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ABSTRACT 

Objective: Daily exposure to food preservatives constitutes a major crisis to children especially during vaccination so; the aim of the study is to 
assess the effect of sodium nitrite on the immune responses against Rift Valley fever vaccine (RVFV) in Swiss mice.  

Methods: Mice were divided into four equal groups: group 1 (control) was orally administrated with distilled water (2 ml/kg b. wt.); group 2 was orally 
administrated with the acceptable daily intake (ADI) of sodium nitrite 0.07 mg/kg b. wt. daily for 21 d, group 3 was vaccinated with inactivated RVFV 
two times and group 4 was orally given sodium nitrite and vaccinated as group 3. Blood samples were collected from all groups two weeks after booster 
vaccination. The leucocytic indices and the neutrophil-lymphocyte ratio (NLR) were determined to assess the cell-mediated immunity. The humoral 
immunity was evaluated using direct enzyme-linked immune-sorbent assay (ELISA) test and serum neutralization test (SNT).  

Results: Sodium nitrite significantly increased the neutrophil index and the NLR whereas; it decreased the total leucocytic count and lymphocyte 
index in both non-vaccinated and vaccinated mice. Moreover, sodium nitrite significantly decreased both the IgG titer and the efficiency of 
vaccination through increasing the ED50

Conclusion: Sodium nitrite existed an immune-suppressive effect on both cellular and humoral immune responses in mice. 

 value.  
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INTRODUCTION 

Rift Valley fever (RVF) is an insect-borne zoonotic disease 
throughout tropical African countries [1], and characterized by 
severe epizootics of abortion in ruminants and meningitis, and/or 
impairment of vision in man [2], with no specific treatment 
(Kortekaas, 2014). Due to official and economic challenges, the 
production of human RVFV has been reluctant nevertheless; high 
efficacy and safety veterinary vaccines are exclusively developed for 
livestock [4]. Several mouse and rat models of RVF viral infection 
have been well distinguished and give a productive technique for 
vaccine evaluation [5]. Most of the food additives such as 
preservatives and flavors produced a significant decline in immune 
responses and an inhibitory effect on the production of oxygen free 
radicals responsible for the phagocytic effect of neutrophils [6]. 

The alterations in humoral and cell mediated-immunity were 
evaluated by estimation of the IgG levels, lymphocyte viability, 
neutrophil phagocytic activity, total leucocytic count (TLC) and 
differential leucocytic count (DLC) [7]. 

Nitrite is an essential curing ingredient responsible for color fixative 
and preservative in cooked meats, sausages and fish [8] through 
providing control of the oxidation of lipids, and an effective 
antimicrobial [9]. Sodium nitrite produced a desirable pink to red 
color, that is extremely obvious characteristic for consumer 
acceptance [10]. However, nitrate salts can react with certain amines 
in food to produce nitrosamines, that are known carcinogens in the 
food matrix without the addition of external nitrite [11]. The 
existence of nitrites in food is correlated with an increased risk of 
gastrointestinal tumors and methemoglobinemia in infants [12]. The 
incidence of epithelial hyperplasia in the glandular stomach was 
increased in mice after consuming a high level of sodium nitrite in 
drinking water [13]. The estimated daily intake (EDI) of nitrite was 
not the same in all countries, in Korea it is 0.87 μg/kg/day, 

representing 1.25% of acceptable daily intake (ADI) assigned by 
JEFCA [14]. Because of the use of more than one type of such food, 
the percentage of nitrite content of the daily food consumption may 
be higher than the admissible level and was nominated by the FDA 
for toxicity and carcinogenesis studies based on its widespread use 
in foods [15]. The highest mean dietary exposure of food 
preservatives was observed in children of 2-7 y age group and the 
percentage exposure was between 17 to 33% of the ADI [16]. Thus, 
the overall exposure should be taken into account in the assessment 
of the associated risks of sodium nitrite. Consequently, the present 
study was conducted to determine the effect of ADI doses of sodium 
nitrite  

MATERIALS AND METHODS 

on both cellular and humoral immune responses against 
RVFV in a murine module to assess the possible hazard effect of 
sodium nitrite on routine vaccinations.  

