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Abstract Objective Children younger than 5 years, particularly children below 2 years, are
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among the most vulnerable groups for developing anemia and infections. This review is
intended to assess the association between anemia and childhood acute respiratory
infections (ARTIs), acute gastroenteritis (AGE), and urinary tract infections (UTIs).
Methods PubMed was searched for published articles from January 2000 to Au-
gust 2021 in English using the following terms: anemia and acute respiratory tract
infections in children; anemia and UTlIs in children; anemia and AGE in children. The
data extraction were conducted by two investigators using the same methodology.
Using descriptive statistics, the data from different sources were synthesized, including
medians and ranges.

Results A total of 426 articles and 27 original articles and 1 systematic review were
included. Iron deficiency anemia is common among children between 6 months and
3 years of age. This age group can be considered a highly susceptible age for
contraction of ARTI and AGE. Children below 5 years suffer five to six episodes of
acute ARTI per year on average, and pneumonia accounts for the highest number of
deaths, which is around 1.1 million each year. When considered, the odds ratio of
anemia to increase the susceptibility of contracting lower ARTI would range from 2 to
5.7. Also, anemic children were 10 times more susceptible to developing acute
recurrent ARTI and 4 times more susceptible to contracting pneumonia. Respiratory
syncytial virus is the commonest viral etiology. Anemia would increase the risk of
diarrhea by 2.9-fold in toddlers, while mild anemia, moderate anemia, and severe
anemia would increase the susceptibility to contract AGE by 1.6, 1.6, and 8.9 times,
respectively. Rotavirus is the commonest etiology. Some studies observed a protective
effect of mild to moderate iron-deficient anemia from respiratory infections.
Conclusion Infectious disease imposes a heavy burden on the health sector in a
country. The highest susceptibility for infections and the development of anemia would
be due to inadequate nutrition supplementation to meet the demand during rapid
body growth. Therefore, based on the available evidence, one can take the necessary
steps to reduce the infectious disease burden by correcting the anemia status in
children.
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Introduction

A person can be considered anemic when the blood hemo-
globin concentration is below 2 standard deviations below
the mean for age.' Blood hemoglobin concentration is af-
fected by different factors such as age, sex, altitude, ethnicity,
active and passive smoking, and pregnancy. Therefore, these
factors should be taken into the consideration and need to be
adjusted before diagnosing anemia in a child.?

Ineffective erythropoiesis, hemolysis, and blood loss are
the main mechanisms responsible for the development of
anemia. The most common contributing factors for anemia
are nutritional deficiencies, disease, and genetic hemoglobin
disorders. The three most common causes of anemia world-
wide are iron deficiency, hemoglobinopathies, and malaria.
Around 80% of hemoglobinopathies occur in low- and mid-
dle-income countries. Sickle cell disorder is the most com-
mon hemoglobinopathy, and it is predominant in sub-
Saharan Africa. The next in line is B- and «-thalassemia,
predominant in South-East Asia’

The World Health Organization estimates that approxi-
mately 2 billion people worldwide are suffering from anemia,
of which 50% is due to iron deficiency.* It is also assumed that
approximately 600 million preschool and school-aged chil-
dren suffer from anemia worldwide.” Around 40 to 50% of
children and adult women in the world are considered
anemic, and among its numerous types, iron deficiency
anemia is assumed to be affecting around 50% of school
children and women, and approximately 80% of preschool
children from 2 to 5 years old.* The prevalence of anemia
among children under 5 years in nonindustrialized countries
is estimated to be 39%, and in industrialized countries, it is
20%.2 Anemia accounts for approximately 9% of the global
total disability burden, and children under 5 years bear the
highest burden of anemia.>

Iron deficiency anemia affects children in numerous ways,
including growth, development, child mortality, and mor-
bidity. Also, iron deficiency anemia during infancy and
childhood can impair immunity, cognitive, and school per-
formance. It is also suggested that anemia increases heavy
metal absorption in children.?

Iron is an essential component to maintain proper im-
mune function, but the relationship with the disease con-
ditions is complex.’ Iron plays a vital role in both innate and
adaptive immunity. Intracellular iron promotes the release of
reactive oxygen species via activation of NF-kB (Nuclear
factor kappa B). The iron-dependent transcription factor
and hypoxia-inducible factor-1 o promote macrophages for
the production of antimicrobial peptides. Administration of
iron to iron-deficient patients has been shown to increase
tumor necrosis factor o (TNF-a), interleukin 10 (IL-10), and
IL.-6 mRNA expression in peripheral blood mononuclear
cells. Some animal studies have shown that reduced iron
levels for various reasons have shown low levels of mature B
cells and impaired T-cell development.’

