stated that 

Klebsiella pneumoniae isolates were obtained from a variety of food items 

including ready to eat food, raw meat and vegetables. 
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4.1.2. Isolation of Klebsiella pneumoniae from various clinical specimens 

       The isolates of K. pneumoniae obtained in the current study were taken 

from four clinical patterns: burn, urine ,wound and sputum as shown in figure 

(4.1). It should be mentioned that clinical specimens yielded 31 isolates which 

is greater than the 25 isolates obtained in food samples. The high prevalence 

of K. pneumoniae was  in source of sputum and urine. 

 

Figure (4.1):The clinical specimens obtained in the current study from which 

K. pneumoniae were isolated. 

 

       In the study of  Ssekatawa et al.(2021), a variety of clinical specimens 

such as wound, burn, sputum and urine were used to study the prevalence of 

K. pneumoniae in a hospital based study and they were able to isolate the 

micro-organisms from all these specimens supporting our finding that K. 

pneumoniae has the ability to cause a wide spectrum of clinical illness and 

can be isolated from a variety of clinical specimens. 

       The samples under study were diagnosed based on some phenotypic 

characteristics of the developing colonies, their microscopic characteristics 

and their biochemical tests (Cowan  and Steel, 2010).The results of the 

phenotypic diagnosis showed that the colonies of this bacterium appear  as 

Burn 
3 

9.7% 

Sputum 
16 

51.6% 

Urine 
10 

32.3% 

Wound 
2 

6.5% 
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pink, smooth, colonies with entire margin on MacConkey agar  as shown in 

Image (4.1).  

      As for the microscopic diagnosis, it is appear as rod shaped bacterium 

with pink color under microscope(1000x) which mean a gram negative 

bacteria, Image (4.2). 

 

 

                       A                                                          B 

Image (4.1). Klebsiella pneumoniae Isolates on MacConkey agar 

A-Isolates from food items      B-Isolates from clinical specimens 

 

 
Image(4.2).The shape of K.pneumoniae under light microscope(1000x). 

        In addition to traditional biochemical tests(Appendix 1) that are used to 

identify K. pneumoniae ,The isolates were also diagnosed using the Vitek2 
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system by the GN / ID identification card for the diagnosis, and the results 

confirmed that the isolates were returned to  K.pneumoniae (Appendex 2&3). 

This technique showed speed and accuracy in diagnosing isolates with a 

probability ratio (99% -95%).  

4.2. Antibiotic sensitivity tests 

4.2.1. Antibiotic sensitivity tests for food isolates 

      The rates of sensitivity and resistance to antibiotics by K. pneumoniae 

isolates were shown in table (4.2).Amoxicillin-clavulanate (AMC) appeared 

25 (100.0 %) resistance rate. Aztreonam (ATM) showed 9 (36.0 %) resistance 

rate, 11 (44.0 %) intermediate rate and 5 (20.0 %) sensitivity rate, piperacillin 

(PRL) showed 25 (100.0 %) resistance rate, Gentamicin (GEN) showed 25 

(100.0 %) resistance rate, Amikacin (AK) showed 15 (60.0 %) resistance rate 

and 10 (40.0 %) intermediate rate. Meropenem (MEM) showed 5 (20.0 %) 

resistance rate, 11 (44.0 %) intermediate rate and 9 (36.0 %) sensitivity rate. 

        Ampicillin (AM) appeared 22 (88.0 %) resistance rate and 3 (12.0 %) 

sensitivity rate. Ceftazidime (CAZ) showed 25 (100.0 %) resistance rate. 

Levofloxacin (LEV) showed 25 (100.0 %) sensitivity rate. Ciprofloxacin 

(CIP) showed 25 (100.0 %) sensitivity rate. Chloramphenicol (C10) showed 5 

(20.0 %) resistance rate and 20 (80.0 %) sensitivity rate and Imipenem (IPM) 

showed 25 (100.0 %) sensitivity rate.  

      Tetracycline (TE) appeared 20 (80.0 %) resistance rate and 5 (20.0 %) 

intermediate rate. Cefepime (CPM) showed 25 (100.0 %) resistance rate. 

Moxifloxacin (MFX) showed 6 (24.0 %) resistance rate and 19 (76.0 %) 

sensitivity rate. Ampicillin-sulbactam (SAM) showed 25 (100.0 %) sensitivity 

rate and Cefotaxime (CTX) showed 25 (100.0 %) resistance rate.  
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       Therefore in terms of sensitivity, the best antibiotics were Levofloxacin, 

Ciprofloxacin, imipenem and ampicillin-sulbactam followed by 

Chloramphenicol and then  by Moxifloxacin.    

Table 4.2: Rates of sensitivity and resistance to antibiotics by K.pneumoniae  food 

isolates 

Antibiotic R I S 

AMC 25 (100.0 %) 0 (0.0 %) 0 (0.0 %) 

ATM 9 (36.0 %) 11 (44.0 %) 5 (20.0 %) 

PRL 25 (100.0 %) 0 (0.0 %) 0 (0.0 %) 

GEN 25 (100.0 %) 0 (0.0 %) 0 (0.0 %) 

AK 15 (60.0 %) 10 (40.0 %) 0 (0.0 %) 

MEM 5 (20.0 %) 11 (44.0 %) 9 (36.0 %) 

AM 22 (88.0 %) 0 (0.0 %) 3 (12.0 %) 

CAZ 25 (100.0 %) 0 (0.0 %) 0 (0.0 %) 

LEV 0 (0.0 %) 0 (0.0 %) 25 (100.0 %) 

CIP 0 (0.0 %) 0 (0.0 %) 25 (100.0 %) 

C10 5 (20.0 %) 0 (0.0 %) 20 (80.0 %) 

IPM 0 (0.0 %) 0 (0.0 %) 25 (100.0 %) 

TE 20 (80.0 %) 5 (20.0 %) 0 (0.0 %) 

CPM 25 (100.0 %) 0 (0.0 %) 0 (0.0 %) 

MFX 6 (24.0 %) 0 (0.0 %) 19 (76.0 %) 

SAM 0 (0.0 %) 0 (0.0 %) 25 (100.0 %) 

CTX 25 (100.0 %) 0 (0.0 %) 0 (0.0 %) 

AMC: Amoxicillin-clavulanate; ATM: aztreonam; PRL: piperacillin; GEN: Gentamicin; AK: Amikacin; 

MEM: meropenem; AM: Ampicillin; CAZ: ceftazidime; LEV: Levofloxacin; CIP: Ciprofloxacin; C10: 

Chloramphenicol; IPM: imipenem; TE: tetracycline; CPM: cefepime; MFX: Moxifloxacin; SAM: 

ampicillin-sulbactam; CTX: Cefotaxime; R: resistant; I: intermediate; S: sensitive                               

 

       In addition, to being a principal hospital acquired bacterial pathogen, K. 

pneumonia is a food born agent that can cause a variety of clinical features 

such as diarrhea, liver abscess and septicemia (Zhang et al., 2018). The 

genotypic characteristics of food born K. pneumoniae strains have not been 
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fully investigated in our country, thus, the aim of the current study was to 

evaluate the genetic characteristics in terms of  virulence factors expression as 

well as the phenotypic characteristics in terms of antibiotic sensitivity and 

resistance. 

