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Abstract  

Klebsiella pneumoniae is not only one of the main pathogens acquired from the 

hospital but it is as well a significance foodborne pathogen that causing liver 

abscesses, septicaemia ,and  diarrhea.The study aimed to isolate  Klebsiella 

pneumoniae from different food samples in Al-Diwaniyah city/Iraq ,determine some 

virulence factors genes of these isolates, and testing the resistance to antibiotics. The 

study extended fromAugust  to November 2020.A total of 25 isolates identified as 

Klebsiella pneumoniausing traditional biochemical tests ,Vitek system and 16SrRNA 

gene.The existence of 8virulence factors geneswasdetectedby PCR.The more 

commonness virulence factors genes were Khe  (100%), fimH(80.0 %), Uge  (64.0 

%), ureA (36.0 %), YbtA (16.0 %) ,alls (12.0 %),iucB (8.0 %) and ironB(0.0%).The 

bacterial isolates  explained risinglevel of resistanceto Amoxicillin-

clavulanate,piperacillin ,gentamicin,ceftazidime , cefepime and 

cefotaxime(25/25,100%) , ampicillin (22/25, 88.0 %), tetracycline  (20/25 ,80.0 %), 

amikacin (15/25,60.0 %) ,aztreonam( 9/25, 36.05 %),(11/25, 44.0 %) intermediate and 

(5/25, 20.0 %) sensitivity rate..The sensitivity of isolates recorded to Levofloxacin 

,ciprofloxacin, Ampicillin-sulbactam (SAM)  and imipenem (25/25 ,100%), 

Chloramphenicol (20/25, 80.0 %), Moxifloxacin (19/25,76.0 %) and meropenem( 9 

/25,36.0 %) .The existence of virulence genes and resistance of antibiotics in 

Klebsiella pneumoniae isolated from foodsrefers to a possibility healthrisk  for 

people.The results showa significanceformonitoring Klebsiella pneumoniae in food. 
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Introduction 

Klebsiella pneumonia is a significant opportunistic bacteria which can cause a various 

infections in humans, involving septicemia ,liver abscesses , diarrhea ,and pneumonia 

(Guo et al.,2017).It is  one of the famous pathogens acquired in hospital and is related 

to increasing  the patients morbidity and mortality (Cabral et al.,2012).  

Aside fromthe clinical isolates of K.pneumoniae is  often present in diet, inclusive 

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

believed  a food bornepathogen  (Davis and Price,2016). 

 Bacterial 16SrRNA genes include nine “hypervariable regions” (V1-V9) that 

illustratessignificant sequence diversity among various bacteria. Species-specific 

sequences in the offered hypervariable region comprisebeneficial targets for 
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diagnostic tests and other scientific investigations"  (Chakravorty 

etal.,2007).Molecular testing permits for extremelyspecific and sensitive diagnosis of 

 a huge number of pathogenic agents in the clinical isolates .The capacity of 

molecular methods to detect pathogens immediately from food and clinical samples 

led to the fast diagnosis without    s ma from food and clinical samples makes the fast 

identification without tend to culture possibility (Barbut et al.,2011) .            

Klebsiella pneumoniae canproduce a differentvirulence factors inclusive;endotoxin 

,capsule ,iron scavenging system ,siderophores ,as well as  adhesions ,which are 

shown to do significant roles in  their etiology . Virulence factors liketheallS( the 

allantoin regulon activator coding, correlated with the allantoin metabolism); genes 

associatedwith internal toxins, uge,  genes related to the ironacquiring system 

iucB,ironB,ybtA and fimH ; It is also believed that the ureA gene (sub-unit α-urease, 

related to invaders) is included in virulence modes (Calhau et al .,2013). 

The appearance of antibiotics resistant withinKlebsiella spp.is a major problem in 

themedicine (Hu et al.,2013). Drug-resistance by K.pneumoniaeisolates from various 

food samples (Yaici  et al.,2017).  

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

the human digestive system  .Consumingthe certain food groups may affect the 

genetic diversity of antibiotic resistance .So, the aim of this study is to isolate 

Klebsiella pneumoniae from different food samples ,detect the susceptibility of the 

isolates to some antibiotics and molecular detection of some  virulence factors 

genes(khe, iucB, alls,ureA, ironB, fimH, ybtA,uge).  