In contrast, too much iron in the body is shown to be
detrimental to host defense mechanisms. Animal studies
have shown low levels of IL-6 and TNF-« against Salmonella
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infections when iron was overloaded. Also, children with
high amounts of intracellular iron have been shown to have
low levels of circulating TNF-a in the circulation.®’

Iron is an essential element required for the growth of
many pathogens. Therefore, the idea that iron deficiency
increases the susceptibility of the host to infections has been
controversial. Moreover, some studies have shown that iron
deficiency increases susceptibility to infections, while some
have shown that iron supplementation can increase the risk
of tuberculosis and malaria. Therefore, it is clear that there
needs to be further studies to decide the optimal iron level
needed for the adequate immune response against patho-
gens.” Acute infections are common among children and are
associated with high morbidity and mortality. Acute respi-
ratory tract infections (ARTIs), urinary tract infections (UTIs),
and gastroenteritis (GE) are common infectious entities in
children.® Out of the annual burden of 10 million deaths
among children under 5 years, a large proportion is associ-
ated with infectious diseases. Among the postneonatal
deaths due to infections, estimates and uncertainty bounds
include 22% of deaths attributed to diarrhea (14-30%),21% to
pneumonia (14-24%), 9% to malaria (6-13%), and 1% to
measles (1-9%). There is a high burden of infectious diseases
among developing countries. Some of the major social deter-
minants affecting the under-5 years’ mortality and morbidity
include poverty and malnutrition.® ARTI can be identified as
a significant cause of death in children under 5 years, and
anemia is the commonest cofactor in children seeking medi-
cal advice, especially in developing countries.'”

Past experiments have failed to establish an essential
relationship between infectious disease and iron deficiency
anemia as a risk factor.” However, some studies have suc-
cessfully shown an existing relationship between anemia
and risk of infections and recurrent infections. Under-5 age
group, particularly infants and children below 2 years, are
among the most vulnerable groups to developing anemia
and infections. This review is intended to assess the associ-
ation between anemia and childhood acute infections.

Materials and Methods

PubMed was searched for published articles from Janu-
ary 2000 to August 2021 in English using the following
terms: anemia and acute respiratory tract infections in
children; anemia and urinary tract infections in children;
anemia and acute gastroenteritis in children. The abstracts
and case reports were also included. Database searches were
followed by manual searches of bibliographies of selected
references. Since the numbers of studies are limited, all
articles were included for the review.

Using descriptive statistics, the data from different
sources were synthesized, including medians and ranges.
The searches and data extraction were conducted by two
investigators using the same methodology. In cases of
disagreements, results were reconciled through mutual
discussion. Using Comprehensive Meta-Analysis (CMA)
software odds ratios (OR), standardized mean differences
were calculated.
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Fig. 1 Summary of the literature review.

Results

PubMed searches and manual searches for studies on child-
hood anemia and development of ARTI, GE, and UTI found
426 articles screened based on title and abstract. A total of
108 full-text articles were assessed for their eligibility, and
80 articles were excluded based on the exclusion criteria
mentioned in the following. Thus, 27 original articles and 1
systematic review were included in the review (=Fig. 1).

This review highlights the results and conclusions based
on different studies to identify an existing relationship
between anemia and the risk of infections.

Anemia and Risk for Development of ARTIs

In Israel, Shmonah et al evaluated the association between
childhood iron deficiency anemia and recurrent acute otitis
media frequency. They assessed the impact of restoring
normal hemoglobin levels on the frequency of episodes of
acute otitis media. The study was done among 680 children
who get frequent episodes of acute otitis media. The study
showed a significant difference between the hemoglobin
concentrations of the study group and the control group
(p <0.01). Therefore, the study concluded that children with
anemia have a higher prevalence of acute otitis media
episodes than nonanemic children. It also found a direct
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relationship between the degree of anemia and the number
of acute otitis media episodes. Also, it showed that improving
the hemoglobin level significantly decreased the frequency
of episodes of acute otitis media in children (~Table 1).""

