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Abstract 

The idea of inducing the body's immune system is the premise of basic 

immunizations. The vaccines mainly work by starting innate immune 

reactions and enacting antigen-presenting cells (APCs), consequently 

prompting a defensive system of adaptive immune reaction against a 

microorganism antigen. Adjuvants are materials added to vaccines to 

enhance the immunogenicity of highly purified antigens that cannot 

stimulate the immune system and have been utilized in human vaccinations 

for over ninety years. Although initial adjuvants, such as oil-in-water 

emulsions and aluminum, were used in experiments, rapidly growing 

knowledge about the immune system's interactions with microbes indicates 

a greater understanding of the role of adjuvants and the design of modern 

vaccines. Vaccines have the potential to be custom-made to the ideal 

medical advantage. Proceeding with the security assessment of authorized 

vaccinations that include adjuvant frameworks suggests that their single 

advantage risk assessment remains good. Adjuvants contribute to the 

commencement of the innate immune system reaction stimulated by 

antigens; inflammatory responses at the location of the injection site are 

one example, with for the most part limited and fleeting impacts. Actuated 

effectors (like APCs) at that point transport forward to depleting lymph 

nodes, where they direct the sort, size, and nature of the acquired immune 

responses. This way, the typical combination of antigens and adjuvants can 

potentiate downstream acquired immune response, empowering the 

advancement of new, adequate vaccinations. Numerous infectious diseases 

of global importance are not currently preventable through vaccination. 

With adjuvants, the most developed innovation is within the quest for novel 

vaccinations versus testing microorganisms, in addition to weak 

populations that respond ineffectively to conventional vaccines. 
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Introduction  

 

Vaccinations can be categorized as either 'live' or 'inactivated'. Live vaccines induce immunity 

through a transient disease brought about by a recreating live organism; for instance, the smallpox 

vaccine was innovated by Jenner in 1796 (1). Even though low-cost and straightforward to create, 

they convey the real dangers related to live microbes (2). Inactivated vaccines that incorporate 

killed life forms and secluded non-reproducing sub-cell parts induce a lower level and shorter 

duration of immunity than that evoked by live vaccines (3). The objective of immunization is to 

elicit an immune response toward the controlled antigen, thereby providing long-term protection 

against infectious diseases (4). Adding an adjuvant is often necessary to achieve that goal by killing 

attenuated vaccines instead of live ones. The word adjuvant, which means to help or enhance, 

comes from the Latin adjuvate (5). The idea of adjuvants emerged during the 1920s, starting with 

perceptions, for example, those who noticed the horses that fostered a canker by the immunization 

location of diphtheria toxoid created greater specific titers of antibody (6). They thereafter found 

that an ulcer created by the injection of inconsequential substances alongside the diphtheria 

pathogen enhanced the immune reaction against the toxoid (7). Mineral salts, microbial products, 

emulsions, saponins, cytokines, polymers, microparticles, and liposomes are just a few of the many 

different kinds of chemicals that have been evaluated as adjuvants (8). Vaccine adjuvants have 

been generally classified into delivery methods and immuno-stimulatory adjuvants based on their 

hypothesized modes of action. Previously, it was believed that delivery systems generally 

functioned by acting as a depot, whereas immuno-stimulatory adjuvants activated innate immune 

system cells. However, since there is now proof that certain delivery mechanisms might trigger 

innate immunity, this classification is no longer valid (9). 

2. Adjuvants 

The aluminium-based compounds (basically aluminum phosphate or hydroxide) remain the 

dominating Adjuvants used by humans (10). Freund's was the evolution of a mixture of mineral 

oil and water, comprising Mycobacteria, which was eliminated, consequently making it perhaps 

one of the most powerful recognized adjuvants, Freund's complete adjuvant (FCA) (11). Despite 

being the highest quality adjuvant, FCA results in extreme local responses and is excessively 

harmful in humans. The water-oil emulsion without adjuvants, a term for Mycobacteria, which is 

less harmful, has been used in individuals' vaccination (12). Bacterial parts are in many cases 

considered potent immune activators, albeit regularly connected with harmfulness, for instance, 

bacterial DNA that contains CpG (cytosine-guanine dinucleotides), which is perhaps among the 

strongest cell adjuvants (13). Stimulating the immune system, CpG is an unmethylated 

dinucleotide of cytosine and guanine present in bacterial DNA; however, it is missing in 

mammalian DNA (14). A few 100 normal plus manufactured substances have been identified as 

having adjuvant effectiveness (15). Although huge quantities are distinctly more potent than alum, 
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toxicity is perhaps the most significant barrier to introducing these adjuvants that are used by 

humans (16). 

