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Abstract: Objectives: Febrile disease and age of children were associated with a variation in
hemoglobin (Hb) level. Both CRP and Hb serve as laboratory markers that offer valuable insights into
a patient’s health, particularly in relation to inflammation and specific medical conditions. Although
a direct correlation between CRP and Hb levels is not established, the relationship between these
markers has garnered academic attention and investigation. This study aimed to determine updated
reference ranges for Hb levels for age and investigated its correlation with CRP in febrile children
under the age of 18. Methods: This is a cohort study of in Chang Gung Memorial Hospitals conducted
from January 2010 to December 2019. Blood samples were collected from 98,572 febrile children who
were or had been admitted in the pediatric emergency department. The parameters of individuals
were presented as the mean + standard deviation or 2.5th and 97.5th percentiles. We also determined
the variation of Hb and Z score of Hb between CRP levels in febrile children. Result: We observed
that the Hb levels were the highest immediately after birth and subsequently underwent a rapid
decline, reaching their lowest point at around 1-2 months of age, and followed by a steady increment
in Hb levels throughout childhood and adolescence. In addition, there was a significant and wide
variation in Hb levels during the infant period. It revealed a significant association between higher
CRP levels and lower Hb levels or a more negative Z score of Hb across all age subgroups. Moreover,
in patients with bacteremia, CRP levels were higher, Hb concentrations were lower, and Z scores
of Hb were also lower compared to the non-bacteremia group. Furthermore, the bacteremia group
exhibited a more substantial negative correlation between CRP levels and a Z score of Hb (r = —0.41,
p < 0.001) compared to the non-bacteremia group (r = —0.115, p < 0.049). Conclusion: The study
findings revealed that the Hb references varied depending on the age of the children and their CRP
levels. In addition, we established new reference values for Hb and its Z scores and explore their
relationship with CRP. It provides valuable insights into the Hb status and its potential association
with inflammation in febrile pediatric patients.
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1. Introduction

Childhood anemia is a widespread health concern impacting young children [1,2] and
the hemoglobin (Hb) reference varies according to the children’s age, especially in the infant
period [3]. Several studies have established detailed age- and sex-specific reference intervals
for hematologic parameters in healthy children [4,5]. It is worth noting that these reference
ranges can exhibit slight variations depending on factors such as the number of cases
considered, and the specific age intervals examined. Moreover, generating Hb reference
data on a large cohort from infant or childhood populations presents ethical and practical
challenges. Febrile illnesses are the most frequently reported primary concern among
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children seeking medical attention in pediatric emergency departments and a significant
proportion of cases, ranging from 10% to 25%, involving febrile illness are attributed to
bacterial infections [6,7]. Currently, clinicians will use reliable history-taking, physical
examination findings, and standard laboratory investigations that can aid in distinguishing
between benign viral infections, cases of over-swaddling, and potentially serious bacterial
infections in febrile children [8].

As an acute-phase reactant synthesized by the liver in response to inflammation,
C-reactive protein (CRP) levels in the blood can rapidly increase in reaction to various
inflammatory processes within the body [9,10]. CRP is a biomarker most commonly used in
the evaluation of febrile children to assess the presence and severity of inflammation [11,12].
It is important to note that CRP levels alone cannot diagnose a specific condition but are
used in conjunction with other clinical assessments and laboratory tests to help determine
the cause of fever and guide appropriate management [13,14]. Elevated CRP levels indicate
the activation of the acute-phase response, which is typically associated with infectious
or inflammatory conditions [15]. Monitoring CRP levels can aid healthcare professionals
in evaluating the necessity for additional diagnostic tests, making informed treatment
choices, and gauging the effectiveness of therapy in pediatric patients with fever [15-17].
Starting from February 2020, the globe has been immersed in a rigorous battle against the
COVID-19 illness, leading to immense strain on health systems as the ailment evolved
into a pandemic. Of note, elevated CRP levels can facilitate the early detection of oxidant—
antioxidant levels and necessitate specialized attention for individuals in critical condition
with COVID-19 [18]. Meanwhile, CRP stands out as one of the highly efficient biomarkers
for predicting mortality risk associated with COVID-19 [18-22].

The World Health Organization (WHO) classifies anemia in children under 5 years
of age as a condition where the Hb concentration is below 11 g/dL without arbitrary
references [3]. Anemia or decreased Hb levels can be observed in febrile children and may
indicate various underlying causes, including infectious or inflammatory conditions [23,24].
These low Hb levels are a non-specific indicator that warrants further investigation to
identify the precise cause, enabling appropriate diagnosis and treatment. In the pres-
ence of infection, inflammatory cytokines can stimulate the production of hepcidin in the
liver [25,26]. This leads to an increase in macrophage activation and the destruction of red
blood cells, while simultaneously suppressing erythropoiesis [26]. As a result, anemia asso-
ciated with inflammation can occur due to a combination of hepcidin-induced hypoferremia
and cytokine-mediated inhibition of erythropoiesis, leading to a shortened lifespan of ery-
throcytes [23,26,27]. Monitoring Hb levels in febrile children can provide valuable insights
into the severity of the illness and guide appropriate management strategies [7,24,28]. We
have also observed lower Hb and higher CRP levels in children with bacteremia [7], urinary
tract infection [29], or Kawasaki disease in our previous studies [24,28]. The combination
of Hb and CRP can be an effective diagnostic approach for these cases [24,30].

The primary aim of this study was to establish updated reference ranges for Hb
levels according to age and investigate their correlation with CRP in febrile children under
18 years old. This was a retrospective study and we enrolled febrile children who presented
to PER of memorial hospitals in Chang Gung and had laboratory blood tests from January
2010 to December 2019 during this ten-year study period. We proposed the Hb references
according to age, utilizing a real-world large dataset and providing a standardized Z score
of Hb as an adjunct index for assessing Hb level in the febrile pediatric population with
CRP levels.

2. Materials and Methods
2.1. Study Population

For enrollment in this study, we evaluated febrile children at four major branch hos-
pitals of the Chung Gung Medical Foundation in Taiwan. These hospitals include two
medical centers located in Linkou and Kaohsiung, as well as two regional hospitals in
Keelung and Chiayi. The Chang Gung Memorial Hospital (CGMH) network stands as a
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remarkable achievement, holding the esteemed position of being Taiwan’s most expansive
and all-encompassing healthcare service provider. With an impressive capacity of over
10,000 beds, CGMH exemplifies a commitment to comprehensive medical care that is un-
paralleled in the region [27]. Its share encompasses more than a tenth (1/10) of the medical
services provided in Taiwan. The study period for enrollment spanned from January 2010
to December 2019. This study was granted through the formal approval obtained from
the Institutional Review Board (IRB) of the CGMH (#202201305A3). Demographic charac-
teristics (age and gender) and laboratory values, including Hb levels, and CRP data were
collected. We excluded febrile children who had a catastrophic illness, Hb less than 7 g/dL,
or a mean corpuscular volume (MCV) of 60 pg/cell. The flowchart of this study is displayed
in Figure 1. In order to comprehensively account for potential age-related discrepancies, the
febrile participants were meticulously categorized into a total of thirteen distinct groups.
This meticulous categorization encompassed a broad spectrum of age intervals: ranging
from the earliest age cohort spanning from 0 to 8 days, gradually progressing through
various developmental phases up to the age of 18 years. The resulting age groups included
the following intervals: 0-8 days, 8 days—1 month, 1-2 months, 2—4 months, 4-6 months,
6-12 months, 1-2 years, 2—4 years, 4-7 years, 7-10 years, 10-11 years, 11-12 years, and
finally, 12-18 years. Furthermore, within this meticulously structured age framework, a
secondary division was implemented to address the potential fluctuations in CRP levels
within specific age ranges. This entailed a partitioning of participants into four distinct
groups, each characterized by differing CRP levels: <5 mg/L, 5-30 mg/L, 30-100 mg/L,
and >100 mg/L. This dual-stratification strategy enabled a comprehensive exploration of
age-related variations in conjunction with CRP levels, facilitating a deeper comprehension
of the interplay between these critical variables.

