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Abstract

Systemic Candida albicans infection is continuously posing a serious threat to human health. Despite the increasing number 
of immunocompromised patients, toxicity or adverse drug reactions, drug resistance and other limitations related to drug use, 
efforts are being made to produce a novel preventive alternative. Candida albicans killed with Heat or UV methods have been 
used in animals to elicit immune response to prevent these infections. This study was aimed at comparing the quantitative 
difference of antibodies, granulocytes, lymphocyte between the two methods under consideration. Winster albino rats were 
grouped into Heat, UV and Control and received subcutaneous injection of Heat killed, UV killed and normal saline respective-
ly at two intervals. The treatment groups were subsequently challenged with viable cells and sacrificed to collect blood sample 
for analysis. The result showed a statistically insignificant difference (p>0.05) in antibody titres, lymphocytes, granulocytes 
and white blood cells, monocyte, eosinophils and basophils between the heat and UV methods. However, more immune cells 
were elicited in the heat method as compared to the UV method. 
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Introduction 
Treatment or prevention of Candida albicans infections are 
considered one of the most difficult tasks of human health. 
These infections have caused serious detrimental effect on all 
and particularly patients with immune-suppressive conditions. 
Mortality rates for invasive candidiasis are very high and ac-
count for about 46 – 75% [1,2] Moreso, treatment options have 
proven ineffective due to a number of setbacks such as devel-
oping resistance [3] side-effects [4] and the specific nature of 
C. albicans: morphogenesis, pathogenesis, biofilm formation 
[5] and poorly understood complex anti-fungal immune re-
sponses [2]. These limitations necessitate the development of 
a novel preventive options that include Heat and UV – killed 
C. albicans among other strategies. Several studies conducted 
by [6-11] have strongly suggested that heat – and UV - killed 
C. albicans have the potential of eliciting substantial immune 
responses capable of conferring protection against C. albicans 
infections in animal models.
Therefore, comparing the number of immune cells produce by 
Winster albino rats immunized with Heat and UV- killed C. 
albicans would give an insight in selecting and improving on 
better strategy for effective protection 

Material and Methods
Heat-Killing method for Candida albicans
This was achieved using Evron’s method, (1980) [8]. Whole 
C. albican cells were suspended in 0.85% sterile normal saline 
and inactivated by heating for 6 hours at 65oC. This heating 

was repeated three times and subsequently refrigerated to pre-
vent contamination.

Preparation of Ultraviolet (UV) Inactivated Candida albi-
cans
UV inactivation of C. albicans was prepared as described by 
Wheeler and Fink (2006). Petri dish containing C. albicans sus-
pended in 0.85% sterile normal saline was directly exposed to 
a source of UV (Vilber Lourmat) at a wavelength of 254 nm for 
30 minutes and checked for inactivation or non-viability every 
10 minutes using microscopic and sub-culturing methods. 

Experimental Procedure 
All the methods were performed in accordance with the AR-
RIVE guidelines. The procedure used is explained below:

Experimental Animals 
Normal male albino rats, 6-7 weeks old were used for the study. 
This study was approved by National Institute for Pharmaceu-
tical Research and Development (NIPRD/01/03/CCPF/278). 
Ethical guidelines for the use of the rats were followed in ac-
cordance with the animal use regulation at NIPRD. 

The rats were provided with water and food ad libitum and 
were allowed to acclimatize for one week prior to the com-
mencement of the experiment. After this acclimatization, blood 
samples from their tails were collected and pre-experimental 
values (baselines) determined.
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Experimental Design  
Winster albino rats were randomly divided into six (6) groups 
of five rats each. The immunization protocol used was as de-
scribed by Thomas et al. (2006) [12]. 
A1 and A2 (Heat killed method) 
B1 and B2 (UV killed method)
C1 and C2 (Control)
The killer cells described in 2.1 and 2.2 were subcutaneously 
injected into the Heat and UV groups after acclimatization 
respectively. This is followed by a booster injection of same 
antigen and concentration at day 21. After 14 days of booster 
injection, a lethal intravenous challenge of 0.2ml (1 x 106 cells 
of C. albicans) was administered to the experimental groups. 
However, the negative control group received only a sterile 
normal saline. Finally, the rats were sacrificed and their blood 
collected for analysis. The concentrations of both inactivated 
and viable C. albicans were determined using Mcfarland stan-
dard. The preventive effects of the vaccine were assessed as 
follows:
I. Variation of white blood cells differentials data and;
II.  some immunological parameters

