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Pr esen tation of C a se

Dr. Katherine L. Tuttle (Pediatrics): A 9-day-old girl was admitted to this hospital be-
cause of nonbilious vomiting, acidosis, and azotemia.

The patient had been born at another hospital by induced vaginal delivery after 
41 weeks 3 days of gestation. The pregnancy had been complicated by maternal 
obesity. The patient was placed with an adoptive family immediately after birth. 
Her birth mother had received prenatal care, and screening tests for gonorrhea, 
chlamydia, syphilis, human immunodeficiency virus, and hepatitis B virus had 
been negative; a screening test for immunity to rubella virus was positive, as was 
a screening test for group B streptococcal colonization. Spontaneous rupture of 
membranes, which occurred 2 hours before birth, revealed meconium-stained 
amniotic fluid, and five doses of penicillin were administered before delivery. The 
1-minute and 5-minute Apgar scores were 8 and 9, respectively.

At birth, the weight was 3.9 kg (87th percentile), the length 51.5 cm (80th per-
centile), and the head circumference 36.5 cm (85th percentile); the vital signs and 
physical examination were normal. A diet of organic cow’s milk–based infant for-
mula with a probiotic was begun shortly after birth; the patient drank the formula 
avidly, and urine and stool output were normal for her age. The results of newborn 
blood-spot screening tests (i.e., a panel of tests for multiple congenital diseases, pri-
marily inborn errors of metabolism) and screening tests for hearing ability and criti-
cal congenital heart disease were normal, and the patient received intramuscular 
vitamin K, erythromycin ophthalmic ointment, and a hepatitis B immunization be-
fore discharge.

Five days before this admission, at a routine pediatric examination, the patient’s 
adoptive parents reported that she had been drinking 60 ml of formula every 3 to 
4 hours, with some “spit ups,” and that she produced four yellow-brown stools each 
day. She appeared well, with mild jaundice, and was scheduled to return 10 days 
later for another routine appointment.

From the Department of Pediatrics, 
Rhode Island Hospital and Hasbro Chil‑
dren’s Hospital, and the Department of 
Pediatrics, Warren Alpert Medical School 
of Brown University — both in Provi‑
dence (J.M.S.); and the Departments of 
Radiology (R.B.), Pediatrics (N.K.V.H., 
P.E.H.), Medicine (P.E.H.), and Pathology 
(L.R.Z.), Massachusetts General Hospi‑
tal, and the Departments of Radiology 
(R.B.), Pediatrics (N.K.V.H.), Medicine 
(P.E.H.), and Pathology (L.R.Z.), Harvard 
Medical School — both in Boston. 

N Engl J Med 2017;377:372-83.
DOI: 10.1056/NEJMcpc1703512
Copyright © 2017 Massachusetts Medical Society.

Founded by Richard C. Cabot 
Eric S. Rosenberg, M.D., Editor 

Virginia M. Pierce, M.D., David M. Dudzinski, M.D., Meridale V. Baggett, M.D., 
Dennis C. Sgroi, M.D., Jo‑Anne O. Shepard, M.D., Associate Editors 

Allison R. Bond, M.D., Case Records Editorial Fellow 
Emily K. McDonald, Sally H. Ebeling, Production Editors

 

Case 23-2017: A 9-Day-Old Girl  
with Vomiting, Acidosis, and Azotemia

Jason M. Shapiro, M.D., Rene Balza, M.D., Navneet K. Virk Hundal, M.D., 
Paul E. Hesterberg, M.D., and Lawrence R. Zukerberg, M.D.  

Case Records of the Massachusetts General Hospital

The New England Journal of Medicine 
Downloaded from nejm.org by LUIGI GRECO on October 4, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 377;4 nejm.org July 27, 2017 373

Case Records of the Massachusetts Gener al Hospital

One day before this admission, nonprojectile, 
nonbloody, nonbilious vomiting occurred after 
each feed. The baby was fussier and less active 
than usual and drank only 30 to 45 ml of for-
mula per feed before falling asleep, as compared 
with the 90 to 105 ml per feed she had had the 
previous day. Her father called the pediatrician 
during the evening and was advised to take the 
baby to the emergency department at another 
hospital.

