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Abstract

Introduction: Anemia is a pathology present in the blood, which affects mainly children and
pregnant women living in developing countries and has several associated factors, of which
molecular factors have been little studied. Objective: To analyze different serum molecular
markers related to anemia. Material and methods: Samples of blood from 40 children with iron
deficiency anemia and 10 children without anemia from the city of Arequipa were analyzed as
controls. Abbkine ELISA detection kits were used, including Hepcidin (HEP25), erythropoietin
(EPO), vitamin B12(VITB-12), interleukin 6 (IL-6), folic acid, ferritin light chain (FTL), C-reactive
protein (CRP) and transferrin (TF) to determine their serum concentration and establish their
relationship with childhood anemia. Results: We found a hepcidin level of 40.88 ug/Lm lower
than the control 126.06 ug/L (p = 0.019); and an average interleukin 6 level (p = 3.83E-6) of
12.55 ug/L, lower than the control of 4.30 ug/L. For the erythropoietin marker, no statistical
difference was found between cases and the control group; for the Vitamin. B12, a significant
statistical difference was found between cases and control. However, the variable is ambiguous
since it has not yet been determined with certainty how important the lack of vitamin B12 may
be for the generation of iron deficiency anemia. No significant difference was found for protein
C, transferrin, erythropoietin, and folic acid. Conclusion: It was found that the molecular markers:
Hepcidin, vitamin B12, IL-6, Folic Acid and C-reactive protein presented statistically significant
differences with the control group. The markers for erythropoietin and transferrin showed no
changes. Likewise, the vitamin B12 marker was observed to have a lower value in children with
anemia. It is hoped that further work can establish the impact of vitamin B12 and the
categorization of the other molecular markers for the detection of iron deficiency anemia.
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1.Resumen

Introduccién: La anemia es una patologia presente
en la sangre, que afecta sobre todo a nifios y
gestantes que viven en paises en desarrollo y que
tiene a diversos factores asociados, de los cuales,
han sido poco estudiados los factores moleculares.
Objetivo:  Analizar  diferentes  marcadores
moleculares séricos, relacionados con la anemia.
Material y métodos: Se analizaron muestras de
sangre de 40 nifios con anemia ferropénica y como
control 10 nifios sin anemia, provenientes de la
ciudad de Arequipa. Se emplearon kits de
deteccion ELISA de la marca Abbkine, dentro de
los cuales estan: Hepcidina (HEP25), eritropoyetina
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(EPO), vitamina B12(VITB-12), interleuquina 6 (IL-6),
4cido fdlico, cadena ligera de la ferritina (FTL),
proteina C reactiva (CRP) y transferrina (TF) para
determinar su concentracién sérica y establecer su
relacion con la anemia infantil. Resultados: Se
encontré un nivel de hepcidina de 40.88 ug/Lm
inferior al control 126.06 ug/L (p = 0,019); y un nivel
de interleucina 6 (p = 3,83E-6) promedio de 12,55
ug/L, inferior con respecto al control de 4,30 ug/L.
Para marcador de eritropoyetina, no se hall6
diferencia estadistica entre los casos y el grupo
control; para el marcador Vitamina. B12 se hallé
una diferencia estadistica significativa entre los
casos y el control, sin embargo, la variable es
ambigua ya que aun no se ha llegado a determinar
con seguridad que tan importante puede ser la
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falta de Vit. B12 para la generacion de anemia
ferropénica. Para la proteina C, transferrina,
eritropoyetina y &cido félico no se encontré
diferencia significativa. Conclusion: Se encontro
que los marcadores moleculares: Hepcidina,
vitamina B12, IL-6, Acido Félico y proteina C
reactiva presentaban diferencias estadisticamente
significativas con el grupo control. Los marcadores
para eritropoyetina y transferrina no presentaron
cambios. Igualmente, se observé que el marcador
de vitamina B12 presentaba un valor mas bajo en
nifos con anemia. Se espera que en trabajos
posteriores se pueda establecer el impacto de la
vitamina B12, asi como la categorizacién de los
otros marcadores moleculares para la detecciéon de
la anemia ferropénica.

Palabras clave: anemia ferropénica, marcadores
moleculares, ELISA sandwich.

