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Abstract 

         Introduction: Rabies cell culture vaccine (Vero-Rab) showed to be more immunogenic 

and a higher and faster release of antibody titer could be detected than in case of using Fermi 

type vaccine, DEV and CECV. Result: The immune response of NIH mice immunized 
intramuscularly using both vE - Se adjuvated and non adjuvated Vero cell rabies virus vaccine 

(Vero-Rab) showed an elevation of antibody level of vaccinated mice groups more than the 

limits decided by WHO for a potent rabies virus vaccine. Also, two different immunization 
regimens were achieved, 5 single doses and 3 double doses of vE-selenium adjuvated and non 

adjuvated Vero cell rabies virus vaccine. The antibodies developed against rabies virus vaccine 

could be detected 14 days post immunization using ELISA and IFA. The antibody level 
developed in sera of mice immunized, with either adjuvated and non adjuvanted Vero-Rab., 

using different immunization regimens, could protect mice against the challenge with 100 

MICLD50 of the challenge virus standard (CVS) after the end of the experiment, (6 months of 

the prim-vaccination).Conclusion: vE-Se as immune potentiator can enhance the immune 
response and single dose immunization regimen without vE-Se as immune stimulant was 

preferred than double dose regimen.     
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Introduction 
 

         Rabies is probably one of the oldest 

recorded infectious diseases of mankind   
The  first rabies virus vaccine developed by 

Louis Pasteur surely had been used to 

eliminate or, at least, reduce rabies 
incidence. However, this goal has not been 

achieved yet because rabies virus is 

maintained in many animal reservoirs, 
including both domestic and wild animals 

(Plotkin,1996). Many attempts were made 

to produce cheap and safe rabies vaccine in 

different tissues. The use of human origin 
cell line substrate was achieved (Hayflick 

and Moorhead,1969; Meslin and Kaplan, 

1996). Other cell culture vaccine candidates 
are inactivated, concentrated and purified 

vaccines; these vaccines could evoke much 

better immune response in animals and 
humans than that induced by duck embryo 

vaccine (DEV) and suckling or adult mice 

brain tissue vaccines. The antibody levels 

were higher and appeared earlier after 
immunization with cell culture vaccine than 

those induced post DEV (Wiktor1969; El- 

karamany.1987).    Selenium is an essential 
trace element; is toxic at very high levels. 

Selenium is existing as an essential 

component of glutathione peroxidase; a 
seleno-enzyme that catalyze the reduction 

of lipid hydroperoxides to the 

corresponding alcohols or the conversion of 

H2O2 to water. Consequently, selenium 
with glutathione peroxidase indirectly 

provides a line of defense against oxygen 

free radicals before they propagate a chain 
reaction, damaging cell membranes and 

components. Also, selenium and vitamin E 

(vE) act synergistically in the defense 
mechanisms against residual oxygen 

metabolites (ROM) and they protect the 
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neutrophils and surrounding tissues 

(Boxer,1986) Vitamin E, as an antioxidant, 

appears to be the first line of defense 
against per oxidation of fatty acids 

contained in cellular and sub cellular 

membranes. The role of trace elements in 

maintenance of immune system functioning 
is recognized by increased natural killers 

(NK) activity, cytotoxic T-cell activity, 

interleukin-2 (IL-2) receptors expression 
and cell proliferation. The interaction of 

trace elements and immunity is a complex 

process, because it is frequently associated 

with other nutritional elements. α-
Tochopherol and selenium as antioxidants 

work in concert although each element has 

different functions and pathway in the 
immune system. Their deficiency cause 

dysfunction of the cellular immunity 

without affecting B cell function and 
impaires the immune system ability to fight 

infections and reduces the infectious 

morbidity (Boxer, 1986 ; Kodama, 1996). 

Also, vitamin E was used successfully as an 
adjuvant post vaccination to enhance 

immune response without forming abscess 

in poultry, sheep, and mice as compared 
with the response obtained with the use of 

conventional adjuvants (Afzal et al., 1984). 

(Tengerdy and Lacetera , 1991). So, we 
aimed to monitor the immune reactivity of 

NIH mice to Vero cell rabies virus vaccine 

using both vE-selenium adjuvated and non 

adjuvated vaccines and the influence of the 
immunization regimen on the antibody 

level and its duration and neutralization 

capability of challenge virus standard 
(CVS).  

