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Introduction  

           Vaccine development has had an appreciable impact on global 

health as the world had recorded great achievements in the area of 

reduction/total elimination of some virulent disease(s). To this 

effect, the importance of vaccine development cannot be over 

emphasized especially in this era of emerging viral infectious 

diseases.   

In the last decade, the global community has been constantly 

challenged with one viral outbreak or the other that have led to 

loss of millions of lives.  It  is  therefore  imperative  that  scientist  

should  exploit  the  discoveries  in  the  area  of molecular biology, 

bioinformatics, biotechnology and extended understanding of the 

immune system in the development of sophisticated vaccine 

candidates for emerging infectious diseases (EIDS) as well as 

complex diseases. Unlike the old generation vaccines which are 

either whole cell inactivated or live attenuated, the new generation 

vaccines are usually made up of antigen fragments prepared from 

either the disease-causing organisms themselves or via 

biotechnological procedures. It has been established, that vaccines 

formulated using antigen fragments of the disease causing organisms 

are usually not able to stimulate strong immune response when 

compared to vaccines formulated with whole organisms (attenuated 

or killed).1 To take care of these shortcomings, and also achieve the 

aim of vaccination which is principally the stimulation of B and T-

lymphocytes to generate immune response against the antigen 

administered, an adjuvant is usually added. The credit of the 

discovery of immunestimulatory complexes (ISCOMs) goes to 

Morein and his colleagues in 1984. They took advantage of the 

small size of viral particles and arrangements of their surface 

proteins in addition to the inert immunostimulatory potentials of 

saponins to design this vaccine delivery system.2 These properties 

can be linked with the robust immune responses experienced from  
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ISCOMs in most animal studies. ISCOMs as a vaccine adjuvants are 

known to generate stronger immune response when compared with 

other adjuvants.3,4 ISCOMs are nanoparticles of  average  size  of  

40nm composed  of  phospholipids,  cholesterol,  saponin mixture, 

Quil A and an antigen.5,6 ISCOMs usually occur in two variant 

forms, first is the one described above and the second form is 

essent ially the same structure with the first but without the 

antigenic protein and it is usually referred to as ISCOM matrix. 

 

Peparation of ISCOMs 

ISCOMs are colloidal particles composed of various ratios of 

cholesterol, phospolipids, saponins mixture Quil A and antigen.  

There are various methods that can be used to prepare ISCOMs and 

the methods are as explained below: 

 

Methods of preparation of ISCOM 

Dialysis method  

This is the most common method adopted by scientists in the 

preparation of ISCOMs. It involves equipments such as Rotavapor, 

magnetic stirrer, dialysis tubing etc. Various detergents (sodium 

cholate, n-octylglucopyranoside, polyoxyethylene ethers or phenyl 

ethers, Triton X-100 (octylphenolether of polyethylene oxide), 

acylpolyoxyethylene esters, acyl polyoxyethylenesorbitan esters 

(Tween series), the span series, Ionic detergents such as the gallic 

acid detergents (bile salts).)7 can be used in the preparation of 

ISCOMs. According to Demana et al.,8 a typical dialysis method 

involve dissolution of various amounts of phospholipids e.g 

phosphotidyl ethanolamine (PE) and Cholesterol in Chloroform and 

evaporated at 450C for 1hr with the aid of  rotavapor. The dried lipid 

film will be mixed with different concentrations of Quil A in Tris 

buffer. Octylglycoside for example acting as detergent will be used 

to solubilize the water-soluble lipids. Protein or modified proteins at 

given concentrations will be added to the mixture. With the aid of 

a magnetic stirrer, the mixture in micellar form will be stirred for 5 

hrs at room temperature. The samples will then be placed in dialysis 

tubing and dialyzed against several changes Tris buffer at 4oC  for 3 

days to remove the detergent (octylglucoside). 
 

Reverse phase evaporation technique  

This is another method of ISCOMs preparation according to.9 In 

this technique an organic phase will be prepared by dissolving 

phosphotidylcholine (PC) and cholesterol (chol)  in  diethyl  ether.  

An aqueous phase will be prepared by dissolving saponin (Quil 
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A) and antigen in a phosphate buffer solution (PBS, pH7.4). The 

organic phase will then be added drop wise to the aqueous phase 

under ultrasonication at amplitude 20 for 1: 30 minutes this is 

preceded with vortexing of the solution for 20 runs to eliminate the 

residual organic solvent. 
 

Lipid film hydration method  

This is a simple procedure when compared to the complex nature of 

the dialysis or centrifugation method. It is simply the addition of 

aqeous solution of Quil A to cholesterol/phospholipid film already 

formed. The procedure involves the dissolution of various amounts 

of cholesterol and phospholipids in chloroform and evaporated to 

dryness with the aid of a Rotavapor. Aqeous solution of Quil A will 

be added to the dried lipid film with gentle mixing for about 20 mins 

at room temeperature. The solution formed may be analysed 

immediately or subjected to centrifugation through a 10 – 50% 

sucrose gradient to fractionate it before analyzing.10 
 

Ethanol injection method 

This method is similar to the already described method of 

preparation of unilamellar liposomes by the ethanol injection 

method. Firstly mixture of cholesterol and phospholipids are 

dissolved in ethanol to form an ethanolic solution. The resulting 

solution are injected into aqeous solution of Quil A or a mixture of 

Quil A and antigen followed by stirring.This method results in the 

formation of ISCOMs within 24 -48 hrs. The method is simple, 

rapid, efficient, and offers the possibilities for large scale commercial 

production.11 
 

Ether injection method  

In this method, phosphatidyl choline and cholesterol will be 

dissolved in ether, which will be injected into an aqueous solution 

of Quil A, maintained at 550C. The use of ether has the advantage 

that higher quantities of lipids can be dissolved and that removal of 

the organic solvent is achieved by gentle heating. 
 

Advantages of ISCOMs as Vaccine adjuvants 

The importance of ISCOMs as vaccine adjuvants can be 

linked to the following advantages: 
 

1. They generate strong and long lasting immunological 

responses.12 

2. ISCOMs produce strong immunological response at 

reduced antigen dose hence reduction in production cost 

of vaccine manufacture.12 

3. ISCOM-borne antigens has been shown to possess great 

access to the cytoplasmic matrix of antigen presenting 

cells which will ultimately lead to robust immunological 

response/stimulation.14,15 

4. They have been shown to be versatile with respect to 

routes of administration such as mucosal and parenteral 

routes.16 

5. ISCOMs have been extensively used in veterinary 

medicine with positive results e.g horses, ruminants, 

chickens, dogs, cats etc.17 

6. 
They may be used as adjuvants in neonatal vaccines as 

they have shown the ability to produce immune 

response without interference from passively derived 

maternal antibodies.18 

 

Disadvantages of ISCOMs as vaccine adjuvant 

1. 1.The two most common methods for the preparation 

of ISCOMs (are centrifugation and dialysis)  are very 

elaborate and complex. 

