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Abstract

We report a male infant with a birthweight of 1,400 g at 29 weeks 2 days gestation diagnosed as hav-

ing cow’s milk allergy (CMA) due to human milk fortifier, who developed severe respiratory symp-

toms.

The infant had no gastrointestinal symptoms ; rather, the initial symptoms were apnea at-

tacks and wheezing with a prolonged expiratory phase that progressed to severe ventilatory

insufficiency requiring mechanical ventilation.

Aggravation of his general condition, which ap-

peared to be due to sepsis, was improved by temporary starvation and respiratory care, but he re-

lapsed on the resumption of enteral feeding of his mother’s milk with a human milk fortifier.
result, this event was interpreted as a positive oral food challenge test.
plete breastfeeding without the fortifier and has not relapsed since.

Asa
The infant resumed com-
Examination of his serial cyto-

kine profiles from residual serum revealed that although interleukin-5 was not increased, interferon

(IFN)-y was increased, suggesting some relation between the time course of IFN-y and the infant’s

eosinophil count.
onset of this disease.

These findings may indicate that the involvement of IFN-y is one cause of the
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Introduction

Gastrointestinal food allergy in neonates in Ja-
pan has increased dramatically since the end of the
1990s and has become a relative common disease in
recent years”. In the neonatal period, food allergy
revealed mainly through gastrointestinal symptoms
such as bloody stool, vomiting and abdominal disten-
sion has recently been attracting attention as being
indicative of gastrointestinal food allergy in neo-
nates”. It is often caused by protein contained
mainly in cow’s milk, and presently, the mechanism
for the occurrence of this disease remains un-
clear. Although the present case does not conform
to this concept in that the patient had no gastroin-
testinal symptoms, it was judged to be a convention-

al “neonatal cow’s milk allergy” (CMA) due to hu-
man milk fortifier. The initial symptoms in this
case were apnea attacks and wheezing with a pro-
longed expiratory phase. In this report, the rela-
tionship between symptoms and biomarkers was
studied based on measurement of cytokine profiles
and the eosinophil count.

Case Report

A boy with a birth weight of 1,400 g was born at
29 weeks 2 days of gestation by emergency cesarean
section due to an indication of fetal distress. Both
of his parents had pollen-related allergic rhinitis that
occurred in adulthood but no history of atopic dis-
ease. However, since childhood, the father had di-
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arrhea every time he had ever eaten ice cream. Af-
ter birth, the boy’s respiratory management was
continued with nasal CPAP after administration of
artificial pulmonary surfactant to treat respiratory
distress syndrome. Enteral feeding with his moth-
er’s milk was started from day 2, and he was receiv-
ing full enteral feeding (>100 mL/kg/24 h) by day
9. Fortification of human milk with HMS-1™
(Morinaga Milk Industry Co. Ltd., Tokyo, Japan) pro-
duced from nonhydrolyzed proteins of cow’s milk
was started from 12 days of age, at which time the
frequency of apnea accompanied by bradycardia also
increased, and ventilatory insufficiency strong
enough to cause wheezing was recognized on day
17. He was tracheally intubated on the same day
and placed on mechanical ventilation. At this same
time, enteral feeding was stopped, and management
with fluid replacement was started. Thereafter, his
respiratory symptoms were promptly relieved. He
was extubated, and enteral feeding was resumed
with human milk only on day 19. Because blood,
tracheal aspirate and nasal swab cultures were con-
firmed as negative, he was diagnosed as having no
significant infection. Following resumption of
HMS-1™ on day 21, his apnea attacks increased
again. Because the number of peripheral eosino-
phils also increased and decreased in parallel with
his respiratory symptoms, we diagnosed newborn
CMA to HMS-1™.  After changing enteral feeding
to human milk only from day 35, the episodes of ap-
nea gradually began to decrease. Examination of
the temporal transition of peripheral blood leukocyte
(WBC) counts and C-reactive protein (CRP) levels
showed an increase in CRP and decrease in WBC
count occurring on day 17, when respiratory symp-
toms worsened, and normalization of these values at
21 days of age. Simultaneous measurement of his
cytokine profile using residual serum showed no in-
crease in IL-5 but a significant increase in interferon
(IFN)-y?. His eosinophil count changed almost in
parallel with the time course change of IFN-y.
Measurement of urinary £, microglobulin® (B,-MG)
at the same time also showed a change that paral-
leled the transition of IFN-y (Fig. 1). His serum
level of immunoglobulin (Ig)E was <5 IU/mL, and
he was negative for cow’s milk-specific IgE. Addi-
tional diagnostic tests such as allergen-specific lym-
phocyte stimulation test and fecal eosinophils were
not performed at this time because the false-positive
rate is high in this condition*®. Changes in the
profiles of 17 different cytokines including IFN-y are
shown in the table?. The Bio-Plex Human Cyto-
kine 17-Plex Panel (Bio-Rad Laboratories, San Di-

