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ABSTRACT.  Immunoprotective potential of delivered lipopolysaccharide (LPS) preparation from Kleb-
siella pneumoniae was determined in a murine model of lobar pneumonia. Protection was assessed with 
three doses of LPS (25, 50 and 100 μg; without any adjuvant) administered intranasally or intramuscularly. 
After evaluation of lung tissue (bacterial load and histopathology), no significant protection was observed at 
25 μg with either application. A significant decrease in lung bacterial load coupled with fall in severity of 
lung lesions was observed with 50 μg (again both applications). At 100 μg dose, with intramuscular route, 
a further decrease in the lung bacterial load was shown compared to the 50 μg dose. In contrast, 100 μg LPS, 
when given intranasally, resulted in a higher bacterial colonization of the lung tissue and higher lung 
pathology; thus we recommend intramuscular instead of the intranasal route for developing protection 
against K. pneumoniae-mediated pneumonia with intact LPS-based vaccines.    

The magnitude of Klebsiella pneumoniae-induced pneumonia especially in a hospital setting re-
quires the attention of researchers to develop effective preventive strategy (Podschun and Ullman 1998). In 
K. pneumoniae, the outermost cell-surface component which is a capsular polysaccharide (CPS), has been 
explored as vaccine candidate with good success. CPS based vaccines have been reported to be successful even 
in human trials (Cryz et al. 1986). However, this candidate vaccine has not been used for further studies 
because of an inherent disadvantage, as the immunity provided is only type specific. Also, since at least 77K 
types of K. pneumoniae are known to be causing disease in humans (Ørskov and Ørskov 1984), attention has 
shifted to the LPS molecule (O-antigens), which is also a surface antigen. Besides, only 9 known serotypes 
based on this antigen are recognized for the genus Klebsiella (Held et al. 2000). Of these, O1 is the most 
common type associated with clinical situations (Trautmann et al. 1996). The presence of CPS does not inter-
fere with the penetration of antibodies directed towards the LPS molecule (Meno and Amano 1990); there-
fore, this molecule has been a subject of study in different laboratories including ours (Chhibber et al. 2003). 

Past vaccination efforts have employed the intramuscular or subcutaneous route for immunization 
(Rani et al. 1990; Chathley et al. 1996), following which the response at the mucosal sites is less effective. 
The new generation vaccines are specially being aimed at stimulation of local antibody response in addition 
to systemic immunity. It is for this reason that the antigen has to be administered via the route of entry of the 
pathogen. In the case of K. pneumoniae-induced lung infections there is paucity of information in relation to 
the intranasal route of immunization with the LPS molecule. Our study was undertaken to investigate the 
immunoprotective potential of intranasally delivered LPS molecule in a murine lobar pneumonia model, and 
to compare it with the intramuscular route of administration of the vaccine. 

MATERIALS  AND  METHODS 

Bacterial strain. Klebsiella pneumoniae strain B5055 (K+O+) procured from Dr. M. Trautman 
(University of Ulm, Germany) was used and maintained on nutrient agar slants at 4 °C.  

Animals. BALB/c strains of mice procured from the Central Animal House, Panjab University 
(Chandigarh, India) with animals weighing 20–30 g, were used; they were fed on standard antibiotic-free 

                                                           
*Corresponding autor. 



84    V. YADAV  et al. Vol. 50 

synthetic feed. The study protocol was approved by the Institutional Ethical Committee for animal experi-
mentation. 

Induction of pneumonia by the intranasal route. For intranasal instillation of the bacterial inoculum, 
the method of Held et al. (1998) was employed. Fifty μL of bacterial inoculum was instilled into the nasal 
opening while holding the mice upright. 

Purification of LPS. LPS was extracted by the conventional phenol extraction method of Westphal 
and Jann (1965) as modified by Morrison and Leive (1975); it was purified by sequential ultracentrifugation 
(Johnson and Perry 1976). The final material was analyzed for proteins, DNA (Burton 1956) and RNA (Munro 
and Fleck 1966); it was also tested for pyrogenicity and toxicity according to Rani et al. (1990). 

Protection studies. A group of 6 BALB/c mice in sets of 3 were immunized with 3 concentrations 
(25, 50, 100 μg/mL) of intact LPS administered via the intramuscular and the intranasal route. Mice were 
then challenged 2 weeks post-immunization with K. pneumoniae B5055, sacrificed 3 d post challenge and 
the lung tissues were examined for bacterial counts and histopathological lesions. For bacteriological load 
assessment lung tissue was sectioned into halves. One-half of each lung was placed in a sterile tube and 
weighed. Tissue was homogenized in sterile PBS and serial dilutions of the homogenized mass in PBS were 
plated on MacConkey agar plates. 

For histopathological evaluation lung tissue preserved in aqueous formaldehyde was dehydrated in 
ascending series of ethanol (70–100 %). The tissue was embedded in paraffin wax, sectioned and stained 
with hematoxylin–eosin (Hi-Media, India). Grading of the severity of pathological lesions was also done for 
evaluation; a section of each lung was assessed on a semi-quantitative scale of 0–8. A total score indicative 
of the overall severity of lesions was determined by adding the individual score. 

