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ORIGINAL ARTICLE

The Effect of Iron Deficiency on Immune Parameters, Including Memory B
Cells and Infection Presentations: A Cohort Study in Premenopausal Women
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ABSTRACT

Background: Iron deficiency anemia (IDA) is a condition associated with increased susceptibility to infections
in the general population and is more common in premenopausal women (PW). Clinical research focusing on
humoral immunity and immune memory is limited in contrast to laboratory research.

Objective: This study aims to explore the effects of iron deficiency (ID) and IDA on immune function in PW by
assessing immunoglobulins, lymphocyte subsets, memory B cell (MBC) quantities, and infection presentations.
Methods: A total of 180 PW (34 with IDA, 65 with ID, 81 controls) who presented to the immunology outpatient clinic
of a tertiary referral center between 2017 and 2024 were included. Measured parameters included hemoglobin,
ferritin, immunoglobulins (IgG, A, M) and IgG subclasses, lymphocyte subsets (CD3+, CD4+, CD8+, CDI19+,
CDI16+56+), and MBCs (CDI9+CD27+IgM-IgD-).

Results: Compared to controls, the IDA group showed significantly lower total lymphocyte counts (1961.8+608.9
vs 2275.9+702.4 cells/uL, p=0.008), NK cell counts (167.7+90.3 vs 230.5+109.4 cells/L, p=0.020), and MBC counts
(21.9410.5 vs 33.8+18.6 cells/pL, p=0.003). The percentage of MBCs among B lymphocytes was also reduced
(12.2+4.5% vs 14.4+8.4%, p=0.045). Serum IgG levels were significantly lower in the IDA group (10.2+2.0 vs 11.6+2.9 g/L,
p=0.017), with a more pronounced reduction in IgG1 (6.2+1.3 vs 7.8+2.4 g/L, p=0.003). Recurrent pneumonia within
3 years was more frequent in the IDA group compared to controls (29.4% vs 9.9%, p=0.021).

Conclusions: In PW with IDA, reductions in lymphocytes, NK cells, IgG, IgG1, and MBCs, along with the higher
frequency of recurrent pneumonia, indicate a diminished capacity of immune responses against pathogens.
Given the role of MBCs in maintaining long-term, even lifelong immune responses, the relationship between IDA
and MBC levels warrants further investigation regarding the sustainability of long-term immunity.

Keywords: Humoral iimmunity, immunoglobulin, iron deficiency anemia, lymphocyte subset, memory B cell,
perimenopause.

o6z

Girig: Demir eksikligi anemisi (DEA), genel toplumda enfeksiyon sikigindaki artigla iliskilendirilen bir durumdur
ve premenopozal kadinlarda daha sik gérdlmektedir. Humoral immunite ve immun hafiza Gzerine yapilan klinik
arastirmalar, laboratuvar temelli galigmalara kiyasla sinirlidir.

Amag: Bu calismada, premenopozal kadinlarda demir eksikligi (DE) ve DEA'In immun yanit Gzerindeki etkileri;
immunoglobulin dizeyleri, lenfosit alt gruplar, bellek B huicresi (BBH) miktarlari ve enfeksiyon éykust agisindan
degerlendirilmistir.

Yontem: Bir tersiyer referans merkezinin immunoloji poliklinigine 2017 ile 2024 yillari arasinda bagvuran 180
premenopozal kadin ¢alismaya dahil edildi. Enfeksiyon éykusu, rutin gérigmelerde uygulanan alti soruluk
standart bir form ile kaydedilmis; elde edilen bilgiler regeteler, radyolojik gérunttler ve hekim kayitlar tzerinden
ulusal saglik sisteminde dogrulanmustir. Olgtlen parametreler arasinda hemoglobin, ferritin, immunoglobulinler
(IgG, A, M), IgG alt gruplar, lenfosit alt gruplar (CD3+, CD4+, CD8+, CDI9+, CD16+56+) ve BBHler (CDI9+CD27+IgM-
IgD-) yer almistir. Katilimeilar DEA, DE ve hemoglobin ile ferritin dizeyleri normal olan kontrol grubu olmak tzere
Ug gruba ayrilmistir.

Bulgular: DEA grubunda toplam lenfosit sayisi (1961.8+608.9 vs 2275.9+702.4 hicre/pL, p=0.008), NK hicre sayisi
(167.7+90.3 vs 230.5£109.4 hticre/pL, p=0.020), BBH sayisi (21.9+10.5 vs 33.8+18.6 hucre/pL, p=0.003) ve B hucreleri
icindeki BBH yuzdesi (%12.2+4.5 vs %14.4+8.4, p=0.045) kontrol grubuna gére anlamli dizeyde daha dusuktd.
Serum IgG duzeyi (10.2+2.0 vs 11.6+2.9 g/L, p=0.017) ve ézellikle IgG1 duzeyi (6.2 1.3 vs 7.8+2.4 g/L, p=0.003) de DEA
grubunda dustk bulundu. Ayrica, son 3 yil icinde iki veya daha fazla radyolojik olarak dogrulanmig pnémoni
8ykusu DEA grubunda kontrol grubuna gére daha sik saptandi (%29.4 vs %9.9, p=0.021).

