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ABSTRACT 

 
Klebsiella pneumoniae causes a wide scope of contaminations, including pneumonias, urinary diseases, bacterial 

infections, and liver abscesses. Generally, K. pneumoniae has caused genuine contamination essentially in 

immunocompromised people, yet the new development and spread of hypervirulent strains have expanded the quantity 

of individuals succumbing to diseases that even incorporate the individuals who are fit and immunosufficient. Besides, 

K. pneumoniae strains have gotten progressively impervious to antibiotics, delivering disease by these strains extremely 

easily. The development of hypervirulent and anti-infection safe strains has driven various ongoing research and 

studies. Work has depicted the overall spread of one medication safe strain and a host safeguard hub, interleukin-17 

(IL-17), that is significant for controlling disease. Four variables, container, lipopolysaccharide, fimbriae, and 

siderophores, have been studied and are significant for destructiveness in somewhere around one disease model. A few 

different components have been less all around described but on the other hand are significant in something like one 

contamination model. Nonetheless, there is a lot of heterogeneity in K. pneumoniae strains, and few out of every odd 

factor assumes a similar basic part in all destructive Klebsiella strains. Late examinations have distinguished extra K. 

pneumoniae harming factors and prompted more bits of knowledge about factors significant for the development of this 

microbe at an assortment of tissue locales. A significant number of these qualities encode proteins that capacity in 

digestion and the guideline of record. Notwithstanding, much work is left to be done in describing these newfound 

components, seeing how diseases vary among solid and immunocompromised patients, and recognizing appealing 

bacterial or host focuses for treating these contaminations. 
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1. INTRODUCTION 

Klebsiella pneumoniae has as of late acquired reputation as an irresistible specialist because of an ascent in the quantity 

of extreme diseases and the expanding shortage of powerful medicines. These disturbing conditions have emerged 

because of the rise of K. pneumoniae strains that have gained extra hereditary characteristics and become either 

hypervirulent (HV) or anti-microbial safe. K. pneumoniae was first separated in the late nineteenth century and was at 

first known as Friedlander's bacterium [1][2]. It is a Gram-negative, epitomized, nonmotile bacterium that dwells in the 

climate, remembering for soil and surface waters and on clinical gadgets [3] [4]. Significantly, K. pneumoniae promptly 

colonizes human mucosal surfaces, including the gastrointestinal (GI) parcel and oropharynx, where the impacts of its 

colonization seem kind [3] [5]. From these locales, K. pneumoniae strains can acquire section to different tissues and 

cause serious contaminations in people. K. pneumoniae is an incredibly strong bacterium whose accomplishment as a 

microorganism appears to follow the model of "the best guard for a microbe is a decent protection" as opposed to "the 

best safeguard for a microorganism is a decent offense." This is exemplified by the capacity of these microscopic 

organisms to dodge and endure, instead of effectively stifle, a large number of the invulnerable framework and develop 

at numerous locales in has. This survey centers around K. pneumoniae destructiveness factors that have been 

concentrated inside and out and are significant in at least one sorts of diseases just as on extra K. pneumoniae 

harmfulness factors that have been distinguished in late work. To comprehend the jobs of these components with 

regards to K. pneumoniae contaminations, we first survey the various sorts of K. pneumoniae strains that are currently 
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causing critical infection, the sorts of illnesses brought about by these K. pneumoniae strains, and the host factors that 

K. pneumoniae experiences while building up a contamination. 

In the course of the most recent years, there has been an unsettling ascend in the procurement of protection from a wide 

scope of anti-infection agents by strains got from "old style" K. pneumoniae. As an outcome of this anti-microbial 

opposition, straightforward diseases like urinary plot contaminations (UTIs) have gotten hard-headed to treatment, and 

more genuine contaminations, for example, pneumonias and bacteremias have become progressively dangerous [6][7]. 

Two significant sorts of anti-infection opposition have been regularly seen in K. pneumoniae. One instrument includes 

the declaration of expanded range β-lactamases (ESBLs), which render microbes impervious to cephalosporins and 

monobactams. The other component of obstruction, which is considerably seriously upsetting, is the statement of 

carbapenems by K. pneumoniae, which renders microorganisms impervious to practically all accessible β-lactams, 

including the carbapenems [8].  