RESULTS  AND  DISCUSSION 

Presence of macromolecules in purified LPS preparation. LPS contained 42 % polysaccharide, 
2.0 % protein, 20.1 % lipid and negligible amounts of DNA and RNA. No significant difference was obser-
ved in the lung bacterial counts and the severity scores of the lung tissue in mice immunized with 25 μg LPS 
either via intranasal or intramuscular route. A significant (p < 0.05) decrease in the lung bacterial load of 2.2 
and 2.5 log range was observed for mice immunized with 50 μg LPS via both routes, respectively (p < 0.05). 
This decrease in the bacterial load was in correlation with the histopathological studies which revealed less 
severe changes in the tissue of mice immunized with this dose. Lungs of mice immunized with 100 μg intra-
muscularly showed a further decrease in the bacterial counts (p < 0.01). However, when the same dose was 
given intranasally, an increase in the lung bacterial load and severity of lung lesions was observed (Table I). 

 
Table I.  Lung bacterial counts (log CFU/g) and severity scores (scale 0–8) of mice challenged 
2 weeks after intranasal or intramuscular immunization with LPS (25–100 μg)  

LPS Control Intranasal route Intramuscular route 

B a c t e r i a l   c o u n t s  

25 8.4 ± 0.45 7.8 ± 0.46 8.1 ± 0.45 
50 8.4 ± 0.52 5.9 ± 0.50 6.2 ± 0.46 

100 8.4 ± 0.32 8.2 ± 0.57 5.6 ± 0.45 

S e v e r i t y   s c o r e s  

25 5.7 ± 0.45 5.5 ± 0.45 5.8 ± 0.45 
50 5.7 ± 0.70 4.3 ± 1.25 4.5 ± 0.10 

100 5.7 ± 0.40 6.0 ± 0.54 3.3 ± 0.81 

 

Efforts have been directed during the last two decades to understand the pathogenetic mechanisms 
operative at mucosal surfaces. The thrust is to develop good local immune response for effective prevention, 
and for this it is being advocated that the route of immunization should be similar to the one adopted by the 
pathogen for causing infection. In a report on immunological basis of asthma, it has been suggested that the 
effects of endotoxins are dose-dependent (Braun-Fahrlander et al. 2002); whether exposure to endotoxin is 
protective or harmful, depends on multiple factors. In our study, out of the three doses (25, 50, 100 μg) of 
LPS administered intranasally for conferring protection, only the 50-μg dose exhibited acceptable protec-
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tion. The lower doses, 25 and also 50 μg when given without bacterial challenge, caused tissue damage, 
which resolved by 14 d post immunization (Fig. 1). However, with the 100 μg dose the pathology in the lung 
persisted beyond 2 weeks (Fig. 2). Our results show that the LPS antigen of K. pneumoniae, when adminis-
tered intranasally, although has an immunoprotective potential at 50-μg dose level, is associated with undesi-
rable damage to the lung tissue. This effect could be observed even with the smallest dose tested (25 μg) and 
was far more pronounced with the 100 μg dose. Exposure of the host to other respiratory pathogens, with  
 

 

Fig. 1.  Photomicrograph showing a bronchiole lined by intact epithelium while there is minimal peribron-
chiolar infiltrate; the alveoli in the peribronchiolar area show some edema fluid (hematoxylin–eosin, ×100).  

 

Fig. 2.  Photomicrograph showing peribronchial and intra-alveolar exudation while there is focal destruc-
tion of alveolar septal walls; the lining of the bronchiole is also disrupted and the lumen contains exudates 
(hematoxylin–eosin, ×100). 

 
this type of underlying tissue damage especially in the hospital setting is therefore likely to cause complica-
tions in the patients. Direct instillation of LPS to the lungs has earlier been shown to exert an effect on macro-
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phages resulting in an inflammatory cascade, defined by production of proinflammatory cytokines (Ulich et al. 
1990). This is accompanied by a huge influx of polymorphonuclear leukocytes into the airway spaces which 
possibly contributes to acute injury (Hirano 1996). 

An alternate route tested for administration of the LPS molecule was the instramuscular one. There 
was significant protection noticeable with the higher dose, i.e. 100 μg, administered to mice. This corrobora-
tes the earlier observations of our laboratory in which the LPS antigen was found to be protective at the 100 μg 
dose level, given intramuscularly in a rat lobar pneumonia model (Rani et al. 1990). The same dose of LPS 
antigen was also reported to be protective in mice against homologous experimental infection of urinary tract, 
when immunized via intramuscular and/or intraurethral route (Chathley et al. 1996). A complete LPS-based 
vaccine strategy, although it appears attractive (cf. Mittal et al. 2002; Toky et al. 2003), still requires an 
alternative approach especially for local immunization. 