Sonug: DEA'll premenopozal kadinlarda lenfosit, IgG, IgG], NK ve BBH duzeylerindeki azalmaiile birlikte tekrarlayan
pnomoni sikligindaki artis, patojenlere karsi bagisiklik yanit kapasitesinde bir azalmaya isaret ediyor olabilir. Bellek
B hucrelerinin enfeksiyonlara veya asilara karsi uzun sureli immuan yanitlarin olusumundaki rolt géz énunde
bulunduruldugunda, DEA ile BBH duzeyleri arasindaki olasi iliski, uzun vadeli bagisikligin sardurdlebilirligi agisindan
arastirmaya agik bir alan olarak degerlendirilebilir.

Anahtar Kelimeler: Bellek B huicresi, demir eksikligi anemisi, humoral immunite, immunoglobulin, lenfosit alt
gruplari, premenopoz.
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INTRODUCTION

Iron deficiency anemia (IDA) commonly
affects women for a significant portion of
their lives due to factors such asinadequate
diet, menstruation, pregnancy, and
childbirth. IDA is one of the leading causes
of disability among women worldwide,
including the developed countries (1).
Depending on the level of development in
various geographical regions, prevalence
rates range from 4% to 35% (2, 3). Although
many have implemented
support and screening programs aimed at
preventing IDA in childhood and pregnancy,
and allocate substantial resources for this
purpose, unfortunately not the same level of
attention is given to women of reproductive
age (4-6).

countries

Iron, a critical element for living cells, not
only supports the production of red blood
cells but also regulates both innate and
adaptive immunity (7, 8). In both children
andadults, IDAismorefrequently associated
with infections compared to the general
population (9,10). Consequently, adults with
IDA, particularly women of reproductive
age where IDA prevalence is high, are
often observed to present to hospitals
with frequent infections. Immunologists
typically conduct certain immunological
screening tests for patients presenting with
or referred to immunology clinics due to
frequent infections, especially those who
answer affirmatively to one or more of the
guestions recommended by the European
Society for Immunodeficiencies (ESID) for
assessing immunodeficiency (11). Screening
generally begins with the measurement of
immunoglobulins G, A, and M, as antibody
deficiency-related immunodeficiencies
are the most commonly observed types
in adults. Further testing may include
evaluating immunoglobulin G subclasses,
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vaccine responses, lymphocyte subset
measurements, B lymphocyte class
switch recombination (CSR), T lymphocyte
activation studies, neutrophil oxidative burst
tests, measurement of complement levels
or genetic testing and more, depending
on the patient's medical history. The
clinician then applies the tests considered
appropriate.

the iron

in  women,

Considering
deficiency along with the
associated decrease in quality of life
and the financial burden of hospital
admissions, this remains highly
relevant, and many immunological aspects
have yet to be fully elucidated. Recent
studies have discussed iron's effects on
innate immunity, particularly regarding
neutrophil recruitment and oxidative burst,
macrophage polarization, and natural
killer (NK) cell activity (7, 12). Regarding
adaptive immune responses, research
has shown that in IDA, the activation and
differentiation of Th1 and Th2 cells, as well
as the production of immunoglobulins by
antigen-stimulated B cells, are affected (7,
13,14). An important topic related to B cells
is the formation of memory cells, which
ensure lifelong immunity to the infecting
pathogen following a single infection. To our
knowledge, no studies have yet examined
the impact of iron deficiency (ID) and IDA
on the class of switch recombination (CSR)
capabilities of B cells, which are crucial for
their transformation into memory B cells
(MBCs), particularly in humans.

prevalence of

issue

The aim of this study was to investigate
whether iron deficiency (ID) and iron
deficiency anemia (IDA) affect the
circulating levels of memory-type B cells
formed through class switch recombination
of mature Blymphocytesin premenopausal
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women. Additionally, the study evaluates
lymphocyte subsets, absolute cell counts,
and immunoglobulin levels and subclasses.

MATERIALS and METHODS
Study Design

This study included premenopausal women
reported frequent infections and
consequently presented to or were referred
to the Immunology Clinic of the Department
of Clinical Immunology and Allergy at
Medical Faculty of Necmettin Erbakan
University between January 1, 2017, and
January 1, 2024. All patients were screened
using the six ESID Warning Signs questions;
those with any positive response, verified
through the national health database
(radiology, prescriptions, physicianrecords),
underwent further immunoglobulin and
flow cytometric screening, and additional
tests were performed only when clinically
indicated. Patients who were not suspected
to have primary immunodeficiency after
clinicion-directed evaluation, and further
investigations concluded,
included in the study.

who

were were

The subjects were categorized into three
groups: those with iron deficiency (ID),
those with iron deficiency anemia (IDA),
and a control group with normal ferritin and
hemoglobin levels. The results of the ESID
warning signs and immunological workup
data were compared among these groups.

Premenopausal women aged between 18
and 50 years who presented with frequent
infections and had findings consistent
with at least one of the ESID warning signs
were included in the study. All participants
clinical  and  laboratory
evaluations, and those in whom primary

underwent
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immunodeficiency was not suspected after
clinician-directed workup were considered
eligible.