2.Introduction

Anemia is a pathology in the blood defined by a
decrease in the hemoglobin concentration in the
organism [1]. Its structure possesses iron metal, so
it is an essential element in the human being. One
of the iron markers is the hormone hepcidin, which
is expressed in liver tissue and regulates iron
metabolism,  controlling  absorption  and
distribution in other tissues. Regulation of hepcidin
expression occurs at the transcriptional level and
affects serum iron levels, iron stores, inflammation,
hypoxia and changes in erythropoietic activity. Iron
deficiency is the most popular anemia caused by
nutritional deficiency and is a public health
problem in developing countries. The negative
regulatory marker of iron deficiency anemia is
hepcidin which is suppressed, inhibiting the
compensatory mechanism that increases iron
absorption by the intestine and reduces iron
sequestration by macrophages [2].

However, iron deficiency anemia is not the only type
of anemia. While 50% of anemias are due to iron
deficiency, the others are due to other factors such as
folic acid deficiency, vitamin B12 deficiency, vitamin
A deficiency, and protein malnutrition. Other less
common causes are heavy metal intoxication, either
by trace amounts such as zinc or copper, and some
recent studies suggest that low vitamin D levels also
contribute to the onset of anemia [3]. The diagnosis
of anemia involves a relationship between the clinical
evaluation of the patient, looking for related
symptoms and signs, and accompanied by laboratory
support that consists of requesting hematological
tests such as hemoglobin, erythrocyte count and
corpuscular constants, from which other markers of
anemia can be requested according to what is found.
Peru is a country with high rates of anemia in rural
areas, mostly deficiency anemia due to the lack of
micronutrient intake in children; it is also a highly
rugged country with significant variations in
altitude; therefore, hemoglobin concentration
increases as altitude increases to compensate for
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the decrease in available oxygen [4]. The present
study aims to analyze the molecular markers
expressed in deficiency anemias in children with
anemia in the town of Arequipa; to know their level
and behavior during the disease.

3.Material and methods

Study population

Blood and serum samples of 40 children identified
with anemia were analyzed by puncture and
measurement by  Hemocue ®  Hb301
Hemoglobinometer. Also, 10 children without
anemia were selected as a control group from the
city of Arequipa.

Design

This is an observational field study.
Procedures

Sera from cases and controls were used for the
determinations; at the same time, 8 Abbkine kits
were used. It should be considered that these are
designed to work in the detection range shown
below.

Hepcidin (HEP25): 2.5 ug/L - 40 ug/L
Erythropoietin (EPO): 3.75 IU/L

Vitamin B12(VITB-12): 2.5 nmol/L - 40 nmol/L

Folic acid: 22.5 ng/mL - 360 ng/mL

Ferritin light chain (FTL): 100pg/mL - 1600 pg/mL
Transferrin (TF): 3.125 ug/mL - 50ug/mL
Interleukin 6 (IL-6): 3.13pg/mL - 200 pg/mL
C-reactive protein (CRP): 15.6 pg/ mL- 1000 pg/mL
The kits corresponding to hepcidin, erythropoietin,
vitamin B12, folic acid, Ferretin light chain and
Transferrin follow the same protocol as mentioned in
the title “Protocol 1" with a duration of at least 2
hours due to incubation times, while Interleukin 6 and
C-reactive protein were made using “Protocol 2" kits
had a duration of about four hours.

Protocol 1

The company's recommendations were brief: 50 ul of
standard or 1/5 diluted samples were added to the
corresponding well. Incubated at 37 °C for 45
minutes. Then washing was done as follows, the
contents of each well were aspirated, and 250 ul of
wash buffer was added after incubating for 1 minute
and completely aspirated for the next step; the
washing process was repeated 5 times. Add 50 ul of
second HRP-conjugated antibody diluted 1:100, to
each well and incubate at 37 °C for 45 minutes.
Washed 5 times, the same as the previous washing
step. Add 100 ul of substrate mixture A and B (1:1)
and incubate at 37 °C for 15 minutes in the dark.
Finally, 50 ul of stop solution was added to each well;
the color should change from blue to yellow; let stand
for 15 minutes and measured absorbance in an Elisa
reader at 450 nm.