Materials and Methods 

Isolation and Identification of Bacterial  isolates 

A total of(190)food  samples collected from super market ,house eat ,Different 

restaurantsas well s from farm in different region in Al-Diwaniyah city during a 

period from August to November 2020.The sample including  meat(fresh, 

freezing,mincedand cooked),  aquatic products (fish), Fruits(Orange, Grapes)  

vegetables (Tomato, Cucumber and lettuce),grainsand appetizers. The food samples 

put in discrete sterilized bags and thereafter directly transferred in icebox to the 

laboratory (under 4˚C) and treated during 4-6 h.                                                             

        

Nearly, 2.5grams of each sample was enriched in 10 ml of nutrient broth for 24h at 

37˚C.Then, inoculate from nutrient broth was cultured in MacConkey agar ,incubated 

overnight at 37˚C . From the growing colonies with pink color and mucoid texture 

,three colonies were selectedand subcultured in the nutrient agar  and incubated 

overnight at 37˚C , after that the identification of isolates performed by using Vitek 

system  (Biomerieux,France) .Insured isolates were preserved in Brain-heart infusion 

broth with 20% glycerol and stocked  at -20˚C  stored at -20˚C for furthermore study. 
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Molecular detection ofKlebsiella pneumoniae by 16S rRNA gene: 

DNA extraction  

A DNA extraction kit (Geneaid, Taiwan) was used to perform the process of 

extracting the DNA from fresh growth of Klebsiella pneumoniae. The procedure was 

generated depending on the protocol of the manufacturer .The measurement of  DNA 

concentration was done for quality and   quantity by a NanoDrop( Nabi-Korea) . 

Amplification of 16S rRNA gene by PCR 

The primers (Forward primer ; AGCGTCAGTCTTTGTCCAGG  and Reverse 

primer; GATGACCAGCCACACTGGAA) used to amplify regions in the 16S rRNA 

gene have been designed by using program of Primer 3 Plus. The reaction of the PCR 

employed by using Mastermix (Bioneer, Korea) with at total volume (20 μl ) of 

reaction mixture; including 5μl DNA template, 2μl (10pmol) for each primer, 11 μl of 

nuclease free water . The conditions of the thermocycler were  95˚ C  for 2 minute of 

the first denaturation, 35 cycles including the denaturing with 95˚C for 30 sec., the 

annealing was 58˚C  for 30 sec. and the extension was 72˚C for 1 minute) and the 

ultimate extension was at  72 ˚C for  5 minute.Using 1.5 %-agarose gel including 

0.5μg/ml Red Safe dye  , DNA bands were separated via electrophoresis and 

visualized via a Gel documentation system (Wisd-Korea (. 

Antimicrobial susceptibilityTesting 

The strains were examined for antibiotic sensitivity for 17antibiotics using the method  

of disk diffusion in Muller  Hinton agar (Mast, UK) following  the guidelines of 

(CLSI,2020). These tested antibiotics: ampicillin(10μg),amoxicillin-clavulanic acid 

amoxicillin-clavulanic acid (30μg), cefotaxime (30μg), ceftazidime (30μg) , 

piperacillin(100μg), imipenem(10μg), gentamicin(10μg), amikacin (30μg), 

Cefepime(30μg), Aztreonam(30μg), Meropenem(10μg), Levofloxacin (5 μg), 

Ampicillin-Sulbactam (20μg), Ciprofloxacin(5μg), Chloramphenicol(30μg),  

Moxifloxacin (5μg), and teteracycline (30μg). The selected antibiotics represent the 

major classes of antibiotics which are substantial to treat bacterial diseases . The 

isolates recorded  as a sensitive , moderate and resistance depending on the  

guidelines of CLSI. 

Detection of virulence genes  in K.pneumoniae isolates  

The assured isolates of Klebsiella pneumoniaewere cultured in thenutrient broth for 

24 h. at 37˚C.The extraction of DNA was done by using specific kit for extraction 

(Geneaid- Taiwan ) depending on the instructions of  the manufacturer. Eight singular 

PCRs  carried out to determine the existence of virulence factors genes (allS, ybtA, 

iucB, ironB, fimH, ureA, uge, Khe) in the isolates of Klebsiella pneumoniaeas 

recorded in the former studies (Brisse et al.,2009 and Turton,2010). The sequences of 

primers ,and the size of amplicons are clarified in Table 1.   
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The product of PCR analyzed in 1.5% agarose gel that contain Safe Red (0.005% v/v) 

in TAE  buffer,and imaged by using Gel documentation system (Wisd-Korea) . 

