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Neonatal Nutrition Program at TCH
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• Neonatologists

• Neonatal Dietitians

• Trainees - Fellows, Residents, Medical Students, 
Graduate Students

• NNPs and Nurses

• Subspecialists - GI, Pedi Surgery, Cardiology, ID, CNRC, 
MFM, Radiology

• Multicenter Collaborations

• Research Team

Neonatal Nutrition Program

NEC Awareness Day 2025
Research Team



Neonatology & The Newborn Center

Neonatal Dietitian Team

 Elizabeth Brodine
MS,RD,LD

Allyson Camp
MS,RD,CSP, LD

Amy Carter
MS,RD,LD

Agnes Mandy
RD,LD

Nidia Delgado-Woldegiogis
MS,RD,CSPCC,LD

 Laura Lucas
 MS,RD,LD,CNSC

 Adriana Massieu
RD,LD,CNSC

Veronica Rubio
MS,RD,CSP,LD

*Slide courtesy of Dr. Reber and Laura Gollins
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• Dr. Premkumar

• Dr. Itriago

• Dr. Niemyjski

Research Team:
• Jessica Nguyen- Clinical Research Manager

• Nora Abu-Hamdan- Research Coordinator 

• Wen-Wen Wu- Research Coordinator

• Priscilla Vasquez- Senior Research 
Coordinator

Neonatal Nutrition Research Group
• Dr. Joe Hagan, ScD

• Dr. Thomas Lu, Dr. Andrew Beverstock, 
Dr. Lyca Intal

• NICU Dietitians

• Collaborators at TCH
‐ Dr. Geoff Preidis, Dr. Moorthy, Kristina 

Tucker, Dr. Roddy, Dr. Wood, Dr. Vogel, Dr. 
Keswani, Dr. Meoded, Dr. Wes Lee, Dr. 
Pam Ketwaroo, Dr. Burrin, Dr. Ramani

• Laura Gollins, MBA, RDN, LD, CNSC, FAND, 
Clinical Program Coordinator
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Texas Children’s Hospital Experience-16 years
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Human Milk is a Complex Tissue

Human Milk

Cells

Hormones

Enzymes

Transporters

Cytokines

Immune 
Modulators

Growth 
Factors

Nutrients
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Immunomodulatory Components of HM

Nolan, Parks and Good. Nutrients 2020.



AAP Statement 2012 and 2022: “Breastfeeding and the Use of Human Milk”

The American Academy of Pediatrics and ESPGHAN has recommended that all preterm infants receive 
human milk, and that donor human milk should be used if mother’s own milk is unavailable.

Lower rate of necrotizing enterocolitis 

Lower rate of sepsis 

Lower rate of retinopathy of prematurity 

Improved feeding tolerance

Fewer hospital readmissions at 1-year post-discharge

Lower rates of metabolic syndrome

Improved neurodevelopment

1. American Academy of Pediatrics. Pediatrics. 2012; 129(3): e827-e841. Pediatrics. 2022 Jul 1;150
2. ESPGHAN Committee on Nutrition, J Pediatr Gastroenterol Nutr. 2013 Oct;57(4):535-42. 
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Lee et al. Pediatrics 2015

www.mamanatural.com/colostrum

Innovations:
Human Milk

Miris HMA®

Newburg and Grave. Pediatr Res 75, 675–679 (2014).

Lopez C, Ménard O. Colloids Surf B Biointerfaces. 2011 Mar;83(1):29-41. 

HMOs

Milk Fat Globule
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Optimizing Human Milk for Preterm Infants

Premature 
Neonates

Poor 
Growth

Malnutrition

Impaired fat 
absorption

Impaired 
liver 

function
Poor 

outcomes

Infection

Prolonged 
NICU stay
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•Variation in Calories of Human Milk
‐Are we really giving the calories we think we 
are?

‐Are we delivering the calories?

‐Pasteurization and freezing 

‐Donor milk is “term” milk

‐Preterm infants require additional protein, 
calcium and phosphorus added as a fortifier 
to human milk

Caloric Variation of Human Milk

https://www.flickr.com/photos/61056899@N06/5751301741

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.parentingscience.com%2Fcalories-in-breast-milk.html&psig=AOvVaw1-
025lc53GBSz6dmgbfhNP&ust=1619820330425000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJCyyYu8pPACFQAAAAAdAAAAABAD
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Comparison of Macronutrient Content in Preterm and Donor Human Milk

Gates, Hair, Salas, Thompson, Stansfield. The Journal of Nutrition 2023

Preterm milk vs DHM
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• Human Milk Analysis Multicenter Study

• Human Milk Analysis Using NIRS Analyzer

• Analysis of Nutrient Loss in Feeding Delivery Systems
‐Tubes, materials, syringes

Human Milk Lab Studies 
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• Donor human milk-derived cream supplement
• Human Milk Cream or Human Milk Fat is derived 

from the processing of donor human milk
• Caloric content is 2.5 kcal/mL
• Designed to be given after goal enteral protein 

(g/kg/day) is achieved with an exclusive human 
milk diet

Donor milk-derived
Fortifier

Mother’s Milk
Donor Milk

Hair, Blanco, Moreira et al, J Peds 2014.
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Purpose: 
1. To evaluate the effects of a standard versus high protein 
diet on growth and body composition in ELBW infants. 