 

The main instance of K. pneumoniae communicating a carbapenems was recognized in North Carolina in 1996, and 

accordingly, this sort of carbapenems is called KPC [9]. Extra carbapenems, for example, MBL, NDM-1, IMP, and 

VIM, have since been found in K. pneumoniae strains [10]. Strikingly, these carbapenems, including KPC, have been 

found in different microbes, and by and large, they add to the overall event of carbapenem-safe microscopic organisms 

[10; see references 11 and 12 for latest surveys]. Notwithstanding the kind of carbapenems that they convey, 

carbapenem-safe K. pneumoniae separates are named CRE, for carbapenem-safe Enterobacteriaceae. Because of an 

absence of accessible compelling medicines, K. pneumoniae diseases brought about by ESBL-creating and carbapenem-

safe microscopic organisms have altogether higher paces of dismalness and mortality than contaminations with passive 

microbes [13]. The drugs and the sensitivity of klebsiella pneumoniae to them are given in Table 1. Work announced by 

the CDC in 2013 shows the recurrence and seriousness of diseases with these strains’ dependent on a 2011 study of 183 

medical clinics in the United States [13]. ESBL-delivering strains caused 22.9% of nosocomial K. pneumoniae diseases, 

rising to 16,999 contaminations, and brought about 1,099 passings. In the meantime, carbapenem-safe K. pneumoniae 

strains caused 10.9% of nosocomial K. pneumoniae diseases, approaching 7,899 contaminations, and brought about 519 

passings. 

 

Table 1: Drug Sensitivity of Klebsiella pneumoniae to various drugs 

 

Drug Percentage 

Aztreonam 0 

Cefuroxime sodium 0 

Amoxicillin clavulanate 0 

Vancomycin 0 

Amikacin 0 

Meropenem 0 

Cefotaxime 8.3 

Cefepime 25 

Linezolid 37.5 

Gatifloxacin 37.5 

Piperacillin-tazobactam 41.6 

Chloramphenicol 45.8 

Tetracyclines 70.8 
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Cotrimoxazole 75 

Polymyxin B 91.7 

Colistin 95.8 

 

 

2. REVIEW OF LITERATURE 

 
2.1. Etiology 

Klebsiella pneumoniae has a place with the Enterobacteriaceae family and is portrayed as a gram-negative, epitomize, 

and non-motile bacterium. Destructiveness of the bacterium is given by a wide exhibit of elements that can prompt 

disease and anti-infection obstruction. The polysaccharide case of the creature is the main harmfulness factor and 

permits the microorganisms to sidestep opsonophagocytic shown in figure 1 and serum killing by the host organic 

entity. Until this point in time, 76.9 unique capsular sorts have been contemplated, and those Klebsiella species without 

a container will in general be less harmful. A subsequent harmfulness factor is lipopolysaccharides that coat the external 

surface of a gram-negative microscopic organisms. The detecting of lipopolysaccharides discharges a fiery course in the 

host life form and has been a significant offender of the sequela in sepsis and septic shock. Another destructiveness 

factor, fimbriae, permits the organic entity to append itself to have cells. Siderophores are another destructiveness factor 

that is required by the living being to cause contamination in has. Siderophores obtain iron from the host to permit 

proliferation of the tainting organism.[14][15]  

 

 

Fig-1: Role of capsule in the virulence of Klebsiella pneumoniae 

 

Klebsiella pneumoniae is one of a modest bunch of microorganisms that are presently encountering a high pace of anti-

infection opposition optional to adjustments in the center genome of the organic entity. Alexander Fleming previously 

found protection from beta-lactam anti-infection agents in 1928.9 in gram-negative life forms. Since that time, K. 

pneumoniae has been very much contemplated and has been displayed to deliver a beta-lactamase that causes 

hydrolysis of the beta-lactam ring in anti-toxins. Expanded range beta-lactamase (ESBL) K. pneumoniae was found in 

Europe in 1983 and the United States in 1989. ESBLs can hydrolyze oxyimino cephalosporins severing third-age 

cephalosporins inadequate against treatment. Because of this obstruction, carbapenems turned into a treatment choice 

for ESBL. Notwithstanding, of the 9000 contaminations answered to the Centers for Disease Control and Prevention 

(CDC) due to carbapenem-safe Enterobacteriaceae in 2013, roughly 79.9% were because of K. pneumoniae. 