Exclusion criteria comprised of pregnancy or
lactation and having received iron therapy
within the past three months. Patients
receiving steroids, immunosuppressants,
cytotoxic agents, or biological agents that
could affect immunoglobulin levels for any
indication were excluded, as were those with
oncological, hematological, or treatment-
requiring rhreumatological diseases, cancer,
or active chronic inflammatory conditions.
Other exclusion factors involved alternative
causes of anemia such as thalassemia
trait or hemolytic anemia, a history of
major hemorrhagic events, recent major
surgery or blood transfusion within three
months, and conditions associated with
protein-energy malnutrition such as eating
disorders.

Data Collection

Of the 248 women aged 18-50 initially
considered for the study, 68 were excluded
due to immunodeficiency diagnosis
various rheumatological
diseases, immunosuppressive treatments,
thalassemia trait, malignancy, pregnancy,
lactation, data insufficiency, or ongoing
iron therapy. The study ultimately included
180 subjects: 34 with IDA, 65 with ID, and 81
with normal hemoglobin and ferritin levels
(control).

or suspicion,

The patients’ positive responses to one
or more of the six ESID warning signs
were recorded. Before proceeding with
advanced immunological screening at the
clinic where the study was conducted, the
infectious diseases reported by the patients
were verified through radiological imaging,
prescriptions, or relevant physician reports
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obtainedfromthe nationalhealth database.
Additionally, immunological assessments
are routinely performed after recovery,
once clinical and laboratory findings are
appropriate, for patients with active signs
of infection.

The diagnosis of IDA was based on the
WHO criteria, which requires a hemoglobin
concentration of less than 120 g/L (12 g/dL)
and a ferritin level below 30 ug/L(15) For
the ID group, ferritin levels were below 30
ug/L, while hemoglobin levels were 120 g/L
or higher.

Laboratory Studies

Simultaneously measured hemoglobin and
ferritin levels, leukocyte and lymphocyte
counts, IgG, IgA, IgM, and IgG subclasses, as
well as lymphocyte subsets (CD3+, CD4+,
CD8+,CDI16+56+,CDI19+), the ratio of T helper
to T cytotoxic lymphocytes (CD4/CD8), and
class-switched memory B cells (CD27+IgM-
IgD-) percentages and absolute counts
were recorded using flow cytometry.

Complete blood count was performed
using an automatic blood counting device
(Beckman Coulter Corporation, Miami,
USA). For serum ferritin  measurement,
an Architect ferritin-assay kit was used
by  chemiluminescent  microparticle-
immunoassay technique.

Total serum Ig levels were measured
by nephelometry, using commercially
available kits (Date Behring Marburg GmbH,
Marburg, Germany).

Absolute  lymphocyte  counts  were
determined as the products of the white
blood cell (WBC) count and the percentage
lymphocyte proportion as measured by
the Mindray BC-6200 auto hematology
analyzer (Nanshan, Shenzhen, China). CD
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markers of lymphocyte subsets, CD27, IgD,
IgM expressions in the CDI9 complex were
analyzed using flow cytometry (BD Facs
Calibur; BD Biosciences, San Jose, USA).
Class switched memory B cells defined as
CDI19+CD27+IgM-IgD-.

Statistical Analysis

Data analyses were performed using the
SPSS software (v22; IBM Corp, Armonk,
NY, USA). Shapiro-Wilk and Kolmogorov-
Smirnov
normality of data distribution. ANOVA tests
(with Bonferroni correction) were used to
compare hemoglobin (Hg), hematocrit
(Htc), mean corpuscular volume (MCV),
ferritin, total lymphocyte count, and the
percentages and absolute numbers of
CD3+, CD4+, CD8+, CDb56+, CDI9+, and
CD27+ lymphocytes, as well as IgG and
IgG1 across the three groups. Data are
presented as means + standard deviation.
The Kruskal-Wallis H test (with Bonferroni
correction) was used to compare age, IgG2,
IgG3, 1IgG4, IgM, and IgA. These variables are
presented as medians with interquartile
ranges. The Pearson correlation test was
employed to assess the relationship
between hemoglobin and ferritin levels
with total lymphocytes, NK cells, memory B
cells (MBCs), IgG, and IgGl, which showed
significant  differences  between-group
analyses. The Chi-Square Test was used
for comparisons of positive findings in
ESID warning signs among the groups.
Significance was evaluated at a level of P
< 0.05.

tests were conducted for

Patients were evaluated after approval
was obtained from the Ethics Committee
(Decision N0:2024/5084, 5 July 2024). The
study was conducted under the principles
of the Declaration of Helsinki.
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RESULTS are indicative of potential inborn errors
of immunity, there were no significant
differences between the groups regarding
the frequency of infections requiring annual
antibiotic use, recurrent infections, and
prolonged antibiotic needs. However, there
was a significant increase in the incidence
of having experienced two or more
radiologically proven pneumonias in the
past three years in the IDA group compared
to the control group (p=0.021, Table 2). When
ESID Warning Signs Findings patients with recurrent pneumonia across
all groups were analyzed separately, the
only significant difference compared to

Demographic Characteristics

Age, mean hemoglobin (Hg), hematocrit
(Htc), mean corpuscular volume (MCV),
and ferritin values are shown in Table 1. As
expected, the data for Hg, Htc, and MCV
in the IDA group were significantly lower
compared to the ID and control groups.
For ferritin, however, there were significant
differences among all three groups.

