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Abstract

Klebsiella pneumonia was the most important nosocomial infections
pathogen. It was causing several morbidity and mortality in a sick animals and
human. Its identification and detection were performed by usage of conventional
cultural characters, biochemical tests and Polymerase chain reaction technique
(PCR). One hundred clinical samples, were divided into (50) samples of cattle
suffering from pneumonia and (50) samples of human with respiratory infection,
were collected from different regions of Al.Diwaniya city in period between
1/10/2017-1/2/2018 of the K.disease between cattle and human.the positive
results 34 (68%) cattle samples were positive for K. pneumonia identification,
while 38 (76%) sputum samples of human with respiratory cases gave K.
pneumoniae isolates. The results show only (72) isolates were identification by

PCR technique K.pneumoniae in Al.Diwanniya.

The results of this study in revealed that the pcr technique had a high specifity in

detection of Klebsiella pneumonia especially the comparison percentage

Between human and cattle by using 16SrRNA gene partial sequence, compared to
cultural, biochemical testing in addition that this technique conform that source of

infection in cattle and human.
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Introduction

In the past decade, geographic differences have been recognized in the
spectrum of disease caused by Klebsiella pneumoniae. These differences include
a preponderance of severe invasive disease in Taiwan and other parts of Asia [1-
8].

A characteristic syndrome has emerged in which liver abscess is accompanied by

K. pneumoniae bacteremia and sometimes by endophthalmitis or meningitis [7].

This is typically a community-acquired infection that occurs in patients with
diabetes mellitus. Reports of this syndrome from North America, Europe, and
Australia are uncommon [2]. Additionally, K. pneumoniae has long been
recognized as a possible cause of community-acquired pneumonia. Over the past
2 decades, K. pneumoniae has been an exceedingly rare cause of community-

acquired pneumonia in North America, Europe, and Australia [2, 9, 10].

Yet, it remains an important cause of severe community-acquired pneumonia in
Asia and Africa. In these regions, patients also have classic risk factor of
alcoholism [11 [2].

In this study, we performed molecular detection of K.pneuonia by PCR
polymearase chain reaction to calculate the prevalence of K. pneumonia in cattle

as well as in human .diwaniyah province.
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Aim of the study
To investigate the spreading of K pneumonia among Human.

To investigate the spreading of K pneumonia among cattle & its zoonotic

importance.
To evaluate some epidemiological features of K. pneumonia.

Molecular characterization of K.pneumonia by PCR by using specific primer for

detection of k .pneumonia
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2.Literature review
2-1. The causative agent

Klebsiella pneumoniae is a Gram-negative, nonmotile, encapsulated, lactose-
fermenting, facultative anaerobic, rod-shaped bacterium. It appears as a mucoid

lactose fermenter on MacConkey agar.

Although found in the normal flora of the mouth, skin, and intestinesit can cause
destructive changes to human and animal lungs if aspirated (inhaled), specifically
to the alveoli (in the lungs) resulting in bloody sputum. In the clinical setting, it is
the most significant member of the Klebsiella genus of theEnterobacteriaceae. K.
oxytoca and K. rhinoscleromatis have also been demonstrated in human clinical
specimens. In recent years, Klebsiella species have become important pathogens

in nosocomial infections. [1]

It naturally occurs in the soil, and about 30% of strains can fix nitrogen in
anaerobic conditions. As a free-living diazotroph, its nitrogen-fixation system has
been much-studied, and is of agricultural interest, as K. pneumoniae has been

demonstrated to increase crop yields in agricultural conditions. [3]

Members of the Klebsiella genus typically express two types of antigens on their
cell surfaces. The first, O antigen, is a component of the lipopolysaccharide(LPS),
of which 9 varieties exist. The second is K antigen, a capsular polysaccharide
with more than 80 varieties. Both contribute to pathogenicity and form the basis

for serogrouping.[4]
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2-2 Classification

Klebsiella has been known as human pathogen since it was first isolated in
the late nineteenth century by Edwin klebs [1], and it’s a genus belongs to the
family Enterobacteriaceae which is Gram-negative straight rods bacteria,
arranged singly, in pairs or short chains, and slightly shorter than other

Enterobacteriaceae [2].