3. The role of adjuvants in the development of vaccines 

Adjuvants can be utilized to work on the immune reactions to administer antigens in different 

routes (17): 

• Adjuvants can raise the immunogenicity of weak antigens 

• Upgrade the rapidity as well as the period of the immunological reaction 

• Adjust antibody avidity, specificity, isotype, or subclass apportionment. 

• Induce cell-mediated immunity (CMI) 

• Advance the stimulation of mucosal immunity 

• Upgrade the immune reactions in aged or immune young individuals 

• Reduce the antigenic dose, which can help in reducing the total cost. 

• Assistance to conquer antigen rivalry in mixed inoculations 

Most adjuvants' activity techniques remain inadequately perceived, obstructing the level-headed 

advancement of new adjuvants. Vaccination frequently enacts a series of cascading reactions; 

also, the essential impact of adjuvants is frequently challenging to observe in vivo (18). 

In any case, on the off chance that one acknowledges the recently proposed geological idea of 

immune reactivity, wherein antigens that are not delivered at the nearby lymph nodes, they will 

not stimulate immunological reactions (19). 

It becomes more straightforward to suggest mechanistic explanations of the significant impacts 

of specific adjuvants. If antigens that do not arrive at lymphatic nodes are not able to incite 

reactions, then any adjuvant that improves the conveyance of the antigen in the direction of the 

node might upgrade the reaction (20). 

Antigen conveyance might remain improved at more than one method: adjuvant might increase 

cell leakage addicted to the insertion location, Consequently, additional cells be available just 

before absorb antigen, it might straightforwardly advance the take-up of antigen into antigen 

presenting cells (APC), or it might straightforwardly add to the conveyance of antigen to the 

regional lymph nodes (21). The primary APC engaged with antigen capture are the dendritic cells 

(DC), which are undeveloped. The process is carried out through 'sentinels' to circle via 

peripheral tissues (22).  

Next, after introducing antigen and cell stimulation, DCs undergo development and move to the 

lymph nodes, where they have an extraordinary ability to introduce antigens to naïve T cells (23). 

4. Different kinds of adjuvants 
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To mount an efficacious immunological reaction, B cells are required to produce about 20,000 

plasma cells, and also T-lymphocytes are expected to induce a cell-based reaction (24). Further, 

current adjuvants can produce adequate B cells yet insufficient CD8 T cells. The coupling of 

adjuvants is necessary to induce sufficient T cell reactions (25). 

A. Damage-Associated Molecular Patterns-Type Adjuvants 

1. Aluminium Salts (Alum) adjuvants 

Detailed the adjuvant action of combinations made of aluminum using an interruption  of alum-

hastened diphtheria toxoid (DT). Aluminium adjuvants, typically called 'alum', represent the 

most commonly used adjuvants worldwide in humans and animals around the world. However, 

the mechanism by which alum hides the excitement of the immune system remains obscure (26). 

The adjuvant action of aluminium salts is credited to either soluble or insoluble (particulate) 

aluminium, or as a consolidated reaction of the two types of aluminium. Alum, the most widely 

recognized adjuvant in non-living vaccines, has a history of practical use in human vaccination, 

where it advances antibody-mediated defensive immunity (27). Nonetheless, alum is a needy 

inducer of cell-mediated immune reactions. However, it excites Th2 one-sided reactions, 

delivering an alum incapable of defensive reactions constrained by Th1-mediated immunity (28). 

This constraint has provoked examination concerning elective adjuvants, and due to its utilization 

in endorsed vaccines, alum usually serves as a benchmark for assessing novel immunostimulants. 

Alhydroge is a mercantile aluminium hydroxide gel supported by the FDA for human use, and 

underlying investigations have uncovered the aluminium stage as crystalline aluminium 

oxyhydroxide (29). 