       In the current study, 25 food samples showed evidence of K. pneumoniae 

according to laboratory investigations and they were tested for antibiotic 

resistance. In our study, resistance to Amoxicillin-clavulanatehave been seen 

in all cases. In a previous Chinese study done by Zhang et al (2018) the 

resistance to this antibiotic was not reported in any of the their samples, in the 

contrary to our results; however, in another study done Hartantyo et al (2020) 

in Singapore, resistance to Amoxicillin-clavulanate was reported in 6.1 %. 

Therefore, the strain affecting the food item in this  study is most probably 

different form that isolated form foods in China and Singapore because it was 

100 % resistant to Amoxicillin-Clavulanate.  

       With respect to aztreonam, in this  study, the resistance showed in 36 %. 

Neither the Chinese study nor the Singapore has assessed the resistance to this 

antibiotic. Regarding piperacillin, we reported 100 % resistance rate. The 

Chinese study reported only 3.2 % resistance rate while the Singapore did not 

assess the resistance to this antibiotic. This result also supports our belief that 

the isolated Iraqi K. pneumoniae strains are different from that isolated in 

China.  

      The resistance to Gentamicin, appeared in all cases, while the Chinese 

study has reported 6.5 % resistance rate and the Singapore study has reported 

no resistance at all. For amikacin, we reported 60.0 % resistance rate, 

whereas, the Chinese study has reported no resistance and the Singapore study 

has reported 1.5 %.     



Chapter Four ……………………….………………...…Results&Discussion 

 

 60 

      The antibiotic, meropenem, showed 20.0% resistance rate, while both 

Chinese and Singapore studies has mentioned nothing about this antibiotic. 

For ampicillin, we reported resistance in 88.0 % of cases, which was 

comparable to that reported by Chinese study (82.3 %) and Singapore study 

(97.0 %) , ceftazidime, reported resistance in 100% of cases, while the 

Chinese study, reported no resistance and the Singapore study did not include 

this antibiotic. For Levofloxacin, we reported no resistance; the Chinese and 

the Singapore study did not include this antibiotic. Regarding Ciprofloxacin, 

we reported no resistance; the Chinese study reported 4.8 % and the 

Singapore study reported 12.1 % resistance rate.                                           

       Regarding Chloramphenicol, we reported resistance in 20 % of cases; the 

Chinese study recorded resistance in 6.5 % of cases and the Singapore study 

reported resistance in 7.8 %, thus, the resistance rate in our study were 

slightly higher than that reported by both Chinese and the Singapore studies. 

For imipenem, we reported resistance in none of this cases and in accordance 

with our findings the Chinese study reported resistance in none of the cases. 

With respect to tetracycline, we reported resistance in 80.0 % of cases; the 

Chinese study reported resistance in 11.3 % , whereas the Singapore study 

reported resistance in 19.7 %. Again, these results support our belief that the 

isolated Iraqi Klebsiella pneumoniae strains were different from that isolated 

in China and in Singapore studies. Concerning Cefotaxime, we reported 

resistance in 100.0 % of cases, while the Chinese study reported resistance in 

only 3.0 % of cases supporting the great discrepancy between our genetic 

strains and their isolated genetic strains.   

       For cefepime, the resistance rate was  100 %. Concerning Moxifloxacin, 

we reported resistance in 24 % of cases. Regarding ampicillin-sulbactam, we 

reported no resistance at all. Both Chinese study and Singapore study did not 

include these antibiotics.                                                                                                                 
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      We compared our results with previous results in China and Singapore 

because there are not many studies about K. pneumoniae isolated from food 

samples.    

4.2.2. Antibiotic sensitivity tests for clinical isolates 

      The rates of sensitivity and resistance to antibiotics by K.pneumoniae 

isolated from clinical specimens are shown in table(4.3). Amoxicillin-

clavulanate (AMC) showed 31 (100.0 %) resistance rate, Aztreonam (ATM) 

showed 4 (12.9 %) resistance rate, 26 (83.9 %) intermediate rate and 1 (3.2 

%) sensitivity rate. Piperacillin (PRL) showed 31 (100.0 %) resistance rate. 

Gentamicin (GEN) showed 6 (19.4 %) resistance rate, 19 (61.3 %) 

intermediate rate and 6 (19.4 %) sensitivity rate. Amikacin (AK) showed 7 

(22.6 %) resistance rate, 20 (64.5 %) intermediate rate and 4 (12.9 

%)sensitivity rate. Meropenem (MEM) showed 9 (29.0 %) resistance rate, 22 

(71.0 %) intermediate rate and 0 (0.0 %) sensitivity rate. 

        Ampicillin (AM) showed 27 (87.1 %) resistance rate and 4 (12.9 %) 

sensitivity rate. Ceftazidime (CAZ) showed 30 (96.8 %) resistance rate and 1 

(3.2 %) intermediate rate. Levofloxacin (LEV) showed 5 (16.1 %)resistance 

rate, 1 (3.2%) intermediate rate and 25 (80.6 %) sensitivity rate. Ciprofloxacin 

(CIP) showed 12 (38.7 %)resistance rate, intermediate rate and 18 (58.1 

%)sensitivity rate. Chloramphenicol (C10) showed 24 (77.4 %) resistance rate 

and 7 (22.6 %) sensitivity rate and Imipenem (IPM) showed 7 (22.6 

%)resistance rate, 12 (%) intermediate rate and 12 (38.7 %)sensitivity rate,  

      Cefotaxime (CTX) showed 30 (96.8 %) resistance rate,1 (3.2 %) and 

intermediate. Tetracycline (TE) showed 23 (74.2 %) resistance rate, 7 (22.6 

%) intermediate rate and 1 (3.2 %) resistance rate. Cefepime (CPM) showed 

23 (74.2 %) resistance rate and 8 (25.8 %)sensitivity rate. Moxifloxacin 

(MFX) showed 16 (51.6 %) resistance rate, 4 (12.9 %) intermediate rate and 
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11 (35.5 %) sensitivity rate and Ampicillin-sulbactam (SAM) showed 10 

(32.3 %) resistance rate and 21 (67.7 %) sensitivity rate. 

       Therefore in terms of sensitivity, the best antibiotics were Levofloxacin, 

Ciprofloxacin, ampicillin-sulbactam, imipenem followed by Moxifloxacin 

and then by cefepime.  

