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ABSTRACT: Lysophosphatidylcholine (LPC) has various stimula-
tory effects on many types of immune cells. The purpose of our study
was to characterize blood LPC levels and to determine the compo-
sition of LPC molecular species (LPCs) in the neonatal period.
Thirty-six neonates were enrolled in this study and then grouped
according to birth-weight as follows: non-very low birth weight
(NVLBW); =1,500 g (n = 17), and very low birth weight (VLBW);
<1,500 g (n = 19). Sixteen healthy normal adults were used as
controls. Levels of total blood LPC and LPCs (16:0-, 18:0-, 18:1-,
18:2-, and 20:4-LPC species) were measured using HPLC coupled
with tandem mass spectrometry. Total blood LPC levels at birth in
neonates in both groups (NVLBW and VLBW) were significantly
lower than those of adult levels. In NVLBW infants, LPC levels
reached adult levels at postnatal day 3 compared with VLBW infants,
who attained adult levels after postnatal day 57 (around full-term).
The composition of the LPCs was different not only between neo-
nates and adults, but between NVLBW and VLBW infants. These
findings may be associated with the difference of immunity among
adults, NVLBW, and VLBW infants. (Pediatr Res 62: 477-482, 2007)

ysophosphatidylcholine (LPC) is one of the bioactive
lysophospholipids, which has various stimulatory effects
in many types of immune cells in vitro (1) such as monocytes
(2), macrophages (3,4), T lymphocytes (5,6) and neutrophils
(7). The lengths and saturation of their acyl chains distinguish
molecular species of LPC (Fig. 1). Recent research has indi-
cated that the main LPC molecular species (LPCs), i.e., 16:0-,
18:0-, 18:1- and 18:2-LPC, are markedly reduced in adult
patients with sepsis, and there is an inverse correlation be-
tween the severity of infection and blood LPC levels (8).
Other research has shown that administration of 18:0- or
18:1-LPC to mouse models of sepsis protect them against
lethality (9). LPC may play an important role in human
neonates as well.

Recently, we established a method for quantification of
blood LPCs in neonates with birth weight more than 1,500g
(non-very low birth weight: NVLBW) (10). However, there is
no data of blood LPC levels in very low birth weight (VLBW)

Received February 21, 2007; accepted May 27, 2007.

Correspondence: Ichiro Morioka, M.D., Ph.D., Department of Pediatrics, Kobe Uni-
versity Graduate School of Medicine, 7-5-1 Kusunokicho, Chuo-ku, Kobe 650-0017
Japan; e-mail: ichim@med.kobe-u.ac.jp

This work was supported by a Grant-in-Aid for Scientific Research from the Morinaga
Hoshi-kai Foundation.

477

infants. Because VLBW infants are more susceptible to inva-
sion by pathogenic microbes than NVLBW infants, we hy-
pothesized that one of the causes of susceptibility to infection
is due to prolonged lower blood LPCs level in the neonatal
period of VLBW infants. In addition, the relationship between
blood LPC levels in neonates and nourishment has not been
reported, although LPC is an element included in human
breast milk (11). We hypothesized that feeding influences the
increase in blood LPC levels after birth.

The purpose of our study was to detect blood LPCs levels
not only in NVLBW infants, but also in VLBW infants and to
clarify the correlation between blood LPCs levels and the
amount of feeding in the neonatal period.

MATERIALS AND METHODS

Subjects. With the approval of the Ethics Committee of Kobe University
Graduate School of Medicine, 36 newborn infants without infection, who
were admitted to our neonatal intensive care unit (NICU) in the Kobe
University Hospital, Kobe, Japan, from April 2004 to March 2006, were
enrolled into the present study. Their bloods were sampled after informed
consent had been obtained from their parents.

Sample preparation. The blood was sampled from the venous vein, and
was centrifuged to separate the serum. The blood samples were obtained at
postnatal day 0, 1, 2, 3—4, 5-7, 8—14, 15-21, 22-28, 29-56, and after day 57.
The specimens were stored at —20°C until assay. The adult blood was
obtained by the same procedure described above from 16 healthy normal
adults.

