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ARTICLE INFO ABSTRACT

Editor: Mohandas Narla Serum ferritin reflects total body iron stores, thus a low serum ferritin is used as a parameter of iron deficiency.
Keywords: In healthy adults in Japan, urine ferritin levels were about 5% of serum ferritin levels, with a correlation
Iron coefficient of 0.79. It is not known whether a low urine ferritin could serve as a non-invasive screen for iron
deficiency. If so, this might be useful for neonates and young children, avoiding phlebotomy to screen for iron
deficiency. However, for urinary ferritin screening to be feasible, ferritin must be measurable in the urine and
Urine correlate with serum ferritin. Testing should also clarify whether the iron content of ferritin in serum and urine
Serum are similar. In this pilot feasibility study we measured ferritin in paired serum and urine samples of healthy adult
males, healthy term neonates, growing preterm neonates, and children who had very high serum ferritin levels
from liver disorders or iron overload. We detected ferritin in every urine sample, and found a correlation with
paired serum ferritin (Spearman correlation coefficient 0.78 of log o-transformed values). These findings suggest
merit in further studying urinary ferritin in select populations, as a potential non-invasive screen to assess iron

Iron deficiency
Ferritin

stores.

1. Introduction

When iron deficiency occurs in a newborn infant, long-term neu-
robehavioral defects are common [1-4]. Iron deficiency can be present
at birth among certain high-risk groups, such as infants of diabetic
mothers, small for gestational age infants, and very low birth weight
premature neonates [5-8]. Unfortunately, the current means of
screening for iron deficiency in neonates requires phlebotomy, and is
primarily focused on detecting anemia. However, anemia is a rather
late effect of iron deficiency in neonates, and likely does not occur until
after deficient brain iron has caused neurological deficits.

Various blood tests can detect early biochemical iron deficiency in
neonates before erythropoietic limitation and anemia have occurred
[7-10]. A low level of ferritin in serum correlates with low total body
iron stores [11], and on that basis is used as a marker for iron defi-
ciency. However, ferritin, like all markers of iron deficiency, is limited
in its usefulness for very small infants by the phlebotomy volumes re-
quired [12]. Thus, we conducted the present study as a step toward
understanding whether measuring the urinary ferritin level could be a

feasible, non-invasive, means of screening neonates and young children
for iron deficiency or iron overload.

2. Materials and methods

The University of Utah Institutional Review Board approved the
study protocol. The adults and older children signed informed consent
documents. The Board granted a waiver from individual parental con-
sent for the umbilical cord blood and urine from neonates because these
were obtained from otherwise discarded blood samples and diapers,
and were deidentified with appropriate privacy protection.

Preliminary methods testing urine collections involved triplicate
techniques, where each urine sample was collected in a plastic urine
bag, in cotton balls in the diaper, and in rayon balls in the diaper. This
testing was to determine whether the collection method affected the
ferritin level measured, as could occur with binding of ferritin to plastic
or cotton or rayon.

Ferritin concentrations in serum and in urine were measured by
ELISA (MP Biomedicals, LLC, Santa Ana, CA) according the

* Corresponding author at: Division of Neonatology, University of Utah Health, 295 Chipeta Way, Salt Lake City, UT, USA.

E-mail address: Tim.Bahr@hsc.utah.edu (T.M. Bahr).

https://doi.org/10.1016/j.bcmd.2019.02.001

Received 27 December 2018; Received in revised form 5 February 2019; Accepted 7 February 2019

Available online 08 February 2019
1079-9796/ © 2019 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/10799796
https://www.elsevier.com/locate/bcmd
https://doi.org/10.1016/j.bcmd.2019.02.001
https://doi.org/10.1016/j.bcmd.2019.02.001
mailto:Tim.Bahr@hsc.utah.edu
https://doi.org/10.1016/j.bcmd.2019.02.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcmd.2019.02.001&domain=pdf

T.M. Bahr, et al.

