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 Background: RSV a negative-sense, single-stranded RNA virus of the genus 
pneumovirus, is the leading cause of viral lower respiratory tract illness in infants 
worldwide. There is presently no approved vaccine against RSV due to several 
problems including inadequate protection. Adjuvants may improve vaccine response. 
Moringa oleifera, a biologically versatile natural product may represent potential 
adjuvant candidate for RSV vaccine. Thus it is hypothesized that Moringa oleifera may 
improve the immune response to RSV vaccine. Objectives: To evaluate the combined 
effect of respiratory syncytial virus antigen and Moringa oleifera leaf extract on mice 
humoral immune response. Results: Antibody-dependent complement activation assay 
revealed that mice treated with vaccine alone (Group B), or vaccine/Moringa oleifera 
(Group C) both elicited antibody production at day 5, week 2, and week 3 respectively, 
with a higher response rate for Group C (at week 3). Periodic weight assessment 
revealed that Group C overall recorded only slight weight loss (at days 7 and 14). 
Although control (Group A) recorded a sharp decrease in weight at day 4, this might be 
as a result of infection. Conclusion: Overall, the results obtained suggest that Moringa 
oleifera displays a positive up-regulating effect on the vaccination outcome of the RSV 
antigen, and can be further developed for possible utility as adjuvant.   

 
INTRODUCTION 

 
Respiratory syncytial virus (RSV), a negative-sense single-stranded RNA virus of the genus pneumovirus 

and family paramyxoviridae, is the leading cause of viral lower respiratory tract illness worldwide (Collins and 
Graham, 2008). According to reports (Nair et al., 2010) about 3.4 million hospitalizations and more than 
200,000 deaths are recorded globally. Respiratory syncytial virus came to limelight in 1956 and the Centers for 
Disease Control consider RSV to be the "most common cause of bronchiolitis and pneumonia in children under 
1 year of age in the United States" (CDC, 2008). RSV epidemics occur yearly during winter and early spring in 
temperate climates and during rainy season in some tropical climates, most infants are infected before 1 year of 
age, and virtually everyone gets an RSV infection by 2 years of age, although traditionally regarded as a 
pediatric pathogen, RSV can also affect the elderly thus a global health problem. RSV vaccine is required 
therefore to maintain health, health  is the after effect of the association of several variables (Benmeziane et al., 
2016; Mesbahi-salhi et al., 2016; Malik and Haq, 2017). Despite extensive studies of epidemiology, clinical 
manifestations, diagnostic techniques, animal models and the immunobiology of RSV infection, there is still yet 
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no convincing,  safe  and licensed vaccine available (Graham, 2011; Borchers, 2013). This is due to several 
challenges peculiar to RSV namely; the young age of infection; the multiple mechanisms RSV uses to evade 
innate immunity; the lack of durable protective immunity induced by natural infection; a legacy of vaccine-
enhanced disease dating back to clinical trials done in the 1960s with a formalin-inactivated whole virus 
vaccine; and animal models not faithfully replicating the pathogenesis of human RSV (Graham, 2011). This 
study therefore, focused on a means of modulating the immune system to respond adequately to RSV vaccine. 
large number of plants have very interesting biological properties (Balubid and Batarfi, 2016; Bouzouina et al., 
2016; Jacob et al., 2016; Kada et al., 2016; Luaibi and Mousa, 2016; Sellal et al., 2016; Aslam et al., 2017; 
Salih et al., 2017), one of which is its ability to modulate the immune system (Dulay et al., 2016; Sayad, 2016; 
Shihab et al., 2017). World Health Organization (WHO) estimate shows that 80% of the population of certain 
Asian and African countries presently uses medicinal plants on several aspect of primary health care (Ali et al., 
2016), this natural substances are cost effective (Kurniawan, 2016; Fadili et al., 2017), less toxic (Berrabah et 
al., 2016) and possess minimal side effects (Bawazeer and Qahl, 2016; Khojah, 2017). The desired improved 
immune system activity in this work is to be achieved via application of inactivated respiratory syncytial virus 
antigen (Serion®) and Moringa oleifera (MO) a potentially immunomodulatory agent. MO is a fast-growing, 
drought-resistant tree, native to the southern foothills of the Himalayas in northwestern India, and widely 
cultivated in tropical and subtropical areas where its young seed pods and leaves are used as vegetables (El-nadi 
and Zeinhom, 2016). It can reach a height of 10-12 m (Atawodi et al., 2010) and the trunk can reach a diameter 
of 45 cm. The bark has a whitish-grey colour and is surrounded by thick cork. Young shoots have purplish or 
greenish-white, hairy bark. English common names of this plant include: Moringa, drumstick tree, horseradish 
tree and benzoil tree. Numerous other common names for MO exist in different languages worldwide. The bark, 
sap, roots, leaves, seeds and flowers are used in traditional medicine (Leone et al., 2015). The isothiocyanates, 
flavonoids, vitamin C, beta-carotene, quercetin, chlorogenic acid and phenolic acids in MO leaves, pods, and 
seeds have shown anti-inflammatory and antioxidant properties. In developing countries, MO has the potential 
to improve nutrition, boost food security, foster rural development, and support sustainable land care (Leone et 
al., 2015).  