Carbapenem opposition has been connected to an up-guideline in efflux siphons, adjustment of the external film, and 
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expanded creation of ESBL chemicals in the organic entity. Virulence factors of Klebsiella Pneumoniae are shown in 

Table 2. 

 

Table 2: Distribution of factors related to virulence of K. pneumoniae 

 

Virulence-factor Functional role 

rmpA Regulating the expression of capsule  

Bcl Combining with hydrophobic ligands or homeostasis 

as well as immunity are putatively regulated 

SEFIR-domain Signalling pathways of iLI7R are hijacked 

potentially 

Aerobactin Siderophore 

lgg-like Combining of components in the extra-cellular 

matrix 

Enterobactin Siderophore 

cOMP Supposed cytotoxin 

Yersiniabactin Siderophore 

Sel1 lipoproteins Not known 

Colibactin Genotoxin  

Pld-family Metabolism of lipid  

T4SS (virB) Secretion of protein and combined machinery 

T6SS Secretion of protein 

T2SS Secretion of protein 

 
2.2 Epidemiology 

Homo sapiens fill in as the essential repository for K. pneumoniae. In the overall local area, 4.99% to 37.9% of people 

convey the life form in their stool and 0.9% to 5.99% in the nasopharynx. The fundamental repositories of disease are 

the patient's gastrointestinal plot and the hands of clinic staff. It can prompt a nosocomial episode. Notwithstanding, 

higher paces of colonization have been accounted for in those of Chinese nationality and the individuals who experience 

constant liquor addiction. In hospitalized patients, the transporter rate for K. pneumoniae is a lot higher than that found 

locally. In one-study, transporter rates really high found in the stool of those hospitalized and are identified with the 

quantity of anti-microbials given.[16][17]  

Pneumonia brought about by K. pneumoniae can be separated into two classifications: local area obtained or emergency 

clinic procured pneumonia. Despite the fact that local area obtained pneumonia is a genuinely normal analysis, 

contamination with K. pneumoniae is fairly remarkable. In the western culture, it is assessed that roughly 2.99% to 

4.99% of all local area obtained pneumonia is identified with a disease brought about by K. pneumoniae, yet in non-

industrial nations like Africa, it can represent roughly 14.99% of all instances of pneumonia. In general, K. pneumoniae 

represents roughly 11.89% of all medical clinic obtained pneumonia on the planet. In the individuals who foster 

pneumonia while on a ventilator, between 7.99% to 11.99% are brought about by K. pneumoniae, while just 6.99% 

happen in those patients who are not ventilated. Mortality goes from half to 99.9% in patients with liquor abuse and 

septicaemia. 

2.3 Pathophysiology 

Host security from bacterial attack predominantly relies upon two things: polymorphonuclear granulocytes, which 

phagocytose the microorganisms, and serum supplement proteins, which are bactericidal. The substitute pathway of 

supplement enactment is more dynamic in Klebsiella pneumoniae disease. Neutrophil myeloperoxidase and 

lipopolysaccharide-restricting protein work with in protection against Klebsiella pneumoniae disease. The difference 

between the classical and hypervirulent strains of Klebsiella pneumoniae are shown in Table 3. 
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Table 3: Differences between hypervirulent and classical strains of Klebsiella pneumoniae 

 

Criterion Hypervirulent Klebsiella 

pneumoniae strain 

Classic Klebsiella pneumoniae 

strain 

Infection caused Endophthalmitis, liver abscess, 

meningitis, bacteraemia, myositis, 

abscesses of kidney, neck and 

lung, necrotizing fasciitis, 

cellulitis, pneumonia. 

Bacteraemia, pneumonia, urinary 

tract infection or UTI 

Susceptibility People who are 

immunosuppressed, e.g., patients 

with diabetes or other disorders 

Healthy people, people with 

diabetes 

Type of capsule Hypercapsule serotype K1 or K2  Capsule serotypes K1-K78 

Epidemiology Mainly Southeast Asia and 

Taiwan 

All over the world 

Type of infection Herd acquired Nosocomial 

Frequency of claims of antibiotic 

resistance 

Not often Often 

 

 

 

Microbes have a polysaccharide container comprised of complex acidic polysaccharides and decide their pathogenicity. 