2. It is also an expensive procedure. 

3. 3.The issue of hemolytic toxicity associated with 

saponin which is the basic component of ISCOMs has 

limited its use in humans and some other animal species. 

 

Characterization of Iscoms 

It is essential to characterize the composition and structure of 

formulations of ISCOMs to avoid intra or inter batch variations. 

These variations could arise from contamination, accumulation of 

toxic components or incomplete particle formation. In order to 

maintain uniformity, methods such as transmission electron 

microscopy, photon correlation spectroscopy and density gradient 

centrifugation are utilized to characterize the shape and size of 

particles in ISCOMs formulation.19 Using techniques such as 

Enzyme-linked immunosorbent assay, dot-blots, density gradient 

centrifugation, western blotting, sodium dodecyl sulphate 

polyacrylamide gel electrophoresis, fluorescence spectroscopy and 

Lowry and Bradford assays, the amount of protein or antigen 

incorporated in the formulation can be determined.20,21 It js also 

important to determine the amount of other substances wspecially if 

they exhibit toxicities at high doses. A typical example is the 

hemolytic activity produced by Quil A, a component of ISCOMs at 

high dose. The amount of Quil A can be measured using reversed 

phase high-performance liquid chromatography or rocket 

electrophoresis assay.19 Phospholipids are measured by phosphorus 

assay while cholesterol can be quantified by gas chromatography.19 

 

Morphology of ISCOMs 

The morphology of ISCOMs can be determined using Transmission 

Electron Microscopy (TEM).8 Carbon-coated copper grids are glow-

discharged (Edwards E 306 A vacuum coater, England) and 10µl of 

sample adsorbed on to these grids. The samples are negatively 

stained using 10µl of filtered 2% phosphotungstic acid, PH 5.2 as a 

contrast agent. Samples are investigated using a Philips CM 100 

transmission electron microscope at an acceleration voltage of 100kv 

and are typically viewed at a magnification of 135,000 ×. The size 

of the colloidal structure is determined using Analysis software (soft 

imaging systems, Reutlingen, Germany). The observed particles are 

measured, prevalence of different colloidal structures estimated and 

expressed as percentage of the colloidal particles present in the 

sample. 

 

Determination of size of ISCOMs 

Photon correlation spectroscopy is an analytical tool used to 

measure the size of macromolecules and colloids in solutions.22 It 

employs the variation in intensity of scattered light on the 

microsecond time scale. This variation results from the interference 

of light scattered by individual particles under the influence of 

Brownian motion and is quantified by compilation of an auto 

correlation function. This function is fitted to an exponential, or 

some combination or mordification thereof with the corresponding 

decay constant(s) being related to the diffusion coefficients. Particle 

size can be calculated from this coefficient using standard 

assumptions of spherical size, low concentration, and known 

viscosity of the suspending medium. Rapid analysis, lack of required 

calibration and sensitivity to submicron sized particles are some of 

the advantages of this method. The molecular weight of each 

nanoparticle can be estimated through the utilization of spectral 

decomposition capacity of dynamic light scattering.23 

 

Determination of the amount of incorporated protein 

Fluorescence spectroscopy can be exploited in the determination of 

the amount of protein/antigen incorporated into ISCOMs and other 

colloidal particles.20 This method involves the disruption of the 

colloidal structures by addition of about 50µl of the dispersion to 

750µl Tris buffer (PH 6.6) containing 5% Triton X-100. 

Fluorescence of the resulting solution is measured (Shimadzu FR 

540, ex.495nm, em,518nm) and entrapment efficiency of protein into 

various colloidal particles are estimated based on standard curves 

constructed for each protein. The amount of protein or mordified 

protein incorporated into the colloidal particles, is then calculated 

and expressed as a percentage of the original amount of protein or 

mordified protein used per µmol of lipid. 

 

Applications of ISCOMs 

ISCOMs and vaccine delivery in veterinary medicine 
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The use of ISCOMs as adjuvants in laboratory animals have 

recorded successes according to several studies. The last two 

decades have witnessed studies on immunogenicity and protection 

from ISCOMs-containing antigens and antigenic derivatives from 

different variety of pathogens, such as viruses, bacteria, protozoas 

etc. Although the experiments on the use of ISCOMs as adjuvants 

were originally carried out using mice or rats in the laboratories, It 

has also shown the ability to induce strong immunological responses 

in other species.18,24,25 

 

ISCOMs-based vaccines in Dogs 

Programs supporting regular vaccination in dogs have contributed 

both to the health of dogs and to the public health. In areas where 

routine rabies vaccination of dogs is practiced, rabies in humans has 

been shown to be drastically reduced if not eliminated. Rabies virus 

which belong to the  Rhabdoviridae  family  has  been  associated  

with  serious  disease  in  warm- blooded animals. Though not made 

commercially, rabies virus vaccines have incorporated ISCOMs with 

positive outcomes according to the study.26 Cystic echinococcosis is 

a global public health problem and the disease is transmitted to man 

from dogs. Vaccines have been shown as a sure way of preventing 

the transmission. A study of the ISCOMs vaccine formulation for the 

prevention of echinococcosis produced good protection against the 

disease.27 

Canine Distemper Virus (CDV) is another virus which causes disease 

in dogs that presents with similarity to measles in man. The CDv 

which is inhaled by dogs are carried by the macrophages to 

lymphnodes where replication begins. In a matter of 2-5 days it has 

affected other lymphoid organs through rapid spread in the 

lymphatic tissues.28 
By day 6-9, the virus spreads to the blood 

(viremia). Having spread to the blood, soon it gets across other parts 

of the body such as epithelium of the gastrointestinal, central 

nervous system, urogenital, and respiratory systems. The  animal 

then comes  down with the full infection presenting symptoms such 

as mild eye inflammation, loss of appetite and fever that may only 

last a few days (http://acadogs.com/canine_Distemper). These 

symptoms become more pronounced as the disease progresses. 