Determination of White Blood Cells Differentials
Groups A1, B1 and C1 were used to determine White Blood 
Cells Differentials. Blood samples in properly labeled EDTA 
bottles were used for the determination of White Blood Cell 
differentials with the aid of an automated hematology analyzer 
(Abacus 380) to determine the frequency of abnormalities.
Determination of Serum Antibody 
Groups A2, B2 and C2 were used to determine serum agglu-
tination titres as described by [13]. Blood samples collected 
were centrifuged at 2500 rpm for 10 minutes and sera obtained. 
As much as 100μl of serum was heat- inactivated at 56oC in 
water bath for 30 minutes. About 50μl of phosphate buffered 
saline (PBS) was then added to all 12 tubes. The first well or 
tube was considered the control hence it only received 50µl of 
PBS, while the second well received 50μl of heat-inactivated 
serum. Therefore, from the second well using a micropipette, 
50μl of the mixture was taken after completely mixing it with 
the pipette and is serially diluted by 2 fold in the subsequent 
wells. Finally, 50 μl of inactivated C. albicans with a cell den-
sity of 1.6x106cells/ml was added to all the wells and the tubes 
were gently tapped to mix the cells and incubated at 37oC for 2 
hours. The values of antibody titre were assigned to the highest 
serum dilution showing at least 50% of visible agglutination.
Statistical Analysis
The data collected from this study were subjected to statistical 
analysis. Analysis of variance (ANOVA) was used to deter-
mine the white blood cell differentials of controls and treat-
ment groups. Analyses were performed using VassarStat Soft-
ware (USA). 

Result
Table 1: Antibody titres of albino rats immunized with Heat 

and Ultraviolet Radiation Inactivated Candida albicans.
Baseline Value: 25.56 ± 0.8298  

Method
Day 38

 Mean 
Antibody 

Titres (µg/ml) 

 Level of Significance
(P<0.05)     (P>0.05)

Heat method 1228.8 ± 347.26 H vs C       H vs U 
UVas method 972.8 ± 307   U vs C

Control 32 ± 8.76  
Keys: C- Control; H- Heat Method; U- UV Method

The mean values of antibody titers (Table 1) of the rats taken 
after 7 days of acclimatization (at baseline) was 25.6 ±10.55 
for all the groups. This slightly increases to 32 ± 8.76 after 
38days of the study for the control group. This increase is sta-
tistically not significance (P>0.05). Moreover, a statistically 
significant difference (P<0.05) was observed when the immu-
nized rats were compared to the control group.  

The heat method appears to stimulate more antibody titres, 
1228.8 ± 347.26 compared to the UV method with 972.8 ± 
307 antibody titres. However, this difference is not statistically 
significant (P>0.05).

White Blood Cells produced with Heat and UV radiation 
methods
The mean white blood cell (WBCs) counts at baseline was 7.6 
± 0.3195 and increased slightly (p>0.05) to 8.8 ± 0.3458 after 
38 days of the study (Table 2). The WBCs produced from heat 
method 10.58 ± 0.7702, was higher than that of the UV method 
with a count of 10.48 ± 0.3434 even though this increase is 
not statistically significance (p>0.05). Therefore, comparing 
the two methods with the control showed that a statistically 
significant (p>0.05) WBCs were stimulated  

Table 2: White blood cell count of rats vaccinated with inacti-
vated Candida albicans and control.

Baseline Value: 7.6 ± 0.3195

Method
Day 38

White Blood 
Cell Counts 

(%)
 Level of significance
(P<0.05)        (P>0.05)

Heat method 10.58 ± 0.7702 H vs U 
UVas method 10.48 ± 0.3434  U vs C
Control  8.8 ± 0.3458  C vs H

Keys: C- Control; H- Heat Method; U- UV Method

Lymphocytes Profile of Albino Rats Vaccinated with Heat 
and Ultraviolet Radiation Inactivated C. albicans
Albino rats in all the three groups recorded an increase in mean 
lymphocyte counts after 38 days as follows: Heat method 
(74.98%), UV method (73.18%) and Control (66.32%) (Table 
3). Although the increase in lymphocyte counts relative to the 
baseline counts (67.42%) in all the groups was not significant 
(P>0.05), the mean lymphocyte counts of rats in the experi-
mental groups shows a significant difference (P<0.05) when 
compared to the control group after 38 days. 