Patients (age < 18 years old) with fever who visited Chang Gung Memorial Hospital
(CGMH) between 1 January 2010, and 31 December 2019
were included for analysis. (N =255,019 visit)

l

106,369 (41.7%) visits have data of complete blood cells and C-reactive peptide

l Excluding patients with catastrophic illness (N=4,123)

| N =102,246 visits

l Excluding patients with hemoglobin <7g/dL or MCV <60 pg/cell (N=3.674)

Cohort (N = 98,572 visits)

Figure 1. The figure illustrates the methodology used in this study. We evaluated febrile children
at four major branch hospitals of the Chung Gung Medical Foundation in Taiwan. The research
cohort comprised 255,019 visits by individuals below the age of 18 from 2010 to 2019. The research
cohort comprised 255,019 visits by individuals below the age of 18 from 2010 to 2019. Out of a total
of 106,369 febrile children (41.7%), laboratory tests were administered. After excluding patients
with catastrophic illness (N = 4123) and those with Hb levels below 7 g/dL or MCV < 60 pg/cell
(N = 3674), a final count of 98,572 eligible patients remained in the cohort for subsequent analysis.

2.2. Laboratory Study

The blood samples obtained were promptly analyzed at the hospital laboratories
within a time frame of 0.5 h after sampling. Various parameters include complete blood
cell and CRP levels. Additionally, the MCV and mean corpuscular Hb concentration were
calculated using the instrument. We calculated the Z scores of Hb values and compared
the characteristics of these values to the absolute Hb within the group with CRP less than
5 mg/L. This analysis allowed us to assess the relationship between Z scores of Hb and
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absolute Hb concentrations, considering the specific characteristics of each group. The
formula of Z score = ((measure value — mean value)/standard deviation).

2.3. Blood Culture

Among the microorganisms isolated from the blood samples, certain pathogens were
identified, indicating their role as true pathogens. These included Staphylococcus au-
reus, Streptococcus pneumoniae, Salmonella enterica, group A streptococci, Pseudomonas
aeruginosa, Hemophilus influenzae, Escherichia coli, Candida species, and other relevant
organisms [7,31]. However, certain pathogens are more likely to represent contamination
rather than true infection. These include coagulase-negative staphylococci, Staphylococcus
epidermidis, Corynebacterium species, Gram-positive Bacillus, Micrococcus, and similar
organisms [31,32]. Accurate diagnosis and proper treatment decisions rely on differentiat-
ing between true pathogens and contaminants. This differentiation is crucial in ensuring
effective medical management. Our selection process for confirmed bacteremia cases is
based on the aforementioned criteria.

2.4. Statistical Analysis

The experimental results were presented as mean =+ deviation or 2.5th and 97.5th
percentiles. To compare the two groups, a two-tailed Student’s t-test was employed in
cases where the quantitative data exhibited a normal distribution. We used Pearson’s
correlation coefficient method for two variables where the quantitative data exhibited a
normal distribution. To evaluate the comparison of categorical data such as gender between
groups, an analysis was conducted using either the chi-squared test or Fisher’s exact test.
The statistical analysis was conducted using the SPSS software for Windows, version 22
(originally performed using SPSS software for Windows, version 17; SPSS, Chicago, IL,
USA). The threshold for significance was set at p < 0.05.

3. Result
3.1. Higher CRP Levels Are Significantly Associated with Lower Hb Levels in Febrile Children

The research cohort consisted of 255,019 visits by individuals under the age of 18
during the period from 2010 to 2019. Figure 1 presents a flowchart that illustrates the
methodology employed in this study. There were 106,369 febrile children (41.7%) who
received laboratory tests. We excluded patients with catastrophic illness (N = 4123) and
patients with Hb below 7 g/dL or MCV < 60 pg/cell (N = 3674). After the necessary
selection process, a total of 98,572 patients remained eligible and were included in this
cohort for further analysis. Hb levels in children are known to display fluctuations that are
intricately tied to their age, a phenomenon especially pronounced during the infant phase.
Furthermore, these Hb levels can be subject to modulation by the presence of inflammatory
disorders, thereby underscoring the complexity of interpreting these measurements in
pediatric healthcare. Given the substantial number of children in the study, we categorized
the febrile participants into 13 groups to account for potential age-related differences (age:
0-8 d, 8 d-1 mo,1-2 mo, 2—4 mo, 4-6 mo, 6~12 mo,1-2 yr, 2—4 yr, 4-7 yr, 7-10 yr, 10-11 yr,
11-12 yr, and 12-18 yr). Additionally, we further divided them into four groups to address
potential variations of CRP based on specific age ranges (CRP levels: <5 mg/L, 5~30 mg/L,
30~100 mg/L, >100 mg/L). The detailed Hb reference values for febrile children are
presented in Tables 1-4. These tables provide detailed information on the specific Hb
reference ranges corresponding to different age groups or subgroups within the febrile
pediatric population. As depicted in Figure 2, the Hb levels were observed to be highest
immediately after birth and subsequently underwent a rapid decline, reaching their lowest
point at around 1-2 months of age and then a consistent rise in Hb levels during the
developmental stages of childhood and adolescence. This trend indicates a notable wide
variation of Hb concentration during the infant period. Furthermore, the study revealed
a significant association between higher CRP levels and lower Hb levels across all age
subgroups (Figure 2).
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Table 1. Characteristics of febrile children (N = 33,664) with CRP < 5 (mg/L).

Age Male Female Hemoglobin (g/dL) Pel'zé:;}:i]zz.(sgt?dm
0-8d 140 536 155 £2.0 11.6~19.5
8 d-1mo 377 952 132 £21 9.1~17.3
1-2 mo 740 509 105+1.2 8.2~2.8
2-4 mo 1265 2744 109 £0.9 9.0~12.7
4-6 mo 656 3756 11.8 £0.9 10.0~13.6
6-12 mo 3230 2365 119+1.0 10.0~13.8
12 yr 4373 1428 122 £09 10.4~14.1
2-4 yr 2957 772 125 £09 10.8~14.2
4-7 yr 1879 312 127 £0.9 10.9~14.5
7-10 yr 931 536 13.1£1.0 11.2~15.0
10-11 yr 394 952 133 £1.0 11.3~15.3
11-12 yr 326 289 134 £1.0 11.4~15.4
12-18 yr 1313 1033 13.7£15 10.8~16.6

d: Days old; mo: Months old; yr: Years old. Data expressed as mean =+ standard deviation.