Another study was done in the Department of Pediatrics,
Amrita Institute of Medical Sciences and Research Centre
Kochi, Kerala, India. The study aimed to analyze the associa-
tion of hemoglobin level with the risk of acute lower respi-
ratory tract infection (LRTI) among children. It was a
prospective study, and 100 children aged 9 months to
16 years were included. Age- and sex-matched 100 children
without respiratory infections were taken as controls. The
study revealed that 74% of the study group and 33% of the
control group were anemic. Of the anemic cases, 60% had iron
deficiency anemia, 10% had chronic inflammation, and 4%
had hemolytic diseases. Furthermore, among the controls,
iron deficiency anemia, anemia due to chronic disease, and
hemolytic anemia were 30%, 2%, and 1%, respectively. The
study concluded that low hemoglobin level is a risk factor for
acute LRTI irrespective of the etiology of the anemia
(p=0.000). The study also concluded that children with
anemia were 5.75 times more at risk of getting LRTI than
the controls.'?

Another prospective case-control study was done in
Mysore, India, to identify modifiable risk factors for acute
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LRTI among children 1 month to 5 years of age. A total of 104
children with acute LRTI were taken as cases and 104 healthy
children as controls. The study identified several sociodemo-
graphic, nutritional, and environmental risk factors. The
authors found that anemia was a significant nutritional
risk factor (p < 0.05) for acute LRTL'3

Another prospective study has been done in the Pediatric
Department of Manipal Teaching Hospital, Pokhara, Nepal.
The study aimed to evaluate low hemoglobin concentration
as a risk factor for developing acute LRTI in children. It was
done among 150 cases and 140 controls belonging 1 month
to 5 years ago. The study showed that anemia is a significant
risk factor for acute LRTI (p < 0.001). Iron deficiency anemia
was the leading cause and anemic children were found to be
3.2 times more susceptible to developing acute LRTI than the
controls.'*

A prospective comparative study was conducted in the
Department of Pediatrics at Makassed General Hospital,
Beirut, Lebanon, aiming to determine the relationship be-
tween anemia and LRTI. They have employed 200 infants and
children from 9 months to 12 years. A hundred cases with
ARTIs and 100 age- and sex-matched healthy controls were
taken for the analysis. The study identified anemia as a risk
factor for LRTI (OR, 2.08; 95% confidence interval [CI], 1.03-
4.20; p=0.004), revealing that anemic children are twice
more susceptible to LRTI than the others. Also, the anemic
children had significantly higher rates of recurrent chest
infections (p =0.001). Iron deficiency anemia was found to
be the most common type of anemia.'”

Another prospective case-control study has been per-
formed among 220 children 1 month to 5 years of age in
Kashmir, Northern India. The study aimed to assess whether
a low hemoglobin level in children is a risk factor for acute
LRTI. According to the study, anemia was found among 71
(64.5%) in the study group and 31 (28.2%) in the control
group, and a higher risk to contract acute LRTIs (4.6 times)
was detected among anemic children (OR, 4.63; p <0.01).
Iron deficiency was predominant among anemic patients,
consisting of 78.9% of total anemic cases (p < 0.01).'°

Another case-control study in Nepal recruited 200 chil-
dren aged 6 months to 5 years to assess anemia as a risk
factor for acute LRTI. The study showed that 72% of cases and
34% of controls were anemic. Anemia was significant (OR,
4.99; 95% CI, 2.73-9.1), and iron deficiency anemia was
predominant.'®

Another case-control study was done in Egypt to deter-
mine the relationship between iron deficiency anemia and
pneumonia among children. The study included 50 children
with pneumonia and 50 age- and sex-matched controls. Age
of the participants ranged from 9 months to 6 years. Anemia
was a significant risk factor for pneumonia (OR, 4.03; 95% (I,
1.71-9.49; p=0.001). Iron deficiency was the most predom-
inant type of anemia. The recurrent acute LRTI was signifi-
cantly more common among anemic than nonanemic
children (OR, 15.55; 95% CI, 4.88-49.53; p <0.001)."”

