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ABSTRACT
A comparative study was conducted to focus on some immunologic parameters in mice immunized with heat killed
Candida albicans and cell wall mannoproteins. This experiment was carried out in animal Farm of National Centre of Drug
Control and Research from March 2011 to June 2012. A total number 120 male and female mice, mice were divided into
equal 3 groups, the first group (control) received with distilled water, the second experimental group was vaccinated with
cell wall mannoproteins vaccine of Candida albicans, and the third group was vaccinated with heat killed Candida
albicans cells vaccine. Vaccine efficiency was evaluated according to phagocytic activity, delayed type hypersensitivity
reaction and anti-Candida antibodies titer in vaccinated mice serum. All treatments were carried out on day 1. Then the
mice were scarified and tested at different periods: day 10, oxidative burst reaction by Nitro Blue Tetrazolium test (NBT)
was done, at days 14 tests for delayed type reaction of skin, and at day 21 and 28 performed the test for anti-Candida
albicans level in mice serum by Indirect Immunoflourescent assay. Results revealed that second group recorded
significantly (P≤0.01 ) higher values in their peripheral blood phagocytic activity by nitro blue tetrazolium test measured
by ELIZA and anti-Candida antibodies titer level in mice serum at 21 and 28 days by Indirect Immunoflourescent assay as
compared  with the control group . Third group results revealed significantly (P≤0.05) increase in phagocytic activity index
of peripheral blood by nitro blue tetrazolium test and the anti-Candida antibodies titer level in mice serum at 21 and 28
days assessed by indirect Immunoflourescent test. In delayed-type hypersensitivity reaction, the index was significantly
increased (P≤0.01) in Mannoproteins- vaccinated mice  in comparison with control and second groups,  the best results
was observed after 24 hours post-Candida protein injection.
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INTRODUCTION
Candida albicans, an increasingly common opportunistic
pathogenic fungus, frequently causes disease in
immunocompromised more than immunocompetent
human and animals (1). This increase in infections is
associated with excessive morbidity and mortality and is
directly related to increasing patient populations and
animals that are at risk for the development of chronic or
serious fungal infections (2). These risk groups include
individuals under immunosuppressive therapy such as
patients who are undergoing solid-organ or blood and
marrow transplantation (BMT); major surgery; those with
AIDS, neoplastic disease, advanced age; and those
becorne prematurely (3 ,4 and 5) in animals these risk
groups include stress factor during transport, heavy used
of broad spectrum antibiotics, delivery, radioactive
exposure. During the past years an increasing number of
mycosis with fatal outcome has been observed (6). The
main reasons are (i) an increasing number of intensive
patients, (ii) a broad spectrum of prophylactic given
antibiotics, (iii) an optimized radio- and chemotherapy
resulting in neutropenic phases of cancer patients, (iv) and
optimized surgical techniques resulting in a higher number
of intensive patients with higher life expectance.
Infections with Candida albicans show a number of
different clinical manifestations (7). The course of

infection as well as the prognosis of candidiasis is mainly
influenced by the basic illness. In spite of a broad
spectrum of different intensive medical treatments,
systemic Candida mycosis is often lethal, especially
affecting haemato oncological patients. Therefore, a rapid
and reliable diagnosis at an early stage of the infection is
of great importance. Materials of fungi have been the
interest of different investigators around the globe with
their aims to establish the immunomodulation potentials of
these materials, and some risks associated with attenuated
or killed whole-organism vaccines  which can be avoided
with vaccines that consist of specific purified
macromolecules derived from pathogens(8). Candida
albicans is one of the fungi species that share the interest
of investigators in the field of immune modulation.
Reported that both C. albicans-sensitized and -non-
sensitized mice were able to mount immediate-type and
delayed-type skin test responses against the cell wall
antigens of C. albicans but not to the cytoplasmic antigens
(7,8,9 and 10). Furthermore (3) have demonstrated that
immunization with mannan (a mannoproteins fraction) and
mannoproteins derived from digested cell walls of C.
albicans induced resistance to a systemic candidiasis. Up
to now there is no available effective vaccine for
protection against Candidiasis in humans and animals,
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although there have been many trials to use a
combinations of immunomodulators and vaccines to
immunpotentiate the immune mechanism in recipient
animals (1, 7, 8, 9 ,10 and 11). The immunologists are
engaged to design vaccines strategies to maximize the
responses of the immune system and to avoid the
unfavorable complications resulted from alive and the
attenuated vaccines. The present study was designed to
compare between some immunologic parameters in mice
vaccinated with alive C. albicans cells vaccine and cell
wall mannoproteins (1, 8, 9, 10 and 11). The parameters of

evaluation were Phagocytosis activity test (NBT), delayed-
type hypersensitivity reaction test and anti- Candida
albicans antibodies serum level.

