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Abstract 

The present study was carried out to investigate the immunogenicity and 

protective capacity of capsular polysaccharide and lipopolysaccharide antigens 

extracted from Klebsiellapneumonia isolate recovered from nasopharyngeal swabs 

from kids suffering from severe respiratory manifestations against the infection with 

this microorganism. For animal immunization, 40 rabbits were divided into four 

groups (10 rabbits each). The first group: was injected intramuscularly with 

Lipopolysaccharides (LPS) and the second group was injected intramuscularly with 

CPSs and LPS together on day 0 and 14. The third group remained as a control 

infected group. Fourth group remained as a control non-infected group. Groups 

1,2,and3were challenged 2 weeks after booster dose of immunization I/P with 1 mL 

of 100 LD 50 of strains(Isolated from diseased animals) of Klebsiellapneumonia. 

The antibody titre was determined by applying indirect ELISA, and was found to 

have been achieved at2nd week post 1st dose of immunization in immunized 

groups. Rabbits were clinically observed for 4 weeks after challenge. Lung and 

spleen were collected from examined rabbits for re-isolation of 

Klebsiellapneumoniae and for histopathological and ultra-structural Investigation. It 

was concluded that CPSs and LPS from K. pneumonia has been shown highest 

protection against subsequent infection with K. pneumonia by stimulate a protective 

memory immune response. 
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Introduction 

Klebsiella is an important opportunistic pathogen, which was reported 

worldwide. It can causes infections of respiratory tract, nasal mucosa, and pharynx 
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and generally results in primary pneumonia (Lery et al 2014).Pneumonia caused by 

Klebsiellaspecies is a common lung disease, particularly in small animals 

.Pulmonary infections due to K. pneumoniaeare often characterized by a rapid 

progressive clinical course complicated by lung abscesses and multilobular 

involvement. Struve et al., 2015suggested, but not demonstrated, that K. 

pneumoniaeentry into epithelial cells may produce a reservoir or a persistent 

infection in a site where the bacteria are protected from the actions of antibiotics 

and the immune system. Klebsiellapneumoniae is a common hospital-acquired 

pathogen, causing nosocomialpneumonia; this infection can progress to shock and 

death if not treated early in an aggressive fashion (Renuka et al., 

2013).Klebsiellapneumoniae was isolated from milk and dry udder secreted of 

cattle, and from the bedding of the cubicles. This represents a serious problem 

because of Klebsiellamastitis is severe and difficult to control (Sampimon et al., 

2006). Also Klebsiellae are incriminated as the most frequent isolate of respiratory 

diseases in all species of domestic animals. The pathogenicity of Klebsiellacan be 

attributed to its production of a heat-stable enterotoxin. Further virulence factors of 

Klebsiellapneumoniae which have been identified so far include capsular 

polysaccharides (CPS), lipopolysaccharides, adhesins (type 1 and 3 pili, KPF-28 

fimbriae, CF29K and an aggregative adhesin) and iron acquisition systems (Lacasta 

et al., 2008). Klebsiellapneumoniae is a facultative anaerobic, nonmotile, rod-

shaped, gram-negative bacterium with a prominent polysaccharide capsule(Wyres et 

al., 2015). Members of the Klebsiellagenus typically express 2 types of antigens on 

their cell surface. The first is a lipopolysaccharide (O antigen); the other is a 

capsular polysaccharide (K antigen). Both of these antigens contribute to 

pathogenicity (Lundberg et al 2013). Capsular polysaccharide (CPS) has been 

shown to be essential for the virulence of this pathogen (Fang et al .,2004) .As the 

outermost components of the bacterial surface, CPS and the O-antigen portion of 

the lipopolysaccharide (LPS) are among the first bacteria-derived molecules to be 

encountered by the host’s innate immune system. Both CPS and LPS components 

are important pathogenic determinants in K. pneumonia-caused pneumonia and 

bacteremia (Cortes et.al 2002).LPS consists of three structural domains: lipid A, the 

core oligosaccharide (OS), and the O antigenic polysaccharide (O-PS). The O 

antigen is the outermost component of LPS and consists of apolymer of 
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oligosaccharide repeating units. The prevalence of ESBL (extended spectrum β-

lactamase)-producing strains among clinical Klebsiellaisolates has steadily 

increased over the past several years (Lery et al 2014). With this aspect in view, the 

present study was initiated with the following aims and objectives:    

1. To extract capsular polysaccharide and lipopolysaccharide antigens from 

Klebsiellapneumoniae. 

