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GOOD QUESTIONS 10

Given our concern about viruses, what should be
done about the absence of immune factors in infant

formula?*

COVID-19, like other viruses, can be related to nutrition in several ways. Anxiety about the
epidemic can lead to food hoarding. Food production and delivery systems can be disrupted.
People who are poorly nourished are more likely to be infected and less likely to survive if they
are infected. Special precautions should be taken during food preparation (Nestle 2020). COVID-
19 originated in a live animal food market in Wuhan, China. There are indications that many
modern diseases can be attributed to the modern food system (Wallace 2016). The International
Food Policy Research Institute has created a Spotlight space on food and COVID-19 at
https://www.ifpri.org/spotlight/ifpri-resources-and-analyses-COVID-19-also-known-coronavirus

Like many others, Bill Gates has pressed for rapid development of a vaccine for COVID-19. He
said, “There is an urgent need to save lives now and also improve the ways we respond to
outbreaks in general” (Gates 2020; also see Gates 2018). In taking the long view, we should look
backward as well as forward. Why is it that we have had to deal with lethal virus outbreaks every
few years? Why are we so vulnerable?

There has been ongoing concern about viruses and other pathogens in infants’ foods, especially
breastmilk and infant formula (Gould 2013; IBFAN 2020; WHO and FAO 2017). Along with
this concern about intruders into these foods, we should also be alert to what is missing from
them. Unlike breastfeeding, feeding with infant formula does not protect and promote the
development of infants” immune systems. There is a lack of what are called immune factors. This
deserves attention because healthy immune systems protect us from viruses and other threats
through infancy and beyond. Given our concern about viruses, what should be done about the
absence of immune factors in infant formula?

Maureen Minchin points out:

* George Kent, Deputy Editor of World Nutrition, is also its Curator of Good Questions. He can
be reached at kent@hawaii.edu
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The milk hypothesis asserts that the artificial feeding of infants is the single
greatest avoidable negative input into normal human development and health. As
| first said in 1985, it is the largest uncontrolled in vivo experiment in human
history, and the scale on which it has occurred has made its effects appear normal
— to those blind to history, culture and the broad spectrum of ill health and “dis-
ease’. (Minchin 2016, 4)

The world has been ignoring the fact that breastfeeding, done well, serves as a vaccine protecting
against a broad variety of pathogens in infancy and beyond. There is biological communication
between the mother and the infant that adjusts the breastmilk to meet the infant's current needs.
As one study put it, “Breastfeeding is a child’s first inoculation against death, disease, and
poverty, but also their most enduring investment in physical, cognitive, and social capacity”
(Yaya et al. 2020; also see University of California—Riverside. 2016).

The point of this essay is not that breastmilk should be used as a medication of the sort that can
be injected into people’s arms to protect against a particular epidemic. Rather, the point is that in
the long run, more and better breastfeeding is likely to reduce the need for medicines.

For optimal breastfeeding, the World Health Organization and the United Nations Children’s
Fund recommend:

o early initiation of breastfeeding within 1 hour of birth;

o exclusive breastfeeding for the first 6 months of life; and

« introduction of nutritionally-adequate and safe complementary (solid) foods at 6 months
together with continued breastfeeding up to 2 years of age or beyond. (WHO 2017; also
see WHO 2018).

Like other viruses, COVID-19 infects some women while they are pregnant, and some become
pregnant after infection. The risk levels are not yet clear. As illustrated by the history of
HIV/AIDS (ABM 2020; Humphrey 2010; Lever; 2020; Morrison, Ballard, and Greiner 2011;
WHO 2020), questions are raised about the risk of transmission of COVID-19 through
breastfeeding (Chen et al.; Liu et al. 2020; Qiao 2020; Wang et al. 2020). Questions should also
be raised about the potential of breastfeeding to either convey or prevent infection by specific
viruses and to mitigate the harm if infection occurs. Following decades-long debates and
research on the issue, it has now been recognized that when women are diagnosed as HIV-
positive, the benefits of breastfeeding are likely to outweigh the risks of not breastfeeding,
especially when the mothers take appropriate antiviral medications (Kuhn and Aldrovandi 2010).

Breastfed infants have immunity to a broad variety of viruses and other health challenges that is
not present in infants who are fed with infant formula. This helps to explain the consistent
finding that at the population level breastfed infants are healthier than formula-fed infants. We
should reflect on this as we prepare for the broad range of viruses and other health threats likely
to be encountered in the coming years.
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BIODYNAMICS OF IMMUNE FACTORS

The International Lactation Consultant Association (ILCA) explains how breastfeeding
strengthens infants’ immune systems:

The milk ejection reflex is a muscular contraction that pushes milk out to the
baby. But did you know that once the milk ejection reflex slows, muscles relax
and pull baby’s saliva back in? Lactocytes respond to saliva exposure by
producing particular macrophages. If the baby has been exposed to an infection, at
the next feeding, he will get leukocytes and antibodies to fight that specific
infection (Lactationmatters 2020, Item 2; also see Sweeney et al. 2018).

Thus, the breastmilk adapts to address the infant’s current needs through a form of biological
communication. These breastmilk leukocytes are living things, unlike the ingredients in infant
formula.

ILCA also explained the importance of colostrum, the first milk, in developing the infant’s
immune system:

Babies get very few calories at the breast during the first 48 hours, because the
calories in colostrum are not intended for digestion. They come from immune
cells, designed to populate the immune system. Rather than thinking of colostrum
as calories, think of it as an immune system transfer (Lactationmatters 2020, Item
3).

ILCA also points out that the introduction of foods other than breastmilk during the first few
months can disturb the development of the infant’s immune system:

At birth, babies have very different proportions of specific bacteria in their gut
microbiome compared to their birthing parent’s. Over the first 12 months of life,
the baby’s microbiome shifts to strongly resemble the birthing parent’s. However,
this shift is accelerated by the introduction of formula or the feeding of solid
foods. As soon as the baby ingests anything other than human milk, the gut
microbiome changes rapidly, and it does not go back. This may explain why
formula fed infants experience more auto-immune and infectious illness
(Lactationmatters 2020, Item 7).