manufacturer's specifications. For selected samples, anti-human ferritin
monoclonal antibody (ThermoFisher MIF2501, Waltham, MA) was then
used to immunoprecipitate ferritin from the samples to quantify ferritin
iron content as previously described [13]. Briefly, 50 uL samples were
mixed with antibody and protein A/G PLUS-Agarose (Santa Cruz Bio-
technology, Dallas, TX). Samples were rocked overnight at 4 °C, agarose
pelleted, and washed extensively with phosphate buffered saline fol-
lowed by ferritin elution using 0.1 M glycine pH 2.5, which was neu-
tralized with 1.0 M Trizma base. 0.5 mL of OPTIMA Grade Nitric Acid
(Fisher Scientific) was added to eluates (~30 uL). The mixture was al-
lowed to digest overnight, heated until dry, and resuspended in 2%
HNOs for analysis using Inductively Coupled Plasma Mass Spectrometry
(ICP-MS).

An Agilent 7900 ICP-MS was operated in helium (He) collision cell
gas mode for all measurements. Helium cell gas mode is used to remove
polyatomic interferences on analytes of interest by Kinetic Energy
Discrimination. Fe is measured at its most abundant isotope of >*Fe and
He cell gas effectively removes both *“°Ar'®0 and *°Ca’®0 interferences.
Run parameters were as follows: RF power 1600 W, sample depth
8.0 mm, carrier gas 1.05 L/min, sample flow rate: 0.2 mL/min, cell gas
flow rate 5 mL/min. Calibration standards and samples were prepared
in an acid matrix of 2% OPTIMA grade nitric acid. Calibration standards
for Fe were prepared using Agilent Multi-element Calibration Standard
2A to obtain an eight-point calibration curve. Agilent Environmental
Calibration Standard was used as an independent measure. Agilent
germanium (or scandium) standard(s) were added online to standards,
blanks and samples and were used as internal standards to correct for
potential sample matrix and/or nebulization effects. The limits of de-
tection for iron by ICP-MS were at an iron concentration of 1.3 ppb
(1.3 ng iron/mL solution).

Non-parametric statistical methods were used due to the lack of
normality of the data. Spearman's rank correlation coefficient was used
as a measure of correlation between paired ferritin (serum vs. urine)
values. The Kruskal-Wallis test was used to compare group medians in
the case of greater than two groups, and the Wilcoxon rank-sum test
was used to compare group medians in the case of two groups. The
Wilcoxon signed-rank test was used to compare a group median to a
single value.

3. Results

Paired blood and urine samples were obtained from five healthy
adults, five term neonates at birth (blood) and in the newborn nursery
immediately thereafter (urine), eight stable growing preterm neonates,
five neonates with congenital liver disorders and high serum ferritin
levels, and one child with Beta thalassemia and iron overload. The five
neonates with liver disorders included two with hemophagocytic lym-
phohistiocytosis (HLH), one with enterovirus-associated liver failure
and hemochromatosis, one with gestational alloimmune liver disease
(GALD) and one with multiple medical and surgical problems who re-
ceived 22 red blood cell transfusions over the first two months and
developed iron overload.

Prior to beginning this study, we measured ferritin levels in other-
wise discarded urine of three neonates. Urinary ferritin levels were si-
milar whether collected from a plastic urine bag, or cotton balls or
rayon balls in the diaper [sample #1, 231.9 ng/mL (U-bag), 228.4 ng/
mL (cotton balls), 232.0 ng/mL (rayon balls); sample #2, 446.7, 451.8,
447.5 ng/mL; sample #3, 19.0, 19.1, 19.2 ng/mL]. Thus, the subsequent
study urine collections used any of these three methods.

We detected ferritin in all 24 adult and neonatal serum and urine
samples. As per the study by Ishikawa et al., the bivariate data were
logo-log1o transformed to account for the wide range in values driven
primarily in our population by the five neonates with liver disorders
(Fig. 1). We calculated a Spearman correlation coefficient of ry = 0.78
(P-value < 0.001).