A prospective study was done in Egypt to identify the
association between iron statuses as a predisposing factor for
pneumonia. It was carried out in the Pediatric Department,
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Al-Azhar University Hospital, Damietta, from February 2014
to February 2015, recruiting 300 children. These children
were divided into two equal groups based on the presence or
absence of pneumonia. The study group showed a significant
decrease in hemoglobin levels compared with the controls
(p=0.001). The study concluded that iron deficiency anemia
was significantly found among children with pneumonia;
hence, early and accurate identification of iron deficiency in
children and treating iron deficiency would decrease pneu-
monia in children.'®

One retrospective study performed in Romania compris-
ing toddlers (1-3 age group) aimed to identify a significant
association between anemia and ARTI and its associated risk
factors. The study group comprised 166 toddlers with acute
LRTI and 26 controls without ARTIs. The statistical analysis
showed a significant association between LRTI and anemia
(p=0.001; x* test). Furthermore, the study showed a signifi-
cant association between anemic status in a rural area
(p=0.023; ¥ test) and nonnatural nutrition (p < 0.001; x>
test).'?

A cross-sectional case-control study was done in Benha,
Egypt, to determine iron deficiency anemia as a risk factor for
acute LRTI in children younger than 5 years. In total, 100
cases and 100 age- and sex-matched controls were included.
Seventy-four percent of cases and 38% of controls were
anemic, and 60% of cases and 24% of controls had iron
deficiency anemia. Compared with controls, anemia was
high in the cases (OR, 4.64; 95% CI, 1.99-10.80), and iron
deficiency anemia was the most common type of anemia
among cases than controls (OR, 4.75; 95% CI, 2.02-11.14).
The study concluded that anemic children are four times
more susceptible to developing acute LRTIs (OR, 4.75; 95% CI,
2.02-11.14). Also, in both cases and control, anemic children
were 27 times more likely to develop recurrent acute LRTI
(OR, 27.60; 95% CI, 9.52-79.95). Also, recurrent acute LRTI
was high in children with iron deficiency anemia than non-
iron deficiency anemia (OR, 10.26; 95% CI, 3.91-26.81).2°

A retrospective study was conducted to identify the
association of anemia with acute LRTI in children below
5 years of age at a pediatric ward of a tertiary hospital in
Lalitpur, Nepal. It was done by recruiting 100 cases of acute
LRTI and 100 age- and sex-matched controls. Anemia
(p=0.002) and acute LRTI (p = 0.005) were predominant in
the 3 to 23 months’ age group. Anemia was a significant risk
factor for acute LRTI (OR, 2.68; 95% CI, 1.51-4.75; p < 0.001).
It also revealed that in the presence of anemia, the develop-
ment of acute LRTI was increased by 2.68 times compared
with nonanemic patients.21

A prospective study was done in Mumbai, India, to assess
anemia as a risk factor for acute LRTI in children aged
9 months to 5 years. In this study, 110 cases and 110 controls
were included for the analysis; the study found that anemia
is a significant risk factor for acute LRTI (OR, 3.59; p < 0.001)
and anemia increases susceptibility to develop LRTI by
3.59 times.?? Another study, which was conducted in Karad,
India, assessed the clinical profile, risk factors, and outcomes
of ALRIs in children. A prospective observational study
employed 130 children aged between 2 and 60 months
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with ALRIs (pneumonia, severe pneumonia, and very severe
pneumonia). A significant association (p < 0.05) was found
between malnutrition, anemia status, and acute LRTI in these
children. Anemia was found to be a significant risk factor for
severe pneumonia (p <0.05) and very severe pneumonia
(p<0.05).5

Effect of Anemia on the Severity of Pneumonia

A study was done in Quito, Ecuador, to determine the possible
interaction effects between ambient air pollution and malnu-
trition, particularly anemia as risk factor for pneumonia in
children. The study suggested that a higher degree of exposure
to air pollution in anemic children was significantly associated
with increased hospitalization due to pneumonia (OR, 6.82;
95%(Cl,1.45-32; p=0.015). They have observed that the OR for
hospitalization due to pneumonia in children with higher
exposure to air pollution has increased from 3.68 to 6.82 in
the presence of anemia. Furthermore, no difference in hospi-
talization by pollution exposure status was observed among
nonanemic children (OR, 1.04; p > 0.05). The study concluded
that anemia might interact with air pollution to increase
hospitalization due to pneumonia.>*