Protocol 2

The company's recommendations were brief: 100 ul
of standard or 1/5 diluted samples were added to the
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corresponding well. Incubated at room temperature
for 2 hours. Then washing was done as follows, the
contents of each well were aspirated, and 250 ul of
wash buffer was added after incubating for 1 minute
and completely aspirated for the next step; the
washing process was repeated 3 times. Added 100 ul
of the first antibody against IL-6 h or C-reactive
protein diluted 1:100 to each well and incubated for
1 hour at room temperature. Washed 3 times as in the
previous washing step. Add 100 ul of Streptavidin-
HRP conjugate diluted 1:100 and incubate in the dark
for 30 min. Wash five times. Add 100 ul of TMB
substrate to each well and incubate for 15 min at
room temperature in the dark. Finally, add 50 ul of
stop solution to each well. The color should change
from blue to yellow; let stand for 15 minutes and
measure absorbance in an Elisa reader at 450 nm.

Statistical analysis of data: The t-student test
was used for statistical analysis, given that the
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sample evaluated presents parametric
characteristics. Since the data were continuously
quantitative, the  t-statistic ~was applied,
emphasizing the equality or difference between
variances, and the F-test was previously performed
to evaluate variances.

Ethical aspects: The study is part of the project

approved by the research ethics committee, Favorable
opinion 326 -2021 CEI-UCSM.

4.Results

Thirty-nine sera from patients with anemia called
“cases” and 10 sera from apparently healthy
patients called “control” were evaluated. To obtain
more accurate data, duplicate measurements were
performed, so the average of these measurements
will be used for statistical analysis since they will
provide a more accurate view of the evaluations.

Anemia Control
Hepcidin (ug/L) 40.88 126.06
n 39 10
Standard deviation 71.11 93.63
40.88+11.3 126.06+29.6

In order to demonstrate the difference between cases and controls, the following hypothesis was proposed:
Ho= No significant difference between cases and controls.
H1= There is a significant difference between cases and controls

to the rejection of HO and acceptance of H1, i.e., it
is possible to state that there is a significant
difference between cases and controls.

The two-tailed P-value of 0.019 is to the left of
alpha 0.05, which provides statistically significant
evidence at a confidence level of 95%, thus leading

Anemia Control
EPO (IU/L) 38.54 37.6
n 39 10
Standard deviation 28.13 14.60
38.54+4.5 37.6x4.6

In order to demonstrate the difference between cases and controls, the following hypotheses are proposed:
Ho= No significant difference between cases and controls.
H1= There is a significant difference between cases and controls

accepted and the H1 is rejected, i.e., it is possible
to state that there is no significant difference
between cases and controls.

The two-tailed P-value of 0.885 is to the right of
alpha 0.05, which allows with statistically significant
evidence, at a confidence level of 95%, the Ho is

Anemia Control
Vit B12 (nmol/L) 14.73 57.91
n 39 10
Standard deviation 10.60 34.97
14.73+1.7 57.91+11.06

In order to demonstrate the difference between cases and controls, the following hypotheses are proposed:
Ho= There is no significant difference between cases and controls.
H1= There is a significant difference between cases and controls

Ho and accept H1, i.e., it is possible to state that

The two-tailed P-value of 0.003 is to the left of there is a significant difference between cases and

alpha 0.05, which allows for statistically significant

evidence at a confidence level of 95% to reject the

controls.

Anemia Control
IL-6 (pg/mL) 12.55 4.30
n 39 10
Standard deviation 8.72 1.51
12.55+1.5 57.91+0.5

In order to demonstrate the difference between cases and controls, the following hypotheses are proposed:
Ho= There is no significant difference between cases and controls.
H1= There is a significant difference between cases and controls
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The two-tailed P-value of 3.83E-06 is to the left of
alpha 0.05, which allows with statistically significant
evidence at a confidence level of 95%, the Ho is
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rejected and H1 is accepted, that is, it is possible
to affirm that there is a significant difference
between cases and controls.

Anemia Control
Folic Acid (ng/mL) 3.99 16.24
n 39 10
Standard deviation 2.19 3.95
3.99+0.35 16.24+1.25

In order to demonstrate the difference between cases and controls, the following hypotheses are proposed:
Ho= No significant difference between cases and controls.
H1= There is a significant difference between cases and controls

rejected and H1 is accepted, that is, it is possible
to affirm that there is a significant difference
between cases and controls.