A wide repertoire among the virulence and resistance factors is present
about K. pneumoniae genome allowing for the expression of capsule,
siderophores, adhesins, and antimicrobial determinants [3]. Infections caused by
K. pneumoniae can result in serious and life threating infections including
pneumonia, urinary tract infections, intravascular line infections, soft tissue

infections, intraabdominal infections and bacteremia [4].

Serotyping is one of the typing techniques used to identify microorganisms
of same species that can vary in the antigenic determinants manifested on the cell

surface .Capsule is a major virulence [5].

K. pneumoniae on a MacConkey agar plate
Scientific classification

Domain: Bacteria

Phylum: Proteobacteria

Class:  Gammaproteobacteria

Order:  Enterobacteriales

Family: Enterobacteriaceae

Genus:  Kilebsiella

Species: K. pneumoniae

Binomial name
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Although found in the normal flora of the mouth, skin, and intestines,[1] it
can cause destructive changes to human and animal lungs if aspirated (inhaled),
specifically to the alveoli (in the lungs) resulting in bloody sputum. In the clinical
setting, it is the most significant member of the Klebsiella genus of the
Enterobacteriaceae. K. oxytoca and K. rhinoscleromatis have also been
demonstrated in human clinical specimens. In recent years, Klebsiella species
have become important pathogens in nosocomial infections[15]

2-3 Clinical significance

As a general rule, Klebsiella infections are seen mostly in people with
a weakened immune system. Most often, illness affects middle-aged and older
men with debilitating diseases. This patient population is believed to have
impaired respiratory host defenses, including persons
with diabetes, alcoholism, malignancy,  liver  disease, chronic  obstructive
pulmonary diseases, glucocorticoidtherapy, renal failure, and certain occupational
exposures (such as papermill workers). Many of these infections are obtained
when a person is in the hospital for some other reason (a nosocomial infection).
Feces are the most significant source of patient infection, followed by contact

with contaminated instruments [11]

in pneumonia, typically in the form of bronchopneumonia and also bronchitis.
These patients have an increased tendency to develop
lung abscess, cavitation, empyema, and pleural adhesions. It has a death rate

around 50%, even with antimicrobial therapy. [5]

In addition to pneumonia, Klebsiellacan also cause infections in
the urinary tract, lower biliary tract, and surgical wound sites. The range of

clinical diseases includes pneumonia, thrombophlebitis,
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urinary, cholecystitis, diarrhea,  upper respiratory tract  infection,  wound
infection, osteomyelitis, meningitis, and bacteremia and septicemia. For patients
with an invasive device in their bodies, contamination of the device becomes a
risk; for example, neonatal ward devices, respiratory support equipment, and
urinary catheters put patients at increased risk. Also, the use of antibiotics can be
a factor that increases the risk of nosocomial infection
with Klebsiella bacteria. Sepsis and septic shock can follow entry of the bacteria
into the blood.

2.4. Culture and metabolic characteristics Klebsiella

species are easily cultured on media suitable for Enterobacteriaceae bacteria,
including: nutrient agar, tryptic casein soy agar, bromocresol purple lactose agar,
Drigalski agar, MacConkey agar, eosin-methylene blue (EMB) agar and
bromothymol blue (BTB) agar [61]. No additional growth factors are required by
K. pneumoniae, which is capable of both fermentative and respiratory metabolism
[54]. The facultative anaerobe can have a variable mucoid appearance, which may
vary between different strains and be influenced by the composition of the
medium used [54,61]. Useful tests in determining enterobacterial taxonomy
include carbon source utilisation Most strains can hydrolyse urea, reduce nitrates
without the production of H2S gas, as well as utilise glucose and citrate as carbon
sources [54]. In the case of fermentation of glucose, a gas and an acid are
produced [25]. Glucose fermentation also results in the formation of acetoin and

2,3-butanediol [6]. review
2-5 Virulence factors and the role in pathogenesis of K. pneumoniae

The significant impact of K pneumoniae in the clinical setting as a

healthcare-associated pathogen has prompted investigation into the factors
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implicated in its pathogenesis [7]. The factors aiding in basic pathogenesis of K.
pneumoniae are the fimbrial and non-fimbrial adhesins, a capsule, siderophores
(particularly enterobactin), urease, lipopolysaccharide (LPS), serum resistance as

well as biofilm formation [7,8,9].

