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Key Words Background: The clinical presentation of cow’s milk protein allergy (CMPA) in children varies.

cow’s milk protein This retrospective study aimed to investigate the prevalence and clinical manifestations of
allergy; CMPA in young children who visited for evaluation of iron deficiency anemia (IDA).

iron deficiency Methods: Patients aged <4 years who were diagnosed as having IDA (serum ferritin <12 ng/mL)
anemia; at the National Cheng Kung University Hospital, Taiwan in the period 2005—2015 were re-

hypoalbuminemia; viewed. Their clinical presentations, laboratory data, endoscopy findings, and prognosis were

endoscopy analyzed.

Results: Seven of 51 IDA patients (13.7%) had CMPA. The pallor (100%), failure to thrive (43%),
and general edema (43%) were the common features. Six (86%) had hypoalbuminemia and four
(57%) had positive occult blood in the stool. Of the five patients who underwent skin prick test,
four (80%) had positive results. Most of the colonoscopies revealed erosive and hemorrhagic co-
litis and lymphoid hyperplasia, but none of the biopsies demonstrated eosinophilia in the lam-
ina propria. All of the patients recovered from their IDA within seven months of cow’s milk
protein elimination and iron supplementation.

Conclusion: CMPA should be considered in young children with undetermined IDA. Cow’s milk
protein elimination and iron supplementation help in the recovery.

Copyright © 2017, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Abbreviations: CMPA, cow’s milk protein allergy; IDA, iron deficiency anemia; EGD, esophagogastroduodenoscopy.
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1. Introduction

Iron deficiency (ID) remains a major cause of anemia in
infants and young children. An estimated 0.9—4.4% of
toddlers aged 1—3 years old in the United States have iron
deficiency anemia (IDA), although the prevalence depends
on race/ethnicity and socioeconomic status.” Previous
studies revealed that inadequate iron intake was a major
factor in ID and IDA among children aged <2 years.?>
However, there is a paucity of data on blood loss due to
cow’s milk protein (CMPA) allergy as a cause of ID or IDA in
young children, which is different in Europeans and Asians.
Thus, there is a need to evaluate the role of CMPA in young
children with undetermined IDA.

The incidence of CMPA in the first year of life is
approximately 2—3% in developed countries and accounts
for the most common food allergy in early childhood.* ®
The symptoms and signs of CMPA vary widely based on the
causative mechanism.”® |Immediate reactions include
anaphylaxis, acute angioedema, urticaria, and wheezing,
whereas late reactions usually present as atopic dermatitis,
nonspecific gastrointestinal complaints, including frequent
regurgitation, colic, diarrhea with or without intestinal
protein or blood loss, and rarely, iron deficiency anemia.’
Although IDA may be the sole manifestation of CMPA in in-
fants and children, gastrointestinal mucosal lesions and
eosinophilic infiltration are not pathognomonic features of
CMPA-related IDA."° It is therefore necessary to understand
the prevalence and characteristics of CMPA-related IDA in
infants and young children.’

The present study aimed to assess the features of infants
and young children who had CMPA and presented mainly
with IDA. This report also provides differential diagnoses
when evaluating undetermined IDA in infants and young
children.

2. Material and methods

2.1. Patient enrollment

The ICD-10 code D50.9 was used to find patients with a
diagnosis of iron deficiency anemia in an 11-year period
(between January 2005 and December 2015) at National
Cheng Kung University Hospital, a tertiary medical center in
southern Taiwan. The hospital’s Ethical Committee
approved the study protocol (A-ER-105-129). Patients aged
0—4 years, with IDA diagnosis (confirmed by hemoglobin
level <11 g/dL and the serum ferritin level <12 ng/mL),>""
and CMPA were included in the study. The diagnosis of CMPA
depended mainly on successful result of elimination diet
with or without challenge test.

Other factors contributing to iron deficiency, such as
insufficient iron intake, malignancy, inflammatory bowel
disease, blood loss from other than Gl tract, or chronic use
of aspirin or nonsteroidal anti-inflammatory drugs, were
excluded by focused history-taking, physical examination,
and common laboratory tests.

2.2. Methods

The prevalence of CMPA in patients with IDA was calcu-
lated. The medical charts of the enrolled patients were
carefully reviewed for their demographic data, including
the age of disease onset, sex, and dietary history. Aside
from pallor and anemia, the common gastrointestinal
symptoms and signs of CMPA, such as blood-streaked stool,
diarrhea, constipation, emesis, abdominal bloating,
abdominal pain, failure to thrive, and general edema were
also assessed.

