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Test of efficacy of capsular polysaccharide antigen of Klebsiella
pneumonia in stimulation of immune response in albino mice
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Abstract

The study was designed to assess in vivo the effects of capsular
polysaccharide (CPS) antigen of K. prneumonia on some
immunological parameters in albino mice.

CPS antigen from K. pneumonia was prepared, then series
concetration of wild type of bathogenic bacteria and from CPS
antigen were prepared depending on LD50 value which was;1x10’
cfu /ml of wilde type and 1x10° cfu/ ml of CPS antigens ,these
concentration injected in 0.1 ml intraperetonial in mice .
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Immune response in mice evaluated by using the following assay:
(phagocytosis , Arthus reaction , delayed hypersensitivity and
plaque forming cells ) by use two concentration LDS50 and 0.1
LD50 which was( 1x10° , 1x10° cfu/ ml in 0.1 ml from CPS
antigens« to evaluate the best concentration in stimulate immune
response» and bacterial suspention in 3 mice to each test in
addition to control group injected by normal saline .

The results of this study confirmed that , the CPS antigen in1x10°
cfu/ ml concentration after 14 days from injection is the best
efficient and gave highest mean in phagocytosis , delayed
hypersansativity and arthus reaction , specific immunity in term of
plaque forming cells was significantly increase in 1x10° cfu/ ml .It
is concluded that efficient immune response can be obtained by
CPS from K. pneumoniae

Introduction

Klebsiella pneumoniae (K. pneumoniae) is one of the known
species of Klebsiella genus, a member of the family
Enterobacteriaceae. K. pneumoniae is an encapsulated gram-
negative bacteria , facultative anaerobic, It is found naturally in the
soil, water and vegetables. In humans, it can be found in the skin,
pharynx and gastrointestinal tract (1) .

K. pneumoniae is responsible for a variety of diseases in humans
and animals. Its a prominent nosocomial pathogen mainly
responsible for urinary tract, respiratory tract or blood infections
(2) . Isolates from hospitals often display antibiotic resistance
phenotypes (3). K. pneumoniae infections that are severe but more
rarely reported include meningitis, necrotizing fasciitis and
prostatic abscess (4) .

Multiple Klebsilla components (e.g., fimbriae , siderophores ,LPS
, and capsule ) have been considered to be potential virulence
factors , Among these factors ,LPS induce TNF-oo (5) . Also , the
capsuler polysaccharide ( CPS) has ability to stimulate antibody
production (6) .

The initial interaction between bacteria and the host mucosal
immune system probably occurred through recognition between
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these surface components and dendritic cells. Indeed,the mucosal
immune response is orchestrated by a network of surveillance
based on dendritic cells (DCs), which are professional antigen-
presenting cells (7). The role of DCs in the development of K.
pneumoniae infections has not yet been clearly elucidated. DCs are

a critical component of early lung inflammation elicited in a
murine K.pneumoniae infection model and play a role in regulating
lung barrier integrity (8). In another murine model of invasive
bacterial pneumonia, it has been shown that DCs expressing TLR9
are required for effective innate immune response against K.
pneumoniae, in particular to allow functional activation of lung
macrophages and NK and T cells (9). In humans, little is known
about the contribution of DCs to the host response to K.
pneumoniae infections. Only in vitro experiments have been
performed, and they indicate that K. pneumonia induces maturation
of immature human DCs and production of interleukin 12 (IL-12)
(10).

K. pneumonia infections have a high rate of mortality, sencie this
organism has a rapidly progressive clinical course that often
complicated multilobular involvement and lung abcesses , leaving
little time to institute effective antimicrobial treatment (11) . This
problem is further complicated by the emergence of multidrug
resistant K. pneumoniae isolates (12) . As a result , development of
new approaches to treatment, such as immunoprophylactic and
immunotherapeutic agents against K. pneumonia infection has been
sugested .Therefore, number of immunological parameter was
conducted to evaluated the effect of K.pneumonia antigen in
activation of immune response which include : Phagocytosis
Arthus Reaction , Delayed Type Hypersensitivity and Plaque
forming cell