Among the cases presenting with
complaints of frequent infections, which

Table 1: Baseline demografic data

Patients with iron Patients with Control
Ref deficiency anemia iron deficiency F/H P

(n=34) (n=65) (n=81)
Age (years) 36 (27-42) 29 (25-35) 33 (25-40) 5.21 0.073
Hb (g/dL) 121-17.2 11.02 £1.25 135+0.74 13.65 +.83 112.69 <0.001
McV (fL) 82.2-99 78.49 £7.54 86.45+4,45 87.20 5.2 29.48 <0.001

() —

Hte (%) %%‘3 3434 £6.40 409+22 4119 +234 53.94 <0.001
Ferritin (ng/ ;5 595 10.53 +6.07 185+8.8 39.92 +13] 107.73 <0.001

mL)

Values are presented as mean * standard deviation (SD) for normally distributed data, and as median (interquartile
range, IQR) for non-normally distributed data.

ANOVA F-values and Kruskal-Wallis H-values with their corresponding p-values are shown for between-group comparisons.
A p-value less than 0.05 is considered statistically significant and is shown in bold.

Table 2. Distribution of ESID warning signs among study groups

Iron
Control 4o Sof
ESID Warning Signs Iron Deficiency Deflt:|er.|cy . p
- (n=65) Anemia
(n=81)
(n=34)
Four or more infections requiring antibiotics
within one year (otitis, bronchitis, sinusitis) 57 (58.9) 50 (47:3) 24(247) e Ree
Recurring |nfe¢.:t|.on's or infection requiring 29 ( 3 0.2) 29 ( 9 4.2) 6 (] 2.7) 179 0,41
prolonged antibiotic therapy
Two or more severe bacterial infections 5 . . _ NA
(osteomyelitis, meningitis, septicemida, cellulitis)
T\{vo .or more radiologically proven pneumonia 8 (17) 8 (9.4) 10 (4.9) 277 0,021
within 3 years
Infection with unusual localization or unusual . 0 . _ A

pathogen
PID in the family - = - - -

PID: Primary immune deficiency, ESID: European Society for Immunodeficiencies, expected values according to Chi-Square
(x?) test are given in parentheses, significance value is p < 0.05
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those without recurrent pneumonia was
in hemoglobin levels (p=0.007). Due to the
low incidence of serious infections such as
sepsis and meningitis, as well as infections
with unusual localization or pathogens,
no comparative statistical analysis was
performed for these categories.

Lymphocyte and Subgroup Counts and
Ratios

According to the results of the ANOVA test,
there were significant differences between

the three groups in total lymphocyte
counts and the number of CDI6+56+
natural killer (NK) lymphocytes. The total
lymphocyte count and NK cell
were significantly lower in the IDA group
compared to the control group (p=0.006
and 0.016, respectively). There were no
differences between the groups in terms
of the percentages and absolute counts of

count

other lymphocyte subgroups or the ratio of
T helper to T cytotoxic lymphocytes (CD4+/
CD8+) (Table 3).

Table 3: Total lymphocyte counts, subgroup percentages and absolute numbers, memory B Cell counts, and percentages

within B Cells

Patients with

Patients with

iron deficiency Control
anemia iron deficiency 1)
(n=34) (n=65) F P
Mean = Std Mean = Std Mean = Std
Ref . .. . .. . ..
deviation deviation deviation
Lymphocyte count (cells/pL) 800- 2275.88
cogp 19618160895  2189.06+6637 0 498  0.008
CD3+ T lymphocyte (%) 62-88  7711+6.97 75.8+7.82 7617579 043 0435
CD3+ T lymphocyte count (cells/pL) 678- 1709.70
s e
soos 150163 £500.80 17373715 50894 199 0067
CD19+ B lymphocyte (%) 63-20  10.00 £3.92 10.54+4.26 1039382 021 0409
CD19+ Blymphocyte count (cells/pL) 95?5' 20316 £11123 2421441313 235050142 123 0170
0y —
CDI6+56+ NK cells (%) 2322 896 +4.26 0584435 1027410 126 0317
CD16+56+ NK cells count (cells/pL) 45 1677149029 2162741604 23049 400  0.020
523 +109.37
L) —
D4+ (helper) T lymphocyte (%) 3;3]’ 4651 £9.3] 4350+7.63 4443721 214 024
cD4+ (helper) T lymphocyte count 414- 1004.23
20.96 +360. 9045182 . .
T 6y 9209636034 1008.90+4518 i 069 039
CD8+(cytotoxic) Tlymphocytes (%) 2% 3028 £7.85 20204648 280+68] 046 0254
CD8+ (cytotoxic) T lymphocytes (cells/ L e e 649.68 190 Gied
HL) 1038 +232.42
CD4+/CD8+ ratio 165 £0.53 161+0.64 167 £.64 013 0607
CD19+CD27+igD~ (memory) B Sy 1219 +45] 13.96+6.17 1440 844 315  0.045
lymphocytes (%) 18.3
CD19+CD27+IgD- (memory) B 18-40 21911052 309741496 338071862 591  0.003

lymphocytes (cells/pL)

The ANOVA test results with F and p values are presented. A p-value less than 0.05 is considered statistically significant and
is shown in bold. Abbreviations: NK: Natural killer; CD3*: Total T lymphocytes; CD4*: Helper T lymphocytes; CD8": Cytotoxic T
lymphocytes; CD19*: B lymphocytes; MBC: Memory B cells; %: Percentage within the parent lymphocyte population.
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Memory B Cell Percentages and Counts

Comparedtothe controlgroup, asignificant
decrease in the percentage of isotypic
switching memory B cells expressing
CDI19+CD27+IgM-IgD- was observed in the
IDA group (p=0.042). Additionally, there
were significant differences in memory B
cell counts between the IDA and control
groups as well as between the IDA and ID
groups, with lower counts observed in the
IDA group (p=0.02 and 0.025, respectively;
Table 3).