The differences in health impacts resulting from formula feeding and breastfeeding have been
documented in many ways (American Academy of Pediatrics 2012; Ip et al. 2007; WABA
2012). There are good studies and reviews specifically on the role of breastfeeding in
strengthening immunity (e.g., Cacho and Lawrence 2017; Field 2005; Ghosh et al. 2016;
Goldman 2007; Goldman 2019; Hanson 2004; Jackson and Nazar 2006; Lonnerdal 2000;
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Minchin 2015; Minchin 2016; also see Kent 2005). The basic biodynamics of the immune
factors have been understood for many years (Packard 1982, 68-107).

Some formula manufacturers say they are narrowing the degree of difference between
breastfeeding and formula feeding. Similac claims that its infant formula with 2’FL HMO
(human milk oligosaccharide) provides “support for baby’s developing immune system (Similac
2020).” They say, “The addition of 2’-FL HMO that is structurally identical to that found in
breast milk is another groundbreaking step toward narrowing the gap between breast milk and
formula.” However, breastmilk contains hundreds of different HMOs in combinations that are
different from mother to mother. Similac does not present any evidence that their additive brings
infants’ immune systems anywhere close to what is obtained with breastfeeding.

The natural version of that HMO and its context has a different structure. Simply mixing an
engineered ingredient into formula and expecting it to perform in the same way as it might
during the breastfeeding process is a bit like assuming you can put a container of high-octane
gasoline into the back seat of an electric car and expect that to improve the car’s performance.
There is a long history of efforts to add immune factors to infant formula (Packard 1982, 100-
107), but with little success.

THE INGREDIENTS APPROACH

The design of infant formula is based on the idea of matching the ingredients in formula with
those in breastmilk. They can be made to match only to a small extent and in a narrow sense.
Breastmilk, particularly when provided during direct breastfeeding, has many live, active
components beyond nutrients, including hormones, bioactive molecules, microorganisms of
various kinds, oligosaccharides, and other complex factors still unknown. Even if they both
included the same types of ingredients in the same proportions, that would not guarantee they
matched in their structure, the organization through which the components work together. Why
would anyone think that feeding with a mixed collection of ingredients would have the same
biodynamic effects as breastfeeding? The ingredients of a car include metal, rubber, glass and
other things, but that is different from listing the various dynamics sub-systems that are central to
the actual operation of the car. A car is much more than a box of parts. To make the point more
simply, no one thinks mixing bits of metal and rubber together in a sack is likely to produce a
bicycle.

Manufactured ingredients in formula are not likely to have a beneficial impact comparable to
similar ingredients in breastmilk. Manufacturers’ claims about the benefits of additives to infants
are rarely confirmed through independent research. The benefits they provide might be every
small. Each additive that comes along implicitly acknowledges a deficiency in the formula. The
idea that some mixture of ingredients or some new additive could make feeding with infant
formula as healthful for infants as breastfeeding does not make sense.

This ingredients focus has dominated worldwide, not the functional health outcomes focus. The
design of infant formula or entire diets has been based on the idea of getting the intake of
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ingredients right. This reductionist approach is troublesome in dealing with food and nutrition
generally, not just infant formula. As nutritionist Carlos Monteiro explains:

Nutrition science is taught and practiced as a biochemical discipline. Practically
all nutritionists now categorise food in terms of its chemical composition, as do
most lay writers. This almost universal perception of nutrition is evident in
textbooks and scientific journals, and on food labels, journalism, and ‘diet books'.
The identification of food with its chemistry is a defining characteristic of modern
nutrition science, as invented in the early 19th century. Seeing food in terms of its
chemistry has enabled the industrialisation of food systems. In particular, it has
made possible the formulation of ultra-processed products from 'refined’ or
‘purified' chemical constituents of foods — oils, proteins, carbohydrates, and their
fractions — together with 'micronutrients’ — vitamins and minerals.... Identification
of food mainly with its chemical constituents at best has limited value, and in
general has proved to be unhelpful, misleading, and harmful to public health
(Monteiro 2011).

The ingredients approach serves the interests of food manufacturers, not consumers. For many
people, the entryway to a lifetime of ultra-processed foods is infant formula (Kent 2012). To a
person used to eating home-made soup, soup made from a powder tastes insipid. To ensure that
babies and young children retain and expand their taste for artificial, manufactured food, formula
companies also produce a wide range of toddler formula and other ultra-processed baby foods.

Infant formula should not be evaluated based on its ingredients alone. The question is, does the
mix function in the same way as the product it is supposed to emulate. Does it do what it is
supposed to do? It is supposed to protect and promote infants’ health Breastfeeding is the gold
standard against which performance should be measured.

The basic ingredients list required for a product to be labeled infant formula are set out in global
recommendations from the Codex Alimentarius Commission, the primary global agency
providing recommendations relating to food quality. In 1976 the Commission issued a Statement
on Infant Formula that said, “Numerous formulae have been produced which offer a nutritionally
adequate food for infants, and, provided they are prepared under hygienic conditions and given

in adequate amounts, there is no contra-indication to the use of such products” (Codex
Alimentarius Commission 1976).

“No contra-indication” suggests that, in relation to infants’ health, feeding with nutritionally
adequate infant formula is as good as breastfeeding. It might be assumed that if formula had the
right list of ingredients there would be no difference in expected health outcomes between the
two methods of feeding. This assumption is incorrect.

In the basic global standards for infant formula, the ingredients are those that have been “proved
to be suitable for infant feeding” (Codex Alimentarius Commission 2007, Section 3.1.1). How
the individual ingredients or the collection of them in a feeding bottle could be proved to be
suitable is not explained. Proof of suitability should be based on the functional characteristics of
the product. The simple undeniable reality is that feeding with infant formula does not lead to
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health outcomes as good as those expected from the gold standard, breastfeeding (Kent 2014;
Kent 2017, 127-128).

United States law relating to nutrition requirements for infant formula is presented in the Code of
Federal Regulations at 25 CFR 107.100. It can be accessed at
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=107.100 It is a list
of required ingredients. The Food and Drug Administration (FDA) is responsible for regulating
infant formula. The many documents describing its regulations show no significant interest in
immunity (FDA 2020).