On presentation to the other hospital, the 
patient was alert and responded appropriately to 
physical examination. The temperature was 37.8°C, 
the pulse 120 beats per minute, the blood pres-
sure 85/59 mm Hg, the respiratory rate 36 breaths 
per minute, and the oxygen saturation 100% while 
she was breathing ambient air. The weight was 
3.5 kg. The anterior fontanelle was sunken; the 
remainder of the examination was normal. A 
lumbar puncture was performed. Samples of 
blood, urine, stool, and cerebrospinal fluid were 
obtained for culture. Tests for respiratory syncy-
tial virus and rotavirus were negative. Blood levels 
of total protein, albumin, total bilirubin, direct 
bilirubin, and alkaline phosphatase were normal; 
other laboratory test results are shown in Table 1. 
Urinalysis revealed orange urine, with a pH of 5.0, 
a specific gravity higher than 1.030, 3+ protein, 
and 2+ bilirubin. A chest radiograph was normal. 
Multiple attempts to place an intravenous cath-
eter were unsuccessful; ampicillin and ceftriaxone 
were administered intramuscularly, and an enteral 
electrolyte solution was administered through a 
nasogastric tube and did not cause vomiting. Early 
during the following day, the patient was trans-
ferred to the pediatric intensive care unit (ICU) at 
this hospital for further evaluation and treatment.

The patient had lived with her adoptive fam-
ily in an urban area of New England since birth. 
Her biologic half-brother had autism and eczema 
and had undergone placement of tympanostomy 
tubes. The patient had no known exposure to 
sick persons.

On admission to this hospital, the results of 
physical examination were unchanged. A periph-
eral intravenous catheter was inserted, and a bolus 
of normal saline was administered, followed by 
a continuous infusion of 10% dextrose in water 
with 0.225% normal saline. The point-of-care 
blood glucose level was 84 mg per deciliter (4.7 
mmol per liter; reference range, 60 to 100 mg per 

deciliter [3.3 to 5.6 mmol per liter]). Ampicillin 
and cefepime were administered intravenously. 
Tests for respiratory syncytial virus, metapneumo-
virus, adenovirus, and parainfluenza viruses were 
negative; other laboratory test results are shown 
in Table 1. The patient was fed a cow’s milk–based 
formula, and vomiting recurred. Enteral feeding 
was stopped, the administration of intravenous 
fluid was continued, and vomiting ceased.

The next day, the physical examination was 
normal. The results of an acylcarnitine profile 
analysis were normal, as were the results of blood 
amino acid analysis, with the exception of an 
alanine level of 582 nmol per milliliter (reference 
range, 139 to 474). Other laboratory test results 
are shown in Table 1. Urinalysis revealed clear, 
yellow urine, with a pH of 6.0, a specific gravity 
of 1.008, and 1+ glucose. An electrocardiogram 
was normal.

Dr. Rene Balza: An upper gastrointestinal series 
showed severe spontaneous gastroesophageal re-
flux; there was no evidence of intestinal malrota-
tion. Ultrasonography of the kidneys and bladder 
revealed mild pyelectasis in the left kidney and 
was otherwise normal; limited abdominal ultra-
sonography revealed no evidence of pyloric ste-
nosis.

Dr. Tuttle: The cultures of blood, urine, stool, 
and cerebrospinal fluid that had been performed 
at the other hospital remained negative, and am-
picillin and cefepime were discontinued. Oral ad-
ministration of an electrolyte solution was begun 
and did not cause vomiting.

On the third hospital day, the patient was 
transferred to the pediatric unit. Her home diet 
of an organic cow’s milk–based formula with a 
probiotic was resumed. Overnight, she vomited 
once, approximately 2 hours after a feed. Vomit-
ing after feeds continued during the next day. A 
diet of an oral electrolyte solution was resumed, 
and vomiting ceased. On the fifth hospital day, 
oral administration of an amino acid–based for-
mula was begun and did not cause vomiting. 
The results of repeat newborn blood-spot screen-
ing tests were reported as normal; other laboratory 
test results are shown in Table 1. Over the next 
2 days, the patient continued to receive the amino 
acid–based formula without vomiting; the ad-
ministration of intravenous fluid was stopped. 
Laboratory test results obtained on the sixth and 
seventh hospital days are shown in Table 1. The 
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patient was discharged home on the seventh hos-
pital day, at which time the weight was 3.4 kg.