 

Materials and Methods  
 

         Vero cell rabies virus vaccine 0.5 ml 

/dose and vE-selenium as an adjuvant (300 
IU / ml - 50 mg / kg) were kindly supplied 

from the National Regularity Authority 

(NRA), Biological Product Research Unit. 
All experiments were performed using 21 

days old out bred male NIH mice supplied 

by Egyptian Organization for Biological 
Products and Vaccines (VACSERA), 

animal house. An in-house anti rabies 

immune serum was prepared and evaluated 

according to (WHO, 1996).  Two 

immunization regimens using (0.1ml of 

0.28 µl of both vE-Selenium adjuvated and 
non-adjuvated vaccine were carried out 

using  intramuscular rout of administration 

; single dose regimen at day 0,3,7,14 and 

28 and double dose regimen administered 
at 0 and 14

th
 day. Anti-mouse conjugates, 

either peroxidase or FITC labeled (Sigma- 

Aldrich, USA) were used as 1/1000 and 
1/16 final dilution to evaluate the antibody 

level using ELISA and IFA techniques 

respectively according to (WHO,1996). 

Challenge Virus Standard (CVS- Indiana 
strain) is a standard virus produced in mice, 

was kindly supplied from rabies virus 

vaccine research unit VACSERA. 100 
MICLD50 of CVS was used in challenging 

of mice 6 months post immunization. 

Potency of reference anti-rabies immu-
noglobulin prepared in mice was deter-

mined according to (WHO, 1996; 

Fitzgerald and Rastog, 1985). Antibody 

levels in sera of mice immunized using the 
previously mentioned immunization 

regimens were evaluated in comparison to 

the in-house pre-determined reference 
rabies anti-mouse immunoglobulin using 

direct ELISA and IFA (El- Karamany, 

1987, 1988 ; Hostnik and  Grom, 1997 ; 
WHO, 1996  and Atanasiu,1973).  

 

Results 
          

         Recorded data revealed that, anti-

rabies immunoglobulin developed in sera of 
laboratory animals immunized with rabies 

virus vaccine and collected at 2 week 

interval using single and double dose 
regimens of immunization. Also, vE-

selenium was chosen as an immunost-

imulant to evaluate the immune reactivity 

to the adjuvated and non adjuvated rabies 
virus vaccine. Evaluation of developed 

antibodies to rabies virus vaccine using 

ELISA showed a higher antibody level in 
case of vaccination using 5-single doses 

and 3 double doses regimens of vE-

selenium adjuvated vaccine than non-
adjuvated vaccine. Also the antibody level 

developed post immunization using 5 single 

dose of adjuvated vaccines showed 
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stationary phase of antibody level on the 4
th

 

- 6
th
 week post immunization, while this 

phase was noticed on the 6
th
 - 8

th
 week post 

immunization using double dose regimen. 

In the mean time, the antibody level 

detected post immunization of laboratory 

animals using 5 single dose regimen of non-
adjuvated vaccine was higher than immune 

response developed post vaccination of 

laboratory animals with non-adjuvated  
double dose regimen (Table 1). Antibody 

level detected on the 6
th 

month post 

immunization could protect the immunized 

mice groups against challenge using CVS 
(100 MICLD50). Also, antibody level 

developed post immunization using the 

different immunization regimens could be 

detected using IFA, where the antibody 

developed against rabies virus vaccine 

could be detected 14 days post 
immunization. The highest antibody level 

was detected on the 12
th
 week post 

vaccination using 5 single dose of vE-

selenium adjuvated vaccine followed by the 
5 single non-adjuvated  vaccine and 3 

double dose adjuvated vaccine regimens 

where the highest antibody levels were 
recorded on the 8

th
-10

th
 week post vacc-

ination. The least developed antibody level 

was recorded post vaccination of laboratory 

animals using double dose of non-adjuvated 
vaccine regimen and its highest record was 

on the 8
th
 week (Table 2).    

 

 

 

Table 1. Comparative evaluation of antibody titer using ELISA in sera of  experimentally 

immunized mice post receiving adjuvated and Non-adjuvated Vero cell rabies 

virus vaccine 
 

 

 

Time post 

Immuni. 