Canine distemper virus vaccine formulated using ISCOMs as 

adjuvants protected dogs against high blood virus levels and other 

signs of infections.29 This is very interesting considering the 

pathogenesis of CDV as described above. Another area of great 

interest is the ability of ISCOMs to produce high level of protective 

antibody in young puppies less than 8weeks  of age area commercial 

vaccines have failed. This is due to immature immune system and 

the blocking effect of maternal antibodies.17 

 

ISCOMs based vaccines in cattle 

Experimentally, ISCOMs have been extensively studied for use in 

the production of various vaccines in cattle with high percentage of 

successes recorded. A few of such ISCOMs are discussed below: 

Rinderpestvirus (RVP) a member of genius morbillivirus in the 

family paramyxoviridae is associated with severe diseases often with 

high morbidity and mortality in cattle and other large ruminants. An 

experimental rinderpest vaccine containing immune stimulating 

complex and the RVP haemagglutinin(H) protein, was studied for 

its potential to cause an immunological protection to the immunized 

cattle, and it was found to be effective eliciting the generation of 

high level of anti-RVP antibodies.30 

In separate experiments in Canada and Hungary, Bovine herpes 

virus ISCOMS were shown to fully protect the experimental 

animals.31 This virus is associated with diseases in cattle such as 

balanoposthitis, abortion, enteritis, rhinotracheitis, vaginitis and 

conjunctivitis. Bovine Viral Diarrhea Virus (BVDV) is a viral 

infection that affect cattle of all ages. It also affect fetus leading to 

possible conditions such as teratogenicity, persistent infection in the 

neonatal calf, abortions or stillbirths. An experimental subunit 

ISCOMs vaccine against BVDV capable of inducing high serum 

neutralizing antibodies was developed.32 Bovine respiratory syncytial 

virus has been associated with severe respiratory tract infection both 

in Man and Cows. An experimental BRSV ISCOMs vaccine induced 

rapid humoral immune responses and strong clinical and virological 

protection against experimental BRSV challenge.33 

Contagious Bovine Pleuropneumonia (CBPP also known as lung 

plague) is a bacterial disease of cattle caused by the bacterium 

Mycoplasma mycoides. It is contagious and causes pneumonia and 

inflammation of the lung membrane. Experimentally, CBPP 

ISCOMs was shown to induce strong primary and long lasting 

secondary antibody responses although the result in the field was not 

encouraging.34 

 

ISCOMs based vaccines for horses 

The influenza virus that attack horses belongs to the family known 

as orthomyxoviridae. It is highly contagious diseases that primarily 

affect the respiratory tract of horses with resultant high morbidity 

and sometimes mortality. The predominant subtypes of this virus 

seen in horses include H7N7 and H3N8.3 5  
The H7N7 EIV may 

h a v e  gone into extinction as it has not been seen in samples 

tested for over 20 years.36,37  
The H3N8 EIV is  the subtype 

associated with global influenza outbreak in horses,38 even when the 

animals are vaccinated. The vaccine used are usually whole 

attenuated virus or its fragment which are known to generate 

antibodies against the viral pathogen.39 However the shortcoming 

of this immune response is that it is short lived and highly specific. 

The recirculation may be linked to the short-lived nature of the 

conventional vaccine and also its high specificity which do not take 

care of variants strains of the virus. Equine influenza vaccines 

containing ISCOMs as adjuvants have been extensively 

experimented on for several years. The results generated from the 

experiments showed the ability of the vaccines to induce high and 

long-lasting humoral and cellular immunity when compared with the 

conventional killed whole Influenza virus vaccine.40,41 Based on 

elaborate and extensive study of ISCOM vaccines containing EIV 

antigens with a lot of success stories and efficacy, the first licensed 

and commercially available ISCOMs vaccine was used in horses and 

it contains the envelope protein haemaglutinin (HA) and 

neuraminidase (NA) from influenza virus.42 This vaccine was 

produced by ISCOTEC AB and Mallinckrodt (UK) in 1989 and 

over 1 million doses of the vaccine have been sold in Sweden with 

beautiful outcomes on the animals administered.43 

 

Other animals 

ISCOMs-based vaccines has shown some successes in cat and 

chicken. Experimental ISCOMs delivery containing feline 

immunodeficiency virus (FIV) and Eimeria tenella antigen have 

been successfully formulated for use incat and chicken 

respectively. The formulation was shown to stimulate host immune 

response while demonstrating low toxicity in the challenged 

animals.44,45 

 

ISCOMs and vaccine delivery in non-human primates 

The non-human primates play active role in biomedical research. 

This is because they share about 98% of human genes and can be 

used to extrapolate the causes, progression, prevention and treatment 

of a wide variety of diseases of man. The anatomy, body physiology 

and character of these animals are similar to that of humans hence 

provide an important link between   basic laboratory  studies and 

clinical use (California Biomedical Research Association, Fact sheet: 

primates in Biomedical Research:  www.cabiomed.org).  Measles 

virus ISCOMs have been extensively studied both as subunit and 

inactivated vaccines in no human primates.46 This measles ISCOMs 

based vaccine was associated with strong IgG, IgM production and 

cytotoxic T-lymphocyte proliferation in Macaque model.47 

Influenza virus ISCOMs has also been shown to be safe after 

administration in monkeys without signs of toxicity. ISCOMs based 

vaccine containing influenza virus antigen demonstrated high level of 

antibody-mediated   protective   immunity and antigen-   specific   

proliferative   T-cell responses in monkeys after immunization.48
 

Semian immunodeficiency virus (SIV) share close resemblance to 

human immunodeficiency virus (HIV) in terms of their genomic 

organization hence can induce disease in monkeys similar to human 

AIDS. Therefore, SIV infection of these primates have been adopted 

http://acadogs.com/canine_Distemper
http://www.cabiomed.org/
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by scientists as model for researches on HIV vaccines.49 

Immunizations of macaques with HIV envelope glycoproteins and 

SIV ISCOMs have shown their ability to induce protective immunity. 

This protective immunity may be linked to the ability of the various 

ISCOMs based vaccine to induce production of antibodies, T-cell and 

CTL proliferation.50,51,52  
There are other infectious diseases where 

ISCOMs have demonstrated high level of avidity/protection 

experimentally in non human primates and these  include Hepatitis C 

virus(HCV),53Epstein-Barr54 (EBV), falciparum malaria,55and 

Japanese encephalitis virus.56 

 

ISCOMs and vaccine delivery in humans 

The development of licensed vaccines meant for human use is 

more complex when compared with vaccines for veterinary or other 

animals. This is because special attention is paid to the issue of 

potency versus safety and detailed unambiguous defined 

manufacturing procedures that is reproducible. As a result of the 

aforementioned, Aluminium-based adjuvant which was discovered 

since 1926 has continued to monopolize human vaccines.57 However 

the last decade has witnessed introduction of newer vaccine 

adjuvants for human use.  They include MF59 (composed of 

squalene droplets stabilized with surfactants Tween 80 and Span 

85),58 squalene- based adjuvant AS03,59 AS04 (monophosphoryl 

lipid A (MPL) + alum),60 AF03 (squalene- based emulsion adjuvant), 

virosomes and heat-labile enterotoxin (LT).61 With respect to this 

review, there is no licensed ISCOMs-based vaccine for human use. 