To the FDA, “nutrition requirements” mean that formula must be made with a list of required
ingredients. Beyond the ingredients list, the only quality factors that concern the FDA are normal
physical growth (height, weight), the biological quality of the formula’s protein component, and
its renal solute load. It is misleading to suggest that a short-term measure of infants’ physical
growth can serve as an adequate measure of the functional adequacy of infant formula.

The United States Supplemental Nutrition Program for Women, Infants, and Children,
commonly known as WIC, has an Infant Feeding Guide for staff members who provide nutrition
counseling and education to WIC’s participants (USDA 2019). Its 276 pages speak about
nutrients and their importance for growth and development. The implicit assumption is that if
you get the list of ingredients right and deliver them in the right proportions, you are providing a
good diet. This approach is commonly used in assessing the diets of adults as well (NASEM
2020).

In the FDA approach, complying with the required ingredients list and fulfilling some short-term
benchmarks of infants’ physical growth are enough to indicate the overall quality of infant
formula (Kent 2014; Kent 2015; Kent 2017, 129-130). This is disappointing, and maybe illegal,
given that the FDA is the primary government agency in the U.S. responsible for ensuring the
quality of infant formula. This impacts the health of infants in the United States and also in the
other countries whose government agencies follow FDA’s policies.

IGNORING THE NEED FOR IMMUNE FACTORS

Like Codex, the FDA systematically ignores infants’ need for immune factors. There are no
national or global regulations that require systematic comparisons of the effectiveness of infant
formula with the effectiveness of breastfeeding in maintaining infants’ health.

The Institute of Medicine tried to bring the issues to the government’s attention:

Initially the goal of infant formulas was to match the growth rate of the breastfed
infant. However over time it was recognized that breastfeeding may confer
several other potential advantages to the infant . . . including:

« prevention of infectious diseases . . .,
e neurodevelopment, and
e protection from chronic diseases in childhood . . .
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These perceived and potential advantages of breastfeeding are the impetus behind
many of the proposed additions of ingredients to infant formulas. Not all of these
advantages are necessarily attributable to the nutritional content of human milk.
Advantages resulting from a fundamentally different interaction between the
nursing mother and her infant or to a selection bias of mothers who choose to
breastfeed cannot be matched by simply adding nutrients to cow milk. (Institute
of Medicine 2004, 7)

The bullet points highlight the need for immune factors. Unfortunately, there has been no
substantial response to this insight.

The manufacturers and marketers of infant formula have had many critics, but little has been said
about the immunity issue. This is unfair to children. If they are fed with formula, they are not
likely to resist viruses and other threats to their health as well as they could if they had been
breastfed. The evidence for this is strong. Formula manufacturers agree, but don’t say much
about it.

To interpret WIC’s silence about immune factors, it helps to know that the WIC program
provides about half the infant formula used in the U.S. at no cost to the parents. Through WIC,
working together with formula manufacturers, the U.S. government is a large-scale promoter of
infant formula (Kent 2017). Like WIC, the U.S. Food and Drug Administration does not discuss
the absence of immune factors in infant formula.

POLICY REMEDIES

The United Nations Children’s Fund and other agencies have been clear about the importance of
breastfeeding in protecting infants’ health (UNICEF 2020), but they should do more to facilitate
and coordinate work on immunity issues.

The Academy of Breastfeeding Medicine, a staunch advocate of breastfeeding, has provided
good advice on how to minimize the risk of transmission of the COVID-19 virus from mother to
infant during breastfeeding (Academy of Breastfeeding Medicine 2020; also see Anderson
2020). Curiously, it did not mention the point that breastfeeding might help to prevent infection
and reduce the harm to infants who are infected. At this stage we don’t know whether it actually
can do those things for COVID-19, but experience with various pathogens certainly suggests the
possibility.

Viruses and other pathogens in breastmilk are likely to be less harmful than pathogens in infant
formula because of the medicinal value of breastmilk—or more precisely—breastfeeding
(Verhasselt 2020). The immune factors deployed through the breastfeeding process can play a
significant role in limiting the harm.

Maureen Minchin said artificial feeding “is the largest uncontrolled in vivo experiment in human
history” but in a genuine experiment, researchers collect and analyze data so they can understand
what is going on. There has been little effort to collect and analyze data on the health impacts of

9
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different methods of infant feeding on a large scale. It would not be difficult to have health
records show whether the individual was predominantly breastfed or predominantly formula-fed
during the first six months of life. That would open the potential for deep analysis of the short-
and long-term impacts of children’s first medicine. There is no good reason to avoid doing that.

Breastfeeding has the potential to provide protection, but the extent to which it actually does that
in specific circumstances is an empirical question. Many small studies have been done, but there
is a need for more large studies to consolidate knowledge about how and when breastfeeding
functions like a vaccine or in other ways is beneficial to maternal and child health. There is a
need for deeper research comparing breastfeeding and feeding with infant formula in modern
epidemics.

It is difficult to find funding for that sort of research, but there are settings in which it could be
done at little cost. WIC already does detailed studies on infant feeding practices and health
outcomes among the program’s participants (USDA 2020). However, it seems to avoid making
systematic comparisons of the health outcomes of breastfed infants and formula-fed infants in
their program. It would not be difficult to survey the incidence of infectious diseases and other
health indicators and compare the rates of those who are breastfed with the rates of those who are
formula-fed. Similar studies could be done by governmental or nongovernmental agencies
everywhere. Family-oriented hospitals and clinics could explore associations between how
infants are fed and their subsequent health conditions. Of course, statistical manipulation would
be needed to reduce the impact of the sizeable selection bias that would be present in most
cultures. Such research would be particularly valuable when conducted in social groups where
breastfeeding is practiced mainly by the poor.

Studies on how the infectivity of viruses is affected by infant feeding practices can be done in

many different ways. One is suggested by a study of the risks of COVID-19 transmission from
China to various countries (Haider et al. 2020). Along with data on other variables, data on the
prevalence of formula feeding in those countries could be used to estimate its association with
the level of risk. The hypothesis would be that populations with more widespread use of infant
formula are likely to face higher risks of contracting the virus.