Studies Assessing Anemia and the Etiology of ARTIs,

AGE, and UTI

Among anemic children with acute LRTI, Staphylococcus aure-
us was identified as the most common pathogen,”> while
another study revealed Klebsiella spp. as the commonest
etiology, and Staphylococcus spp., Streptococcus pneumoniae,
Acinetobacter spp., and Escherichia coli were found significant-
ly.'* One study identified that in anemic children 43% of ARTIs
were viral in origin, and respiratory syncytial virus (RSV) was
the most common etiology. Among anemic children with acute
gastroenteritis (AGE), an etiology was detected in 65% of cases,
and from them, rotavirus was the commonest. Among UTI
patients with anemia, an etiology was detected in 82% of cases,
and E. coli was the commonest.>~'"

Pathophysiology: Anemia as a Risk Factor for Contracting
ARTI and AGE
The exact mechanism of anemia as a risk factor for develop-
ing infections is debatable. One proposed pathophysiology is
that neutrophils have a reduced capacity to kill bacterial
pathogens such as S. aureus due to reduced myeloperoxidase
activity. The reduction in absolute number and the propor-
tion of T cells in the circulation has defective DNA synthesis
due to decreased ribonucleotide reductase activity.'>

Hemoglobin is essential in oxygen and carbon dioxide
transport and acts as a buffer for nitric oxide. Also, it stabilizes
the oxygen pressure in tissues. A reduction of hemoglobin
concentration qualitatively or quantitatively would affect nor-
mal body functions.'%~'3 Alveolar macrophages are said to be
obtaining iron from metabolized red blood cells and the
plasma. Hence, in anemic states, their action can be retarded.
These could be the possible pathophysiology behind the
increased risk of ARTI in an anemic state.'%-'8

Iron is also essential for iron proteins such as hepcidin,
lactoferrin, siderocalin, haptoglobin, hemopexin, Nramp1,
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ferroportin, and transferrin receptors, which have crucial
roles related to innate immunity.18 Iron is required for the
proliferation and maturation of cells in the immune system,
specifically the lymphocytes, which carry out specific im-
mune responses against infections.® Also, studies suggest
significant impairment in bacterial killing by polymorpho-
nuclear leucocytes in individuals with iron deficiency.?® Also,
anemia results in low oxygen-carrying capacity in the pul-
monary vascular system and reduces the response against
pulmonary infections.

Iron deficiency, as well as malnutrition, is known to
increase the risk of contraction of GE. The gastric epithelium,
which has a high turnover rate, requires adequate nutrition
to maintain its mucosa’s integrity and absorptive functions.
Lack of tissue iron in chronic state results in defective
epithelial formation.? Also, the general weakening of the
immune responses due to anemia would increase the risk of
GE.

Anemia was not identified as a risk factor for developing
UTI in children even though immunity is impaired in an
anemic state. In the pathogenesis of UTI, hydration plays a
vital role along with structural abnormalities in the urinary
tract.®

Pneumonia impairs tissue oxygenation. Hypoxia is said to
increase mortality in pneumonia by two- to fivefold. Mean-
while, anemia also results in low oxygen delivery to tissues.
Therefore, an anemic child would experience more signifi-
cant hypoxia during an episode of pneumonia than a non-
anemic child. Also, when a child has a higher exposure to air
pollutants, the oxygen saturation is said to decrease signifi-
cantly (p < 0.001). Therefore, it can be assumed that anemia
and pollution exposure have an additive effect in increasing
hypoxia in a child with pneumonia, resulting in severe
disease.”

Studies Assessing Both ARTI and AGE in Children
A study has been performed among Bedouin infants in Israel
to find an association between anemia and infection. In this
study, 293 families and newborns from the Bedouin popula-
tion were included and followed up for 18 months. The
number of diarrhea and respiratory disease episodes and
the total number of days of diarrhea were noted. The study
showed that anemia at 6 months is an independent risk
factor for diarrhea and respiratory illness from 7 to
18 months of age even after controlling environmental and
socioeconomic factors. Anemia at 6 months of age was found
to increase diarrheal episodes by 2.9 times (95% CI, 1.6-5.3;
p=0.001) and respiratory illness by two times after that age
(1.1-3.7; p=0.03).2°