Table(1) PCR primers used in this study 

References Size 

(bp) 
Primer Sequence(5′-3′) Target 

virulence 
genes 

Neuberger 

et al., 2008 
428 F: TGATTGCATTCGCCACTGG  

R: GGTCAACCCAACGATCCTG 
Khe 

Brisse et 

al., 2009 
1090 F: CCGTTAGGCAATCCAGAC  

R: TCTGATTTA(A/T)CCCACATT 
Alls 

He, 2012 960 F: ATGACGGAGTCACCGCAAAC  

R: TTACATCACGCGTTTAAAGG 
YbtA 

He, 2012 948 F: ATGTCTAAGGCAAACATCGT  

R: TTACAGACCGACCTCCGTGA 
iucB 

Brisse et 

al., 2009 
337 F: GCTGACTTAAGAGAACGTTATG  

R: GATCATGGCGCTACCT(C/T)A 
UreA 

Brisse et 

al., 2009 
423 F: GCTCTGGCCGATAC(C/T)AC(C/G)ACGG  

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

Brisse et 

al., 2009 
534 F: GATCATCCGGTCTCCCTGTA  

R: TCTTCACGCCTTCCTTCACT 
Uge 

He, 2012 992 F: GGCTACTGATACTTGACTATTC 

R: CAGGATACAATAGCCCATAG 

ironB 

 

Results 

Identification of K. pneumoniae by biochemical and molecular assays  

The overall of 25isolateswere diagnosed as K.pneumoniaefrom (190) food  samples 

that collected from different sources in Al-Diwaniyah city/Iraq, by traditional 

biochemical tests and Vitek system;distributed by 4 isolates from Pomegranate , 3 

from Cucumber, 4 from Orange , 2 from Graps , one isolate from fish , 2 isolates from 

shredded colored Walnuts,  4 from Hummues ,  3 from Minced meat, one  isolate 

from fresh meat and one fromrestaurant Appetizers  ).Also ,we confirmed the 

identification of isolates by molecular detection of 16SrRNA gene as clarified in 

figure.1. 

 

Figure1:Image of Agarose gel electrophoresis showed the PCR product withsize457 

bp for identification gene(16SrRNA)of  Klebsiella pneumoniae isolates.  Where 

Marker ladder (100-1000bp), lane (1-20): Isolates numbers.                 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B29
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839057/#B3
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/#B20
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Antibiotic susceptibility  of K. pneumoniae isolates: 

The Rates of sensitivity and resistance to antibiotics by Klebsiellapneumoniae 

samples are shown in table 1. Amoxicillin-clavulanate (AMC), piperacillin (PRL), 

Gentamicin (GEN), Ceftazidime (CAZ),Cefepime (CPM) and Cefotaxime (CTX) 

showed (25/25 ,100%) resistance rate,  Ampicillin (AM) showed 22 (88.0 %) 

resistance rate and 3 (12.0 %) sensitivity rate,Tetracycline (TE) showed 20 (80.0 %) 

resistance rate and 5 (20.0 %)  intermediate rate, Amikacin (AK) showed (15/25,60.0 

%) resistance rate and (10/25, 40.0 %) intermediate rate.Aztreonam (ATM) showed 

(9/25,36.0 %) resistance, (11/25, 44.0 %) intermediate and (5/25, 20.0 %) sensitivity 

rate. Meropenem (MEM) showed 5 (20.0 %) resistance rate, 11 (44.0 %) intermediate 

rate and 9 (36.0 %) sensitivity rate. 

Levofloxacin (LEV) ,Ciprofloxacin (CIP) andImipenem (IPM) ,Ampicillin-sulbactam 

(SAM) showed 25 (100%) sensitivity rate. Chloramphenicol (C10) showed 20 (80.0 

%) sensitivity rate and 5 (20.0 %) resistance rate.   Moxifloxacin (MFX) showed 19 

(76.0 %) sensitivity rate and 6 (24.0 %) resistance rate.Therefore in terms of 

sensitivity, the best antibiotics are Levofloxacin, Ciprofloxacin, imipenem and 

ampicillin-sulbactam followed by Chloramphenicol and then  by Moxifloxacin. 