Immunoglobulins

ANOVA  testing revealed  significant
differences in IgG and IgGl levels between
the groups. Notably, IgG levels differed
between the control and IDA groups
(p=0.014). For IgGl, significant disparities
were observed between the IDA and control
groups, as well as between the IDA and
ID groups (p=0.002 and 0.01], respectively,
Figure 1). In contrast, for immunoglobulins
IgG3, 1gG4, IgM, and IgA, which do not
follow a normal distribution, the Kruskal-
Wallis H test showed no significant group
differences (Table 4).

Mige
Hige1

NoDeDea

Figure 1. Bar graph showing mean serum IgG and IgGl
levels in the control, ID, and IDA groups.
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Correlation Analyses

Correlation analyses revealed significant
relationships between hemoglobin levels
and total lymphocyte count (r=0177,
p=0.018), MBC count (r=0.240, p=0.001), and
NK cell count (r=0.186,p=0.013).No significant
correlations
hemoglobin levels and MBC percentages,
NK percentages, or IgG and IgGl levels.

were observed between

Ferritin levels were positively correlated
with total lymphocyte count and albsolute
MBC count (r=021, p=0.023, and r=0.2],
p=0.04, respectively), but no correlation
was found with NK cell count (p=0.247).
Additionally, no significant correlations
were observed between ferritin levels and
immunoglobulins.

No correlation was observed between MBC
counts and IgGl levels, the two parameters
that showed a strong significancy against
IDA in the intergroup comparisons (r =
-0.034, p = 0.65, Table 5).

DISCUSSION

In the study, total lymphocyte counts
and NK cell counts were significantly
lower in premenopausal women with IDA
compared to those without IDA. Regarding
immunoglobulins, women with IDA had
reduced levels of IgG compared to the
control group, and their IgG1 levels were
lower than those in both other groups.
Although no significant differences were
found between the groups in terms of the
percentage and absolute number of B cells,
the percentage and absolute number of
memory B cells that had undergone isotypic
class switch were significantly lower in the
IDA group compared to the control group.

The analysis of the questions regarding the
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Table 4: iImmunoglobulins (IgG, IgA, IgM) and IgG Subclasses

Values are presented as meanststandart deviations for normally distributed data and median (IQR) for non-normailly
distributed data. ANOVA F-values and Kruskal-Wallis H-values with corresponding p-values are shown for between-group
comparisons. A p-value less than 0.05 is considered statistically significant and is presented in bold text.

Table 5: Pearson correlation coefficients (r) and p-values among hematologic, immunologic, and cellular parameters

Values are presented with their corresponding p-values. *p < 0.05, **p < 0.01, **p < 0.007; ns: not significant. Abbreviations:
Hg: Hemoglobin; MBC: Memory B cells; IgG: Immunoglobulin G; IgGT: Immunoglobulin G subclass 1; NK: CD16*CD56* natural
killer cells; % of lymphocytes: Proportion among total lymphocytes; % of B cells: Proportion among CD19* B lymphocytes.
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types and severity of frequent infections
revealed that the IDA group had a higher
incidence of recurrent pneumonia (more
than once in the last three years) compared
to the other two groups. The incidence of
serious infections, such as meningitis and
sepsis, was extremely low across all groups.
Incontrast, upper respiratory tractinfections
and sinusitis—relatively milder conditions—
were the most common types of infections
observed, with no significant differences
between the groups. Lower respiratory
tract infections, a major cause of mortality
worldwide, are increasingly observed in
children due to factors such as malnutrition,
overcrowding, and exposure to smoke
(16). In adults, who got immunodeficiency
primarily due to HIV infection, is a major risk
factor, the incidence of which is known to
increase during pregnancy (17). Regarding
IDA, while data indicate that in children, IDA
is associated with an increased incidence
of community-acquired pneumonia, such
data are lacking for adults, warranting
further extensive investigation (18, 19).

Analysis of laboratory parameters revealing
significant differences between groups
showed that total Ilymphocyte counts
were lower in the IDA group compared to
both the control and ID groups. Although
weak correlations were observed between
lymphocyte counts and both hemoglobin
and ferritin levels, it is our belief that the
presence of anemia was the primary factor
determining the significant differences
between groups, especially considering
the broader correlations of hemoglobin
with other parameters and the associated
p-values. Optimal levels of iron and
associated reactive oxygen species (ROS)
are essential for the production and
maturation of lymphocytes, as well as
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for the development and differentiation
of other hematopoietic stem cells
(HSCs). Low ROS levels are essential for
maintaining bone marrow quiescence
(imperturbability), while an increase in
ROS is required for HSC differentiation. (20)
Similar studies supporting the negative
impact of IDA on lymphocyte counts
through clinical findings exist (21, 22). These
studies particularly attribute the decrease
to reductions in CD3 T lymphocyte counts,
and in one study, additionally in CD4 T
lymphocytes (22). However, in the present
study, the observed intergroup differences
in total lymphocyte counts were due
to nonsignificant reductions across all
lymphocyte subgroups. The only subgroup
with a significant decrease, albeit the least
impactful on the total count, was the Natural
Killer (NK) cells expressing CDI6 and CD56.