(WPV) 

ELISA Antibody titer (IU/ml) post Immunization  

S. dose*  

Adj. vac***. 

     S. dose 

 Non Adj. vac. 

  D. dose** 

 Adj. vac. 

     D. dose   

Non-Adj. vac 

 

2  16.2 ± 0.650 12.40 ± 0.65 14.5 ± 0.550 9.8 ± 0.550 

4  11.5 ± 0.450 10.45 ± 0.45 11.6 ± 0.025 9.8 ± 0.150 

6  11.3 ± 0.195 6.75 ± 0.350                   11.2 ± 0.210 5.5 ± 0.010 

8  9.00 ± 0.585 6.70 ± 0.075                  11.1 ± 0.990 4.2 ± 0.035 

10  6.20 ± 0.575 5.90 ± 0.120                        8.30 ± 0.990 4.2 ± 0.035 

12  6.0 ± 0.0007 5.20 ± 0.276                     4.10 ± 0.042 3.8 ± 0.230 

 WPV: week post vaccination 

  *   : 5 single dose regimen 

**   : double dose regimen 

    *** : Adj.- Vitamin E (vE) and Selenium (Se) 
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Table 2. Comparative evaluation of immunofluorscent antibody titer in sera of 

experimentally immunized mice post receiving adjuvated and  Non-adjuvanted 

Vero cell rabies virus vaccine 

 
 

 

Time post 

Immuni.( WPV) 

IF Antibody titer (UIFA) post Immunization 

S. dose* 

Adj. vac.*** 

S. dose Non- 

Adj. vac. 

D.dose 

Adj. vac. 

D.dose** 

Non-Adj. vac 

 

2 64 32 32 32 

4 256 64 64 64 

6 256 128 256 64 

8 512 512 512 128 

10 1024 512 512 64 

12 1024 256 256 64 

WPV: week post vaccination 
  *   : 5 single dose regimen 

**   : double dose regimen 

    ***: Adj. - Vitamin E (vE) and Selenium (Se) 

 

Discussion 

 

         There are growing researches about  
the roles of trace elements namely, zinc, 

copper, selenium, and others in immunity 

and the mechanisms that underlie such 
roles. α-Tochopherol and selenium have 

interactive effects on lymphocytes response 

to antigens suggesting that micronutrient 

status is important when interpreting results 
of in vitro lymphocyte function (Panousis 

et al.,2001). vE–selenium  either admini-

stered individually or combined have an 
effect on the immune response either 

cellular or humoral immunity (Fitzgerald 

and Rastogi, 1985; Hostnik and  
Grom,1997;. Finch and Turner, 1986).   

Immune potentiating activity of 

antioxidants is well known (Finch and  

Turner , 1986), where a higher antibody 
level against Newcastle Virus Vaccine 

(NCVV) was detected 10-21 day post 

immunization of chicks with vE-selenium 
adjuvated vaccine than that induced by non 

adjuvated vaccine. Also, body weight of 

chicks showed a noticed increase post 

receiving a diet containing 0.5 mg/Kg 
selenium and 300 IU/ml vitamin E. A 

significantly higher antibody titer, 

evaluated by hemagglutination inhibition 

test (HIT) and ELISA assays 10 days post 
immunization was attributed to 0.6 mg/kg 

selenium and 150 IU/ml vitamin E. Data in 

literature (Kodama, 1996 ; Panousis et al., 
2001) reported that the optimum growth 

rate was concomitant with immune 

potentiating activity that may be achieved 

by combined supplementation of selenium 
and vitamin E. The results obtained in the 

present work (Table 1 and 2) are in a good 

agreement with the results in literature 
(Kodama,1996 ; Panousis et al., 2001) 

where the antibody level post immunization 

of mice using the vE-selenium adjuvated 
rabies virus vaccine was higher than that 

induced post immunization with non 

adjuvated vaccine. Although Competitive 

Enzyme-Linked Immunosorbent Assay (c-
ELISA) was developed as an reliable and 

highly correlative alternative, for the Mice 

Virus Neutralization Test (MVNT) (Arai et 
al., 2002) direct ELISA could be used to 

evaluate the neutralizing antibody 

developed in human sera post immunization 

using purified Vero cell rabies virus 
vaccine; (Vero-Rab) and the determined 

antibody levels were correlated to those 

evaluated using Mice Neutralization Assay 
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(MNA) (El- Karamany, 1987 ,1988). The 

immune response to rabies virus vaccine, 

evaluated by ELISA, revealed that the 
antibody titer in sera of laboratory animals 

of different groups till the end of the test 

period (6 months) was higher than the 

protective level (> 0.5 IU/ml). Also, the 
IFA revealed that the maximum IFA titer 

