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Abstract 
This study was designed to explor, detect the humoral immune response by using Elisa technique, to 

detect the cellular immune response by Delayed Type Hypersensitivity "DTH" (skin test). And to Study 

histopathological changes in laboratory mice organs which immunized with two prepared Ags and 

challenged later with viable virulent K. pneumoniae. The immunized groups (WSK Ag & WHKK Ag) 

revealed significant increase (p<0.05) in the mean values of (O.D) & serum (Ab.) titer level as compared 

with control negative group, while showed non-significant increase (p>0.05) in mean values of (WSK 

Ag) as compared with (WHKK Ag). 

All groups of mice (immunized & control negative) were conducted in (DTH) skin test at (zero time, 24, 

48 & 72hrs.) and both immunized (SWHKK & SWSK Ags) groups showed positive reaction after (24, 48 

& 72 hrs.) of skin test as compared with control negative group which give negative reaction. 

The pathological examination of a control group was infected with Klebsiella pneumonae appeared more 

lesions than the groups that were immunized with (WSK & WHKK) Ags. It was concluded that the 

(WSK Ag) was provided a good immune response better than (WHKK Ag) against the K.pneumoniae 

infection, also the encapsulated K.pneumoniae has the ability to dissemination and colonization of most 

internal organs and the inflammation was rapidly convert from acute to chronic stages. 
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Introduction 
K. pneumoniae is an opportunistic, colonizing pathogen [1], existed asymptomatically in the 

skin, upper respiratory and gastrointestinal tracts of healthy human and animals that can cause 

respiratory and urinary tract infections (U.T.IS) as well as septicemia especially in 

immunocompromized hosts who suffer from severe diseases such as diabetes mellitus, chronic 

obstructive pulmonary diseases, liver disease and renal failure [2, 3].  

K. pneumoniae had many resistance factors that include CPS, LPS, siderophore, adhesins and 

antibiotics resistance [4], in addition to biofilm that resist the host immune response by 

prohibition of mechanical barriers and phagocytosis lead to immune response depression, 

infections persistence and increase drug resistance ability [5].  

Klebsiellae typically express two types of surface antigens (Ag): O- Ag which is considered as 

a lipopolysaccharide (L.P.S) antigen and K-Ag which represents the capsular polysaccharide 

(C.P.S). Both of (C.P.S) and (L.P.S), are mainly utilizing for an anti Kebsiella vaccine and 

produce protective against a disease via both humoral and cellular immunity [6].  

Histopathological staining mostly special stains are used extensively in medicine especially in 

the study of abnormal tissue to aid treatment. In recent years, for the importance of K. 

pneumoniae as a Zoonotic, Nosocomial and Community Aquired infections in human and 

animal as well as resistance to antibiotics which are related to Biofilm formation in Klebsiella, 

so scientists have tended to produce vaccines or antigens against K. pneumoniae infections 

such as some researchers in the world, [7], and in Iraq, so the present study aims to:  

1. Preparation of two Antigens: (Sonicated & Heating Ags) from K. pneumoniae. 

2. To detect the humoral immune response by using Elisa technique.  

3. To detect the cellular immune response by Delayed Type Hypersensitivity "DTH" (skin 

test).  

4. Study histopathological changes in laboratory mice organs which immunized with two 

prepared Ags and challenged later with viable virulent K. pneumoniae.  
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Materials and Methods 

1. Strain of microorganism 

The isolate strain used in this study were obtained from the 

Unit of Zoonotic Diseases, College of Veterinary Medicine/ 

Baghdad University, which was isolated from urine sample of 

patients suffered from U.T.I and this strain was confirmed by 

microscopical and biochemical tests (Analytical Profile 

Index) (API 20-E) for Enterobacteriaceae that consists of 20 

microtubes, to be sure it was K.pneumonia, and using the 

Mouse K.pneumoniae-Elisa kit/ MyBioSource /USA for Elisa 

assay. 

 

2. Preparation Antigens  

a. Whole Killed / Heating K.pneumoniae Antigen 

(WKHKAg): This antigen was prepared according to [8]. 

 

b. Preparation of Whole Sonicated K.pneumoniae Antigen 

(WSKAg): This antigen was prepared according to [9] with 

some modification. 