2.  Evaluate the immunogenicity and protective capacity of capsular 

polysaccharide by ELISA, challenge test and histopathology investigations 

 

Material and methods 

Bacterial strains: Isolates of Klebsiellapneumoniae recovered from 

nasopharyngeal swabs were collected from kids suffering from respiratory 

manifestations. We utilized them for our study. 

Animals: Forty male rabbits were used. The animals were housed in stainless-steel 

cages under strict hygienic conditions and maintained at standard laboratory 

conditions of temperature, relative reactive humidity and light/dark cycle and diet 

and water were provided and libtum. 

Extraction and Purification of Capsular Polysaccharides: 

Klebsiellapneumonia CPSs were extracted and purified according to method of 

Sikarwar and Batra (2011). 

Preparation of lipopolysaccharide (LPS): 

 The strain of bacteria used in the present study is a subculture slant identified as 

Klebsiellapneumonia from that examined animals. Extraction of LPS was 

performed using the phenol-water method according to Westphal and Jann (1969) . 

The LPS was purified from nucleic acids by ultracentrifugation. 

Experimental Design: For animal immunization, 40 rabbits were divided into four 

groups(10 rabbits each) as following: 

- The first group: was injected intramuscularly with lipopolysaccharides (LPS) at 

a dose of 20 mg/kg in 0.2 ml PBS on day 0 and 14. 

- The second group: was injected intramuscularly with both CPS s and LPS at a 

dose of 20 mg/kg in 0.2 ml PBS on day 0 and 14. 
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- The third group: remained as a control infected group that injected 

intramuscularly with phosphate-buffered saline PBS (pH 7.4) 0.2 ml/rabbits at 

intervals parallel to the immunized groups. 

- The fourth group kept as control non infected animals for histopatholgical and 

Ultra structural Investigation 

- Blood samples were collected one and two weeks after 1st dose of 

immunization and one and two weeks after 2nd dose of immunization. Blood 

samples were also collected from control rabbites; the serum was separated and 

stored at-20° 

 

ELISA. Enzyme-linked immunosorbent assays (ELISA) 

For the detection of anti-CPS immunoglobulin G (IgG) were performed by 

coating microtiter plates with CPS by addition of 200 µl of a 50- µg/ml solution in 

0.1 M sodiumcarbonate (pH 9.6) per well as previously described by Cryz et al 

(1986) An ELISA for detection of anti-LPS antibody was performed in a similar 

manner, using microtiter plates coated with 200, ul of a 20-, ug/ml solution of LPS 

in PBS, pH 7.4, per well. Each plate contained eight control wells which were 

reacted with all reagents except serum. 

 

Determination of Protection using: Challenge Test: 

Challenge of rabbits: second , third and fourth groups rabbits were 

challenged 2 weeks after booster dose of immunization I/P with 1 mL of 100LD50 

of strains(Isolated from diseased animals) of Klebsiellapneumoniae(Cryz et al 

(1986). Rabbits were clinically observed for 4 weeks after challenge. (Lung and 

spleen) were collected from died rabbits for reisolation of Klebsiellapneumoniaeand 

for histopatholgical examination. 

 

Reisolation and identification of Klebsiellapneumoniaeafter challenge:  

 Samples from rabbit internal organs (lung, liver and spleen) were taken 

from dead, immunized and control rabbit at 4 weeks post challenge. The samples 

were transferred to test tube contains peptone water. The inoculated tubes were 

incubated at 37oC for 24 h. Then subculture were made on MacConky's agar for 
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further 24 h at 37o C suspected colonies were picked up for further identification as 

described by Drancourt et al. (2001). 

  Histopathological Investigation:  

For histolopathologicalexamination, Blocks of lung and spleen tissues were 

dissected from representative rabbits. The tissues were fixed in 10% neutral 

buffered formalin, embedded in paraffin, and sectioned at 4 to 6μm. Finally the 

tissue sections were stained with Hematoxylin and Eosin by standard techniques 

according Bancroft and Gamble (2002). 

