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Introduction

Typhoid fever is a common systemic infection caused by the
gram-negative bacterium Salmonella enteric serovar typhi. It
represents a global health problem with a higher impact on
children in resource-limited areas of developing countries.1,2

Following ingestion of the organisms, they spread through the

reticuloendothelial systemandremain in an incubationperiod
for 1 to 2 weeks. Then bacteremia occurs with subsequent
clinical manifestations in the form of fever and nonspecific
symptoms as headache, abdominal pain, and nausea.3 Under-
standing the detailed pathogenesis of typhoid fever remains a
challengeas it is causedbyahuman-restrictedpathogenwitha
lack of convincing small-animal infectionmodels.4 The factors
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Abstract Objective Typhoid fever is a common systemic bacterial infection in children with a
complex interplay between serum hepcidin and iron. We investigated the relationship
between iron deficiency anemia (IDA) and serum hepcidin level in children with acute
typhoid fever.
Methods We conducted a preliminary case–control study in Mansoura University
Children’s Hospital, Egypt from April 2017 to May 2019 including 30 children aged 5 to
15 years with confirmed acute typhoid fever. We recruited 15 healthy nonanemic
children, of comparable ages and sex as controls from the same hospital while
attending for nonfebrile complaints. Typhoid fever cases were subdivided according
to IDA existence into 16 cases with IDA and 14 non-IDA cases. We excluded all children
having diseases which may affect serum iron and hepcidin levels, for example, liver,
blood, gastrointestinal, and kidney diseases, and patients receiving drugs interfering
with iron metabolism. All participants were subjected to complete blood count, serum
ferritin, iron, hepcidin levels, and total iron-binding capacity (TIBC).
Results In non-IDA typhoid fever group, serum iron level was significantly low, while
serum hepcidin level was significantly high when compared with controls (p< 0.001
and p¼ 0.02, respectively). In IDA typhoid fever group, no statistically significant
difference existed as regards serum hepcidin level when compared with controls
(p¼ 0.53). No significant correlations were detected between serum hepcidin levels
and hemoglobin, serum iron, ferritin, and TIBC values in each group.
Conclusion Preexisting iron status could affect serum hepcidin level in patients with
acute typhoid fever. Coexistence of IDAmight oppose the up-regulatory effect of acute
typhoid fever on serum hepcidin level.
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regulating the availability of the critical micronutrient, iron
between the host and invading pathogens still need further
studies.5,6

Hepcidin is anantimicrobial low-molecular-weight peptide
synthesized mainly by hepatocytes.7 It is feedback regulated
by inflammation and iron status.8 Infections induce hepcidin
synthesis through interleukin-69 that activates hepcidin gene
transcription through the Janus kinase/signal transducer and
activation of transcription 3 pathway.10–12 In extracellular
infections, hepcidin aids in the host defense mechanisms by
lowering serum iron levels. This deprives the organisms from
their iron needs for growth and vital functions, and enhances
oxidative stress.13 This occurs through down-regulation of
ferroportin, the iron exporter on macrophages, duodenal
enterocytes and hepatocytes, through binding to ferroportin
receptors and inducing their internalization.14 With regard to
intracellular bacterial infections such as typhoid fever, the
relationship between the infection and serum hepcidin levels
is not completely clear. It might be expected that severe
infection could be caused by higher intracellular iron avail-
ability for the intramacrophage organism; however, some
studies did not support this theory.15,16 The possible explana-
tions for this could be compartmentalization of iron within
macrophages limiting its availability to intracellular
microbes17 or nitric oxide induced up-regulation of ferropor-
tin and iron export.18

Moreover, it isproved thathepcidin is akey regulatorof iron
homeostasis in the pathogenesis of anemia.19,20 Its production
is positively correlated with serum iron levels, when serum
iron is abundant, hepcidin synthesis increases to limit further
iron gut absorption and iron release from stores. When serum
iron is low, less or no hepcidin is produced by hepatocytes
allowing more iron to enter plasma.21

Despite several studies focused on the effects of typhoid
fever on serum levels of hepcidin and iron,22–24 the effect of
coexistenceof irondeficiencyanemia (IDA) togetherwithacute
typhoid fever on serumhepcidin level is unclear. In the current
study,we investigated the relationshipbetween IDAand serum
hepcidin level in children with acute typhoid fever.