Animals 

Swiss mice weighing 20-25 grams provided by the breeding unit of 
Holding company for biological products and vaccines (VACSERA) Giza–
Egypt. Animals were provided with standard pellet food and had free 
access to drinking water. The study was approved by the institutional 
animal care and use committee, of Veterinary Medicine, Cairo University 
(Vet. CU/II/F 2018). The regulations and the ethical guidelines for 
laboratory animals in accordance with the guidelines contained in the 
Guide for the Care and Use of Laboratory Animals 8th

Chemicals 

 Edition [17]. 

Sodium nitrite: (E250) was purchased as an authentic powder from 
Sigma-Aldrich Fine Chemicals, St. Louis, MI, USA.  

RVFV  

It was obtained from vaccine production department of the holding 
company for biological products and vaccine (VACSERA) Ministry of 
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health. Batch No. 160 used in this work was safe and potent 
according to the OIE and WHO requirements. 

Selection of dose 

The acceptable daily intake (ADI) of sodium nitrite 

Blood samples were incubated for 10 min at 37 °C with 80 mg/ml of 
nylon fibers and were prepared for DLC after the TLC counts. The 
product of the TLC and the neutrophil and lymphocyte percentages 
known as the neutrophil and lymphocyte indices were determined 
for each of the respective groups [19].  

was determined 
according to the Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) as 0.07 mg/kg b. wt. daily based on a nationwide 
food consumption survey and nitrite/nitrate content in various 
foodstuffs [15].  

Animal grouping and dosing 

Animals were divided into four groups with twenty-five mice in each 
as follow:  

Group I, Distilled water (2 ml/kg b. wt.)  

Group II Sodium nitrite (0.07 mg/kg b. wt.) orally for 21 d 

Group III Distilled water (2 ml/kg) and vaccinated with inactivated 
RVFV at a dose of 0.2 ml intra-peritoneal (I/P) injection on the day 
21 of the experiment and a booster dose after one week [18]. 

Group IV Sodium nitrite (0.07 mg/kg b. wt.) for 21 d and vaccinated 
with inactivated RVFV at a dose of 0.2 ml I/P at the day 21 of the 
experiment and a booster dose after one week. 

Blood sampling 

All the animals were sacrificed using cervical dislocation euthanasia 
after two weeks from the booster dose of vaccination and blood 
samples were collected for hematological and serological tests. 

Two blood samples were collected on EDTA for estimation of total 
leucocytic (TLC) count and differential leucocytic count (DLC). The 
further blood sample was collected in a sterile centrifugation tube 
without anticoagulant for separation of serum for serological tests. 
The serum samples were inactivated at 56 °C for 30 min to destroy 
most of its viral inhibitory activity. 

Serum samples obtained were used for measurement of IgG, 
antibodies using direct enzyme-linked immune-sorbent assay 
(ELISA) test, serum neutralization test (SNT) test, and challenge test. 

Neutrophil and lymphocyte indices  

NLR 

The ratio is an adequate immunological parameter of exposure to 
infection or vaccination in mice. It is reliably easy, rapid and potent 
to avoid the different extrinsic factors [20]. 

IgG antibodies 

The accurate quantization of the IgG (Y-chain) antibodies in the 
serum may be achieved using the direct ELISA test [21]. The virus-
specific IgG exists in the serum will bind to the viral antigens using 
horse reddish peroxidize (HRP) that reacts with ABTS substrate to 
produce specific color that was estimated using spectrophotometer 
adjusted at the wavelength of 405 nm. 

Serum neutralization test (SNT)  

The assay is a highly specific serological tool to identify the presence 
and amount of systemic antibodies that combat virus infectivity. The 
assay is a highly sensitive and specific test to evaluate the titer of 
neutralizing antibodies especially after vaccination [22]. 

Challenge test 

Two groups of weaning mice control and sodium nitrite-treated (21 
d) were inoculated with five-fold serial dilutions with inactivated 
RVFV (undiluted, 1/5-1/25-1/125-1/625). The groups were 
challenged after two weeks from booster doses using RVF challenge 
virus at 1000 LD50

RESULTS 

/ml at a dose of 0.2 ml I/P. The numbers of dead 
and alive mice were calculated according to the method of Reed and 
Muench [23], and results were expressed using the reciprocals of the 
dilutions. 