   Ultra structural Investigation: For electron microscopy, monolayers of lung and spleen 

from all examined groups were washed, fixed with glutaraldehyde, and processed for 

transmission electron microscopy as described previously by Kruskalet al., (1992). 

Results 
Table (1) humoral immune response of rabbits immunized with different antigens 

extracted from Klebsiellapneumoniae 

Time of sampling 
antigen used as immunogen Control 

LPSs CPSs and LPSs  
Preimmuinization 0.101 ±0.004 0.103 ±0.009 0.099 ±0.003 
1st immuinization (1 WPI) 0.584 ±0.003 0.801 ±0.012 0.111 ±0.005 
                (2WPI) 0.724 ±0.009 0.996 ±0.040 0.101 ±0.008 
2nd immuinization (1WPI) 0.611 ±0.011 0.873 ±0.010 0.089±0.010 
                (2WPI) 0.680 ±0.014 0.821 ±0.009 0.066 ±0.009 

*= Mean Optical density ± Standard deviation  WPI=Weak postimmunization Optical density 
value ≥ 0.2 consider positive 

Table (2) Mortality rate and reisolation of Klebsiellapneumoniaesubspecies from 
rabbit's organs 4 weeks post challenge 

 * No. of culture positive   % percent calculated according to no. of culture positive to total number of each  
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Figure 1 :( A) Photomicrograph of control non-infected animal lung showing normal 

alveolar architecture and normal open intra-alveolar spaces (H & E 40X). (B) 

Photomicrograph of lung infected non-immunized with K .pneumonia shows extensive 

infiltration of lymphocytes and macrophages encircled the blood vessels adjacent to the areas 

of alveolar septal thickening, vasculitis, and edema. (C) Rabbit lung (Immunized group with 

(LPSs) Showing mild inflammation of peribronchial and perialveolar tissues with moderate 

edema of interalveolar spaces and minimal fibrotic changes. (H & E 40X).(D) lung 

Immunized with (CPS s and LPS) the alveoli are composed of normal layer of squamous 

epithelium (H & E 40X). 
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Fig. 2(A) Control non infected group spleen with normal distribution of white pulps(WP) and 

red pulps , the lymphocyte density and clear boundary between red and white pulp (H & E 

10X).( B) spleen of infected group with K. pneumona showed  lymphocytes was dense and 

large number of blood red element and macrophages appeared in red pulp area ( H & E 40X). 

(.C) spleen of Immunized group with LPS infected group with K. pneumona showed brown 

hemosider in granules  (arrow) (H & E X40) .(D ) Spleen of Immunized group with (CPS s 

and LPS) appeared with less lesion and improved tissue damage and increase density of 

lymphocyte( H & E 40X ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Fig.3 (A) TEM micrograph of lung of control non infected animals showing normal air-blood 

barrier with electron-dense alveolar epithelium (Ep) and capillary endothelium (En) and a 

very small interstitial space between epithelium and endothelium. intra-alveolar surfactant 

(arrow) (X3600). (B) TEM micrograph of infected rabbit lung non-immunized infected with 

K. pneumonia showed the bacterial cells in epithelial cell surrounded by vacuolar membranes 

(arrows) (X3600). (C) TEM micrograph of Immunized lung with (LPS) revealed the presence 

of edematous fluid (arrow) in the alveoli (Alv). The capillary lumen (Cap) contains an 
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erythrocyte (Er) (X3600). (D) TEM micrograph of lung Immunized with (LPS and CPSs) 

showed normal pneumocytes type 1 and 2 (arrow) in addition septal capillary (X3600) 

 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4(A) TEM micrograph of Lymphocyte in the white pulp of the rabbit spleen from the 

control non infected group showed. Nucleus (N), nucleolus (n), mitochondria (m), and 

heterochromatin (X1200). (B). TEM micrograph  the marginal zone of spleen of non-

immunized infected group showed Vacuolation of mitochondria (m) also venous sinusoids(s) 

filled with erythrocytes (e) and Macrophage (M) (X 5600). (C). TEM micrograph of 

Immunized spleen with (LPS) revealed macrophages (M) and lymphoid cells (L) in red pulp 

(X 8000).TEM micrograph of spleen Immunized with (LPS and CPSs) showed lymphocyte 

(Lc) itsnucleus(n) and plasma cell (Pc) in the red pulp (X18000) 

Data presented in table 1 illustrated that significant increase in antibodies titre of anti 

– Klebsiellapneumoniae was observed during different intervals post immunization, the level 

of antibody titer reached to the highest level at the 2nd week post 1st dose of immunization in 

all immunized groups. In this study (table 2) it is noticed that the reisolation rates of 

Klebsiellapneumoniae from lung, of immunized rabbits with LPS; CPSs simultaneously with 

LPS groups and challenged with homologous strain were 20 % and 10%, respectively. 
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Whereas the reisolation rates from the lung of control rabbits were 80% .The lowest mortality 

rate (10%) is observed in group immunized with CPSs simultaneously with LPS.  