A cross-sectional study was done in Wardha district,
India, to investigate the prevalence of acute childhood mor-
bidities and the factors determining those and to assess the
mothers’ health-seeking behaviors. The study revealed a
59.9% prevalence of acute morbidities, including fever, cough
and cold, pneumonia, diarrhea, and dysentery. These mor-
bidities were significantly associated with anemia as well as
grades of anemia. Severe anemia was associated with the
highest prevalence of morbidities (90.9%), while moderate
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anemia, mild anemia, and nonanemia were found to have
morbidity prevalence of 63.7%, 62.4%, and 52.1%, respectively
(p <0.05). Children with mild anemia, moderate anemia, and
severe anemia were 1.56 (95% CI, 1.09-2.23), 1.57 (95% (I,
1.14-2.17), and 8.9 (95% CI, 1.17-70.83) times at risk of
developing an ARTI or AGE compared with children with
normal hemoglobin.?’

Anemia and Persistent Diarrhea

A study was done in Pondicherry, India, to identify risk
factors for persistent diarrhea and deaths. The study included
120 children between 1 month and 10 years of age, and
revealed that anemia was a risk factor for persistent diarrhea
in univariate analysis (p = 0.002; OR, 3.74; 95% (I, 1.55-9.15).
However, it was not significant in multivariate analysis.?®

Anemia and Development of UTI

Numerous studies have described the tendency of children
with sickle cell anemia to develop UTI. However, the patho-
physiology was due to the change in renal blood flow,
causing renal papillary necrosis and inability to concentrate
and acidifying urine precipitating microorganism growth.?°

Children with sickle cell anemia are more susceptible to
bacterial infections than the healthy population. Nevertheless,
several identified causes for the increased risk are functional
asplenia, defaulted complement activation system, micronu-
trient deficiencies, predisposing genetic factors, and mechan-
ical risk factors.3? Severe anemia is one of the complications of
sickle cell disease, and it is associated with several infections in
these patients, including upper respiratory tract infections,
malaria, osteomyelitis, acute chest syndrome, sepsis, and
UTIs3! There are numerous studies done to assess the infec-
tion risk of children with sickle cell disease, but those studies
are not included in this review.

In this study, 46 out of 96 (47.9%) cases of UTI had anemia.
The study reported that the development of UTI anemia was
neither a risk factor nor a protective factor (OR, 1.03; 95% CI,
0.78-1.40; p=0.09).>!

Hemoglobinopathies and Acute Respiratory Tract
Infections

Hemoglobinopathies would lead to an immunocompro-
mised state. Also, children with sickle cell anemia may
develop respiratory complications such as acute chest syn-
drome following viral influenza. The most extensive study
with administrative data from the United States assessed the
burden of influenza with sickle cell disease and found
children with sickle cell disease were hospitalized with
influenza at a rate 56 times that of children without sickle
cell disease (95% CI, 48-65). The review summarized several
high-quality observational studies and showed that sickle
cell disease is associated with increased severity and fre-
quency of influenza.3?

Studies with Iron Supplementation and Follow-up to
Assess the Infections

A study was done in Colombo, Sri Lanka, to identify the
effects of iron supplementation on iron status and morbidi-
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ty among children with or without infection. The study was
done in a community where the prevalence of anemia is
high. It was a longitudinal, randomized, controlled, double-
blinded supplementation trial done on children aged 5 to
10 years, attending the outpatients’ department of Child-
ren’s Hospital, Colombo, Sri Lanka. A total of 420 children
were taken and stratified based on age and sex, and oral
iron or a placebo was given randomly on a ratio of 3:1. The
occurrence of ARTI and AGE was assessed every 2 weeks.
Following 8 weeks of supplementation, the children were
reassessed. The children with infections who received iron
had 29% fewer ARTI episodes than those who received a
placebo and infectious episodes that were 40% less severe
than those who received a placebo. The study results
showed that iron supplementation improved body iron
status and reduced the contraction of infections in children.
Also, supplementation of iron may improve the quality of
life of these children while ensuring good school
attendance.>

Another study was done in children aged 2 to 48 months
to identify whether long-term oral iron supplementation
would increase the risk of childhood infections. However,
this study did not assess the efficacy of iron supplementation
on laboratory indices of iron status. The study showed a
higher number of episodes and number of days of dysentery
in <12-month-old than 12- to 24-month-old children. The
study concluded that daily oral iron supplementation to
young children reduces the incidence of dysentery, watery
diarrhea, or ARTL3*

