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ABSTRACT 
 

 

This honors thesis analyzes the methodology and results of ongoing research on 

the potential use of bile acid concentrations in neonatal stool to be used as an indicator 

for the onset of the disease necrotizing enterocolitis (NEC). NEC is a serious 

complication in a premature infant with the potential for death. Twenty-two patients were 

enrolled in the study over the period of eight months, however, no patient developed 

NEC. Control patients were analyzed for trends in bile acid concentrations. Elevation of 

in bile acid concentration were seen following each feeding. Previous inclinations were 

also proven in regards to that mother’s milk is more easily digested and remains a more 

nutritionally sound form of feeding than formula milk. 
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STATEMENT OF PURPOSE 
 

 

The purpose of this study is to obtain data on how bile acid levels in neonatal 

stool samples change over the course of the disease necrotizing enterocolitis (NEC). 

Previous studies have correlated high bile acid levels to an onset or progression of NEC. 

This study aims to identify high bile acid levels in the stool as a possible diagnostic 

indicator that NEC is imminent. 
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STATEMENT OF RELEVANCE 

 

 The relevance of this study correlates to its practical use in the clinical diagnosis 

of necrotizing enterocolitis (NEC). If increasing bile acid concentration in neonate stool 

is shown to correlate to the onset of NEC, then stool sampling from neonates in the 

neonatal intensive care unit (NICU) could be used as a diagnostic indicator for the 

disease in infants that fall within the at-risk group. An indicator such as this could give 

advanced warning to physicians to terminate enteral feeding, begin treatment and prevent 

the manifestation of further symptoms. Ultimately, this could result in fewer neonatal 

intestinal perforations, surgical NEC cases and in a declining rate of mortality from NEC. 
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LITERATURE REVIEW 

 

 Necrotizing enterocolitis (NEC) is the most common gastrointestinal emergency 

affecting premature infants and has the possibility of becoming life threatening.1 NEC is 

characterized by prematurity, low-birth weight, abdominal distension, presence of 

abnormal intestinal and hepatic portal vein gas production, blood in the stool, an onset of 

symptoms following enteral feeding, and necrosis of tissue found primarily in the 

terminal ileum.2 The risk of NEC increases with decreasing gestational age, occurs in five 

to ten percent of preterm infants and in approximately three in one-thousand live births.3,4 

The mortality rate for an infant with NEC is greater than twenty percent and for this 

reason posses a major concern to the health of many neonatal patients.5   

 In 1978, Martin Bell 

created a method of categorization 

for infants with NEC. The disease 

is broken down into three stages. In 

stage one the infant shows 

symptoms of suspected NEC   

including, but not limited to, 

          temperature instability, lethargy, 

bradycardia, mild abdominal distention or tenderness, and blood in stool.6 Tests including 

radiographic evaluations, blood analysis and ultrasounds are performed to eliminate the 

possibility of an alternative diagnosis.7 In stage two the diagnosis of NEC is definite and 

is proven by radiographic evaluation.8 Steps are taken in this stage to prevent the 

Image 1. Abdominal Distension in NEC.33 
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manifestation of further symptoms. In stage three NEC is severe and advanced.9 This 

stage is marked by a deterioration of vital signs, evidence of septic shock, and the need 

for operative intervention because of 

intestinal perforation.10 Image two shows 

an X-ray of an infant with NEC. The 

black arrows point to the evidence of 

hepatic portal vein gas in the liver. The 

liver is seen as the dense white area in 

the upper-left quadrant with the gas 

being the thin gray lines within. The 

white arrowheads mark gas in the bowel 

walls. This can also be seen by gray lines 

between the denser white areas of the 

intestines. 

Typical treatment for NEC in all 

stages involves the immediate 

termination of enteral feeding, initiation 

of parenteral feeding and of close 

monitoring for signs of necrosis or 

worsening of symptoms. As stated 

previously, advanced cases can lead to 

the need for surgical intervention to repair 

the damaged area. 