Three days after discharge, the patient was seen 
for follow-up by her pediatrician. Her parents re-
ported that she had had five episodes of spitting 
up during the previous 24 hours, that she had 
appeared tired and pale, and that her oral intake 
had decreased, such that she had consumed only 
5 to 25 ml of the amino acid–based formula per 
feed that day. She was also producing frequent 
loose, small-volume, greenish stools (10 in a 
24-hour period); during the bowel movements, 
borborygmi were audible and the patient arched 
her back.

On examination, the patient appeared pale and 
sleepy but aroused during the examination. The 
temperature was 37.3°C, the pulse 132 beats per 
minute, and the weight 3.0 kg. The anterior fon-
tanelle was sunken, the lips were dry, skin turgor 
was decreased, and the capillary refill time was 
between 2 and 3 seconds. The patient vomited 
once in the clinic. The point-of-care blood glucose 
level was 98 mg per deciliter (5.4 mmol per liter). 
The patient was fed an oral electrolyte solution and 
then was referred to the emergency department of 
this hospital.

On arrival at the emergency department, the 
patient was lethargic and her skin appeared ash-
en; she cried weakly and without tears. The tem-
perature was 37.8°C, the pulse 166 beats per 
minute, the blood pressure 73/50 mm Hg, the 
respiratory rate 58 breaths per minute, and the 
oxygen saturation 98% while she was breathing 
ambient air. The remainder of the examination 
was unchanged. Samples of blood and stool 
were obtained for culture. Blood levels of total 
protein, albumin, globulin, total bilirubin, di-
rect bilirubin, and alkaline phosphatase were 
normal; other laboratory test results are shown 
in Table 1. Urinalysis revealed clear, yellow urine, 
with a pH of 6.0, a specific gravity of 1.030, and 
2+ protein by dipstick; on microscopic examina-
tion, there were 0 to 2 red cells per high-power 
field, 5 to 10 white cells per high-power field, and 
5 to 10 hyaline casts per low-power field. The 
patient was admitted to the pediatric ICU.

A bolus of normal saline was administered in-
travenously, followed by a continuous infusion of 
5% dextrose with sodium bicarbonate and potas-
sium chloride. The patient received an oral elec-
trolyte solution without vomiting.

Dr. Balza: The next day, a central venous cath-

eter was placed; abdominal radiography, which 
was performed to assess its position, revealed an 
abnormal bowel-gas pattern with narrowing of the 
lumen and separation of the bowel loops, find-
ings suggestive of bowel-wall thickening or asci-
tes (Fig. 1A). Abdominal ultrasonography revealed 
fluid-filled bowel loops with thickened walls 
(measuring up to 3 mm in thickness), as well as 
a small amount of associated free intraperitoneal 
fluid in the right half of the abdomen (Fig. 1B 
and 1C).

Dr. Tuttle: Stools continued to be loose and 
were guaiac-positive. Enteral feeds were discon-
tinued, and the administration of total parenteral 
nutrition was initiated. Pantoprazole, ampicillin, 
cefepime, and metronidazole were administered 
intravenously.

Over the next 2 weeks, additional diagnos-
tic studies were performed, and a diagnosis 
was made.

Differ en ti a l Di agnosis

Dr. Jason M. Shapiro: This 9-day-old full-term female 
infant, who was born without perinatal complica-
tions, presented with recurrent episodes of nonbil-
ious, nonprojectile emesis. The most striking 
aspect of her clinical presentation is the degree 
of dehydration and acidosis associated with each 
episode. Although the patient ultimately had clini-
cal and imaging evidence of enterocolitis, the 
symptoms present during the initial clinical en-
counters were nonspecific and could be attrib-
uted to myriad causes, including infectious, ana-
tomical, metabolic, and inflammatory or allergic 
conditions.