  

3. Design of experimental study 

Sixty white Swiss BALB /C mice both genders aged (6-8 

wks), divided into four groups equally and were treated as 

following: 

1. The 1st group (15 mice) was immunized S/C with (0.25 

ml) WKHKAg, two doses with 2 wks intervals at 

(7.5×104CFU/ml) and (2 mg/ml) protein concentration. 

2. The 2nd group (15 mice) was immunized S/C with (0.25 

ml) WSKAg, two doses with 2 wks intervals at (7.5×104 

CFU/ml) and (2 mg/ml) protein concentration. 

3. The 3rd group (15 mice) was inoculated S/C with (0.25 

ml) PBS, two doses with 2 wks intervals and served as 

control negative group. 

4. The 4th group (15 mice) was served as positive control 

group. 

At (27-30) days post immunization, the skin test was applied 

and blood samples were collected from seven mice of each( 

1st, 2nd and control negative) groups then the serum was 

separated and stored at (-20oC) for serological test (Elisa 

test).Study macroscopical examination of sacrificed mice and 

internal organs pieces were collected, then fixed in (10% 

NBF) for histopathological examination. At 28 days after 

immunization, the remained animals from the first three 

groups (1st, 2nd & 3rd) with the 4th group (positive control) 

were inoculated (I/P) in the lower part of abdomen with (0.25 

ml) of the bacterial suspension as a challenge dose containing 

(7.5×104CFU/ ml) of virulent K.pneumoniae. All inoculated 

animals were killed after 48 hrs from challenge dose, blood 

samples were taken for Elisa test, internal organs and tissues 

macroscopically were examined, then pieces from internal 

organs (lung, kidney, liver, spleen, heart, intestine and 

stomach) were collected and fixed in (10% NBF) for 

histopathological examination. 

 

Results  

Humoral immune response 

1. Enzyme Linked Immuno Sorbent Assay Test (ELISA): 

The immunized groups (WSK Ag & WHKK Ag) revealed a 

significant increase (p<0.05) in the mean values of (O.D) & 

serum (Ab.) titer level as compared with control negative 

group (PBS) which give negative results, as displayed in 

(table1) & (fig.1) while showed non-significant increase 

(p>0.05) in mean values of (WSK Ag) as compared with 

(WHKK Ag).  
 

Table 1: The mean & Standard Error of antibody titer levels in the serum of immunized and control negative group. 
 

Groups Mean±SE 

Whole Heating Killed K.pneumoniae Ag Mice Group 58.00±8.07a 

Whole Sonicated K.pneumoniae Ag Mice Group 64.05±5.88a 

Control negative Mice Group 4.22±0.04b 

LSD 13.333 

 

 
 

Fig 1: The results of the mean of antibody titer levels in the serum of immunized & control negative group. 

 

Also the peak of (O.D) & serum (Ab.) titer level (p< 0.05) 

were significantly observed in the positive control & both 

immunized infected groups as compared with control negative 

and non-infected immunized mice groups. The mean value 

results of the control positive and the both infected 

immunized (IWSK & IWHKK Ag) mice groups showed non-

significant (p> 0.05) gradual increase among them 

respectively, as clarified in (table 2) & (fig.2). 
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Table 2: The mean & Standard Error of antibody titer levels in the serum of control positive & both immunized infected mice groups. 
 

Groups Mean ± SE 

Infected Whole Heating Killed K. pneumoniae Ag (IWHKK Ag) 

group 
93.05 ± 6.20a 

Infected Whole Sonicated K. pneumoniae Ag (IWSK Ag) group 96.58 ± 4.90a 

Control positive (CP) group 110.53 ± 10.96a 

LSD 27.822 

Control negative (CN) 4.22 ± 0.04b 

 

 
 

Fig 2: The results of the mean antibody titer levels in the serum of control positive & infected immunized (IWHKK & IWSK Ag 

 

2. Delayed Type Hypersensitivity skin test (DTH) 
All groups of mice (immunized & control negative) were 

conducted to (DTH) skin test at (zero time, 24, 48 & 72hrs.) 

and both immunized (SWHKK & SWSK Ags) groups showed 

positive reaction after (24, 48 & 72 hrs.) of skin test as 

compared with control negative group which give negative 

reaction. The increasing skin thickness of footpad 

with(SWSK Ag) at ( 24 & 48 hr.) revealed a significant (p≤ 

o.o5) increase (0.54 ±0.01) & (0.37 ± 0.01 mm) respectively 

than the (SWHKK Ag) group that showed (0.50± 0.01) & 

(0.32 ± 0.01 mm) respectively with LSD (0.0305), whereas at 

(72 hr.) post examination, the value was decline in group (1) 

to (0.19±0.01 mm) and in group (2) to ( 0.17±0.01 mm) as 

displayed in the table (3) & Fig.(3). 