Materials and Methods

A- Bacterial isolate : Klebsiella pneumoniae was obtained from
Biotechnology Research Centre (Al-Nahrain University ), and
further biochemical test (table 1) was carried out to ensure from the
strain . The concentration of bacteria was determined by measuring
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the absorbance at 600 nm on a Spectrophotometer compared to a
standard curve of absorbances. The bacteria were pelleted by
centrifugation at 6000 rpm were washed twice in normal saline ,
and were resuspended at a concentration of 1x10° ™ /ml. One
thousand CFU was used as the inoculation dose(13) . The capsular
polysaccharide  antigens were prepared by (14) then , the
purification by (15) . The carbohydrate concentration according to
(16). The 50% lethal dose( LD50% ) was determined by (13) .

B- Laboratory Animals :Albino male mice were supplied by the
Biotechnology Research Centre (Al-Nahrain University ). Their
age at the start of experiments was 8-10 weeks, and their weight
was 23-27gm. They were divided into groups, and each groups was
kept in separate plastic cage .The animals were maintained at a
temperature of 23-35° C, and they had free excess to food (standard
pellets ) and water .

C- Experimental Design :The experiments were designed to
evaluate (in vivo) the immunological effects of CPS antigens of K.
pneumoniae in albino mice, as well as, their role in modulating the
immunological effects, such evaluations were carried out through
the following parameters :-
I-phagocytic index
The evaluation of phagocytosis was carried out on phagocytes
obtained from the peritoneum of mice. The procedure of (17) was
followed with some modifications.
2-Arthus reaction
After immunization protocol,the left foot pad was injected
intradermally with 0.05 ml of 10% sheep red blood cell (SRBC) ,
while the right foot pad was injected with 0.05ml of normal saline.
After four hours, the thickness of both pads was measured using a
vernier, and the difference represented Arthus reaction index,
which was given in units of millimeter (mm) (18).
3- Delayed Type Hypersensitivity
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The index of delayed type Hypersensitivity (DTH) was carried
out as outlined for Arthus reaction index, but the difference
between the thicknesses of both pads was measured after 24h (18) .
4- Plque forming cells

The plaque forming cells(PFC) assay was carried out on B-
lymphocytes obtained from the spleen of mice after performing the
assay of DTH , following the procedure of (19) .

Statistical analysis : Data ( mean + standard deviation ) for
each experimental group were derived from three experiments , and
analyzed statistically using Student’s ¢ test.mean with p of [] 0.05
were considered statistically significant.

Results and discussion.

The development of vaccines based on CPS obtained from
k.pneumonia and other gram negative bacteria is now attracting
much attention . The underlying immunological mechanism
providing protection against k.pneumonia was studied in term of
specific and non-specific immunity .

1- Biochemical tests

Biochemical tests of the strain are summarized in table (1) ,
result in morphology, characteristic of culture and biochemical
test explain that the strain was k.pneumonia (20)

Table (1) Biochemical tests

Characteristic K. pneumonia
Gram stain
Esculin
Inositol
Lactose
Sorbitol
Sucrose
MR

VP

H2S -
(-) negative reaction; ( +) positive reaction

[+ +]

+
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2- Phagocytosis

The results in the Table (2) show that the significant increase in
phagocytic activity in animal treated with ( 1x10°) cfu/ ml CPS of
k.pneumonia comared with control group , in the same table was
highly significant ( P < 0.01 ) increase in ( 1x10°) cfu/ ml CPS of
k.pneumonia while significant decreased in Bacterial suspension
compared with control group .

Table (2)Phagocytic activity in animal treated with CPS antigens and
Bacterial suspension of k.pneumonia compared with control group .

study groups No.of animals | Phagocytosis
(meanzst.d.)