Infections

Despite the absence of fever in this patient, the 
feeding problems, lethargy, and acidosis are con-
sistent with manifestations of neonatal sepsis.1 
The most common pathogens that are implicated 
in sepsis that occurs in otherwise healthy full-
term neonates include group B streptococcus, 
Escherichia coli, Listeria monocytogenes, herpes simplex 
virus, and enteroviruses. Although this infant’s 
birth mother was appropriately treated with peni-
cillin during labor after prenatal identification of 
group B streptococcal colonization, such adminis-
tration of antibiotics does not decrease the in-
fant’s risk of group B streptococcal sepsis be-
yond the first week of life. This patient under-
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went an extensive albeit unrevealing evaluation 
for infectious causes, and an infection would be 
unlikely to explain all the features of her clinical 
presentation.

Anatomical Malformations

A variety of gastrointestinal anatomical abnor-
malities can result in intermittent vomiting and 
dehydration. In this patient, intestinal malrota-
tion with intermittent midgut volvulus should be 
ruled out, and intestinal atresia or webs, pyloric 
stenosis, intussusception, and Hirschsprung’s dis-
ease should all be considered. There was no his-
tory of polyhydramnios, and vomiting did not be-
come apparent until 8 days of life; therefore, 
congenital intestinal or esophageal atresia is un-
likely. Pyloric stenosis and intussusception can 
both result in recurrent vomiting, but these condi-
tions are often seen in children who are older than 
this patient. Hirschsprung’s disease is typically 
associated with the delayed passage of meconi-
um; this infant passed meconium without dif-
ficulty within the first 24 hours of life, and thus 
this diagnosis is unlikely. The absence of gastro-
intestinal anatomical abnormalities on imaging 
studies is helpful in ruling out a gastrointestinal 
malformation as the cause of her presentation.

Renal anomalies and malformations of the 
central nervous system should also be considered 
in the differential diagnosis for a vomiting infant. 
I suspect the acute kidney injury in this patient 
was most likely a consequence of severe dehydra-
tion, but renal damage due to obstruction is an-
other possible cause. However, abdominal ultra-

A

B

C

Figure 1. Imaging Studies.

An abdominal radiograph (Panel A) shows narrowing 
of the lumen and separation of bowel loops in the 
right half of the abdomen (arrows), findings sugges‑
tive of bowel‑wall thickening. The bowel‑gas pattern is 
nonobstructive, and air is seen in the distal colon. Ab‑
dominal ultrasound images obtained in a longitudinal 
view through the right lower quadrant (Panels B and 
C) show multiple loops of small bowel in cross sec‑
tion with areas of mural thickening (Panels B and C, 
black arrowheads) and areas of normal‑appearing 
bowel wall (Panel C, arrows). Moderate ascites is also 
noted (Panels B and C, white arrowheads).
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sonography revealed mild pyelectasis in the left 
kidney without hydronephrosis, a finding that 
rules out obstruction at the ureteropelvic junc-
tion. Although cranial imaging was not pursued, 
there was no history of neurologic deficits or mac-
rocephaly that would specifically suggest hydro-
cephalus.

Inborn Errors of Metabolism

In an ill newborn with vomiting, dehydration, and 
profound acidosis, the possibility of inborn er-
rors of metabolism warrants careful consideration. 
The newborn blood-spot screening tests are help-
ful in ruling out many of these conditions, but 
this panel of tests is not definitive, and further 
workup should be pursued if metabolic disease 
is clinically suspected.2 In this case, the normo-
glycemia, normal muscle tone, and absence of 
hepatosplenomegaly, seizure activity, and dys-
morphic features all argue against an inborn 
error of metabolism. However, several metabolic 
disorders are worth closer consideration.