The decrease in the number of NK cells in
the IDA group found in this study does not
directly indicate a decrease in their activity.
Therefore, no conclusions can be drawn
regarding IDA-induced NK cell functions.
However, Salomon et al. demonstrated that
NK activity in IDA mice infected with a virus
was lower compared to non-IDA mice (12).
This critical lymphocyte group, which plays
a role in the innate immune response, is
particularly important in defending against
large DNA viruses such as the Epstein-
Barr virus and Human Papillomavirus.
While marker changes in stressed cells are
sufficient for their activation, NK cells also
play a significant role in guiding adaptive
immune responses (23). NK cells are
known to have a multifaceted interaction
with B cells, involving IFNy-mediated viral
killing and subsequently influencing the
isotype-switching ability of B lymphocytes,
thereby impacting humoral immunity (24).
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Recently, NK cells have been targeted in the
development of drugs for viral and cancer
immunotherapy due to their multifaceted
crosstalk on adaptive immunity as well as
being strong killer innate cells (25, 26). The
iron balance in the organism is critically
important for these essential cells.

The question of whether the number and
function of B lymphocytes, the key cells
of humoral immunity, are affected by
IDA remains a topic of debate. Similar
studies support the findings of this study,
demonstrating that peripheral B cell
counts are not affected by IDA (21, 22).
While some publications conclude that
IDA does not influence immunoglobulin
levels and their subgroups, there are also
studies that have detected IDA-induced
decreases in IgG levels (8, 27, 28). In the
current study, IgG levels were found to be
lower in the IDA group compared to other
groups, with this difference being primarily
driven by a decrease in IgGl. However, for
a comprehensive assessment of humoral
immunity, it seems insufficient to measure
only the number of mature B lymphocytes
and immunoglobulin levels in the blood.
The activity of humoral immunity can
primarily be assessed by the ability of B
lymphocytes to differentiate into plasma
cells capable of producing specific
immunoglobulins in response to pathogen
stimulation. In addition, the formation of
memory B cells (MBCs), some of which
can rapidly differentiate into plasma cells
upon re-exposure to the same pathogen
and produce a specific immunoglobulin
response, while others migrate into the
germinal centers of lymphoid structures,isa
crucial component of the humoral immune
response. The MBCs thatrapidly differentiate
into plasma cells are predominantly of
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the IgG1 subtype, and once differentiated,
they retain the capacity to produce large
quantities of IgGl antibodies.(29) The
success of nearly all vaccines currently in
use is evaluated based on their ability to
induce B cell memory, specifically IgG1 type
MBCs (30). Although it can be hypothesized
that there may be a relationship between
the amount of IgGl and the number of
MBCs, which showed a significant difference
against IDA in the intergroup comparison,
there is insufficient evidence to support this
hypothesis, and no correlation was found
between the two.

Long-term protection against infection is
achieved through the two specific B cell
types mentioned above: long-lived plasma
cells that produce protective antibodies,
and memory B cells that can respond to
reinfection by pathogens and even their
variants (29). The differentiation into both
cell types occurs in the germinal centers
of lymphoid organs, mediated by T cells.
The activity of these two specialized cell
types can be observed in clinical studies
through various methods. The formation
and activity of short- and long-lived
plasma cells can be indirectly monitored
through post-vaccination antibody levels.
The effect of IDA on these cells was clearly
demonstrated by Jiang et al. in mice.
Specific short-term antibody production, as
well as long-term antibody levels observed
afterincluding booster doses, were found to
be significantly lower in iron-deficient mice
compared to the control group. Following
iron replacement, the formation of CD138+
plasma cells normalized. Furthermore, the
analysis of the spleens of vaccinated mice
revealed that those with IDA had fewer
germinal center regions (14). Considering
that memory B cells are derived from the
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same group of activated B cells in the
germinalcenterandcanrapidlydifferentiate
into plasma cells upon stimulation by the
same pathogen, it is plausible to conclude
that MBCs are affected by IDA similarly to
plasma cells. Consistent with this, Lehrke et
al. demonstrated in mice that an increase
in ROS is necessary for the proliferation
and class-switching capabilities of B cells,
a process mediated by iron-sulfur clusters
and their transporters (31). In this study,
the amount of circulating B cells that had
previously been exposed to antigen and
class switched into memory B cells (MBCs)
was evaluated using surface markers, along
with their percentage in non-activated
mature B lymphocytes. It is noteworthy
that anemia causes a decrease in total
lymphocyte counts; however, its negative
effectonmemoryBcell (MBC) counts occurs
without a significant reduction in overall
B cell levels. To the best of our knowledge,
this study is the first clinical research to
specifically investigate the impact of IDA
on the quantity of circulating MBCs. An
additional strength of our study is the use
of a well-defined premenopausal cohort,
the combined assessment of cellular,
humoral, and clinical parameters, and the
verification of infection history through the
national health database, which together
enhance the reliability and novelty of the
findings.