The container shields microbes from phagocytosis and serum bactericidal proteins. It clings to have cells with numerous 

fimbrial and non-fimbrial grips, which is basic to the irresistible cycle. 

2.4 History and Physical 

The introduction of pneumonia brought about by K. pneumoniae is like that found in local area gained pneumonia. 

Patients may have a hack, fever, pleuritic chest agony, and windedness. One distinct contrast between local area 

obtained pneumonia brought about by Streptococcus pneumoniae and K. pneumoniae is the kind of sputum created. The 

sputum delivered by those with S. pneumoniae is portrayed as "blood-touched" or "rust-hued," be that as it may, the 

sputum delivered by those contaminated by K. pneumoniae is portrayed as "currant jam." The justification this is that K. 

pneumoniae brings about critical irritation and rot of the encompassing tissue.  

Klebsiella pneumonia typically influences the upper projections yet can include the lower flaps too. The assessment 

normally uncovers one-sided indications of combination, like crepitation, bronchial breathing, and expanded vocal 

reverberation, for the most part in the upper flap. On account of nosocomial contaminations, the presence of consume 

locales, wounds, and intrusive gadgets ought to be looked.  

Host factors that incline to colonization and contamination are:  

 Admission to a serious consideration ward  

 Prolonged utilization of obtrusive gadgets  

 Poor disease control procedures  

 Immunocompromised particularly drunkards and diabetics  

 Prolonged utilization of expansive range anti-toxins  

Microorganisms enter the host either by direct immunization or by following oropharyngeal yearning. 
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2.5 Evaluation 

Research center examination will regularly show leucocytosis and is this by itself can't help the clinician in diagnosing 

the life form that caused a patient's pneumonia. Chest radiograph, notwithstanding, can help the doctor in narrowing 

their differential analysis to incorporate K. pneumoniae as a reason for the patient's condition. Pneumonia brought about 

by K. pneumoniae ordinarily causes a lobar invade in the back part of the right upper lung. K. pneumoniae diseases 

once in a while cause lung abscesses in those with pneumonia however can ordinarily be related with empyema. 

Another vague indication of K. pneumoniae on a chest radiograph is the protruding crevice sign. This is identified with 

the enormous measure of disease and irritation that the life form can cause. These discoveries can be utilized to help the 

clinician in narrowing their differential analysis, they ought not be considered as demonstrative of pneumonia brought 

about by K. pneumoniae. In the setting of pneumonia, contamination with K. pneumoniae is affirmed by either sputum 

culture examination or blood culture analysis.[18][19] 

2.6 Treatment / Management 

Given the low event of K. pneumoniae locally, the treatment of pneumonia ought to adhere to standard rules for anti-

infection treatment. When disease with K. pneumoniae is either suspected or affirmed, antibiotic treatment ought to be 

custom fitted to common antibiotic sensitivities. Current regimens for local area procured K. pneumoniae pneumonia 

incorporate a 14-day treatment with either a third or fourth-age cephalosporin as monotherapy or a respiratory 

quinolone as monotherapy or both of the past systems related to an aminoglycoside. On the off chance that the patient is 

penicillin-unfavorably susceptible, a course of aztreonam or a respiratory quinolone ought to be embraced. For 

nosocomial contaminations, a carbapenem can be utilized as monotherapy until sensitivities are reported.[20][21][22]  

At the point when ESBL is analyzed, carbapenem treatment ought to be started because of its pace of affectability 

across the globe. At the point when CRE (carbapenem-safe Enterobacteriaceae) is analyzed, irresistible illness meeting 

ought to be gotten to direct treatment. A few anti-toxin choices to treat CRE incorporate anti-toxins from the polymyxin 

class, tigecycline, fosfomycin, aminoglycosides, or double treatment carbapenems. Blend treatment of at least two of 

the specialists, as referenced prior, may diminish mortality when contrasted with monotherapy alone. 

2.7 Differential Diagnosis 

The differential determination for pneumonia brought about by K. pneumoniae ought to incorporate;  

 All organic entities that ordinarily cause local area procured and medical clinic obtained pneumonia, like 

Pneumococcus, Staphylococcus, Acinetobacter, Pseudomonas and Legionella.  