Control 3 0.57+£21.67

Bacterial 3 0.55+18.98

suspension(1x10°)

cfu/ml

CPS antigen (1x10°) cfu/ml 3 0.58 + 27.68

CPS antigen(1x10°% cfu/ml 3 1.91 £ 42.35

The alveolar macrophage (AM) is the primary means of innate host
defense against bacterial pathogens that attempt to reach the
alveolar space (21) . PMNs play a critical role in clearing
encapsulated bacteria , such as K.pneumonia , from the lung and in
preventing bacterial dissemination to the systemic circulation (22) .
The ability of these cells to perform this function can be enhanced
by inflammatory mediators that activate the PMN for increased
phagocytosis and killing of ingested bacteria . Mechanistic studies
revealed that the CPS augmentation of phagocytosis in AMs was
largely Fc receptor ( FcR) mediated and protein kinase C
dependent in AMs (23) . In preliminary studies , the addition of
antigens of K.pneumonia is able to augment the phagocytic index
(PI) of alveolar macrophage . It has been shown previously that
incubation of peritoneal macrophages with CPS from K.pneumonia
stimulated the release of TNF-co , IL-1 and IL-6 (24) . CPS can
increase Trypanosoma cruzi uptake and parasite killing by human
macrophages in a nitric oxide — dependent manner (25)
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3-Arthus reaction and delyed hypersensitivity

The study revealed that the CPS antigen of k .pneumonia in 1x10°
cfu / ml concentration was high significant in arthus reaction and
delayed hypersansativity and 10’ was significant in phagocytosis
while the Bacterial suspension decreased the phagocytosis in two
test .

Table (3) Arthus reaction and delyed hypersensitivity in animal treated
with CPS antigen and bacterial suspention of k .pneumonia compared
with control group .

Study groups No.of Arthus reaction | Delyed hypersensitivity
animals (meanzst.d.) (meanzst.d.)

Control 3 0.017£0.48 0.01 £0.50

Bacterial 3 0.039+0.36 0.03 £0.35

suspension(1x10°) cfu/ml

CPS antigen (1x10°) 3 0.044 £ 0.92 0.06 £ 1.002

cfu/ml

CPS antigen(1x10°) 3 0.13 £1.52 0.09+1.91

cfu/ml

Intradermal injection of SRBCs causes production of IgG
antibodes that react with antigen forming immune complex this
cause local inflammation as a result of complement activation (26).
DHT is one type of cell mediated immune response in which the
macrophage stimulate the activation of T-cells and these cells
produce cytokine that stimulate phagocytosis and activate the
enzymes responsible to kill and destroy the tissue (27) .

4- Plaque Forming Cells

The result in the table (4) indicate that both ( 1x10°, 1x10°) cfu/
ml were found to induce the formation of PFCs . The number of
PFC observed in ( 1x10° , 1x10% cfu/ ml treated animals was (
533 £ 1.52 ; 70 £ 2 ) , whereas those observed in bacterial
suspention and control group at 14 days after treatment were ( 10.6
+ 1.52;27.3 £ 0.57) respectively .
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Table (4) Plaque Forming Cell in animal treated with CPS antigen and
bacterial suspention of k .pneumonia compared with control group .

Study groups No.of animals Plaque Forming Cells
Control 3 27.3+0.57

Bacterial suspension(1x10°) cfu/ml 3 10.6 £ 1.52

CPS antigen (1x10°) cfu/ml 3 533 £1.52

CPS antigen(1x10°) cfu/ml 3 70.0 +2.

Humoral immune response to CPS antigen can be described in
terms of the systems ability to function as an antigen depot (28) .
This percent of PFC was found to be significant at P < 0.01,
thereby indicating that CPS antigen 1x10° cfu/ml concentration
produce a better humoral immune response by effect on
lymphocytes in spleen that produce specific antibodes to SRBCs ,
this antigen increase immunoglobuline production especially I1gG ,
IgM this agree with (29) , the increase in arthus reaction and DHT
together with PFC this emphasis the effect of immunological
function of spleen .

Over the past two decades, CPS has been the obvious vaccine
candidate for Klebsiella-induced pneumonia studies. Cryz et al.
(30) have demonstrated that active immunization with purified
CPS protected rats against lethal Klebsiella-induced pneumoniae ,
anti-CPS antigens are the potential therapeutic agents to protect
host against the complications induced by k .pneumonia , Onther
study demonstrates that K. pneumoniae CPS antigens can
agglutinate all of the K1 strains tested and prevent liver abscess
formation induced by magAd K. pneumoniae (31) . This indicates
that the K1 epitope is a promising target for vaccine development .
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