Table 4.3: Rates of sensitivity and resistance to antibiotics by K. pneumoniae 

isolates from clinical specimens  

Antibiotic R I S 

AMC 31 (100.0 %) 0 (0.0 %) 0 (0.0 %) 

ATM 4 (12.9 %) 26 (83.9 %) 1 (3.2 %) 

PRL 31 (100.0 %) 0 (0.0 %) 0 (0.0 %) 

GEN 6 (19.4 %) 19 (61.3 %) 6 (19.4 %) 

AK 7 (22.6 %) 20 (64.5 %) 4 (12.9 %) 

MEM 9 (29.0 %) 22 (71.0 %) 0 (0.0 %) 

AM 27 (87.1 %) 0 (0.0 %) 4 (12.9 %) 

CAZ 30 (96.8 %) 1 (3.2 %) 0 (0.0 %) 

LEV 5 (16.1 %) 1 (3.2 %) 25 (80.6 %) 

CIP 12 (38.7 %) 1 (3.2 %) 18 (58.1 %) 

C10 24 (77.4 %) 0 (0.0 %) 7 (22.6 %) 

IPM 7 (22.6 %) 12 (%) 12 (38.7 %) 

CTX 30 (96.8 %) 1 (3.2 %) 0 (0.0 %) 

TE 23 (74.2 %) 7 (22.6 %) 1 (3.2 %) 

CPM 23 (74.2 %) 0 (0.0 %) 8 (25.8 %) 

MFX 16 (51.6 %) 4 (12.9 %) 11 (35.5 %) 

SAM 10 (32.3 %) 0 (0.0 %) 21 (67.7 %) 

AMC: Amoxicillin-clavulanate; ATM: aztreonam; PRL: piperacillin; GEN: Gentamicin; AK: Amikacin; 

MEM: meropenem; AM: Ampicillin; CAZ: ceftazidime; LEV: Levofloxacin; CIP: Ciprofloxacin; C10: 

Chloramphenicol; IPM: imipenem; TE: tetracycline; CPM: cefepime; MFX: Moxifloxacin; SAM: 

ampicillin-sulbactam; CTX: Cefotaxime; R: resistant; I: intermediate; S: sensitive 

 

         In the study of Sakkas et al in (2019), resistance for Amoxicillin-

clavulanate (AMC) showed in 75 %, whereas it was 89.6 % in the study of 
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Srinivasan et al (2012), thus these results confirms our finding in that 

Amoxicillin-clavulanate (AMC) was a poor antibiotic choice for K. 

pneumoniae since it was associated with 100 % resistance.  

        The sensitivity rate to aztreonam was 31.4 % according to of (Srinivasan 

et al., 2012) and 41.7 % according to (Sakkas et al., 2019) and in our study 

was 3.2 % and intermediate sensitivity of 83.9 %.  

      The resistance rate for  piperacillin was 17.5 % according to (Srinivasan et 

al., 2012) and 100 % according to our study, therefore, the genetic strains of 

K. pneumoniae in our community has developed extreme resistance to 

piperacillin which may be due to excessive use of this antibiotic in clinical 

practice for hospital acquired infections.  

       Regarding gentamycin, the resistance rate was 45.8 % according to 

(Sakkas et al., 2019) and 75.6 % according to (Srinivasan et al., 2012) 

whereas in our study it was 19,4 % only indicating that gentamycin was still 

effective against genetic strains of K. pneumoniae in our community. 

     On the other hand,  For Amikacin (AK), the resistance rate was 62.5 % 

according to (Sakkas et al., 2019) and 35.7 % according to (Srinivasan et al., 

2012) and 22.6 % in this study. Regarding Meropenem (MEM), the resistance 

rate was 79.2 % according to (Sakkas et al., 2019) and 29.2 % according to 

(Srinivasan et al., 2012) and 29.0 % according to our study.  

      Further more, The resistant rate for Ampicillin (AM)was 95.8 % 

according to (Srinivasan et al., 2012) and 87.1 % according to current study 

indicating that ampicillin is a poor antibiotic choice to treating K. pneumoniae 

clinical infections. With respect to Ceftazidime (CAZ), the resistance rate was 

73.5 % according to (Srinivasan et al., 2012) and 95.8 % according to (Sakkas 

et al., 2019). Again theses results indicate that Ceftazidime (CAZ) was a poor 

choice for treating K. pneumoniae clinical infections. With respect to 
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Levofloxacin (LEV), the resistance rate was 9.2 % according to (Srinivasan et 

al., 2012) and 16.1 % according to our study indicating that Levofloxacin 

(LEV) is a good choice in treating K. pneumoniae clinical infections because 

of low resistance rate.  

        Regarding Ciprofloxacin (CIP), the resistance rate was 48.9 % according 

to (Srinivasan et al., 2012) and 88.8 % according to (Sakkas et al., 2019) and 

38.7 % according to this study. Regarding Chloramphenicol (C10) , the 

resistance rate was 60.6 % according to (Srinivasan et al., 2012) and 77.4 % 

according to this study.  

       Morever,  The resistance rate of  Imipenem (IPM) was 88.8 % in a study 

by Sakkas et al.(2019) and 32.3 % according to (Srinivasan et al., 2012) and 

22.6 % in our study, indicating that genetic strains of K. pneumoniae in our 

community is different from that in other regions of world and Imipenem 

(IPM) is still a good antibiotic choice.   

        For Cefotaxime (CTX),the resistance rate was 69.3 % according to 

(Srinivasan et al., 2012) and 96.8 % according to this study. With respect to 

Tetracycline (TE), the resistance rate was 72.8 % according to (Srinivasan et 

al., 2012) and 58.3 % according to (Sakkas et al., 2019) and 74.2 % according 

to present study indicating that tetracycline is a poor choice. 

       The resistance rate of Cefepime (CPM)was 88.8 according to (Sakkas et 

al., 2019) and 80.7 % according to (Srinivasan et al., 2012) and 74.2 % in the 

study, indicating that Cefepime (CPM) was a poor choice. With respect to 

Moxifloxacin (MFX), the resistance rate was 51.6 % in our study and both 

(Sakkas et al., 2019) and (Srinivasan et al., 2012) mentioned nothing about its 

sensitivity pattern, therefore, according to our results, Moxifloxacin could 

offer less than half sensitivity rate. Regarding Ampicillin-sulbactam (SAM), 
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the resistance rate was 40 % according to (Srinivasan et al., 2012) and 67.7 % 

according to this study. 

       Resistance to antimicrobial drugs is one of the greatest challenges due to 

the overuse and misuse of antibiotics in modern medicine, which significantly 

threatens public health (Patel et al.,2012 and Ares et al.,2013 ) . 

        Klebsiella is one of the types of bacteria that are resistant to antibiotics. 

It possessed defensive mechanisms against many of the antibiotics used, 

which led to an increase in its isolation from hospital environments and 

increased spread in different environments, which makes the process of 

eliminating it a very difficult process. 

        β-lactam antibiotics are the most important of the groups that most 

widely used anti-bacterial drug.  The effective of this group of antibiotics is 

by preventing cell wall synthesis, which in turn affects bacterial growth.  

Klebsiella bacteria are resistant to beta-lactam antibiotics,  the mechanism of 

of K. pneumoniae  resistance occurs as a result of several factors, the most 

important of which is the production of  B-lactam-hydrolyzing  water 

enzymes, β-lactamase, .Extended-spectrum β-lactamase (ESBLs) -producing 

bacteria are resistant to most β-lactam antibiotics (Padilla et al.,2006), 

transforming the antibiotic  into an inactive form before it reaches the target 

by analyzing the antibiotic  or adding groups to it or by binding to it and 

preventing it from reaching the target  (Wragg et al.,2017). 

