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Abstract 

Breastfeeding remains a cornerstone of infant nutrition, providing essential nutrients and 

immunological benefits critical for infant health and development. However, in the context of HIV 

infection, the decision to breastfeed poses significant challenges due to the risk of mother-to-child 

transmission of the virus. This review explores the complex interplay between breastfeeding and 

infant immune responses in the context of HIV infection, with a focus on the impact of 

breastfeeding on infant health outcomes and HIV transmission risk. We examine current evidence 

on the immunological components of breast milk, including antibodies, cytokines, and other 

bioactive factors, and their role in shaping infant immune responses and protection against 

infections. Additionally, we discuss strategies to mitigate HIV transmission risk during 

breastfeeding, including antiretroviral therapy, exclusive breastfeeding, and infant pre-exposure 

prophylaxis. Understanding the immunological implications of breastfeeding in the context of HIV 

infection is essential for guiding clinical practice and informing public health policies aimed at 

optimizing infant feeding practices while minimizing HIV transmission risk. 

Keywords: Breastfeeding, Infant Immune Responses, HIV, Maternal Transmission, Antiretroviral 

Therapy, Breast Milk Composition 

Introduction 

Breastfeeding is universally recognized as the optimal mode of infant feeding, providing a unique 

blend of nutrients, growth factors, and immunological components essential for infant growth, 

development, and immune system maturation. Breast milk contains a myriad of bioactive factors, 

including antibodies, cytokines, growth factors, and antimicrobial peptides, which confer passive 
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and active protection against infections and support the development of the infant's immune 

system. However, in the context of HIV infection, breastfeeding presents a complex dilemma due 

to the risk of mother-to-child transmission (MTCT) of the virus through breast milk. The decision 

to breastfeed in HIV-infected mothers must balance the nutritional and immunological benefits of 

breastfeeding against the risk of HIV transmission to the infant. HIV can be transmitted from 

mother to child during pregnancy, childbirth, and breastfeeding, with breastfeeding accounting for 

a significant proportion of pediatric HIV infections in resource-limited settings where safe 

alternatives to breastfeeding are limited. Despite advances in prevention of mother-to-child 

transmission (PMTCT) interventions, including antiretroviral therapy (ART) and infant 

prophylaxis, the risk of HIV transmission through breastfeeding remains a critical concern. 

Understanding the impact of breastfeeding on infant immune responses in the context of HIV 

infection is essential for guiding clinical decision-making and informing public health policies 

aimed at reducing MTCT while promoting infant health and well-being.1-25 

Breast milk is a complex biological fluid that plays a crucial role in shaping the infant's immune 

system and providing protection against infections. Immunological components of breast milk, 

such as secretory IgA antibodies, lactoferrin, lysozyme, and human milk oligosaccharides, 

contribute to passive immunity by preventing pathogen attachment to mucosal surfaces and 

neutralizing microbial toxins. Additionally, breast milk contains various cytokines and growth 

factors that modulate immune cell function and promote the development of a balanced and 

responsive immune system in the infant. Understanding the dynamic interplay between 

breastfeeding and infant immune responses is essential for optimizing infant feeding practices and 

reducing the risk of infectious diseases in HIV-exposed infants. In the era of lifelong ART for 

HIV-infected individuals, the management of HIV in the breastfeeding mother-infant dyad has 

evolved significantly. Effective ART suppresses maternal viral load, reducing the risk of HIV 

transmission to the infant during breastfeeding. Moreover, maternal ART has been shown to alter 

the composition of breast milk, reducing HIV RNA levels and potentially mitigating the risk of 

transmission. Strategies such as exclusive breastfeeding, where the infant receives only breast milk 

and no other fluids or foods, and infant prophylaxis with antiretroviral medications further reduce 

the risk of MTCT while maximizing the nutritional and immunological benefits of breastfeeding. 