Table 1: Rates of sensitivity and resistance to antibiotics by Klebsiella 

pneumoniaeisolates 

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 %) 
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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  

Detection of Virulence factors genes  

The rate in terms of cases numbers of virulence factors genes in Klebsiella 

pneumoniae isolated from various food samples is shown in figure 2. The virulence 

factor gene ,fimH  was seen in 20 (80.0 %) cases, allsin 3 (12.0 %). Ugein 16 (64.0 

%),iucB in 2 (8.0 %),ureA in 9 (36.0 %),YbtA in 4 (16.0 %) and Khe  in 25 (100.0 %) 

.Whereas, ironB was not seen in the enrolled isolates.The identification of these 

virulence factors was done using conventional PCR techniques and the results of gel 

electrophoresis are shown in figures 3 through 9. 

 

Figure 2: The rate (%) of virulence factors genes in Klebsiella pneumoniaisolates 

from various food sources. 

 

Figure 3: Image of agarose gel electrophoresis showing the product of PCR of 

virulence factor gene,fimHof Klebsiellapneumoniaeisolateswith product size 423bp 

.Where Marker ladder (100-1500bp), lane (1-20): Isolates numbers. 
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Figure 4:Image of agarose gel electrophoresis showing the product of PCR 

ofvirulence factor gene,allS of Klebsiella pneumoniaisolates with product size1090bp. 

Where Marker ladder (100-1500bp), lane (1-24):Isolates numbers.          

 

Figure 5:Image of agarose gel electrophoresis showing the product of PCR of 

virulence factor gene,ugeofKlebsiella pneumoniaeisolates with product size534bp. 

Where Marker ladder (100-1500bp), lane (1-20):Isolate numbers.  .                               

 

Figure 6:Image of Agarose gel electrophoresis showed PCR product of virulence 

factor gene,iucBof Klebsiella pneumoniae isolateswith product size948bp. Where 

Marker ladder (100-1500bp), lane (1-20): Isolates numbers.  
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Figure 7:Image of Agarose gel electrophoresis showed PCR product of virulence 

factor gene,ureAof Klebsiella pneumoniae isolateswith product size 337bp.   Where 

Marker ladder (100-1500bp), lane (1-20): Isolates numbers. 

 

Figure 8:Image of Agarose gel electrophoresis showed PCR product of virulence 

factor gene,YbtAof Klebsiella pneumoniae isolateswith product size960bp.   Where 

Marker ladder(100-1500 bp) ,lane (1-20):Isolates numbers.                                      

 

 

Figure 9:Image of Agarose gel electrophoresis showed PCR product of   virulence 

factor gene,kheof Klebsiella pneumoniae isolates with product size 428 bp.   Where 

Marker ladder (100-1500bp), lane (1-20): Isolates numbers  .      
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Discussion 

       In addition, to being a principal hospital acquired bacterial pathogen, Klebsiella 

pneumoniae 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 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, Klebsiella pneumonia isolated from 25 food samples 

according to laboratory investigations by  traditional biochemical tests and molecular 

diagnosis using 16SrRNAgene, these isolates were tested for antibiotic resistance. The 

resistance to Amoxicillin-clavulanate was 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 

by Hartantyoet al.(2020) in Singapore, resistance to Amoxicillin-clavulanate was 

reported in 6.1 %. Therefore, the strain affecting the food item in our study is most 

probably different form that food isolates in China and Singapore because it was 100 

% resistant to Amoxicillin-clavulanate. 

With respect to aztreonam, the resistance was seen 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 Klebsiella 

pneumoniae strains are different from that isolated in China. 

The resistance to Gentamicin, was seen 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 %. 

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 is 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 6.5 % of cases and the Singapore study reported resistance in 7.8 %, thus, the 

resistance rate in the present study is slightly risingthanthe rate recorded by both 

Chinese and the Singapore studies. For imipenem, no resistance were recorded for our 

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 % while the Singapore study 

reported resistance in 19.7 %. Again, these results support our belief that the isolated 
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Iraqi Klebsiella pneumoniae strains are different from that isolated in China and in 

Singapore. Concerning Cefotaxime, we reported resistance in 100% 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. 

We compared our results with previous results in China and Singapore because there 

are notmany studies about Klebsiella pneumoniae isolated from food samples.  

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 Alhasani,2016). 

      It has been detected the following virulence genes in food isolates of 

K.pneumoniaewith corresponding rates: fimH in 80.0 %; AllS in 12.0 %; Uge in 64.0 

%; iucB in 8.0 %; ureA in 36.0 %; YbtA in 16.0 %; Khe in 100% and ironB in 0.0 %. 

