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Fungal infections are increasingly recognized as major threats to animal and human health. In
veterinary systems, fungi affect respiratory, gastrointestinal, cutaneous, and systemic health,
reducing productivity and welfare. The mechanisms by which the host prevents, detects, and
eliminates fungal invaders are collectively known as fungal immunity. This immunity is
complex because fungi, being eukaryotes, share structural similarities with host cells, making
it harder for the immune system to recognize and attack them (Shamim et al., 2012).
Understanding how the immune system combats fungal pathogens is essential for designing
more effective diagnostics, prophylactics, and therapeutic strategies in the livestock and
veterinary sectors (Mahdi and Haque, 2018).
1. Overview of Fungal Pathogens

Fungi exist in diverse forms—yeasts, molds, and dimorphic species capable of
switching between forms depending on environmental conditions. Their cell wall architecture,
consisting of chitin, B-glucans, mannoproteins, and melanin, provides strong protection and
contributes to immune evasion. Common pathogenic fungi affecting animals include
Aspergillus, Candida, Cryptococcus, Histoplasma, Coccidioides, and dermatophytes*.
Fungi are opportunistic in nature, often causing severe disease in immunocompromised or
stressed animals. This makes understanding host immunity the key to preventing systemic and
recurrent fungal infections.
2. Innate Immunity: The Immediate Defence System

Innate immunity provides the first barrier against fungal invasion. It acts rapidly, using
physical barriers, phagocytic cells, soluble mediators, and pattern-recognition receptors
(PRRs).
2.1 Physical, Chemical, and Microbial Barriers

e Skin and mucosa prevent fungal penetration.
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e Mucus, lysozymes, and antimicrobial peptides inhibit fungal adherence.

o Normal microbiota compete for nutrients and space, limiting fungal overgrowth.
Compromised skin (injury, humidity) or altered microbiota often predispose animals to fungal
infections.

2.2 Pattern Recognition Receptors (PRRs)
Innate immune cells recognize fungal components using PRRs:

e Dectin-1 detects B-glucans

e Dectin-2 & Dectin-3 detect mannan-rich structures

e TLRs (Toll-like receptors) identify fungal PAMPs

o NOD-like receptors (NLRs) trigger inflammasome formation
Activation of these receptors stimulates the release of cytokines (IL-1B, TNF-a), chemokines,
and reactive oxygen species (ROS), initiating a strong inflammatory response.

2.3 Phagocytic Cells and Their Roles

Neutrophils

Neutrophils are the most important cells for defense against many fungal pathogens.
They eliminate fungi through:

o Phagocytosis

o Release of antimicrobial enzymes

e Formation of neutrophil extracellular traps (NETs)

In diseases like aspergillosis, neutrophils are the first responders preventing fungal hyphal
spread.

Macrophages

Macrophages engulf spores and yeasts and kill them using:

e Reactive oxygen and nitrogen intermediates

e Lysosomal enzymes

e Acidification of the phagolysosome
Macrophages also connect innate and adaptive immunity by presenting fungal antigens to T-
cells.

Dendritic Cells (DCs)
DCs are potent antigen-presenting cells that:

e Process fungal antigens

e Activate T cells

e Initiate Thl, Th2, and Th17 responses

DCs are essential for fungal vaccine development.

@'%3 www.indianveterinarymagazine.in M indianveterinarymagazine@gmail.com m The Indian Veterinary magazine

135


http://www.indianveterinarymagazine.in/
mailto:indianveterinarymagazine@gmail.com
https://www.linkedin.com/in/the-indian-veterinary-magazine-009050376/overlay/about-this-profile/?trk=eml-email_network_conversations_01-header-0-profile_glimmer&lipi=urn%3Ali%3Apage%3Ad_flagship3_profile_view_base%3BKsCYdZicRK6wfcv3j6RZpw%3D%3D

Indian Veterinary Magazine, 134-139

2.4 Complement System

Although less effective against thick fungal walls, the complement system:
e Promotes opsonization
o Enhances phagocyte recruitment
e Contributes to inflammation

C3 and C5 components strongly support antifungal immunity.