Statistical analysis 

All the values were expressed as mean±Standard error (SEM). The 
data were subjected to student t-test using the statistical analysis 
software (SPSS) Ver. 15, under Windows XP. Comparisons between 
groups were used to determine the statistical significance between 
various groups. Differences were considered to be statistically 
significant when *p<0.05 and **p<0.01. 

Neutrophil and lymphocyte indices and the NLR 

Sodium nitrite-induced significantly increased the neutrophil index 
and the NLR whereas; it decreased the total leucocytic count and 
lymphocyte index in both non-vaccinated and vaccinated mice when 
compared to group I and group III (table 1). Accordingly, sodium 
nitrite 

  

reduced the cellular immune response. 

Table 1: Effect of sodium nitrite on cellular immunity in normal and RVFV-vaccinated mice 

Group W. B. Cs (X103/mm3 % neutrophil ) neutrophil index lymphocyte %  lymphocyte index neutrophil-lymphocyte ratio 
1 4.1±0.14 28.2±0.61 115.8±4.40 63.9±1.91 262.4±10.74 0.44±0.01 
2 3.3±0.11** 41.2±1.20** 135.4±2.56* 56.6±1.46* 186.1±7.89** 0.73±0.02** 
3 5.0±0.18* 20.8±0.93* 103.9±6.03** 78.1±2.10** 390.6±13.64** 0.27±0.01** 
4 3.8±0.10 36.9±1.44•• 140.1±4.15•• 62.1±1.92• 236.0±6.48•• 0.59±0.02•• •• 

mean±SEM of mice in each group significance at **p<0.05,**p<0.01 when compared to Group I; •p<0.05,••

 

Estimation of IgG antibodies using ELIZA and SNT 

p<0.01 when compared to Group III. 
(n=25). 

The tested sera were positive up to dilution 1/200 equal to (log 2.3 All 
tested sera positive up to dilution 1/200 equal to (log 2.3), the average 
positive was (472), the average negative (109), the average 
positive/negative (P/N) ratio was (4.3) and the cut off value was (218). 
Sodium nitrite gave positive ELISA titer up to the dilution of 1/40 equal 
to (log 1.6) with more than 25% as compared with the vaccinated group 
(fig. 1). Additionally; the sodium nitrite results showed that the amount 
of antibodies in serum samples that protects 50% of the cells was 
positive at 1/16 equal to (Log 1.2) and dilution of 1/8 equal to (Log 0.9), 
respectively. Collectively, sodium nitrite-induced a significant decrease 
in IgG titer (humoral immune response). 

Challenge test 

The ED 50  is still a useful and dependable method to indicate that 
vaccinated animals have responded to vaccination. The results of 
the challenge test showed that 50% of deaths in vaccinated-mice 
were in between dilution 1/125 to 1/625 and ED 50

The standard WHO and OLE requirements of ED

 was = 0.01 
(table 2).  

50  is 0.02, the 
more ED 50  the more potent the vaccine. While in vaccinated 
sodium nitrite-administered mice, the ED50  was 0.03 and 50% 
deaths were in between dilution 1/5 to 1/25 (table 3). Sodium 
nitrite significantly lowered both the immune response to RVFV 
and the antibodies titer. 
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Fig. 1: mean±SEM of ELIZA test for detection of IgG antibodies in the sera of vaccinated-mice with or without sodium nitrite.  