On the other hand, enhancing factors aiding invasion include other
siderophores (aerobactin and yersiniabactin), The prerequisite to an infection is
often the mucosal pathogen’s ability to adhere [7,39]. Klebsiella pneumoniae
expresses numerous fimbrial and non-fimbrial adhesins capable of recognising
varied receptors, which in turn can facilitate the adherence to several target cells
[7]. Fimbrial adhesins include mannose-sensitive type 1 fimbriae, type 3 fimbriae
and plasmidencoded fimbriae designated as KPF-28, while a non-fimbrial adhesin
includes the CF29K factor [7,38].

The above mentioned type 1 and type 3 fimbriae are frequently detected in K.
pneumoniae isolates, particularly mediating urinary tract infections (UTIs) and
biofilm formation, respectively [8,40,41]. The expression of the various fimbriae
can be both beneficial in that it may facilitate attachment or disadvantage the
bacterium due to the heightened host immune response that may be triggered,
thus outlying the opportunistic nature of K. pneumoniae [7]. Surface saccharides
that have been associated with K. pneumoniae virulence in a human host include
an LPS and capsule [42]. Capsules can play an important role outside the human
host by offering some protection against desiccation in the environment or in the
host by resisting complement-mediated lysis or phagocytosis and possibly having
a neutralising effect against antibodies through the release of excessive capsular
material [42,43].

At least 78 antigenically varied capsular types have been identified in K.

pneumoniae [1,44] Resistance to phagocytosis was found to be higher in K1 and
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K2 capsular serotypes [1,47]. Particular types may also play a more significant
role in virulence, such as the K2 capsule, which has frequently been isolated from
clinical isolates implicated in urinary tract infections, pneumonia and bacteraemia
[7,46,]. The LPS is, on the other hand, a component situated in the outer
membrane of bacteria and part of it forms the O-antigen of which there are only
12 differing antigens [50]. Finally, the growth of K. pneumoniae in vivo
necessitates essential elemental iron for which it competes with the host by
producing high-affinity extracellular ferric chelators (iron-binding molecules)
[7,48]. A hypervirulent strain of K. pneumoniae was found to possess greater

quantities of biologically active siderophores [1,50].

3. Materials and methods:
3-1 Materials
3-1-1 Equipments and Instruments

Table (3-1) Equipments and instruments used in this study

No. Equipment & instrument Company
1 Autoclave Memmert/Germany
2 High Speed Cooled centrifuge Eppendorf /Germany
3 Oven Memmert/Germany
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4 Sensitive Balance Sartorius/Germany
5 Water Bath Memmert/Germany
6 Vortex CYAN/ Belgium
Micropipettes 5-50, 0.5-10,
7 Epprndorf/ Germany
100-1000pl
8 Nanodrop Thermo/ USA
9 Refrigerator Concord /Lebanon
10 Eppendorf tubes Bioneer/ korea
11 Disposable container 50 mli Sterile EO. / China
12 Exispin vortex centrifuge Bioneer/ korea
13 MyGene PCR thermocycler Bioneer/ Korea
14 Rack tube Biobasic/USA
15 Cooled Box china
16 medical Gloves Fisher/USA
17 Camera Samsung /China

3-1-2. Diagnostic Kits:

No.

Kits

Company | Country
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AccuPower "M PCR Premix Bioneer Korea

Taq DNA polymerase

dNTPs (dATP, dCTP, dGTP, dTTP)

Tris-HCI pH 9.0, KCI, MgCl,

Loading dye

Table (3-2): shown the main diagnostic kits that used throughout this

study with their companies and countries of origin:

3-1-3. Chemical Materials

Table (3-3) Chemical materials used in this study

emical Material anufacturer gin

solute Ethanol Co Jordan

arose bBasic Canada

nidium Bromide bBasic Canada

e Nuclease Water blab USA

E Buffer bBasic nada
3-1-4 Primers

Two PCR primers were used in this study for identification and genotyping
of E. granulosus based on sequencing of two mitochondrial genes that

amplified by using PCR technique. These primers were designed as in
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Nikmanesh et al., (2014) and provided by (Bioneer Company, Korea) as
following table: Table (3-4): The Primers that used in the study

nplicon juence Primer

gyrB AA GTC ATC ATG ACCGTT CTG CA) 1256bp

C AGG GTA CGG ATG TGC GAG CC)

3-2.Methood
3-2-1. Samples collection:

One hundred samples divided in to fifty fecal of cattle were collected from
cattle suffered from diarrhea and fifty samples of human suffered from diarrhea in
different sites of Al- gadissyiah province. These samples were placed in cold
container and transported to bacteriology Lab. in Vet Med. College for isolation

and identification of k. pneumonia.
3-2-2 .Isolation and identification of K.pnemonia:

The samples were inoculated in nutrient, blood and MacConkey agar to
isolate k. pneumonia. from other enterobacteriacea bacteria. Single pure colony
were cultured on Orientation chrome agar and EMB agar to identification k.

pneumonia.
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From other lactose ferment enterobacteriacea. Biochemical tests were used to

confirm k. pneumonia identification.
3-2-3. DNA extraction of bacteria genome:

Genomic DNA of K. pneumonia isolates was extracted by using (PrestoTM
Mini gDNA Bacteria Kit. Geneaid. USA). 1ml of new bacterial growth (for
overnight) in nutrient broth was put in 1.5ml microcentrifuge tubes. These tubes
were centrifuged at 10000 rpm for 1 minute. The supernatant was removed and
the bacterial cells pellets were used to extract the genomic DNA according to
company instruction. Nanodrop spectrophotometer was used to check the
concentration and purification of the extracted DNA and storage it in -20°C at

freezer until perform PCR assay.
3-2-4. Polymerase chain reaction (PCR):

Specific primer were using in PCR assay to detect k. pneumonia the
housekeeping gene gyrB ,F (GAA GTC ATC ATG ACC GTT CTG CA) and R(
AGC AGG GTA CGG ATG TGC GAG CC) with product size YYelpp and
specific primer (GGAGTTAGTGCAGCCTCCAG) primers, were designed by
NCBI-GenBank, [54] were provided by (Bioneer Company. Korea) used to
amplify a 1256bp fragment of highly conserved regions gyrB gene of Preparation
of PCR master mix according to (Bioneer. Korea). PCR premix tube contains
freeze-dried pellet of (Taq DNA polymerase 1U, dNTPs 250uM, Tris-HCI (pH
9.0) 10mM, KCI 30mM, MgCI2 1.5mM, stabilizer, and tracking dye). PCR
reaction was acted by added Sul of purified genomic DNA and 1.5ul of 10pmole
of forward primer and 1.5pul of 10pmole of reverse primer to PCR premix tube
and complete the volume into 20ul total volume by deionizer PCR water
according to kit instructions. Briefly, it mixed by Exispin vortex centrifuge

(Bioneer. Korea). The reaction was performed in a thermocycler (Mygene
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Bioneer. Korea) by set up the following thermocycler conditions; A total of 30
cycles of amplification was performed with template DNA denaturation at 94°C
for 1 min, primer annealing at 60°C for 1 min, and primer extension at 72°C for 2
finally extension at 72 °C for 10 min for Gyr B .and 95 °C initial denaturation
temperature for 5 min ; next 30 cycles at 95 °C denaturation for 30 s , annealing
58 °C for 30 s, and extension 72 °C for 1min and finally extension for 10 min
.The PCR products were examined by electrophoresis in a 1.5% agarose gel,

stained with ethidium bromide, under UV transilluminator.
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Chapter

4-The Result:

4-1.1solation and identification:

Cultural characters of K. pneumonia growth on macConky and Orientation

media showed in table (1). Pink ,mucoid ,lactose fermented colonies were

considered to be Klebsiella spp on MacConky agar while on orintation medium,

colonies is metalic blue color, large ,rounded.( Figure 1). These isolates were

positive citrate utilization and catalase while negative for H,S production and

oxidase reaction.[12].

Table (1): identification of Klebsiella Pneumonia by biochemical test.

Biochemical test

Bacter . )
_ Ca|Ox |In|M |V |Ur |Ci|H |[Mot |Ge |[Ni |Gl [La |Su | Ma
Ia t. i. d |R. |P. |s. t. |S i. l. t. u. |c. C. n.
K.pneur
+ | - |- |- + | + - +| +| +
+ |- - |+ +

Y=yellow . H,S=sulfurehydrate production, EMB=Eosin Methyline Blue.

Table (2): cultural characters of Klebsiella Pneumonia on selective media
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Eigure(1): Metallic blue ;rounded and large colonies of Klebsiella pneumonia on Orientation chrome agar
and MacConkey agar.