ego, CA, USA) and Luminex 100 system (Mirai Bio,
Alameda, CA, USA) were used to measure serum
concentration of the 17 cytokines®. This study was
approved by the ethics committees of the Japanese
Red Cross Musashino Hospital and University of To-
kyo Hospital. The parents of the infant were in-
formed of the study design, and their written in-
formed consent was obtained for submission of this
case report. The boy was discharged on day
76. He has been breast-fed along with a gradual in-
crease in dairy products, and now at 2 years of age,
his growth and development are within normal lim-
its. At 18 months of age, an oral food challenge test
was performed, and the result was negative. His
milk-specific IgE remains negative after birth.

Discussion

According to our review of the literature, apneic
attacks appear as a rare symptom of neonatal gastro-
intestinal allergy at a frequency of 4.5%"®. This
neonatal gastrointestinal allergy especially to cow’s
milk is one of the non-IgE-mediated food allergies.
Particularly, when the site of the allergic reaction is
the gastrointestinal tract, it is called gastrointestinal
allergy®. Thus, the presence of gastrointestinal
symptoms is essential for the diagnosis of this dis-
ease. Therefore, our patient, who had no gastroin-
testinal symptoms, did not meet these diagnostic
criteria but, rather, the conventional diagnosis of
CMA. Antigenicity of HMS-1™ is lower than that
of bovine milk protein, but in regard to cellular im-
munity, T cells can recognize foreign matter with 6
peptides or more”®. HMS-1™ was also stopped at
the age of 17 days, at the same time that starvation
was begun, and was resumed at 21 days after respi-
ratory symptoms were relieved. This can be inter-
preted as positive for a clinical diagnosis of CMA by
retrospectively applying an oral food tolerance chal-
lenge test.

Morita et al. classified 24 patients diagnosed as
having CMA into preterm and term infants and ex-
amined their characteristics”. They found no sig-
nificant differences in the onset of clinical symptoms
and enteral feeding, but the onset time was signifi-
cantly different between the preterm (23 days) and
the full-term infants (3.5 days). Since there was no
difference in the start time of enteral feeding, it is
thought that the delay in onset in premature infants
reflects the time required until corrected gestation
at 30 to 32 weeks, by which time the immune mech-
anism of T-helper 2 (Th2) cytokines has matured.
The initial onset in the present patient was 17 days
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Fig. 1.

Clinical course of the patient and the accompanying changes in IFNy, urinary p2 MG, WBCs, eosinophils and
CRP. The upper row shows the changes in WBCs (4A) and CRP (@).
onset of HMS-1™ therapy and decreased once again.

WBCs decreased once at 17 days after
CRP levels rose with HMS-1™ therapy but then dropped

after HMS-1™ was interrupted. A similar pattern was observed around day 35 with re-administration of HMS-
1™ and exacerbation had worsened again. The middle row shows the transition of eosinophils (&), IFNy (@)
and urinary B,-MG (H). The three parameters increased up to 17, decreased after interruption of HMS-1™
therapy, increased again after the restart of HMS-1™ until day 32 when HMS-1™ was terminated, and then re-
mained within normal limits. The bottom row shows treatment periods with HMS-1™, feedings with human

milk (HM) and the frequency of apnea episodes.

after birth, 31 weeks with corrected gestation, and it
developed at the maturation stage of the Th2 strain
described by Morita et al.

Although there are reports of CMA with both
eosinophilia and elevated IL-5 associated with Th2
cytokines®”, there has been no clinical report of
IFN-y being associated with an increase in T-helper
1 (Thl) cytokines alone'”. In their study of neona-
tal gastrointestinal food allergy, Kimura et al. showed

that IL-5 and IFN-y at onset were significantly high-
er compared with those in controls’”. A previous
study has shown that no interleukins have a signifi-
cant correlation with gestational age, except for IL-
6, IL-8, MCP-1 and MIP-1; which were inversely
related to gestational age”. To the best of our
knowledge, there is only one report in which 25 cy-
tokines were examined during the first week of

life'®, and there are no reports of serial changes of
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Table. Serial changes of serum cytokine concentrations

Control”