It is possible to do observational studies such as comparing patterns of illness in young children
after large-scale introduction of infant formula into areas where it is not yet commonly used
(Baker et al. 2016; Kent 2015). Individuals can be tracked over their life spans to find out
whether infants who are breastfed tend to be more resistant to infectious diseases than those who
are fed with infant formula (Horta, de Mola, and Victora 2015; Victora et al. 2016).

In any sort of study, there can be confounding elements that muddle the findings, but they can be
discussed. If the differences in health impacts are strong, those differences will shine through. It
appears that there is little funding for studies to compare the health impacts of feeding with
formula and breastfeeding. Perhaps some corporations and government agencies do not want the
differences to be known.

Many studies on immunity focus on the biodynamics of immunity. We need to do more to
appreciate their importance in maintaining health during infancy and beyond at the individual

10
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level and at the population level. Many immunity studies are highly technical. It is difficult to
find articles or teaching materials designed to help parents, health care workers, and government
regulatory agencies understand the importance of breastfeeding for development of immune
systems.

There is a need for more studies and also better use of the studies that are already available. They
consistently demonstrate the importance of breastfeeding in developing immune systems, but
those findings have been ignored by government agencies that should be giving more attention to
them.

We need better evidence-based comparisons of the health impacts of different methods of
feeding, and we also need ways of presenting that evidence that would be meaningful to new
parents, health care workers, and regulators. There are far too many questionable claims about
the safety and the benefits of foods for infants and young children, especially those related to
immunity.

There are no global recommendations and no national-level requirements that infant formula
must strengthen infants’ immune systems to any extent, let alone a degree comparable to that
achieved with breastfeeding. The inattention to immune systems during the early stages of
establishing regulations for infant formula might be forgivable because immune systems were
not well understood. However, it has now been half a century since the discovery of leukocytes,
and there have been many opportunities to update the regulations. There is a real need for
regulators to acknowledge this deficiency of infant formula. In terms of human well-being, the
costs of ignoring it are far too high.

Action can be taken to support parents in making well-informed decisions about how they will
feed their infants. With better teaching materials, health care workers can provide parents with
better information about the differences in likely health impacts with different methods of
feeding.

Obviously, advertisements for infant formula do not draw attention to the absence of immune
factors in it. Formula is categorized as a food, not a medicine, so the regulatory agencies do not
require manufacturers and sellers to acknowledge its deficiencies. For adults, many deficiencies
of specific foods are unimportant because their consumers have diverse diets. However, when
the food product constitutes the entire diet and the consumers are the most vulnerable segment of
the population, the risks are huge and ignored far too often. National governments could insist
that infant formula should be categorized as a medicine, not just another food. Then the
distributors would be required to provide information about the risks linked to feeding with
formula and acknowledge the absence of immune factors.

Regulatory agencies should not focus their attention on the list of ingredients in infant formula.
Instead, they should be required to assess the quality of any infant formula product by comparing
its performance with that expected with optimal breastfeeding practices. When the performance
of infant formula is lower, there should be open discussion about the degree to which it is lower,
with distinctions made between deficiencies that are small and thus acceptable, or substantially

11
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lower, meaning the product should not be fed to infants or at least not constitute their entire diet
(Kent 2020).

Feeding infants with infant formula and breastfeeding have different impacts on both the infant’s
and the mother’s health. The central concern here is that, in contrast with breastfeeding, feeding
with infant formula does not strengthen infants’ immune systems. This has important impacts on
health during and beyond infancy. Most parents, health workers, researchers, and government
regulators give little attention to these impacts. There is a need for widespread recognition of this
major deficiency in infant formula.

A recent report acknowledged, “Federal VVaccine Development Sites Il1-Suited to Counter
COVID-19 Epidemic (Willman 2020). Currently, COVID-19 is drawing a great deal of attention,
but it is not going to be the last dangerous virus. More will emerge, perhaps including some
strange ones (Zhong et al. 2019). While public media focus our attention on the current threat,
for the long run we should make better use of a well-understood, proven, and readily available
broad-spectrum remedy for infants and young children.

The scientific knowledge presently available suggests that if more people were optimally
breastfed as infants, the risk of infection from any future virus would be lower than it is now and
the harm resulting from infection also would be lower. It is likely to “flatten the curve” of many
different types of epidemics, especially those that have a major impact on infants. If the objective
is to achieve better public health, better support for optimum breastfeeding would be a good
long-term investment.

REFERENCES

ABM. 2020. ABM Statement on Coronavirus 2019 (COVID-19). Academy of Breastfeeding
Medicine. https://www.bfmed.org/abm-statement-coronavirus

American Academy of Pediatrics. 2012. “Policy Statement: Breastfeeding and the Use of Human
Milk.” Pediatrics. March 129 (3): e827-e841. https://doi.org/10.1542/peds.2011-3552

Anderson, Philip O. 2020. “Breastfeeding and Respiratory Antivirals: Coronavirus and
Influenza.” Breastfeeding Medicine. 5 (3): 238 DOI: 10.1089/bfm.2020.29149.poa

Baker, Phillip lan, Julie Patricia Smith, Libby Salmon, Sharon Friel, George Kent, Alessandro
lellemo, Jai Prakash Dadhich, and Mary J. Renfrew. 2016. "Global trends and patterns of
commercial milk-based formula sales: is an unprecedented infant and young child
feeding transition underway?" Public Health Nutrition. 19 (14): 2540-2550.
d0i:10.1017/S1368980016001117

Cacho, Nicole Theresa, and Robert M. Lawrence. 2017. “Innate Immunity and Breast Milk.”
Frontiers in Immunology. May 29. 8 (584). doi: 10.3389/fimmu.2017.00584

Chen, Huijun et al. 2020. Clinical characteristics and intrauterine vertical transmission potential
of COVID-19 infection in nine pregnant women: a retrospective review of medical