Another study among Cambodian children aged 6 to
24 months showed efficacy and safety of administration of
iron and folic acid with and without the complement of 14
essential micronutrients. The study revealed that acute
respiratory infectious episodes (p = 0.014) were less frequent
in those who received the multiple micronutrient formula-
tion than in placebo. In contrast, watery stools (p=0.002)
were more frequent with supplementation with iron and
folic acid alone than in the placebo control group.> Another
study was done among infants in Santiago, Chile, and found
that the incidence of ARTI and diarrhea was not increased
after supplementation of iron-fortified milk3® A study
assessed the relationship between childhood anemia and
the frequency of recurrent acute otitis media and found that
correction of hemoglobin concentration would have reduced
the frequency of recurrent acute otitis media episodes
(p<0.05)."

Anemia and Development of Recurrent Infections

in Children

The study assessed the development of acute otitis media
episodes among children with iron deficiency anemia and
showed that the improvement of the hemoglobin concen-
tration would significantly reduce the number of episodes of
acute otitis media."’ Some studies revealed that anemic
children are more prone to contract recurrent chest infec-
tions'>'7?% and anemic children were 10 times more sus-
ceptible to contraction of recurrent chest infections than
nonanemic children (p < 0.05).20
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Studies That Do Not Support the Hypothesis: Anemia Is a Risk
Factor for Developing ARTIs, AGE, and UTI in Children
A study in Maputo province, rural southern Mozambique,
assessed the epidemiology and clinical presentation of RSV
infection and showed that anemic children have less fre-
quently contracted RSV infections (p < 0.05). Moreover, con-
traction of RSV infections was less in children with moderate
(OR, 0.4; 95% (I, 0.2-0.4) and severe anemia (OR, 0.2; 95% CI,
0.1-0.5).37 A study that assessed the risk factors for the
contraction of severe acute LRTI among children younger
than 5 years has concluded that anemia is not a significant
risk factor.>8

A study was done on children in Kilimanjaro, Tanzania, to
assess the association between iron deficiency anemia, the
contraction of infectious diseases, and cell-mediated immu-
nity. The study showed that the diagnosis of infectious
diseases was more common among children with iron
deficiency anemia; however, the association was insignifi-
cant. Moreover, the incidence of ARTI was lowest among
patients with moderate iron deficiency, with an adjusted
hazard ratio of 0.24 (p=0.030). The study concluded that
iron deficiency had no adverse outcome on cell-mediated
immunity, and moderate iron deficiency would protect
against ARTL>?

Discussion

Prevalence of anemia changes from low- to high-income
countries, from urban to rural areas, and across the globe
with the consumption of a nonnatural diet. In low- and
middle-income countries such as India, anemia is increas-
ingly prevalent among preschool children.?? There have been
studies to prove the association of anemia with the develop-
ment of ARTI, GE, and UTL'-3

Iron deficiency is a global health problem, and iron
deficiency anemia is common among children aged
6 months to 3 years. Similarly, this age group can be
considered a highly susceptible age for contraction of acute
LRTIs and AGE.'® Moreover, at the same time, acute LRTI
is the leading cause of mortality among children <5 years
of age,’® which is associated with 16% of deaths, and it is
more common in developing countries.?! Children below
5 years suffer five to six episodes of acute LRTI per year on
average, and pneumonia accounts for the highest number of
deaths, which is around 1.1 million each year.?? The highest
anemic population in the world is found in Southeast Asia,?°
while pneumonia is also prevalent in Southeast Asia
and Africa.?0

One study identified that the age group 3 to 23 months has
the highest number of acute LRTI patients from 1 month to
5 years,m which was in line with studies conducted on
children < 5 years and 9 months to 5 years age and found 3
to 23 months’ age group is vulnerable to develop both acute
LRTI and anemia.?’?? Another study identifies that ages
between 2 months and 1 year have the greatest number of
ARTIs. Moreover, the highest susceptibility to infections and
the development of anemia would be due to inadequate
nutrition supplementation to meet the demand during rapid
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body growth.'* A study from India recruiting children from
9 months to 16 years showed the maximum incidence of
ARTI among children < 6 years,'? and this would imply that
the incidence of acute LRTI decreases with age.??