Table 2. Characteristics of febrile children (N = 38,953) with 5 < CRP < 30 (mg/L).

Age Male Female Hemoglobin (g/dL) PeiS;}:iNIZZ.(Sgt?dL)
0-8d 24 19 155£19 11.8~19.1
8 d-1mo 142 91 132 £2.0 9.4~17.0
1-2 mo 366 235 104 £11 8.2~12.6
2-4 mo 1155 699 10.8 £1.0 8.9~12.7
4-6 mo 860 545 11.6 £0.9 9.8~13.3
6-12 mo 3241 2828 11.6 £1.0 9.7~13.5
12 yr 4959 4122 120 £0.9 10.2~13.8
2-4 yr 4018 3119 123 £09 10.6~14.0
4-7 yr 2780 2275 125 £09 10.7~14.3
7-10 yr 1268 1043 129 £1.0 11.0~14.8
10-11 yr 538 473 131 £09 11.3~14.9
11-12 yr 482 357 13.2+£1.0 11.3~15.2
12-18 yr 1862 1452 13.8 1.4 11.1~16.5

d: Days old; mo: Months old; yr: Years old. Data expressed as mean =+ standard deviation.

Table 3. Characteristics of febrile children (N = 20,346) with 30 < CRP < 100 (mg/L).

Age Male Female Hemoglobin (g/dL) PerZ(;S;}:iNIZZ.(Sgt?dL)
0-8d 9 8 155£19 11.7~19.3
8 d-1mo 57 42 13.1+2.0 9.1~17.1
1-2 mo 227 121 104 £1.2 8.0~12.7
2-4 mo 654 418 105 £0.9 8.7~12.3

4-6 mo 537 388 11.3£09 9.5~13.1
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Table 3. Cont.

Age Male Female Hemoglobin (g/dL) Pel'zé:;}:i]zz.(sgt?dL)
6-12 mo 1321 1101 113+ 1.0 9.4~13.2
1-2yr 2073 1741 11.7 £ 09 9.9~13.6
24 yr 1968 1605 120+ 0.9 10.3~13.8
4-7 yr 1782 1428 122+ 09 10.4~14.0
7-10 yr 863 681 126 £1.0 10.7~14.6
10-11 yr 328 288 129+ 1.0 11.0~14.9
11-12 yr 320 267 13.0 £ 1.0 11.1~14.9
12-18 yr 1163 956 13.6 =14 10.8~16.4
d: Days old; mo: Months old; yr: Years old. Data expressed as mean =+ standard deviation.
Table 4. Characteristics of febrile children (N = 5609) CRP >100 (mg/L).
Age Male Female Hemoglobin (g/dL) Perzéz:ll’:;izz.(sgt?dL)
0-8d 1 0 13.9
8 d-1mo 11 17 121 +£21 8.0~16.2
1-2mo 50 20 103 +1.3 7.8~12.7
2-4 mo 145 92 101 £1.0 8.2~12.0
4-6 mo 176 113 107 £ 1.0 8.8~12.7
6-12 mo 400 342 109 £ 1.1 8.8~12.9
1-2yr 437 375 114 +1.0 9.4~13.3
24 yr 414 359 11.8 £ 0.9 10.0~13.6
4-7 yr 524 400 119+ 1.0 10.1~13.8
7-10yr 255 205 125+ 1.0 10.5~14.4
10-11 yr 118 94 126 £ 1.0 10.6~14.5
11-12 yr 94 70 128 £ 1.1 10.7~15.0
12-18 yr 491 406 134 £1.6 10.3~16.4
d: Days old; mo: Months old; yr: Years old. Data expressed as mean =+ standard deviation.
® CRP<5
16— 5<CRP<30
3 ® 30<CRP<100
= ® CRP>100
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Figure 2. The hemoglobin (Hb) levels vary depending on age, especially in the infant period, and C-
reactive protein (CRP) levels. The Hb levels are the highest immediately after birth and subsequently
undergo a rapid decline, reaching their lowest point at around 1-2 months of age, and then followed
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by a steady increment in Hb levels throughout childhood and adolescence. Furthermore, there is a
significant association between higher C-reactive protein (CRP) levels and lower Hb levels across
all age subgroups. # p < 0.05, CRP < 5 versus 5 < CRP < 30; b p <0.05, CRP < 5 versus CRP > 100;
€ p<0.05 5 < CRP < 30 versus CRP > 100; d p <0.05, 30 < CRP < 100 versus CRP > 100; # p <0.05
between all groups.

3.2. Higher CRP Levels Are Significantly Associated with Lower Z Scores of Hb in Febrile Children

Then, we proposed that the change of Hb should be less in febrile children with
CRP less than 5 mg/L and we selected this group (N = 33,664) as the reference group for
the Z score of Hb for further analysis. As depicted in Figures 3 and 4, they revealed a
significant association between higher CRP levels and more negative Z scores of Hb across
all age subgroups. Given the broad distribution range of CRP levels, we opted to take the
logarithm of CRP for analysis. Importantly, our findings vividly demonstrate a distinct
pattern: the ratio of Z scores of Hb below zero compared to those above zero varies from
approximately 1:1 in the CRP < 5 mg/L group to about 3:1 in the CRP > 100 mg/L group
(Figure 4). Remarkably, a notably stronger negative correlation was observed between CRP
levels and the Z score of Hb in febrile children (r = —0.203, p < 0.001, Figure 4). Moreover,
elevated CRP levels show a significant association with decreased Z scores of Hb in febrile
children (all p < 0.05, Figure 5).

= ® CRP<5
= 1- 5<CRP<30
° ® 30<CRP<100
g‘) @ CRP>100
E groupno. Age
5} 1 0-8d
-] 0- 2 8 d-1 mo
Qe 3 1-2 mo
(] 4 2-4 mo
7] 5 4-6 mo
2 6 |6-12mo
(= 7 12 yr
QO _qd 8 2-4 yr
» 1 9 4-7 yr
N 10 | 7-10yr
11 [10-11yr
L O L L L L S L B | 12 112y
12 3 456 7 8 910111213 13 [12-18 yr

Figure 3. The Z scores of hemoglobin (Hb) vary depending on C-reactive protein (CRP) levels.
There is a significant association between higher CRP levels and lower Z scores of Hb across all age
subgroups. @ p < 0.05, CRP < 5 versus 5 < CRP < 30; b p <0.05, CRP < 5 versus CRP > 100; € p < 0.05,
5 < CRP < 30 versus CRP > 100; 4 p <0.05, 30 < CRP < 100 versus CRP > 100; # p < 0.05 between
all groups.