       The effective of antibiotics from the group of aminoglycosides is to stop 

protein synthesis. The mechanisms of resistance to aminoglycosides include 

enzymatic modification of this drug, modification of the ribosomal target and 

decreased intracellular antibiotic accumulation by alterations of the outer 

membrane permeability, decreased inner membrane transport or active efflux 

(Magnet and Blanchard,2005).  
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      According to (Jose  and Cesar, 2015), the main mechanisms of resistance 

of bacteria to antibiotics are: 

 1- The production of enzymes that have the ability to destroy antibiotics, 

such as beta-lactamase.   

2- Change the permeability of the cell membrane to prevent the antibiotic 

from entering the target area.  

 3- Altering or modifying the target molecule on which the antibiotic works.   

4- Changing the metabolic pathways, which leads to avoiding the interaction 

that inhibits the antibiotic. 

 5- Development of alternative enzymes that have the ability to perform the 

normal function of the enzyme but have less effect on the antibiotic. 

      The resistant rate to the tested antibiotics was compared between food and 

clinical isolates of K.pneumoniae as clarified in table(4.4). 

Table(4.4): Rates of  resistance to antibiotics by K.pneumoniae food and 

clinical isolates . 

Antibiotics Resistant rate  

Food Isolates Clinical Isolates 

AMC 100% 100% 

PRL 100% 100% 

GEN 100% 19.4% 

CAZ 100% 96.8% 

CPM 100% 74.2% 

CTX 100% 96.8% 

AM 88.0% 87.1% 

TE 80.0% 74.2% 

ATM 36.0% 12.9% 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Arias%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=27227291
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AK 60.0% 22.6% 

MEM 20.0% 29.0% 

LEV 0% 16.1% 

C10 20% 77.4% 

CIP 0% 38.75 

MFX 24.0% 51.6% 

SAM 0% 32.3% 

IPM 0% 22.6% 

 

4.3. The identification of the virulence factors genes in Klebsiella 

pneumoniae isolates 

       K.pneumoniae causes a wide range of infections both in the community 

and health-care setting leading to increased morbidity and mortality (Brisse et 

al.,2009). Pathogenicity of K.pneumoniae is due to the presence of various 

virulence factors such as capsule, endotoxins, siderophores, iron-scavenging 

systems and adhesins. These factors help this bacterium to evade immune 

system and cause various infections(Brisse et al.,2009 and Aljanaby and 

Alhasani,2016). 

4.3.1. The detection of the virulence factors and capsule serotype genes in 

K. pneumoniae isolated from various food samples 

       The detection of the virulence factors and serotype genes was done using 

conventional and gradient PCR techniques .The rate in terms of cases number 

and corresponding (%) of virulence factors and serotype genes in K. 

pneumoniae isolated from various food sample were shown in figure 4.2. 

       It has been detected the following genes in food isolates of  K. 

pneumoniae  with corresponding rate: FimH in 20(80.0 %), Uge in 16(64.0 

%), wabG in 12 (48.0 %), KfuBC in 9 (36.0 %), ureA in 9(36.0 %), K54 in 8 

(32.0% ) , YbtA in 4(16.0 %),   allS in 3 (12.0 %), iucB in 2(8.0 %),   rmpA in 
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2 (8.0 %),k20 in 2 (8.0 %) and k2 in 1 (4.0 %). In this study, the following 

virulence genes were not reported in any of the food isolates: ironB, k1, k3, 

k5,  k57 and wcaG. The results of gel electrophoresis are shown in figures (4. 

3) to (4.14). 

 

 

Figure (4.2): The rate (%) of virulence factors and serotype genes in K. 

pneumoniae isolated from various food items 

 

Figure (4.3): Image of agarose gel electrophoresis showing the product of PCR of 

virulence factor gene, fimH of  K. pneumoniae isolates with product size 423bp , M: 

Marker ladder (100-1500bp), lane (1-20): Isolates numbers. 
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Figure (4.4).Image of agarose gel electrophoresis showing the product of PCR of 

virulence factor gene, allS of K.pneumoniae isolates with product size1090bp., M: 

Marker ladder (100-1500bp), lane (1-24):Isolates numbers          .                                      

 

Figure (4.5).Image of agarose gel electrophoresis showing the product of PCR of 

virulence factor gene, uge of  K.  pneumoniae isolates with product size 534bp., M: 

Marker ladder (100-1500bp), lane (1-20):Isolate numbers. 

 

Figure (4.6).:Image of Agarose gel electrophoresis showed PCR product of 

virulence factor gene, iucB of K. pneumoniae isolates  with product size 948bp.,M: 

Marker ladder  (100-1500bp), lane (1-24): Isolates numbers.                                     
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Figure (4.7).Image of Agarose gel electrophoresis showed PCR product of 

virulence factor gene, ureA of K. pneumoniae isolates with product size 337bp. , M: 

Marker ladder (100-1500bp), lane (1-20): Isolates numbers.                                      

 

Figure (4.8):Image of Agarose gel electrophoresis showed PCR product of 

virulence factor gene, YbtA of K. pneumoniae isolates  with product size 960bp., M: 

Marker ladder (100-1500 bp) ,lane (1-20):Isolates numbers.                                       
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Figure (4.9). Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene, KfuBC of K. pneumoniae  isolates with product size797bp , 

M: Marker ladder (1500-100bp), lane (1-20): Isolates numbers. 

 

Figure (4.10):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene, WabG of K. pneumoniae  isolates with product size 683bp., 

M: Marker ladder (1500-100bp), lane (1-20):Isolates number. 

 

Figure (4.11):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene, rmpA of K. pneumoniae  isolates with product size 535bp., 

M: Marker ladder (1500-100bp), lane (1-13):Isolates number. 

 

Figure (4.12):Image of Agarose gel electrophoresis showed PCR product of   

serotype gene, k2 of K. pneumoniae  isolates with product size 641bp., M: Marker 

ladder (1500-100bp), lane (1-14):Isolates number.  
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Figure (4.13):Image of Agarose gel electrophoresis showed PCR product of   

serotype gene,k20 of K. pneumoniae  isolates with product size 741bp., M: Marker 

ladder (1500-100bp), lane (1-10):Isolates number. 

 

Figure (4.14):Image of Agarose gel electrophoresis showed PCR product of   

serotype  gene,k54 of K. pneumoniae  isolates with product size 881bp., M: Marker 

ladder (1500-100bp), lane (1-16):Isolates number. 

 

        In the Chinese study the virulence genes were reported in the following 

rates: FimH in 85.5 %; allS in 6.5 %; uge in 65.5 %; iucB in 0.0 %; ureA in 

79.0 %;  ybtA in 1.6 %,  kfuBC 29 %, rmpA 1.6 %, wabG 77 %, wcaG 6.5 %, 

k20 in 4.9 %. In addition, the Chinese study failed to identify the following 

virulence genes: K3, k5 and k54.Therefore, our study is approximately similar 

to the Chinese study in all included genes with exception of ironB, wcaG, K1 

and K57 genes which have not been detected by our study, on the other hand, 

iucB was identified in our study and not indentified in the Chinese study. 
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       The findings of the virulence factors detection proposed that the  fimH 

,uge , wabG and urea genes were  the most common genes founded in the 

food isolates  , which are agree with that results recording for clinical isolates 

(Yu et al.,2008; Calhau et al.,2014 and Cheng et al.,2015 ). The existence of 

those genes in  bacterial strains from food samples proposed the pathogenic 

possibility of  the isolates and  a possible hazards to health of human. 