REFERENCES 

BURTON K.: Diphenylamine method for DNA estimation. Biochem.J. 62, 315–322 (1956). 
CHATHLEY U.C., SHARMA S., CHHIBBER S.: Lipopolysaccharide induced resistance in mice against ascending urinary tract infection 

with Klebsiella pneumoniae. Folia Microbiol. 41, 373–376 (1996). 
CHHIBBER S., AGGARWAL S., YADAV V.: Contribution of capsular and lipopolysaccharide antigens to the pathogenesis of Klebsiella 

pneumoniae respiratory tract infection. Folia Microbiol. 48, 699–704 (2003). 
CRYZ S.J. Jr., MORTIMER P., CROSS A.S., PURER E., GERMANIER R.: Safety and immunogenecity of a polyvalent Klebsiella capsular 

polysaccharide vaccine in humans. Vaccine 4, 15–20 (1986). 
BRAUN-FAHRLANDER C.B., RIEDLER J., HERZ V., EDER W., WASER M., GRIZE L., MAISCH S., CARR D., GERLACH F., BUFE A., LAUE-

NER R.P., SCHIERL R., RENZ H., NOWAK D., VON MUTIUS E.: Environmental exposure to endotoxin and its relation to asthma 
in school age children. N.Engl.J.Med. 347, 869–877 (2002). 

HELD T.K., JENDRIKE N.R.M., RUKAVINA T.A.V., PODSCHUN R., TRAUTMANN M.: Binding to and opsonophagocytic activity of O-anti-
gen-specific monoclonal antibodies against encapsulated and non encapsulated Klebsiella pneumoniae serotype O1 strains. 
Infect.Immun. 68, 2402–2409 (2000). 

HELD T.K., MIELKE M.E.A., CHEDID M., UNGER M., TRAUTMANN M., HUHN D., CROSS A.S.: Granulocyte colony stimulating factor 
worsens the outcome of experimental Klebsiella pneumoniae pneumonia through direct interaction with bacteria. Blood 91, 
2525-2535 (1998).  

HIRANO S.: Migratory responses of PMN after intraperitoneal and intratracheal administration of lipopolysaccharide. Am.J.Physiol. 
270, L836–L845 (1996).  

JOHNSON K.G., PERRY M.B.: Improved techniques for the preparation of bacterial lipopolysaccharides. Can.J.Microbiol. 22, 29–34 
(1976).  

MENO Y., AMANO K.: Morphological evidence for penetration of anti-O antibody through the capsule of Klebsiella pneumoniae. Infect. 
Immun. 58, 1421–1428 (1990).  

MITTAL J., DOGRA N., DASS R., MAJUMDAR S.: In vitro effects of cAMP-elevating agents and glucocorticoid either alone or in combi-
nation on the production of nitric oxide, interleukin-12 and interleukin-10 in IFN-γ- and LPS-activated mouse peritoneal 
macrophages. Folia Microbiol. 47, 709–716 (2002). 

MORRISON D.C., LEIVE L: Fractions of lipopolysaccharide from Escherichia coli O111: B4 prepared by two extraction procedures. 
J.Biol.Chem. 250, 2911–2919 (1975).  

MUNRO H.N., FLECK A.: The determination of nucleic acids. Meth.Biochem.Anal. 14, 113–176 (1966).  
ØRSKOV I., ØRSKOV F.: Serotyping of Klebsiella. Meth.Microbiol. 14, 143–164 (1984).  
PODSCHUN R., ULLMAN U.: Klebsiella spp. Nosocomial pathogens – epidemiology, taxonomy, typing methods, and pathogenicity fac-

tors. Clin.Microbiol.Rev. 11, 589–503 (1998).  
RANI M., GUPTA R.K., CHHIBBER S.: Protection against Klebsiella pneumoniae induced lobar pneumonia in rats with lipopolysaccha-

ride and related antigens. Can.J.Microbiol. 36, 885–890 (1990). 
TOKY V., SHARMA S., ARORA B.B., CHHIBBER S.: Establishment of a sepsis model following implantation of Klebsiella pneumoniae-

infected fibrin clot into the peritoneal cavity of mice. Folia Microbiol. 48, 665–670 (2003). 
TRAUTMANN T., CROSS A.S., REICH G., HELD T.K., PODSCHUN R., MARRE R.: Evaluation of competitive ELISA methods for the deter-

mination of Klebsiella O-antigens. J.Med.Microbiol. 44, 44–51 (1996). 
ULICH T.R., WATSON L.R., YIN S.M., GUO K.Z., WANG P., THANG H., DEL CASTILLO J.: The intratracheal administration of endotoxin 

and cytokines: I. Characterization of LPS-induced IL-1 and TNF-α mRNA expression and the LPS-, IL-1-, and TNF-indu-
ced inflammatory infiltrate. Am.J.Pathol. 138, 1485–1496 (1991). 

WESTPHAL O., JANN K.: Bacterial lipopolysaccharides; extraction with phenol–water and further applications of the procedure, pp. 83–
91 in Methods in Carbohydrate Chemistry (L. Whistler, Ed.). Academic Press, New York 1965. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


