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Abstract

Objective—To create neonatal reference intervals for the MicroR and HYPO-He complete blood
count (CBC) parameters and to test whether these parameters are sensitive early markers of
disease at early stages of microcytic/hypochromic disorders while the CBC indices are still
normal.

Study design—We retrospectively collected the CBC parameters MicroR and HYPO-He, along
with the standard CBC parameters, from infants aged 0-90 days at Intermountain Healthcare
hospitals using Sysmex hematology analyzers. We created reference intervals for these parameters
by excluding values from neonates with proven microcytic disorders (ie, iron deficiency or alpha
thalassemia) from the dataset.

Result—From >11 000 CBCs analyzed, we created reference intervals for MicroR and HYPO-
He in neonates aged 0-90 days. The upper intervals are considerably higher in neonates than

in adults, validating increased anisocytosis and polychromasia among neonates. Overall, 52%
of neonates with iron deficiency (defined by reticulocyte hemoglobin equivalent <25 pg) had a
MicroR >90% upper interval (relative risk, 4.14; 95% ClI, 3.80-4.53; £<.001), and 68% had an

Reprint requests: Timothy M. Bahr, MS, MD, University of Utah, Department of Pediatrics, Williams Building, 295 Chipeta Way, Salt
Lake City, UT 84108. tim.bahr@hsc.utah.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bahr et al.

Page 2

HYPO-He >90% upper interval (relative risk, 6.64; 95% ClI, 6.03-7.32; £<.001). These 2 new
parameters were more sensitive than the red blood cell (RBC) indices (P < .001) in identifying 24
neonates with iron deficiency at birth.

Conclusions—We created neonatal reference intervals for MicroR and HYPO-He. Although
Sysmex currently designates these as research use only in the US, they can be measured as part of
a neonate’s CBC with no additional phlebotomy volume or run time and can identify microcytic
and hypochromic disorders even when the RBC indices are normal.

Methods

When a complete blood count (CBC) is run on certain clinical laboratory analyzers, the
diagnostic parameters MicroR and HYPO-He can be measured with no additional blood
required and no prolongation of the run time.1=3 MicroR is a unique means of assessing
microcytosis that is defined by the analyzer manufacturer as the percentage of red blood
cells (RBCs) with a mean corpuscular volume (MCV) <60 fL. (MCV reference interval

for adults, 80-96 fL).#> The MicroR in healthy adults is typically <1%.1-3 HYPO-He, a
metric of hypohemoglobinized RBCs, is defined as the percentage of RBCs that have a mean
corpuscular hemoglobin (MCH) <17 pg (MCH reference interval for adults, 26-32 pg).4°
The HYPO-He in healthy adults is typically <1%.1-3

The National Kidney Disease Outcome Quality Initiative and the European Best Practice
Guidelines recommend using MicroR and HYPO-He to identify patients with iron
deficiency.® Although written primarily for adult patients, this recommendation is based on
the fact that patients with relatively early iron deficiency, at a time when the indices have not
yet fallen to the point where they are recognized as abnormal, will have elevated MicroR and
HYPO-He values. These elevations reveal the microcytic and hypochromic characteristics

of iron-limited erythropoiesis. In addition, these 2 new parameters might be useful for
identifying infants with alpha thalassemia, because in older children and adult patients with
alpha thalassemia trait or hemoglobin H disease, the MicroR is typically elevated, but the
HYPO-He is less elevated than in iron deficiency.’~10

We are not aware of any studies of the MicroR and HYPO-He parameters in neonates
either establishing reference intervals or evaluating neonates with microcytic/hypochromic
disorders. Therefore, we performed the present study to establish neonatal reference
intervals for these parameters and to assess their usefulness in a population of neonatal
patients.