3. Adaptive Immunity: Specific and Long-Term Protection
Adaptive immunity provides pathogen-specific responses necessary for controlling
persistent or systemic fungal infections.
3.1 T-helper Cell Responses
Th1 Response
Thl cells release IFN-y, activating macrophages to destroy intracellular fungal

pathogens. This response is vital for controlling Histoplasma, Cryptococcus, and Coccidioides.
Th17 Response
Th17 cells secrete IL-17 and IL-22, which:

e Recruit neutrophils

o Strengthen mucosal immunity

o Enhance epithelial antifungal defenses
Th17 responses are particularly important for mucocutaneous fungal infections like
candidiasis.
Th2 Response
Th2 cells produce IL-4 and IL-5, often associated with allergic fungal diseases such as:

e Allergic bronchopulmonary aspergillosis

e Mold-related hypersensitivity
Th2 responses offer limited protection against invasive fungal infections.
3.2 Antibody-Mediated Immunity
Although secondary to cellular immunity, antibodies help by:

o Neutralizing fungal toxins

e Opsonizing fungi for phagocytosis

e Activating complement pathways
Antibodies against fungal cell wall components are being explored for vaccine development.
4. Fungal Immune Evasion Mechanisms

Pathogenic fungi have evolved strategies to escape immune clearance, including:
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4.1 Cell-Wall Masking
Hiding immunogenic B-glucans beneath layers of mannoproteins to avoid PRR detection.
4.2 Antioxidant Defences
Production of catalase, superoxide dismutase, and melanin to suppress oxidative killing.
4.3 Morphological Switching
Dimorphic fungi change from yeast to hyphal form, altering their antigenic appearance and
improving tissue invasion.
4.4 Biofilm Formation
Biofilms provide mechanical protection and reduce drug penetration, making infections
chronic and resistant to treatment.
4.5 Immune Modulation
Some fungi secrete molecules that suppress cytokine production or interfere with antigen
presentation.
These evasion mechanisms explain why fungal infections often persist, recur, or become
systemic.
5. Veterinary Perspectives: Fungal Immunity Across Species
Animals exhibit species-specific immune responses:
e Ruminants have strong macrophage-based responses against respiratory fungi.
e Poultry rely heavily on heterophils (avian neutrophils), making early innate immunity
essential.
o Equines often develop chronic granulomatous responses to systemic mycoses.
e Dogs and cats show strong cell-mediated immunity against dimorphic fungi but are
highly susceptible when immunosuppressed.
Understanding these differences is vital for developing species-specific vaccines and
immunotherapies (Shamim et al., 2012).
6. Factors Influencing Fungal Immunity
Several physiological and environmental factors affect host resistance:
e Stress or overcrowding
e Poor nutrition and trace mineral deficiency
o Environmental humidity and dust
o Improper ventilation
e Immunosuppressive therapy

o Co-infections with bacteria or viruses
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Farms with poor hygiene or compromised biosecurity often report higher susceptibility to
fungal diseases.
7. Advances and Applications in Fungal Imnmunology
Recent developments in the field include:
7.1 Vaccine Development
Researchers are exploring:

e Subunit vaccines

o Fungal cell-wall antigen vaccines

e RNA and DNA vaccine platforms

e Fungal B-glucan-based adjuvants
7.2 Immunomodulators
Therapeutic approaches involve:

e Cytokine therapy (e.g., IFN-y)

e Probiotics to improve mucosal immunity

e Nutritional immunomodulators like zinc and selenium
7.3 Genomics, Proteomics, and Immunomics
These tools help identify:

e Novel fungal antigens

o Host genes responsible for resistance

o Biomarkers for early detection
7.4 Use of Al and Biosensors
Emerging technologies help:

e Detect airborne fungal spores

e Monitor immune responses in real time

o Predict fungal outbreaks in farms
8. Conclusion

Fungal immunity represents a sophisticated interplay between innate and adaptive
mechanisms. While the innate system provides rapid protection, adaptive immunity ensures
targeted and long-lasting defense. Fungi, in turn, possess advanced evasion strategies that
challenge the host’s immune system.
A deeper understanding of fungal immunity is essential for developing better vaccines,

diagnostics, and treatment strategies in veterinary practice. Strengthening immunity through

good nutrition, reduced stress, and improved farm management remains the most practical and
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sustainable approach to preventing fungal infections in animals (Shamim et al., 2012; Mahdi
and Haque, 2018).
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