However about eight phase I or II randomized placebo or Ag 

controlled studies evaluating vaccines using Iscomatrix adjuvant 

have been completed although six studies are ongoing in either 

prophylactic or therapeutic vaccine programs for infectious diseases 

or cancer. Of the completed studies, six studies have evaluated 

Iscomatrix vaccines via the I.M route, one study assessed an 

intranasal formulation and another study evaluated the effects of 

Iscomatrix on pulsed blood dendritic cells ex vivo. The studies 

showed a successful outcome as the vaccines were efficacious, safe 

with minimal side effects in the human patients.62 Two vaccines 

containing ISCOMs PANFLUVAC (H5N1) vaccine and NY-ESO-1 

ISCOMATRIX (Melanoma vaccine) are in phase I and phase II 

clinical trials respectively.63 

 

Modes of action of ISCOMS 

Antigen targeting and presentation 
Several laboratory studies have confirmed the ability of antigen 

presenting cells (dendritic cells, macrophages) to bind ISCOMs 

containing antigen and effectively present them to T-cells.64,65 The 

popularity of ISCOMs as vaccine adjuvants have been linked to its 

ability to positively manipulate immune cells. There is a postulation 

that ISCOMs can deliver antigen directly to the cytosol of antigen 

presenting cells where the antigens are degraded and loaded inside 

the MHC class 1 in the endoplasmic reticulum for cytotoxic T-

lymphocyte activation.66,67,68 This ability of ISCOMs to pass 

antigens through the membranes is linked to its hydrophobic nature 

in addition to the presence of saponins that has affinity for 

membrane bound cholesterol. 

 

Cytokine production 

The term “cytokine” is derived from a combination of two Greek 

words—“cyto” meaning cell and “kinos” meaning movement. 

Cytokines are cell signaling molecules that aid cell to cell 

communication in immune responses and stimulate the movement 

of cells towards sites of inflammation,  infection and trauma 

(MandalAnanyawww.news-medical.net). Based on this definition, 

one can appreciate that the capacity of adjuvants such as ISCOMs to 

stimulate cytokine production by Antigen-presenting cells is 

important for the initiation of the immune response.  Studies using  

various animal models  have revealed  the ability of  ISCOMs to 

stimulate the production of inflammatory cytokines interleukin-1(IL-

1), interleukin-2(IL-2) and tumor necrosis factor (TNF-α).69,70,71 

Another study also show its ability to stimulate the production of 

interleukin-6(IL-6), interleukin-8(IL-8) and IFN-ɣ.72 

 

Proliferation of antibodies and T-cells 

ISCOMs modes of action also reflects it versatility. Its effects 

on antigen targeting and presentation and on cytokine production 

as discussed above are all associated with the innate component of 

the immune system. Antibodies and T-cells which are the two 

components of the acquired immune system are greatly affected by 

ISCOMs. The ability of ISCOMs to induce high and long lasting 

antibody secretion and elevation of both helper T-cells and cytotoxic 

T-cells have been described in some studies.12,73-75 

 

Modes of administration of iscoms 

The ability of a vaccine candidate to elicit the desired protection 

expected of it, it should be able to reach and interact with immune-

active cells distributed throughout the body. These immune-active 

cells are distributed both systemically and on mucosal surfaces. 

Though it is common knowledge that most infections occur through 

the mucosal surfaces, the parenteral routes of administration of 

vaccines seem to be more popular than other routes.  However, 

since most infections take place through the mucosal membranes, 

and the first line of defense often lies in the mucus containing 

secretory IgA antibodies,76 vaccine delivery to this site will enhance 

defense provided by these IgA antibodies. 

 

ISCOMs and mucosal vaccine delivery 

The mucosal route is basically oral, intranasal, transdermal routes 

etc. The mucosal route has an important characteristic of not limiting the 

response to the site of administration due to a phenomenon known as 

induction of common mucosal immune system (CMIS).77 The CMIS 

stimulation will cause the immune effector cells to relocate to 

mucosal surfaces where they provide protection against pathogens at 

these portals of entry. Extensive animal studies spanning from small 

animal models (mice) to larger animals (dogs, monkeys etc) have 

shown that ISCOMs based vaccines are highly immunogenic after 

oral or intranasal administration. The studies on intranasal route 

were larger and more extensive than the oral routes. Researchers 

have attested to the immunogenicity of intranasal administered 

ISCOMs based vaccine.78-82 Similarly several studies support the fact 

that ISCOMs based vaccines can be given orally.69,83,84 Despite the 

above mentioned in vivo animal studies, an in vitro study carried 

out on a human colon epithelial cell line, (Caco-2 cells) by85  

showed that ISCOMs containing influenza virus antigen was taken 

up via the apical surface and the antigens were processed and 

transported through the basal membrane. 

 

ISCOMs and parenteral vaccine delivery 

The early works on ISCOMs which laid down the foundation 

of ISCOMs as adjuvants for vaccine delivery were done through 

the parenteral routes. This gave impetus to scientists to try ISCOMs 

as a mucosal vaccine delivery system. This can be corroborated 

by works done by.39,86,87,48 

 

Iscoms based vaccines for commercial use 

ISCOMs based vaccines have been faced with enormous challenges 

that have hindered their movement from the laboratory to the 

clinics both in animals and humans. The two ISCOMs based 

vaccines translated for commercial uses are the vaccines for 

influenza virus in horses (Table 1).  

 

Major challenges of ISCOMs based vaccines 

Just like conventional drug development, the risks to benefits 

ratio of adjuvants incorporation into vaccines need to be 

considered which serve as a guide for its selection.  Iscoms 

based vaccines despite large studies in the laboratory animals have 

not been able to move from the laboratories to clinics. 

 

Table 1: Commercially available Iscom based vaccines 
 

Trade Name Company Technology  Reference 

Equip-F Pfizer Ltd Inactivated [39] 

EquilisPrequenza Intervet/Schering Inactivated [42] 

http://www.news-medical.net/
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plough anumal 

health 

This is because of saponins-associated hemolysis and granulomas 

toxicities.88 ISCOMs-based vaccines when administered 

intravenously, intraperitoneal and subcutaneously showed  high  

toxicities  in  murine  models  of  animal  studies  at  an  LD50   of 

0.67mg/kg.89,90 However, it is worthy of note that this toxicity 

was very minimal in larger terrestrial animals such as but more 

pronounced in laboratory animals.1,91 Another bottle neck inhibiting 

the emergence of ISCOMs vaccine in humans is the issue of 

regulatory barriers. Elaborate and extensive toxicological studies are 

carried out not only on the adjuvant but also on the adjuvant-antigen 

formulation using laboratory animals before entering phase-1 clinical 

trials.92 Another tedious regulatory barrier is the population size to 

be tested for efficacy and safety of the vaccine adjuvant. The number 

has increased geometrically in recent years to take care of some 

drug candidates which may have rare but fatal side effects that 

may not be identified if the population size is not adequate.
 