Materials and Methods

We conducted a preliminary case–control study inMansoura
University Children’s Hospital, Egypt from April 2017 to
May 2019 including 30 children aged 5 to 15 years with
confirmed acute typhoid fever. Fifteen healthy nonanemic
children, of comparable ages and sex were included as
controls. They were recruited from the same hospital while
attending for regular follow-up visits or minor nonfebrile
complaints, for example, mild respiratory tract infections
and mild gastroenteritis. Typhoid fever cases were further
subdivided according to IDA existence into 16 cases with IDA
and 14 non-IDA cases. Diagnosis of IDA was based on the
following parameters: hemoglobin (Hb) <11.5 g/dL, hemat-
ocrit (Hct)<34%, mean corpuscular volume (MCV)<75 µm3/
cell, and elevated red blood cells distribution width accord-
ing to World Health Organization limits for 5 to 15 years old
children.25

The pediatric consultant clinically suspected acute ty-
phoid fever if a patient had acute fever (axillary temperature
�38°C) for at least 3 days with nonspecific typhoid symp-
toms such as headache, malaise, abdominal pain, myalgia,
nausea, anorexia, or constipation then referred for Widal’s
test.26,27 Thosewith a positiveWidal’s test were subjected to
blood cultures to confirm the diagnosis.27

Salmonella typhi diagnosis was made in the Department
of Clinical Pathology of Faculty of Medicine, Mansoura
University. We excluded all children having diseases which
may affect serum iron and hepcidin levels, for example, liver,
blood, gastrointestinal, and kidney diseases, and patients
receiving drugs interfering with iron metabolism. Written
informed consent was taken from caregivers of study par-
ticipants. The study was accepted by Institutional Research
Board of Faculty of Medicine, Mansoura University, Egypt
(Code No: MS/17.02.38) and followed the Declaration of
Helsinki of 1964, as revised in 2013.

Five milliliters of venous blood was withdrawn from
each participant under a complete aseptic technique by a
well-trained nurse using plastic disposable syringes. We
used sera samples to carry out a semiquantitative Widal’s
agglutination test using the standard tube dilution proce-
dure and Salmonella antigen kits (Gamma Biologicals, Unit-
ed States). The titer was determined as the highest dilution
that showed visible agglutination. We considered positive
titers if results were �1:80 for O antigen, and �1:160 for H
antigen. We used a negative saline control for each batch of
Widal’s tests.28

With regard to blood cultures, 2 to 4mLbloodwasdirectly
inoculated in BacT/Alert culture bottles, and then incubated
in the Bact/Alert automated system (Biomérieux, United
States) for 5 days. Later on, subculture was done on Mac-
Conkey and Salmonella–Shigella agar and incubated for 18 to
24 hours at 37°C. For negative cases, we repeated subcultures
for 1week.29 Identification of S. typhiwas donebyautomated
MicroScan WalkAway 96 plus System (Beckman Coulter,
United States) for biochemical identification.

All participants were subjected to complete blood count,
serum ferritin, iron, hepcidin levels, and total iron-binding
capacity (TIBC).We analyzed complete blood count using the
UniCel DxH 800 Coulter Cellular Analysis System (Beckman
Coulter). Serum iron and unsaturated iron-binding capacity
(UIBC) were measured by AU5810 Chemistry Analyzers
(Beckman Coulter). TIBC was calculated by adding the value
of serum iron to that of UIBC. Serum ferritin was estimated
using sandwich enzyme-linked immunosorbent assay
(ELISA) kits (DRG International, United States).30