 Tuberculosis  

 Aspergillus disease  

 Malignancy  

 Acute respiratory pain condition (ARDS)  

 Lung sore  

 Empyema and other pleuropulmonary diseases 

 

2.8 Surgical Oncology  

Careful debridement or seepage is now and then needed in patients with lung sore, empyema, and lung gangrene.  

 

2.9 Prognosis  

The forecast of Klebsiella pneumonia is poor, particularly in patients who are alcoholic, diabetic, have nosocomial 

disease or septicaemia. Mortality from this kind of pneumonia is above half. 
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2.10 Complications  

Pneumonia brought about by K. pneumoniae can be convoluted by bacteraemia, lung abscesses, and the arrangement of 

an empyema (Figure 2). 

 

 

 

 
 

Fig-2: Diseases caused by hypervirulent Klebsiella pneumoniae 

 

 

 

2.11 Consultations 

• Infectious sickness specialist  

• Microbiologist  

• Surgeon 

 

2.12 Additional Issues 

• Klebsiella pneumonia is a gram-negative microbe that normally cause nosocomial contaminations and 

shows a lot of anti-microbial obstruction.  

• Radiograph discoveries ought not be utilized to make a conclusion of Klebsiella pneumoniae 

contamination absolutely.  

• "Currant jelly" sputum is a sign of contamination with Klebsiella pneumoniae.  

• K. pneumoniae contaminations can convey a serious level of anti-microbial obstruction and lead to a lot of 

patient mortality. 

2.13 Enhancing Healthcare Team Outcomes 

Klebsiella pneumonia is a grave disease, and even with satisfactory treatment, the death rates are still high. This 

contamination is best cared for by an interprofessional medical services group that incorporates an irresistible infection 

master, drug specialists, attendants, intensivist, dietitian, pulmonologist, and respiratory advisor. Attendants who take 

care of these patients ought to follow severe disease control conventions to forestall the spread of the life form. Hand 
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washing is essential for clinical work force and guests. Medical attendants ought to just guarantee that gadgets are just 

utilized once to limit transmission. The drug specialist ought to guarantee that an exact anti-infection solution isn't 

completed, as this solitary prompts the improvement of medication obstruction. Since a significant number of these 

patients are fragile, a dietary counsel ought to be tried to advance the calorie admission. At long last, since large 

numbers of these patients are incapacitated, a non-intrusive treatment counsel ought to be considered to assist with 

versatility and forestall solidness of the joints.[17][23]  

 

2.14 Outcomes  

Klebsiella pneumonia for the most part flags a terrible diagnosis. Indeed, even with ideal treatment, this contamination 

of the lung conveys a mortality of 30 to half. The forecast is normally more regrettable in diabetics, the old, and the 

individuals who are immunocompromised. Indeed, even the individuals who endure regularly have remaining 

debilitated lung capacity, and recuperation can take months.[24][25]  

 

3. CONCLUSION 

 

K. pneumoniae is a restoratively significant, yet understudied, microbe. It causes diseases at an assortment of 

destinations in people, including the lungs, bladder, liver, cerebrum, and circulatory system. The disturbing expansion 

in the predominance of medication safe K. pneumoniae contaminations that are testing, if certainly feasible, to treat has 

as of late raised our attention to the way that albeit K. pneumoniae was disconnected more than 100 years prior, a 

couple of destructiveness factors are surely known, and in like manner, basic host safeguards for K. pneumoniae 

contaminations were not a focal point of extraordinary investigation. This has as of late changed because of the 

expanding interest and concern with respect to the far reaching anti-microbial obstruction of K. pneumoniae just as the 

appearance and spread of HV K. pneumoniae strains that are significant microorganisms in any case solid people.  

 

Generally, the disclosure of K. pneumoniae harmfulness determinants utilizing an assortment of hereditary 

methodologies has opened up numerous roads of exploration to portray these qualities and see how they work in various 

host conditions and on various abiotic surfaces. Nonetheless, much work still needs to be done to get K. pneumoniae 

physiology in tissues, to comprehend the harmfulness of recently arising strains that have gotten pandemic inside the 

last decade, and to foster strategies to battle this medication safe or HV K. pneumoniae strains. Exceptionally 

compelling is whether the qualities significant for contamination at one tissue site additionally have jobs at other tissue 

destinations. For instance, certain qualities required for UTIs may not be needed for pneumonia, and the other way 

around, which gives off an impression of being the situation for type 1 fimbriae [26]. Components that are significant in 

just one or a subset of tissues will show us the supplement prerequisites and host guards that are available and 

unmistakable to those tissues however will limit their convenience as novel enemy of infective focuses for K. 

pneumoniae diseases. 