 
MATERIALS AND METHOD 

 
Mice: 

Twenty-four (24) pathogen-free Mus musculus between 6 -8 Weeks old (20 -35kg) of both sexes obtained 
from the Faculty of Veterinary Medicine, University of Nigeria, Nsukka were used. The animals were housed 
under normal lighting condition. They were fed with standard pellet and had unrestricted access to clean 
drinking water for 1 week duration so as to allow the animals acclimatize to their new environment.   
 
Preparation of plant materials: 

Some fresh leaves of MO were collected from the wild in Enugu State Nigeria and were authenticated in the 
Botany department of the University of Nigeria Nsukka. The MO leaves were air dried in the laboratory at 
ambient temperature (28oC) to avoid sunlight thereby  conserving the volatile constituent in the plant materials, 
then pulverized using an electrical grinder and the powder obtained were stored in an air tight container until 
extraction. Cold maceration technique was employed for extraction. Exactly 2.5 litres of absolute ethanol was 
used to soak 1 kg MO leaf powder in a container which was properly sealed and left to stand for 48 hours before 
filtration. The residue was equally rinsed with additional 2.5 litres of absolute ethanol to ensure exhaustive 
extraction and a solution of the extract was obtained and the solvent allowed to vaporize at room temperature 
leaving behind a sticky extract. 
 
Vaccination: 

A 2ml volume of distilled water was introduced into the dry powder Bottle containing the respiratory 
syncytial virus antigen to get a cloudy solution. The mice were grouped into 4 groups of 6 animals each. The 
animals in each group were weighed accurately using a digital sensitive balance and the values recorded. 
Different groups were given different treatments as follows: 

Group A received 10 µl sterile water 
Group B received 2µl of the reconstituted RSV antigen 
Group C received 2µl of the reconstituted virus antigen plus 4ul of Moringa oleifera extract.   
Group D received 4µl of the Moringa oleifera extract   
All samples were administered intramuscularly except MO given intraperitonially. The vaccination 

procedure was repeated once after 1 week. The blood of the mice were collected at 5days, 2weeks and 3 weeks 
post-vaccination and the sera employed for antibody-dependent complement activation assay. Periodic weight 
monitoring was also carried out after immunization for 20days. 
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Blood Collection: 
A 50mg weight of EDTA powder was weighed with the help of Digital sensitive weighing balance and 

dissolved in 50ml of normal saline, giving a 1% concentration of EDTA (Ethylene diamine tetra acetic acid). A 
100ul volume of the anticoagulant was placed individually in 24 ependuff tubes for the blood collection.  Using 
diethyl ether (anesthetic) soaked in cotton wool; the animal was anaesthetized for easy blood collection. An 
approximate 1 ml of blood was collected from the retro-orbital plexus of the mice by intraocular puncture. The 
tube was closed and shaken vigorously to allow adequate mixing of the blood sample and the anticoagulant. 
This was repeated for all the mice. The collected blood was centrifuged using a standard centrifuge at a speed of 
5000 revolutions per minutes for 10minutes. Using a sterile 1ml syringe, the supernatant was collected and 
transferred into a fresh sample bottle and labeled appropriately. It was then stored at (-2oC) for future analysis.  
 
Preparation of Lung Homogenates: 

Preparation of lung homogenates was undertaken following standard procedure (Kohlmann et al, 2009). 
Briefly, diethyl ether was soaked in cotton wool, placed inside a beaker and the mice placed inside while 
covered with aluminum foil till death following anesthesia. Next, mice were pinned to a suitable board, spirit-
disinfected abdominal region opened up into the peritoneum . After opening of the diaphragm the two lungs 
were carefully removed and transferred into a clean sample tube. The process was repeated for all the member 
of the 4 groups. Each individual sample were placed in a mortar and crushed very well with the aid of 1ml 
normal saline. The crushed lungs was collected in a sample test tube and then centrifuged at 5000 revolutions 
per min for 10 minutes. The supernatant was withdrawn as before using a sterile 1ml syringe and placed in a 
fresh test tube, labeled and stored at (-2oC) in a freezer compartment. This procedure was repeated for all the 
mice groups.    
 