Summary of NEC 

Clinical 
Features 

Prematurity 
Low-Birth Weight 

Abdominal Distension, Tenderness 
and Rigidity 

Vomiting and Blood in Stool 
Lethargy 

Bradycardia 

Hepatic Portal or Intramural Gas 

Onset After Enteral Feeding Begins 

Intestinal Perforation and Peritonitis 

Stages 

Stage 1: Characterized by 
temperature instability, lethargy, 
bradycardia, mild abdominal 
distention or tenderness, or blood in 
stool. There are initial suspicions of 
NEC and tests are performed to 
rule out an alternative diagnosis. 
Stage 2: Characterized by 
symptoms in Stage 1 plus 
gastrointestinal bleeding, significant 
intestinal distention with rigid bowel 
loops and/or portal vein gas. NEC 
at this stage is definite. 
Stage 3: Characterized by 
symptoms in Stages 1 and 2, plus 
deterioration of vital signs and 
possible gastrointestinal 
hemorrage. At this stage operative 
intervention is needed. 

Methods 
of 

Diagnosis 

Radiographic Evaluation of 
Abdomen 

Perceived External Symptoms 

Treatment 

Termination of Enteral Feeding 

Close Monitoring of Progress 

In severe cases, surgery is needed 
to remove damaged tissue 

Table 1. Summary of NECl.60,61 
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A study performed by Abbasi et al. compared one-year olds from two opposing 

groups, preterm infants who had NEC in the neonatal period and those who were preterm, 

but did not develop NEC.11 The study showed that there were “no detectable long-term 

effect[s] on growth, nutritional status, [or] gastrointestinal tract function in premature 

infants who had NEC in the newborn period” with the absence of small bowel 

syndrome.12  These results are hopeful because it suggests that if a preterm infant can 

survive a NEC episode, then the long-term prognosis is promising. This prognosis can be 

altered, however, if surgical 

intervention is required 

because of necrosis of 

intestinal tissue. The small 

intestine is vital to the 

absorption of nutrients and 

water. The more that is 

removed in surgery, the 

greater the need for a child to 

have nutritional support 

throughout life. Two options 

have been suggested for a 

patient afflicted with a 

perforated colon from NEC, 

a peritoneal drain or a  

laparotomy.13  Image 2. X-ray of neonate with NEC. Black arrows show 
large amounts of hepatic portal gas. White arrow heads show 
pneumatosis intestinalis, gas in the bowel wall.34 
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A laparotomy is the traditional treatment for a perforated bowel caused by NEC 

and involves entering the abdomen surgically, removing the decayed tissue, repairing the 

perforation, and temporarily storing the viable distal bowel outside the body through an 

ileostomy.14 An ileostomy allows the intestines to heal and for its contents to drain into 

an ostomy bag also located outside the body. 

A peritoneal drain, alternatively, involves 

the insertion of two drains in the lower 

abdomen of the infant to relieve air and fecal 

content build-up.15 Peritoneal drains were 

originally used on infants who were unable  

      to survive a laparotomy, but have recently 

undergone research to test their effectiveness as intestinal perforation therapy alone 

without full abdominal surgery.16 

A study performed by Vasudevan et al. compared two groups of NEC patients, 

those that received a laprotomy and 

those that received a peritoneal drain 

(PD).17 Generally neonates that were 

smaller, younger, and more premature 

received a PD.18 Within forty-eight 

hours of PD placement, twenty-two 

percent of patients underwent 

laparotomy and ultimately only thirteen         

percent of patients did not require a delayed laparotomy after their PD placement.19 The 