 

Histopathological examination of lung of control non-infected group showed the, 

normal alveolar architecture. (Fig. 1A).  Lungs of the control infected group of dead infected 

rabbit's revealed suppurative bronchopneumonia characterized by the presence of large 

number of hetrophils in the alveoli as well as bronchi. Hyperplasia of bronchial mucosa and 

Congestion of the septal capillary were also observed (Fig.1 B). The gram-negative red rod 

shaped bacteria were demonstrated in the exudate. There was a highly significant increase of 

the volume of interstitial and intra- alveolar edema in the bacteria infected group compared 

with that of control .lung of group Immunized with LPS showed reduction in previous lesion 

reported in second group. Mild edema of interalveolar spaces and minimal fibrotic 

architecture, there were mild inflammation of per bronchial and per alveolar tissues with 

moderate changes (Fig. 1C).Regarding to pathological picture of the group Immunized with 

LPS and CPSs, the alveoli were composed of a single layer of squamous epithelium. Normal 

edema of interalveolar spaces in addition the intra alveolar septa contain numerous 

capillaries.  (Fig. 1D) 

      Histopathological of spleen belong to control non infected group rabbits was composed of 

white and red pulps surrounded by a capsule of dense connective tissue (Figure2A).spleen of 

control infected group showed, marked necrosis of the spleen in all the animals, This necrosis 

was characterized by lymphocytic karyorrhexis in the white pulp, congestion and endothelial 

cell swelling in the red pulp, accompanied by cell debris, proliferation of fibroblasts, and 

macrophages(Figure 2B) The marginal zone of spleen became thick and rich in macrophages. 

Limitation between white and red pulp started to disappear. Vacuolation of some splenic cells 

was detected. Brown hemosiderin pigments Detected in the splenic parenchyma (Figure 2C). 

Spleen from group imunized with LPS and group immunized with both (CPS s and LPSs) 

(Fig.2 D). No bacteria were observed in the spleen of the immunized animals.  

Ultrastructure of the lung of control group showed regular morphology and normal size of 

air-blood barrier. Pulmonary alveolus is lined with continuous two types of epithelium, (Fig. 

3A). Investigation of lung obtained from rabbits infected experimentally with K. Pneumonia 

Showed the bacteria attached and invaded epithelial cells (Fig.3 B). Lung of group 

Immunized with LPS showed nearly normal size of the air-blood septum with minimal 

fibrotic changes. There was focal endothelial and epithelial swelling (Fig. 3C). Ultra 
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structural of lung from group immunized with both (CPS s and LPSs), showed the alveolar 

cell type two large with large nucleus and abundant cytoplasm containing numerous vesicles. 

The bronchial epithelial showed non-ciliated cells contain electron dense granules cell (Clara 

cell). 

   Ultra structural changes in spleen  of control non-infected group showed lymphocytes with 

a well-delimited round nucleus, (Figure 1A).  Spleen of infected rabbit large number of 

bacteria was detected the white pulp. Degeneration of spleen cells was showed Cytoplasmic 

organelles could not be identified in most of the cells; instead, cytoplasm was filled with a 

homogeneous material (Fig. 4B).  Spleen of group Immunized with LPS showed significantly 

increased phagocytosis of K .pneumonia by macrophage. Abundance of leucocytes particular 

lymphocytes and macrophage (fig.4 C). Group immunized with both (CPS s and LPSs) 

spleen showed similar Abundance of leucocytes as in Group 4 in addition to  plasma cell 

(fig.4D). 