LPC measurements. The main LPCs, such as 16:0-, 18:0-, 18:1-, 18:2-,
and 20:4-LPC were measured in this study, and total LPC levels were
regarded as the sum of these LPCs. The blood LPCs levels were measured by
HPLC coupled with tandem mass spectrometry (LC-MS/MS) as previously
established (10). Briefly, to 20 uL of the serum sample, we added 100 uL of
methanol solution with internal standards (IS) 18:0-D35 LPC (2 ug). Purifi-
cation of phospholipids was performed using solid phase extraction from 20
L of serum with an IS. Entire elute analytes were dried using a gentle stream
of nitrogen. The residue was dissolved in 1 mL of methanol, and an aliquot
of 15 uL was injected into the LC-MS/MS system. A Shimadzu 10ADvp LC
system (Shimadzu, Kyoto, Japan) was used to inject sample solutions on a
Cosmosil 5SNH,-MS column (4.6 i.d. X 50 mm, 5.0 wm) from Nacalai Tesque
Inc. (Kyoto, Japan). The isocratic mobile phase, a mixture of 0.2% (vol/vol)
formic acid in methanol, was delivered at 0.2 mL/min into the mass spec-
trometer ionization chamber. Quantitation was achieved by MRM positive ion
mode using an API 3000 mass spectrometer (Applied Biosystems / MDS
Sciex, Toronto, Canada), equipped with a Turboionspray™ interface at
400°C. Under the ESI optimized conditions, [M+H] ™ ions of LPCs generated

Abbreviations: LPC, lysophosphatidylcholine; LPCs, lysophosphatidylcho-
line molecular species; NVLBW, non-very low birth weight; VLBW, very
low birth weight
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Figure 1. Structural formula of the LPC molecular species: The lengths and
saturation of their acyl chains distinguish the molecular species of LPC. We
quantified 16:0-, 18:0-, 18:1-, 18:2-, and 20:4-LPC in this study.

ions at m/z 184.2 as the major product ion. Analytical data were processed by
Analyst software 1.3.1.

Classification. Thirty-six infants without infection were grouped accord-
ing to birth-weight as follows; NVLBW (n = 19) included infants whose birth
weight was over 1,500 g and VLBW (n = 17) included infants less than 1,500
g. Characteristics were obtained by the medical records, and assessment of the
relationship between these characters was conducted. The characteristics of
the neonates, who were enrolled in this study, are shown in Table 1. Since the
two groups (NVLBW and VLBW) were distinguished by birth weight, all
characteristics except gender were significantly different between these
groups. Sixteen healthy adult bloods were used as controls.

Calculations of the amount of feeding. The amount of feeding, including
both breast feeding and non-breast breast feeding, of each infant was calcu-
lated at a specific day point and was shown as ml/kg/d.

Statistical analysis. Statistical analyses were performed using Excel 2004
(Microsoft, USA) with add-in software Statcel version 2.0 (OMS, Tokyo,
JAPAN). Results were expressed as the peak area ratio of each analyte to the
IS (mean = SEM). Neonatal blood LPCs levels were assessed by comparison
of each group. The unpaired ¢ test was used to determine statistical signifi-
cance. Differences in infant characteristics were determined by x* for inde-
pendence test. The relation between the neonatal LPC levels and the amount
of feeding was investigated by Pearson’s correlation coefficient test. In all
tests, p < 0.05 was considered significant.

RESULTS

The numbers of analyzed blood samples. The blood sam-
ples of NVLBW infants at postnatal day O (n = 16), 1 (n =

Table 1. Characteristics of the neonates
NVLBW (n = 19) VLBW (n = 17)
Male (n) 10 11

Gestation (weeks) 37 (30-41) 28 (23-32)*

Birth weight (g) 2414 (1596-4734) 1158 (498-1448)*

Age of beginning of feeding 1(0-3) 3 (1-5)*
(days)

Age of reached full feeding 4 (3-8) 9 (5-21)*
(days)

Full feeding, 100 ml/kg/day. All values are given as medians (range).
*p < 0.05.