The two-tailed P-value of 2.73E-06 is to the left of
alpha 0.05, which allows with statistically significant
evidence at a confidence level of 95%, the Ho is

Anemia Control
Folic Acid (pg/mL) 223.26 238.046
n 39 10
Standard deviation 210.10 279.53
223.26+33.64 238.046+88.39

In order to demonstrate the difference between cases and controls, the following hypotheses are proposed:
Ho= There is no significant difference between cases and controls.
H1= There is a significant difference between cases and controls

to accept the Ho and reject H1, that is, it is possible
to affirm that there is no significant difference
between cases and controls.

The two-tailed P-value of 0.878 is to the right of
alpha 0.05, which allows, with statistically
significant evidence at a confidence level of 95%,

Anemia Control
CRP (pg/mL) 321.09 393.33
n 39 10
Standard deviation 124.52 31.33
321.09+£19.9 393.33£9.9

In order to demonstrate the difference between cases and controls, the following hypotheses are proposed:
Ho= There is no significant difference between cases and controls.
H1= There is a significant difference between cases and controls

Ho and accept H1, i.e., it is possible to state that
there is a significant difference between cases and
controls.

The two-tailed P-value of 0.00216 is to the left of
alpha 0.05, which allows for statistically significant
evidence at a confidence level of 95% to reject the

Anemia Control
TF (ug/mL) 127.11 117.52
n 39 10
Standard deviation 26.77 41.26
127.11+4.28 117.52+13.04

In order to demonstrate the difference between cases and controls, the following hypotheses are proposed:
Ho= There is no significant difference between cases and controls.

H1= There is a significant difference between cases and controls

The two-tailed P-value of 0.49 is to the right of
alpha 0.05, which allows with statistically significant
evidence at a confidence level of 95% to accept the
Ho and accept H1, i.e., it is possible to state that
there is no significant difference between cases and
controls.

5. Discussion

This study aimed to evaluate the levels of molecular
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markers normally used for predicting anemia and
to determine if they are adequate markers. A
population of 39 patients between 1 and 10 years
of age was analyzed and compared versus 10
healthy controls for Hepcidin, EPO, Vit. B21, IL-6,
Folic Acid, C-reactive protein and transferrin
markers.

In the case of Hepcidin, it was found in an average
serum level of 40.88 ug/L in comparison with the
control value of 126.06 ug/L. Performing the t-
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student analysis, a significant difference was found
(p=0.019). These results are similar to those of
Staffan K Berglund [5] and Rita Wegmdiller [6], in
which low hepcidin values served as effective
predictors of anemia in infant populations.
Similarly, in a study conducted in China, serum
hepcidin levels in patients with iron deficiency
anemia were found to be significantly lower than
those in the control group (P<0.001) and were
positively correlated with serum hemoglobin
concentration, serum iron, serum ferritin and
transferrin saturation (r=0.448, r=0.496, r=0.754,
r=0.491) [7]. In Zimbabwe, anemic infants were
studied at 3 months finding higher CRP (median
0.45 vs. 0.21 mg/L; P=0.037) and high hepcidin
(median 14.7 vs. 9.7 ng/ml; P=0.022) than non-
anemic infants. Anemic infants at 6 months had
lower hepcidin at control (median 7.9 versus 4.5
ng/mL; P=0.016) and high CRP (median 2.33 versus
0.32 mg/L; P<0.001), but less ferritin (median 13.2
versus 25.1 pg/L; P<0.001) than nonanemic infants.
Anemic infants at 12 months had lower ferritin
(median 3.2 vs. 22.2 pg/L; P<0.001) and low
hepcidin (median 0.9 vs. 1.9 ng/mL; P=0.019), but
similar CRP levels [8]. These results demonstrate
that hepcidin levels are low during anemia, possibly
due to a failed process of ferric homeostasis. High
levels of hepcidin limit iron absorption at the small
intestine level, while low values induce erythrocyte
generation and iron release from the bone marrow
[9]. It is possible that, in the case of iron deficiency
anemia, low levels are present as an attempt by the
body to raise hemoglobin levels; however, iron
deficiency anemia caused by malnutrition would
counteract the effects of low hepcidin levels [10].
On the other hand, in the erythropoietin marker, no
significant difference was found between the
clinical cases and the control group (p=0.885). This
result differs from other studies, such as that of Yael
Ben-David [11], which showed that high EPO values
are correlated with low hepcidin values since
hepcidin is mainly affected by iron status and not
by inflammation, so that it could be more specific
in iron deficiency anemia. The low erythropoietin
response is most notable in chronic kidney disease,
which is the second leading cause of iron deficiency
anemia, together with inflammation levels
contributing to the anemia, and is expressed by
high ferritin values [12].