However, challenges remain in ensuring universal access to ART and PMTCT services, 

particularly in resource-limited settings, where infrastructure, resources, and healthcare access 

may be limited.26-55 

Breastfeeding and Infant Immune Development 

Breastfeeding plays a pivotal role in shaping infant immune development, providing a unique 

blend of bioactive components that support the maturation and function of the infant's immune 

system. The immunological benefits of breast milk extend far beyond basic nutrition, 

encompassing passive and active mechanisms that confer protection against infections and 

promote optimal immune responses in the developing infant. One of the key immunological 

components of breast milk is secretory immunoglobulin A (sIgA), which provides passive 

immunity by coating mucosal surfaces in the gastrointestinal and respiratory tracts, preventing the 

attachment and invasion of pathogens. sIgA antibodies in breast milk are specific to antigens 
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encountered by the mother, providing tailored protection against local pathogens in the infant's 

environment. Additionally, breast milk contains other immunoglobulins such as IgG and IgM, as 

well as complement proteins, which further enhance the infant's immune defenses against a wide 

range of infectious agents.56-57 

Furthermore, breast milk is rich in cytokines, chemokines, growth factors, and antimicrobial 

peptides that modulate immune cell function, promote the development of a balanced immune 

response, and support tissue repair and regeneration. For example, transforming growth factor-

beta (TGF-β) in breast milk helps regulate mucosal immune responses, while lactoferrin and 

lysozyme exert antimicrobial effects against bacteria and viruses, bolstering the infant's innate 

immune defenses. Human milk oligosaccharides (HMOs), complex carbohydrates found in breast 

milk, serve as prebiotics that selectively promote the growth of beneficial gut bacteria, contributing 

to the development of a healthy gut microbiome and immune system. Breastfeeding also facilitates 

the transfer of maternal immune cells, such as lymphocytes and macrophages, to the infant, 

providing additional protection against infections and enhancing immune surveillance. These 

maternal immune cells educate the infant's immune system, helping to shape its repertoire of 

immune cells and responses. Moreover, breastfeeding promotes bonding between mother and 

infant, which has been shown to have immunomodulatory effects, reducing stress and promoting 

the release of oxytocin and other hormones that enhance immune function. The immunological 

benefits of breastfeeding are particularly crucial in the context of HIV-exposed infants, where the 

risk of HIV transmission through breast milk must be balanced against the protective effects of 

breastfeeding on infant health and immune development. Strategies such as exclusive 

breastfeeding, where the infant receives only breast milk and no other fluids or foods, combined 

with maternal antiretroviral therapy (ART) and infant prophylaxis, have been shown to reduce the 

risk of mother-to-child transmission (MTCT) of HIV while maximizing the immunological 

benefits of breastfeeding.58-79 

Risk of HIV Transmission Through Breast Milk 

The risk of HIV transmission through breast milk is a critical concern in the context of mother-to-

child transmission (MTCT) of HIV, particularly in regions with limited access to safe alternatives 

to breastfeeding. Breast milk serves as a potential route of HIV transmission from an HIV-infected 

mother to her infant, posing significant challenges for infant feeding practices and HIV prevention 

strategies.  Several factors contribute to the risk of HIV transmission through breast milk, including 

maternal viral load, duration of breastfeeding, and integrity of the infant's gastrointestinal mucosa. 

Maternal factors such as high viral load, advanced HIV disease stage, and presence of mastitis or 

breast lesions increase the likelihood of HIV transmission through breast milk. Conversely, 

effective antiretroviral therapy (ART) suppresses maternal viral load, reducing the risk of HIV 

transmission to the infant during breastfeeding. The duration of breastfeeding also influences the 

risk of HIV transmission, with longer durations of breastfeeding associated with a higher 

cumulative risk of MTCT. Exclusive breastfeeding, where the infant receives only breast milk and 

no other fluids or foods, has been shown to reduce the risk of HIV transmission compared to mixed 

feeding practices, which involve supplementation with other fluids or foods. However, prolonged 
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breastfeeding beyond six months increases the risk of HIV transmission, highlighting the 

importance of balancing the benefits of breastfeeding with the risk of HIV acquisition.80-99 