Image 3. A neonate post-laparotomy with an 
ostomy bag in place. 35 

Image 4. A neonate with a peritoneal drain in 
place.36 
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study concluded that PD was an ineffective treatment solely for intestinal perforation 

from NEC and that it did not provide a survival advantage over a laparotomy.20  

Complications from NEC beyond the time of the actual NEC incident and 

treatment can occur. If a great enough portion of bowel is removed during a laprotomy, 

short bowel syndrome can occur. Short bowel syndrome is defined as a patient who has 

an insufficient amount of bowel to properly digest and absorb nutrients.21 The incident of 

short bowel syndrome is low (1.1% nationally), but its long term effects are serious and 

can result in death.22 A study by Cole, MD, MPH, found that twenty-percent of infants 

with short bowel syndrome died during their initial stay within the studied hospital, 

thirty-three percent of surviving patients still required tube-feeding by age eighteen to 

twenty-two months and seventy-nine percent had been rehospitalized.23 Additionally, 

short bowel patients showed growth delays and smaller head circumferences than non-

short bowel patients at the same age.24 This rare, but serious complication leads to an 

even greater need for a suitable treatment for NEC. 

The pathophysiological cause of NEC is still unknown, however research is 

ongoing. Numerous theories have been suggested for the cause of NEC ranging from 

possible infectious viral or bacterial agents, to a disorder in the immunological abilities of 

the gut, to improper gastrointestinal circulation to poorly developed mucosa and intestinal 

cells.25 Various symptoms and observations partially support each theory, but no theory 

has solely been shown to explain the reason for the onset of NEC in neonates. There are a 

few common trends found in NEC patients in relation to feeding, however, that give clues 

to the pathogenesis of the disease.    

The time of initiation of feeding and the type of feeding provided to the infant are 

crucial to the development of NEC. For many preterm infants less than thirty-four weeks 
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gestational age, the sucking, swallowing and breathing coordination skills have not yet 

developed and it is too risky or not physically feasible to attempt breast feeding.26 There 

are two feeding options in this case, enteral and parenteral feeding.27 Enteral feeding 

consists of continuous or 

intermittent milk feedings 

through a small catheter 

passed through the nose or 

mouth into the stomach.28  

The milk used can be either 

the mother’s breast milk, a 

donor’s breast milk or 

formula milk.29  

Parenteral feeding, on the other hand, is nutrition that is given intravenously, so as 

to completely bypass the digestive system.30 This type of nutrition “consists of a glucose 

and amino acid solution with electrolytes, minerals, and vitamins, plus fat as the principal 

non-protein energy source”.31 Parenteral feeding is used in infants with delayed gastric 

emptying and intestinal peristalsis, or in infants that are suspected to have symptoms of 

NEC or other gastrointestinal diseases.32  

It has been suggested that large volumes of enteral feeding began too early can 

result in the formation of NEC because the digestive tract is underdeveloped.38 Kleigman 

et al. notes “infants receiving hypocaloric minimal feedings have fewer episodes of 

feeding intolerance [and] gain weight sooner…without influencing the incidence of 

NEC”.39  This suggests that smaller, more frequent feedings could be more beneficial in 

Image 5. Neonate with enteral feeding.37 
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preventing NEC and maintaining overall intestinal health in preterm infants than the 

typical larger quantity, smaller frequency feeding pattern would. 

In addition to the time of initiation of enteral feeding, the type of feeding is also 

critical. It has been shown that infants fed with breast milk are less likely to develop 

NEC.40 There are numerous reasons for this finding. Breast milk has been suggested to 

have more easily digestible lipids, to contain specific nutrients such as glutamine, and to 

increase blood flow to the intestines in the baby after feeding.41 Breast milk also contains 

valuable immunological components such as secretory IgA antibodies, lactoferrin with 

antiviral properties, lysozyme with antibacterial and anti-inflammatory properties, bifidus 

factor for the promotion of the growth of the beneficial intestinal bacteria Lactobacillus 

bifidus, oligosaccharides to block antigen attachment to the gut epithelium, and 

leukocytes that phagocytize bacteria, viruses and fungi.42 Additionally, breast milk is also 

abundantly supplied with growth factors, cytokines, and hormones that assist the baby in 

intestinal development.43 Formula milk is missing nearly all of these crucial components. 

Milk, both mother’s and formula, have a reasonably high fat content and require 

the assistance of certain parts of the digestive tract to be digested, in particular bile acids. 