2. Saponin adjuvants 

Saponins are a diverse group of naturally occurring active compounds found in plants and 

efficient compounds in Fungi belonging to over 100 families, including endophytic terrestrial 

and marine fungi. Basically, saponins comprise a steroid aglycone or triterpene known as 

sapogenin, by means of at least a single sugar bond connected on the way to it (30). The available 

steroidal saponins are fundamentally triterpenoid, whereas monocotyledons are found in 

dicotyledons. Saponins display foamy and emulsification features because of the amphiphilic 

character of their architecture, which includes hydrophilic sugar chains and hydrophobic 

aglycones (31). The combination of a hydrophilic (water-soluble) sugar base and a hydrophobic 

(fat-soluble) sapogenin is responsible for the saponin foaming limit. One saponin was adjuvanted 

(32), an authorized vaccine supported by the FDA in 2017. The recombinant zoster vaccine 

(RZV, Shingrix, GlaxoSmithKline) contains AS01B, a saponin-based adjuvant (33).  

 

 



Alghaneam et al., 

 

 
Bas J Vet Res, 24(3), 2025                                                                                                                                       155 
                                       
 

 

 

Figure 1. Innate and adaptive immunity, as well as the aluminum adjuvant armory. (a) A variety of 

possible agonists of the immune cascade are produced when the vaccine formulation is diluted into 

the muscle interstitial fluid (MIF), including:  (1) Al3+(aq); (2) free antigen (AG); (3) particulate 

adjuvant (ADJ); (4) ADJ with associated AG; (5) AG-Al complex; (6) MIF ligand-Al complex; (7) 

ADJ with associated MIF ligand; (8) MIF ligand-AG complex; (9) particulate iron (as adjuvant 

contaminant), either free or with adsorbed Al/AG and the resulting reactive oxygen species (ROS); 

(10) ADJ with associated MIF ligand-AG complex; (11) ADJ with associated MIF ligand-Al complex. 

Biomolecules like ATP, albumin, transferrin, citrate, and fibrinogen may be MIF ligands. (b) A 

variety of cell types are affected by the array of agonists, including the resident muscle tissue (which 

may result in necrotic and/or apoptotic cell death) and infiltrating innate cells like monocytes (which 

may differentiate into dendritic cells due to AlADJ), granulocytes (which may cause AlADJ-induced 

eosinophilia that directly affects B cells), macrophages (which are known to remain near the injection 

site for extended periods of time and may be identified by AlADJ inclusions), and dendritic cells (DC). 

The latter could be the main APC that presents antigens. (c) Aggressors and innate cells can interact 

in a variety of ways, such as (i) AG2, AG-Al complex5, MIF ligand-AG complex8, and Al3+(aq)1 

binding to toll-like receptors (TLRs); (ii) AG-ADJ4 binding to multiple TLRs; (iii) phagocytosis of 

ADJ3, AG-ADJ4, MIF ligand-ADJ7, MIF ligand-Al complex-ADJ11, and MIF ligand-AG complex-

ADJ10; (iv) direct1 or indirect6 binding of Al3+(aq) by membrane receptors and extracellular (lipid 

membrane) or intracellular (nucleus) ROS9. (d) APCs trigger adaptive immunity by (a) releasing 

chemokines and cytokines (green saucers) like IL-1b and IL-18 either independently or dependently 

on the Nalp3 inflammasome; (b) presenting AG to the T cell receptor via MHC in conjunction with 

co-stimulatory molecules; and (c) directly acting on B/T cells with ADJ and/or Al3+(aq). The figures' 

parenthetical numbers are indicated by the superscripts (10). 
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Figure 2. Adjuvants containing quillaja saponins, such as QS-21, affect dendritic cells (DCs) and T 

cells. T cell: A costimulatory signal is sent to the T cell via the aldehyde group on QS-21, forming 

an imine with an e-amino group from a T cell surface receptor, most likely CD2. This signal takes 

the place of the one produced by contacts between the CD80 (B7-1 ligand) on the DC and the CD28 

receptor on the T cell. At the level of tyrosyl phosphorylation of the mitogen-activated protein 

(MAP) kinase (ERK2), this signal converges with T cell receptor (TCR)-mediated signaling. This, 

in conjunction with modifications in the cells' K+ and Na+ transport, stimulates T cell activation 

biased towards Th1 immunity, which leads to the secretion of Th1 cytokines. DC: Quillaja saponins 

affect DCs, although not through a receptor. Endocytosis is how exogenous protein antigens (Ag) 

and QS-21 enter DCs. QS-21 breaks down the endosomal membrane, allowing the antigens to 

escape early to be processed further into peptides inside the cell. The vacuolar pathway loads 

properly degraded antigens into MHCI, while the cytosolic pathway transports antigens that 

require more processing to the proteasome for cleavage. These peptides, or cleaved proteins, are 

carried to the endoplasmic reticulum (ER) and then loaded into MHCI following further 

processing. After binding to MHCI, peptides from the vacuolar or cytosolic routes are presented to 

naïve CD8+ T cells on the DC surface through a process known as cross-presentation, which results 

in the production of cytotoxic T lymphocytes (CTLs). Based on Rhodes and Marciani (25). 

