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Abstract

Food protein induced enterocolitis syndrome (FPIES) can present
with diarrhea, hypovolemia and electrolyte imbalance in infan-
cy. We present a case of life-threatening methemoglobinemia in
a l-month-old infant, a rare complication of FPIES triggered by
cow’s milk protein intake. A previously healthy 1-month-old boy
presented with lethargy, increased work of breathing and 2-day his-
tory of vomiting. Review of systems revealed a 3-week history of
diarrhea. He was lethargic, shocky and dusky, and was intubated
for persistent hypoxia. His blood work revealed severe acidemia
with pH of 6.95 and methemoglobin level of 66% (normal range <
3%). His methemoglobin level and clinical status normalized fol-
lowing volume resuscitation, packed red blood cell transfusion and
prompt intravenous methylene blue administration. Further inves-
tigations revealed a diagnosis of FPIES which was managed with
a hypoallergenic formula. Methemoglobinemia should be consid-
ered in young infants presenting with severe vomiting and diar-
rhea, secondary to dietary protein intolerance syndromes. Prompt
management with methylene blue and fluid resuscitation can result
in excellent prognosis, along with specific ongoing management
for FPIES.
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Introduction

Food protein induced enterocolitis syndrome (FPIES) is
caused by dietary food intolerance, and may present with se-
vere enterocolitis symptoms that often lead to shock [1, 2].
Cow’s milk protein allergy (CMPA) is often considered in the
differential for FPIES, as it can present very similarly but with
symptoms only manifested by exposure to cow’s milk. CMPA
may be IgE-mediated, non-IgE-mediated or mixed in its patho-
physiology. FPIES is a non-IgE, T-cell-mediated condition.

Methemoglobinemia is a functional anemia in which he-
moglobin is unable to reversibly bind oxygen due to the oxida-
tion of ferrous (Fe™?) ions of heme to the ferric (Fe*?) state.
The oxygen affinity of any remaining normal ferrous heme is
increased, causing left shift of the oxyhemoglobin dissociation
curve and subsequent hypoxia.

Case Report

A previously healthy 1-month-old boy presented to a com-
munity hospital with lethargy, increased work of breathing
and 2 days of vomiting. On initial exam, he was floppy with
dusky gray skin discoloration. He had level anterior fontanel
and equal reactive pupils. He was tachycardic (178 beats/min),
mildly tachypneic with increased work of breathing (respira-
tory rate (RR) of 46) and normotensive (blood pressure (BP)
88/56 mm Hg). He was hypoxemic (oxygen saturation, SpO,
of 88%) which rose only to a maximum of 92% with 100%
FiO, administration. He was resuscitated with a total of 60
mL/kg normal saline for hypoperfusion, intubated for persis-
tent lethargy and hypoxemia and started empirically on antibi-
otics for a presumed sepsis.

Initial arterial blood gas revealed a pH of 6.95, PCO, of
17 mm Hg, PO, of 105, bicarbonate of 4 mmol/L and hyperlac-
tatemia of 4.7 mmol/L. His blood was noted to be dark chocolate
in color and the methemoglobin (MetHb) fraction was extremely
elevated at 66% (normal < 3%). Complete blood count showed
white blood cell (WBC) count of 48.3 x 10%L, hemoglobin of
114 g/L, platelets of 1,190 x 10%/L and C-reactive protein of 109
mg/L (1,038.12 nmol/L). Glucose and electrolytes were within
normal limits. Renal and liver functions were normal: urea 2.4
mmol/L, creatinine 44 pmmol/L, aspartate aminotransferase
(AST) 25 U/L, alanine aminotransferase (ALT) 50 U/L, biliru-
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bin 6 ummol/L and international normalized ratio (INR) of 1.
Urine analysis and microscopy was negative for leukocyte ester-
ase, nitrite, WBC, red blood cell (RBC) and protein. His lungs
and cardiac silhouette were normal on the chest X-ray (Fig. 1).

The patient received a total of 3 mg/kg of methylene blue
given in two doses 3 h apart, and packed red blood cell (pRBC)
transfusion to improve oxygen delivery. He was transferred
to a tertiary care pediatric intensive care unit (PICU) where
preparations were made for possible exchange transfusion. On
arrival to PICU 5 h after his resuscitation and administration
of methylene blue, his perfusion significantly improved, and
he was pink in color, sedated and intubated with an SpO, of
98% on room air. His temperature was 36.9 °C, heart rate (HR)
was 140, RR was 32 and BP was 86/49. His MetHb fraction
had dropped dramatically in this period to 3%, and his lactic
acidemia corrected fully (venous blood gas: pH 6.39, PCO, 38
mm Hg, PO, 78, bicarbonate 23 mmol/L). He was successfully
extubated 12 h following presentation to PICU. His neurologi-
cal exam after extubation was unremarkable, alert and moving
all limbs and had good oral sucking. He received meningitic
doses of ceftriaxone and vancomycin for 2 days until blood
culture was negative. No lumbar puncture was done given the
instability initially and then the rapid improvement of neuro-
logical status. Stool culture, ova and parasite were negative.