 

Conclusion and future perspectives 

The importance of extended research towards the development of a 

safe, efficacious and versatile vaccine adjuvant especially in this era 

of subunit vaccines cannot be overemphasized. This is because of the 

poor immunogenic nature of the new generation vaccine when 

compared to the conventional vaccine hence the need for a boost 

(adjuvant). The emergence of ISCOMs in 1984 was greatly 

welcomed by the vaccine world. This is because of high 

popularity of aluminium salts as adjuvants in human vaccines 

despite its inability to induce cellular immunity. It is clear that from 

some of the research concluded and on-going, that ISCOMs have 

continuously proven to be versatile with respect to stimulating both 

natural and acquired immune responses and also effective through 

multiple routes of administration. However, it is worrisome that a 

particle with such characteristic has not been licensed for use in 

human vaccines. We therefore recommend that robust research be 

carried out on ISCOMs using saponins extracted from other 

medicinal plants with wild application in alternative medicine. This 

approach may help address issues of toxicities compatibilities and 

stability so as to fully move this notable molecule from the 

laboratories to a potent, safe and efficacious animal and human 

therapeutic agent. 

 

Conflict of Interest  

Authors declare no conflict of interest 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

References 

1. Nanishi E, Dowling DJ, Levy O. Toward precision 

adjuvants: optimizing science and safety, Curr Opin 

Pediatr. 2020; (32)1:125-138. 

2. Morein B, Sundquist B, HӦglund S, Dalsgaard K, 

Osterhaus A.  ISCOM, a novel structure for antigenic 

presentation of membrane proteins from enveloped viruses. 

Nature 1984; 308:457-460 

3. Ho Ni, Huis  In`t  Veld  LGM,  Raaijmakers  TK,  

Adama  GJ. Adjuvants enhancing cross presentation by 

dendritic cells: the key to more effective vaccines? 

Front Immunol. 2018; 9:2874. 

4. Ayele G.  Review on recent advance of vaccine adjuvants. J 

Vaccin Vaccin. 2020; S5:003. 

5. Azmi F, Ahmad Fuaad AA, Skwarczynski M, Toth I. 

Recent progress in adjuvant discovery for peptide-based 

subunit vaccines. Hum Vacc Immunother. 2014; 

10(3):778-796. 

6. Lovgren Bengtsson K, Morein B, Osterhaus AD. ISCOM 

technology-based  matrix  Madjuvant: success in future 

vaccines relies on formulation. Expert Rev Vacc. 2011; 

10:401-403. 

7. Patel RM and Anajwala CC.  Immunostimulatory 

complexes (ISCOMs): A potential adjuvant for mucosal 

vaccine delivery. Int J Pharm Res. 2009; 1(3):2-11. 

8. Deman PH, Davies NM., Berger B, Rades T. 

Incorporation of Ovalbumin into ISCOMs and related 

colloidal particles prepared by the lipid film hydration 

method. Int J Pharm. 2004; 278:263-274. 

9. Ko YT and Bickel U. Liposome encapsulated 

polyethylenimine/oligonucleotide polyplexes prepared by 

reverse phase evaporation technique. AAPS Pharm Sci 

Technol. 2012; 13:373-378. 

10. Mehravaran A, Jaafari MR, Jalali SA, Khamesipour A, 

Ranjbar R, Hojatizade M, Badiee A. The role of 

ISCOMATRIX bilayer composition to induce a cell 

mediated immunity and protection against leishmaniasis in 

BALB/c mice. Iranian J Basic Med Sci. 2016; 19(2):178-

186. 

11. Quirici L, Verza SG, Mastrogiovanni M, Miraballes I, 

Casanova G, Soule S, Gosmann G, Ortega GG, Ferreira 

FA. Candidate particulate antigen delivery system based 

on Quillaja brasiliensis saponins. In: Elservier, editor. 7
th 

vaccine and ISV congress 2013; Sitges, Spain. 2013. 

12. Cibulski SP, Mourglia-Ettlin G, Teixeira TF, Quirici L, 

Roehe PM, Ferreira F, Silveira F. Novel ISCOMs from 

Quillaja brasiliensis saponins induce mucosal and 

systemic antibody production, T-cell responses and 

improved antigen uptake. Vacc. 2016; 34:1162–1171. 

13. Watson DL, Watson NA, Fossum C, Lovgren K, Morein 

B. Interactions between immune- stimulating complexes 

(ISCOMs) and peritoneal mononuclear leukocytes. 

Microbiol Immunol. 1992; 36:199-203. 

14. Bergstrom-Mollaoglu M, LӦvgren K, Akerblom L, 

Fossum C, Morein B. Antigen specific increases in the 

number of splenocytes expressing MHC class II molecules 

following reticulation with antigen in various physical 

forms. Scand J Immunol. 1992; 36:565-574.15. Jazayeri 

SD, Lim HX, Shameli K, Yeap SK, Poh CL. Nano 

and Microparticles as Potential Oral Vaccine Carriers 

and Adjuvants Against Infectious Diseases. Front 

Pharmacol. 2021; 12:682286.  

15. Morein B, Hu Ke-Fei, Abusugra  I. Current status and 

potential application of ISCOMs in veterinary medicine. 

Adv Drug Deliv Rev. 2004; 56:1367-1382. 

16. Patel RM and Anajwala CC.  Immunostimulatory  

complexes  (ISCOMs):  A  potential adjuvant for mucosal 

vaccine delivery. Int J Pharm Res. 2009; 1(3):2-117. 

17. Kersten GFA, Teerlink T, Derks HJGM, Verkleij AJ, Van 

Wezel TL, Crommelin DJA, Beuvery CC. Incorporation 

of the major outer membrane protein of Neisseria 

gonorrhoeaein saponin-lipid complexes (ISCOM), 

chemical analysis, some structural features, and 

comparison of their immunogenicity with three other 

antigen delivery system. Infect Immune. 1988; 56:432-

438. 

18. KӦnnings S, Copland  MJ,  Davies  NM,  Rades  T.  A  

method  for  the  incorporation  of Ovalbumin into 

immune stimulating complexes prepared by the hydration 

method. Int J Pharm. 2002;  241: 385-389. 

19. Reid G. Soluble proteins incorporate into ISCOMs after 

covalent attachment of fatty acid. Vacc. 1992; 10:597-

602. 

20. Zaneti-Ramos BG, Fritzen-Garcia MB, Schweitzer de 

Oliveira C, Pasa AA, Soldi V, Borsali R, Creczynski-Pasa 

TB.  Dynamic light scattering and atomic force 



                                                          Trop J Nat Prod Res, May 2022; 6(5):680-687                  ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  

 

685 
 © 2022 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

microscopy techniques for size determination of 

polyurethane nanoparticles. Mater Sci Eng. 2009; 

C29:638. 

21. Pardeshi C, Rajput P, Belgamwar V, Tekade A, Patil G, 

Chaudhary K, and Sonje A. Solid lipid based nanocarriers; 

An overview. Acta Pharm. 2012; 62:433-472. 