We have selected true bacteremia cases by the criteria mentioned in the section on
blood culture. Among these 98,572 febrile children, there were 291 febrile children who
had true bacteremia. To establish a comparison, we also selected a control group consisting
of 291 age- and sex-matched febrile individuals of the same period who had negative blood
culture results (Table 5). There were higher CRP levels, lower Hb concentrations, and lower
Z scores of Hb compared to the non-bacteremia group (Table 5, p < 0.001, p = 0.003, p < 0.001,
respectively). As depicted in Figure 6, we observed a negative correlation between the Z
score of Hb and CRP levels (r = —0.255, p < 0.001). Notably, there was a more significant
negative correlation with CRP levels and Z scores of Hb in the bacteremia group (r = —0.41,
p < 0.001) than in the non-bacteremia group (r = —0.115, p < 0.049). This contrastingly
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substantial correlation highlights the potential clinical significance of CRP as an indicator
of Hb variations in the context of bacteremia.

(9]
I

=-0.203, p<0.001 | ® CRP<5

C ® 5<CRP<30
® 30<CRP<100
® CRP>100

Z. scores of hemoglobin

|
(9]

-1 0 1 2 3
Log,, CRP level (mg/L)

Figure 4. The Z scores of hemoglobin (Hb) vary depending on C-reactive protein (CRP) levels.
Acknowledging the wide-ranging distribution of CRP levels, we chose to logarithmically transform
CRP for our analytical approach. Of particular significance, our results vividly unveil a discernible
trend: the ratio of Z scores for Hb below zero in contrast to those above zero fluctuates from roughly
1:1 in the CRP < 5 mg/L group to approximately 3:1 in the CRP > 100 mg/L group. There was
also a significant negative correlation between CRP levels and the Z score of Hb in febrile children
(r=-0.203, p < 0.001).
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Figure 5. Elevated CRP levels show a significant association with decreased Z scores of hemoglobin

in febrile children. The “#” symbol indicates a significant level of p < 0.05 when compared to all
remaining groups.
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Table 5. Characteristics of patients with bacteremia (N = 291) and controls (N = 291).

Characteristics Controls Bacteremia Patients p-Value
Age (year) 0.9 £0.87 0.9 +£0.83 0.607
Gender (male) 55.0% 60.7% 0.164
WBC (10%/uL) 109 £5.5 11.6 £6.3 0.126
CRP (mg/L) 21.7 £33.8 60.1 £71 <0.001
Hemoglobin (g/dL) 115+13 112+14 0.003
Z score of Hb —-026+1.1 —-0.62+1.1 <0.001

Data expressed as mean =+ standard deviation.

r=-0.255, p<0.001 © Febrile control
. Bacteremia

Hb z score

0 1 10 100 1000
C-Reactive protein (mg/L)

Figure 6. The correlation coefficient between CRP levels and the Z score of hemoglobin (Hb) in
children with bacteremia. There is a negative correlation between the Z score of Hb and CRP levels
(r=—0.255, p < 0.001). In the bacteremia group, there is a notably stronger negative correlation
between CRP levels and Z score of Hb (r = —0.41, p < 0.001) compared to the non-bacteremia group
(r=—0.115, p < 0.049).

4. Discussion

To our knowledge, no reference to Hb levels in febrile children has been proposed. By
utilizing a large real-world sample from febrile children, we were able to objectively assess
the association between Hb and CRP levels and provide a reference. The present study
possesses several notable strengths, and the key findings of this study can be summarized
as follows: First, it encompasses a large number of children (N = 98,572), providing robust
statistical power and enhancing the reliability of Hb references of their specific age. Second,
increased inflammation, as indicated by higher CRP levels, is linked to decreased Hb levels
in febrile children, regardless of their specific age. Third, a noteworthy negative correlation
was observed between CRP levels and the Z score of Hb. This finding indicates that as
CRP levels increase, the Z score of Hb decreases, suggesting a potential inverse relationship
between inflammation, especially for true bacteremia cases, and Hb status (as reflected by
the Z score) in the study population.

CRP and Hb are both laboratory markers that can provide valuable information
about a patient’s health status, particularly in inflammation status and certain medical
conditions. While there is no direct correlation between CRP and Hb levels, the association
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between CRP and Hb levels has been a subject of academic interest and investigation.
Ziv-Baran et al. discovered a weak but statistically significant correlation (r = —0.025,
p < 0.001) between the Hb and CRP levels in a large sample of 16,095 healthy individuals
undergoing routine health examination [33]. Santos-Silva et al. found a significant negative
correlation between Hb concentrations and the CRP level (r = —0.42, p < 0.001). Also,
they proposed the use of the ratio of CRP/Hb as a predictor of hospitalization following
ER discharge [34]. Increasing evidence indicates that younger patients with bacteremia
tend to exhibit lower Hb levels and higher CRP levels [35-37]. These findings indicate
the presence of inflammation-related anemia, which is a prevalent and significant clinical
concern. However, when it comes to the evaluation of febrile children, clinicians tend
to allocate relatively less emphasis on the absolute Hb level. For instance, a Hb level of
11 g/L may be considered normal in infants, but it would be considered low in toddlers.
Our findings indicated a peak in Hb levels shortly after birth, followed by a rapid decline,
reaching their lowest point at approximately 1-2 months of age. This pattern underscores a
notable and wide-ranging fluctuation in Hb concentrations during the infant period. By
transforming the absolute Hb level into a Z score of Hb, clinicians gain the ability to assess
whether it falls within the normal range or indicates an abnormality. Considering the size
of the children’s cohort in the study, we classified the febrile participants into 13 groups to
accommodate potential variations related to age. This approach allows for a standardized
evaluation of Hb levels, considering factors such as age and other relevant characteristics,
thereby enabling clinicians to make more accurate judgments regarding the Hb status of
the children. In addition, our study proposed that febrile children with CRP levels less
than 5 mg/L (N = 33,664) should exhibit a smaller change in Hb compared to truly healthy
children. This age-specific reference for the Z score of Hb holds significant potential as a
valuable tool for evaluating Hb levels in febrile children and healthy control individuals.

Anemia is frequently observed in a wide range of inflammatory conditions, including
infections, inflammatory disorders, and specific types of cancers [38—41]. In the year 2000,
Krause et al. introduced a peptide initially referred to as liver-expressed antimicrobial
peptide-1 (LEAP-1), which was subsequently renamed ‘hepcidin’ due to its expression in
the liver and antimicrobial properties [42]. In anemia of inflammation, erythropoiesis is
iron-restricted by hepcidin-mediated hypoferremia, and erythrocyte production is sup-
pressed by cytokines acting on erythroid progenitors [43]. Hepcidin plays a vital role in
regulating iron metabolism and serves as a critical orchestrator in these processes, influenc-
ing the availability and distribution of iron in the body and contributing to the complex
mechanisms underlying anemia caused by inflammatory conditions [25,44,45]. During
infections or inflammation, hepcidin is induced and becomes active by binding to ferro-
portin, which is an iron exporter found on the absorptive surface of duodenal enterocytes,
macrophages, and hepatocytes [46,47]. This interaction leads to the internalization and
degradation of ferroportin, subsequently reducing iron export from these cells into the
bloodstream [48]. As of now, ferroportin stands as the sole identified mammalian iron
exporter, playing a crucial role in facilitating the transport of iron from one cell type to
another [26]. Its function is essential for maintaining iron balance within the body, allowing
for the efficient movement of iron between different cell types as needed. Consequently,
increased levels of hepcidin cause the sequestration of iron within these cells, restricting
its accessibility for systemic utilization and thus playing a role in the onset of anemia of
inflammation [49]. Furthermore, hepcidin has demonstrated a direct impact on the pro-
liferation and survival of erythroid precursors, as evidenced by its influence on erythroid
colony formation [50].