The integrity of the infant's gastrointestinal mucosa plays a crucial role in determining 

susceptibility to HIV infection through breast milk. Breast milk contains various immunological 

factors, such as secretory IgA antibodies, lactoferrin, and lysozyme, which provide passive 

immunity and protect against infections. Additionally, maternal immune cells present in breast 

milk may contribute to immune education and protection against HIV transmission. However, 

factors such as preterm birth, low birth weight, and gastrointestinal infections may compromise 

the integrity of the infant's mucosal barrier, increasing susceptibility to HIV infection. Strategies 

to mitigate the risk of HIV transmission through breast milk include maternal ART, infant 

prophylaxis, and adherence to infant feeding guidelines recommended by the World Health 

Organization (WHO). Maternal ART suppresses maternal viral load, reducing the concentration 

of HIV in breast milk and decreasing the risk of MTCT. Infant prophylaxis with antiretroviral 

medications, such as nevirapine or zidovudine, further reduces the risk of HIV acquisition during 

breastfeeding. Exclusive breastfeeding for the first six months of life, followed by introduction of 

complementary foods and continued breastfeeding up to 12 months or longer with appropriate 

complementary feeding, is recommended for HIV-exposed infants in resource-limited settings 

where safe alternatives to breastfeeding are not readily available.100-122 

Strategies to Mitigate Transmission Risk 

Strategies to mitigate the risk of HIV transmission through breast milk are essential for protecting 

the health and well-being of HIV-exposed infants while supporting breastfeeding practices. These 

strategies encompass a multidimensional approach that involves maternal interventions, infant 

prophylaxis, adherence to infant feeding guidelines, and supportive services. By implementing 

comprehensive strategies, healthcare providers can effectively reduce the risk of mother-to-child 

transmission (MTCT) of HIV while promoting optimal infant health outcomes.  Effective ART for 

HIV-infected mothers is the cornerstone of preventing MTCT of HIV during breastfeeding. 

Maternal ART suppresses viral load in both blood and breast milk, reducing the concentration of 

HIV and the risk of transmission to the infant. Initiating maternal ART as early as possible during 

pregnancy and maintaining viral suppression throughout the breastfeeding period are critical for 

minimizing transmission risk. Exclusive breastfeeding, where the infant receives only breast milk 

and no other fluids or foods, is recommended for HIV-infected mothers in resource-limited settings 

where safe alternatives to breastfeeding are not readily available. Exclusive breastfeeding reduces 

the risk of HIV transmission compared to mixed feeding practices, which involve supplementation 

with other fluids or foods. Encouraging exclusive breastfeeding for the first six months of life 

followed by introduction of complementary foods and continued breastfeeding up to 12 months or 

longer with appropriate complementary feeding helps maximize the immunological and nutritional 

benefits of breast milk while minimizing transmission risk.123-142 

Providing antiretroviral prophylaxis to HIV-exposed infants further reduces the risk of HIV 

acquisition during breastfeeding. Infant prophylaxis with medications such as nevirapine or 

zidovudine is recommended from birth and continued throughout the breastfeeding period. 
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Adherence to prescribed infant prophylaxis regimens is essential for achieving optimal protection 

against HIV transmission. Adherence to infant feeding guidelines recommended by the World 

Health Organization (WHO) is crucial for reducing transmission risk while supporting optimal 

infant nutrition and growth. Healthcare providers should counsel HIV-infected mothers on the 

importance of exclusive breastfeeding, proper breastfeeding techniques, and appropriate 

complementary feeding practices. Clear communication of infant feeding options and guidance on 

safe preparation of infant formula for mothers who choose not to breastfeed are essential 

components of comprehensive infant feeding counseling. Regular monitoring of maternal viral 

load, infant growth, and feeding practices is essential for assessing transmission risk and ensuring 

timely intervention. Supportive services, including lactation support, nutritional counseling, 