Review of systems revealed a full-term infant born at 37
weeks gestational age with normal antenatal history, Apgar
scores at birth were 9 and 9 in 1 and 5 min, and birth weight was
4.337 kg. He had experienced diarrhea since his first week of
life, with approximately 10 loose bowel movements per day. He
was exclusively fed with a cow’s milk-based formula: initially
regular formula (Enfamil A+°), then partially hydrolyzed cow’s
milk-based formula (Enfamil A+ Gentlease®) 1 week prior to
presentation for ongoing diarrhea. His weight was on presenta-
tion was 37 g below birth weight at 1 month of age (4.300 kg).
On further history, there was no exposure to any other potential
causes of methemoglobinemia such as nitrate rich well water,
topical benzocaine or other medications. The infant ethnicity is
mixed Jamaican and Caucasian. There was no known family his-
tory of congenital methemoglobinemia or similar presentation.

Based on this history, an initial diagnosis of severe CMPA
versus FPIES was suspected and he was started on an exten-
sively hydrolyzed hypoallergic formula. His diarrhea resolved
within 6 days of initiating this formula and he continued to gain
weight (Fig. 2). MetHb levels remained normal at discharge
and in 3 months follow-up with hematology service. Congenital
methemoglobinemia due to hemoglobin M or cytochrome B5
reductase (CYB5R) deficiency was excluded with genetic test-
ing and normal hemoglobin electrophoresis. He continued to be
followed by the pediatric gastroenterology services for FPIES
management, food advancement and growth. He continued to
grow well during follow-ups, but continued to experience mild
diarrhea and vomiting with the introduction of other solids by 7
months of age, confirming his diagnosis of FPIES.

Discussion

This case describes the presentation of a lethal MetHb level in
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Figure 1. Chest X-ray after resuscitation and intubation showing nor-
mal lung fields and cardiac silhouette.

a patient with underlying diagnosis of FPIES, who was suc-
cessfully managed with prompt methylene blue administration
and fluid rehydration. This case is the highest reported MetHb
level secondary to FPIES or other dietary food-protein intoler-
ances of infancy, like CMPA. The prognosis of this child was
excellent. In our case, early blood gas MetHb level led to early
identification and treatment resulting in a positive outcome.

Methemoglobinemia presents with symptoms ranging
from headache, cyanosis and tachycardia, to respiratory de-
pression and shock. Symptoms often appear with levels great-
er than 20%; levels more than 40% are life-threatening [3].
Conventional oximeter falsely identifies MetHb as oxyhemo-
globin because it has similar range of wavelength, leading to
overestimating oxygen saturation [4]. Multi-wavelength CO-
oximetry measures four separate wave lengths and can identify
the condition. Alternatively, blood gas measuring MetHb level
is another diagnostic tool.

Methemoglobinemia occurs when the ferrous (Fe'?) ele-
ment of hemoglobin is oxidized to ferric (Fe*?) state. The af-
finity for oxygen of ferric iron is impaired and hence when
methemoglobin is elevated in RBCs, tissue hypoxia occurs [5].
During hemoglobin oxygenation and deoxygenation processes
and with free radical exposure, Fe™ is converted to Fe*3, re-
sulting in physiologic MetHb concentration [6]. Several en-
dogenous reduction systems such as CYB5R, and to a lesser
extent, NADPH-MetHb reductase through the alternative
pathway, maintain the MetHb concentration below 3% in the
healthy individuals (Fig. 3) [7]. CYB5R activity is low (50%
of adult activity) in infants under 3 months of age, reaching
adult levels by only 6 months of age [8]. Low CYBS5R activ-
ity explains why young infants are at higher risk of methe-
moglobinemia. Methylene blue used for methemoglobinemia
works by activating the alternative pathway.

Methemoglobinemia is either congenital or acquired.
Congenital etiologies are very rare, and include CYBS5R de-
ficiency, cytochrome b5 deficiency or hemoglobin M. Con-
genital etiologies are typically asymptomatic or present with

www.theijcp.org



Bahabri et al

Int ] Clin Pediatr. 2020;9(2):35-40

Figure 3. Methemoglobin (MetHb) formation, primary and alternative pathway of metabolism. Ferrous iron (Fe*2) is converted to
ferric iron (Fe*3) by free radicals, forming MetHb [6]. MetHb reduced back to hemoglobin primarily by cytochrome B5 reductase
(CYBS5R) [7]. Activation of the alternative pathway requires methylene blue in the presence of normal levels of glucose-6-phos-
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Figure 2. Patient’s weight gain before and after presentation.
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Figure 4. Proposed mechanism of methemoglobinemia in food protein induced enterocolitis syndrome. Nitrite metabolism is im-
paired in FPIES leading to increased erythrocyte nitrite metabolism inducing methemoglobinemia, through the following mecha-
nism. Q: Bacterial overgrowth increases the rate of this reaction [20]. A: Microbiome alteration alters the rate of this reaction [19].
Y: Mucosal catalase activity reduced in colonic inflammation [18]. *: Acidosis increases this reaction [21].