(1024) was detected on 10
th
 -12

th
 weeks 

post vaccination using 5 single dose 
regimen of adjuvated vaccine. In the mean 

time, antibody level detected post 

immunization of laboratory animals using 5 

single dose of non adjuvated vaccine and 
double dose regimens of adjuvated vaccine 

recording a IF antibody titer of 512 which 

was maintained through 8
th
 - 10

th
 week post 

immunization, whereas the double dose 

regimen of non adjuvated vaccine showed 

the least IF antibody titer of 128 detected 
on the 8

th
 week. Although, the antibody 

level detected by IFA was not completely 

correlated to the antibody levels assayed by 

Rapid Focus Fluorescent Inhibition Test 
(RFFIT), they could prevent the 

development of encephalitis post challenge 

of immunized mice using 100 MICLD50 of 
CVS, 6 months post vaccination. On the 

contrary it was reported (Burgoyne et al., 

1985 ; Sugiyama et al., 1997) that neither 
immune response to rabies vaccine nor 

lymphocyte blastogenic response to 

nonspecific mitogens was affected by 

selenium, and the most currently used 
adjuvant; alum (aluminum hydroxide gel), 

showed no effect on the immune response 

to rabies virus vaccine; the antibody level 
detected in sera of vaccinated hosts 

immunized with alum adjuvated vaccine 

was less than the antibody level developed 

post immunization with non-adjuvated 
rabies virus vaccine. In the same time, the 

intensive research work carried out in the 

last three decades (Ellis et al., 1997 ; 
Burgoyne et al., 1985) suggested the 

synergetic activity of aluminum hydroxide 

(alum) adjuvated rabies virus vaccine either 
it was used alone or adjuvated aviridine was 

clear and the two vaccines could provoke 

the immune response with titer persisted 

above 2.264 log10 SN50 (SN = serum 
neutralization), throughout the study, and 

the mean antibody titer at 30 day post 

vaccination was numerically higher for the 

alum adjuvated vaccine ,but the antibody 

level developed post immunization with 
avridine containing vaccine was 

numerically higher on day 90. Although, no 

significant elevation was reported following 

re-vaccination at day 90 the antibody level 
induced by the avridine containing vaccine 

was higher and persisted till the end of the 

study; the difference was significant (P < 
0.05) on days 180, 360 and 390 (Burgoyne 

et al., 1985). Concerning different immuni-

zation regimens and related immune 

response, the present results revealed that 
the classical immunization regimen, 5; 

doses of vE-selenium adjuvated vaccine 

induced a long lasting and higher antibody 
level than that elicited post immunization 

using a modified regimen; double dose. 

Data recorded here (Table 1 and 2) are in 
agreement with those reported by 

(Umehara1 et al., 2002 ; Madhusudana et 

al., 2001) those authors  reported that, there 

was an excellent immune response with 
more than the protective titer (> 0.5 IU/ml) 

up to the end of the observation period (3 

years). More significantly, protective titers 
were detected in all subjects by day 7 and 

only minimal side reactions were observed. 

Also, it was concluded that this multi-site 
regimen with or without passive 

immunization had prevented the 

development of rabies encephalitis in these 

people bitten by confirmed rabid dogs. 
Also, the route of administration and dose 

number significantly influenced antibody 

level production and protection from 
challenge independently affected results, 

and that the extended challenge studies 

revealed that intramuscular vaccination of 

mice resulted in the highest anybody level 
and protection level equivalent to 

intraperitoneal (I/P) vaccination, and even 

multiple subcutaneous (S/C) vaccination 
resulted in a poor serum neutralizing 

antibody titer and far less protective than 

other routs. Further studies (Madhusudana 
et al., 2002) suggested that, it is possible to 