Numerous clinical studies have consistently revealed a strong correlation between
sepsis and hepcidin levels [51-53]. Sepsis or bacteremia can lead to a decrease in serum
iron levels and is associated with elevated levels of hepcidin [54]. Thus, hepcidin has
proven to be a valuable biomarker for evaluating the prognosis and outcome of critically
ill patients [29,45,55,56]. Michels et al. further demonstrated that inducing hepcidin
during pneumonia is crucial in curbing bacterial spread by restricting extracellular iron
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availability [57]. They proposed that hepcidin agonists could be a valuable therapy for
Gram-negative infections in patients with impaired hepcidin production or signaling. Our
previous findings consistently demonstrate that plasma hepcidin levels possess a higher
predictive value in distinguishing between bacterial and viral infections, specifically in
cases of bacterial enteritis and urinary tract infections in febrile children [52]. These findings
are consistent with the results of this study. Within the bacteremia group, there is a notably
stronger and more pronounced negative correlation between CRP levels and the Z score of
Hb (r = —0.41, p < 0.001), in contrast to the non-bacteremia group (r = —0.115, p < 0.049).

Recently, we further demonstrated that a novel predictor utilizing a combination of the
Z score of Hb and plasma hepcidin with a better discriminatory ability for differentiating
from WBC, CRP, and Hb between children with Kawasaki disease—an acute multisystem
vasculitis syndrome, which mostly affects genetically susceptible infants and children aged
less than 5 years old [58]—and other febrile illnesses [30]. This gains particular relevance in
the present era, as artificial intelligence technologies are increasingly applied across diverse
areas of disease diagnosis, encompassing conditions like sepsis, Kawasaki disease, and
more. We hypothesize that the Z score of Hb will serve as a superior biomarker compared
to the absolute Hb level itself in the prediction of Kawasaki disease among febrile children.
Additionally, anemia based on age constitutes one of the six specific objective laboratory
test findings used to assess suspicions of incomplete Kawasaki disease [59], underscoring
the significance of the Z score of Hb for the corresponding age in incomplete Kawasaki
disease. Moreover, combining the Z score of Hb might be superior to Hb with other clinical
markers and may enhance the predictive ability for identifying critical illnesses such as
COVID-19 mortality in the ICU [60], sepsis [61], and liver disease [62]. Of course, this
synergistic approach has the potential to improve the accuracy and reliability of diagnosing
and predicting these severe conditions, allowing for timely intervention and appropriate
management strategies.

Our study has its limitations. It is a cross-sectional study; thus, we are unable to
conclude the causation relationship between anemia and febrile illness. Due to the absence
of accessible laboratory data about the health status of pediatric individuals without any
underlying conditions, it became necessary to designate the cohort characterized by CRP
levels of 5 mg/L or lower as the comparative reference group for children deemed to
be within the realm of normal health. Nonetheless, it is important to acknowledge that
this reference group, while serving as a benchmark, might not entirely encapsulate the
attributes of a healthy child.

5. Conclusions

The study provides an extensive sample size, encompassing a notable number of
children. It revealed that Hb reference values change with children’s age and CRP levels.
These new reference ranges are notably narrower than earlier reported. The study also
presents updated Hb reference values and Z scores for febrile children, alongside an
exploration of their connection with CRP. These insights provide a valuable understanding
of febrile pediatric patients’ Hb status and illuminate the potential link between Hb levels/Z
scores and inflammatory status.

Author Contributions: Conceptualization, C.-Y.C. and Y.-H.H.: data curation T.-H.H. and Y.-L.Y,;
formal analysis, T.-H.H.; methodology, Y.-L.Y.; writing-original draft, C.-Y.C. and T.-H.H.; writing—
review and editing Y.-H.H.; project administration, Y.-H.H.; supervision, Y.-H.H. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the following grants: CMRPG8M1441 from Chang Gung
Memorial Hospital, Taiwan. Despite providing financial support, these institutions did not influence
how we collected, analyzed, or interpreted data or drafted this article.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Institutional Review Board of the Chang Gung
Medical Foundation ((IRB number: 202201305A3, date: 20 October 2022)).



Children 2023, 10, 1402 12 of 14

Informed Consent Statement: Patient consent was waived and approved by the Institutional Review
Board of Chang Gung Medical Foundation.

Data Availability Statement: The datasets generated and analyzed during the current study are not
publicly available due to strict ethical regulations of information privacy, but are available from the
corresponding author Ying-Hsien, Huang on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Islam, M.A; Afroja, S.; Khan, M.S.; Alauddin, S.; Nahar, M.T.; Talukder, A. Prevalence and Triggering Factors of Childhood
Anemia: An Application of Ordinal Logistic Regression Model. Int. J. Clin. Pract. 2022, 2022, 2212624. [CrossRef] [PubMed]

2. Said, FA.; Khamis, A.G.; Habib, A.; Yang, H.; He, Z.; Luo, X. Prevalence and Determinants of Anemia among Children in
Zanzibar, Tanzania: Analysis of Cross-Sectional Population Representative Surveys. Children 2021, 8, 1091. [CrossRef]

3.  Larsson, S.M.; Hellstrom-Westas, L.; Hillarp, A.; Akeson, PK.; Domellof, M.; Askelof, U.; Gotherstrom, C.; Andersson, O.
Haemoglobin and red blood cell reference intervals during infancy. Arch. Dis. Child. 2022, 107, 351-358. [CrossRef] [PubMed]

4.  Higgins, V.; Tahmasebi, H.; Bohn, M.K,; Hall, A.; Adeli, K. CALIPER hematology reference standards (II) improving laboratory
test interpretation in children (Beckman coulter DxH 520-physician office hematology system) with analytical comparison to the
Beckman coulter DxH 900. Am. J. Clin. Pathol. 2020, 154, 342-352. [CrossRef] [PubMed]

5.  Staffa, S.J.; Joerger, ].D.; Henry, E.; Christensen, R.D.; Brugnara, C.; Zurakowski, D. Pediatric hematology normal ranges derived
from pediatric primary care patients. Am. |. Hematol. 2020, 95, E255-E257. [CrossRef]

6. Coyle, C.; Brock, G.; Wallihan, R.; Leonard, J.C. Cost Analysis of Emergency Department Criteria for Evaluation of Febrile Infants
Ages 29 to 90 Days. |. Pediatr. 2021, 231, 94-101.e102. [CrossRef]

7. Tsai, C.M,; Lin, C.R.; Zhang, H.; Chiu, LM.; Cheng, C.Y,; Yu, H.R.; Huang, Y.H. Using Machine Learning to Predict Bacteremia in
Febrile Children Presented to the Emergency Department. Diagnostics 2020, 10, 307. [CrossRef]