Bacterial isolates Triple Sugar Orientation
EMB Iron(TSI) MacConky chrome agar
Slant/butt agar
Klebsiella Pneumonia purple yly, gas, no H,S | pink coloines metallic blue
color

Thirty four (68%) samples from50 nasal swap collected from sheep suffering
from respiratory singes were positive for K. pneumoniae ,while 38 (76) of human

with sputum cases gave K. pneumoniae isolates table (2).

Detection of K.pnemonia gyrB

17(50%) three isolates from total 34 isolates were positive to Detection of
gyrB gene, these positive isolates divided to 19 isolate (50%) for human from
total human 38 for detection of were performed by PCR by usage specific
primer sequences with product sizes of 1256 bp. (Figure 4) . In this study we

investigated the epidemiology of K. pneumoniae in a defined geographic area that

18
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included a general hospital and surrounding canals and farms. Our findings
support the suggestion that clinical K. pneumoniae have evolved mechanisms to
better adapt to survival in the clinical setting. Virulence factors were more

frequent in clinical isolates and had been acquired on more than one occasio

theses results of human more appear than of sheep because of prevalence
k.pnemonia appear as nosocomial pathogen in hospital .while the disease was

also prevalence in diseased sheep
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5.1 Conclusions:

1-K.pnemonia was main cause respiratory signs that most of them were aged

persons and the time of spreading was related to the pilgrimage season.

2- K.pnemonia was widely speeded in cattle which were mainly apparently
diseased that mean camel play a role in the zoonotic transmission as a

reservoir or intermediate host

3-The bacteria more prevalent in adult animal than young &there were

geographical variation & high infection rate in the western borders
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5.2: Recommendations

1. Sequencing of k.pnemonia in cattle and human

2. Phylogenetic tree of K. Pneumonia and efficient laboratory techniques for
accurate detection & design a data base k.pnemonia in Iraq

3. Further molecular study and full genome sequencing & study the role of
alteration the sequence of genome especially all virulence gene & the
effect of mutation on the bacteria transmission from human to human in

addition to investigation of drug efficiency on the bacteria



[Type here]

References

. Cheng HP, Chang FY, Fung CP, Siu LK. Klebsiella pneumoniae liver
abscess in Taiwan is not caused by a clonal spread strain. J Microbiol
Immunol Infect. 2002;35:85-8.

. Ko WC, Paterson DL, Sagnimeni AJ, Hansen DS, VVon Gottberg A,
Mohapatra S, et al. Community-acquired Klebsiella pneumoniae
bacteremia: global differences in clinical patterns. Emerg Infect Dis.
2002;8:160-6.

. Fung CP, Chang FY, Lee SC, Hu BS, Kuo BI, Liu CY, et al. A global
emerging disease of Klebsiella pneumoniae liver abscess: is serotype
K1 an important factor for complicated endophthalmitis? Gut.
2002;50:420-4.

. Wang JH, Liu YC, Lee SS, Yen MY, Chen YS, Wang JH, et al. Primary
liver abscess due to Klebsiella pneumoniae in Taiwan. Clin

Infect Dis. 1998;26:1434-8.

. Wong TY, Chiu SI, So MK, Tsang MK, Lai ST, Tse KK, et al. Septic
metastatic endophthalmitis complicating Klebsiella pneumoniae

liver abscess in a non-diabetic Chinese man. Hong Kong Med J.
2001;7:303-6.

. Chang SC, Fang CT, Hsueh PR, Chen YC, Luh KT. Klebsiella pneumoniae

isolates causing liver abscess in Taiwan. Diagn Microbiol



[Type here]

Infect Dis. 2000;37:279-84.

7. Lau YJ, Hu BS, Wu WL, Lin YH, Chang HY, Shi ZY. Identifi cation
of a major cluster of Klebsiella pneumoniae isolates from patients
with liver abscess in Taiwan. J Clin Microbiol. 2000;38:412-4.

8. Tsay RW, Siu LK, Fung CP, Chang FY. Characteristics of bacteremia
between community-acquired and nosocomial Klebsiella pneumoniae
infection: risk factor for mortality and the impact of capsular
serotypes as a herald for community-acquired infection. Arch Intern
Med. 2002;162:1021-7.

9. Carpenter JL. Klebsiella pulmonary infections: occurrence at one
medical center and review. Rev Infect Dis. 1990;12:672-82.