This study has a couple of limitations. First,
it was conducted in a single center with a
relatively small sample size. Clinical case-
control studies in this field usually involve
similar or smaller sample sizes.2l, 22, 27
An additional limitation of our study is
that all groups consisted of women who
presented with frequent infections, and
therefore, a truly healthy control group
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without recurrent infections was lacking.
This restricts the generalizability of our
findings to the broader population. Future
studies  should
healthy controls in order to better delineate
the specific immunological impact of iron
deficiency and iron deficiency anemia.
Third, the study assessed the number of
MBCs and their proportion in mature B cells
in blood samples. However, MBCs were
evaluated only by surface phenotyping
(CD19+CD27+IgM-IgD-), without performing
functional validation. While this approach
allows the identification of class-switched
memory-type B cells, it does not provide
information on their antigen specificity
or functional responsiveness, such as the
ability to differentiate into plasma cells upon
re-exposure to antigens. Finally, although
infection history was verified through
the national health database, thereby
reducing the risk of misreporting, some
degree of recall bias may still be present
due to the reliance on patient-reported
data. In this study, the observed relative
reduction in MBCs was presented together
with alterations in immunoglobulins and
NK cell counts, alongside the clinical
findings, in order to provide an integrated
perspective. Such an approach is rare
in adult cohorts and was intended to
contribute to the literature. Nevertheless,
definitive conclusions can only be drawn
in future studies with larger multicenter
cohorts, ideally including a truly healthy
control group. In addition, the inclusion of
functional tests such as cell activation or
vaccine response assessments may clarify
the interpretation of long-term immune
competence.

include infection-free
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CONCLUSION

In  conclusion, premenopausal women
with IDA showed reductions in lymphocyte
counts, NK cells, IgG and IgGl levels, and
memory B cells, together with a higher
frequency of recurrent pneumonia, which
may indicate a diminished capacity to
mount effective immune responses. While
our study aimed to provide an integrated
perspective by combining  cellular,
humoral, and clinical findings, the albsence
of a truly healthy control group and the
lack of functional validation limit definitive
interpretations regarding long-term
protective immunity. Future studies with
larger, multicenter cohorts and prospective
follow-up designs will be essential to
clarify the temporal course of infections
and immune parameters and to validate
these findings through functional assays
such as vaccine response evaluations.
Premenopausal women as a priority target
group for health interventions, as they play
a vital role in the well-being of society.

Conflict of Interest
The authors declare no conflicts of interest.
Financial Support

The authors received no financial support
for the research, authorship, or publication
of this article.

REFERENCES

1. Alem AZ, Efendi F, McKenna L, Felipe-Dimog EB, Chilot D,
Tonapa S|, et al. Prevalence and factors associated with
anemia in women of reproductive age across low- and
middle-income countries based on national data. Scientific
reports. 2023;13(1):20335.

2. Bernardi LA, Ghant MS, Andrade C, Recht H, Marsh EE. The
association between subjective assessment of menstrual

1176

bleeding and measures of iron deficiency anemia in
premenopausal  African-American  women: a  Cross-
sectional study. BMC women's health. 2016;16(1):50.

3. Safiri S, Kolahi AA, Noori M, Nejadghaderi SA, Karamzad
N, Bragazzi NL, et al. Burden of anemia and its underlying
causes in 204 countries and territories, 1990-2019: results
from the Global Burden of Disease Study 2019. Journal of
hematology & oncology. 2021;14(1):185.

4. Harding KB, Neufeld LM. Iron deficiency and anemia
control for infants and young children in malario-endemic
areas: a call to action and consensus among the research
community. Advances in nutrition (Bethesda, Md).
2012;3(4):551-4.

5. Paulino C, Nishijima M, Sarti FM. Association of Iron
Supplementation Programs with Iron-Deficiency Anemia
Outcomes among Children in Brazil. Nutrients. 2021;13(5).

6. Tam E, Keats EC, Rind F, Das JK, Bhutta AZA. Micronutrient
Supplementation and Fortification Interventions on Health
and Development Outcomes among Children Under-Five
in Low- and Middle-Income Countries: A Systematic Review
and Meta-Analysis. Nutrients. 2020;12(2).

7.Ni' S, Yuan Y, Kuang Y, Li X. Iron Metabolism and Immune
Regulation. Frontiers in immunology. 2022,13:816282.

8. Hassan TH, Badr MA, Karam NA, Zkaria M, El Saadany HF,
Abdel Rahman DM, et al. Impact of iron deficiency anemia
on the function of the immune system in children. Medicine.
2016;95(47)

9. Warner MJ, Kamran MT. Iron Deficiency Anemia.
StatPearls. Treasure Island (FL) ineligible companies.
Disclosure: Muhammad Kamran declares no relevant
financial relationships with ineligible companies.: StatPearls
Publishing LLC.; 2024.

10. Chiang CH, Li CY, Hu KC, Fu YH, Chiu CC, Hsia CC, et al.
The Association between Iron-Deficiency Anemia (IDA) and
Septic Arthritis (SA): The Real-World Data. Medicina (Kaunas,
Lithuania). 2022;58(5).