12


https://www.bfmed.org/abm-statement-coronavirus

World Nutrition 2020;11(1):3-17

records.” The Lancet. March 13. 395 (10226): 809-815.
https://www.sciencedirect.com/science/article/pii/S0140673620303603

Codex Alimentarius Commission. 2007. Standards for Infant Formulas and Formulas for
Special Medical Purposes Intended for Infants (Codex Stan 72-1981) (Revised 2007).
http://npaf.ca/wp-content/uploads/2014/02/CXS 072E-Codex-Standard-Infant-Formula-

pdf

FDA. 2020. Infant Formula Guidance Documents & Regulatory Information. United States Food
and Drug Administration. https://www.fda.gov/food/guidance-documents-requlatory-
information-topic-food-and-dietary-supplements/infant-formula-guidance-documents-
regulatory-information

Field, Catherine J. 2005. “The Immunological Components of Human Milk and their Effect on
Immune Development in Infants.” Journal of Nutrition. 135(1): 1-4.
https://doi.org/10.1093/jn/135.1.1

Gates, Bill. 2018. “Innovation for Pandemics.” The New England Journal of Medicine. May 31.
DOI: 10.1056/NEJMp1806283

---. 2020. “Responding to COVID 19—A Once in a Century Pandemic? The New England
Journal of Medicine. February 28. DOI: 10.1056/NEJMp2003762

Ghosh, Mrinal, Virginia Nguyen, H. Konrad Muller, and Ameae M. Walker. 2016. “Maternal
Milk T Cells Drive Development of Transgenerational Thl Immunity in Offspring
Thymus.” Journal of Immunology, 2016; 197 (6): 2290
https://doi.org/10.4049/jimmunol.1502483

Goldman, Armond S. 2007. “The Immune System in Human Milk and the Developing Infant.”
Breastfeeding Medicine. 2 (4): 195-204. DOI: 10.1089/bfm.2007.0024

---. 2019. “Future Research in the Immune System of Human Milk.” The Journal of Pediatrics.
206:274-9. https://doi.org/10.1016/].jpeds.2018.11.024

Gould, S. E. 2013. “The Bacteria in Breast Milk.” Scientific American blog. December 8.
https://blogs.scientificamerican.com/lab-rat/the-bacteria-in-breast-milk/

Haider, Jajmul, Alexai Yavlinskiy, David Simons, and Abdinasir Yusuf Osman. 2020.
“Passengers' Destinations from China: Low Risk of Novel Coronavirus (2019-nCoV)
Transmission into Africa and South America.” Epidemiology & Infection. 148: e41.
https://doi.org/10.1017/S0950268820000424

Hanson, Lars A. 2004. Immunobiology of Human Milk: How Breastfeeding Protects Babies.
Amarillo, Texas: Hale Publishing.

13


https://www.sciencedirect.com/science/article/pii/S0140673620303603
http://npaf.ca/wp-content/uploads/2014/02/CXS_072E-Codex-Standard-Infant-Formula-.pdf
http://npaf.ca/wp-content/uploads/2014/02/CXS_072E-Codex-Standard-Infant-Formula-.pdf
https://www.fda.gov/food/guidance-documents-regulatory-information-topic-food-and-dietary-supplements/infant-formula-guidance-documents-regulatory-information
https://www.fda.gov/food/guidance-documents-regulatory-information-topic-food-and-dietary-supplements/infant-formula-guidance-documents-regulatory-information
https://www.fda.gov/food/guidance-documents-regulatory-information-topic-food-and-dietary-supplements/infant-formula-guidance-documents-regulatory-information
https://doi.org/10.1093/jn/135.1.1
https://doi.org/10.4049/jimmunol.1502483
https://doi.org/10.1016/j.jpeds.2018.11.024
https://blogs.scientificamerican.com/lab-rat/the-bacteria-in-breast-milk/
https://doi.org/10.1017/S0950268820000424

World Nutrition 2020;11(1):3-17

Horta, Bernardo L., Christian Loret de Mola, and Cesar G. Victora. 2015. “Breastfeeding and
Intelligence: A Systematic Review and Meta-analysis.” Acta Pediatrica. 104:14-19.
https://doi.org/10.1111/apa.13139

Humphrey, Jean H. 2010. “The Risks of not Breastfeeding.” JAIDS: Journal of Acquired
Immune Deficiency Syndrome. January 1. 53 (1):1-4. DOI:
10.1097/QAI.0b013e3181bf91da

IBFAN. 2020. Contaminants in Baby Foods. International Baby Food Action Network.
https://www.ibfan.org/contaminants-in-baby-foods/

Institute of Medicine. 2004. “Comparing Infant Formulas with Human Milk. Chapter 3. Infant
Formula: Evaluating the Safety of New Ingredients. Washington, D.C.: The National
Academies Press. https://www.ncbi.nlm.nih.gov/books/NBK215837/

Ip, Stanley, Mei Chung. Gowri Raman, Priscilla Chew, Nombulelo Magula, Deirdre DeVine,
Thomas Trikalinos, Joseph Lau. 2007. Breastfeeding and Maternal and Infant Health
Outcomes in Developed Countries. Rockville, Maryland: Agency for Healthcare
Research and Quality, U.S. Department of Health and Human Services.
https://archive.ahrg.gov/downloads/pub/evidence/pdf/brfout/brfout.pdf

Jackson, Kelly M. and Andrea M. Nazar. 2006. “Breastfeeding, the Immune Response, and
Long-Term Health.” Journal of the American Osteopathic Association. April. 106 (4):
203-207. https://jaca.org/article.aspx?articleid=2093315

Kent, George. 2005. “HIV/AIDS, Infant Feeding, and Human Rights.” In Wenche Barth Eide
and Uwe Kracht, eds., Food and Human Rights in Development. Volume I. Legal and
Institutional Dimensions and Selected Topics (Antwerp, Belgium: Intersentia.)
http://www?2.hawaii.edu/~kent/HIVAIDS,%2520Infant%2520Feeding,%2520and%2520
Human%?2520Rights.doc

---. 2011. Regulating Infant Formula. Amarillo, Texas: Hale Publishing.