       FimH is an adhesive subunit of type 1 fimbriae expressed by different 

enterobacterial species that recognizes mannose-containing glycoproteins 

present on many mammalian host tissues and their expression is phase 

variation encoded by operon fim (Schembri et al.,2005).Type 1 fimbriae have 

been shown to be critical for the ability of K. pneumoniae to cause infection 

in experimental animals. fimH gene is found in 90% of strains of K. 

pneumoniae (Stahlhut et al., 2009). 

       The uge gene, which encodes a uridine diphosphate galacturonate 4-

epimerase and is required for biosynthesis of the capsule and smooth 

lipopolysaccharide (Regué et al.,2004). 

        Since it is well known that the K. pneumoniae capsule plays an important 

role in pathogenesis ,Izquierdo et al.(2003) revealed that wabG mutants that 

its core LPS is devoid of the outer core region were avirulent when tested in 

different animal models. Furthermore, the nonmucoid colony morphology of 

the wabG mutants suggests that they were unencapsulated. 

       The allS gene is strongly correlated with K. pneumoniae isolates from 

liver abscesses ,the presence of alls gene that associated with allantoin 

metabolism is used by bacteria to obtain carbon and nitrogen from the 

environment(Chou et al., 2004; Paczosa and Mecsas.,2016). 

       UreA gene transcription is involved in urease enzyme activity ;numerous 

species of bacteria ,involving K.pneumoniae have the ability to use urea as a 
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nitrogen source by virtue the capacity of hydrolyzing the urea to  ammonia 

and  CO2 by the urease enzyme . The production of the alkaline ammonia 

may be the cause of tissue destruction ,and sometimes a key agent in the 

existence of pathogens  (Burne and Chen.,2000). The disability to metabolize 

the urea may therefore effect the ability of K.pneumoniae colonization in the 

GI tract, where the urea is found. 

       Other virulence factors have also been detected, aerobactin (iucB).Where, 

production of erobactin could be correlated with virulence(Jian-li et al.,2017). 

Aerobactin (iucB), yersiniabactin (irp1), salmochelin (iroB) and 

enterobacterin (entB) are the four siderophores of K. pneumoniae (Chen et al., 

2020). 

       YbtA , transcriptional regulator, is presumed to be the central regulator of 

yersiniabactin production together with the ferric uptake regulator    (iron 

uptake and transport genes) (Lawlor et al., 2007). 

      K. pneumoniae strains typically express both smooth lipopolysaccharide 

(LPS) with O antigen molecules and capsule polysaccharide (K antigen with 

different types as K1,K2,K3,K5, K20 ,K54, K57) confers resistance against the 

bactericidal activity of antimicrobial peptides, complement, and phagocytes. 

In addition, the capsule averts fulminate activation of the immune response 

(Li et al.,2014 and Kang et al., 2015). 

4.3.2. The detection of virulence factors and capsule serotype genes in K. 

pneumoniae isolates from various clinical specimens 

       Virulence and capsule serotype genes were identified by using PCR 

technique ,the rate (%) of gene expression in K. pneumoniae isolated from 

various clinical specimens is shown in table (4.5). Uge was detected in 18 

(58.1 %), ureA in 8 (25.8 %), fimH in 17 (54.8 %),  allS in 7 (22.6 %), iucB in 

7 (22.6 %), ybta in 6 (19.4 %), rmpA in 12 (38.7 %), K2 in 4 (12.9 %), K54 in 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B22
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17 (54.8 %),k57 in 4 (12.9),kfu in 10 (32.3 %) and wabG gene in 19 (61.3 

%).The results are more clarified in figures (4-15) to figure (4-26). 

Table 4.5: The rate (%) of virulence factors and serotype genes in K. 

pneumoniae isolates from various clinical specimens 

Gene number of cases % 

Uge 18 58.1 

UreA 8 25.8 

FimH 17 54.8 

Alls 7 22.6 

IucB 7 22.6 

YbtA 6 19.4 

rmpA 12 38.7 

K2 4 12.9 

K54 17 54.8 

K57 4 12.9 

kfuBC 10 32.3 

WabG 

 
19 61.3 

 

 

Figure (4.15):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene, KfuBC in K. pneumoniae Clinical isolates with product size 

797bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.  
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Figure (4.16).Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene,WabG in K. pneumoniae Clinical isolates with product size 

683bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   

 

 

Figure (4.17):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene,Uge in K. pneumoniae Clinical isolates with product size 

534bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   

 

Figure (4.18):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene,ureA in K. pneumoniae Clinical isolates with product size 

337bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   
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Figure (4.19):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene, fimH in K. pneumoniae Clinical isolates with product size 

423bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   

 

Figure (4.20).Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene,alls in K. pneumoniae Clinical isolates with product size 

1090bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   

 

Figure (4.21):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene, iucB in K. pneumoniae Clinical isolates with product size 

948bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   
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Figure (4.22):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene, YbtA in K. pneumoniae Clinical isolates with product size 

960bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   

 

Figure (4.23):Image of Agarose gel electrophoresis showed PCR product of   

virulence factor gene, rmpA in K. pneumoniae Clinical isolates with product size 

535bp. M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   

 

Figure (4.24):Image of Agarose gel electrophoresis showed PCR product of   

serotype gene, k2 in K. pneumoniae Clinical isolates with product size 641bp. 
M:Marker ladder (1500-100bp), lane (1-20): Isolates number.   
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Figure (4.25):Image of Agarose gel electrophoresis showed PCR product of   

serotype gene, k57 in K. pneumoniae Clinical isolates with product size 1037bp. 
M:Marker ladder (1500-100bp), lane (1-20): Isolates number.  

  

 

Figure (4.26):Image of Agarose gel electrophoresis showed PCR product of   

serotype gene,K54 in K. pneumoniae Clinical isolates with product size 881bp. 
M:Marker ladder (1500-100bp), lane (1-20): Isolates number. 

 

       In the study, uge virulence factor  gene detected in 58.1 % of isolates, 

while in the study of Brisse et al. (2009) all isolates (100.0 %) had this gene, 

thus it appears that there is some genetic variation in the genetic virulence of 

K. pneumoniae strains in our community that was  different from other 

regions of the world. A single mutation in a gene that codes for a UDP 

galacturonate 4-epimerase (uge) renders a strain with the O
−
:K

−
 phenotype 

(lack of capsule and LPS without O antigen molecules and outer core 

oligosaccharide) (Reguéet al., 2004). 
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      UreA virulence gene appeared in 25.8 % and fimH in 54.8 % of isolates 

and 100 % of isolates in a study by Brisse et al. (2009). So this virulence 

factor was less prevalent in our community. 