 
Table 3: The Mean and Standard Error of skin thickness of immunized and non-immunized animals (control negative group) before & after (24, 

48 & 72hr.) of injection. 
 

Groups 0 time (M±E) 24 hr. (M±E) 48 hr. (M±E) 72 hr. (M±E) 

Group1 (Heating Ag) D 0.02±0.002 A 0.50±0.01a B 0.32±0.01a C 0.19±0.01a 

Group 2 (Sonicated Ag) D 0.02±0.002 A 0.54±0.01a B 0.37±0.01a C 0.17±0.01a 

Group 3 (Control Negative) A 0.01±0.001 A 0.02±0.001b A0.02±0.001b A0.01±0.001b 

LSD 0.0305 

Means with different small letters in the same column significantly different (P< 0.05).  

Means with different capital letters in the same row significantly different (P< 0.05). 

 

 
 

Fig 3: Results of mean skin thickness of both immunized & control negative animal groups. 

 

Histopathological Study  

The pathological examination of control group that infected 

with Klebsiella pneumonae that stained with Hematoxillin & 

Eosin stain exhibited in lung of control group showed 

congested blood vessels and inflammatory cells infiltration 

like macrophage and neutrophile (fig 4) and in some sections 

multiple variable size granulomatous lesions (fig 5). Sections 

of control group when using PAS stain revealed aggregation 

of Klebsiela pneumonae in the interstitial tissue of the liver 

(Fig.6), and sections stained by Warthin Starry stain shows 
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the aggregation of Klebsiela pneumonae in the interstitial 

tissue in the liver (Fig.7). 

(WHKAg) that infected with Klebsiella pneumonae after 

immunized with Ag. And infected by K. pneumonae stained 

with Hematoxillin & Eosin stain noticed in kidney showed 

infiltration of inflammatory cells in the interstitial tissue, 

desquamation of epithelial lining degenerative cells of renal 

tubules, mesangial cell proliferation and lymphocytes (Fig. 8) 

liver shows marked inflammatory cell aggregation around 

central veins and in the interstitial tissue like lymphocytes and 

macrophage (Fig. 9). 

(WSKAg) group that were infected with Klebsiella 

pneumonae after immunized with Ag. And infected by K. 

pneumonae stained with Hematoxillin & Eosin stain showed 

increased thickness of intra alveolar septa of the lung and 

inflammatory cells infiltration include macrophage and 

lymphocytes in lung (Fig. 10), and exhibited aggregation of 

Klebsiela pneumonae in the parenchyma but less than of 

control group in the organs of immunized animals like liver 

when stained with PAS stain (Fig. 11). 

 

 
 

Fig 4: Histopathological section in lung of control group animal 

infected with K. pneumonae showed congested blood vessels and 

inflammatory cells infiltration like macrophage and neutrophile 

(   ) (H&EX400 ). 

 

 
 

Fig 5: Histopathological section in liver of control group animal 

infected with K. pneumonae showed multiple variable size 

granulomatous lesions (  ) around congestion of blood vessels 

also scatter throughout the liver (H&EX400). 

 
 

Fig 6: Histopathological section of liver of control group shows the 

aggregation of Klebsiela pneumonae in the interstitial tissue and in 

lumen of central vein (  ) (PAS stain X400) 

 

 
 

Fig 7: Histopathological section of liver of control group shows the 

aggregation of Klebsiela pneumonae in the interstitial tissue (  ) 

(Warthin Starry stain X400) 

 

 
 

Fig 8: Histopathological section in kidney of animal immunized with 

WHKK Ag. And infected by K. pneumonae bacteria showed 

infiltration of inflammatory cells in the interstitial tissue, 

desquamation of epithelial lining degenerative cells of renal tubules, 

mesangial cell proliferation and lympocytes (H&EX400). 
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Fig 9: Histopathological se ction in liver of animal immunized with 

WHKK Ag. And infected by K. pneumonae shows marked 

inflammatory cells aggregation around central veins and in the 

interstitial tissue like lymphocytes and macrophage (   ) 

(H&EX400). 