10.Korvick JA, Hackett AK, Yu VL, Muder RR. Klebsiella pneumonia
in the modern era: clinicoradiographic correlations. South Med J.
1991;84:200-4.

11.Hammond JM, Potgieter PD, Linton DM, Forder AA. Intensive care
management of community-acquired Klebsiella pneumoniae. Respir
Med. 1991;85:11-6.

12.Feldman C, Kallenbach JM, Levy H, Thorburn JR, Hurwitz MD,
Koornhof HJ. Comparison of bacteraemic community-acquired
lobar pneumonia due to Streptococcus pneumoniae and Klebsiella

pneumoniae in an intensive care unit. Respiration. 1991;58:265-70



[Type here]

13. Ryan, KJ; Ray, CG, eds. (2004). Sherris Medical Microbiology (4th
ed.). McGraw Hill. ISBN 0-8385-8529-9.

13.Jump up” Postgate, J (1998). Nitrogen Fixation (3rd ed.). Cambridge University
Press. ISBN 978-0-521-64047-3.

14.Jump up” Riggs, PJ; Chelius MK; Iniguez AL; Kaeppler SM; Triplett EW (2001).

"Enhanced maize productivity by inoculation with  diazotrophic
bacteria". Australian ~ Journal of  Plant  Physiology. 29 (8):  829-
836.d0i:10.1071/PP01045.

15.R. C. Jagessar; R. Alleyne (November 2011). "ANTIMICROBIAL POTENCY
OF THE AQUEOUS EXTRACT OF LEAVES OF TERMINALIA
CATAPPA" (PDF). Academic Research International. 1: 362.I1SSN 2223-9553.

16.Jump up” Rashid, T; Ebringer, A (June 2007). "Ankylosing spondylitis is linked
to Klebsiella--the evidence". Clinical Rheumatology. 26 (3): 858
864.doi:10.1007/s10067-006-0488-7. PMID 17186116.

17.Jump up”™ Groopman, J (2008-08-11). "Superbugs". The New Yorker.
Retrieved 2013-07-07. The new generation of resistant infections is almost
impossible to treat.

18.Jump up” Lee, C.-R.; Lee, J. H.; Park, K. S.; Jeon, J. H.; Kim, Y. B.; Cha, C.-J;
Jeong, B. C.; Lee, S. H. (2017). "Antimicrobial resistance of
hypervirulent Klebsiella pneumoniae: epidemiology, hypervirulence-associated
determinants, and resistance mechanisms". Front. Cell. Infect. Microbiol. 7:
483. doi:10.3389/fcimb.2017.00483.

19.Jump up” "Carbapenem-resistant Enterobacteriaceae (CRE) Infection: Clinician
FAQs". Cdc.gov. Retrieved 25 October 2017.

20.Jump up to:*°°“®"Guideline for Isolation Precautions: Preventing

Transmission of Infectious Agents in Healthcare Settings 2007". Centers for


https://en.wikipedia.org/wiki/McGraw_Hill_Financial
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-8385-8529-9
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-Postgate_1998_2-0
https://en.wikipedia.org/wiki/Cambridge_University_Press
https://en.wikipedia.org/wiki/Cambridge_University_Press
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-521-64047-3
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-3
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1071%2FPP01045
http://www.savap.org.pk/journals/ARInt./Vol.1(3)/2011(1.3-37).pdf
http://www.savap.org.pk/journals/ARInt./Vol.1(3)/2011(1.3-37).pdf
http://www.savap.org.pk/journals/ARInt./Vol.1(3)/2011(1.3-37).pdf
https://en.wikipedia.org/wiki/International_Standard_Serial_Number
https://www.worldcat.org/issn/2223-9553
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-Rashid_2006_6-0
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007%2Fs10067-006-0488-7
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/17186116
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-7
http://www.newyorker.com/reporting/2008/08/11/080811fa_fact_groopman/?currentPage=all
https://en.wikipedia.org/wiki/The_New_Yorker
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-8
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.3389%2Ffcimb.2017.00483
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-9
https://www.cdc.gov/hai/organisms/cre/cre-clinicianfaq.html
https://www.cdc.gov/hai/organisms/cre/cre-clinicianfaq.html
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-CDC_Guideline_10-0
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-CDC_Guideline_10-1
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-CDC_Guideline_10-2
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-CDC_Guideline_10-3
https://en.wikipedia.org/wiki/Klebsiella_pneumoniae#cite_ref-CDC_Guideline_10-4
https://www.cdc.gov/HAI/organisms/klebsiella/klebsiella.html
https://www.cdc.gov/HAI/organisms/klebsiella/klebsiella.html

[Type here]

Disease Control and Prevention. @ This article incorporates text from this
source, which is in the public domain.