mild symptoms. Acquired methemoglobinemia is much more
common, and is typically due to exposure to oxidative agents
in medications or environment. Common medications include
dapsone, topical anesthetic and inhaled nitric oxide. Envi-
ronmental causes of methemoglobinemia are reported with
vegetable or water with high nitrite level in infants, such as
carrots, spinach, courgetti and well water [4, 9-11]. Other envi-
ronmental exposure such as antifreeze, naphthalene (found in
mothballs), nitrobenzene and alanine are also reported [12-14].

Methemoglobinemia in FPIES is due to increased sys-
temic nitrite levels [15, 16]. Nitrites and nitrates are present
in food including breast milk and infant formulas [17]. Under
physiological state, the body metabolizes and excretes nitrite
through gastrointestinal (GI) and renal systems (Fig. 4). Ini-
tially, intestinal bacteria reduce ingested nitrate to nitrite which
is partially absorbed or subsequently converted to ammonia.
Remaining nitrite is oxidized back to nitrate by colonocyte
enzyme catalase or to lesser extent by erythrocyte catalase en-
zyme. When erythrocytes convert nitrite to nitrate, MetHb is
formed but is rapidly reduced back to Hb by MetHb reductase.

Increased systemic nitrite levels in FPIES are due to multi-
ple factors (Fig. 4). With mucosal inflammation, mucosal cata-
lase activity is reduced, and nitrite conversion depends mainly
on erythrocyte catalase activity [18]. This results in decreased
nitrite clearance and higher production of MetHb. Second, ni-
trite production and metabolism is largely regulated by intes-
tinal microbiota. FPIES has been associated with microbiome
alteration and bacterial overgrowth, which can lead to increas-
ing nitrite production through decreased metabolism of nitrite
by conventional microbial taxa [19, 20]. Third, metabolic
acidemia worsens methemoglobinemia by increasing nitrite
induced MetHb conversion [21]. The acidemia that accompa-
nies FPIES is secondary to intestinal bicarbonate losses from
diarrhea [22], hypovolemia, methemoglobinemia induced tis-
sue hypoxia and resultant lactic acidemia. Infectious gastroen-

38 Articles © The authors | Journal compilation © Int | Clin Pediatr and Elmer Press Inc™

teritis has been reported to also cause methemoglobinemia in
young infants through similar pathophysiology [23-25].

Acquired methemoglobinemia is managed by discontinu-
ing the offending agent and using methylene blue. Methylene
blue works by activating the alternative MetHb reduction path-
way (Fig. 3) [26]. Methylene blue is given at a usual dose of
1 - 2 mg/kg as first line treatment. Typically, a single dose is
efficient and results in rapid response in less than 1 h [27]. As
demonstrated in Figure 3, methylene blue activates the alter-
native pathway which requires G6PD enzyme. For this rea-
son, it is contraindicated in patients who have or suspected to
have G6PD as it induces hemolysis, ineffective and may even
worsen the methemoglobinemia [28]. If methylene blue is not
available, ineffective or contraindicated, high dose intravenous
ascorbic acid (vitamin C) may be used in a patient [29]. This
effect of vitamin C is thought to be due to its antioxidant ef-
fect, which reduces MetHb production. Intravenous vitamin C
should only be used in a patient with normal renal function as
high dose ascorbic acid can cause oxalate nephropathy.

We conducted a literature review and summarized the 32
reported methemoglobinemia cases associated with FPIES or
CMPA (Table 1) [18, 23, 30-35]. There are key similarities to
these cases, all having occurred in infants under 3 months of
age, and the duration from diarrhea to presentation ranging
from 2 days to 2 weeks. There is no correlation between the
level of MetHb and acidosis severity. The absence of this cor-
relation may be explained by the patient’s baseline CYB5R
enzyme level; higher enzyme levels result in lower MetHb
levels. Conversely, other factors such as volume status and the
degree of intestinal bicarbonate losses contribute to greater
acidosis, further lowering MetHb levels.

In summary, this case demonstrates the role of FPIES, and
other dietary protein intolerance conditions in causing severe,
life-threatening methemoglobinemia and metabolic acidosis.
It is prudent to consider FPIES in infants presenting with a
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