If bile acid transport is not working properly, this could cause problems with an infant’s 

digestive processes. This also may suggest why large feedings initially can cause an onset 

of NEC since an underdeveloped digestive tract may find difficulty in maintaining a high 

rate of transport across the epithelium. Mother’s milk may play a role in preventing a bile 

acid transport insufficiency by helping the small intestines to develop faster than formula 

milk because of the added benefit of protecting antibodies and factors to increase blood 

flow. 
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Bile acids are crucial to the breakdown of fats for metabolism. Bile acids posses a 

detergent effect by dividing lipids into water-soluble micelles.44 This allows the lipids to 

be broken into glycerol and fatty acids by pancreatic enzymes, which can then pass 

across the apical membrane.45 Bile is created by the liver from cholesterol and then is 

stored within the gallbladder.46 When needed, the bile travels down the common bile duct 

which joins the pancreatic duct and then empties into the small intestine at the duodenum. 

Once the bile acids have completed their function they are recollected by the small 

intestine wall at the ileum, as shown in Figure 1.47  

 

 

Figure 1. Bile Acid Recollection From Small Intestine 

 

The apical sodium-dependent bile acid transporter (ASBT) is a membrane protein 

located on the apical or lumenal side of the enterocytes and brings bile acids from the 

lumen of the small intestine into the cell, as shown in Figure 2.48 Once within the cell, the 
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ileal bile acid binding protein (IBABP) binds the bile acids to transport them across the 

cell.49 It is suspected that the organic solute transporter (Ost-α/ Ost-β) assists in 

transporting the bile acids across the basolateral membrane into hepatic portal 

circulation.50 As stated, bile acids are recollected in the ileum, the terminal most section 

of the small intestine. The ileum is also the location of the highest sustained injury during 

the course of NEC.51 This suggests a connection between the common location of both 

processes. 

 

 

Figure 2. Recollection of Bile Acid by the Small Intestine Enterocyte  

 

Studies performed by the research lab of Dr. Melissa Halpern used rat models to 

investigate the connection between bile acids and NEC.52 Recent studies have shown that 

during NEC there is an increase in the ASBT, and a decrease in the IBABP within the 

enterocytes.53 These two findings could play a significant role in identifying the cause of 
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NEC. They suggest that bile acids can be transported into the cell, but not through it. This 

causes a build up of bile acids within the enterocytes, which have a cytotoxic effect 

resulting in damage to the epithelium.54 The total bile acid levels of rat models with NEC 

were also shown to be significantly higher than control animals.55 A problem with bile 

acid transport out of the lumen of the small intestine and through the epithelial cells could 

lead to a rising level of bile acids in the fecal matter of an infant affected with NEC as 

indicated by the higher total bile acid levels. 

 These observations and the connections between bile acids and NEC have led to 

the present study. If bile acid levels rise during the progression of NEC, then they may be 

able to be used as an indicator in a clinical setting for the onset of the disease. An 

indicator of NEC would have the potential to lead to faster termination of enteral feeding, 

a reduction in overall symptoms related to NEC and a decrease in the number of infants 

that ultimately progress to Bell stage three and need surgical intervention. Doctors and 

parents would also gain assurance in that a baby’s progress in relation to feeding is 

beneficial and that the potential for NEC is being monitored. This study is unique in 

comparison to other studies because it uses a human model for sample collection as 

opposed to animal models used previously. This will allow for greater insight into how 

the model could be used clinically for the detection of NEC, the range of normal bile acid 

levels in the neonatal infant, and the prospective problems that may be encountered with 

such an indicator.  
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METHODOLOGY 

 

Subject Admission into the Study 

 Subjects for the study were chosen from the neonatal intensive care unit of 

University Medical Center in Tucson, Arizona. Subjects chosen for the study met the 

following requirements for weight, gestational age and additional health complications: 

- Low birth weight of less than 1800 grams, 

- Premature with a gestational age of 34 weeks or less, 

- Less than 30 days old prior to initiation of enteral feeding, 

- An Infant diagnosed with suspected NEC, medical NEC, or surgical NEC and not 

included in the criteria above was admitted to the study, 

- Any infant in the study cannot have pre-existing infections, genetic syndromes, or 

complex cardiac disorders.  