---. 2012. “Ultra-Processed Products: The Trouble Starts with Baby Formula.” World Nutrition.
October. 3 10: 449-455. http://www.wphna.org/htdocs/downloadsoct2012/12-
10 WN3 breastfeeding pdf.pdf

---. 2014. “Regulating the Nutritional Adequacy of Infant Formula in the United States.” Clinical
Lactation, 5 (4): 133-136. https://doi.org/10.1891/2158-0782.5.4.133

--- 2015. “Global Infant Formula: Monitoring and Regulating the Impacts to Protect Human
Health.” International Breastfeeding Journal, 2015, Vol. 10, No 6. DOI:
10.1186/s13006-014-0020-7

---. 2017. Governments Push Infant Formula. Sparsnés, Sweden: Irene Publishing.

14


https://doi.org/10.1111/apa.13139
https://journals.lww.com/jaids/Fulltext/2010/01010/The_Risks_of_Not_Breastfeeding.1.aspx
https://www.ibfan.org/contaminants-in-baby-foods/
https://www.ncbi.nlm.nih.gov/books/NBK215837/
https://archive.ahrq.gov/downloads/pub/evidence/pdf/brfout/brfout.pdf
https://jaoa.org/article.aspx?articleid=2093315
http://www2.hawaii.edu/%7Ekent/HIVAIDS,%2520Infant%2520Feeding,%2520and%2520Human%2520Rights.doc
http://www2.hawaii.edu/%7Ekent/HIVAIDS,%2520Infant%2520Feeding,%2520and%2520Human%2520Rights.doc
http://www.wphna.org/htdocs/downloadsoct2012/12-10_WN3_breastfeeding_pdf.pdf
http://www.wphna.org/htdocs/downloadsoct2012/12-10_WN3_breastfeeding_pdf.pdf
https://doi.org/10.1891/2158-0782.5.4.133

World Nutrition 2020;11(1):3-17

---. 2020. “Good Questions 11: How Can Recommendations for Infant and Young Child Feeding
be Improved?” World Nutrition. In press.

Kuhn, Louise, and Grace Aldrovandi.2010. “Survival and Health Benefits of Breastfeeding
Versus Artificial Feeding in Infants of HIV-Infected Women: Developing Versus
Developed World.” Clinics in Perinatology 37 (4) 843-862.
https://doi.org/10.1016/j.clp.2010.08.011

Lactationmatters. 2020. “Ten Things IBCLCs Need to Know About the Gut Microbiome.”
International Lactation Consultant Association. February 15.
https://lactationmatters.org/2020/02/14/ten-things-ibclcs-need-to-know-about-the-gut-
microbiome/

Lever, Cindy. 2020. “What Coronavirus Means for Breastfeeding.” 7News. March 15.
https://7news.com.au/lifestyle/health-wellbeing/what-coronavirus-means-for-
breastfeeding-mums-c-747295

Lie, Weiyong, et al. 2020. “Coronavirus Disease 2019 (COVID-19) During Pregnancy: a Case
Series.” PrepPrints. 2020020373. https://www.preprints.org/manuscript/202002.0373/v1

Lonnerdal, Bo. 2000. “Immunological Considerations of Breast Milk.” In M. Eric Gershwin, J.
Bruce German, and Carl L. Keen. Nutrition and Immunology: Principles and Practice.
pp. 171-179. Springer. https://link.springer.com/chapter/10.1007/978-1-59259-709-3 14

Minchin, Maureen. 2015. Milk Matters: Infant Feeding & Immune Disorder. Milk Matters. Pty
Ltd.

---. 2016. Infant Formula and Modern Epidemics: The Milk Hypothesis.

Monteiro, Carlos. 2011. “The big issue is ultra-processing. ‘Carbs'. The answer.” World
Nutrition. February. 2 (2): 86-97.
https://worldnutritionjournal.org/index.php/wn/article/view/513/458

Morrison, Pamela, Kiersten Israel-Ballard, and Ted Greiner. 2011. “Informed Choice in Infant
Feeding Decisions Can be Supported for HIV-infected Women Even in Industrialized
Countries.” AIDS. 25 (15): 1807-1811. DOI: 10.6084/M9.FIGSHARE.1328279

NASEM. 2020. Expansion of the Dietary Reference Intake Model: Learning from Sodium and
Potassium. National Academies of Science, Engineering, and Medicine.
https://www.nap.edu/resource/25353/interactive/

Nestle, Marion. 2020. “Coronavirus and Food: The Latest.” Food Politics. March 11.
https://www.foodpolitics.com/2020/03/coronavirus-and-food-the-latest/

Packard, Vernal S. 1982. Human Milk and Infant Formula. New York: Academic Press.

15


https://doi.org/10.1016/j.clp.2010.08.011
https://lactationmatters.org/2020/02/14/ten-things-ibclcs-need-to-know-about-the-gut-microbiome/
https://lactationmatters.org/2020/02/14/ten-things-ibclcs-need-to-know-about-the-gut-microbiome/
https://7news.com.au/lifestyle/health-wellbeing/what-coronavirus-means-for-breastfeeding-mums-c-747295
https://7news.com.au/lifestyle/health-wellbeing/what-coronavirus-means-for-breastfeeding-mums-c-747295
https://www.preprints.org/manuscript/202002.0373/v1
https://link.springer.com/chapter/10.1007/978-1-59259-709-3_14
https://www.nap.edu/resource/25353/interactive/
https://www.foodpolitics.com/2020/03/coronavirus-and-food-the-latest/

World Nutrition 2020;11(1):3-17

Qiao, Jie. 2020. “What are the Risks of COVID-19 Infection in Pregnant Women?” The Lancet.
March 7. 395 (10226): 760-762.
https://www.thelancet.com/journals/lancet/article/P11S0140-6736(20)30365-2/fulltext

Save the Children. 2018. Don’t Push It: Why the Formula Milk Industry Must Clean up its Act.
Save the Children.
https://www.savethechildren.org.uk/content/dam/gb/reports/health/dont-push-
it.pdf?Source%20Code=&cid=esm--bms_001-
5R44428VW&utm_campaign=bms_001&utm_medium=earnedsocial&utm_source=