22. Paillot R. A systematic review of recent advances in 

equine influenza. Vacc. 2014; 2:797-831. 

23. Xiong Q, Wei Y, Xie H, Feng Z, Gan Y, Wang C, Liu M, 

Bai F, Xie F, Shao G. Effect of different  adjuvant  

formulations  on  the  immunogenicity  and  Protective  

effect  of  a  live Mycoplasma hyopneumoniae vaccine 

after intramuscular inoculation. Vet J. 2014; 199:268-274. 

24. Ze L, Zonglin L, Ya`Nan W, Shaonui S, Huijuan Y, Wei 

C, Li W, Liao G. 2019. Application of a novel 

nanoemulsion adjuvant for rabies vaccine which stabilizes 

a Krebs cycle intermediate (SDH)nin an animal model. 

Hum. Vacc Immunother. 2019; 15(2):388-396. 

25. Zhang ZZ, Guo G, Li J, Shi BX, Zhao L, Guo BP, Zhang 

X, Wang JW, Zhang XT, Qi WJ et al. Dog vaccination 

with EgM proteins against Echinococcus granulosus. 

Infect Dis Pov. 2018; 7:61. 

26. Creevy KE. Overview of Canine Distemper. In: The Merck 

Veterinary Manual [ed. by Aiello, SE. \Moses, MA.]. 

Kenilworth, New Jersey, USA: Merck Sharp & Dohme 

Corp. 2013. 

27. DeVries P, UytdeHaag FGCM, Osterhaus ADME. Canine 

distemper virus (CDV) immunestimulating complexes 

(Iscoms), but not measles virus Iscoms, protect dogs 

against CDV infection. J Gen Virol. 1988; 69:2071-2083. 

28. Kamata H, Ohishi K, Hulskotte E, Osterhaus AD, Inui K, 

Shaila MS, Yamanouchi K, Barrett T. Vacc. 2001; 19(25-

26):3355-3359.30. Merza M, Sober J, Sundquist B, Toots 

I, Morein B. Characterization of purified gp51 from 

bovine leukemia virus integrated into ISCOM. 

Physicochemical properties and serum antibody response 

to the integrated gp51. Arch Virol. 1991; 120:219-231. 

29. Baccili CC, Martin CC, Silva KN, Nichi M, Flores EF, 

Filho AEV, Pituco EM. Serological response against 

bovine herpesvirus and bovine viral diarrhea virus 

induced by commercial vaccines in Holstein heifers. 

Pesq Vet Bras. 2019; 39(11):870-878. 

30. Hagglund S, Hu K, Blodorn K, Makabi-Panzu B, Gaillard 

AL, Ellencrona K, Chevrat D, Hellman L, Bengtsson 

KL, Riffault S,  Taylor G, Valarcher JF, Eleouet JF.   

Characterization of an experimental vaccine for bovine 

respiratory syncytial virus. Clin Vacc Immunol. 2014; 

21(7):997-1004. 

31. Morein B. Immunity and vaccination in relation to 

CBPP. Proceedings of FAO/OIE/OAUCBPP Consultative 

Group Meeting, Rome, 5-7 October, 1998. 

32. Bryant NA, Paillot R, Rash AS, Medcalf E, Montesso F, 

Ross J, Watson J, Jeggo M, Lewis NS, Newton JR. et al. 

Comparison of two modern vaccines and previous 

influenza infection against challenge with an equine 

influenza virus from the Australian 2007 outbreak. Vet 

Res.2010; 41:19. 

33. Madic J, Martinovic S, Naglic T, Hajsig D, Cventic S. 

Serological evidence for the presence of A/equine-1- 

influenza virus in unvaccinated horses in Croatia. Vet Rec. 

1996; 138:68. 

34. Webster RG. Are equine 1 influenza viruses still present 

in horses? Equine Vet J. 1993; 25:537-538. 

35. Newton JR, Daly JM, Spencer L, Mumford  JA.  

Description of the outbreak of equine influenza (H3N8) 

in the United Kingdom in 2003, during which recently 

vaccinated horses in New market developed respiratory 

disease. Vet Rec. 2006; 158:185-192. 

36. Paillot R, Grimmett  H,  Elton  D,  Daly JM. Protection, 

systemic  IFNγ,  and  antibody responses induced by an 

Iscom-based vaccine against  a recent  equine influenza 

virus in its natural host. Vet Res. 2008; 39:21. 

37. Paillot R, Fraser S, Prowse-Davis L, Rash N, Montesso F, 

Slootmans N, Thomas A, Besognet B, Meinert T, Ons E, 

Salt J. Iscom-based equine influenza vaccine: duration of 

immunity and randomized clinical trilas to assess an 

accelerated schedule of immunization and efficacy. Trials 

Vaccinol. 2015; 4:61-70. 

38. Paillot R and Prowse l. Iscom-matrix-based equine 

influenza (EIV) vaccine stimulates cell- mediated 

immunity in the horse. Vet Immunol. Immunopathol. 

2012; 145(1-2):516-521. 

39. Heldens JGM, Pouwels HGW, Derks CGG, Van de Zande 

SMA, Hoeijmakers MJH. The first safe inactivated equine 

influenza vaccine formulation adjuvanted with iscom-

matrix that closes the immunity gap. Vacc. 2009; 

27(40):5530-5537. 

40. Barr IG and Mitchell GF.  ISCOMs (immunostimulating 

complexes): The first decade. Immunol Cell Biol. 1996; 

74:8–25. 

41. Tijhaar EJ, Huisman W, Huisman RC, Siebelink KHJ, 

Karlas JA, de Ronde A, Van Herwijnen R, Mooi FR, and 

Osterhaus ADME. Salmonella typhimuriumaroA 

recombinants and immunestimulating complexes as 

vaccine candidates for feline immunodeficiency virus. J 

Gen Virol. 1997; 78:3265-3275. 

42. Berezins VE, Bogoyavlenskiy AP, Tolmacheva VP, 

Makhmudova NR, Khudyakova SS, Levandovskaya SV, 

Omirtaeva ES, Zaitceva IA, Tustikbaeva GB, Ermakova 

OS, Aleksyuk PG, Barfield RC, Danforth HD, Fetterer 

RH. Immunostimulating complexes incorporating 

EimeriaTenella antigens and plant saponins as effective 

delivery system for coccidia vaccine immunization. J 

Parasitol. 2008; 94(2):381-385. 

43. Stittelaar KJ, Vos HW, Van Amerongen G, Kersten GF, 

Osterhaus AD, deSwart RL. Longevity of neutralizing 

antibody levels in Macaques vaccinated with Quil A-

adjuvanted measles vaccines candidates. Vacc. 2002; 

21(3-4):155-157. 