      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 % and iroNB in 0.0 %. Therefore, our study is approximately similar to the 

Chinese study in all included genes with exception of khe gene which has not been 

mentioned by the Chinese study. 

The findings of the virulence factors detection proposed that the Khe, ,fimH ,ureA 

,and uge 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. 

 

      Hemolysins is cytolyic toxin that lysis erythrocytes which are represent as a 

significant cause of destruction to are consider as an important causes of damage to 

ease the diffusion of bacteria, extra-intestinal  diseases as well releasing of host 

nutrients, and may also  modify the pathways of the host by influencing on different 

pathways,include host cell survival,inflammatory response ,cytoskeletal dynamics 

(Schmidt et al.,1995). 

Type 1 fimbriae are essential for the ability of K. pneumonaeto cause urinary tract 

infection (UTI) and found on all members of Enterobacteriacae. They exert their 

adhesive properties by virtue of the fimH adhesion located on the tip of fimbriae 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). 

Numerous species of bacteria ,involving K.pneumoniae have the ability to use urea as 

a nitrogen source by virtue the capacity of hydrolyzing the urea to  ammonia and  
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CO2 by the urease enzyme (Mobley and Island,1995). 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,200). The disability to metabolize the urea 

may therefore effect the ability of K.pneumoniae colonization in the GI tract, where 

the urea is found. 

The uge gene, which encodes a uridine diphosphate galacturonate 4-epimerase and is 

required for biosynthesis of the capsule and smooth lipopolysaccharide(Reguéet 

al.,2004). 

Thepresence of allSgene that associated with allantoin metabolism (allS) is used by 

bacteria to obtain carbon and nitrogen from the environment(Paczosa and 

Mecsas,2016). 

Other virulence factors have also been detected, aerobactin (iucB).Where, production 

of erobactin could be correlated with virulence(Jian-liet al.,2017). and YbtA , 

transcriptional regulator, is presumed to be the central regulator of yersiniabactin 

production together with the ferric uptake regulator    (iron uptake and transport 

genes) . 

 

Conclusions 

Our findingdemonstrate that K.pneumoniae isolated from food samples 

appeardifferent virulence factors genes and  resistance to antibiotics .The 

possiblehealth hazardsshowedby the isolates mustnot be underassessment. 

Theresultshighlighted requirementofrisingthemonitoring of Klebsiella pneumoniaein 

diet. Try as much as possible not to eat restaurant appetizers because they contain a 

mixture of bacteria, including K.pneumoniae. 

 

References 

1- Alhasani, A.H.(2016). Virulence factors and antibiotic susceptibility patterns of 

multidrug resistance Klebsiellapneumoniae isolated from different clinical 

infections. Afr J Microbiol Res.;10:829-3. 

2- Barbut, F., Monot, M., Rousseau, A., Cavelot, S. and Simon, T. (2011). Rapid 

diagnosis of Clostridium difficile infection by multiplex real-time PCR. European 

journal of clinical microbiology and infectious diseases, 30: 1279–1285. 

3- Brisse, S.;Fevre C.; Passet, V.; Isenhuthjeanjean, S.; Tournebize, R. ;Diancourt 

L.et al. . (2009). Virulent clones of Klebsiella pneumoniae: identification and 

evolutionary scenario based on genomic and phenotypic characterization. PLoS 

ONE 4:e4982. 10.1371/journal.pone.0004982 . 

4- Burne, R.A.  and  Chen, Y.Y. (2000). Bacterial ureases in infectious diseases, Mi- 

crobes Infect. 2:533–542. 

5- Cabral A. B., Melo Rde C., Maciel M. A., Lopes A. C. (2012). Multidrug 

resistance genes, including blaKPC and blaCTX-M-2, among Klebsiella 

pneumoniae isolated in Recife, Brazil. Rev. Soc. Bras. Med. Trop. 45, 572–578. 

10.1590/S0037-86822012000500. 

6- Calhau V., Boaventura L., Ribeiro G., Mendonça N., Da S. G. (2014). Molecular 

characterization of Klebsiella pneumoniae isolated from renal transplanted 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 11007 - 11019 

Received 05 March 2021; Accepted 01 April 2021.  
 

11018 
 

http://annalsofrscb.ro 

patients: virulence markers, extended-spectrum β-lactamases, and genetic 

relatedness. Diagn. Microbiol. Infect. Dis. 79, 393–395. 