Age (days) UA 13d 18d 24d 37d 45d UA
Proinflammatory cytokines, pg/mL

TNF-a 4.01 8.54 4.01 1.66 OOR< 5.16 2.05%+5.18

IL-1B 0.33 0.54 0.54 0.23 OOR< 0.01 0.60+6.01

IL-6 0.97 7.08 2.49 OOR< OOR< 4.28 4.88+6.94
Thl1 cytokines, pg/mL

INFy 6.25 19.61 19.61 9.92 OOR< 19.61 8.34+8.23

IL-2 OOR< OOR< OOR< OOR< OOR< OOR< 9.49+12.6

IL-12 1.95 9.16 3.37 2.42 0.56 6.49 3.03%+5.56
Th2 cytokines, pg/mL

IL-4 0.49 0.72 0.72 0.37 OOR< 0.8 0.59+3.42

IL-5 0.5 0.86 1.93 0.5 0.1 3.79 0.65+2.24

IL-10 OOR< 14.39 1.05 OOR< OOR< 10.42 0.99+3.27

IL-13 3.65 3.97 2.99 2.32 1.24 7.62 1.43+7.11
Th17 cytokine, pg/mL

IL-17 OOR< 0.66 OOR< OOR< OOR< OOR< 1.97+3.82
Growth factors, pg/mL

IL-7 2.5 2.34 2.89 2.81 2.42 4.44 2.10+2.23

GM-CSF OOR< OOR< OOR< OOR< OOR< OOR< 15.1+5.24

G-CSF 85.48 28.86 8.21 5.10 2.32 22.03 10.1+6.93
Chemikines, pg/mL

IL-8 15.17 28.04 10.7 13.55 12.06 9.89 13.0+3.65

MCP-1 5.90 56.6 56.6 16.37 65.88 41.72 68.0+2.69

MIP-1B 27.66 155.42 69.78 42.57 39.69 56.98 222.0+1.75

Bold value means higher than mean +2 SD of the control. OOR< means lower than out of measure-
ment limit. *The control group included 224 newborn patients who were admitted to the NICU with
various risks. Among them, gestational age was 33.5+4.1 weeks (mean+SD), birth weight 1,933+771
grams (mean+SD). The control data are shown as mean = 1 SD. Means and standard devviations
were calculated using only logarithmic transformed data that was above the measurable lower lim-

it. Data are shown in reversed linear mode (pg/ml).

cytokines over several months after birth. That
report measured 25 kinds of cytokines including the
17 cytokines examined in the present case, and in
the group with 32 weeks gestation or less, no cyto-
kines showed a significant increase over the first
several weeks after birth. Therefore, the authors
determined that it is appropriate to evaluate cyto-
kine levels over a transition of several months after
birth based on the cytokine levels measured from
the umbilical artery. These results suggested that
an increase in IFN-y is involved in the cause of this
disease. Furthermore, these authors classified the
neonates into two groups, the early-onset group,
whose onset was up to and including 10 days after
birth, and the late-onset group, whose onset was 11
days or more after birth. Eosinophilia was the
main symptom in the early-onset group, and signifi-
cant positive correlations were recognized between
the eosinophil count and IL-5 and between IL-5 and
IFN-y in the early-onset group, whereas there were

no correlations in the late-onset group. Additional-
ly, IL-5 levels were significantly higher in the early-
onset group than in the late-onset group. In adults,
Th1 and Th2 cells oppose each other, so IL-5 and
IFN-y cannot be positively correlated*'¥. In neo-
nates, however, T cells are immature at birth, and
the shift to Thl dominance is revealed as early as 1
week after birth'”. Thereafter, Thl cytokines in-
crease and Th2 cytokines decrease'®. According to
this report of Kimura et al., our case would be classi-
fied into their late-onset group from the viewpoint of
onset time. Our findings that IL-5 was not in-
creased but IFN-y was increased may indicate that
there was some relation between the time course of
IFN-y and the eosinophil count. Because IFN-y in-
duces f,-MG, the transition of f,-MG in parallel
with the transition of IFN-y was convincing”, which
is clearly different from the transition with respect
to the onset of chronic lung disease reported by
Nishimaki et @l.” Furthermore, INF-y tended to
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change in parallel with the eosinophil count and the
CRP level. A previous study showed a good corre-
lation between IFN-y and CRP?, and the same was
recognized in the present case. It is possible that
INF-y is involved in the pathological condition of re-
spiratory symptoms in neonatal CMA that does not
particularly cause gastrointestinal symptoms. Fur-
thermore, as WBC transition and wheezing were
recognized in this patient, the target of the allergy
was bronchial tissue, as evidenced by the accumula-
tion of WBCs, which indicated it to be a type of in-
flammation. The immaturity of intestinal immune
cells seems to have something to do with gastroin-
testinal manifestations. However, in the present
case, the mechanism of the allergic reaction to milk
for which only respiratory symptoms developed
without the development of digestive symptoms
cannot be explained at present. This is a valuable
case elucidating the pathology of CMA showing only
respiratory symptoms.