11),2 (n = 6), 3-4 (n = 18), 5-7 (n = 10), 8-14 (n = 3),
15-21 (n = 1), and of VLBW infants at postnatal day 0
n=5),1n=28),2n=28),3-4(n=2>5),57mn=24),
8—14 (n = 9), 15-21 (n = 13), 22-28 (n = 11), 29-56
(n = 18), 57- (n = 2), were analyzed.

Comparison of total blood LPC levels between neonates
and the adult. Total blood LPC levels in the healthy adult
were 2.87 = 0.19 (peak area ratio to IS). In neonates, total
blood LPC levels at day 0 were 1.06 = 0.06 in NVLBW and
0.81 = 0.24 in VLBW infants, with no significant difference
between these two groups (Fig. 2). In these neonatal groups,
total blood LPC levels at day O were significantly lower than
adult levels. In NVLBW infants, blood LPC levels on days
3—4 reached 2.07 % 0.13, and there was no significant differ-
ence compared with the adult levels. In VLBW infants, blood
LPC levels increased slowly and reached 2.28 = 0.02 after
day 57 (Fig. 2). In addition, in VLBW infants, the neonatal
blood LPC levels within 2 mo were significantly lower than
the adult levels.

Comparison of total blood LPC levels between NVLBW
and VLBW infants. Total blood LPC levels at days 0-1 in
both groups were similar. However, total blood LPC levels
from day 2 to day 7 in VLBW infants were significantly lower
than LPC levels in NVLBW infants. Total blood LPC levels in
NVLBW infants reached 2.58 = 0.24 at day 7, but total blood
LPC levels in VLBW infants were only 1.44 * (0.32 by day 7.
There was no significant difference between the two groups

(peak area ratio)
3.5

3.0 (}

2.5

Total blood LPC levels

0.0 L L L L L L L L L L

0 1 2 34 57 8I14 1521 2228 29-56 57- Adult
(day)

Postnatal age

Figure 2. Chronological changes in blood LPC levels and comparison of
these levels among NVLBW infants (L], n = 19, numbers of analyzed blood
samples: day 0 (n = 16), 1 (n = 11), 2 (n = 6), 3-4 (n = 18), 5-7
(n = 10), 8-14 (n = 3), 15-21 (n = 1)), VLBW infants (4, n = 17, numbers
of analyzed blood samples: day O (n = 5), 1 (n = 8),2 (n = 8),3-4 (n =5),
5-7(n=4),8-14 (n =9), 15-21 (n = 13),22-28 (n = 11),29-56 (n = 18),
after day 57 (n = 2)), and adults (O, n = 16). Blood LPC levels at birth were
low in both NVLBW and VLBW infants in comparison to those in adults.
However, in both groups, LPC levels increased each day. In VLBW infants,
the increase in LPC levels was less than that in NVLBW infants. Therefore,
in VLBW infants, LPC levels were significantly lower than those in NVLBW
infants from day 2 to day 7. In NVLBW infants, LPC levels reached adult
levels by day 3. On the other hand, in VLBW infants, LPC levels were
significantly lower than those in adults until 2 mo old. LPC levels were
expressed as the peak area ratio of each analyte to the IS (mean = SEM).
*p < 0.05 compared with adults; fp < 0.05 NVLBW compared with VLBW
infants.
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Figure 3. Change in LPCs in NV-
LBW infants: (A) Change in blood
LPC levels distinguished by molecu-
lar species. LPCs levels were ex-
pressed as the peak area ratio of each
analyte to the IS (mean). (B) Change
in percentage of each LPCs. Postna-
tal day 0 (n = 16), 1 (n = 11), 2
(n=6),3-4 (n = 18), 5-7 (n = 10),
8—14 (n = 3), 1521 (n = 1) and
Adult (n = 16). *p < 0.05 compared
with adults for each molecular spe-
cies.
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Figure 4. Change in LPCs in
VLBW infants: (A) Change in blood
LPC levels distinguished by molecu-
lar species. LPCs levels were ex-
pressed as the peak area ratio of each
analyte to the IS (mean). (B) Change
in percentage of each LPCs. Postna-
talday 0 (n = 5), 1 (n = 8),2 (n =
8),3-4(n=25),57(n=4),8-14
(n=29), 1521 (n = 13),22-28 (n =
11),29-56 (n = 18), after 57 (n = 2)
and Adult (n = 16). *p < 0.05 com-
pared with adults for each molecular
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after day 8 (Fig. 2). Thus, neonatal blood LPC levels increased
each day, and these increases were different between NVLBW
and VLBW infants.