44. Van Binnendijk RS, Poelen MCM, Van Amerongen, G, 

de Vries P, Osterhaus ADME. Protective immunity  in  

macaques  vaccinated  with  live  attenuated  recombinant  

and  subunit measles vaccines in the presence of passively 

acquired antibodies. J Infect Dis. 1997; 175:524-534. 

45. Rimmelzwaan GF, Baars M, van Amerongen G, van 

Beek R, Osterhaus ADME. A single dose of an ISCOM 

influenza vaccine induces long-lasting protective 

immunity against homologous challenge infection but fails 

to protect Cynomolgus macaques against distant drift 

variants of influenza A (H3N2) viruses. Vacc. 2002; 

20:158-163. 

46. Bogers WMJM, Cheng-Mayer C,  Montelaro RC. 

Developments in preclinical AIDS vaccine efficacy 

models. AIDS 2000; 14 (suppl 3):S141-S151. 

47. Verschoor EJ, Mooji P, Oostermeijer H, Van der Kolk M, 

ten Haaft P, Verstrepen B, Sun Y, Morein B, Akerblom L, 

Fuller DH, Barnett SW, Heeney JL. Comparison of 

immunity generated by nucleic acid, MF59 and Iscom-

formulated  human  immunodeficiency  virus  type  1  

vaccines  in  Rhesus macaques : evidence for viral 

clearance. J Virol. 1999; 73:3292-3300. 

48. Heeney JL, Van Els C, de Vries P, ten Haaft P, Otting N, 

Koornstra W, Boes J, Dubbes R, Niphuis H, Dings M, 

Cranage M, Norley S, JonkerM, Bontrop RE, Osterhaus A.   

Major histocompatibility complex class 1 associated 

vaccine protection from simian immunodeficiency 

virus-infected peripherial blood cells. J Exp Med.1994; 

180:769-774. 

49. Nilsson C, Thorstensson R, Gilljam G, Sjolander S, Hild 

K, Broliden K, Akerblom L, Morein B, Biberfeld G, and 

Putkonen P. Protection against monkey-cell grown cell-



                                                          Trop J Nat Prod Res, May 2022; 6(5):680-687                  ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  

 

686 
 © 2022 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

free HIV-2 challenge in Macaques immunized with native 

HIV-2 envelope glycoprotein gp125. J Vacc Res. 1995; 

4:165-175. 

50. Polakos NK, Drane D, Cox J, Ng P, Selby MJ, Chien D, 

O`Hagan DT, Houghton M,Paliard X. Characterization of 

hepatitis C virus core-specific immune responses primed 

in rhesus macaques by a non- classical ISCOM vaccine. J 

Immunol. 2001; 166:3589-3598. 

51. Morgan AJ, Finerty S, LӦvgren k, Scullion FT, Morein 

B. Prevention of Epstein-Barr (EB) virus induced 

lymphoma in cotton-top tamarins by vaccination with the 

(EB) virus envelope glycoprotein gp340 incorporated 

into immune- stimulating complexes. J Gen Virol. 1988; 

69:2093-2096. 

52. Berzins K, Adams S, Broderson JR, Chizzolini C, 

Hansson M, LӦvgren K, Millet P, Morris CL, Perlmann 

H, Perlmann P, Sjolander A, Stahl S, Sulivan JS, Troye-

Blomberg M, Wahlin Flyg B, Collins WE. 

Immunogenicity in Aotus monkeys of Iscom 

formulated repeat sequences from the plasmodium 

falciparium asexual blood stage antigen Pf 155/RESA. 

Vacc Res. 1995; 4:121-133. 

53. Yeolekar LR and Banerjee K. Immunogenicity of 

immunostimulating complexes of Japanese encephalitis 

virus in experimental animals. Acta Virol. 1996; 40:245-

250. 

54. Lee   S and Nguyen MT. Recent Advances of Vaccine 

Adjuvants for Infectious Diseases. Immune Netw. 2015; 

15:51–57.  

55. Ko EJ and  Kang  SM. Immunology and  Efficacy of  

MF59-Adjuvanted  Vaccines. Hum Vacc Immunother. 

2018; 14:3041–3045. 

56. Wilkins AL, Kazmin D, Napolitani G, Clutterbuck EA, 

Pulendran B, Siegrist, CA, Pollard AJ. AS03- and 

MF59-Adjuvanted Influenza Vaccines in Children. 

Front Immunol. 2017; 8:1760.  

57. Wang ZB and Xu J. Better Adjuvants for Better Vaccines: 

Progress in Adjuvant Delivery Systems, Modifications, 

and Adjuvant-Antigen    Codelivery. Vacc.   2020; 

8:128.  

58. Tregoning JS, Russell RF, Kinnear E. Adjuvanted 

Influenza Vaccines. Hum. Vacc Immunother. 2018; 

14:550–564.  

59. Maraskovsky E, Schnurr M, Wilson NS, Robson NC, 

Boyle J, Debbie D. Development of prophylactic and 

therapeutic vaccines using  the  Iscomatrix  adjuvant.  

Immunol Cell Biol. 2009; 87:371-376. 

60. Levast B, Awate S, Babiuk L, Mutwiri G, Gerdts V, 

Little-van den Hurk SV. Vaccine potentiation by 

combination adjuvants. Vacc. 2014; 2:297-322. 

61. Robson NC, Donachie AM, Mowat AM. Simultaneous 

presentation and cross-presentation of immune-stimulating 

complex-associated cognate antigen by antigen-specific 

B cells.  Eur J Immunol. 2008; 38(5):1238-1246. 

62. Cox E, Verdorick F, Vanrompay D, Goddeeris B. 

Adjuvants modulating mucosal immune responses or 

directing systemic responses towards the mucosa. Vet Res. 

2006; 37:511-539. 

63. Schnurr M, Orban M, Robson NC, Shin A, Barley H, 

Airey D, Cebon J, Maraskovsky E, Endres S. Iscomatrix 

adjuvant induces efficient cross presentation of tumor 

antigen by dendritic cells via rapid cystolic antigen 

delivery and processing via tripeptidyl peptidase II. J 

Immunol. 2009; 182:1253-1259. 

64. Schnurr M, Chen O, Shin A, Chen W, Toy T, Jenderek C, 

Green S, Miloradovic L, Drane D, Davis ID, et al. 

Tumor antigen processing and presentation depend 

critically on dendritic cell type and the mode of antigen 

delivery. Blood. 2005; 105:2465-2472. 

65. Sjolander A, LӦvgren-Bengtsson K, Johansson M, 

Morein, B. Kinetics, localization and isotype profile of 

antibody responses to immune stimulating complexes 

(Iscoms) containing human influenza virus 

envelopenglycoproteins. Scand J Immunol. 1996; 43:164-

172. 