       Brisse et al. (2009) performed his study in France and the variation in the 

expression factors rates between the study and the French study indicates 

variation in the genetic strains obtained from various clinical specimens in our 

community in comparison with other regions of the world. 

        The allS virulence gene detected in 12.7% according to study of  Brisse 

et al. (2009) and in 22.6 % of the  study . 

        The virulence gene iucB identified  in 22.6 % of isolates of  the study 

and 3.9 % of the study of Alizade et al. (2018).  

       The virulence factor ybtA was in 19.4 % of  cases and in 60 % of the 

study by Shakib .(2018). The virulence factor rmpA was in 5.7 % in the study 

of Shakib .(2018) and in 62 % in the study of Hamam et al. (2019) and in 38.7 

% in the study and it was  involved in capsular polysaccharide synthesis 

(Chen et al., 2014).Regarding  serotype K2, it was identified in 12.9 % 

isolates of  study but were not detected in Hamam et al. (2019) and in Shakib 

.(2018) study. However, it was reported in 6.7 % in the study of Chen et 

al.(2014). K3 serotype gene was in 12.9 % isolates of  the study and not found 

in previous studies. K54 serotype detected  in 54.8 % isolates of our study and 

2.1 % in the study of Chen et al. (2014). Serotype k57 in 12.9 % isolates of 

our study. The K genes are capsular virulence factors involved in highly 

virulent K. pneumoniae (Chen et al., 2014). 

     Moreever ,  The rate of kfu gene was 11.4 % of the study by Shakib 

.(2018) and 23.3 % of this study. The ybt and kfu genes were involved in iron 

uptakes (Chen et al., 2014). WabG  was in 61.3 % of isolates in the current 

study and in the majority of isolates in study by Chen et al. (2014) and 59.2 % 
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of Alizade et al. (2018) study. The wabG gene was involved in 

lipopolysaccharide synthesis  (Chen et al., 2014). rmpA was involved in 

regulation of capsular polysaccharide biosynthesis (Chen et al., 2014). 

4.3.3. Comparison the  virulence factors and serotype genes in clinical 

and food isolates of K.pneumoniae 

        The rate (%) of virulence factors and serotype genes in K. pneumoniae 

isolates from various clinical specimens and food samples were shown in 

table (4.6). 

Table 4.6: The rate (%) of virulence factors and serotype genes in K. 

pneumoniae isolates from various clinical and food samples 

Gene 

Clinical  Food  

p-value number of 

cases 
% 

number of 

cases 
% 

Uge 18 58.1 16 64 
0.561 C 

NS 

UreA 8 25.8 9 36 
0.410 C 

NS 

FimH 11771 54.8 20 80 
0.028 C 

S 

Alls 7 22.6 3 12 
0.499 Y 

NS 

IucB 7 22.6 2 8 
0.267 Y 

NS 

YbtA 6 19.4 4 16 
1.000 Y 

NS 

RmpA 12 38.7 1 4 
0.002 C 

HS 

K1 0 0 0 0 --- 

K2 4 12.9 1 4 
0.490 Y 

NS 

K5 0 0 0 0 --- 

K3 0 0 0 0 --- 

K20 0 0 2 8 
0.446 F 

NS 

K54 12 54.8 8 32 
0.087 C 

NS 

K57 4 12.9 0 0 
0.120 F 

NS 
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KfuBC 10 32.3 9 36 
0.769 C 

NS 

WabG 19 61.3 12 48 
0.320 C 

NS 

IronB 0 0 0 0 --- 

WcaG 0 0 0 0 --- 

C: Chi-square test; Y: Yates correction; F: Fischer exact test; NS: not significant at p> 

0.05; S: significant at p ≤ 0.05; HS: highly significant at p ≤ 0.01 

 

      As shown in the above table ,the frequency of fimH was significantly 

higher in food isolates than in clinical isolates (p = 0.028) Whereas, the 

frequency of rmpA was lower in food isolates than in clinical isolates with 

high significant (p = 0.002), and other genes showed no significant difference 

(p > 0.05). 

      The serotype  k1,k3 and k5  genes were neither detected in clinical cases 

nor in food isolates. While, the k20 serotype was not detected in clinical cases 

and in 8.0 % of food isolates, which was  more frequent in food samples. The 

k57 gene was detected only in 12.9 % of clinical isolates. The IronB and 

WcaG genes were neither detected in clinical cases nor in food isolate. The 

results showed that some of food isolates showed genes of virulence at a 

greater rate than clinical isolates and some clinical isolates showed virulence 

genes at a greater rate than food isolates, The probability of these results 

might be due to that food isolates were also considered pathogenic bacteria 

because they have the virulence factors genes that is essential for 

pathogenicity which were made  them similar to those isolates from clinical 

sources carrying the same genes as virulence, that  was ment have the same 

pathogencity. Where, pathogen survival requires the acquisition of drug 

resistance and virulent factor (da Silva ,2012) and the acquired traits have 

been postulated to play an important part in the pathogenesis of K. 

pneumoniae. 
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4.4.Genotyping of Klebsiella pneumoniae by(GTG) 5- PCR 

        The (GTG) 5- PCR is a novel genotyping method was  performs with a 

single poly-trinucleotide (GTG) primer targeting a conserved and repetitive 

poly GTG sequences present in Klebsiella pneumoniae genome.  

        The results of (GTG) 5- PCR molecular typing are shown in table 4.7 

and figure (4.27,4.28 and 4.29). Out of 56 clinical and foods Klebsiella 

pneumoniae  isolates , 7 cluster  (I-VII) and about 21 polymorphic variants  

showed between isolateswhich have been categorized as following: the cluster 

I had 3 polymorphic variants, cluster II had 2 polymorphic variants, cluster III 

had 2 polymorphic variants, cluster IV had 3 polymorphic variants, cluster V 

had 5 polymorphic variants, cluster VI had 3 polymorphic variants and cluster 

VII had 3 polymorphic variants.  

Figure (4.27): Agarose gel electrophoresis image that showed the  GTG PCR 

product analysis in  Klebsiella pneumoniae food  isolates.  Where Marker ladder 

(1500-100bp), lane (1-25): showed positive GTG amplification ranged from 1500-

200bp product size. 
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Figure (4.28): Agarose gel electrophoresis image that showed the  GTG PCR 

product analysis in  Klebsiella pneumoniae Clinical isolates.  Where Marker ladder 

(1500-100bp), lane (1-31): showed positive GTG amplification ranged from 1500-

100bp product size                                                                                                       .                       