21.Drancourt M, Bollet C, Carta A, Rousselier P. Phylogenetic analysis of Klebsiella
spe- cies delineate Klebsiella and Raoultella gen. nov., with description of
Raoultella orni- thinolytica comb. nov., Raoultella terrigena comb. nov., and
Raoultella planticola comb. nov.. Int J Syst Evolut Microbiol2001;51:925-32.

22.Grimont PAD, Grimont F. Genus XVI Klebsiella. In: Brenner DJ, Krieg NR,
Stanley JT, eds. Bergey's Manual of Systematic Bacteriology. New York:
Springer; 2005. pp. 685-693.

23.Brisse S, Grimont F, Grimont PAD. The Genus Kilebsiella.
Prokaryotes2006;6:159-96

24.Zhao L, Ma X, Zheng Y, Zhang J, Wei G, Wei D. Over-expression of glycerol
dehy- drogenase and 1,3-propanediol oxidoreductase in Klebsiella pneumoniae
and their effects on conversion of glycerol into 1,3-propanediol in resting cell
system. J Chem Technol Biotechnol2009;84:626-32.

25. Marcal D, Régo AT, Carrondo MA, Enguita FJ. 1,3-Propanediol dehydrogenase
from Klebsiella pneumoniae: decameric quaternary structure and possible subunit
cooper- ativity. J Bacteriol2009;191:1143-51.

26.Clegg S, Sebghati T. Klebsiella pneumoniae. In: Sussman M, edr. Molecular
Medical Microbiology. California: Academic Press; 2001. pp. 1655-1680.

27.Fertas-Aissani RE, Messai Y, Alouache S, Bakour R. Virulence profiles and
antibiotic susceptibility patterns of Klebsiella pneumoniae strains isolated from
different clini- cal specimens. Pathologie Biologie2013;61:209-16.


https://en.wikipedia.org/wiki/Public_domain

[Type here]

28.Clements A, Gaboriaud F, Duval JFL, Farn JL, Jenney AW, Lithgow T, et al..
The ma- jor surface-associated saccharides of Klebsiella pneumoniae contribute
to host cell as- sociation. PloS ONE2008;3:e3817.

29. Johnson JG, Murphy CN, Sippy J, Johnson TJ, Clegg S. Type 3 fimbriae and
biofilm formation are regulated by the transcriptional regulators MrkHI in
Klebsiella pneu- moniae. J Bacteriol2011;193:3453-60.

30. Fuursted K, Scholer L, Hansen F, Dam K, Bojer MS, Hammerum AM, et al..
Virulence of a Klebsiella pneumoniae strain carrying the New Delhi metallo-f-
lactamase-1 (NDM-1). Microbes Infect2012;14:155-8.

31. Russo TA, Shon AS, Beanan JM, Olson R, MacDonald U, Pomakov AO, et al.
Hyper- virulent K. pneumoniae secretes more and more active iron-acquisition

molecules than “classical” K. pneumoniae thereby enhancing its virulence. PloS
ONE2011;6:e26734.

32. Struve C, Bojer M, Krogfelt KA. Characterisation of Klebsiella pneumoniae type
1 fimbriae by detection of phase variation during colonization and infection and

im- pact on virulence. Infect Immun2008;76:4055-65.

33.Schembri MA, Blom J, Krogfelt KA, Klemm P. Capsule and fimbria interaction
in Klebsiella pneumoniae. Infect Immunity2005;73:4626-33.

34.Schroll C, Barken KB, Krogfelt KA, Struve C. Role of type 1 and type 3 fimbriae
in Klebsiella pneumoniae biofilm formation. BMC Microbiol2010;10:179-88.

35. [76] Cortés G, Borrell N, De Astorza B, Gémez C, Sauleda J, Alberti S.
Molecular

36.Ramos P, Picdo R, Almeida LG, Lima NC, Girardello R, Vivan AC, et al.
Comparative analysis of the complete genome of KPC-2-producing Klebsiella

pneumoniae Kpl3 74 Antimicrobial Resistance - An Open Challenge reveals



[Type here]

remarkable genome plasticity and a wide repertoire of virulence and resist- ance
mechanisms. BMC Genomics2014;15:54.