 

(n=25) 

Table 2: Calculation of EDR50R/mlR Rof using Reed and Muench mathematical technique in control vaccinated mice 

Percent Mortality ratio Cumulative Number RVFV 
dilution  Alive Dead Alive Dead 

0% 0/27 27 0 10 0 Undiluted 
0% 0/21 21 0 10 0 P

1
P/R5 

6.25% 1/16 16 1 10 0 P

1
P/R25 

30% 3/10 7 3 6 4 P

1
P/R125 

100% 12/0 0 12 0 10 P

1
P/R625 

0.01 EDR50 

 

Table 3: Calculation of EDR50R/mlR Rof using Reed and Muench mathematical technique in vaccinated sodium nitrite-treated mice 

Percent Mortality 
ratio 

Cumulative Number RVFV 
dilution Alive Dead Alive Dead 

0% 0/26 27 0 10 0 Undiluted 
6% 1/17 16 1 9 1 P

1
P/R5 

42% 5/12 7 5 6 4 P

1
P/R25 

93% 4/15 1 14 1 9 P

1
P/R125 

100% 24/24 0 24 0 10 P

1
P/R625 

0.03 EDR50 

 

DISCUSSION 

Exposure to sodium nitrite-induced a hepatic injury through several 
mechanisms including an intensification of oxidative stress and DNA 
damages and inhibition of mitochondrial function [24]. Moreover, 
hypoxia on liver, lung, kidney and cardiac tissues was recorded in 
sodium nitrite-injected male albino rats [25]. The liberations of 
superoxide, hydroxyl moiety and other free radicals by the extrinsic 
source of sodium nitrite may be responsible for the autocatalytic 
stage of the oxidation of hemoglobin to methemoglobin [26]. Nitrite 
has a strong oxidant effect on RBC membrane and its hemoglobin 
increases the peroxidation of the phospholipids layers of the plasma 
membrane and leads to hemolysis [27]. 

The reduction in TLC after 21-days exposure to sodium nitrite may be 
due to the failure of the hematopoietic tissues to produce new leucocytes 
[28] Consequently, the defense mechanism for combating foreign 
antigens and initiating a primary immune response was reduced.  

A dose-dependent manner significant decrease in lymphocyte 
percentages and an increase in the neutrophil count was obtained 
after exposure to sodium nitrite in Balb/c mice for 21 d [29]. The 
NLR ratio is a rapid immunological assessment for exposure to 
oxidative stress in rodents after exposure to xenobiotic [20]. 

Maximum suppression was obtained in natural killer (NK) cell 
activity (59.2%), IgM titer (57.5%) and IgG titer (61.1%) after 
treatment with sodium nitrite at 100 mg/kg. It was found that the 
immunosuppressive effect of sodium nitrite is reversible after 
cessation of exposure [29]. 

The exposure to sodium nitrite in Guinea pigs were significantly 
(p<0.05) decreased serum total proteins, albumin, and globulin 
concentrations, and their ratio [30], thus immunodeficiency is 
expected with the reduced immunoglobulin’s levels. 

IgG is an essential class of immunoglobulin that is associated with 
the neutralization of antigen. Re-challenging serum of the same 
animals with diluted or attenuated viral antigen produce an obvious 
neutralization reaction [31]. The most important parameters that 
can be used for monitoring the performance of the potency of a 
vaccine is the EDR50R (dose of vaccine needed to have an effect in 50% 
of the animals) and PDR50R (dose of the vaccine protecting 50% of the 
animals against the effects of a challenge [32]. Results of the potency 
of the RVFV in mice revealed that the vaccines gave protection in 
control vaccinated-mice with EDR50R/ml = 0.01. While RVFV failed to 
protect deaths in sodium nitrite-treated mice, as the EDR50R/ml was 
0.03 as the acceptable EDR50R/ml of RVFV should not be more than 
0.02 [33]. 
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Environmental pollutants as food additives may act as linking stress 
that is known to decrease antibody responses to vaccination and 
impaired immune response following exposure to stress [34]. 

Sodium nitrite significantly decreased the effectiveness of 
vaccination through elevating the ED50 

CONCLUSION 

value of RVFV vaccine. In this 
respect, the production of RVFV neutralizing antibodies in challenge 
mice revealed that the neutralizing humoral response against the 
RVFV glycoproteins specific CD8+T-cell response and the cellular 
immunity induced by the nucleoprotein protect against challenge 
[35]. Oral ingestion of sodium nitrite produces significant inhibition 
of T and B lymphocytes proliferation in mice and this inhibition 
interferes with both humoral and cellular immunity [29]. 

Exposure to sodium nitrite 
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