To decide if qualities recognized in screens that naturally use strains that are more destructive in mice than numerous 

human clinical separates are basic for most of diseases with old style K. pneumoniae strains distinguished from patients, 

HV K. pneumoniae strains, and multidrug-safe K. pneumoniae strains. Preferably, future examinations will uncover a 

few classes of qualities and pathways significant across numerous sorts of contaminations and in numerous destructive 

strains, for example, on account of LPS [27]. Such proteins and pathways would be astounding contender for novel 

medication focuses on that might be viable against a wide range of K. pneumoniae diseases, especially those that are 

brought about by ESBL-or carbapenemase-creating K. pneumoniae or potentially HV K. pneumoniae strains. Besides, 

recollect that most of individuals giving K. pneumoniae pneumonia and bacteremia are in clinics or long-haul care 

offices and are immunosuppressed in some way. A large number of the new looks for destructiveness factors have 

zeroed in on distinguishing harmfulness factors in "ordinary" mice; be that as it may, a subset of these variables may not 

be needed in immunosuppressed conditions [28]. Truth be told, various qualities may assume a part in 

immunosuppressed patient subsets that still can't seem to be distinguished and described. Besides, contrasts in K. 

pneumoniae contamination dependent on quiet subsets may convert into various, and more ideal, approaches for the 

treatment of these patients in the center. Therapeutics that reestablish or supplement missing parts of resistance in these 

patients may help forestall or battle K. pneumoniae diseases. Then again, therapeutics that focus on a quality item that 

isn't needed for disease of immunosuppressed hosts would not be viable.  
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As referenced above, about portion of patients tainted with HV K. pneumoniae are not outstandingly 

immunosuppressed. Albeit a couple of studies pointed toward figuring out what makes these HV K. pneumoniae strains 

more harmful than old style K. pneumoniae strains have been accounted for, there is still work to be done to depict their 

disparities and distinguish "fatal flaws" of these HV K. pneumoniae strains. As far as therapeutics, rationed targets 

significant for both HV and old-style K. pneumoniae strains would surely be the most appealing, as the capacity of 

clinicians to treat patients without hanging tight for strain diagnostics would almost certainly diminish bleakness and 

mortality. 

See how K. pneumoniae escapes from or secures itself against the immunological difficulties that it faces in essential 

locales of colonization in the GI plot and oropharyngeal destinations notwithstanding contamination destinations like 

the lungs, liver, blood, and bladder. To effectively aim a contamination, K. pneumoniae needs to conquer the 

immunological protections that ordinarily contain it. Indeed, even in many patients with some type of 

immunosuppression, it is improbable that all arms of the resistant reaction against K. pneumoniae have been repealed. 

In this way, it is important to examine how K. pneumoniae beats these excess guards to colonize tissues, repeat to high 

bacterial numbers at the essential site of contamination, and afterward go through foundational spread.  

 

In synopsis, the new development of various hard to-treat K. pneumoniae strains and diseases is provoking the clinical 

local area to assess both host and bacterial variables basic during contamination. Given the moderately new enthusiasm 

for the developing variety of clinical K. pneumoniae strains, studies ought to be finished utilizing the numerous 

appropriate contamination models, including pneumonia, UTI, liver boil, and GI lot colonization, and with a wide range 

of strains to best comprehend this microorganism, in light of the fact that past examinations have tracked down that the 

destructiveness variables of K. pneumoniae may have a job at just certain locales of disease. Luckily, as of late, an ever-

increasing number of studies utilizing high-throughput ways to deal with recognize harmfulness factors have been 

accounted for, and work is being done in a more guided way to explore explicit destructiveness factors and inborn 

invulnerable protections. In any case, we actually have a deficient image of the communication of K. pneumoniae with 

various segments of the safe reaction in various tissues and how its destructiveness factors defeat have safeguards and 

additionally empower it to recreate and set up specialties. Proceeded with concentrates on these aspects of K. 

pneumoniae science, physiology, and communications with have tissues should drive experiences into how to battle K. 

pneumoniae contaminations. 
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