Subjects who met the study requirements were consented into the study by a parent or 

legal guardian, as well as the attending neonatologist. The consent allowed for the 

collection of fecal samples from the stool of subject, as well as the authorization for 

analysis of medical feeding records. The subject’s personal data was concealed by the use 

of a numerical identification code as opposed to the patient’s name. 

Beginning on September 17th, 2009, patients were admitted to the study and sample 

collection began. New subject admission into the study continued for the duration of the 

study. 
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Sample Collection 

 NICU staff was notified of the study and were instructed on protocol for sample 

collection. The NICU staff collected stool samples from every diaper of enrolled infants. 

Samples were collected into 1.7mL tubes and labeled with a printed hospital label. 

Samples were temporarily stored in the NICU in a freezer provided for the study. 

Samples were collected from the NICU by lab staff at a minimum of twice weekly and 

were cataloged based on the date and time of stool collection for each infant. After 

categorization, samples were arranged for permanent storage in a laboratory freezer.  

Sample Preparation for Analysis 

 Sample analysis began by preparing stool samples for bile acid assays. To be 

analyzed, samples must be in a consistent aqueous liquid phase and not contain any 

residue or particles. Samples were weighed and an amount of approximately thirty 

milligrams was removed. A volume of distilled water equal to the weight of the sample 

was added and the sample was hand homogenized. After homogenization samples were 

centrifuged for a total of fifteen minutes at 13,000 rpm. The liquid portion of each 

sample, which shall be titled fecal fluid, was removed and the solid pellet which 

remained was discarded. The fecal fluid was centrifuged again for ten minutes at 13,000 

rpm to enhance the separation of the aqueous and oil layers. The aqueous layer, or fecal 

water, was removed and stored. The remaining fecal oil was saved as well for the 

possibility it may be needed for analysis. Fecal water was diluted with an amount of 

water equal to the sample’s volume to obtain a dilution that would be within the readable 

range of the bile acid assay kit. 
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Sample Analysis 
 

Prepared fecal water samples were tested for their bile acid concentration using 

the Diazyme Total Bile Acids Assay Kit. When bile acids are combined with Thio-NAD 

in the presence of the enzyme 3-α-hydroxysteroid dehydrogenase (3-α-HSD), Thio-

NADH and 3-keto steroids, or oxidized bile acids, are produced.56 The reaction is 

reversible, as 3-α-HSD can convert oxidized bile acids and Thio-NADH back into bile 

acids and Thio-NAD.57 When an excess of NADH is added, this reaction cycling occurs 

efficiently.58 The Assay Kit takes advantage of this reaction by measuring specific 

changes in absorbance at 405nm to determine the rate of formation of Thio-NADH and 

thus determine the concentration of bile acids in the sample.59  

 

 

 

 

 

 

Sample analysis was carried out by first creating an array of standard 

concentrations using the provided calibrator. Standards of 6.25, 12.5, 25, and 50 µmol/L 

were used. Standards, a blank that consisted of double distilled water, and samples were 

plated in triplicates with 4 µL per well in a 96-well plate. Two-hundred seventy 

microliters of Reagent One, which consisted of Thio-NAD, was added to each well using 

a multi-pipeter. Care was taken to ensure that each sample within a triplicate received the 

reagent at the same time. The plate was incubated within the plate reader at 37ºC. for 

three minutes and then was pre-read. Following the pre-read, ninety microliters of 

Thio-NAD Thio-NADH 

NAD  NADH 

Bile acids 
Oxidized bile acids 
(3-keto steroids) 
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Reagent Two, which consisted of 3-α-HSD and NADH, was added to each well. Plate 

was read in plate reader at 405nm for two minutes. The bile acid concentration results 

collected from the analysis of samples is read in the unit of micrograms per microliter.  