3. Emulsion adjuvant 

Emulsion adjuvants, such as MF59 and AS03, have been used for over 20 years as key parts of 

authorized vaccines. An emulsion combines at least two regularly immiscible fluids, stabilized 

by a surfactant. Significant clinical experience of efficiency and a well-established safety profile, 

alongside the facility of industrialization, have positioned emulsion adjuvants as one of the main 
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stages for improving pandemic vaccines (34). Emulsion adjuvants consider antigen dose saving, 

faster immune reactions, and boosted quality and amount of adaptive immune reactions. The 

systems of upgraded immune responses are clear and usually described by the production of an 

"immunocompetent environment" at the location of injection, trailed by the stimulation of solid 

and durable germinal center reactions in the draining lymph nodes (35). 

Subsequently, emulsion adjuvants prompt particular immunological responses, with a blended 

Th1/Th2 cell reaction, extensive plasma cells, an extended collection of memory B cells, and 

high titers of cross-killing polyfunctional antibodies against viral variations (36). Due to these 

different properties, emulsion adjuvants were included for pandemic influenza vaccines 

conveyed during the 2009 H1N1 flu pandemic, are still remembered for occasional flu vaccines, 

and are currently at the forefront of the advancement of vaccines against emerging SARS-CoV-

2 pandemic variations (37). 

In an oil-in-water emulsion, the oil is the dispersed phase in water. The most commonly involved 

oil in human adjuvants is squalene, a naturally occurring particle in plants and animals, including 

humans, in whom it is essential for producing cholesterol, steroid hormones, and vitamin D (38).   

B. Pathogen-associated molecular patterns (PAMPs) adjuvants 

Numerous adjuvants are basically composed of bacterial materials. They are intended to target 

particular PRRs, such as toll-like receptors (TLRs) (39). Accordingly, they stimulate dendritic 

cells and macrophages and animate the development of significant cytokines like IL-1 and IL-

12. Depending on the particular bacterial material, they might improve either Th1 or Th2 

reactions (40). 

Lipopolysaccharide adjuvants 

Lipopolysaccharides are a predominant part of the Gram-negative bacterial external layer, and 

they are considered a potent inducer of the innate immune system, as well as a significant basis 

for adaptive immune reaction due to bacterial infections (41). This adjuvant action may benefit 

after immunization through bacteria-inferred vaccines that typically comprise LPS, and then 

subsequently LPS or particles obtained after it are added to clarified injection antigens. Be that 

as it may, the disadvantage of the strength from the biological efficacy of LPS is its capacity to 

enhance the vaccine's ability to react (42). Modulation of the LPS construction permits setting 

off of a suitable immune reaction required in a vaccine in contradiction to a specific 

microorganism, while simultaneously reducing its harmfulness (43). 

 



Alghaneam et al., 

 

 
Bas J Vet Res, 24(3), 2025                                                                                                                                       158 
                                       
 

 

Fig. 3. The likely way that oil-in-water emulsions work. The oil-in-water emulsion produces an 

immunologically active milieu at the injection site after intramuscular injection. Chemokines cause 

a huge number of innate immune cells, including monocytes, dendritic cells, eosinophils, and 

neutrophils, to be drawn to the draining lymph nodes. Th1 and Th2 type cytokines and particular 

antibodies are produced when T and B cells are activated by DCs harboring antigenic signals within 

the draining lymph nodes. After entering the bloodstream, the particular cytokines and antibodies 

start to have a protective effect (30). 