37.Cortés G, Borrell N, De Astorza B, Gémez C, Sauleda J, Alberti S. Molecular
analysis of the contribution of the capsular polysaccharide and the
lipopolysaccharide O side chain to the virulence of Klebsiella pneumoniae in a

murine model of pneumonia. In- fection Immunity2002;70:2583-90.

38. [77] Moranta D, Regueiro V, March C, Llobet E, Margareto J, Garmendia J, et
al. Klebsiel- la pneumoniae capsule polysaccharide impedes the expression of -
defensins by air- way epithelial cells. Infection Immunity2010;78:1135-46.
Review - Understanding p-lactamase Producing Klebsiella pneumoniae
http://dx.doi.org/10.5772/61852 75 [78] Pan YJ, Fang HC, Yang HC, Lin TL,
Hsieh PF, Tsai FC, et al.. Capsular polysacchar- ide synthesis regions in
Klebsiella pneumoniae serotype K57 and a new capsular se- rotype. J Clin
Microbiol2008;46:2231-40.

39.Turton JF, Baklan V, Siu LK, Kaufmann ME, Pitt TL. Evaluation of a multiplex
PCR for detection of serotypes K1, K2 and K5 in Klebsiella sp. and comparison
of isolates within these serotypes. FEMS Microbiol Lett2008;284:247-52.

40.Pan YJ, Lin TL, Chen YH, Hsu CR, Hseih PF, Wu MC, et al. Capsular types of
Kleb- siella pneumoniae revisited by wzc sequencing. PLoS ONE2013;8:e80670.

41. Yu WL, Ko WC, Cheng KC, Lee CC, Lai CC, Chuang YC. Comparison of
prevalence of virulence factors for Klebsiella pneumoniae abscesses between
isolates with capsu- lar K1/K2 and non-K1/K2 serotypes. Diagnost Microbiol
Infect Dis2008;62:1-6.



[Type here]

42.[59] Podschun R, Ullmann U. Klebsiella spp. as nosocomial pathogens:
epidemiology, taxonomy, typing methods and pathogenicity factors. Clinic
Microbiol Rev1998;11:589-603.

43.Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB, et al. Bad
bugs, no drugs: no ESKAPE! An update from the Infectious Diseases Society of
America. Clin Infect Dis2009;48:1-12

44 Kluytmans-van den Bergh MF, Kluytmans JA. Editorial commentary: control of
mul- tidrug-resistant microorganisms: beyond the hospital. Clin Infect
Dis2012;55:1512-4

45.Shon AS, Bajwa RP, Russo TA. Hypervirulent (hypermucoviscous) Klebsiella
pneu- moniae a new and dangerous breed. Virulence 2013;4:1-12. Review -
Understanding B-lactamase Producing Klebsiella pneumoniae
http://dx.doi.org/10.5772/61852 69

46.[2] Giske CG, Monnet DL, Cars O, Carmeli Y. Clinical and economic impact of

common multidrug-resistant Gram-negative bacilli.  Antimicrob  Agent
Chemother2008;52:813-21

47.[21] Tofteland S, Naseer U, Lislevand JH, Sundsfjord A, Samuelsen O. A long-
term lowfrequency hospital outbreak of KPC-producing K. pneumoniae involving
intergenus plasmid diffusion and a persisting environmental reservoir. PL0S
ONE2013;8:e59015.
47. Van der Bij AK, Pitout JDD. The role of international travel in the worldwide
spread of multiresistant Enterobacteriaceae. J Antimicrob
Chemother2012;67:2090-100.

48. Hennequin C, Aumeran C, Robin F, Traore O, Forestier C. Antibiotic resistance
and plasmid transfer capacity in biofilm formed with a CTX-M-15-producing
Klebsiella pneumoniae isolate. J Antimicrob Chemother2012;67:2123-30.


http://dx.doi.org/10.5772/61852%2069

[Type here]

49.Ghafourian S, Sadeghifard N, Soheili S, Sekawi Z. Extended spectrum beta-
lactamas- es: definition, classification and epidemiology. Curr Issues Molecul
Biol2014;17:11- 22.