Control Sample Selection and Patient Chart Analysis  

Control samples were chosen from two babies who never acquired NEC and who 

consistently gave two to three samples a day for at least five to six consecutive days. 

Control samples were prepared for bile acid analysis by the previously stated procedure. 

Nursing notes were obtained for each baby with the assistance of Dr. Alan Bedrick, 

University Medical Center’s Chief of Neonatology. Nursing notes were analyzed and 

data was recorded for date, time, amount, and type of feeding received by the patient 

during their inpatient care in the NICU. Stool sample bile acid concentrations and feeding 

schedules were compared for trends. 
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RESULTS AND ANALYSIS 

______________________________________________________ 
 

 For the duration of the eight month study, twenty-two babies were enrolled and 

samples were collected. Unfortunately, no patient that was admitted into the study under 

the predetermined criteria developed necrotizing enterocolitis. For this reason comparison 

of bile acid concentration levels to the incident of NEC was impossible.  

 The data collected from control patients provides some interesting insight, 

however, into normal bile acid regulation, and patterns that may be seen by different 

types of feeding. 

Patient #2 Control Analysis 

 Samples collected between October 3rd and October 8th, 2009 were analyzed. The 

patient was fed a combination of Premature Enfamil Lipil baby formula that was 24 

calories per ounce and mother’s breast milk that was 24 calories per ounce. Because of 

the consistency in the quantity and timing of feeding, it can be assumed this patient was 

fed through enteral feeding methods as opposed to bottle-fed. A comparison of the timing 

and quantity of feeds to bile acid concentrations from stools can be seen in Graph 1. 

Patient #14 Control Analysis 
 

Samples collected between December 3rd and December 9th, 2009 were analyzed. The 

patient was fed strictly mother’s breast milk that was 24 calories per ounce. Timing and 

quantities consumed at each feed varied per day, indicating that this patient was bottle-

fed as opposed to receiving enteral feeding. A comparison of the timing and quantity of 

feeds to bile acid concentrations from stools can be seen in Graph 2.  
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CONCLUSION 

________________________________________________________________________ 

Patient #2 Control 

 Patient two’s feeding schedule shows great consistency in the timing and quantity 

of feedings. Graph one shows that times when the quantity of feedings decrease are 

followed shortly by a decrease of bile acid concentration found in the stool. Similarly, on 

October 7th, 2009 when feedings are increased to 20cc, an increase in bile acid 

concentration can be noted. The type of feeding also seems to have a correlation to the 

level of bile acids. Shortly after the initiation of feeding with Premature Enfamil Lipil 

formula, bile acid concentrations can be seen to increase. When breast milk feeding is 

started, the bile acid concentrations decrease within the hours following the feeding. 

These fluxes can possibly be related to the types of fats contained within each type of 

milk. Mother’s milk has been shown to have more easily digested lipids, possibly 

requiring a lower concentration of bile acids than formula milk. 

Patient #14 Control 

 Patient fourteen’s feeding schedule was drastically different than patient two’s. 

Showing a wide variety in the quantity and timing of feeds, this baby had greater freedom 

in its feeding pattern. Graph two still shows the expected trend, however, that in the hours 

after a feeding there is a slight to moderate rise in bile acid concentration as the milk is 

digested and absorbed.  

Overall Conclusions and Future Prospects 

While the time period of this study did not allow for the analysis of the effects that 

necrotizing enterocolitis may have on bile acid levels and ultimately make conclusions on 



 25

if they could potentially be used as a clinical indicator for NEC, it has revealed some 

valuable trends in bile acid production in relation to non-NEC affected infants. Bile acids 

were proven to increase after even minimal feeds and the type of feeding used has shown 

to have a significant effect on bile acid production. These results further support the 

belief that mother’s milk provides a child with the best composition of required nutrients. 

Currently, this study is still on-going and continues to enroll new patients with the hopes 

of being able to analyze bile acid concentrations during a NEC episode.
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