Ornithine transcarbamylase deficiency is an 
X-linked defect of the urea cycle that is not de-
tected on the routine newborn screening tests. 
The clinical presentation of ornithine transcar-
bamylase deficiency often involves lethargy, al-
tered mental status, and vomiting, typically after 
feeds. The hallmark laboratory abnormality in 
patients with ornithine transcarbamylase defi-
ciency or other urea-cycle defects is hyperam-
monemia, with ammonia levels often exceeding 
150 μmol per liter (255 μg per deciliter). In this 
case, the patient is female, and the peak blood 
ammonia level was 82 μmol per liter (140 μg per 
deciliter); therefore, ornithine transcarbamylase 
deficiency is unlikely.

Aminoacidopathies and organic acidemias can 
lead to severe acidosis and vomiting. In addition, 
disorders of fatty acid oxidation can cause vom-
iting, lethargy, hypoketotic hypoglycemia, and re-
sulting seizure activity. In infants with such disor-
ders, symptom onset often occurs after a prolonged 
fast, since the condition results in an inability to 
fuel gluconeogenesis. This patient’s symptoms 
occurred after feeds (rather than after fasting), 
and hypoglycemia and seizure activity were not 
observed. Furthermore, blood amino acid levels 
and an acylcarnitine profile were essentially within 

normal limits, and thus an inborn error of me-
tabolism is unlikely.

Inflammatory and Allergic Conditions

During the second admission to this hospital, 
the infant had evidence of enterocolitis on imag-
ing studies and guaiac-positive diarrhea. The dif-
ferential diagnosis of these findings in a neonate 
includes necrotizing enterocolitis, very-early-onset 
infantile inflammatory bowel disease, and a non–
IgE-mediated gastrointestinal food allergy. Nec-
rotizing enterocolitis is a severe inflammatory 
disease of the intestine that is typically seen in 
premature infants. Less than 10% of cases occur 
in full-term infants, and in such cases, coexist-
ing conditions such as perinatal tissue hypoxia, 
congenital heart disease, and endocrinopathies 
are commonly present.3 Given that this infant had 
an uncomplicated full-term birth, the likelihood 
of necrotizing enterocolitis is low. Furthermore, 
imaging did not reveal pneumatosis, which is a 
characteristic finding of necrotizing enterocolitis, 
and stools were not reported to be grossly bloody.

Children younger than 6 years of age who pres-
ent with clinical, imaging, endoscopic, or histo-
pathological evidence of inflammatory bowel dis-
ease are considered to have very-early-onset 
disease. Although the incidence of very-early-onset 
inflammatory bowel disease is increasing, it re-
mains exceptionally rare. Infants and children 
with this disease typically present with isolated 
colonic disease. Infantile inflammatory bowel 
disease is related to an underlying immunodefi-
ciency in up to 25% of cases.4,5 This patient had 
never had hematochezia and was noted to have 
a normal perianal examination. There was no evi-
dence of an underlying immunodeficiency and no 
known family history of inflammatory bowel 
disease. Colonoscopy and histopathological ex-
amination of biopsy specimens could be helpful in 
ruling out very-early-onset inflammatory bowel 
disease, but the clinical presentation is not con-
sistent with this condition.

Non–IgE-mediated food allergies — including 
food protein–induced enteropathy (FPE), food 
protein–induced allergic proctocolitis (FPIAP), 
and the food protein–induced enterocolitis syn-
drome (FPIES) — can occur in infants.6 The most 
common trigger for these conditions is exposure 
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to milk or soy protein contained in infant for-
mula. The inflammation associated with FPE is 
limited to the small bowel, and it results in mal-
absorption, vomiting, nonbloody diarrhea, and 
failure to thrive. FPIAP typically occurs during 
the first 6 months of life and accounts for 60% 
of cases of rectal bleeding in infants. Infants with 
FPIAP often appear well, and their symptoms re-
solve after the diet is switched to a partially hy-
drolyzed formula or an amino acid–based for-
mula. FPIES is a severe non–IgE-mediated food 
allergy that can occur within the first few days 
of life on exposure to cow’s milk–based or soy-
based formula; this syndrome is unlikely to oc-
cur in exclusively breast-fed infants. The clinical 
presentation is often a combination of protract-
ed emesis, diarrhea (often with guaiac-positive or 
grossly bloody stools), and severe dehydration. Up 
to 15% of infants with FPIES present with shock 
and need intensive care.7 Laboratory findings in 
infants with FPIES are nonspecific and often in-
clude an elevated white-cell count (without pe-
ripheral eosinophilia), metabolic acidosis, hypo-
albuminemia, and anemia. Imaging studies may 
show evidence of bowel-wall edema with intesti-
nal air-fluid levels.