psychosocial support, and access to healthcare facilities, play a crucial role in promoting successful 

breastfeeding and adherence to recommended interventions. Multi-disciplinary care teams 

involving healthcare providers, lactation consultants, counselors, and community health workers 

can provide comprehensive support to HIV-infected mothers and their infants throughout the 

breastfeeding period.143-150 

Breast Milk Composition and Infant Immune Function 

Breast milk is a dynamic biological fluid that provides a myriad of bioactive components essential 

for infant growth, development, and immune function.151 The composition of breast milk is finely 

tuned to meet the nutritional and immunological needs of the developing infant, delivering a 

complex blend of nutrients, antibodies, immune cells, and other bioactive factors. Understanding 

the composition of breast milk and its impact on infant immune function is essential for promoting 

optimal health outcomes in breastfed infants, including those born to HIV-infected mothers. One 

of the key immunological components of breast milk is immunoglobulin A (IgA), particularly 

secretory IgA (sIgA), which is specifically tailored to provide passive immunity at mucosal 

surfaces. sIgA antibodies present in breast milk coat the infant's gastrointestinal and respiratory 

tracts, acting as a barrier to prevent the attachment and invasion of pathogens. By neutralizing 

microbes and toxins, sIgA plays a crucial role in protecting the infant from infections, particularly 

those acquired through mucosal surfaces. In addition to IgA, breast milk contains other 

immunoglobulins such as IgG and IgM, which further contribute to the infant's immune defenses. 

IgG antibodies transferred from the mother to the infant through breast milk provide systemic 

immunity and protection against a wide range of pathogens. IgM antibodies, although present in 

lower concentrations, also contribute to the infant's immune protection during the early postnatal 

period. 

Furthermore, breast milk is rich in cytokines, chemokines, growth factors, and antimicrobial 

peptides that modulate immune cell function and promote immune development in the infant.152 

Cytokines such as interleukin-10 (IL-10) and transforming growth factor-beta (TGF-β) help 

regulate immune responses and maintain immune homeostasis, while chemokines facilitate 

immune cell migration and activation. Growth factors such as epidermal growth factor (EGF) and 

insulin-like growth factor (IGF) support tissue repair and regeneration, promoting the development 

of a healthy gut mucosa and immune system. The role of breast milk in shaping the infant gut 

microbiome is also crucial for immune function. Breast milk contains complex carbohydrates 
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known as human milk oligosaccharides (HMOs), which serve as prebiotics that selectively 

promote the growth of beneficial gut bacteria, such as Bifidobacteria and Lactobacilli. The 

establishment of a diverse and stable gut microbiome early in life is essential for immune 

development, as gut bacteria play a key role in training the infant's immune system and maintaining 

immune tolerance. Moreover, breast milk contains various immune cells, including lymphocytes, 

macrophages, and dendritic cells, which provide additional protection against infections and 

support immune education in the infant. These maternal immune cells educate the infant's immune 

system, helping to shape its repertoire of immune cells and responses. The transfer of maternal 

immune cells through breast milk is particularly relevant in the context of HIV-exposed infants, 

where it may confer additional protection against HIV transmission and other infections.153-154 

Conclusion 

Breast milk is a remarkable biological fluid that provides a wealth of essential nutrients and 

immunological components crucial for infant growth, development, and immune function. The 

intricate composition of breast milk, finely tuned by maternal factors and influenced by 

environmental and physiological factors, delivers a diverse array of bioactive factors that support 

the infant's immune system from birth and throughout infancy. The immunological properties of 

breast milk, including antibodies such as secretory IgA, immunoglobulins such as IgG and IgM, 

cytokines, chemokines, growth factors, antimicrobial peptides, and immune cells, play a pivotal 

role in shaping the infant's immune responses and protecting against infections. These components 

act synergistically to provide both passive and active immunity, promoting immune maturation, 

maintaining immune homeostasis, and fostering tolerance to harmless antigens. 
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