Laboratory data related to cow’s milk sensitivity reac-
tion (e.g., determination of specific IgE in blood sample and
skin prick test) and findings from upper and/or lower en-
doscopies were obtained. Lastly, the choice of medical
treatment, mainly cow’s milk protein (CMP) elimination
diet with iron supplementation and/or other medications,
as well as outcomes, were evaluated.

2.3. Skin prick test

Some patients underwent skin prick tests with cow’s milk
extract and egg white allergens (Allermed, Mountain View,
CA, USA). Histamine (10 mg/mL) and physiologic saline
were the positive and negative control agents, respec-
tively. A wheal >3 mm was considered positive according to
the European Academy of Allergy Asthma and Clinical
Immunology (EAACI) guidelines.” All tests were done by the
same allergist and the reader of the results was blinded to
the clinical manifestations.

2.4, Statistical analysis

The collected data were statistically analyzed using the
SPSS 13.0. The data were presented as number
(percentage).

3. Results

3.1. Clinical features

There were 7 patients with CMPA from 51 IDA pediatric
patients, for a CMPA prevalence of 13.7% in IDA children.
Based on their demographic characteristics (Table 1), the
patients’ median age was 1.4 years (range, 0.5—3.6 years).
Three children were younger than one year of age. The
male-to-female ratio was 1.3. Six (86%) were on cow’s milk
based iron-fortified infant formula (>480 mL per day) and
one was exclusively breast-fed, although the mother
consumed around one liter of raw milk daily. None of them
took special formula or partially/extensively hydrolyzed
formula.

In terms of the clinical symptoms/signs and laboratory
data (Table 2), all of the patients appeared pale and
anemic with a mean hemoglobin value of 5.5 g/dl. Failure
to thrive and general edema both accounted for 43%. Other
nonspecific gastrointestinal symptoms like diarrhea, con-
stipation, bloating, and abdominal pain rarely occurred.
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Table 1 Demographic data of the cases of CMPA with IDA (n = 7).
Parameters
Sex, male:female 4:3
Median age, years 1.4 [0.5—3.6]
Diet history (staple food) N
Infant formula 6
Breast milk® 1
Case 1 2 3 4 5 6 7
Body weight, kg 12.2 8.7 9.4 11.8 12.1 8.9 10.9
z-score 0 1 0—-0.5 0.5—1 -2 0 -0.5
Body height/length, cm 81.5 68 76 80 94.9 74.6 78.6
z-score -0.5 0.5 1-1.5 0.5 —1to —-0.5 1-1.5 —1

Abbreviations: CMPA, cow’s milk protein allergy; IDA, iron deficiency anemia.
2 The mother of the exclusively breast-fed infant ingested around one liter of unmodified cow’s milk daily.

Moreover, 86% of patients had hypoalbuminemia, defined
by serum albumin less than 3.5 g/dl, and 57% were positive
for occult blood in stool using guaiac smear method. Pe-
ripheral eosinophilia, with eosinophil counts more than
500 cells/uL, was noticed in two (29%). None had signifi-
cantly increased CMP-specific IgE. However, in five patients

Table 2  Clinical manifestations and laboratory findings of
the cases of CMPA with IDA (n = 7).
Symptoms and signs N (%), Range,
mean mean
Pallor 7 (100%)
Blood-streak stool 0 (0%)
Diarrhea 1 (14%)
Constipation 1 (14%)
Emesis 1 (14%)
Abdominal bloating 1 (14%)
Abdominal pain 1 (14%)
Failure to thrive 3 (43%)
General edema 3 (43%)
Laboratory data
Anemia® 7 (100%)
Hb (g/dL) 5.5 3.6—7.4
RBC (106/pL) 3.18 2.07—4.33
MCV (fl) 59.3 49.4-72.6
Eosinophilia® 2 (29%)
Eosinophil counts (cells/pL) 514 174—1326
Hypoalbuminemia®“ 6 (86%)
Albumin (g/dL) 2.2 1.2-3.5

Positive stool O.B. 4 (57%)

High serum total IgE¢ 0 (0%)
Allergy test, positive

Skin prick test 4 (80%)

Immuno CAP Specific IgE, 0 (0%)

to cow’s milk

Allergen Phadiatop, 0 (0%)

to cow’s milk

Abbreviations: CMPA, cow’s milk protein allergy; IDA, iron
deficiency anemia.

@ Hemoglobin level <11 g/dL.

® Eosinophil >500 cells/pL.

€ Albumin <3.5 g/dL.

9 Total Immunoglobulin (Ig) E > 100 IU/dL.

who underwent the skin prick test, 4 (80%) were positive.
Five patients had received abdominal sonography, but none
had ascites accumulation.