The median serum ferritin value was lowest in the adults, slightly
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Fig. 1. log;o-transformed ferritin concentrations in paired serum/urine collec-
tions from five groups, each represented by a different symbol: healthy adult
males (closed circle; n =5), term neonates (open square; n = 5), stable,
growing, preterm neonates in a NICU (closed triangle; n = 8), neonates with
very high serum ferritin levels (open circle; n = 5) and one child with iron-
overload and beta-thalassemia (closed square). The straight line is an “identify”
line showing the relationship between serum and urine ferritin. The Spearman
correlation coefficient of the log;, values is 0.78.

higher in the term neonates, higher still in the preterm neonates, and
highest among neonates with liver disorders (Table 1). Within each
group, the median serum ferritin was higher than the median urine
ferritin (Table 1). In the entire group of 24 paired samples, the urine
ferritin averaged 13% of the serum ferritin. The urine ferritin was lowest
(3-5% of the serum ferritin level) among the five neonates and one child
with very high serum ferritin levels.

We quantified the iron content of ferritin only in the samples where
the serum ferritin concentration exceeded 300 ng/mL. In samples with
lower ferritin levels, the iron content was below our assay limits of
detectability. The samples with ferritins > 300 ng/mL were from the
serum of three neonates with liver disease and the child with transfu-
sion-related iron overload. The iron content of serum ferritin had a
mean of 7.3ng iron/100ng ferritin (standard deviation 3.3 ng iron/
100 ng ferritin). This is similar to that reported in healthy adults
(6-10ng iron/100ng ferritin [25,26]). The iron content of urinary
ferritin was below detectable limit in all samples.

4. Discussion

Iron deficiency is the most common micronutrient deficiency in the
world [14]. Animal and human studies show that iron deficiency in the
fetal and neonatal period causes significant neurodevelopmental and
behavioral problems [1-4]. Moreover, these problems persist as per-
manent defects even after the iron deficiency has been treated [15].

Fetal iron deficiency anemia is rare, owing to the usual transpla-
cental passage of adequate amounts of iron to the fetus even if the
mother is iron deficient [16]. However, protection of the fetus from iron
deficiency is not absolute. In fact, when mothers are significantly iron
deficient, their neonates can be born with a low serum ferritin [17]. In
addition, certain obstetrical and fetal conditions seem to retard fetal
iron accretion. Specifically, we reported biochemical iron deficiency at
birth in 15-20% of infants of diabetic mothers, small for gestational age
neonates, and very low birth weight premature neonates [12].

Identifying iron deficient neonates, and instituting effective treat-
ment, is a priority of the American Academy of Pediatrics [18] and the
World Health Organization [19]. Unfortunately, most screening pro-
grams to detect neonatal iron deficiency focus on identifying anemia
[18,19]. However, in neonates, anemia is a rather late consequence of
iron deficiency [11]. Once iron deficiency anemia has developed in a
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Table 1
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Comparison of ferritin in paired serum vs. urine samples of five study groups (median and interquartile range). The P-value represents a Wilcoxon rank-sum test
comparing the median of the healthy adult male group to each of the subsequent groups (except group five) in a pairwise fashion. In the case of group 5, the healthy
adult male group was compared to the single value in group 5 with the Wilcoxon signed-rank test.

Study group N  Serum ferritin  Urine ferritin

Urine ferritin as a percent of

P-value, urine ferritin as a percent of serum Ferritin. Various study

(ng/mL) (ng/mL) serum ferritin groups vs. healthy adults
#1 Healthy adult males 5 39.4 (26.6) 5.1 (3.5) 13%
#2 Healthy term neonates 5 48.2 (72.5) 9.7 (5.8) 20% 0.69
#3 Preterm neonates 8 128.0 (54.5) 5.1 (3.5) 4% > 0.90
#4 Neonates with liver disorders 5 3206 (3248.6) 172.1 (201.5) 5% 0.06
#5 Child with iron overload 1 382.7 9.74 3% 0.03

neonate, it might be too late to prevent the neurodevelopmental delays
caused by biochemical iron deficiency. Therefore, screening tests to
identify early biochemical iron deficiency, not anemia, are needed if
iron-deficient neurodevelopmental delay is to be prevented [5].