Author contributions

TN. and TK. designed the study, N.T. and K.K.
measured the cytokine profiles. T.N. drafted the
initial manuscript and prepared the figure. T.K.,
D.H., M.K. and H.T. reviewed or revised the manu-
script.  All authors read and approved the final
manuscript.

References

1. Miyazawa T, Itabashi K, Imai T. Retrospective
multicenter survey on food-related symptoms sug-
gestive of cow’s milk allergy in NICU neo-
nates. Allergol Int, 62 : 85-90, 2013.

2. Miyazawa T, Imai T, Itabashi K. prospective mul-
ticenter survey on predictive factors for positive
oral food challenge tests in diagnosis of gastroin-
testinal food allergy in neonates. Allergy, 65 :
776-784, 2016. (in Japanese)

3. Urisu A, Ebisawa M, Ito K, et al.  Japanese guide-
line for food allergy. Allergol Int, 63 : 399-419,
2014.

4. Koike Y, Takahashi N, Yada Y, Kawamata R, Sato Y,
Momoi MY. Selectively high level of serum inter-
leukin 5 in a newborn infant with cow’s milk aller-
gy. Pediatrics, 127 : e€231-234, 2011.

5. Nishimaki S, Shima Y, Sato M, ef al. Urinary val-
ues of f2-microglobulin in premature infants with

10.

11.

12.

13.

14.

15.

16.

chronic lung disease. Nihon Shisanki Shinseiji
Igakkai, 37 : 652-656, 2001. (in Japanese)
Takahashi N, Uehara R, Kobayashi M, et al. Cyto-
kine profiles of seventeen cytokines, growth fac-
tors and chemokines in cord blood and its relation
to perinatal clinical findings. Cytokine, 49 :
331-337, 2010.

Vlieghe V, Roches AD, Payot A, Lachance C, Nuyt
AM. Human milk fortifier in preterm babies :
source of cow’s milk protein sensitization? Aller-
gy, 64 : 1690-1691, 2009.

Oba K, Obana N, Hayashi K, Ishikawa R, Noda E,
Kokaji M. A case of very low birth weight infant
was diagnosed as gastrointestinal food allergies in
neonates that was triggered by human milk fortifi-
er. J Jpn Soci Neonat Health Dev, 26 : 90-93,
2014. (in Japanese)

Morita Y, Iwakura H, Ohtsuka H, Kohno Y, Shimojo
N. Milk allergy in the neonatal intensive care
unit : comparison between premature and full-
term neonates. Asia Pac Allergy, 3 : 35-41, 2013.
Paajanen L, Vaarala O, Karttunen R, Tuure T, Kor-
pela R, Kokkonen J. Increased IFN-y secretion
from duodenal biopsy samples in delayed-type
cow’s milk allergy. Pediatr Allergy Immunol,
16 : 439-444, 2005.

Kimura M, Shimomura M, Morishita H, Meguro T,
Seto S. Eosinophilia in infants with food protein-
induced enterocolitis syndrome in Japan. Allergol
Int, 66 : 310-316, 2017.

Lusyati S, Hulzebos CV, Zandvoort J, Sauer
PJJ. Levels of 25 cytokines in the first seven days
of life in newborn infants. BMC Res Notes,
20; 6: 547, 2013. doi: 10.1186/1756-0500-6-
547.

O’garra A, Murphy K. Role of cytokines in deter-
mining T-lymphocyte function. Curr Opin Immu-
nol, 6 : 458-466, 1994.

O’garra A, Murphy K. Role of cytokines in devel-
opment of Thl and Th2 cells. Chem Immunol,
63 : 1-13, 1996.

Perscott SL, Macaubas C, Holt B], et al. Transpla-
cental priming of the human immune system to en-
vironmental allergens : universal skewing of initial
T cell responses toward the Th2 cytokine pro-
file. JImmunol, 160 : 4730-4737, 1998.

Lee HH, Hoeman CM, Hardaway JC, ef al. De-
layed maturation of an IL-12-produing dendritic
cell subset explains the early Th2 bias in neonatal
immunity. ] Exp Med, 220 : 2269-2280, 2008.