The study protocol was approved by the Intermountain Healthcare Institutional Review
Board. Intermountain Healthcare is a not-for-profit healthcare system operating 18 hospitals
with labor and delivery units in Utah and Idaho. For this study, CBC results, including
MicroR and HYPO-He values, were manually downloaded from Sysmex XN or XE
hematology analyzers (Sysmex America) to delimited text files. The combined dataset for
this study included results from 2 hospital laboratories from 2018-2020: Primary Children’s
Hospital in Salt Lake City, with a level IV neonatal intensive care unit and no delivery
service, and Utah Valley Hospital in Provo, which has the largest level 111 neonatal intensive
care unit in the Intermountain Healthcare system.
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Data from the hematology analyzers were linked to deidentified patient information in the
Intermountain Healthcare Enterprise Data Warehouse to obtain patient demographic data,
including age at sample collection, gestational age, sex, and newborn hemoglobinopathy
screening information. Only values from infants between birth and day of life 90 were
retained for our analysis. Data on infants with MicroR and HYPO-He =10% were
transferred into REDCap for further investigation and analysis. All blood cell counts were
determined using the Sysmex analyzers.

All blood tests were performed in accordance with Intermountain Healthcare Laboratory
Services standard operating procedures and manufacturer’s instructions. The Sysmex quality
control procedures were performed daily as recommended by the manufacturer. Sysmex
currently designates the MicroR and the HYPO-He as research use only in the US.

We constructed the MicroR and the HYPO-He reference range datasets from all values
obtained, minus those from neonates with diagnoses known to be associated with
microcytosis or hypochromia. Thus, values were excluded if any of the following 4

were identified: (1) reticulocyte hemoglobin equivalent (RET-He) <28 pg (a biomarker

for iron deficiency),11-13 (2) fractionated red cell count >200 000/.L (a biomarker

for schistocytosis, ie, disseminated intravascular coagulation, necrotizing enterocolitis,
sepsis),14-16 (3) hemoglobin Barts identified on the state newborn screen (a marker for alpha
thalassemia),1’ or (4) diagnosis of hereditary spherocytosis (which can present in neonates
with a MCV below the reference interval).18

Reference intervals by postnatal age (in days) were created by separating the MicroR and
HYPO-He measurements into time epochs ranging from 1 day up to 20 days. We then
nonparametrically estimated the median, 5th percentile, and 90th percentile within each
epoch and used cubic spline functions to estimate the upper, lower, and median reference
values by day for the first 90 days after birth. We used the McNemar test to evaluate
agreement between the MicroR and MCV and between HYPO-He and MCH and their
ability to detect iron-limited erythropoiesis in nonanemic neonates. All statistical analyses
and data manipulation were done using the R statistical language and environment (R
Foundation for Statistical Computing).

The frequency distribution of all 11 104 MicroR values is shown in Figure 1, A. Ninety-five
percent of the values had a MicroR <8.3%, 17.0% were >5%, 2.5% were >10%, and 0.3%
were >15%. The frequency distribution of HYPO-He values from the same 11 104 CBCs

is shown in Figure 1, B. Ninety-five percent of the values had a HYPO-He <13.2%, 23.3%
were >5%, 10.0% were >10%, and 3.2% were >15%.

Figure 2, A displays a scatterplot of all simultaneous paired measurements of MCV (fL)
and MicroR (%). Figure 2, B displays a scatterplot with simultaneous paired MCH (pg)
and HYPO-HE (%) measurements. In both plots, it can be seen that some neonates with
a “normal” MCV had a very high MicroR value, and, similarly, some neonates with a
“normal” MCH had a very high HYPO-He value.
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The reference interval for MicroR (%) over the first 90 days following birth is shown in
Figure 3, A, and the reference range for HYPO-He (%) over the first 90 days is shown

in Figure 3, B. Scatterplots showing the relationship between RET-He (pg) and MicroR

(%) and between RET-He (pg) and HYPO-He (%) are shown in Figure 4 (available at
www.jpeds.com). In addition, of the neonates in our dataset with laboratory evidence of

iron deficiency (defined by RET-He <25 pg; n = 1554), 52% had a MicroR >90% upper
interval (relative risk vs neonates with RET-He =25, 4.14; 95% Cl, 3.80-4.53; £< .001), and
68% had an HYPO-He >90% (relative risk vs neonates with RET-He =25, 6.64; 95% ClI,
6.03-7.32; P<.001) (Figure 5).