improve rabies vaccine potency evaluation 

in mice by 1 dose by intramuscular 

administration (I/M) and a delayed time of 
challenge. In the same way, a comparative 

evaluation of immune response to Fermi 
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type vaccine and Vero cell rabies vaccine 

was monitored using mice model and 

human vaccinees revealing a protective 
antibody titer. Fermi type rabies virus 

vaccine produced in Ethiopia was evaluated 

in mice where immunized mice were  

challenged intra cranially with rabies virus 
at a concentration of 64 MICLD50 90 days 

post initial vaccination and the level of 

neutralizing antibodies ranged from 4.6 to 
25 IU/ml. Boostering showed non 

significantly increased immune response. 

All immunized mice could withstand 

intracranial challenge and virus neutralizing 
antibodies in sera of human vaccinees 

immunized with prescribed  Fermi vaccine 

were > 0.5 IU/ml detected by day 14 ,but 
were non detectable by day 1 (Wunderli et 

al., 2003).      

 

Conclusion 
 

         vE – Selenium as an immunosti-
mulant could enhance the immune 

response of mice. Also, the single dose 

regimen of adjuvated vaccine is more 
preferable than the double dose regimen of 

immunization. The investigated vaccines 

both adjuvated and non-adjuvated were 

potentially immunogenic and could induce 
more than the protective anti-body titer 

post intramuscular immunization. Pre-

clinical and clinical evaluation of vE-
selenium as an immunostimulant is recom-

mended. Intraperitoneal immunization 

using Vero-Rab was not recommended 

where very low antibody levels were 
detected so intramuscular immunization 

route was preferred.  
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مه  يضبءجال فئرانلإلستجبثخ المنبعيخ لل منبهضخ المىاد المضبدح لألكسدح

 ساللخ

 (راة. فيرو) خاليب الفيرو فيللقبح الكلت المنتج ( تشإ .أي  .إن )
 

 علي فهمي محمد السيد

 (فبكسيزا)هيئخ انًصزيخ نهًسزحضزاد انحيىيخ و انهقبحبد ان

 

 
انًحصُخ ثهقبح ( أرش.أي.إٌ)فئزاٌ  انجيضبء يٍ سالنخ نهأظهزد َزبئج رحصيٍ          

و ( فيزبييٍ إي)و األنفبرىكىفيزول  –انًذيج يغ  ػُصز انسيهيُيىو  (راة. فيزو)انكهت

ٍ انًؼذل انًقزر يٍ يُظًخ انصحخ غيز انًذيجخ إررفبع يؼذل األجسبو انًُبػيخ ػ
( جزػبد يزدوجخ 3جزػبد يُفصهخ و  5)ونقذ رى رطجيق َظبييٍ نهزحصيٍ . انؼبنًيخ 

يٍ انهقبح انًذيج   و يجًىػخ أخزي يحصُخ ثبنهقبح  غيز يذيج يغ انًىاد انًؤكســذح 

 انًحصُخ  ثأسزخذاو رقُيخ انفئزاٌ كًب رى انكشف ػٍ األجسبو انًُبػيخ في يصم. 
فئزاٌ  ثبنهقبح نهيىو يٍ رحصيٍ  41و انفهىريسيٍ انًشغ  ثؼذ ( اإلنيزا)اإلَزيى انًُبػي 

انًذيج  و  غيز انًذيج  و ثزطجيق َظبيي انزحصيٍ انًذكىريٍ إسزطبع انهقبح إَزبج 

يٍ  LD50 100))جزػخ يًيزخ  411فئزاٌ نــ نأجسبو يضبدح رًكُذ  يٍ يقبويخ  ا
(. شهـــىر يٍ انزحصيٍ 6)ثؼذ  َهبيخ انزجزثخ (  أس.في.سي) فيزوس انكهت يٍ سالنخ

وأثجذ انجحث أٌ األنفبرىكىفيزول و ػُصز انسيهيُيىو أيكُهًب دػى االسزجبثخ انًُبػيخ 

ونكٍ كبٌ اسزخذاو َظبو انزحصيٍ  األحبدي انجزػخ ثذوٌ يُشط يُبػي كبٌ  أفضم 
   .يٍ َظبو  انزحصيٍ انًزدوج انجزػخ