8. Woll, C.; Neuman, M.I; Aronson, P.L. Management of the Febrile Young Infant: Update for the 21st Century. Pediatr. Emerg. Care
2017, 33, 748-753. [CrossRef]

9. Jiang, R.; Wu, J.; Rosenblatt, M.; Dai, W.; Rodriguez, R.X.; Sui, J.; Qi, S.; Liang, Q.; Xu, B.; Meng, Q.; et al. Elevated C-reactive
protein mediates the liver-brain axis: A preliminary study. EBioMedicine 2023, 93, 104679. [CrossRef]

10. Ullah, N.; Wu, Y. Regulation of Conformational Changes in C-reactive Protein Alters its Bioactivity. Cell Biochem. Biophys. 2022,
80, 595-608. [CrossRef]

11. Smedemark, S.A.; Aabenhus, R.; Llor, C.; Fournaise, A.; Olsen, O.; Jorgensen, K.J. Biomarkers as point-of-care tests to guide
prescription of antibiotics in people with acute respiratory infections in primary care. Cochrane Database Syst. Rev. 2022, 10,
CD010130. [CrossRef] [PubMed]

12.  Gunaratnam, L.C.; Robinson, ].L.; Hawkes, M.T. Systematic Review and Meta-Analysis of Diagnostic Biomarkers for Pediatric
Pneumonia. J. Pediatric Infect. Dis. Soc. 2021, 10, 891-900. [CrossRef] [PubMed]

13. Trippella, G.; Galli, L.; de Martino, M.; Chiappini, E. Inflammatory biomarkers to guide diagnostic and therapeutic decisions in
children presenting with fever without apparent source. J. Chemother. 2018, 30, 255-265. [CrossRef] [PubMed]

14. Yin, X,; Tian, F; Wu, B.; Xu, T. Interventions for reducing inflammation in familial Mediterranean fever. Cochrane Database Syst.
Rev. 2022, 3, CD010893. [CrossRef]

15. Petel, D.; Winters, N.; Gore, G.C.; Papenburg, J.; Beltempo, M.; Lacroix, J.; Fontela, P.S. Use of C-reactive protein to tailor antibiotic
use: A systematic review and meta-analysis. BM] Open 2018, 8, €022133. [CrossRef]

16. Nijman, R.G,; Tan, C.D.; Hagedoorn, N.N.; Nieboer, D.; Herberg, J.A.; Balode, A.; von Both, U.; Carrol, E.D.; Eleftheriou, L;
Emonts, M.; et al. Are children with prolonged fever at a higher risk for serious illness? A prospective observational study.
Arch. Dis. Child. 2023, 108. [CrossRef]

17.  Nijman, R.G.; Moll, H.A.; Smit, EJ.; Gervaix, A.; Weerkamp, F.; Vergouwe, Y.; de Rijke, Y.B.; Oostenbrink, R. C-reactive protein,
procalcitonin and the lab-score for detecting serious bacterial infections in febrile children at the emergency department: A
prospective observational study. Pediatr. Infect. Dis. ]. 2014, 33, e273—€279. [CrossRef]

18.  Huyut, M.T,; Huyut, Z. Forecasting of Oxidant/ Antioxidant levels of COVID-19 patients by using Expert models with biomarkers
used in the Diagnosis/Prognosis of COVID-19. Int. Immunopharmacol. 2021, 100, 108127; Erratum in Int. Immunopharmacol. 2022,
113, 109457. [CrossRef]

19. Tahir Huyut, M.; Huyut, Z.; Ilkbahar, F.; Mertoglu, C. What is the impact and efficacy of routine immunological, biochemical and
hematological biomarkers as predictors of COVID-19 mortality? Int. Immunopharmacol. 2022, 105, 108542. [CrossRef]

20. Huyut, M.T.; Ilkbahar, F. The effectiveness of blood routine parameters and some biomarkers as a potential diagnostic tool in the
diagnosis and prognosis of Covid-19 disease. Int. Immunopharmacol. 2021, 98, 107838. [CrossRef]

21. Huyut, M.T.; Velichko, A. Diagnosis and Prognosis of COVID-19 Disease Using Routine Blood Values and LogNNet Neural
Network. Sensors 2022, 22, 4820. [CrossRef] [PubMed]

22.  Huyut, M.T. Automatic Detection of Severely and Mildly Infected COVID-19 Patients with Supervised Machine Learning Models.

Ing. Rech. Biomed. 2023, 44, 100725. [CrossRef]


https://doi.org/10.1155/2022/2212624
https://www.ncbi.nlm.nih.gov/pubmed/35685513
https://doi.org/10.3390/children8121091
https://doi.org/10.1136/archdischild-2021-321672
https://www.ncbi.nlm.nih.gov/pubmed/34674992
https://doi.org/10.1093/ajcp/aqaa057
https://www.ncbi.nlm.nih.gov/pubmed/32525543
https://doi.org/10.1002/ajh.25904
https://doi.org/10.1016/j.jpeds.2020.10.033
https://doi.org/10.3390/diagnostics10050307
https://doi.org/10.1097/PEC.0000000000001303
https://doi.org/10.1016/j.ebiom.2023.104679
https://doi.org/10.1007/s12013-022-01089-x
https://doi.org/10.1002/14651858.CD010130.pub3
https://www.ncbi.nlm.nih.gov/pubmed/36250577
https://doi.org/10.1093/jpids/piab043
https://www.ncbi.nlm.nih.gov/pubmed/34213563
https://doi.org/10.1080/1120009X.2018.1451430
https://www.ncbi.nlm.nih.gov/pubmed/29619901
https://doi.org/10.1002/14651858.CD010893.pub4
https://doi.org/10.1136/bmjopen-2018-022133
https://doi.org/10.1136/archdischild-2023-325343
https://doi.org/10.1097/INF.0000000000000466
https://doi.org/10.1016/j.intimp.2021.108127
https://doi.org/10.1016/j.intimp.2022.108542
https://doi.org/10.1016/j.intimp.2021.107838
https://doi.org/10.3390/s22134820
https://www.ncbi.nlm.nih.gov/pubmed/35808317
https://doi.org/10.1016/j.irbm.2022.05.006

Children 2023, 10, 1402 13 of 14

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.
42.

43.
44.
45.

46.
47.

48.

49.

50.

51.

52.

53.