1. Yildiz £, Colkesen F, Evcen R, Sadi Aykan F, Kiling M, Arslan
S. Evaluation of the Effectiveness of the 6 Warning Signs of
the European Society for Immunodeficiencies for Primary
Immunodeficiencies in Older Adults. International archives
of allergy and immunology. 2024;185(4):402-10.

12. Littwitz-Salomon E, Moreira D, Frost JN, Choi C, Liou KT,
Ahern DK, et al. Metabolic requirements of NK cells during
the acute response against retroviral infection. Nature
communications. 2021:12(1):56376.

13. Pfeifhofer-Obermair C, Tymoszuk P, Nairz M, Schroll A, Klais
G, Demetz E, et al. Regulation of Th1 T Cell Differentiation by
Iron via Upregulation of T Cell Immunoglobulin and Mucin
Containing Protein-3 (TIM-3). Frontiers in immunology.
2021,12:637809.

14. Jiang Y, Li C, Wu Q, An P, Huang L, Wang J, et al. Iron-
dependent histone 3 lysine 9 demethylation controls B
cell proliferation and humoral immune responses. Nature
communications. 2019;10(1):2935.

15. Weyand AC, McGann PT, Sholzberg M. Sex specific
definitions of anaemia contribute to health inequity and
sociomedicalinjustice. The Lancet Haematology. 2022;9(1)6-
8.



Iron Deficiency and Immune Memory in Women - Onalan et al.

Genel Tip Dergisi

16. Reynolds JH, McDonald G, Alton H, Gordon SB. Pneumonia
in the immunocompetent patient. The British journal of
radiology. 2010;83(996):998-1009.

17. Shariatzadeh MR, Huang JQ, Tyrrell GJ, Johnson MM, Marrie
TJ. Bacteremic pneumococcal pneumonia: a prospective
study in Edmonton and neighboring municipalities.
Medicine. 2005;84(3):147-61.

18. Mourad S, Rajab M, Alameddine A, Fares M, Ziade F, Merhi
BA. Hemoglobin level as a risk factor for lower respiratory
tract infections in Lebanese children. North American journal
of medical sciences. 2010;2(10):461-6.

19. Stepan D, Dop D, Morosanu A, Vintilescu B, Niculescu C.
Implications of the Iron Deficiency in Lower Tract Respiratory
Acute Infections in Toddlers. Current health sciences journal.
2018:;44(4):362-7.

20. Ye ZW, Zhang J, Townsend DM, Tew KD. Oxidative stress,
redox regulation and diseases of cellular differentiation.
Biochimica et biophysica acta. 2015;1850(8):1607-21.

21. AIRajeh L, Zaher A, Alghamdi A, Alsheikh R, AlSultan O.
Effects of Iron Deficiency and Its Indicators on Lymphocyte
Subsets: A Study at King Fahd Hospital of the University,
Saudi Arabia. Journal of blood medicine. 2022;13:61-7.

22. Reza Keramati M, Sadeghian MH, Ayatollahi H, Mahmoudi
M, Khajedaluea M, Tavasolian H, et al. Peripheral Blood
Lymphocyte Subset Counts in Pre-menopausal Women with
Iron-Deficiency Anaemia. The Malaysian journal of medical
sciences : MJMS. 2011:18(1):38-44.

23. Gyurova IE, Ali A, Waggoner SN. Natural Killer Cell
Regulation of B Cell Responses in the Context of Viral
Infection. Viral immunology. 2020;33(4):334-41.

1177

24. Gao N, Dang T, Yuan D. IFN-gamma-dependent and
-independent initiation of switch recombination by
NK cells. Journal of immunology (Baltimore, Md : 1950).
2001,167(4):2011-8.

25. Lian G, Mak TS, Yu X, Lan HY. Challenges and Recent
Advances in NK Cell-Targeted Immunotherapies in Solid
Tumors. International journal of molecular sciences.
2021:23(1).

26. Duan S, Liu S. Targeting NK Cells for HIV-1 Treatment
and Reservoir Clearance. Frontiers in  immunology.
2022,13:842746.

27. Sadeghian MH, Keramati MR, Ayatollahi H, Manavifar L,
Enaiati H, Mahmoudi M. Serum immunoglobulins in patients
with iron deficiency anemia. Indian journal of hematology
& blood transfusion : an official journal of Indian Society of
Hematology and Blood Transfusion. 2010;26(2):45-8.

28. Demmouche A. Iron Deficiency Anemia in Children and
Alteration of the Immune System. Journal of Nutrition & Food
Sciences. 2014;05.

29. Akkaya M, Kwak K, Pierce SK. B cell memory: building
two walls of protection against pathogens. Nature reviews
Immunology. 2020,20(4):229-38.

30. Syeda MZ, Hong T, Huang C, Huang W, Mu Q. B cell
memory: from generation to reactivation: a multipronged
defense wall against pathogens. Cell death discovery.
2024:10(1):117.

31. Lehrke MJ, Shapiro MJ, Rajcula MJ, Kennedy MM, McCue SA,
Medina KL, et al. The mitochondrial iron transporter ABCB7
is required for B cell development, proliferation, and class
switch recombination in mice. elife. 2021;10.