We identified 4 neonates who had iron deficiency anemia at birth. Each of the 7 CBCs
obtained from these 4 neonates within their first 48 hours after birth are shown in Table |
(available at www.jpeds.com). Two of the 4 neonates with congenital iron deficiency anemia
were born to mothers with diabetes. The other 2 were twins with a unique combination

of iron deficiency (RET-He <25 pg,),1112 a mother with obesity (BMI >40),19-21 and

alpha thalassemia trait (hemoglobin Barts and a 3-bp duplication in the alpha globin

gene [c.364_366dupGTG]).22 In all 7 CBCs from these 4 neonates, microcytosis was
identified by a MCV below the lower reference interval for gestational age,23:24 and
hypohemoglobinized cells were recognized by a MCH below the lower reference interval for
gestational age.2324 In addition, all CBCs from these 4 neonates had MicroR and HYPO-He
values far above the upper reference intervals for the first 2 days after birth (compare with
Figure 3).

We identified 22 CBCs drawn from 20 neonates within their first 48 hours of birth who had
iron-limited erythropoiesis but a normal hematocrit (Table I1; available at www.jpeds.com).
In these CBCs, the new parameters MicroR and HYPO-He were more sensitive in detecting
iron deficiency compared with MCV and MCH. Among the 22 CBCs, MicroR was
abnormal in 19 (86.4%), whereas the MCV was abnormal in only 7 (31.8%) (P=.001).
The HYPO-He was abnormal in all 22 CBCs (100%), whereas the MCH was abnormal in
only 15 (68.2%) (P=.023).

Discussion

In 1929, Dr Maxwell M. Wintrobe published a method for accurately measuring the
percentage of blood comprised of RBCs—the hematocrit.2> The following year, he reported
a method for measuring the volume of the average circulating red cell, in femtoliters (fL;
10715 L), which could be used to judge whether the cells were on average of normal size

or smaller or larger than normal.2% He also reported a method to determine the average
hemoglobin content of a red cell, in picograms (pg; 10712 g), to judge whether the average
red cell contained a normal, small, or large amount of hemoglobin. Finally, he described a
measurement of the hemoglobin concentration in the average red cell (g/dL of blood) as the
mean corpuscular hemoglobin concentration.28

The hematocrit and the 3 measurements that Dr Wintrobe termed the red cell “indices”
formulated the basis of his classification of anemias as microcytic, normocytic, or
macrocytic, and for judging whether or not erythrocytes were hypochromic.® Although the
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methods for performing the measurements he described have improved through advanced

technology, Dr Wintrobe’s classification has remained the standard approach for the past 90
4

years.

Iron deficiency is a common, yet surely underdiagnosed problem in neonatology.2’~30 The
importance of recognizing neonatal iron deficiency derives from observations that when a
neonate is iron-deficient, lasting adverse neurodevelopmental deficiencies can occur.2%:30
Consequently, much effort is needed to diagnose and effectively treat iron deficiency in
neonates.

Previous studies by our group indicate that iron deficiency can be present at birth, and
that women at greater risk for delivering a baby with iron deficiency include those

with obesity, diabetes, or giving birth prematurely.31:32 The gold standard for diagnosing
iron-deficient erythropoiesis consists of a battery of tests, including soluble transferrin
receptor, zinc protoporphyrin-to-heme ratio, serum iron, iron-binding capacity, transferrin
saturation, serum ferritin, and RET-He.3! However, the amount of blood required for this
battery generally prevents the routine use of this battery in newborn infants. Thus, in
neonatology practice, screening tests, such as hematocrit or hemoglobin, are sometimes
used to assess for iron deficiency. However, decreases in the these values occur late in iron
deficiency, so using them as a screen will miss neonates who are iron deficient but not

yet anemic. Low values for the RBC indices MCV and MCH can support the diagnosis

of iron-deficient erythropoiesis, but these indices represent average values for erythrocyte
size and hemoglobin content and do not precisely quantify the microcytic or hypochromic
erythrocyte populations. Moreover, these RBC indices are not specific for iron-limited
erythropoiesis; they also can be low in neonates with alpha thalassemia.l’

A simple and cost-effective alternative method for recognizing iron deficiency, and perhaps
alpha thalassemia, can be performed as part of a routine CBC with no additional
phlebotomy, run time, or expense.13:7-10 This consists of 2 measurements, one that
quantifies microcytic erythrocytes, MicroR, and another that quantifies hypohemoglobinized
erythrocytes, HYPO-He. We devised the present study to construct reference intervals for
these 2 parameters in neonates.