Figure (4.29):RAPD-PCR dendrogram tree analysis of food  and clinical K. 

pneumoniae isolates by using (Paleontological Statistics version 4.0). The Cluster 

analysis using (algorithm Ward's method) were showed 7 cluster variants within 21 

polymorphic variants between 25 food isolates of K. pneumoniae and 31 clinical 

isolates. 
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Table 4.7:RAPD-PCRCluster analysis and polymorphic variants for K. 

pneumoniae isolates 

Cluster No. Isolate No. 
No. of polymorphic 

variants 

I C19,F6,F20,C18,F2,F16 3 

II 
C15,C20,C22,C23,C24,F1, 

F11,F12,F13,F14,F15,F25,F10 
2 

II F24,F5,F19,F4,F7 2 

IV 
F18,F21,C28,C4,C7, 

C8,C10,C31,C6,C30 
3 

V 
C2,C26,F8,F22,C14,C9,C11,C12 

,C13  
5 

VI C23,F9,F23,C16,C3 3 

VII 
C27,C5,C29,F3,F17, 

C17,C21,C25,C1 
3 

Total: 7 56 21 

F: Food                 C: Clinical  

      In the study of Zhang et al. (2018), it has been reported that 

K.pneumoniae strains can classified according to (GTG) 5-PCR molecular 

typing into 56 genetic variants whereas in our study, the (GTG) 5-PCR 

molecular typing has shown 21 genetic variants. The lower number of genetic 

variants observed in the current study in comparison with the study of Zhang 

et al.(2018) is due to the lower number of food isolates obtained in the current 

study.  

      In the study, (GTG) 5-PCR analysis was carried out on strains obtained 

from food samples as well as from clinical specimens and the close 

resemblance between food isolates and clinical isolates in each cluster was 

observed. This indicated that the food isolates are sources of community 

acquired infections by K. pneumoniae strains in various clinical presentations 
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including burns, wounds and urinary tract infections, as shown in figure 4.29 

and table 4.7.  

      In addition, some isolates that were form different regions of  the province 

have the same virulence profile and this was similar to the finding of Zhang et 

al. (2018) who described genetic strains with same virulence but have been 

obtained from different regions. 

      In the study of Ranjbar and Afshar (2019), nine clusters were identified 

according to (GTG) 5-PCR molecular typing. Ranjbar and Afshar did their 

study on UTI specimens and the larger number of clusters indentified in their 

study is due to the large number of clinical isolates; however, the genetic 

variation in each clusters in their study supports  findings that K. pneumoniae 

strains obtained from various clinical samples have polymorphic genetic 

background and have different virulence profile. 
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Conclusions:  

1-In the present study ,it has been confirmed the presence of  K. pneumoniae 

in the food samples that pointed to the possibility of finding other pathogenic 

bacteria. 

2-  Food and clinical isolates were resistant to almost antibiotics used in this 

study except; Levofloxacin, Ciprofloxacin, imipenem and ampicillin-

sulbactam,Moxifloxacin, Chloramphenicol  and  cefepime.  

3-It has been detected the following virulence  and capsular genes in  food  

isolates of K. pneumoniae: FimH , allS,  Uge , iucB ,ureA ,YbtA , wabG, 

rmpA, K54,  k2 , KfuBC,k20   Whereas, ironB, k57, k1, k3, k5,  and wcaG 

genes  not reported in any of the food isolates. In clinical isolates FimH , allS,  

Uge , iucB ,ureA ,YbtA , wabG, rmpA, K54,  k2 , k57 KfuBC, whereas, 

ironB,wcaG,k20,k3,k5,k1 genes not  reported in any of clinical isolates.  

4- The frequency of fimHand khe gene was significantly higher in food 

isolates than in clinical isolates. Whereas, the frequency of rmpA was lower in 

food isolates than in clinical isolates with high significant, and other genes 

showed no significant difference. 

5- The presence of virulent and antibiotic-resistant K. pneumoniae in foods 

poses a potential health hazard for consumers. 

6- (GTG)5 PCR analysis  indicated high  genetic diversity by using (algorithm 

Ward's method) that showed 7 clusters  with 21 polymorphic variants  

between 25 food isolates and 31 clinical isolates of K. pneumoniae . 
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Recommendations 

1- Molecular detection of  the genes responsible for antibiotics resistance in 

Klebsiella pneumoniae isolated from food samples.                                                   

2-Research for  the presence  of  other bacterial species in food and compare 

them with clinical isolates.                                                         

3- Proper cooking of  food  and  proper storage should be done to prevent the 

contamination and growth of microorganisms in food so as to eliminate the 

risk of infection or intoxication. 

4- It is hereby recommended to carry  out routine microbial analysis of foods 

sold at public places to prevent outbreak of bacterial infections.                      

5-Further studies are required to assess the potential use of (GTG)5 analysis 

as a promising tool for molecular typing of Klebsiella isolates and other 

bacteria . 

6- Sequence analysis of virulence genes , antibiotics resistance genes as well 

as serotype genes in K.pneumoniae from food and clinical samples. 
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                           A:Indol Test                         B: Urease Test  

 

C:Vogas Proskauer Test, Methyl Red  Test            D: Citrate Utilization Test         

   

 E:Triple sugar iron agar Test 

Appendex( 1): Traditional Biochemical Tests of  Klebsiella pneumoniae 
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Apendex (2).The results of biochemical diagnosis of K.pneumoniae isolates using 

the Vitek 2 system include probability and an estimate of diagnostic accuracy. 
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 الخالصة

 انًكخسبت انزئٛسٛت األيزاع يسبببث أحذ فمؾ نٛسجKlebsiella pneumoniae  أٌ بكخزٚب        

 انذو حسًى ٚسبب أٌ ًٔٚكٍ انغذاء ؽزٚك ػٍ ُٚخمم ْبو يًزع ػبيم أًٚؼب ٔنكُٓب ، انًسخشفٛبث يٍ

 انزئٕٚت نهكهبسٛال ٔانٕراثٛت انًظٓزٚت انخظبئض فحض ٚخى نى.  االَسبٌ فٙ ٔاإلسٓبل انكبذ ٔخزاجبث

نؼشالث  انًظهٛت األًَبؽ ححذٚذ ْٕ انذراست ْذِ يٍ انٓذف كبٌ ، نذنك.  انؼزاق فٙ بذلت االغذٚت فٙ

Klebsiella pneumoniae ٍٔأًَبؽ انؼزأة ػٕايم جُٛبث ٔححذٚذ انًخخهفت انغذاء ػُٛبث ي 

حفبػم  انجشٚئٙ ببسخخذاوًُٛؾ خببنخ نهؼشالث انجُٛٙ انخُٕع ححهٛم ٔكذنك ، انحٕٛٚت انًؼبداث يمبٔيت

 .انسزٚزٚت ببنؼشالث يمبرَخٓب ثى 5-PCR (GTG)انبٕنًٛزٚش انًخسهسم 

 فٙ يخخهفت يظبدر يٍ غذاء ػُٛت 092 جًغ حى ،0202 إنٗ حشزٍٚ األٔل حًٕس انفخزة يٍ خالل       

 Klebsiella pneumoniae إٚجببٛت نبكخزٚب َخبئج أػطج:( 0..0) فمؾ 02 يُٓب ، انذٕٚاَٛت يذُٚت

 انبزحمبل يٍ ػشالث 4 ،.  انخٛبر يٍ ػشالث . ٔ ، يمبالث انطؼبو ػُٛبث يٍ ػشالث 2 ػهٗ يٕسػت

ٔػشنت  انًفزٔو انهحى يٍ ػشالث . ، ٔيكسزاث يٍ ػُب كم يٍ ػشالث 0 ، انزيبٌ يٍ ػشالث 4 ،