 

Discussion 

Vaccine development for Klebsiellahas so far focused on the five main 

classes of epitopes identified for Klebsiella pathogenic mechanisms and which are 

recognized by the immune system: capsule, LPS, siderophores, adhesins and 

exotoxins(Letti Lopez et al., 2016) The most commonly recognized antigenic 

structures to induce both humoral and cellular immune response are polysaccharides 

(LPS and CPS) (Wang,et al 2014). Protective immunity and immunological 

characteristic of LPS and CPSs in experimental klebsiellosis in rabbits were the 

objective of this study. The humoral immune response of rabbits immunized with 

Lipopolysaccharide and capsular polysaccharides of Klebsiellapneumoniae using 

ELISA test showed significant increase, reached to the highest level at the 2nd week 

post 1st dose of immunization in all immunized groups. This result similarly agrees 

with Cryz et al. (1986), who reported that maximal anti- CPSs antibody titre were 

seen 14 days after a single dose of immunization 

Held et al. (1992), found that the immunization with CPSs evoked high titre of anti - 

CPSs antibodies, which conferred a significant degree of protection against 

Klebsiellapneumoniae. The present experimental study has demonstrated that CPSs 

of Klebsiellapneumoniae were capable of inducing protective immunity against 

virulent challenge with homologous strains in rabbits. (Table 1). This result is in 
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agreement with the previous studies of Izquierdo, et al., (2003), who found that 

CPSs have high immunoprotective activity in mice due to their molecular 

conformation and other constituents of cell surface preparation as protein and LPSs 

act as adjuvant or carrier for CPSs. Bacterial lipopolysaccharide (LPS) has T-helper 

1 (Th1) immunostimulatory activities(Jamalan et al., 2011) 

 Moreover, Cryz et al. (1986) reported that CPSs of Klebsiellapneumoniae when 

used for immunization of rabbits they were able to actively protect rats against 

challenge and able to confers significant degree of protection against fatal 

Klebsiellapneumoniae. It has been pointed that in vivo growth of bacteria and their 

reisolations from lung, in experimentally infected period of time are useful criteria 

by which protective immunity to Klebsiellais detected, table (2). The results of 

bioassay test and shedding of the organism come in agreement with results recorded 

by Held et al. (1992), who showed that the protective capacity of CPSs can be 

reflected by the high quantitation of bacteria in the lung and spleen of control than 

immunized mice. Similar findings have been reported by Struve et al., 2015who 

suggested that Lipopolysaccharide (LPS) obtained from Gram-negative bacteria 

possesses a broad spectrum of immunologic activities. LPS is a mitogen for B-

lymphocytes, it is a powerful adjuvant of antibody formation and as an antigen, it is 

highly immunogenic in that extremely small amounts will elicit a specific antibody 

response in vivo. LPS may act as an adjuvant because of its ability to induce 

mitogenesis in B cells. 

Moreover Feng-Ling et al., (2011) reported that CPS may be important for the 

establishment of pneumonia, because active immunization with purified CPS 

protects experimental rats against lethal Klebsiellapneumoniae. It is particularly 

dangerous bacteria because once it has been established a disease it is extremely 

difficult to control. This would suggest that altered lung pathology during 

Klebsiellapneumoniae infections is the result of bacterial persistence and the action 

of somatic antigens such as CPSs, LPSs or CPSs -LPSs and protein complex Ming-

Fang et al.,(2009). 

     Histopathological examination of  lungs of the control positive(infected group) of dead 

infected rabbits revealed supportive bronchopneumonia Similar results were reported by Raji 

et al., (2000) Tijjan et al., (2012) K.pneumoniae has been found to be associated with 

suppurative bronchopneumonia. With hyperplasia of bronchial mucosa .According to our 
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results, there was a highly significant increase of the volume of interstitial and intra- alveolar 

edema in the bacteria infected group compared with that of control. (Ochs et al., 2000 and 

Muhlfeld et al., 2007) reported that intra-alveolar edema significant increase in the bacteria 

infected. Damage to the alveolar capillary endothelium is a well-established cause of the 

influx of, Protein-rich fluid into the alveolar compartment Fehrenbach etal., (2001) .lung of 

group Immunized with LPS showed reduction in previous lesion reported in infected group. 

Regarding to pathological picture of the group Immunized with LPS and CPSs, the alveoli 

are composed of a single layer of squamous epithelium. These results agree with Evrard et al. 