2. To evaluate body composition by DEXA/Pea Pod.

Hypothesis: 
1. Infants receiving high protein will have increased linear 
growth at 36 weeks PMA compared to those receiving 
standard protein. 

2. Infants receiving high protein will have increased lean 
mass compared to those receiving standard protein.

Utilizing Targeted Fortification to Evaluate the Effects of High 
Versus Standard Protein on Linear Growth and Body 
Composition in ELBW infants

Hair et al, unpublished data.
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What are we missing?
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Fatty Acid Levels in Preterm Infants

During First Week of Life:
↓  DHA rapidly
↓  AA rapidly
↑ LA rapidly

Martin CR, et al. 2011
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Fatty Acid Absorption 
Breastmilk vs. Formula
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•Purpose
‐To measure blood levels of fatty acids in infants fed an exclusive 
human milk diet at different time points during their NICU stay.

‐To monitor growth and observe associations with common 
morbidities of prematurity such as chronic lung disease, 
retinopathy of prematurity, and infection risks.

Fatty Acid Levels In Infants <1250 grams Fed an 
Exclusive Human Milk Diet

Dr. Lindsay F. Holzapfel

Dr. Cami Martin
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•Donor human milk-fed (n = 12) compared to mother’s own milk-fed 
infants <1250 grams (n = 18) from birth to after 28 days of life, had an 
increased interval change of linoleic to docosahexaenoic acid ratio 
(5.5 vs. −1.1 mole percent ratio, p = 0.034). 

•An exclusive human milk diet maintains birth docosahexaenoic (DHA) 
and eicosapentaenoic acid (EPA) concentrations. However, the 
postnatal deficit in arachidonic acid (AA) was not prevented.
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•Preterm infants are born functionally pancreatic insufficient 
with decreased pancreatic production of lipase and proteases.

•Developmental pancreatic insufficiency (PI) may contribute to 
reduced nutrient absorption and growth failure. 

Holzapfel LF, Hair AB, Preidis GA, Halder T, Yang H, Unger JP, Freedman S, Martin CR. Fecal Elastase in Preterm Infants to 
Predict Growth Outcomes. J Pediatr Gastroenterol Nutr. 2023 Feb 1;76(2):206-212. 
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Pancreatic Insufficiency in Preterm Infants

•We sought to determine 
longitudinal fecal elastase (ELA1) 
levels in a cohort of preterm infants 
and whether levels are associated 
with growth outcomes.

Holzapfel LF, Hair AB, Preidis GA, Halder T, Yang H, Unger JP, Freedman S, Martin CR. Fecal Elastase in Preterm Infants to 
Predict Growth Outcomes. J Pediatr Gastroenterol Nutr. 2023 Feb 1;76(2):206-212. 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DhSS_ZeJaCFs&psig=AOvVaw2BHQA0dkM7ppBfngVbqTST&ust=1763493544416000&source=images&cd=vfe&opi=89978449&ved=0CBY
QjRxqFwoTCJiK2MTz-ZADFQAAAAAdAAAAABAl
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Pancreatic Insufficiency in Preterm Infants

•Prospective observational study of 30 infants 24-34 weeks 
gestational age and birth weight ≤1250 g fed the exclusive human 
milk diet, consisting of human milk with human milk-based fortifier.

• ELA1 was quantified by ELISA at two time points (Early vs Late)

•Early: 7.5 ± 1.8 DOL vs Late: 63.6 ± 24.1 DOL (after attainment of 
full, fortified feedings)

Holzapfel LF, Hair AB, Preidis GA, Halder T, Yang H, Unger JP, Freedman S, Martin CR. Fecal Elastase in Preterm Infants to 
Predict Growth Outcomes. J Pediatr Gastroenterol Nutr. 2023 Feb 1;76(2):206-212. 



Page  28

xxx00.#####.ppt  1/9/2026 4:39:40 PM

Fecal Elastase in Preterm Infants 

Holzapfel LF, Hair AB, Martin CR et al, J Pediatr Gastroenterol Nutr. 2023 Feb 1;76(2):206-212. 
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•Fecal ELA1 increases over time and with feedings of human milk 
fortified with human milk-based fortifier in preterm infants.