For the Vitamin B12 marker, a significant statistical
difference was found between cases and controls.
This variable is ambiguous since it has not yet been
determined with certainty how important vitamin
B12 deficiency can be in producing iron deficiency
anemia. In a study carried out in Mexico on a
population of almost 5000 pre-school and school-
age infants under eleven years of age, it was found
that only a low percentage of the infants with
anemia were deficient in vitamin B12; however, it
was noted that about 30% of the patients had
consumed food before the sample was taken,
which may have somewhat underestimated vitamin
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B12 deficiency [13]. Another study on micronutrient
deficiency as a predictor of anemia found that only
29% of children were deficient in vitamin B12,
which was not significantly associated with iron
deficiency anemia [14]. Despite this, other studies
show a contrary trend. In a study conducted in
India, vitamin B12 and vitamin B9 deficiency were
found in 53.7% and 68% of children, respectively
[15]. In Mexico, a study was conducted in which
vitamin B12 was measured in children aged 12 to
23 months, obtaining a higher prevalence of
vitamin B12 deficiency compared to children aged
48 to 59 months (4 vs. 1.3%), and in a logistic
regression, it was found that indigenous children
had more vitamin B12 deficiency than children
living in the southern urban area. In addition, no
statistical difference was found between sex and
body mass index [16]. The recent study by
Janmejaya et al. demonstrated by
spectrophotometric and computational techniques
that vitamin B12 can bind to the hemoglobin
molecule; although the exact mechanism of action
of vitamin B12 is not known, these results would
explain the significant change in serum level of the
vitamin [17].

Regarding the IL-6 marker, we found one of the
greatest significant statistical differences between
our cases and controls; however, this is different
from what was found in other studies, such as that
of Athraa Abdul Kareem Mseer [18] in which IL-6
levels were not substantially altered. However, in
studies in adults [19] and chronic diseases [20] it
was found to be a good predictor of anemia. This
is probably because IL-6 is an effective marker of
inflammation and degenerative states. In one
study, obesity was associated with iron deficiency
anemia, taking into account inflammatory factors
such as hepcidin, IL-6 and CRP, and no significant
statistical difference was found between the control
group and the obese anemic group [21]. In a case
report of IL-6 dosage in a patient with iron
deficiency anemia as a consequence of
Castleman's disease, it was detailed that chronic IL-
6 synthesis by the tumor is caused by iron
deficiency, the mediator being hepcidin, since it
allows normal iron absorption by the intestine [24].
Folic acid level is probably the most studied marker
for anemia deficiency in children. In our case, the
highest significant statistical value was obtained for
this marker, whereby no difference was observed
between cases and controls. The value found is
different from other studies in large populations,
such as in Brazil [23] and Georgia [24], in which the
degree of correlation between iron deficiency
anemia and folate was found in a considerable
percentage. In general, adequate supplementary
feeding practices with folic acid are important to
prevent the development of anemia in infant
populations. In another study carried out in Kuwait,
microcytic anemia in children was not related to
vitamin B12 or folic acid since none of the
participants presented values below 320 nmol/L,
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which is considered the limit value to define it as
folate deficiency 3. A multivariate relationship was
also obtained in low hemoglobin levels, with three
serum components that were low in the population
of Kuwait. A logistic regression model found that
low levels of vitamin B12, folic acid and vitamin A
were associated with low hemoglobin values [25].
As for C-reactive protein, no statistical difference
was found between cases and controls. Although
studies try to correlate CRP with iron deficiency
anemia [26], the truth is that CRP is a rather
unspecific marker to determine anemia since it is
not indicative of anemia by itself but of
inflammation in general [27]. One study described
that in children without inflammation, CRP showed
a decrease, but only decreases in iron deficiency
anemia were statistically significant [28]. C-reactive
protein is a very good inflammatory marker, but in
patients with elevated CRP it can lead to false-
positive results of measured iron markers, so it is
recommended to exclude its dosage until the
inflammatory process is resolved and CRP is in
normal values [29]. For the Transferrin marker,
widely used to diagnose anemia, no significant
statistical difference was found between the case
group and controls in the study. Like the CRP value,
this is a value that by itself is not sufficient to
determine iron deficiency anemia, so its values and
interpretations should be made with caution [30].
In a study conducted in Kuwait, children with iron
deficiency anemia had low ferritin levels, with
values below 15 ng/ml, and a low transferrin
saturation level [11].