Serumhepcidin levelwas assessedby ELISAusingmicrotiter
platewells (USCNLifeScience,UnitedStates)precoatedwith the
specific antibody. We added samples or standards to the
appropriate plate wells with a biotin-conjugated antibody
preparation specific for hepcidin. Then, we added avidin conju-
gated to horseradish peroxidase to each platewell and incubat-
ed. Then, we added trimethyle benzidine (TMB) substrate
solution, wells that contained hepcidin, biotin-conjugated anti-
body, and enzyme conjugated avidin exhibited a color change.
The reaction was stopped by adding sulfuric acid solution.
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We measured the color changes spectrophotometrically at a
wavelength of 450� 10 nm. The serumhepcidin concentration
was then determined by comparing the optical density of the
samples to the standard curve.31

We used SPSS version 25 (IBM Corp.; Armonk, New York,
United States) and tested continuous data for normality
using Shapiro–Wilk’s test. Nonparametric data were pre-
sented as median (interquartile range), while parametric
data were expressed as mean (standard deviation). We
used one-way analysis of variance test to compare more
than two independent groups (parametric) with post hoc
Tukey’s test to detect pairwise comparison. We used the
Kruskal–Wallis’ test for more than two independent groups
(nonparametric) comparisons with Mann–Whitney’s U test
to detect pairwise comparison. Categorical data were

expressed as numbers and percentage, and analyzed using
chi-square test. A p� 0.05 was considered significant. We
determined the strength and direction of linear relationships
between serum hepcidin levels and Hb, serum iron, ferritin,
and TIBC values in each group using Spearman’s rank
correlation.

Results

IDA and non-IDA typhoid fever groups were matched with
controls as regards the age and sex (p> 0.05, ►Table 1). In
non-IDA typhoid fever group, serum iron level was signifi-
cantly low, while serum hepcidin level was significantly high
when compared with controls (p< 0.001 and p¼ 0.02, re-
spectively, ►Table 2). No significant differences existed

Table 2 Comparison of laboratory markers of the study groups

Laboratory
markers

Controls
(n¼ 15)

IDA typhoid fever
cases (n¼ 16)

Non-IDA typhoid fever
cases (n¼ 14)

p-Value Post hoc test

Hb (g/dL) 12.18 (0.64) 9.87 (0.67) 12.43 (0.95) F¼ 52.78
p< 0.001

P1< 0.001, P2¼ 0.39,
P3< 0.001

RBCs (�106/µL) 4.49 (0.29) 4.38 (0.51) 4.76 (0.28) F¼ 3.78
p¼ 0.03

P1¼ 0.4, P2¼ 0.07,
P3¼ 0.01

Hct (%) 36.74 (2.31) 32.76 (3.78) 37.97 (2.34) F¼ 13.22
p< 0.001

P1< 0.001, P2¼ 0.27,
P3< 0.001

MCV (µm3/cell) 82.86 (5.35) 74.64 (2.84) 81.48 (2.44) F¼ 21.04
p< 0.001

P1< 0.001, P2¼ 0.33,
P3< 0.001

MCH (pg/cell) 26.62 (1.81) 22.57 (1.92) 26.51 (1.39) F¼ 27.33
p< 0.001

P1< 0.001, P2¼ 0.87,
P3< 0.001

Ferritin (ng/mL)a 18.7
(14.75–29.45)

24 (14.9–38.5) 21.5 (9.675–63) KW
p¼ 0.91

P1¼ 0.66, P2¼ 0.77,
P3¼ 0.93

TIBC (μg/dL) 495.08 (167.41) 361.12 (209.2) 394.8 (188.25) F¼ 1.75
p¼ 0.19

P1¼ 0.08, P2¼ 0.21,
P3¼ 0.65

Iron (µg/dL) 52.59 (14) 11.81 (6.45) 27.67 (6.18) F¼ 70.48
p< 0.001

P1< 0.001, P2< 0.001,
P3< 0.001

Hepcidin
(ng/mL)a

96.55
(59.675–288.5)

51.3
(30.9–297.45)

607.7
(84.45–969.775)

KW
p¼ 0.015

P1¼ 0.53, P2¼ 0.02,
P3¼ 0.009

Abbreviations: F, one-way analysis of variance test; Hb, hemoglobin; Hct, hematocrit; IDA, iron deficiency anemia; KW, Kruskal–Wallis’ test; MCH,
mean corpuscular hemoglobin; MCV, mean corpuscular volume; P1, difference between controls and IDA typhoid fever cases; P2, difference
between controls and non-IDA typhoid fever cases; P3, difference between IDA and non-IDA typhoid fever cases; RBCs, red blood cells; TIBC, total
iron-binding capacity.
Note: Data are shown as mean (standard deviation).
aMedian (interquartile range).