(2010) and  Wang et. al. (2014)  suggested that injection of purified extraction LPS and CPSs 

of Klebsiellacan play a role in preinfection–mediated protective effect against K. pneumonia 

infection. 

    Histopathological of spleen belong to control positive infected group showed, marked 

necrosis of the spleen was also present in all the animals ,This necrosis was characterized by 

lymphocytic karyorrhexis in the white pulp, and fibrinoid necrosis ,congestion in the red 

pulp,Cesta,(2006). The marginal zone of spleen became thick and rich in macrophages. 

Tolosano et al., (2002) phagocytosis increased the number of effete erythrocytes this may 

indicate brown hemosiderin pigments Detected in the splenic parenchyma. Spleen is the 

body's filter against any foreign materials from the blood stream, large number of heterophil 

migrates from the peripheral blood into the splenic parenchyma to be participating in humeral 

immunological responses (Fawcett, 1986). This may explain the detection of large number of 

heterophils and lymphocytes in both marginal zone and red pulps in Spleen from group 

mmunized with LPS and group immunized with both (CPS s and LPSs).  

Ultrastructure of the lung of control negative group showed regular morphology 

.similar findings obtained by Massaro et al., (1994).  Investigation of lung obtained from 

rabbits control positive with K. pneumonia Showed the bacteria attached and invaded 

epithelial cells this results agree with those of Coolset.al., (2007) Kyd and Cripps (2008) who 

showed that K. pneumonia has the ability to invade lung epithelial cells in vitro .and confirm 

that the role of K. pneumonia ( CPS s) seemed to impede cell association and cellular 

activation whereas( LPS )seemed to increase cell association .swelling and focal 

fragmentation of the capillary endothelial . Bacterial invasion of lung epithelial cells induces 

apoptosis Evrard et al.,(2010). As occurs with other pathogens that invade intestinal epithelial 

cells and promotes the elimination of infected cells from the airway epithelium via cellular 

desquamation Geijtenbeek, et.al (2002). Lung of group Immunized with LPS showed nearly 
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normal size of the air-blood septum. Similar findings have been reported by, Regueiro et al., 

(2009) who described that the (LPS) stimulates the innate immune response, where by the 

inflammatory response play a critical role in helping to clear bacteria and prevent infection. 

Ultra structural of lung from group immunized with both (CPS s and LPSs), showed the 

alveolar cell type two large with large nucleus and abundant cytoplasm containing numerous 

vesicles. This result was supported by Jasonet al., (2009), the latter stated that pneumocytes 

type II become clear in immunized animals serves several important functions in the 

biosynthesis and secretion of surfactant from lamellar bodies, which is its primary function 

their role in the protective or defense mechanisms of the lung. The bronchial epithelial 

showed non-ciliated cells contain electron dense granules cell (Clara cell), and Massaro et al., 

(1994) who described Clara cell has specific protein that may have a role in the regulation of 

local inflammatory and immune reaction, these result attributed to Purified (CPSs and LPS) 

from K. pneumonia has been shown to protect against subsequent infection with K. 

pneumonia by stimulate a protective memory immune response (Quah,et.al 2005).   

   Ultra structural changes in spleen of infected rabbit large number of bacteria was detected 

the white pulp. Degeneration of spleen cells was showed Cytoplasmic organelles could not be 

identified in most of the cells; instead, cytoplasm was filled with a homogeneous material 

these result supported by Tang (2013).  Spleen of group Immunized with LPS showed 

significantly increased phagocytosis of K .pneumonia by macrophage. Abundance of 

leucocytes particular lymphocytes and macrophage which are the prominent response of body 

tissues facing any infection Nwaopara et al., (2007).Group immunized with both (CPS s and 

LPSs) spleen showed presence of plasma cell similar finding obtained by Klein, (1995) and 

Kolega1 et al., (2013). We have shown that the surface (CPS s and LPS), of K.pneumonia is a 

key target of innate immunity and it was activated the host immune response directed against 

K .pneumonia under antigenic stimulus, B-lymphocytes become transformed into antibody-

secreting plasma cells. The plasma cells synthesize large amount 

of immunoglobulins (antibodies) which will react stereo chemically with the stimulating 

antigen. Since anti-CPSs antibodies are known to promote the uptake and killing 

Klebsiellapneumoniae organism by polymorph nuclear leukocytes (Cortés et.al 2002).  
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