3.2. Esophagogastroduodenoscopy and colonoscopy

According to the ESPGHAN guidelines for diagnosis and
management of cow’s milk protein allergy published in
2012, in patients with otherwise unexplained significant
and persistent gastrointestinal symptoms, failure to thrive,
or iron-deficiency anemia, upper and/or lower endoscopies
with multiple biopsies are appropriate.’® Four of the pa-
tients underwent both esophagogastroduodenoscopy (EGD)
and colonoscopy. One received only EGD. Based on the
macroscopy results (Table 3), two patients (40%) had
erosive and hemorrhagic gastritis, and three (60%) had
duodenal lymphoid hyperplasia on EGD. Compared to EGD
findings, there were more positive findings on colonoscopy.
On colonoscopy, all of the patients had erosive and hem-
orrhagic colitis, and three (75%) had prominent lymphoid
hyperplasia at the terminal ileum and/or colon. Histologic
examination revealed that none of them had the typical
eosinophilic infiltration of the lamina propria.

3.3. Treatment and prognosis

In terms of treatment and prognosis in CMPA-related IDA
(Table 4), six patients were treated with CMP elimination,
with some receiving extensively hydrolyzed formula (eHF)
administration. For the exclusively breast-fed infant, the
mother was advised to avoid all milk and milk product in her
diet. The mean duration of elimination diet was executed
for 7 months, but varied according to the patients’ age and
clinical improvement. Iron supplement (5 mg/kg/day) was
given to all the patients for 7 months on average because of
concomitant iron deficiency anemia. Anti-histamine and
prednisolone were given to two and three patients,
respectively. In addition, three patients required albumin
infusion due to severe edema, while two received blood
transfusion on initial presentation.

After the management, those with positive occult blood
in their stool were negative after 1.5 months. All recovered
from anemia in a mean period of 7 + 5.59 months, with the
follow-up mean hemoglobin 11.7 + 0.6 g/dL, mean albumin
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Table 3  Macroscopic findings of EGD and colonoscopy in cases of CMPA with IDA (n = 7).

Case EGD Colonoscopy
1 Negative Erosion/hemorrhage
2 Negative Erosive/hemorrhage with terminal
ileum lymphoid hyperplasia
3 Negative Erosive/hemorrhage with terminal
ileum lymphoid hyperplasia
4 Erosion/hemorrhage ND
5 ND ND
6 ND ND
7 Erosive/hemorrhage Erosive/hemorrhage with terminal
with duodenal lymphoid ileum lymphoid hyperplasia
hyperplasia
Total no. (%) 2/5 (40%) 4/4 (100%)

Abbreviations: EGD, Esophagogastroduodenoscopy; CMPA, cow’s milk protein allergy; IDA, iron deficiency anemia; ND, not done.

4.4 + 0.16 g/dL, and mean peripheral eosinophil counts
254 + 300 cells/pL.

4. Discussion

This study demonstrates original data for the prevalence
and clinical manifestations of CMPA-related IDA in children
aged <4 years.

Cow’s milk protein allergy (CMPA) is an increasing
healthcare concern in infants and young children. It can
induce diverse symptoms and involve more than one organ
system, including the skin, respiratory tract, and gastroin-
testinal tract.'? When involving gastrointestinal tract, there
was also a spectrum of different severity, ranging from
allergic proctocolitis, and the most common etiologies of
rectal bleeding in otherwise healthy young infants, to a
more complex condition like food protein-induced entero-
colitis syndrome or eosinophilic gastrointestinal disease. In
this study, we described a group of infants and young

Table 4 Treatment methods and prognosis of the
patients.

Treatment method N (%) Mean (SD)
Elimination diet 7 (100%)
Anti-histamine 2 (29%)

Prednisolone 3 (43%)
Iron supplement 7 (100%)
Albumin infusion 3 (43%)
Blood transfusion 2 (29%)
Prognosis Mean (SD)

Negative stool occult blood test 3 (75%)?
Mean time to recovery, months 1.5

Recovery from IDA 7 (100%)

Mean time to recovery, months 7 (5.59)
Follow-up hemoglobin (g/dL) 11.7 (0.6)
Follow-up eosinophil 254 (300)

counts (cells/plL)
Follow-up albumin (g/dL) 4.5 (0.16)

Abbreviations: SD, standard deviation.
@ One of four patients did not have follow-up of stool occult
blood test.

children with CMPA who sought clinical help initially due to
pale-looking.” The phenotype of CMPA is classified into
immediate reactions and delayed reactions, depending on
the timeline between allergen ingestion and symptoms
occurrence or immunologic reaction.’>' Immediate re-
actions are mostly IgE-mediated and require only minutes
up to 2 h after CMP ingestion. In contrast, delayed reactions
are usually non-IgE-mediated or mixed mechanism and may
take from several hours to even one week to develop
symptoms. As such, CMPA presenting with IDA usually in-
volves the non-IgE-mediated delayed type. The symptom
onset is late (0.5—3.6 years) compared to the usual
gastrointestinal complaints like regurgitation, abdominal
colic, anorexia, vomiting, and diarrhea.'”