6.Conclusions

In the present study, serum values of different
molecular markers in children with anemia were
evaluated to determine the importance of these
markers in diagnosing the disease. It was found
that the molecular markers: Hepcidin, vitamin B12,
IL-6, Folic Acid and C-reactive protein presented
statistically significant differences with the control
group. On the other hand, the markers for
erythropoietin and transferrin showed no changes,
which contradicts other studies. Likewise, the
vitamin B12 marker was observed to have a lower
value in children with anemia. Although there is not
much information on vitamin B12 in the iron
absorption cycle, it is known that it is structurally
bound to this molecule. With the results obtained
in this work, it is expected that it will be possible to
establish the impact of vitamin B12 and categorize
other molecular markers for the detection of iron
deficiency anemia in subsequent works.

Author contributions: study design MCTA,
BOJC; data analysis MCTA, BOJC and SCAP;
interpretation of results, drafting of the article,
revision and approval of the final version MCTA,
MSMC, SGJC, SCAP, ACG, GRG, BOJC.
Financing

The internal Anemia fund of the School of Human

217

Analysis of Serum Markers Under the Sandwich Elisa....

Medicine of the Catholic University of Santa Maria
funded the study.

References

Bastos Oreiro  M.. Anemia ferropénica:
Tratamiento. Rev. esp. enferm. dig. [Internet]. 2009
Ene [citado 2023 Ene 14] ; 101( 1 ): 70-70.
Disponible en:
http://scielo.isciii.es/scielo.php?script=sci_arttext&
pid=51130-01082009000100010&Ing=es.

El Gendy FM, El-Hawy MA, Shehata AMF, Osheba
HE. Erythroferrone and iron status parameters
levels in pediatric patients with iron deficiency
anemia. Eur J Haematol [Internet]. 2018 [citado el
29 de diciembre de 2022];100(4):356-60.
Disponible en:
https://pubmed.ncbi.nlm.nih.gov/29282766/
Shaban L, Al-Taiar A, Rahman A, Al-Sabah R,
Mojiminiyi O. Anemia and its associated factors
among Adolescents in Kuwait. Sci Rep [Internet].
2020 [citado el 29 de diciembre de
2022];10(1):5857. Disponible en:
https://www.nature.com/articles/s41598-020-
60816-7

Ocas-Cérdova S, Tapia V, Gonzales GF.
Hemoglobin concentration in children at different
altitudes in Peru: Proposal for [Hb] correction for
altitude to diagnose anemia and polycythemia.
High Alt Med Biol [Internet]. 2018;19(4):398-403.
Disponible en:
http://dx.doi.org/10.1089/ham.2018.0032
Berglund, S. K., Chmielewska, A. M., Domell&f, M., &
Andersson, O. (2021). Hepcidin is a relevant iron status
indicator in infancy: results from a randomized trial of
early vs. delayed cord clamping. Pediatric
Research, 89(5), 1216-1221.

Wegmiiller, R., Bah, A., Kendall, L., Goheen, M. M.,
Sanyang, S., Danso, E., ... & Prentice, A. M. (2023).
Hepcidin-guided screen-and-treat interventions for
young children with iron-deficiency anaemia in The
Gambia: an individually randomised, three-arm,
double-blind, controlled, proof-of-concept, non-
inferiority trial. The Lancet Global Health, 11(1),
e105-e116.

Xu L-H, Zhang Y, Wang Y, Hu D, Xu J-H. Hepcidin
and erythroferrone levels in child-bearing women
with iron deficiency anemia. Zhongguo Shi Yan Xue
Ye Xue Za Zhi [Internet]. 2021 [citado el 29 de
diciembre de 2022];29(1):213-6. Disponible en:
https://pubmed.ncbi.nlm.nih.gov/33554822/
Mupfudze TG, Stoltzfus RJ, Rukobo S, Moulton LH,
Humphrey JH, Prendergast AJ, etal. Plasma
concentrations of hepcidin in anemic Zimbabwean
infants. PLoS One [Internet]. 2015;10(8):e0135227.
Disponible en:
http://dx.doi.org/10.1371/journal.pone.0135227
Pagani Alessia, Nai Antonella, Silvestri Laura,
Camaschella Clara. Hepcidin and Anemia: A Tight
Relationship. Frontiers in Physiology, 2019; 10.
DOI=10.3389/fphys.2019.01294