Marques, O.; Weiss, G.; Muckenthaler, M.U. The role of iron in chronic inflammatory diseases: From mechanisms to treatment
options in anemia of inflammation. Blood 2022, 140, 2011-2023. [CrossRef] [PubMed]

Tsai, C.M.; Lin, C.R.; Kuo, H.C.; Cheng, FJ.; Yu, HR.; Hung, T.C.; Hung, C.S.; Huang, C.M.; Chu, Y.C.; Huang, Y.H. Use of
Machine Learning to Differentiate Children With Kawasaki Disease From Other Febrile Children in a Pediatric Emergency
Department. JAMA Netw. Open 2023, 6, €237489. [CrossRef] [PubMed]

Lanser, L.; Fuchs, D.; Kurz, K.; Weiss, G. Physiology and Inflammation Driven Pathophysiology of Iron Homeostasis-Mechanistic
Insights into Anemia of Inflammation and Its Treatment. Nutrients 2021, 13, 3732. [CrossRef]

Nemeth, E.; Ganz, T. Hepcidin-Ferroportin Interaction Controls Systemic Iron Homeostasis. Int. . Mol. Sci. 2021, 22, 6493.
[CrossRef]

Cappellini, M.D.; Musallam, K.M.; Taher, A.T. Iron deficiency anaemia revisited. J. Intern. Med. 2020, 287, 153-170. [CrossRef]
Huang, Y.H.; Kuo, H.C. Anemia in Kawasaki Disease: Hepcidin as a Potential Biomarker. Int. ]. Mol. Sci. 2017, 18, 820. [CrossRef]
Hsu, Y.C,; Huang, H.C,; Tang, K.S.; Su, L.T.; Huang, Y.H.; Huang, H.C.; Chen, I.L. Elevated Urinary Hepcidin Level and
Hypoferremia in Infants with Febrile Urinary Tract Infection: A Prospective Cohort Study. Children 2023, 10, 870. [CrossRef]
Yang, Y.L.; Kuo, H.C.; Chen, K.D.; Chu, C.H.; Kuo, K.C.; Guo, M.M.; Chang, L.S.; Huang, Y.H. Combination of Hemoglobin-for-
Age Z-Score and Plasma Hepcidin Identified as a Novel Predictor for Kawasaki Disease. Children 2022, 9, 913. [CrossRef]
Weinstein, M.P. Blood culture contamination: Persisting problems and partial progress. J. Clin. Microbiol. 2003, 41, 2275-2278.
[CrossRef] [PubMed]

Pavlovsky, M.; Press, J.; Peled, N.; Yagupsky, P. Blood culture contamination in pediatric patients: Young children and young
doctors. Pediatr. Infect. Dis. ]. 2006, 25, 611-614. [CrossRef] [PubMed]

Ziv-Baran, T.; Wasserman, A.; Goldiner, I; Stark, M.; Shenhar-Tsarfaty, S.; Shapira, I.; Zeltser, D.; Mailis, I.; Berliner, S.; Rogowski,
O. The association between C-reactive protein and common blood tests in apparently healthy individuals undergoing a routine
health examination. Clin. Chim. Acta 2020, 501, 33—41. [CrossRef]

Santos-Silva, M.A.; Sousa, N.; Sousa, J.C. Correlation Analysis between Hemoglobin and C-reactive protein in Patients Admitted
to an Emergency Unit. J. Clin. Med. 2021, 10, 5411. [CrossRef] [PubMed]

Chiu, IM.; Huang, Y.H.; Su, C.M.; Kung, C.T,; Li, C.J.; Chen, C.H.; Tang, K.S.; Kuo, K.C. C-Reactive Protein Concentration Can
Help to Identify Bacteremia in Children Visiting the Emergency Department: A Single Medical Center Experience. Pediatr. Emerg.
Care 2020, 36, 291-295. [CrossRef]

Yoon, S.H.; Shin, H.; Lee, K.H.; Kim, M.K,; Kim, D.S.; Ahn, J.G.; Shin, J.I. Predictive factors for bacteremia in febrile infants with
urinary tract infection. Sci. Rep. 2020, 10, 4469. [CrossRef]

Gille-Johnson, P.; Hansson, K.E.; Gardlund, B. Clinical and laboratory variables identifying bacterial infection and bacteraemia in
the emergency department. Scand. |. Infect. Dis. 2012, 44, 745-752. [CrossRef]

Hohaus, S.; Massini, G.; Giachelia, M.; Vannata, B.; Bozzoli, V.; Cuccaro, A.; D’Alo, F,; Larocca, L.M.; Raymakers, R.A.; Swinkels,
D.W,; et al. Anemia in Hodgkin’s lymphoma: The role of interleukin-6 and hepcidin. J. Clin. Oncol. 2010, 28, 2538-2543. [CrossRef]
Keel, S.B.; Abkowitz, J.L. The microcytic red cell and the anemia of inflammation. N. Engl. ]. Med. 2009, 361, 1904-1906. [CrossRef]
Lee, S.H.; Jeong, S.H.; Park, Y.S.; Hwang, ].H.; Kim, JJW.; Kim, N.; Lee, D.H. Serum prohepcidin levels in chronic hepatitis C,
alcoholic liver disease, and nonalcoholic fatty liver disease. Korean J. Hepatol. 2010, 16, 288-294. [CrossRef]

Weiss, G.; Goodnough, L.T. Anemia of chronic disease. N. Engl. J. Med. 2005, 352, 1011-1023. [CrossRef] [PubMed]

Krause, A.; Neitz, S.; Magert, H.J.; Schulz, A.; Forssmann, W.G.; Schulz-Knappe, P.; Adermann, K. LEAP-1, a novel highly
disulfide-bonded human peptide, exhibits antimicrobial activity. FEBS Lett. 2000, 480, 147-150. [CrossRef] [PubMed]

Nemeth, E.; Ganz, T. Anemia of inflammation. Hematol./Oncol. Clin. 2014, 28, 671-681. [CrossRef] [PubMed]

Ogawa, C.; Tsuchiya, K.; Maeda, K. Reticulocyte hemoglobin content. Clin. Chim. Acta 2020, 504, 138-145. [CrossRef]

Czempik, PF; Wiorek, A. Iron deficiency in sepsis patients based on reticulocyte hemoglobin and hepcidin concentration:
A prospective cohort study. Arch. Med. Sci. 2023, 19, 805-809. [CrossRef]

Le, N.T,; Richardson, D.R. Ferroportinl: A new iron export molecule? Int. |. Biochem. Cell Biol. 2002, 34, 103-108. [CrossRef]
Ward, D.M.; Kaplan, J. Ferroportin-mediated iron transport: Expression and regulation. Biochim. Biophys. Acta 2012, 1823,
1426-1433. [CrossRef]

Nemeth, E.; Tuttle, M.S.; Powelson, J.; Vaughn, M.B.; Donovan, A.; Ward, D.M.; Ganz, T.; Kaplan, J. Hepcidin regulates cellular
iron efflux by binding to ferroportin and inducing its internalization. Science 2004, 306, 2090-2093. [CrossRef]

Lee, J.; Hyun, D.H. The Interplay between Intracellular Iron Homeostasis and Neuroinflammation in Neurodegenerative Diseases.
Antioxidants 2023, 12, 918. [CrossRef]

Dallalio, G.; Law, E.; Means, R.T., Jr. Hepcidin inhibits in vitro erythroid colony formation at reduced erythropoietin concentra-
tions. Blood 2006, 107, 2702-2704. [CrossRef]

Kali, A.; Charles, M.V,; Seetharam, R.S. Hepcidin—A novel biomarker with changing trends. Pharmacogn. Rev. 2015, 9, 35-40.
[CrossRef] [PubMed]

Tacke, E; Nuraldeen, R.; Koch, A.; Strathmann, K.; Hutschenreuter, G.; Trautwein, C.; Strnad, P. Iron Parameters Determine the
Prognosis of Critically Ill Patients. Crit. Care Med. 2016, 44, 1049-1058. [CrossRef] [PubMed]