Blood LPCs in Neonates. LPCs were then analyzed, be-
cause LPCs have been shown to play an important role in
infection (9). We recently reported the preliminary data of
blood LPCs levels in NVLBW infants (10). In this study, we
investigated LPCs levels not only in NVLBW infants, but also
VLBW infants at detailed postnatal day points.

Change in blood LPCs levels in NVLBW infants and
comparison with those in the adult. The levels of 16:0- and
18:0-LPC were significantly lower than that in adult levels on
days 0—4, and the levels of 18:1-LPC were significantly lower
than adult levels on days 0—1, but increased each day. 16:0-
and 18:0-LPC levels were not significantly different compared
with adult levels after day 5. 18:1-LPC levels were not
significantly different compared with adult levels after day 2.
The levels of 18:2-LPC were significantly lower than adult
levels during the study period. The levels of 20:4-LPC were
significantly higher than adult levels only on day 3—4. After day
15, statistical analysis was not carried out for all LPC molecular
species, because there was only one subject (Fig. 3A).

Change in blood LPCs percentages in NVLBW infants
and comparison with those in the adult. The percentage of
16:0-LPC was significantly higher than that in the adult on
days 0, 1, and 3—4. The percentages of 18:0- and 18:1-LPC
were significantly higher than that in the adult on days 0—-14.
The percentage of 18:2-LPC was significantly lower than

K ) species.
. PZE N w
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Postnatal age

that in the adult on days 0—14. The percentage of 20:4-LPC
was significantly higher than that in the adult on days 0-7
(Fig. 3B).

Change in blood LPCs levels in VLBW infants and com-
parison with those in the adult. The levels of 16:0-LPC were
significantly lower than adult levels on days 0-56. The levels
of 18:0-LPC were significantly lower than adult levels until
day 7, but were significantly higher than adult levels after day
29. The levels of 18:1-LPC were significantly lower than adult
levels on days 0-2, 15-21 and 29-56. The levels of 18:2-LPC
were significantly lower than adult levels during the study
period. The levels of 20:4-LPC were significantly lower than
adult levels on day O and after day 8 (Fig. 4A).

Change in blood LPCs percentages in VLBW infants and
comparison with those in the adult. The percentage of 16:0-
LPC was significantly higher than that in adults on days 1-2.
The percentage of 18:0-LPC was significantly higher than that
in the adult during the study period except for on days 3—4.
The percentage of 18:1-LPC was significantly higher than that
in the adult on days 3-7. The percentage of 18:2-LPC was
significantly lower than that in the adult during the study
period. The percentage of 20:4-LPC was significantly higher
than that in the adult on days 0-4. However, since the
percentage of 20:4-LPC decreased gradually, it was signifi-
cantly lower than that in the adult after day 22 (Fig. 4B).

Comparison of blood LPCs percentages among NVLBW
and VLBW infants and the adult. The change in the blood
LPCs percentages was similar between NVLBW and VLBW
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Figure 5. Comparison of blood LPCs (16:0-, 18:0-, 18:1-, 18:2-, and
20:4-LPC) percentages between NVLBW (L], n = 19) and VLBW (¢,
n = 17) infants: In VLBW infants, the percentage of 18:0-LPC was higher
than that in NVLBW infants, and the percentage of 18:2-LPC was lower
than that in NVLBW infants. *p < 0.05.

infants in the 16:0-, 18:1-, and 20:4-LPCs. However, in
VLBW infants, the percentage of 18:0-LPC was higher than
that in NVLBW infants, and the percentage of 18:2-LPC was
lower than that in NVLBW infants, especially on days 0-7
(Fig. 5).