Ni Ketut Puspa Sari, | Nyoman Wande, | Ketut
Suega, I.A. Putri Wirawati, Ni Nyoman


https://pubmed.ncbi.nlm.nih.gov/29282766/
https://www.nature.com/articles/s41598-020-60816-7
https://www.nature.com/articles/s41598-020-60816-7
http://dx.doi.org/10.1089/ham.2018.0032
https://pubmed.ncbi.nlm.nih.gov/33554822/
http://dx.doi.org/10.1371/journal.pone.0135227

HIV Nursing 2023; 23(3): 212-219

Mahartini, Sianny Herawati. The relationship
between hepcidin and anemia in controlled
and uncontrolled Type-2 Diabetes Mellitus
(T2DM) patients at Sanglah Hospital, Bali,
Indonesia. Journal of Biology, Medicine and
Biochemistry. 2021, Vol. 15 No. 2: (Available
online: 1 December

Ben-David, Y., Koren, A., Colodner, R., & Levin, C.
(2022). Characterization of acquired anemia in
children by iron metabolism parameters. Scientific
Reports, 12(1), 1-7.

Koshy SM, Geary DF. Anemia in children with
chronic kidney disease. Pediatr Nephrol [Internet].
2008;23(2):209-19. Disponible en:
http://dx.doi.org/10.1007/s00467-006-0381-2

De la Cruz-Géngora, V., Martinez-Tapia, B.,
Shamah-Levy, T., & Villalpando, S. (2021).
Nutritional status of iron, vitamin B12, vitamin A
and anemia in Mexican children: results from the
Ensanut 2018-19. salud publica de méxico, 63(3),
359-370.

Houghton, L. A., Trilok-Kumar, G., Mclntosh, D.,
Haszard, J. J., Harper, M. J., Reid, M., & Gibson, R.
S. (2019). Multiple micronutrient status and
predictors of anemia in young children aged 12-23
months living in New Delhi, India. PloS one, 14(2),
0209564.

Panchal SS, Mishra U, Kothari C, Kothari V, Dalai S,
Mecwan M, etal. Prevalence of anemia in pre-
school tribal children with reference to parasitic
infections and nutritional impact. J Taibah Univ
Med Sci [Internet]. 2022;17(6):1087-93. Disponible
en:
https://www.sciencedirect.com/science/article/pii/
$1658361222000919

Villalpando S, de la Cruz V, Shamah-Levy T,
Rebollar R, Contreras-Manzano A. Nutritional
status of iron, vitamin B12, folate, retinol and
anemia in children 1 to 11 years old. Results of the
Ensanut 2012. salud publica mex [Internet]. 2015
[citado el 3 de enero de 2023];57(5):373-84.
Disponible en: https://www.medigraphic.com/cgi-
bin/new/resumenl.cgi?IDREVISTA=79&IDARTICUL
0=61786&IDPUBLICACION=6131

Janmejaya Rout, Bikash Chandra Swain,
Suchismita Subadini, Padmaja Prasad Mishra,
Harekrushna Sahoo, Umakanta Tripathy,
Spectroscopic and computational insight into
the conformational dynamics of hemoglobin in
the presence of vitamin B1. International
Journal of Biological Macromolecules; 2021,
Volume 189, Pages 306-315. ISSN 0141-8130.
https://doi.org/10.1016/j.ijpiomac.2021.08.09
6

Mseer, A. A. K., & Al-Asady, R. A. A. EVALUATION
OF IgM, IgG, IgA AND IL6 IN CHILDREN WITH
IRON DEFICIENCY ANEMIA.

Ali, E. T., Jabbar, A. S., & Mohammed, A. N. (2019).
A comparative study of interleukin 6, inflammatory
markers, ferritin, and hematological profile in
rheumatoid arthritis patients with anemia of chronic
disease and iron deficiency anemia. Anemia, 2019.

Analysis of Serum Markers Under the Sandwich Elisa....

Akchurin, O., Patino, E., Dalal, V., Meza, K., Bhatia,
D., Brovender, S., & Choi, M. E. (2019). Interleukin-
6 contributes to the development of anemia in
juvenile CKD. Kidney international reports, 4(3),
470-483.