MATERIAL AND METHODS
Present study came out to add some understanding about
the role of biological material (Candida albicans cell wall
mannoproteins) in potentiating the immune response in
mice immunized with this biological material.
Experimental design is given in table (1).

TABLE 1: Experimental design
Groups D.W Heat killed Candida albicans vaccine Cell wall Mannoproteins of Candida albicans
I + – –
II – + –
III – – +

All experiments were carried out on 120 male and female
albino mice (Blab-c), which were supplied by the National
Centre for Drug Control and Research, Baghdad/Iraq. The
starting age of mice is rounded (6-8) weeks. They were
housed in bio-clean hoods at 20-25ºC with light, dark
periods of 14:10 hours. They were fed standard pellets and
water, their initial weight was 22 ± 3 grams at the
beginning of experiments.  Mice were separately caged for
a one week   preliminary period for acclimatization period.
The following culture media were used in carrying out the
experiments of the study (agar, Bactodextros, Bacto
peptone, Blood agar, Sabourauds dextrose agar, and yeast
extract) were the products of Difco Company (U.S.A). A
purified ribosomal protein free of lip polysaccharide,
which is prepared from Candida albicans and composed
of 50-70% protein and 15-30% polysaccharide to used for
skin test  (1) . The dried lyophilized seed of Candida
albicans strain was supplied by the Zoonotic  unit-
Veterinary College Baghdad-University/Iraq, the above
laboratory receives the strains from the Food and
Agriculture Organization (FAO).The Mannoproteins were
prepared from the cell wall of a Candida albicans as
described by(13). Blood phagocytic activity for oxidative
burst reaction by Nitro Blue Tetrazolium test (NBT)
measured by ELIZA (14) and the phagocytic activity%
was calculate as suggest by (15). Delayed type
hypersensitivity reaction index in a right foot pad was
measured to each mouse in all groups at time zero, each
mouse was injected with 50 ul of Candida albicans
mannoprotein in the right foot pad, then foot Pad swelling

was measured at 24 and 48 hours post injection by a
digital vernia and given in a unit of millimeter, as
suggested by (1). Quantitative Determination of anti-
Candida albicans antibodies serum Level at 21 and 28
days were carried out by using a mouse anti rabbit
antibodies kit (company), which is an indirect
Immunoflourescent assay (16). The Statistical Analysis
values of the investigated parameters were given in terms
of means ± standard errors (S.E.), and differences between
means were assessed by analysis of variance (ANOVA),
least significant difference (LSD) test, using the computer
programmer SPSS version 7.5. The differences were
considered significant when the probability value was
equal or less than 0.05. Further estimations were also
given; they were treated efficiently (17), which were
calculated according to the following equation:

Treatment efficiency (%) = 100
B

B-A








A = Treated groups; B = Negative control group.

RESULTS AND DISCUSSION
The results of Phagocytic activity % by NBT assay of
peripheral blood were given in table (2). All groups of
treated mice were showed different significant increases
(P≤ 0.01) in the Phagocytic activity  % (166% and 212%
respectively) as compared with group I, the highest
Phagocytic activity 212  % was reported in group III.

TABLE 2: Phagocytic activity by EIIZA

Different letters point to significant difference(P≤0.05) between means of the same column.