Changes in the amount of feeding. In VLBW infants, the
beginning of feeding was significantly later than that in NV-
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Figure 6. Comparison of the amount of feeding between NVLBW (L, n =
19) and VLBW (@, n = 17) infants: In VLBW infants, the increase in the
amount of feeding was slower than that in NVLBW infants. Therefore, the
amount of feeding in VLBW infants was significantly smaller than that in
NVLBW infants on days 1-14. *p < 0.05.
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Figure 7. Correlation between neonatal blood LPC levels and the amount of
feeding: A statistically significant strong correlation was observed in NVLBW
O, p < 0.001, r = 0.829) and VLBW (@, p < 0.001, r = 0.722) infants.

LBW infants, and age of reached full feeding (over 100
ml/kg/d) was significantly later than that in NVLBW infants
(Table 1). Therefore, in VLBW infants, the increase in the
amount of feeding was slower than that in NVLBW infants.
Moreover, in VLBW infants, the amount of feeding was
significantly smaller than that in NVLBW infants on days
1-14 (Fig. 6).

The relationship between total blood LPC levels and the
amount of feeding. A statistically significant strong correlation
was observed between total blood LPC levels and the amount of
feeding in NVLBW (p < 0.001, » = 0.829) and VLBW (p <
0.001, » = 0.722) infants (Fig. 7).

DISCUSSION

We recently reported blood LPC levels only at day 0—1 and
4-8 in NVLBW infants (10). In this current paper, the
analyzed subject was expanded to VLBW infants. Moreover,
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blood LPCs levels were measured at the detailed postnatal day
points. In this study, total blood LPC levels at birth were
significantly lower than those in the adult. LPC levels in-
creased gradually after birth, and then total blood LPC levels
reached adult levels. However, a different change was shown
between NVLBW and VLBW infants, and this difference was
similar to the difference in the course of the feeding amount
between these two groups. LPC is found in human breast milk
(11), and in this study, a strong positive correlation was
observed between neonatal blood LPC levels and the amount
of feeding. These results suggest that the amount of feeding
influences the increase in neonatal blood LPC levels.

In NVLBW infants, the total blood LPC levels at days 3—4
had reached adult levels. However, in VLBW infants, blood
LPC levels increased slowly and reached adult levels after day
57, and total blood LPC levels in VLBW infants were signif-
icantly lower than those in NVLBW infants on days 2—7. The
amount of feeding in VLBW infants was significantly smaller
than that in NVLBW infants on days 1-14, especially on days
2-7. The factors that influenced an increase in the amount of
feeding were the day of beginning of feeding and the day that
full feeding was achieved. Feeding begins after respiration and
when the circulation is stabilized. In the VLBW infants, because
respiration and the circulation were not stabilized soon, the day of
the beginning of feeding was late. In addition, since the amount
of feeding was carefully increased, the day that full feeding was
achieved was later than that in NVLBW infants.

NVLBW infants were classified by birth weight (=2,500 g,
and 1,500 ~ 2,499 g) and these two groups were compared. In
NVLBW infants, a similar pattern was seen in both an in-
crease in blood LPC levels and an increase in the amount of
feeding between the neonates =2,500 g, and 1,500 ~ 2,499 ¢
(data not shown). A significant difference in blood LPC levels
was observed under a 1,500 g-birth weight. This suggests that
not only immature physiologic functions that depend on low-
birth-weight, but also the amount of feeding influence the
increase in blood LPC levels in neonates. Because of an
increase in blood LPC levels, which depend on an increase in
the amount of feeding, the protective system against infection
might be improved.

LPC, which stimulates immune cells, is protective
against infection (1-7). Newborn infants may be suscepti-
ble to infection because low total blood LPC levels cause a
decrease in protection against infection. One of the reasons
that VLBW infants are susceptible to infection in the
long-term may be that they have low total blood LPC levels
for longer than NVLBW infants. In our NICU, all infec-
tious diseases occurred in limited postnatal days when total
blood LPC levels were significantly lower than adult levels.
In NVLBW infants, infectious diseases occurred within
postnatal day 2 (day O ~ 1, median: 0), and in VLBW
infants, they occurred within postnatal day 56 (day 0 ~ 36,
median: 17) (data not shown). Accordingly, we believe that
neonatal blood LPC levels are an important parameter,
which show neonatal immune function.