66. Smith RE, Donachie AM, Grdic D, Lycke N, Mowat AM. 

Immune-stimulating complexes induce an IL-12- 

dependent cascade of innate immune responses. J 

Immunol. 1999; 162:5536-5546. 

67. Villacres-Eriksson M, Behboudi S, Morgan AJ, Trinchieri 

G, Morein B. Immunomodulation by Quillaja saponaria 

adjuvant formulations: in vivo stimulation of interleukin-

12 and its effects on the antibody response. Cytokine. 

1997; 9:73-82. 

68. Behboudi S, Morein B, Villacres-Eriksson M. In vitro 

activation of antigen presenting cells (APC) by defined 

composition of Quillajasaponaria Molinatriterpenoids. 

Clin Exp Immunol. 1996; 105:26-30. 

69. Windon RG, Chaplin PJ, Beezum L, Coulter A, Cahill R, 

Kimpton W, Drane D, Pearse M, Sjolander A, Tennent  

JM,  Scheerlinck JY. Induction of lymphocyte  recruitment  

in  the  absence  of  a detectable immune response. Vacc. 

2000; 19(4–5):572–578. 

70. Bigaeva E, Doorn E, van Liu H,  Hak E. Meta-Analysis 

on Randomized Controlled Trials of Vaccines with QS-

21 or ISCOMATRIX Adjuvant: Safety and Tolerability. 

Plos One. 2016;11:e0154757. 

71. Morelli AB and Maraskovsky E. In Immunopotentiators 

In Modern Vaccines (eds Schijns, V.E. J. C. & O’Hagan, 

D. T.) 2016; 311–332p. 

72. Buglione-Corbett R, Pouliot K, Marty-Roix R, Li W, West 

K, Wang S, Morelli AB, Lien E, Lu S. Reduced MyD88 

dependency of ISCOMATRIX
TM 

adjuvant in a DNA 

prime-protein boost HIV vaccine. Hum Vacc Immunother. 

2014; 10:1078–1090. 

73. Fagarasan S and Hong T. “Intestinal IgA synthesis: 

Regulation of front-line Body defenses”. Nat Rev 

Immunol. 2003; 3(1):63-72. 

74. Sanders MT, Brown LE, Deliyannis G, Pearse MJ.   

ISCOM
TM

-based vaccines: The second decade. Immunol 

Cell Biol. 2005; 83:119-128. 

75. EkstrӦm J, Hu KF, Bengtsson KL, Morein  B. Iscom and 

Iscom-matrix enhance by intranasal route the IgA 

responses to OVA and rCTB in local and remote mucosal 

secretions. Vacc.  1999; 17:2690-2701.  

76. Hu KF, EkstrӦm J, Merza M, LӦvgren-Bengtsson K, 

Morein B. Induction of antibody responses in the common 

mucosal immune system by respiratory syncytical virus 

immunostimulating complexes. Med Microbiol Immunol. 

1999; 187:191-198. 

77. Carol H and Nieto A. A mucosal IgA response, but no 

systemic antibody response, is evoked by intranasal 

immunization of dogs with Echinococcusgranulosus 

surface antigens Iscoms. Vet Immunol Immunopathol. 

1998; 65:29-41. 

78. Morein B and Merza M. Vaccination against herpes 

virus, fiction or reality? Scand. J Infect Dis. 1991; 

Suppl. 80:110-118. 

79. LӦvgren K, Kaberg H, Morein B. An experimental 

influenza subunit vaccine (ISCOM): induction of 

protective immunity to challenge infection in mice after 

intranasal or subcutaneous administration. Clin Exp 

Immunol. 1990; 82:435-439. 

80. Mowart AM, Smith RE, Donache AM, Furrie E, Grdic D, 

Lycke N. Oral vaccination with immune stimulating 

complexes. Immunol Lett. 1999; 65:133-140. 

81. Claassen IJ, Osterhaus AD, Poelen M, Van Rooijen N, 

Claassen E. Antigen detection in vitro after immunization 

with different presentation forms of rabies virus antigen,II 

Cellular, but not humoral, systemic immune responses 



                                                          Trop J Nat Prod Res, May 2022; 6(5):680-687                  ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  

 

687 
 © 2022 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

against rabies virus immune- stimulating complexes are 

macrophage dependent. Immunol. 1998; 94:455-460. 

82. Lazorova L, Artursson P, Engstrom A, Sjolander A. 

Transport of an influenza virus vaccine formulation 

(ISCOM) in caco-2 cells. Am J Physiol. 1996; 270:G554-

G564. 

83. McArthur J, Schulze K, Chin J, Currie BJ, Sriprakash KS, 

Talay SR, Chhatwal GS, Guzman CA,Walker MJ. 

Immune responses of a liposome/ISCOM vaccine 

adjuvant against streptococcalfibronectin binding protein 

1(Sfb1) in mice. Indian J Med Res. 2004; 

119(suppl):115-120. 

84. Xiao-Ju G, Xiao-Jun G, Yu-Zhang W, Zheng-Cai J,Tong-

Dong S, Yan T. Construction and characterization of an 

experimental ISCOMs-based hepatitis B polypeptide 

vaccine. World J Gastroenterol. 2002; 8(2):294-297. 

85. Sivakumar SM, Safhi MM, Kannadasan M, Sukumaran N. 

Vaccine adjuvants-Current status and prospects on 

controlled release adjuvancity. Saudi Pharm J. 2011; 

19:197–206. 

86. Stieneker F, Kersten G, Van Bloois L, Crommelin DJA, 

Hem SL, Lower J, Kreuter J. Comparison of 24 different 

adjuvants for inact ivated HIV-2 split whole virus as 

antigen in mice. Induction of titres of binding antibodies 

and toxicity of the formulations. Vacc. 1995; 13:45-53. 

87. Wϋnscher K. Fortschritte der 

chemieorganischernaturstoffe/ Progress in the chemistry 

of organic natural products. Starch-Starke. 1994; 46:161-

162. 

88. Ma J, Bulger PA, Dante S, Davis DVR, Perilli-Palmer B, 

Coughlin RT. Characterization of Canine humoral 

immune responses to outer surface protein subunit 

vaccines and to natural infection by Lyme disease 

spirochetes. J Infect Dis. 1995; 171:909-915. 

89. DeVries P, Heeney JL, Boes J, Dings MEM, Hulskotte 

EGJ, Dubbes R, Koornstra W, ten Haaft P, Akerblom L, 

Eriksson S, et al. Protection of rhesus macaques from SIV 

infection by immunization with different experimental SIV 

vaccines. Vacc. 1994; 12:1443-1452. 

90. Goldenthal KI, Cavagnaro JA, Alving CR,Vogel FR. 

National cooperative vaccine development   working   

group.Safety   evaluation   of   vaccine   adjuvants.   AIDS   

Res Hum Retrovir.  1993; 9:545-549. 

 