Wu, T.W.,; Tabangin, M.; Kusano, R.; Ma, Y.; Ridsdale, R.; Akinbi, H. The utility of serum hepcidin as a biomarker for late-onset
neonatal sepsis. J. Pediatr. 2013, 162, 67-71. [CrossRef] [PubMed]


https://doi.org/10.1182/blood.2021013472
https://www.ncbi.nlm.nih.gov/pubmed/35994752
https://doi.org/10.1001/jamanetworkopen.2023.7489
https://www.ncbi.nlm.nih.gov/pubmed/37040115
https://doi.org/10.3390/nu13113732
https://doi.org/10.3390/ijms22126493
https://doi.org/10.1111/joim.13004
https://doi.org/10.3390/ijms18040820
https://doi.org/10.3390/children10050870
https://doi.org/10.3390/children9060913
https://doi.org/10.1128/JCM.41.6.2275-2278.2003
https://www.ncbi.nlm.nih.gov/pubmed/12791835
https://doi.org/10.1097/01.inf.0000220228.01382.88
https://www.ncbi.nlm.nih.gov/pubmed/16804431
https://doi.org/10.1016/j.cca.2019.12.002
https://doi.org/10.3390/jcm10225411
https://www.ncbi.nlm.nih.gov/pubmed/34830693
https://doi.org/10.1097/PEC.0000000000001453
https://doi.org/10.1038/s41598-020-61421-4
https://doi.org/10.3109/00365548.2012.689846
https://doi.org/10.1200/JCO.2009.27.6873
https://doi.org/10.1056/NEJMcibr0906391
https://doi.org/10.3350/kjhep.2010.16.3.288
https://doi.org/10.1056/NEJMra041809
https://www.ncbi.nlm.nih.gov/pubmed/15758012
https://doi.org/10.1016/S0014-5793(00)01920-7
https://www.ncbi.nlm.nih.gov/pubmed/11034317
https://doi.org/10.1016/j.hoc.2014.04.005
https://www.ncbi.nlm.nih.gov/pubmed/25064707
https://doi.org/10.1016/j.cca.2020.01.032
https://doi.org/10.5114/aoms/161802
https://doi.org/10.1016/S1357-2725(01)00104-2
https://doi.org/10.1016/j.bbamcr.2012.03.004
https://doi.org/10.1126/science.1104742
https://doi.org/10.3390/antiox12040918
https://doi.org/10.1182/blood-2005-07-2854
https://doi.org/10.4103/0973-7847.156333
https://www.ncbi.nlm.nih.gov/pubmed/26009691
https://doi.org/10.1097/CCM.0000000000001607
https://www.ncbi.nlm.nih.gov/pubmed/26934143
https://doi.org/10.1016/j.jpeds.2012.06.010
https://www.ncbi.nlm.nih.gov/pubmed/22796049

Children 2023, 10, 1402 14 of 14

54.

55.

56.

57.

58.

59.

60.

61.

62.

Prentice, S.; Jallow, A.T.; Sinjanka, E.; Jallow, M.W.; Sise, E.A.; Kessler, N.J.; Wegmuller, R.; Cerami, C.; Prentice, A.M. Hepcidin
mediates hypoferremia and reduces the growth potential of bacteria in the immediate post-natal period in human neonates.
Sci. Rep. 2019, 9, 16596. [CrossRef] [PubMed]

Hortova-Kohoutkova, M.; Skotakova, M.; Onyango, 1.G.; Slezakova, M.; Panovsky, R.; Opatril, L.; Slanina, P.; De Zuani, M.;
Mrkva, O.; Andrejcinova, I; et al. Hepcidin and ferritin levels as markers of immune cell activation during septic shock, severe
COVID-19 and sterile inflammation. Front. Immunol. 2023, 14, 1110540. [CrossRef] [PubMed]

Sherbiny, H.S.; Mostafa, H.A.F; Sherief, L.M.; Kamal, N.M.; El-Shal, A.S.; Abdel-El Halm, M.M.; Khan, H.Y.; Ali, A.S.A. Validity
of serum and urinary hepcidin as biomarkers for late-onset sepsis in premature infants. Ther. Adv. Chronic Dis. 2022, 13,
20406223221122527. [CrossRef]

Michels, K.R.; Zhang, Z.; Bettina, A.M.; Cagnina, R.E.; Stefanova, D.; Burdick, M.D.; Vaulont, S.; Nemeth, E.; Ganz, T.; Mehrad, B.
Hepcidin-mediated iron sequestration protects against bacterial dissemination during pneumonia. JCI Insight 2017, 2, €92002.
[CrossRef]

Wang, C.L.; Wu, Y.T,; Liu, C.A.; Kuo, H.C.; Yang, K.D. Kawasaki disease: Infection, immunity and genetics. Pediatr. Infect. Dis. ].
2005, 24, 998-1004. [CrossRef]

McCrindle, B.W.; Rowley, A.H.; Newburger, ] W.; Burns, J.C.; Bolger, A.F.; Gewitz, M.; Baker, A.L.; Jackson, M.A.; Takahashi,
M.; Shah, P.B.; et al. Diagnosis, Treatment, and Long-Term Management of Kawasaki Disease: A Scientific Statement for Health
Professionals From the American Heart Association. Circulation 2017, 135, €927-€999. [CrossRef]

Sakagianni, A.; Koufopoulou, C.; Kalles, D.; Loupelis, E.; Verykios, V.S.; Feretzakis, G. Automated ML Techniques for Predicting
COVID-19 Mortality in the ICU. Stud. Health Technol. Inform. 2023, 305, 517-520. [CrossRef]

Khan, A.L; Khan, M.; Khan, R. Artificial Intelligence in Point-of-Care Testing. Ann. Lab. Med. 2023, 43, 401-407. [CrossRef]
[PubMed]

Ding, H.; Fawad, M.; Xu, X.; Hu, B. A framework for identification and classification of liver diseases based on machine learning
algorithms. Front. Oncol. 2022, 12, 1048348. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41598-019-52908-w
https://www.ncbi.nlm.nih.gov/pubmed/31719592
https://doi.org/10.3389/fimmu.2023.1110540
https://www.ncbi.nlm.nih.gov/pubmed/36776891
https://doi.org/10.1177/20406223221122527
https://doi.org/10.1172/jci.insight.92002
https://doi.org/10.1097/01.inf.0000183786.70519.fa
https://doi.org/10.1161/CIR.0000000000000484
https://doi.org/10.3233/SHTI230547
https://doi.org/10.3343/alm.2023.43.5.401
https://www.ncbi.nlm.nih.gov/pubmed/37080740
https://doi.org/10.3389/fonc.2022.1048348
https://www.ncbi.nlm.nih.gov/pubmed/36313630

	Introduction 
	Materials and Methods 
	Study Population 
	Laboratory Study 
	Blood Culture 
	Statistical Analysis 

	Result 
	Higher CRP Levels Are Significantly Associated with Lower Hb Levels in Febrile Children 
	Higher CRP Levels Are Significantly Associated with Lower Z Scores of Hb in Febrile Children 

	Discussion 
	Conclusions 
	References