The specific compositions of LPCs found in neonates were
compared with the adult as follows. Percentages of 16:0-,
18:0- and 18:1-LPC in neonates were higher than those in the

adult, and the percentage of 18:2-LPC was lower than that in
the adult. The percentage of 20:4-LPC was higher than that in
the adult in the early postnatal age, but this percentage sub-
sequently decreased and thus it was lower than that in the
adult. These findings may be associated with the difference in
immunity between neonates and adults.

Recent research has shown that 18:0- and 18:1-LPC have
a therapeutic effect against sepsis in the mouse model, and
these two LPCs are more effective than another LPCs (9).
Consequently, we investigated the main LPCs. In both
NVLBW and VLBW infants, the sum percentage of 18:0-
and 18:1-LPC was significantly higher than that in the
adult, at all ages. Newborn infants may enhance protection
against infection by raising the sum percentage of 18:0- and
18:1-LPC under the condition that total blood LPC levels
are low.

In VLBW infants, each blood LPCs increased each day,
especially 18:0-LPC. In addition, the percentage of 18:0-LPC
increased each day. The percentage of 18:0-LPC on days
29-56 was significantly higher than that on day 0. In VLBW
infants, the percentage of 18:0-LPC was higher than that in
NVLBW infants. The VLBW infants may enhance the pro-
tection against infection by raising the percentage of 18:0-
LPC under the condition that total blood LPC levels are lower
than those in NVLBW infants.

With regard to the other LPCs, the percentage of 16:0-LPC
was not significantly different in NVLBW and VLBW infants.
In VLBW infants, the percentage of 18:2-LPC was consider-
ably lower than that in the adult. The percentage of 18:2-LPC
in VLBW infants was lower than that in NVLBW infants. In
VLBW infants, the percentage of 20:4-LPC was higher than
that in the adult until day 7, but it decreased each day after
birth. Moreover, the percentage of 20:4-LPC on days 8-56
was significantly lower than that on day O.

Preventative strategies against infection are very impor-
tant. Early and accurate diagnosis and adequate therapies
are necessary for protection against infection and prophy-
laxis is the best strategy. Although various causes of sus-
ceptibility to infection have been clarified (12-16), there
are few known factors that are related to prophylaxis and
treatment, and these prophylaxes and treatments against
infection are not effective enough (17-21). Accordingly,
there is a need for new methods of reducing risk factors and
enhancing the neonate’s resistance to infection (18,19,
22-24). We suggest that a low level of LPC indicates one
of the causes of susceptibility to infection in neonates,
especially, VLBW infants, therefore, LPC might be able to
be applied for prevention of infection by increasing blood
LPC levels as soon as possible after birth.

The neonatal immune system is currently not well under-
stood. The present research has shown blood LPCs character-
istics in neonates. This study is a fundamental investigation
for examining the relationship between blood LPCs and in-
fection in neonates, and for applying LPC for a protective
strategy against infection.

‘We conclude that blood LPC levels are low at birth, and that
LPC levels in VLBW infants reach adult levels at a later time
than those in NVLBW infants. The specific compositions of the
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LPCs are different among adults, NVLBW, and VLBW infants.
These findings may be associated with the difference in immunity
not only between neonates and adults, but also between NVLBW
and VLBW infants.
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Erratum

In the article, “Heat Shock Protein 72 (HSPA1B) Gene Polymorphism and Toll-Like Receptor (TLR) 4 Mutation Are
Associated with Increased Risk of Urinary Tract Infection in Children” by Eva Karoly ef al. (Pediatr Res 61:371-374), the
authors report the following corrections: The affiliation of Attila J. Szabo and Georg S. Reusz is the First Department of
Paediatrics at the Semmelweis University of Budapest. The corresponding author is Georg S. Reusz, MD, DsC, First
Department of Paediatrics, Semmelweis University, Bokay 53, H-1083 Budapest, Hungary; email: reusz@gyerl1.sote.hu. Both
Eva Karoly and Andrea Fekete contributed equally to the study.
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