Antibody-Specific Complement Activation Assay: 

Complement activation assay was conducted following established protocol (Serion, 2010). Briefly, RSV 
antigen is mixed with the test sera containing specific antibodies or no antibodies. Complement is added and the 
entire set-up in 96-well plate incubated overnight in veronal buffer to facilitate formation of immune complexes. 
Next day, the haemolytic system (composed of antibody-coated sheep erythrocytes) (Serion, Würzburg 
Germany) is added to set-up. In the absence of specific antibodies immune complexes, the complement 
components remain in their non-fixed state but if otherwise they will be fixed. Sedimentation of sheep 
erythrocytes indicate fixing of complement, and vice versa. 

 
RESULTS AND DISCUSSION 

 
The result revealed weight loss (Figure 1) after vaccination and a significant increase in antibody 

production in the MO-treated group after 3 weeks of vaccination (Figures 2-4).  
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Fig. 1: Weight curve of mice following vaccination 
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Fig. 2: Humoral immune response day 5 following vaccination 
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Fig. 3: Humoral immune response two weeks following vaccination 
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Fig. 4: Humoral immune response three weeks following vaccination 
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Discussions: 
The complement system is a biochemical cascade of the innate immune system that helps clear pathogens 

within host organism. Activation of this system leads to cytolysis, chemotaxis, opsonization and inflammation 
(Nesargikar et al., 2012). Three biochemical pathways activate the complement system namely, the classical 
complement pathway, the alternate complement pathway and the mannose binding lectin pathway. The classical 
complement pathway typically requires antibodies for activation and is a specific immune response. Therefore, 
our study was designed to assess antibody response to RSV antigen in the presence or absence of immune-
modulatory and potential adjuvant function of MO.  

In our assay, the serum antibodies could fix complement and as such the complement fixation assay 
demonstrates the presence of specific antigens and antibody. This would be of utmost utility not only 
systemically, but also in nasopharyngeal secretions where RSV and other respiratory pathogens could easily 
reside as their first port of entry (Odimegwu et al., 2013; Openshaw et al., 2005; Abdul-Lateef et al., 2016). 
Thus the immune complexes formed from the complement fixation engages complement present in the set up 
removing them.  This removal and ensuing absence of free complement in the system means that the sheep 
erythrocytes (srbc) remain intact as complement and is no longer available to react with the haemolytic system 
[srbAb-srbAg] (inhibition of hemolysis) (Serion, 2010). On the other hand, haemolysis ensues if complement 
becomes accessible. This was consistent with our study at the different titre recorded for the different samples. 
Thus, in this present study it has been demonstrated that the immune system can be modulated following the 
vaccination of mice with a Respiratory syncytial virus antigen in combination with Moringa oleifera extract 
(Figures 2-4). Significant increment in immune response was recorded at 3 weeks post-vaccination in the 
combination group relative to controls (Figure 4). This reflects the efficacy of combining the two agents. 

Animal weight monitoring could furnish information regarding the health status of the animals used in 
experiment especially if infection or disease states are involved. However, physiological changes due to 
administered immunogens or substances could also instigate such changes (Odimegwu et al., 2007; 2010). 
Medicinal plant in supporting the immune system of experimental animal often tends to results to weight gain or 
weight loss of the animal (Mohammed et al., 2017). From our periodic weight monitoring results it may be 
possible that the observable weight change in the combination group at days 7 and 14 could be due to obvious 
vaccine/ extract-induced physiological changes in the mice. Only in the normal saline control group was another 
major weight loss recorded (day 4), and this may be the outcome of infection possibly due to contamination of 
the utilized sterile water administered to the animals.  

Thus, MO has demonstrated the possibility for further development into a suitable adjuvant for RSV 
vaccine administration. The humoral immune response studied vis-à-vis complement activation engagement 
while it measures small titre ranges nevertheless is reliable. Were it possible within our constraint developing a 
robost ELISA platform would also further garnish additional humoral fingerprint especially if different antibody 
isotypes are screened and defined. The same explanation could go for the characterization of the cellular 
immune response.  

Contribution to knowledge: In general the contribution of our findings to the body of knowledge is notable. 
Since the immunological goal for vaccine development is to induce effective neutralizing antibody to prevent 
infection, and one of the major challenges to RSV vaccine development has been inadequate immunological 
response. The discovery and development of an MO adjuvant could be a gateway towards vaccine development. 
This research work has demonstrated that MO can be used to modulate the immune system to respond 
adequately to RSV vaccine, hence suggesting a means to the development of an RSV vaccine. 
 
Conclusion: 

The result of this study has evaluated the combined immunological potency of the Respiratory syncytial 
virus antigen and Moringa oleifera (MO) in mice. The outcome shows that MO demonstrated some adjuvancy 
effect, and could be further developed for use as adjuvant. 
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