Sal E, Yenicesu |, Celik N, Pasaoglu H, Celik B,
Pasaoglu OT, et al. Relationship between obesity
and iron deficiency anemia: is there a role of
hepcidin? Hematology [Internet]. 2018;23(8):1-7.
Disponible en:
http://dx.doi.org/10.1080/10245332.2018.142367
1

Arlet, J. B., Hermine, O., Darmnige, L., Ostland, V.,
Westerman, M., Badoual, C., & Capron, L. (2010).
Iron-deficiency anemia in Castleman disease:
implication of the interleukin é/hepcidin pathway.
Pediatrics, 126(6), e1608-e1612.

da Silva, L. L. S., Fawzi, W. W., Cardoso, M. A., &
ENFAC Working Group. (2018). Factors associated
with anemia in young children in Brazil. PloS
one, 13(9), e0204504.

Tsiklauri, R., Parvanta, 1., Jijeishvili, L.,
Kherkheulidze, M., & Kazakhashvili, N. (2019).
Folate Deficiency and Its Impact on NTDs
Prevalence in Georgia. Biomedical Journal of
Scientific & Technical Research, 23(1), 17156-
17161.

Al Zenki S, Alomirah H, Al Hooti S, Al Hamad
N, Jackson RT, Rao A, et al. Prevalence and
determinants of anemia and iron deficiency in
Kuwait. Int J Environ Res Public Health
[Internet]. 2015 [citado el 29 de diciembre de
2022];12(8):9036-45. Disponible en:
https://www.mdpi.com/1660-4601/12/8/9036
Muriuki, J. M., Mentzer, A. J., Webb, E. L., Morovat,
A., Kimita, W., Ndungu, F. M., & Atkinson, S. H.
(2020). Estimating the burden of iron deficiency
among African children. BMC medicine, 18(1), 1-
14.

Taylor, M. D., Allada, V., Moritz, M. L., Nowalk, A.
J., Sindhi, R., Aneja, R. K., & Carcillo, J. A. (2020).
Use of C-reactive protein and ferritin biomarkers in
daily pediatric practice. Pediatrics in review, 41(4),
172-183.

Serdula MK, Lundeen E, Nichols EK, Imanalieva
C, Minbaev M, Mamyrbaeva T, et al. Effects of
a large-scale micronutrient powder and young
child feeding education program on the
micronutrient status of children 6-24 months of
age in the Kyrgyz Republic. Eur J Clin Nutr
[Internet]. 2013 [citado el 29 de diciembre de
2022];67(7):703-7. Disponible en:
https://www.nature.com/articles/ejcn201367
Erhardt JG, Estes JE, Pfeiffer CM, Biesalski HK,
Craft NE. Combined measurement of ferritin,
soluble transferrin receptor, retinol binding protein,
and C-reactive protein by an inexpensive, sensitive,
and simple sandwich enzyme-linked
immunosorbent assay technique. J Nutr [Internet].
2004 [citado el 3 de enero de 2023];134(11):3127—-
32. Disponible en:
https://academic.oup.com/jn/article/134/11/3127/

218


https://www.sciencedirect.com/science/article/pii/S1658361222000919
https://www.sciencedirect.com/science/article/pii/S1658361222000919
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDREVISTA=79&IDARTICULO=61786&IDPUBLICACION=6131
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDREVISTA=79&IDARTICULO=61786&IDPUBLICACION=6131
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDREVISTA=79&IDARTICULO=61786&IDPUBLICACION=6131
https://doi.org/10.1016/j.ijbiomac.2021.08.096
https://doi.org/10.1016/j.ijbiomac.2021.08.096
http://dx.doi.org/10.1080/10245332.2018.1423671
http://dx.doi.org/10.1080/10245332.2018.1423671
https://www.mdpi.com/1660-4601/12/8/9036
https://www.nature.com/articles/ejcn201367
https://academic.oup.com/jn/article/134/11/3127/4688499?login=false

46884997login=false

Eie, A. M. @., Strand, M. F., Fredriksen, P. M., &
Lindberg, M. (2021). Population-based reference
intervals for ferritin, iron, transferrin and transferrin
saturation and prevalence of iron deficiency in 6-
12-year-old children: The Health Oriented
Pedagogical Project (HOPP). Scandinavian Journal
of Clinical and Laboratory Investigation, 81(3), 208-
212.


https://academic.oup.com/jn/article/134/11/3127/4688499?login=false