•Preterm infants have early, functional PI that improves over time.

•No difference in growth outcomes between pancreatic insufficient 
and pancreatic sufficient infants. PI infants did receive more calories.

Fecal Elastase in Preterm Infants 

Holzapfel LF, Hair AB, Preidis GA, Halder T, Yang H, Unger JP, Freedman S, Martin CR. Fecal Elastase in Preterm Infants to Predict 
Growth Outcomes. J Pediatr Gastroenterol Nutr. 2023 Feb 1;76(2):206-212. 
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Challenges
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Geoff Preidis, MD, PhD

Steven Ford, MD
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Mother’s own milk vs. Donor Human Milk
Liver-Gut-Microbiome Immaturity
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Liver-Gut-Microbiome Axis and Fatty acid 
Absorption in Preterm Infants

Geoff Preidis, 
MD, PhD Cami Martin, 

MD, MS

Joe Petrosino, 
PhD

Cristian Coarfa, 
PhD

Ken Setchell, 
PhD
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*Diet at all time points
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Larissa Neves
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Growth and Microbiome in Preterm Infants

Neves, Hair, and Preidis. Gut Microbes 2023
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Growth and Microbiome in Preterm Infants

Neves, Hair, and Preidis. Gut Microbes 2023



Neonatal Growth and Associated Microbes                                       

Neves, Hair, and Preidis. Gut Microbes 2023
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Lauren Lynch



Lynch, Hair, and Preidis. Gut Microbes 2023
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Lynch, Hair, and Preidis. Gut Microbes 2023
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Geoff Preidis

Sashi Ramani

Sara Cregeen

Kristi Hoffman

Grace Adeniyi-Ipadeola
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Subset of Infants from the Cream RCT: Shared and distinct KEGG 
pathways of the bacterial metagenome in control and cream infants

**Overarching pathways 
significantly upregulated in 
cream group

Adeniyi-Ipadeola GO, Hoffman KL, Yang H, Javornik Cregeen SJ, Preidis GA, Ramani S, Hair AB. 
Human milk cream alters intestinal microbiome of preterm infants: a prospective cohort study. 
Pediatr Res. 2024 May;95(6):1564-1571. Epub 2024 Jan 16.
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Significantly upregulated KEGG pathways
46

Horizontal bars represent the effect size for each pathway: blue color indicates pathways enriched in control group, and red color indicates pathways 
enriched in cream group. LDA score cutoff of 2 was used to discriminate pathways.

N-Glycan biosynthesis
Epithelial cell signaling in Helicobacter pylori infection
Huntington's disease
RNA degradation
Nucleotide excision repair
Alzheimer's disease
Zeatin biosynthesis
Sulfur metabolism
Streptomycin biosynthesis
Peptidoglycan biosynthesis
Taurine and hypotaurine metabolism
Selenocompound metabolism
Valine, leucine and isoleucine biosynthesis
Sphingolipid metabolism
Inositol phosphate metabolism

Folding, sorting and degradation
Replication and repair

Sulfur relay system
Homologous recombination
Bacterial secretion system

Base excision repair
Phenylalanine metabolism

Benzoate degradation
Fructose and mannose metabolism

Nicotinate and nicotinamide metabolism
Pentose and glucuronate interconversions

Tyrosine metabolism
Peroxisome

Glycerophospholipid metabolism

Adeniyi-Ipadeola, Hair, et. al. Pediatric Research 2024
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Current Large Studies

NEC Biorepository
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Thank you!
Dr. Murali Premkumar – Associate Professor, Co-Director of NICU Intestinal 
Rehabilitation Team

NICU Intestinal Rehabilitation Attendings: 
•  Dr. Elena Itriago
•  Dr. Emily Niemyjski

Neonatal Nutrition Program and Research Team:
• Laura Gollins – Clinical Program Coordinator
• Nora Abu-Hamdan- Research Coordinator
• Wen-Wen Wu- Research Coordinator
• Priscilla Vasquez- Senior Research Coordinator
• Jessica Nguyen- Clinical Research Manager
• Joe Hagan- Statistician 

Neonatal Dietitians:
• Allyson Camp, Amy Carter, Nidia Delgado,                                  

Laura Lucas, Agnes Mandy, Adriana Massieu,                          
Veronica Rubio

•Collaborators: 
• Dr. Preidis, Dr. Misty Good, Dr. Cami Martin,                                 

Dr. Burrin, Dr. Roddy, Dr. Greg Valentine
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abhair@texaschildrens.org
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