 

 

 

 

 

 

 

 

 



Alghaneam et al., 

 

 
Bas J Vet Res, 24(3), 2025                                                                                                                                       159 
                                       
 

 

 

Figure 4. When an LPS-stimulated macrophage (middle) secretes mediators, it triggers further 

secretory stimuli and physiologic consequences from a variety of cell types. The effects of tumor 

necrosis factor (TNF), interleukin (IL)-l, IL-2, IL-4, IL-5, and IL-6, growth factor (TGF-~), and 

interferon-y (IFNy) on the proliferation and differentiation of T and B lymphocytes—two essential 

components in the antigen presentation process—are of particular interest for adjuvant development 

for vaccines. updated and informed by new information (40). 

C. Cytokines as adjuvants 

Different cytokines have been demonstrated to be compelling immunological adjuvants in various 

model systems, improving defense actuated by viral, bacterial, and parasitic vaccines, and raising 

parameters of immunity in tumour vaccination models and in clinical experimental (44). While, as 

a rule, cytokine adjuvanticity is not so strong as that shown by the best trial adjuvants, for example, 

saponin and Freund's, it can equal that of the adjuvants as of now considered for human use, and 

there are numerous potential courses to progress (45). The utilization of cytokines might be 

considered a decision of which immune parameters are promoted to improve defensive impacts 

further and reduce the adverse consequences of vaccines (46). 
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Figure 5. T lymphocyte activation and differentiation. Dendritic cells (DCs) absorb an antigen that 

has been administered by a vaccine (stage 1) or an infectious disease. When conserved elements of 

pathogens attach to pattern recognition receptors (PRRs), they trigger the release of inflammatory 

cytokines and the production of co-stimulatory molecules, activating DCs. Adjuvants like aluminum 

salts, which also trigger inflammatory pathways, are added to vaccines that lack intrinsic adjuvants. 

DCs break down the antigen into peptides, which are then returned to the cell surface on MHC 

molecules and delivered to CD8+ and CD4+ T cells. MHC class I molecules present the antigen to 

CD8+ T cells, while MHC class II molecules (stage 2) present it to CD4+ T cells. To be completely 

activated, T cells also need signals from inflammatory cytokines and co-stimulatory molecules. Cell 

growth (stage 3) and effector cell differentiation (stage 4) are the outcomes of activation. The 

production of cytokines by CD4+ T cells can stimulate innate immune cells, including neutrophils 

and macrophages, to eliminate infections. By producing the soluble and cell-surface mediators 

needed for the synthesis of high-affinity class-switched antibodies, activated CD4+ T cells can also 

support B cells. Effector CD8+ T cells can either activate other cell types by producing inflammatory 

cytokines or kill infected cells by releasing cytotoxic granules (43). 

5. Evaluating the Adjuvant Vaccines Safety 

The protection of a few adjuvant constituents is assessed within the framework of the vaccine. 

That is, whereas in the preclinical phase of vaccine advancement, every part is evaluated 

separately. Most protection assessments in place of slight vaccination focus on the finished product 

(47). 

Following licensure, the assessment of vaccination protection continues indefinitely after it starts 

in a lab (48). 
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Before being administered to humans, vaccination candidates undergo a severe analysis process in 

animal models to identify signs of systemic or local injuriousness that could indicate a possible 

human safety concern (49). 

Before the significant dose in humans, tests are carried out in animal models whenever possible to 

evaluate the impact of giving various doses, vaccine quality, immunogenicity, and preventive 

effectiveness. Preclinical testing for reproductive and developmental toxicity is complete if the 

vaccination is dedicated to women of childbearing age. Period I (first in people) injection revisions 

are typically minimal and involve healthy adults (50). 

These studies usually use techniques like dosage controlling harmfulness, which is predetermined 

using animal testing outcomes, and staggered enrolment to minimize possible protection hazards. 

The candidate vaccine is tested in period II and III studies on many patients, including the target 

group, while protection, immunogenicity, and/or effectiveness endpoints are being assessed 

simultaneously. It is possible to deploy independent statistics observing groups who monitor 

protection results without blinding anyone (51). 

Randomized controlled trials are the most widely used pre-licensure study design. They have a 

higher possibility of identifying vaccine adverse events than controls. However, their statistical 

influence to distinguish possibly exceptional (1:10,000 to <1:000 doses) from very exceptional 

(<1:10,000) adverse events is limited.Techniques like combining protection data from several 

studies with comparable designs should boost the ability to identify those few adverse occurrences 

(52). 

Vaccines have a somewhat extensive safety record when certified, making it possible to 

comprehend the vaccine's protection profile. Nonetheless, throughout the vaccination life cycle, 

new information regarding the safety hazards is constantly being discovered (53). 