 

 
 

Fig. 10: Histopathological section in lung of animal immunized with 

WSK Ag. showed increased thickness of intra alveolar septa of the 

lung and inflammatory cells infiltration include macrophage and 

lymphocytes (

 
) (H&EX100) 

 

 
 

Fig 11: Histopathological section of liver of WSK Ag group shows 

aggregation of Klebsiela pneumonae in the parenchyma (  ) 

(PAS stain X400) 

 

Discussion 

The results showed that K. pneumoniae – derived WHKK and 

WSK antigens elicited both humoral & cell mediated 

immunity in immunized mice that were agreed with [10]. 

For each immunized animal group, the skin reaction at the 

injection site of SWHKK and SWSK antigens was suggested 

to be mediated by cellular immune response summarized by 

differentiation of naïve T-cells into memory cells and effector 

cells (T helper) which in turn produce cytokines that activate / 

attract the immune cells to the site of infection [11]. 

Results also showed that the mean values of DTH and serum 

Ab titer were slightly increase in mice immunized with WSK 

Ag (0.54±0.01, 64.05±5.88 pg/ml) respectively as compared 

to those immunized with WHKK Ag (0.50±0.01, 58.00±8.07 

pg/ml) respectively. This result was coincided with those 

observed by [12]; and [10] who emphasized that Th-1 immune 

response play a fundamental in the eradication of K. 

pneumoniae. 

Survival of WHKK / WSK- Immunized mice with after 

infection with K. pneumoniae, indicated that both antigens 

(especially WSK Ag) enhanced the immunity against K. 

pneumoniae, this result was consistent with [13, 14], who stated 

that WSK Ag could be used as subunit vaccine (consisting of 

CPS, LPS and type III fimbriae) which stimulates immunity 

against K. pneumoniae infections. 

However, infection of all examined organs of non-immunized 

animals may indicated that K. pneumoniae caused a wide 

spectrum of severe pathological lesions which upheld by [15] 

who demonstrated that K. pneumoniae was accompanied with 

massive pathological changes such as suppurative infections 

in lung, liver, urinary tract and brain, disseminated all over 

the world. The inflammatory cells infiltration (mainly 

neutrophils) in examined organs may indicated that K. 

pneumoniae infection activated the pro-inflammatory 

cytokines production such as IL-6, IL-8, TNF-α and IL-1β 

which have prime role in inflammatory cells attraction [16], 

and [17] revealed that the Enterobacteriaceae bacteria showed 

that proliferation of mononuclear cells aggregation around 

central veins as well as congestion of the blood vessels with 

infiltration of inflammatory cells in the lumen. 

Post infection with K. pneumoniae can regulate adhesion 

molecules such as endothelial intercellular adhesion molecule 

1 (ICAM-1) and vascular cellular adhesion molecule 1 

(VCAM-1) 1. However, neutrophils in an acute inflammation 

are rapidly recruited to inflamed area, releasing their toxic 

substances, killing the causative agent, and finally initiation of 

healing process [18]. 

 

Conclusion 

The peak of (O.D) & serum (Ab.) titer level (p< 0.05) was 

significantly observed in the control positive & both 

immunized infected groups as compared with control negative 

and non-infected immunized mice groups. skin test as 

compared with control negative group which give negative 

reaction. post examination, the immunized (SWSK Ag) group 

revealed significant (p≤ o.o5) increase in the mean of skin 

thickness of footpad against SWSK Ag than the value of 

immunized (SWHKK Ag) group only, and from 

histopathological examination appeared that SWSK Ag and 

SWHKK Ag. Groups protect the experimental animal body 

against virulence K.pneumoniae. 

 

References 

1. Li B, Zhao Y, Liu c, Chen z, zhou D. Molecular 

pathogenesis of Klebsiella pneumoniae. Future 



 

~ 475 ~ 

Journal of Entomology and Zoology Studies 
 

Microbiology journal. 2014; 9(9):107-1081. 