 .ٔانسًك انهحٕو  كم يٍ ػُٛت  ٔاحذة يٍ

 يخخهفت سزٚزٚت بحبالث يظببٍٛ يزػٗ يٍ سزٚزٚت ػُٛت 82ػشنت يٍ اطم  0. جًغ حىبًُٛب         

 يٍ 0 ، انحزٔق يٍ . ، األدرار يٍ 02 ، انمشغ يٍ 01) شًهج انخؼهًٛٙ انذٕٚاَٛت يسخشفٗ فٙ

 . Vitekانفبٚخك  َٔظبو انخمهٛذٚت انكًٕٛحٕٛٚت ببالخخببراث انؼشالث جًٛغ حشخٛض حى(.  انجزٔح

 يٍ  01  حجبِ Klebsiella pneumoniae نؼشالث حٕٛٚتان انًؼبداث حسبسٛت أخخببر حى      

 أٌ انُخبئج أظٓزث.  يٍ انمزص االَخشبر ؽزٚمت خالل يٍ االسخخذاو شبئؼت انحٕٛٚت انًؼبداث

 ، اإلًٚٛبُٛٛى حجبِ حسبسٛخٓب ػذا فًٛب انًسخخذيت انحٕٛٚت نهًؼبداث يمبٔيت كبَج ػبو بشكم انؼشالث

 .يٕكسٛفهٕكسبسٍٛ.  سٕنببكخبو-األيبٛسهٍٛ ، ٍسٛبزٔفهٕكسبسٛ ، انهٛفٕفهٕكسبسٍٛ

 غذائٛت ػشنت   Klebsiella pneumoniae   (02 ػشنت يٍ 21 نهًحفظت ل انًظهٛت األًَبؽ        

 أًَبؽ أربؼت ححذٚذ حى.  نهًحفظت انسبؼت انًظهٛت األًَبؽ أخخبزث بٕاسطت (سزٚزٚت ػشنت 0. ٔ

كبٌ انًُؾ  ، ٔسزٚزٚت غذائٛت فٙ ػشالث  K2 ٔ K20 ٔ K57 ٔ K54 انًحفظت يٍ يخخهفت يظهٛت

ػشنخٍٛ  فٙ k20 ،ٔجذ انسزٚزٚت انؼشالث يٍ فٙ أربؼت بًُٛب ٔاحذة غذائٛت ػشنت فٙ k2 انًظهٙ

 فٙ ،  سزٚزٚت ػشالث أربغ فٙ k57 جٍٛ ػهٗ انؼثٕر حى ، انسزٚزٚت انؼشالث ححذد فٙ ٔنى غذائٛت

 انغذائٛت انؼشالث يٍ كم فٙ k54 جٍٛ ػٍ نكشفا حى ، ػُٓب انكشف ٚخى نى  انؼشالث انغذائٛت



 

  ب
 

 فٙ k1 ، k3 ، k5 انًظهٙ انًُؾ ححذٚذ ٚخى نى(. انغذاء فٙ 8 ٔ ، انسزٚزٚت انؼشنت فٙ 00) ٔانسزٚزٚت

 .ٔانسزٚزٚت انغذائٛت انؼشالث يٍ كم

 انًخسهسم انبٕنًٛٛزاس حفبػم بٕاسطت ػبيم ػزأة ًَٔؾ يظهٙ جٍٛ .0 ٔجٕد حمٛٛى حى       

(PCR )ٙانغذائٛت؛ انؼشالث فٙ شًٕٛػب األكثز انجُٛبث كبَج.  انسزٚزٚت انغذائٛت ٔ انؼشالث ف fimH 

%  ،  1.فٙ  kfuBC% ، 1.فٙ ureA% ،     48فٙ  WabG% ،14فٙ Uge ،: 82.2 فٙ

k54  ٙ0.ف    ،  %ybtA  ٙ01ف ، %alls  ٙ00ف ،%iucB ٙ8.2ف ، %rmpA ٙ8.2ف ، %

k20 ٙ8.2ف ، %k2 ٙيٍ أ٘ نى حسجم جُٛبث انؼزأة انخبنٛت فٙ انحبنٛت، دراسخُب .فٙ %   4.2ف 

انؼزأة ٔاألًَبؽ  بًُٛب جُٛبث .ironB ٔ k1 ٔ k3 ٔ k5 ٔ k57  ٔ wcaG: انغذائٛت انؼشالث

  فٙ Uge ،  :(..10) فٙ wabG جٙ ْٙ انسزٚزٚت انؼشالث فٙ اكخشبفٓب حى انخٙ انًظهٛت

(28.0 ):، fimH ٙ( 24.8) ف: ،rmpA ٙ(8.1.) ف: ،K54 ٙ( 8.1.)  ف:، kfu  ٙ0.) ف..  :

)  ،  ureA ٙ( 02.8) ف:، ، allS ٙ( 00.1)  ف:،  iucB ٙ( 00.1)  ف:، ybta ٙ(  09.4)  ف:، 

K2 ٙ( 00.9)  ف:، ،k57  ٙ0029)4ف: (. 

 = p) انسزٚزٚت انؼشالث فٙ ػُّ انغذائٛت انؼشالث فٙ يؼُٕ٘ بشكم أػهٗ fimH َسبت  كبَج      

بًؼُٕٚت  انسزٚزٚت ببنؼشالث يمبرَت انغذائٛت انؼشالث فٙ ألم كبٌ  rmpA ٔجٕد حٍٛ فٙ   ،( 0.028

 (.p> 0.05) يؼُٕ٘ فزق أ٘ األخزٖ انجُٛبث حظٓز ٔنى ،( p = 0.002) ػبنٛت

 انخٕارسيٛت ؽزٚمت) ببسخخذاو انؼُمٕد٘ انخحهٛم أظٓز ،حٛث( GTG)ل يخًٛشة أًَبؽ ححذٚذ حى      

 Klebsiella غذائٛت يٍ ػشنت 02 بٍٛ ظٓزث ػُبلٛذ 1 سزٚزٚت ٔ ػشنت 0. بٍٛذ ػُبلٛ 1( ٔارد

pneumoniae.  ٙانغذائٛت ٔانسزٚزٚت . بؼغ انؼشالث  انؼشالث يخغٛز يخؼذد االشكبل بٍٛ  00ٔحٕان

    .كبٌ نٓب ػاللت ٔثٛمت انجغزافٛت انًُطمت َفس يٍ

ٔيت نهًؼبداث انًبنكت نؼٕايم انؼزأة ٔانًمبKlebsiella pneumoniae بكخٛزٚب  ٔجٕد       

  يزالبت أًْٛت ػهٗ انؼٕء َخبئجُب سهطج.  انًسخٓهكٍٛ طحت الٚسخٓبٌ بّ ػهٗ انحٕٛٚت خطزا 

Klebsiella pneumoniae ٙاألغذٚت ف. 
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 Klebsiella لبكتزٌا  والىراثً الوظهزي التىصٍف

pneumoniae سزٌزٌت و غذائٍت  عٍناث هن الوعشولت 

 الذٌىانٍت هحافظت فً