In this case, the initial decompensations were 
noted to occur after the infant received a cow’s 
milk–based formula, there was a remote family 
history of atopy, and studies revealed leukocyto-
sis, profound metabolic acidosis, and distended, 
fluid-filled bowel loops with thickened walls; all 
these features are consistent with a diagnosis of 
FPIES. The fact that this patient’s condition de-
teriorated 5 days after her diet was transitioned 
to an amino acid–based formula does not rule 
out this diagnosis. Possible explanations for de-
compensation despite the switch to an elemental 
formula include accidental exposure to the previ-
ous cow’s milk–based formula at home; a de-
layed T-cell–mediated hypersensitivity reaction, 
which results in a condition that has been de-
scribed as chronic FPIES; or gradual progression 
of enterocolitis, which, in view of the results of 
subsequent imaging studies in this patient, was 
probably present before discharge from the first 
hospitalization. The diagnosis of FPIES is made 
clinically; it is based on the presence of charac-
teristic symptoms and signs and on an improve-
ment in the patient’s condition after withdrawal 
of the triggering food.8 After ruling out other 

potential causes, I think that the clinical history 
in this case suggests that FPIES is the most 
likely diagnosis.

Dr. Virginia M. Pierce (Pathology): Dr. Virk Hun-
dal, what was your clinical impression when you 
evaluated this patient?

Dr. Navneet K. Virk Hundal: When we initially 
evaluated this patient, the pattern of recurrent 
vomiting and lethargy after feeds, which improved 
when feeds were withheld or the diet was switched 
to an enteral electrolyte solution, prompted con-
sideration of FPIES. During the second hospital-
ization, abdominal radiography revealed bowel-
wall thickening with luminal narrowing; these 
findings raised concerns about enterocolitis, and 
therefore, we pursued esophagogastroduodenos-
copy and flexible sigmoidoscopy in this patient. 
No gross abnormalities were noted during these 
procedures; mucosal biopsies of the esophagus, 
gastric antrum, duodenum, and rectum were per-
formed.

Clinic a l Di agnosis

Food protein–induced enterocolitis syndrome.

Dr . Ja son M.  Sh a piro’s  Di agnosis

Food protein–induced enterocolitis syndrome.

Pathol o gic a l Discussion

Dr. Lawrence R. Zukerberg: On histopathological 
examination, the esophageal-biopsy specimen 
appeared normal, without inflammation or in-
traepithelial eosinophils (Fig. 2A). In the gastric 
antrum, an increased number of eosinophils 
was seen in the lamina propria, with clusters of 
at least 10 eosinophils; occasional intraepithelial 
eosinophils were also present (Fig. 2B). The duo-
denum had normal villous architecture, an intact 
epithelium, and a normal brush border (Fig. 2C); 
the degree of chronic inflammation, including 
the number of eosinophils, in the lamina pro-
pria was normal. In the rectal-biopsy specimens, 
the number of eosinophils in the lamina propria 
was increased disproportionately to the number 
of other chronic inflammatory cells; high-power 
fields with more than 50 eosinophils were pres-
ent (Fig. 2D).

Because eosinophils are a normal component 
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of chronic inflammation in the lamina propria, 
it can be difficult to know when they are in-
dicative of disease. No intraepithelial eosino-
phils should be present in the esophageal mu-
cosa, up to 2 eosinophils per high-power field 
should be present in the lamina propria in the 
stomach, up to 10 eosinophils per high-power 

field should be present in the small intestine, 
and fewer than 10 eosinophils per high-power 
field should be present in the rectum.9 It is also 
important to note whether the number of eo-
sinophils is disproportionate to the number of 
other inflammatory cells. In this case, eosino-
phils were abnormally numerous in the stomach- 

Figure 2. Gastrointestinal-Biopsy Specimens (Hematoxylin and Eosin).