Similac. 2020. Similac® Is Closer To Breast Milk Than Ever Before. https://similac.com/why-
similac/human-milk-oligosaccharide

Sweeney, E. L., et al. 2018. “The Effect of Breastmilk and Saliva Combinations on the In Vitro
growth of Oral Pathogenic and Commensal Microorganisms. Scientific Reports. 8:
15112. DOI:10.1038/s41598-018-33519-3

UNICEF. 2019. The State of the World’s Children 2019: Children, Food and Nutrition. United
Nations Children’s Fund. https://www.unicef.org/media/63016/file/SOWC-2019.pdf

University of California—Riverside. 2016. Vaccinating Babies Without Vaccinating Babies: A
Baby Makes Copies of Maternal Immune Cells it Acquires Through Mother's Milk.
Science News.
https://www.sciencedaily.com/releases/2016/10/161007085631.htm?utm_source=feedbur
ner&utm_medium=email&utm_campaign=Feed%3A+sciencedaily%2Fhealth_medicine
%2Fbreastfeeding+%28Breastfeeding+News+--+ScienceDaily%29

USDA. 2019. Infant Nutrition and Feeding: A Guide for Use in the Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC). Washington, D.C.: United
States Department of Agriculture.
https://wicworks.fns.usda.gov/sites/default/files/media/document/Infant_Nutrition_and F
eeding_Guide.pdf

USDA. 2020. WIC Works Resource System. https://wicworks.fns.usda.gov/resources

Verhasselt, Valerie. 2020. Breastfeeding: A Personalized Medicine for Long-Term Immune
Health. Nestlé Nutrition Institute. https://www.nestlenutrition-institute.org/docs/default-
source/global-dcoument-library/publications/secured/dohad _early-nutrition-and-
immune-health-when-it-begins-nest|%C3%A9-nutrition-institute-
dohad.pdf?sfvrsn=22dd32ed 0

Victora, Cesar, Rajiv Bahl, Aluisio J. D> Barros, Giovanny V. A. Franc¢a, Susan Horton, Julia
Krasevec, Simon Murch, Mari Jeeva Sankar, Neff Walker, and Nigel Rollins for The
Lancet Breastfeeding Series Group. 2016. “Breastfeeding in the 21% Century:
Epidemiology, Mechanisms, and Lifelong Effect.” The Lancet. January 30. 387 (10017):
475-490. https://doi.org/10.1016/S0140-6736(15)01024-7

16


https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30365-2/fulltext
https://www.savethechildren.org.uk/content/dam/gb/reports/health/dont-push-it.pdf?Source%20Code=&cid=esm--bms_001-5R44428VW&utm_campaign=bms_001&utm_medium=earnedsocial&utm_source=
https://www.savethechildren.org.uk/content/dam/gb/reports/health/dont-push-it.pdf?Source%20Code=&cid=esm--bms_001-5R44428VW&utm_campaign=bms_001&utm_medium=earnedsocial&utm_source=
https://www.savethechildren.org.uk/content/dam/gb/reports/health/dont-push-it.pdf?Source%20Code=&cid=esm--bms_001-5R44428VW&utm_campaign=bms_001&utm_medium=earnedsocial&utm_source=
https://similac.com/why-similac/human-milk-oligosaccharide
https://similac.com/why-similac/human-milk-oligosaccharide
https://www.unicef.org/media/63016/file/SOWC-2019.pdf
https://www.sciencedaily.com/releases/2016/10/161007085631.htm?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+sciencedaily%2Fhealth_medicine%2Fbreastfeeding+%28Breastfeeding+News+--+ScienceDaily%29
https://www.sciencedaily.com/releases/2016/10/161007085631.htm?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+sciencedaily%2Fhealth_medicine%2Fbreastfeeding+%28Breastfeeding+News+--+ScienceDaily%29
https://www.sciencedaily.com/releases/2016/10/161007085631.htm?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+sciencedaily%2Fhealth_medicine%2Fbreastfeeding+%28Breastfeeding+News+--+ScienceDaily%29
https://wicworks.fns.usda.gov/sites/default/files/media/document/Infant_Nutrition_and_Feeding_Guide.pdf
https://wicworks.fns.usda.gov/sites/default/files/media/document/Infant_Nutrition_and_Feeding_Guide.pdf
https://wicworks.fns.usda.gov/resources
https://www.nestlenutrition-institute.org/docs/default-source/global-dcoument-library/publications/secured/dohad__early-nutrition-and-immune-health-when-it-begins-nestl%C3%A9-nutrition-institute-dohad.pdf?sfvrsn=22dd32ed_0
https://www.nestlenutrition-institute.org/docs/default-source/global-dcoument-library/publications/secured/dohad__early-nutrition-and-immune-health-when-it-begins-nestl%C3%A9-nutrition-institute-dohad.pdf?sfvrsn=22dd32ed_0
https://www.nestlenutrition-institute.org/docs/default-source/global-dcoument-library/publications/secured/dohad__early-nutrition-and-immune-health-when-it-begins-nestl%C3%A9-nutrition-institute-dohad.pdf?sfvrsn=22dd32ed_0
https://www.nestlenutrition-institute.org/docs/default-source/global-dcoument-library/publications/secured/dohad__early-nutrition-and-immune-health-when-it-begins-nestl%C3%A9-nutrition-institute-dohad.pdf?sfvrsn=22dd32ed_0
https://doi.org/10.1016/S0140-6736(15)01024-7

World Nutrition 2020;11(1):3-17

WABA. 2012. 21 Dangers of Infant Formula. Penang, Malaysia: World Alliance for
Breastfeeding Action. http://www.waba.org.my/whatwedo/advocacy/pdf/21dangers.pdf

Wallace, Rob. 2016. Big Farms Make Big Flu: Dispatches on Infectious Disease, Agribusiness,
and the Nature of Science. New York: Monthly Review Press.