A new vaccination can only be licensed if its expected benefits in avoiding disease are shown to 

obviously outbalance any possible hazards to the inhabitants it is intended for; this is known, for 

example, as the benefit-risk proportion. Regardless of whether a unique adjuvant is included in the 

preparation, the benefit-to-risk ratio of all vaccines is continuously evaluated (54). 

Conclusions  

A definitive objective of immunization is to create robust and long-lasting immunity against 

infections. Such defensive immunity may be induced by utilizing vaccine details that include 

proper antigens plus adjuvants. Adjuvants are significant parts of vaccines and may influence the 

results of vaccination. The preceding methodologies of vaccine detailing by adjuvants centred on 

one type of adjuvant, like alum or emulsions. Nonetheless, novel vaccine aims need the enlistment 

of obvious CMI, notwithstanding the high titers of antibodies. Thus, novel immunostimulant 

adjuvants in vaccine details are required to animate powerful immune reactions containing 
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humoral immunity plus CMI. With extraordinary headway in adjuvant field exploration over the 

past twenty years, vaccinologists are now able to choose a suitable adjuvant from traditional 

adjuvants, immunostimulants, or blends thereof to enhance a vaccine efficacy. 
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 مراجعة عن أهمية المواد المناعية المساعدة في اللقاحات

 

 .هيام ساجد الغانم، ميساء عبد الرضا جمعة وحسناء طالب خضير

 قسم علوم الحياة، كلية العلوم، جامعة البصرة، البصرة، العراق. 

 

 الخلاصة

إن فكرة تحفيز الجهاز المناعي للجسم هي أساس اللقاحات الأساسية. تعمل اللقاحات بشكل رئيسي عن طريق تحفيز الاستجابات  

( للمستضد  العارضة  الخلايا  وتنشيط  الفطرية  التكيفية ضد  APCsالمناعية  المناعية  الاستجابة  من  دفاعيًا  نظامًا  يحفز  مما   ،)

مستضد الكائنات الدقيقة. المواد المساعدة هي مواد تضُاف إلى اللقاحات لتعزيز مناعة المستضدات عالية النقاء التي لا يمكنها  

على الرغم من استخدام المواد المساعدة    تحفيز الجهاز المناعي، وقد استخُدمت في التطعيمات البشرية لأكثر من تسعين عامًا.

الأولية )مستحلبات الزيت في الماء، والألمنيوم( في التجارب، إلا أن المعلومات المتزايدة بسرعة حول تفاعل الجهاز المناعي مع 

عدة، وكيفية عملها في الوقت الحاضر. تتمتع اللقاحات بإمكانية تعديلها لتحقيق  الميكروبات تشير إلى فهم أوسع لدور المواد المسا

الفائدة الطبية المثلى. يشير استمرار تقييم سلامة اللقاحات المعتمدة التي تحتوي على أطر مساعدة إلى أن تقييم مخاطر الفائدة  

الجهاز المناعي الفطرية التي تحُفّزها المستضدات؛ ومن الأمثلة   الفردية لها لا يزال جيداً. تساهم المواد المساعدة في بدء استجابة

على ذلك الاستجابات الالتهابية في موضع الحقن، والتي غالبًا ما تكون آثارها محدودة وعابرة. تنتقل المستجيبات المُحفّزة )مثل  

جّه نوع وحجم وطبيعة الاستجابة المناعية المكتسبة. الخلايا المُقدمّة للمستضد( بعد ذلك إلى العقد الليمفاوية المُستنزفة، حيث توُ

بهذه الطريقة، يمُكن للمزيج النموذجي من المستضدات والمواد المساعدة تعزيز الاستجابة المناعية المكتسبة اللاحقة، مما يمُكّن 

ت الأهمية العالمية بالتطعيم. أما بالنسبة من تطوير لقاحات جديدة وفعّالة. لا يمُكن حاليًا الوقاية من العديد من الأمراض المُعدية ذا

  للمواد المساعدة، فإنّ الابتكار الأكثر تطورًا يكمن في البحث عن لقاحات جديدة مقابل اختبار الكائنات الدقيقة، بالإضافة إلى الفئات 

 السكانية الضعيفة التي تستجيب بشكل غير فعال للقاحات التقليدية.

 المواد المساعدة، اللقاح، التفاعل المناعي. : الكلمات المفتاحية
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