We found that at birth and over the next 90 days, the upper reference intervals for MicroR
and HYPO-He were much higher than those reported in adults. This was somewhat
surprising, because erythrocytes of neonates are typically much larger and contain more
hemoglobin compared with those of adults.24 However, the widespread variability in RBC
size in neonates, defining an increase in anisocytosis, is consistent with their higher red cell
distribution width, a metric of anisocytosis.2*

After creating these reference intervals, we found that a high MicroR% and HYPO-He%
were more sensitive markers of iron-deficient neonates compared with the standard RBC
indices. Specifically, neonates born with iron-deficiency anemia had abnormalities of the
MCV and MCH, as well as of MicroR and HYPO-He values. However, neonates with lesser
degrees of iron deficiency that had not yet progressed to anemia were better identified by
abnormal MicroR and HYPO-He values.
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We recognize several shortcomings of our study. First, as with other reference interval
studies of neonates, our database was derived not from healthy volunteers, but rather

from CBCs ordered by clinicians.24 We attempted to scrub the database of abnormal

values (eliminating those with a diagnosis of iron deficiency, thalassemia, or hereditary
spherocytosis). However, we recognize that this is an imperfect process; thus, an unknown
proportion of our data surely included abnormal subjects. We speculate that unknown
microcytic pathology may be responsible for the higher 90th percentile upper reference
interval in our data. Second, we used only one type of hematology analyzer (Sysmex), but
other devices with this capacity include the CELL-DYN Sapphire analyzer (Abbott) and the
ADVIA 120 (Siemens Healthineers). Sysmex hematology analyzers are available in many
children’s hospitals in the US. We are uncertain whether other instruments would generate
reference intervals identical to ours. Wang et al and Malecka et al directly compared values
generated by Sysmex hematology analyzers against values generated by analyzers from
other manufacturers and found general consistency; however, those comparisons used adult
subjects, not neonates.33:34 Third, we recognize that our information is preliminary and that
we need to test more neonatal patients in other hospitals to validate its usefulness.

With the new neonatal reference intervals for MicroR and HYPO-He, we have what we
judge to be a better means of quantifying microcytosis and hypochromia in neonates.
Among newborn infants with iron-deficiency anemia, the MCV and MCH perform very well
as indicators, but for those with subtler forms of iron deficiency in whom anemia has not
yet developed but which nonetheless might result in neurodevelopmental delays, the MicroR
and HYPO-He parameters are better biomarkers.
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Glossary
CBC Complete blood count
MCH Mean corpuscular hemoglobin
MCV Mean corpuscular volume
RBC Red blood cell
RET-He Reticulocyte hemoglobin equivalent
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Figure 1.

Frequency distribution of A, MicroR% and B, HYPO-He% in 11 104 measurements during

the first 90 days after birth.
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Scatterplot of simultaneous paired measurements of A, MCV (fL) and MicroR (%) and B,
MCH and HYPO-HE, among all 11 104 simultaneous paired measurements.
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Figure 3.
Neonatal reference interval for A, MicroR and B, HYPO-He during the first 90 days

following birth. The lower dashed line shows the 5th percentile lower reference interval,
the solid line shows the median, and the upper dashed line represents the 90th percent upper
reference interval.
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Scatterplot of simultaneous paired measurements of A, RET-He and MicroR and B, RET-HE
and HYPO-HE, among 11 104 simultaneous paired measurements.
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Figure 5.

20

40 60 80
Postnatal Age (Days)

Neonatal reference intervals for A, MicroR and B, HYPO-He during the first 90 days
following birth (dashed and solid lines), with a superimposed dot-plot showing individual
MicroR and HYPO-He values from neonates with iron deficiency (defined as RET-He<25

pg; n = 1554).
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