10.1016/j.diagmicrobio.2013.08.031. 

7- Chakravorty, S.; Helb, D.; Burday, M.; Connell, N. and Alland D. (2007). A 

detailed analysis of 16S ribosomal RNA gene segments for the diagnosis of 

pathogenic bacteria. Journal of Microbiological Methods, 69(2): 330–339. 

8- Cheng, L.; Cao, X. L.; Shen, H.; Zhang, Z. F.; Ning, M. Z. and Zhou W. Q., et al. 

(2015). Investigations on the virulence, serotypes and genotyping of Klebsiella 

pneumoniae producing KPC-2. Chin. J. Clin. Lab. Sci. 33, 591–595. 

10.13602/j.cnki.jcls.2015.08.08    

9- Chou, H.C.; Lee, C.Z.; Ma, L.C.; Fang, C.T.; Chang, S.C. and Wang, J.T. (2004). 

Isolation of a chromosomal region of Klebsiella pneumoniae associated with 

allantoin metabolism and liver infection. Infect. Immun. 72:3783–3792. 

10.1128/IAI.72.7.3783-3792.2004.  

10- CLSI. (2020).Performance Standards for Antimicrobial Susceptibility Testing. 

30th ed. CLSI supplement M100. Wayne, PA: Clinical and Laboratory Standards 

Institute.  

11- Davis G. S., Price L. B. (2016). Recent research examining links 

among Klebsiella pneumoniae from food, food animals, and human extraintestinal 

infections. Curr. Environ. Health Rep. 3, 1–8. 10.1007/s40572-016-0089-9. 

12- Effah,C.Y.; Sun,T. ;Liu,S.  and Wu,Y.( 2020). Klebsiella pneumoniae: an 

increasing threat to public health. Ann Clin Microbiol Antimicrob.,9;19(1):1.doi: 

10.1186/s12941-019-0343-8. 

13- Guo, Y.; Wang, S.; Zhan, L.; Jin, Y.; Duan, J.; Hao, Z., et al. . 

(2017). Microbiological and clinical characteristics of 

hypermucoviscous Klebsiella pneumoniae isolates associated with invasive 

infections in China. Front. Cell. Infect. Microbiol. 7:24. 

10.3389/fcimb.2017.00024  . 

14- Hartantyo, S.H.P.;  Chau, M.L.; Koh, T.H.; Yap, M.; Yi, T.; Cao, D.Y.H.;        

GutiÉrrez, R.A.;Ng, L.C(2020). Foodborne Klebsiella pneumoniae: Virulence  

Potential, Antibiotic Resistance, and Risks to Food Safety. J Food Prot. 2020 Jul 

1;83(7):1096-1103. doi: 10.4315/JFP-19-520. PMID: 31928427. 

15- He, J. Y. (2012). Study on serotype and distribution on characterization of 

virulence genes of Klebsiella pheumoniae. Chongqing Medical University. 

16- Hu, L.; Zhong, Q.; Tu, J.; Xu, Y.; Qin, Z. and  Parsons, C., et al. 

(2013). Emergence of blaNDM-1 among Klebsiella pneumoniae ST15 and novel 

ST1031 clinical isolates in China. Diagn. Microbiol. Infect. Dis. 75, 373–376. 

10.1016/j.diagmicrobio.2013.01.006. 

17- Jian-li,W.; Yuan-yuan,S. ; Shou-yu,G. ; Fei-fei,D. ; Jia-yu,Y.;Xue-hua,W.; Yong-

feng,Z. ; Shi-jin,j.  and  Zhi-jing, X.( 2017).Serotype and virulence genes of 

Klebsiella pneumoniae isolatedfrom mink and its pathogenesisin mice and mink. 

Scientific  ReportS | 7: 17291 | DOI:10.1038/s41598-017-17681-8. 

18- Mobley, H.L. ; Island, M.D.  and Hausinger, R.P. (1995).Molecular biology of 

microbial ureases, Microbiol. Rev. 59:451–480. 

19- Neuberger, A.; Oren, I. and Sprecher, H. (2008). Clinical impact of a pcr assay for 

rapid identification of Klebsiella pneumoniae in blood cultures. J. Clin. Microbiol. 