Table 3: Mean Percentage Lymphocyte Counts of Rats Vac-
cinated with Inactivated Candida albicans and Controls.

Method
Day 38

Mean 
Lymphocyte 
Counts

 Level of significance
(P<0.05)     (P>0.05)

Heat method 74.98 ± 1.4824  H vs C         H vs U
UVas method 73.18 ± 1.0735  
Control 66.32 ± 1.1517     C vs U

Keys: C- Control; H- Heat Method; U- UV Method

Granulocytes Profile of Rats Vaccinated with Inactivated 
C. albicans and Control 
The mean percentage granulocytes from the two methods and 
control group is presented in Table 4. At baseline, the mean 
percentage granulocytes were 25.94 ±1.061. At day 38, the 
control group recorded an insignificantly slight increase (25.94 
± 1.061) in the level of granulocytes (P>0.05). However, albi-
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no rats in Heat and UV inactivated and positive control groups 
recorded significantly lower (P>0.05) granulocyte values of 
21%, 19.88% and 15.7% as compared to the initial (baseline) 
granulocyte values of 25.56% at day 7.

Table 4: Mean Percentage Granulocytes of Rats Vaccinated 
with Inactivated Candida albicans and Controls.

Method
Day 38

Mean Granulo-
cyte Counts (%)

 Level of significance
(P<0.05)      (P>0.05)

Heat method 21 ± 0.9752  H vs C         H vs U
UV method 19.88 ± 1.1351  
Control 25.94 ± 1.061    C vs U

Keys: C- Control; H- Heat Method; U- UV Method

Mid-Range Cells Profile of Rats Vaccinated with Inactivat-
ed C. albicans and Control 
The mean percentage Mid-range cells (monocytes, eosinophils 
and basophols) for the treatment groups and control at baseline 
was 3.66± 0.16 (Table 5). 

Rats in Heat and UV inactivated and negative control groups 
recorded MID ranging between 4.32 and 5.82%. Although the 
increase in MID at day 38 in the three groups was not signifi-
cantly different from the MID recorded at day 7, and between 
the three treatment groups at day 38, there was a significant 
difference in MID recorded when compared to positive control 
groups (P<0.05).

Table 5: Mean Percentage MID (monocyte, eosinophils and 
basophils) of Rats Vaccinated with Inactivated Candida albi-

cans and Controls.
Baseline value: 3.66 ± 0.16

Method
Day 38

 Mean Anti-
body Titres 

(µg/ml) 

 Level of significance
(P<0.05)            (P>0.05)

Heat method 5.26 ± 0.5381 H vs U
UV method 5.82 ± 0.6778  U vs C
Control 4.32 ± 0.4247  C vs H

Keys: C- Control; H- Heat Method; U- UV Method

Discussion 
Killed C. albicans have demonstrated in many studies the po-
tential of preventing systemic candidiasis. In this study, the sta-
tistical difference observed from comparing the Heat and UV 
methods with control is as a result of the immunogenicity of 
Killed C. albicans to elicit preventive immunological response 
[12].

The heat method was observed to be a reliable strategy even 
though the higher quantity of total white blood cells, granulo-
cytes and lymphocytes were not statistically significant when 
compared to the UV method.  This is more likely because 
the heat method exposes more of the β – glucan on the cell 
wall surface of C. albicans, hence aiding better recognition by 
dectin – 1 and subsequent exposure to natural immunity [14]. 
However, the MID cells which are majorly monocytes/kupffer 
cells were slightly higher in the UV method. Monocytes are 
recruited to ingest invading microbes and eliminate them in the 
bloodstream. Therefore, more of these cells are only needed 
when circulating monocytes mature to form macrophages at 
the tissue where the microorganism has triggered inflamma-
tion [15,16] or are being continuously killed by C. albicans to 
escape phagocytosis through piercing [17-19]. This explains 
the higher mean percentage of MID cells in the UV method.
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