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Citrine Deficiency Diagnosed at Pre-school Medical Check-up because of Failure to Thrive: A Case Report

Yuki Suzuki,' Kaoru Eto,' Chihiro Nakayama,’ Kiyoshi Mizuochi,'
Yoichiro Kaburaki, Osamu Segawa,’ and Satoru Nagata'
'Department of Pediatrics, Tokyo Women'’s Medical University, Tokyo, Japan
*The Medical Training Center for Graduates, Tokyo Women's Medical University, Tokyo, Japan
*Department of Pediatric Surgery, Tokyo Women's Medical University, Tokyo, Japan

We encountered a female with citrine deficiency (CD) that was initially diagnosed with conjugated hyperbiliru-
binemia because of steatorrhea with poor weight gain at two months of age at a medical check-up for nursery
school. Her newborn mass screening results were negative. Because a blood test revealed an increase in hepato-
biliary enzymes, she was referred to our hospital. Biliary atresia was negative on intraoperative cholangiographi-
cal findings, and CD was diagnosed based on plasma amino acid analysis performed at admission. Because galac-
tosemia was also observed, galactose-free milk was started, and medium-chain triglyceride (MCT) olil, fat-soluble
vitamins, and biliary drugs were administered. Her symptoms, including failure to thrive, improved. Infantile-
onset CD is often diagnosed because of jaundice and gray stool, as suggested by the stool color card, which is gen-
erally used in Japan within the second half of the first year of life. However, some cases have spontaneous im-
provement of these characteristic symptoms without any medical approach followed by adult-onset type II citrul-
linemia after adolescence. In addition to the 1- and 3- to 4-month-old medical examinations, poor weight gain and
changes in stool color at the time of consultation in early infancy were important for the early diagnosis of CD in

this case.
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Table 1. Blood and urine test results on admission.

Complete blood count Blood chemistry

Amino acid analysis (normal range)

WBC 13490 /uL TP 4.7 g/dL Citrulline (17.1-42.6) 446.6 nmol/L
Hb 114 g/dL Alb 33 g/dL Tyrosine (40.4-90.3) 308.5 nmol/L
Plt 71.7x10*/uL AST 186 U/L Phenylalanine (42.6-75.7) 77.6 nmol/L
ALT 75 U/L Threonine (66.5-188.9) 724.7 nmol/L
Blood gas analysis LD 455 U/L Lysine (108.7-242.2) 342.9 nmol/L
pH 7.337 ALP 2,865 U/L Arginine (53.6-133.6) 341 nmol/L
pCO2 37.8 mmHg ¥GTP 278 U/L Glutamine (422.1-703.8) 177.1 nmol/L
HCO3 19.8 mEq/L Ch-E 178 U/L Methionine (18.9-40.5) 149.9 nmol/L
BE -6 mEq/L T-Bil 6.2 mg/dL
Anion gap 6.2 mEq/L D-Bil 3.1 mg/dL | Tandem mass spectrometry
BS 112 mg/dL Citrulline 301.5 umol/L
Coagulation study CRP 0.16 mg/dL
PT-INR 1.37 Renal function normal Urinaly metabolomic analysis galactose 1
APTT 485 sec citrulline 1
AT-IIT 38 % Electrolytes normal threonine/serine 1
D-dimer < 0.5 pg/mL
Fibrinogen 83 mg/dL | 25-OH VitD (RIA) 6 ng/dL
VitA 24 1TU/dL
Urinalysis NHs 95 ug/dL
Pro negative Hyaluronic acid 122 ng/mL

OB negative /HF AFP
RBC 59

> 2,000 ng/mL

Blood and urine tests performed at the time of admission revealed hyperbilirubinemia with direct bilirubin dominance, elevated
transaminase, and coagulopathy. Amino acid profiles revealed the elevation of the levels of multiple amino acids, including citrul-

line, suggesting citrine deficiency.
AFP, o-fetoprotein.

Figure 1.
A. Laparoscopic findings revealed no atrophy or cirrhosis of the liver. The color of the

liver was more yellow than usual.

B. Histological findings of the liver showed cholestasis in the bile duct (Arrowhead).
Droplet-like vacuoles were found in hepatocytes, suggesting fat deposition (Arrows).
There were no prominent findings of inflammation or fibrosis (hematoxylin and eosin

stain, scale bar: 20 um).
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Figure 2. Clinical manifestation of the case.

L Body Weight Gain:40 g/Day —

Biliary atresia was negative on intraoperative cholangiography performed on the 7th day
of hospitalization, and citrine deficiency was diagnosed based on plasma amino acid analy-

sis performed at admission. Because galactosemia was also observed, galactose-free milk
was started, and medium-chain triglyceride (MCT) oil, fat-soluble vitamins, and biliary
drugs were administered. Laboratory findings improved after treatment initiation. Weight
gain was also good, and the patient was discharged on the 22nd day of hospitalization.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; D-Bil, direct bilirubin;

Y-GTP, y-glitamyl transpeptidase.
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Figure 3. Growth curve of the case.

Development was good even after discharge, and both
height and weight were age appropriate.

MCT, medium-chain triglyceride.
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Table 2. Main pathological conditions that cause poor weight gain in infants!9.

Insufficient energy intake - Insufficient energy supply

Deficiency of milk or breast milk, improperly prepared formula, child-rearing anxiety and mental dis-
order of mothers, maternal deprivation syndrome, battered child syndrome, excessive dietary restric-

tions for allergies

- Oral intake difficulty

Cleft lip and palate, macroglossia, micrognathism, laryngomalacia, bronchial asthma, congenital heart
disease, gastrointestinal disease (gastritis/peptic ulcer), severe infection, cerebral palsy, chromosomal

abnormality

Loss of energy intake + Vomiting

Gastroenteritis, gastroesophageal reflux disease, pyloric stenosis, Hirschsprung disease, esophageal

hiatal hernia, adrenal disease

- Diarrhea

Gastroenteritis, refractory diarrhea, food allergies, lactose intolerance, protein-leaking gastroenteropa-
thy, short bowel syndrome, inflammatory bowel disease, pancreatic disease, biliary atresia

- Kidney disease

Chronic renal failure, renal tubular acidosis, batter syndrome, diabetes insipidus

Hypermetabolism

Malignant tumor, chronic infections (tuberculosis, HIV, parasites, etc.), hypoxemia (congenital heart

disease, chronic lung disease, severe bronchial asthma, etc.), hyperthyroidism, pheochromocytoma,

drugs

Insufficient nutrition

Endocrine disorders (type 1 diabetes, hypopituitarism, adrenocortical dysfunction), chronic liver dis-

ease (hepatitis, cholestasis syndrome), inborn errors of metabolism, chromosomal abnormality

Citrine deficiency, which is an inborn error of metabolism, is an important cause of failure to thrive.
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