Iron overload and high serum ferritin levels can occur in young
children who chronically require erythrocyte transfusions, and in neo-
nates with certain liver disorders such as GALD and HLH [20,21]. The
usual means of screening young children for iron deficiency or iron
overload necessitate phlebotomy. For serum ferritin quantification,
clinical laboratories typically require 1 mL of serum (at least 2 mL
blood). Similarly, 1 mL of serum is typically required for soluble
transferrin receptor quantification, and an additional 1 mL of blood is
typically required for zinc protoporphyrin to heme ratio (http://lItd.
aruplab.com/Tests/Pub/0070065; http://Itd.aruplab.com/Tests/Pub/
0020605). Thus, =5 mL of blood are needed for a battery of all three
tests. For the smallest preterm infants this phlebotomy is about 10% of
their blood volume.

We postulated that measuring ferritin in urine of infants might serve
as a non-invasive screen for abnormal iron stores. We recognized pit-
falls in that approach, and explored some of these before planning a
definitive study. First, we were aware of no studies reporting whether
ferritin can be measured in the urine of healthy or ill, term or preterm
neonates, or testing a relationship between serum and urine ferritin in
neonates. Ishikawa et al. found, in healthy adults, that urine ferritin was
about 5% of serum levels [22], but this has not been repeated, or re-
ported from neonates.

Another problem is that ferritin is an acute phase reactant; thus,
levels can increase during inflammation. This principle was illustrated
both by Migliari et al. and Tang et al. when they showed increased
urine ferritin in patients with bladder cancer [23,24]. Consequently,
false negative screening of urine might be an issue. However very low
levels of urinary ferritin might identify a group of neonates where
serum values should be obtained to assess the iron status before treat-
ment is instituted.

Another potential pitfall in using urinary ferritin as a screening tool
is that the ferritin assay typically used in clinical laboratories involves
antibodies to the heavy and light chains of the ferritin shell proteins.
Ferritin is composed of 24 protein subunits, termed H and L, the mo-
lecular masses of which are 21,000 Da and 20,000 Da, respectively
[25]. The relative molecular mass of assembled apoferritin is
450,000-480,000 Da, and the maximal number of iron molecules per
molecule of ferritin is reported to be around 4500 [26]. Studies from
the Netherlands indicate that serum ferritin of healthy adults typically
has 19-25% of the maximal iron content, or is 19-25% saturated with
iron. Studies from Hamburg agree, and report that 100 ng of serum
ferritin in healthy adults has about 8 ng of iron, but that ferritin sa-
turation levels may be as low as 3-4% [27]. In rats, the iron content of
ferritin varies with site; such that 100 ng of serum ferritin has about
1.8 ng of iron, whereas 100 ng of ferritin in liver contains about 23 ng of
iron [28]. We found that in children with liver diseases who had very
high serum ferritin levels, their ferritin was not iron-loaded. In fact, the
iron content of their ferritin was on average, only 7.8 ng iron per 100 ng
ferritin, similar to the iron content found in serum ferritin of healthy
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adults.

We recognize other shortcomings in our study. The small number of
subjects in each group makes statistical comparisons tenuous. In addi-
tion, the ferritin we measured in serum and urine is likely quite het-
erogeneous and may not always be intact ferritin, but pieces of the
ferritin shell. This may be particularly true in urine where a molecule as
large as ferritin is not expected to normally be filtered by the glomer-
ulus. Additionally, the ferritin in many of our samples had an iron
content that was below the detectability of our ICP-MS assay. Perhaps
this could be remedied in future studies by utilizing larger sample vo-
lumes.

Obviously, much work remains before we know if there is value in
measuring urinary ferritin in young children as a screen for iron stores.
However, we maintain that our study does provide a few clear answers.
For instance, we found ferritin in all 24 urine samples tested. This an-
swered one of our initial questions. A correlation between urinary and
serum ferritin levels was observed. We hypothesize that the correlation
might be improved by correcting urinary ferritin levels using urinary
creatinine or some other factors, and we intend to evaluate this in fu-
ture studies.

5. Conclusions

The findings of our pilot study suggest merit in pursuing the pos-
sibility of measuring urinary ferritin as a screening tool to assess iron
stores where screening by phlebotomy can be problematic.
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