2. Abdullah FE, Akber SS, Anis W, Syedain, F. 

Identification of Klebsiella pneumoniae and Klebsiella 

oxytoca in urine specimens from a laboratory in Karachi. 

Microbiology Research. 2015; 3(3):37-40. 

3. Fung C, Lin Y, Lin J, Chen T, Yeh K, Chang F et al. 

Klebsiella pneumoniae in gastrointestinal tract and 

pyogenic liver abscess. National Health Research 

Institutes / Emerging Infectious Diseases. 2012; 

18(8):1322-1325. 

4. Salman SB, Al-Mathkhury HF. Molecular Detection of 

Klebsiella pneumoniae serotype K2 Isolated Clinically. 

Iraqi Journal of Science. 2016; 57(IA):89-103. 

5. Cabarkapa I, Levic J, Djuragic O. Biofilm. Microbial 

pathogens and strategies for combating them: science, 

technology and education. 2013, 42-51. 

6. Mansour AMA, Zaki HM, Hassan NA, Al-Humiany AA. 

Molecular characterization and immunoprotective 

activity of Capsular Polysaccharide of Klebsiella 

pneumoniae isolated from farm animals at Taif 

Governorate. American Journal of Infectious Diseases. 

2014; 10(1):1-14. 

7. Lundberg U, Senn BM, Schuler W, Meinke A, Hanner 

M. Identification and characterization of antigens as 

vaccine candidates against Klebsiella pneumoniae 

Human Vaccines & Immunotherapeutics journal. 2013; 

9(3):497-505.  

8. Ogasawara H et al. Effect of selected flavonoids on 

histamine release and hydrogen peroxide generation by 

human leukocytes. Journal of Allergy and Clinical 

Immunology. 1985; 75:184. 

9. Sikarwar AS, Batra Hv. (Identification of Klebsiella 

pneumoniae by Capsular Polysaccharide Polyclonal 

Antibodies. International Journal of Chemical 

Engineering and Applications, 2011; 2(2):130-134. 

10. Ahmed TA, El-Sayed LH, Haroun M, Husseinm AA, El-

Ashry EH. Development Klebsiella pneumoniae. 

Vaccine/Elsevier Journal. 2012; 30:2411-2420. 

11. Aggarwal S, Ghilardi N, Xie M, Sauvage FJ, Gurney AL. 

Interleukin-23 Promotes a Distinct CD4 T Cell 

Activation State Characterized by the Production of 

Interleukin-17. The Journal of Biological Chemistry. 

2003; 278 (3): 1910-1914. 

12. Pichavant M, Delneste Y, Jeannin P, Fourneau C, Brich 

et A, Tonnel A et al. Outer Membrane Protein A from 

Klebsiella pneumoniae Activates Bronchial Epithelial 

cells: Implication in Neutrophil Recruitment. Journal of 

Immunology. 2003; 171:6697-6705. 

13. Chhibber S, Wadhwa S, Yadav V. Protective Role of 

Liposome Incorporated Lipo-polysaccharide Antigen of 

Klebsiella pneumoniae in a Rat Model of Lobar 

Pneumonia. Japanese journal of infectious diseases. 

2004; (57):150-155. 

14. Wilksch JJ, Clements JYA, Gabbe JL, Short KR, Cao H, 

Cavaliere R et al. MrkH, a Novel c-di-GMP- Dependent 

Transcriptional Activator, Controls Klebsiella 

pneumoniae Biofilm Formation by Regulating Type 3 

Fimbriae Expression. Plos one, 2011; 7(8):1-22. 

15. Abdullah SHM, Zghair R. Isolation of Klebsiella 

pneumoniae from urine of human and cattle in Baghdad 

city with histopathological study experimentally in mice 

International Journal of Advanced Research in Biological 

Sciences. 2016; 3(10):38-45. 

16. Al-berghina M. Phospholipase A2: new lessons from 

endothelial cells. Bollettino Accademia Gioenia Sci. Nat. 

2010; (371) 1-14. 

17. Zghair ZR. Histopathological study of Salmonella 

typhimurium infection inlaboratory mice by using the 

light and electron microscope. Kufa Journal For 

Veterinary Medical Sciences, 2012; (3)(1)124-131. 

18. Nathan C. Neutrophils and immunity: challenges and 

opportunities. Nature reviews/ Immunology.2006; (6) 

173-182. 