Wang, Shaoshuai, Lili Gao, Ling Chen, Weiyong Liu, Yong Cao, Jingyi Zhan, and Ling Fend.
2020. “A Case Report of Neonatal COVID-19 Infection in China.” Clinical Infectious
Diseases. March 12. https://academic.oup.com/cid/advance-
article/doi/10.1093/cid/ciaa225/5803274

Weinfeld, Nancy et al. 2019. WIC Infant and Toddler Feeding Practices Study-2: Third Year
Report. Westat. https://www.fns.usda.gov/wic/wic-infant-and-toddler-feeding-practices-
study-2-third-year-report

WHO. 2017. Infant and Young Child Feeding. Geneva: World Health Organization.
http://www.who. int/mediacentre/factsheets/fs342/en/

WHO. 2018. Infant and Young Child Feeding. Geneva: World Health Organization.
https://www.who.int/en/news-room/fact-sheets/detail/infant-and-young-child-feeding

WHO and FAO. 2017. Safe Preparation, Storage and Handling of Powdered Infant Formula
Guidelines. World Health Organization and Food and Agriculture Organization of the
United Nations. https://www.who.int/foodsafety/publications/micro/pif_guidelines.pdf

WHO. 2020. Pregnancy and Breastfeeding During and Ebola Virus Outbreak. World Health
Organization. February 10. https://www.who.int/news-room/detail/10-02-2020-
pregnancy-and-breastfeeding-during-an-ebola-virus-outbreak?fbclid=IwAR3ohj-
IAO01nTotpWYQaY _4NBX-sbhJ2XPgNulJvOfx2UM EEMIisTY8hiDgOc

Willman, David. 2020. “Federal VVaccine Development Sites IlI-Suited to Counter COVID-10
Epidemic.” Washington Post. March 15.
https://www.washingtonpost.com/investigations/federal-vaccine-development-sites-ill-
suited-to-counter-COVID-19-epidemic/2020/03/15/34e8586¢-63c4-11ea-acca-
80c22bbee96f story.html?utm_campaign=wp news_alert revere&utm medium=email&
utm_source=alert&wpisrc=al post_exclusive alert-exclusive--alert-national&wpmk=1

Yaya, Sanni, Ghose Bishwajit, Gebretsadik Shibre, and Amos Buh. 2020. “Timely Initiation of
Breastfeeding in Zimbabwe: Evidence from the Demographic and Health Surveys 1994—
2015.” International Breastfeeding Journal. 15 (10). https://doi.org/10.1186/s13006-020-
00255-2

Zhong, Zhi-Ping et al. 2020. “Glacier Ice Archives Fifteen-thousand -year old Viruses.” bioRxiv.
January 7. https://doi.org/10.1101/2020.01.03.894675

17


http://www.waba.org.my/whatwedo/advocacy/pdf/21dangers.pdf
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa225/5803274
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa225/5803274
https://www.fns.usda.gov/wic/wic-infant-and-toddler-feeding-practices-study-2-third-year-report
https://www.fns.usda.gov/wic/wic-infant-and-toddler-feeding-practices-study-2-third-year-report
http://www.who.int/mediacentre/factsheets/fs342/en/
https://www.who.int/en/news-room/fact-sheets/detail/infant-and-young-child-feeding
https://www.who.int/foodsafety/publications/micro/pif_guidelines.pdf
https://www.who.int/news-room/detail/10-02-2020-pregnancy-and-breastfeeding-during-an-ebola-virus-outbreak?fbclid=IwAR3ohj-iA01nTotpWYQaY_4NBX-sbJ2XPqNuJvOfx2UM_EEMisTY8hiDgOc
https://www.who.int/news-room/detail/10-02-2020-pregnancy-and-breastfeeding-during-an-ebola-virus-outbreak?fbclid=IwAR3ohj-iA01nTotpWYQaY_4NBX-sbJ2XPqNuJvOfx2UM_EEMisTY8hiDgOc
https://www.who.int/news-room/detail/10-02-2020-pregnancy-and-breastfeeding-during-an-ebola-virus-outbreak?fbclid=IwAR3ohj-iA01nTotpWYQaY_4NBX-sbJ2XPqNuJvOfx2UM_EEMisTY8hiDgOc
https://www.washingtonpost.com/investigations/federal-vaccine-development-sites-ill-suited-to-counter-covid-19-epidemic/2020/03/15/34e8586c-63c4-11ea-acca-80c22bbee96f_story.html?utm_campaign=wp_news_alert_revere&utm_medium=email&utm_source=alert&wpisrc=al_post_exclusive__alert-exclusive--alert-national&wpmk=1
https://www.washingtonpost.com/investigations/federal-vaccine-development-sites-ill-suited-to-counter-covid-19-epidemic/2020/03/15/34e8586c-63c4-11ea-acca-80c22bbee96f_story.html?utm_campaign=wp_news_alert_revere&utm_medium=email&utm_source=alert&wpisrc=al_post_exclusive__alert-exclusive--alert-national&wpmk=1
https://www.washingtonpost.com/investigations/federal-vaccine-development-sites-ill-suited-to-counter-covid-19-epidemic/2020/03/15/34e8586c-63c4-11ea-acca-80c22bbee96f_story.html?utm_campaign=wp_news_alert_revere&utm_medium=email&utm_source=alert&wpisrc=al_post_exclusive__alert-exclusive--alert-national&wpmk=1
https://www.washingtonpost.com/investigations/federal-vaccine-development-sites-ill-suited-to-counter-covid-19-epidemic/2020/03/15/34e8586c-63c4-11ea-acca-80c22bbee96f_story.html?utm_campaign=wp_news_alert_revere&utm_medium=email&utm_source=alert&wpisrc=al_post_exclusive__alert-exclusive--alert-national&wpmk=1
https://doi.org/10.1186/s13006-020-00255-2
https://doi.org/10.1186/s13006-020-00255-2
https://doi.org/10.1101/2020.01.03.894675

	GOOD QUESTIONS 10
	Given our concern about viruses, what should be done about the absence of immune factors in infant formula?0F(
	BIODYNAMICS OF IMMUNE FACTORS
	THE INGREDIENTS APPROACH
	IGNORING THE NEED FOR IMMUNE FACTORS
	POLICY REMEDIES
	REFERENCES