Results of Phagocytic activity % by NBT assay had
showed a significantly increased (P≤0.01) percentage in
immunized groups, these are in favor of such agreement,
and activate murine macrophages which can destroy
intracellular bacteria. Nitro Blue Tetrazolium reduction by
polymorph nuclear cells may require oxidative metabolism

by the hexose monophophate shunt, and is impermeable to
cell membrane, but it enters the cell during the process of
Phagocytosis, and it is reduced by diaphoreses activity
within phagosom  (18). Although macrophages and
Monocytes possess phagocytic mechanisms in the resting
state, these mechanisms can be enhanced, and new

Phagocytic activity %Optical density/ wave length 490Groups
0% c0.80± 0.06 cG1
166% b2.13±0.12  bG2
212% a2.50±0.11 aG3
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mechanisms can be expressed when they are activated.
Activation can occur through exposure to microbial
products (Candida albicans cell wall mannoprotein) and
(heat killed Candida albicans), such picture is enhanced
by the findings of our study and also confirmed by other
investigators (11, 19, 20, 21,22and 23). In contrast to
monocytes and Neutrophils, which are important in
resistance to early stages of C. albicans infections, more

differentiated macrophages activated by cytokines such as
gamma interferon participate in the acquired resistance of
hosts with C. albicans-specific, cell-mediated
immunity(24, 25).
The sera of mice in groups I and 11 showed a positive
Immunoflourescent reaction at the titer 1:32 and 1:64
respectively comparison with control group, the results
were gavine in table (3).

TABLE 3: Candida albicans antibodies titer by Indirect   Immunoflouresce

Such observation suggests that the immunomodulation
also involved the humoral immune response, although the
pathway may be through the modulation of macrophages
and T lymphocytes as both types of cells are required to
enhance the B lymphocytes to produce immunoglobulin
(8). IFN-γ secretion by TH1 cells also induces antibody-
class switching to IgG classes (such as IgG2a in the
mouse) that support phagocytosis and fixation of
complement. TNF and IFN γ are cytokines that develop

inflammation, and it is their secretion that accounts for the
association of TH1 cells with inflammatory phenomena
such as delayed hypersensitivity .Such findings came to
confirm previous results reported by (1, 8, 9, 10, 11 and
10). In table (4) results revealed that DTH index was
increased  significantly (P≤ 0.05) in Mannoproteins-
treated vaccinated mice  in comparison with control and
second groups,  a best results  was observed after 24 hours
post-Candida protein injection.

TABLE 4: Delayed type hypersensitivity reaction.

*Different small letters point to significant difference (P≤0.01) between means of the same column.
*Different capital letters point to significant difference (P≤0.01) between means of the same row.

Both Candida albicans vaccines were assessed for their
effectiveness on immune cell-mediated immunity (CMI),
which can be assessed by determining the level of
delayed-type hypersensitivity (DTH) response, and the
latter one is an important host defense mechanism against
candidiasis (26).  With this regard, mice treated with A
purified ribosomal protein free of lip polysaccharide a
significant DTH response in mice immunized with
Candida albicans antigens comparison with the
corresponding control, and the highest thickness was
produced after 24 hours of Candida albicans proteins
injection. These results came to confirm the findings of (2,
9, 11, 27 and 28). In this regard, DTH reactions develop
when antigen activates sensitized TDTH cells, and these
cells generally appear to be a Th1 subpopulation although
T cytotoxic may also be involved (1). A defining cytokine
of the TH1 subset, IFN γ activates macrophages,
stimulating these cells to increase microbicidal activity,
up-regulate the level of class I MHC, and secrete
cytokines such as IL-12, which induces T-H cells to
differentiate into the TH1 subset. The overall effect of
these cytokines is to with draw macrophages to the area of
injection and activating them, promoting increased
phagocytic activity and increases concentrations of lytic
enzymes for more potent killing. As lytic enzymes leak
out activated macrophages into the surrounding tissue, the
localized tissue destruction can occur. These reactions

typically tooks ( 48-72) hours to develop, which is the
time required for initial TDTH cell activation and cytokine
secretion to mediate the accumulation of macrophages and
the subsequent release of their lytic enzymes(28). From
the results reported in the present study, it is possible to
point out the effectiveness of mannoproteins of C.
albicans cell wall used on innate immune response,
humoral and cellular immune response in vaccinated mice,
and it is possible to conclude that cell wall mannoproteins
of C. albicans might be a potential vaccine for inducing
active immunity against Candida albicans infection (26,
28).
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