Table 1 Baseline characteristics of study groups

Controls
(n¼ 15)

IDA typhoid fever
cases (n¼ 16)

Non-IDA typhoid fever
cases (n¼ 14)

Test of
significance

Post hoc test

Age (y)a 7.13 (2.23) 8.19 (2.51) 7.86 (2.21) F¼ 0.82
p¼ 0.45

P1¼ 0.22, P2¼ 0.41,
P3¼ 0.70

Sexb

Male 8 (53.3%) 10 (62.5%) 8 (57.1%) χ2¼ 0.27
p¼ 0.87

P1¼ 0.61, P2¼ 0.84,
P3¼ 0.77Female 7 (46.7%) 6 (37.5%) 6 (42.9%)

Abbreviations: F, one-way analysis of variance test; IDA, iron deficiency anemia; P1, difference between controls and IDA typhoid fever cases; P2,
difference between controls and non-IDA typhoid fever cases; P3, difference between IDA and non-IDA typhoid fever cases; χ2, chi-square test.
aData are shown as mean (standard deviation).
bNumber (percentage).
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between non-IDA typhoid fever group and controls as
regards Hb, Hct, MCV, mean corpuscular hemoglobin
(MCH), TIBC, and serum ferritin (p> 0.05, ►Table 2).

In IDA typhoid fever group, no statistically significant
difference existed as regards serum hepcidin level when
compared with controls (p¼ 0.53). Serum iron level and Hb,
Hct, MCV, and MCH were significantly lower in IDA typhoid
fever group than controls (p< 0.001), while serum ferritin and
TIBC showed insignificant differences (p¼ 0.66 and 0.08,
respectively,►Table 2). No statistically significant correlations
were detected between serum hepcidin levels and Hb, serum
iron, ferritin, andTIBC ineachgroup (p> 0.05 for eachvariable,
►Table 3).

Discussion

In the present study, serum iron in non-IDA typhoid fever
group showed a lower level than controls attributed to the
higher hepcidin level. Our result was in agreement with
Darton et al who investigated alterations in iron/inflamma-
tory indices and hepcidin following the experimental human
typhoid challenge and reported rapid elevation of hepcidin
levels during acute typhoid infection causing hypoferre-
mia.23 The elevation of serum hepcidin level in the non-
anemic typhoid fever group could be attributed to S. typhi
infection, possibly mediated by inflammatory cytokines as
interleukin-6, interleukin-1β, and interleukin-22.12,32

In the current work, serum hepcidin levels were lower in
typhoid fever cases with IDA than controls but without statis-
tical significance. This finding suggests that preexisting IDA
counteracts infection-inducedhepcidin up-regulation. Howev-
er, lack of significant correlations between serum hepcidin and
iron levels in both typhoid fever groups suggests that other
variables may interact including pathogen factors such as
severity of infection and virulence of invading pathogens.
This speculationnecessitates further large-scale studies includ-
ingmorehost andpathogenvariables todetect theexact factors
affecting serum hepcidin level among typhoid fever patients.

With regard to ferritin and TIBC, their levels were affected
significantly by the acute infectious process explaining the
insignificant differences between studied IDA cases and
controls.33

The limitations of our study are a single-center study
with a small sample size and limited studied variables.

We performed post hoc power analysis using G�Power
program34 for the three groups taking in consideration the
correlation between Hb and hepcidin in each group as the
outcome of interest. Study powers were 47, 21.7, and 20.5 in
control, IDA typhoid, and non-IDA typhoid groups,
respectively.

Conclusion

Preexisting iron status could affect serum hepcidin level in
children with acute typhoid fever. Coexistence of IDA might
oppose the up-regulatory effect of acute typhoid fever on
serum hepcidin level. Larger adequately powered studies
would be needed to validate our findings and to verify other
possible variables.
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