The prevalence and characteristics of CMPA patients
who present mainly with IDA are rarely reported. In this
study, no one reported gross blood in stool, which may have
resulted from parents’ mis-observation, but 57% of them
demonstrated positive occult blood in stool detected by
guaiac smear method. The mechanisms of iron deficiency in
this condition are posited to be due to occult blood loss
from gastrointestinal tract because of inflammation, as
well as the possible effect of the inhibition of non-heme
iron absorption by calcium and casein in cow’s milk for-
mula.’®"” Also, repeated stool occult blood test may
improve the sensitivity of blood loss from gut.

In the present study, the prevalence of CMPA in children
younger than 4 years old with IDA is 13.7%. Insufficient iron
intake was excluded by focused dietary history in six. One
who was exclusively breast-fed had and poor response to
iron supplement. Taken together, these indicate that CMPA
needs to be considered in cases of pediatric undetermined
IDA.

On physical examination, along with pallor, the common
symptoms and signs are failure to thrive and general
edema. Hypoalbuminemia with general edema is caused by
mucosal inflammation and protein-losing enteropathy.”"'®
Other gastrointestinal complaints are less frequent and
mild, and none has skin lesions or respiratory symptoms.

Although CMPA-related IDA is widely believed to be
mostly a manifestation of delayed, non-IgE-mediated
allergic reaction,”'® four of the patients here were posi-
tive for SPT, indicating an immediately IgE-mediated
response. Thus, the findings here are consistent with
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Fiocchi’s opinion that a mixed mechanism induced by one
allergen can exist in the same patient for the same symp-
tom."> Furthermore, it has been pointed out that in pa-
tients with positive specific IgE test or SPT a longer period
of intolerance can be predicted.'® Accordingly, this might
be the reason why children with CMPA-related IDA had a
higher rate of positive SPT in this study.

Colonoscopy, rather than the EGD, could provide more
findings on the gut mucosa in this series. On macroscopy,
most of the patients demonstrated erosive and hemorrhagic
features along with lymphoid hyperplasia.'® Eosinophils are
commonly detected in normal mucosal biopsies from all
sites within the gastrointestinal tract where they are
dispersed in the lamina propria and, to a lesser extent, in
the epithelium. However, the distinction between the upper
limit of normal and abnormally increased tissue eosinophils
is not well defined. We defined a significant eosinophilic
infiltration when eosinophils were found in the lamina
propria of gastric antrum >10/HPF, duodenum >20/HPF and
colon >20/HPF and when eosinophils were found in the
epithelium in more than occasional numbers.?®%' However,
applying the criteria to our patients, none had the expected
eosinophilic infiltration on histologic examination. Recent
literature review has shown that macroscopic lesions and
histological findings are neither sensitive nor specific for
diagnosing CMPA."? In terms of treatment, strict avoidance
of CMP is currently the main strategy for managing
CMPA.%" 1522 All the patients here responded to cow’s milk
protein elimination combined with iron supplementation.

This study has some limitations, including the small
patient number and the dependence of CMPA diagnosis on
favorable prognosis after allergen elimination. Because we
enrolled patients in our hospital according to the ICD-10
code D50.9, cases who had mild-form CMPA and iron
deficiency with spontaneous recovery may have been
missed. In the current era, the diagnosis of CMPA still
needs to be confirmed by allergen elimination and chal-
lenge procedure.’ There is no food challenge procedure
in this study because, in the clinical setting, it is time-
consuming and relatively unsafe. Furthermore, it is hard
to persuade parents to proceed to food challenge test
especially after clinical improvement had been achieved
after CMP elimination. On the other hand, before diagnosis
of CMPA, these patients had received one to two months of
iron supplementation but without improvement. The re-
sults may exclude inadequate iron intake of these pa-
tients. After CMP elimination, the IDA recovered. Taken
together, these results strongly suggested CMP-induced
IDA. However, without food challenge test, the over-
diagnosis of CMPA in children with intractable IDA is still
a possibility.

In conclusion, this is the first study to elaborate on the
characteristics of children aged <4 years with CMPA who
mainly present with IDA. The consideration of CMPA as a
differential diagnosis for IDA in this population must be
emphasized.
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