In the esophagus, the squamous mucosa is normal in appearance (Panel A). In the gastric antrum, the mucosa con‑
tains a mildly increased number of scattered eosinophils in the lamina propria (Panel B). In the duodenum, the epi‑
thelium of the mucosa is normal in appearance; the chronic inflammation in the lamina propria, including the num‑
ber of scattered eosinophils, is at a level that would be expected for this site (Panel C). In the rectum, the colonic 
mucosa contains an increased number of eosinophils in the lamina propria, as well as eosinophils infiltrating into 
the crypt epithelium (Panel D).

A B

DC
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and rectal-biopsy specimens and represented the 
predominant inflammatory cell.

These findings, in the absence of a hypereo-
sinophilic syndrome or gastrointestinal eosino-
philia triggered by such factors as a drug reaction 
or a parasitic infection, lead to an anatomical 
diagnosis of primary gastrointestinal eosinophil-
ia or an eosinophil-associated disorder of the 
gastrointestinal tract. Histologic features of an 
eosinophilic gastrointestinal disorder are expected 
to be present in patients with FPIES10,11; on the 
basis of the features of this patient’s clinical 
presentation, FPIES is the most likely diagnosis 
in this case.

Discussion of M a nagemen t

Dr. Paul E. Hesterberg: After several days of bowel 
rest, the metabolic abnormalities and watery 
diarrhea improved in this patient. On the 17th 
hospital day, an enteral electrolyte solution was 
reintroduced without complication. Among pa-
tients in whom the use of a cow’s milk–based 
formula results in FPIES, the use of a soy-based 
formula is also associated with a high rate of 
FPIES, and therefore, an extensively hydrolyzed 
casein (EHC)–based formula is recommended.12 
However, 10 to 15% of infants in whom the use 
of cow’s milk–based formula results in FPIES will 
also have persistent symptoms with use of an 
EHC-based formula13; this was true for this pa-
tient, in whom an increased frequency of guaiac-
positive stools with mucus quickly developed after 
the introduction of an EHC-based formula. On 
the 21st hospital day, an amino acid–based for-
mula was reintroduced; the patient received the 
formula without complication, and the volume 
of formula was increased slowly over a 2-week 
period. The patient was discharged on the 44th 

hospital day with a long-term plan for absolute 
avoidance of dairy and soy protein.

Current recommendations for the management 
of FPIES include the avoidance of trigger foods for 
a minimum of 12 to 18 months after a reaction 
occurs.12 This patient was seen in the clinic for 
follow-up at 11 weeks of age, at which time she 
had been receiving the amino acid–based formula 
without complication and gaining weight appropri-
ately. Solid foods were introduced into her diet 
when she was between 4 and 6 months of age, 
beginning with fruits and vegetables and advanc-
ing to various grains, egg, nut butters, and meats.

Although FPIES is a non–IgE-mediated food 
allergy, up to 25% of patients with FPIES also 
have an IgE-mediated sensitization to the foods 
that triggered the initial reaction, and some will 
have symptoms of immediate hypersensitivity on 
exposure to the food.13 Such patients have de-
layed resolution of FPIES.14 At this patient’s most 
recent follow-up visit, which took place when she 
was 1 year of age, skin-prick testing for allergies 
to both milk and soy extracts was positive. Skin 
testing or serum-specific IgE testing will be re-
peated before an oral food challenge is considered.

Fina l Di agnosis

Food protein–induced enterocolitis syndrome.

This case was presented at the Harvard Medical School post-
graduate course, “Primary Care Pediatrics Conference,” directed 
by Peter T. Greenspan, M.D., John Patrick T. Co, M.D., M.P.H., 
Ronni L. Goldsmith, M.D., Janice A. Lowe, M.D., Benjamin A. 
Nelson, M.D., and Ronald E. Kleinman, M.D.

Dr. Virk Hundal reports receiving grant support from Mead 
Johnson Nutrition. No other potential conflict of interest rele-
vant to this article was reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank Jess L. Kaplan, M.D., for his assistance with orga-
nizing the conference.
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