46, 377–379. doi: 10.1128/JCM.00568-07 

20- Paczosa, M.K. and  Mecsas, J.(2016).Klebsiella pneumoniae: Going on the 

offense with a strong defense. Microbiol Mol Biol Rev 2016;80:629-61. 

javascript:;
javascript:;
javascript:;
javascript:;


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 11007 - 11019 

Received 05 March 2021; Accepted 01 April 2021.  
 

11019 
 

http://annalsofrscb.ro 

21- Regué, M.; Hita, B.; Piqué, N. et al.(2004). A gene, uge, is essential for Klebsiella 

pneumoniae virulence. Infect Immun. 2004;72(1):54–61. 

22- Schembri,A.M.; Blom, J.; Krogfelt, K.A. and Klemm, P. (2005). Capsule and 

Fimbriae Interaction in Klebsiella pneumoniae. Infection and Immunity. 8, pp: 

4626–4633. 

23- Schmidt, H.; Beutin, L. and Karch, H. (1995).Molecular Analysis of the Plasmid-

Encoded Hemolysin of Escherichia coli O157:H7 Strain EDL 933. Vol.63, No. 3: 

p.1055-1061. 

24- Turton, J. F. (2010). PCR characterization and typing of Klebsiella 

pneumoniae using capsular type-specific, variable number tandem repeat and 

virulence gene targets. J. Med. Microbiol. 59, 541–547. 10.1099/jmm.0.015198-0. 

25- Vogels, G.D. and  Van der Drift, C. (1976).Degradation of purines and 

pyrimidines by microorganisms. Bacteriol Rev.;40:403-68. 

26- Yaici, L.; Haenni, M.; Métayer, V.; Saras, E.; Mesbah, Z. F.; Ayad, M., et al. . 

(2017). Spread of esbl/ampc-producing Escherichia coli and Klebsiella 

pneumoniae in the community through ready-to-eat sandwiches in algeria. Int. J. 

Food Microbiol. 245, 66–72. 10.1016/j.ijfoodmicro.2017.01.011 . 

27- Yu, W. L.; Ko, W. C.; Cheng, K. C.; Lee, C. C.; Lai, C. C.; Chuang, Y. C. 

(2008). Comparison of prevalence of virulence factors for Klebsiella 

pneumoniae liver abscesses between isolates with capsular k1/k2 and non-k1/k2 

serotypes. Diagn. Microbiol. Infect. Dis. 62, 1–6. 

10.1016/j.diagmicrobio.2008.04.007 . 

28- Zhang, S.; Yang, G.; Ye, Q.; Wu, Q.; Zhang, J. and Huang, Y.(2018). Phenotypic 

and genotypic characterization of Klebsiellapneumoniae isolated from retail foods 

in China. Front Microbiol.;9:289. 

29- Qasim, M. T., & Al-Mayali, H. K. (2019). Investigate the relation between 

Baicalin effect and Gene expression of LH, FSH, Testosterone in male rats treated 

with Gemcitabine drug. Research Journal of Pharmacy and Technology, 12(9), 

4135-4141. 

30- Qasim, M. T., & Al-Mayali, H. K. (2019, July). The immunological and 

protective role of Baicalin in male rats treated with chemotherapy (Gemcitabine). 

In Journal of Physics: Conference Series (Vol. 1234, No. 1, p. 012065). IOP 

Publishing. 

31- Tahmasebi, S., Qasim, M. T., Krivenkova, M. V., Zekiy, A. O., Thangavelu, L., 

Aravindhan, S., ... & Roshangar, L. (2021). The effects of Oxygen‐Ozone therapy 

on regulatory T‐cell responses in multiple sclerosis patients. Cell biology 

international. 

32- Mousa, H. M., & Qasim, M. T. (2015). Microbial Infection and IL-6 Urine Levels 

for Pregnant women in Thi-Qar Province. World J. Pharma. Res, 4(05), 358-365. 

33- Ahmed Jassem AL-Naely, Maytham T. Qasim, Hussein Abbas Al-Hamadawi. 

(2021). Transfusion of Blood Components in the Newborn Service of the 

Hospital. Annals of the Romanian Society for Cell Biology, 952–958. Retrieved 

from http://annalsofrscb.ro/index.php/journal/article/view/2525.  

34- Zainab I. Mohammed, Maytham T. Qasim. (2021). Correlation of AMH and LH 

Levels in PCOS Patients with Pregnancy Rate. Annals of the Romanian Society 

for Cell Biology, 945–951. Retrieved from 

http://annalsofrscb.ro/index.php/journal/article/view/2524. 

 

 