Studies in children aged 6 months to 5 years and 9 months
to 16 years revealed age and sex were not significant for
contraction of acute LRTI,'>'® while some studies signified
no gender discrepancies related to contraction of acute
ARTIs.'®"® Some studies identified a male predomi-
nance,'*?3 and the possible reason for such may be the
preference given by families for male children, which is
common among Asian cultures.”> Some experts suspect
the low prevalence of acute LRTI in female children would
be due to the inherent immunity with an additional “X”
chromosome.?%23

Children aged 2 to 12 months had the highest number of
severe viral pneumonia, while those aged 13 to 60 months
had very severe form. Having the highest incidence of severe
pneumonia in children below 1 year could be due to poor
immunity, poor nutritional status, narrow and smaller air-
ways, frequent exposure to infections, and more susceptibil-
ity to bacterial and viral infections.??

Irrespective of the cause of anemia, many studies have
identified anemia as a risk factor for the contraction of acute
LRTL'? And some studies specifically identified that iron
deficiency anemia as a risk factor for developing acute
LRTL'*% particularly pneumonia.?> The early diagnosis
and prevention of anemia would help reduce the incidence
of acute LRTIL The studies have recommended the impor-
tance of screening for low hemoglobin levels in all infants at
the age of 9 to 12 months and, if clinically indicated,
additional screening before the age of 5 years. Moreover,
the study recommends commencing therapeutic oral iron
supplementation if screening tests are not available and
depending on clinical suspicion of iron deficiency anemia.??

In summary, the ORs of anemia to increase the susceptibili-
ty to contracting acute LRTI would range from 2 to
5.7.10.12.14-16.20-22 \foreover, anemic children were 10 times
more susceptible to developing acute recurrent chest infec-
tions?0~222%:31:34 3nd 4 times more susceptible to contracting
pneumonia.>~"-'-18 dentifying the modifiable risk factor
would help reduce mortality.®%'>2"-33 Anemia would in-
crease the risk of diarrhea by 2.9- to 3.3-fold in toddlers, 202?34
while mild anemia, moderate anemia, and severe anemia
would increase the susceptibility to contract AGE by 1.6, 1.6,
and 8.9 times, respectively.?’*?-31 The studies reported that
the development of UTI anemia was neither a risk factor nor a
protective factor®11:16-18.28 (_1aple 2).

Studies have been conducted to assess the effect of iron
supplementation on infection risk and morbidity, which may
help in proving our hypothesis. Some studies showed that
iron supplementation reduces the incidence of ARTIs.>?
Some studies observed a protective effect from mild to
moderate iron-deficient anemia to respiratory infections.
This dietary iron deficiency would have developed a nutri-
tional adaptation against infections. However, iron deficien-
cy has other adverse effects, such as growth retardation and
cognitive and motor function impairment in children.3%4
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Table 2 Summary of the systematic review
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Type of infection
Acute lower respiratory Acute Urinary tract
tract infections gastroenteritis infections
Odds ratio for the contraction of infections 2-5.7 2.9-33 0
among anemic children
References 10,12,14-16,20-22 8,9,15-21,32 8,11,16-18,30

It is difficult to identify iron deficiency anemia during
infections as body iron status might get affected by the
inflammatory process. Per the latest studies, iron deficiency
anemia can be identified more reliably with transferrin
saturation, which does not affect other factors such as
inflammation, infection, age, sex, or pregnancy.15 Our study
did not consider the methodology that the researchers used
to identify anemia in children.

The contribution of viral pathogens in these infections
maybe not be adequately analyzed in some studies due to the
unavailability of molecular and antigen detection facilities.?>

Conclusion

Anemia, particularly iron deficiency anemia, can significant-
ly contribute to morbidity and mortality among children
worldwide. Apart from the direct contribution of anemia to
mortality and morbidity, it can be identified as a risk factor
for infections among children. Numerous studies are proving
this association, and some studies have failed to identify any
existing association.

ARTIs, including pneumonia, can be identified as the
number one killer among children worldwide. Most studies
have been done to identify a relationship between ARTIs and
anemia, particularly iron deficiency anemia. Some studies
have shown a strong association between anemia and con-
traction of ARTIs and AGE. There was 2 to 5.7 times risk of
contracting LRTI among children with mild to moderate
anemia and 8.9 times risk of contracting AGE among children
with severe anemia.

A few studies have proved that there is no significant
association between anemia and UTIs in children. No articles
were found proving this association. Studies were done to
prove an association between anemia and infections by
prospectively studying the risk of infections following iron
supplementation. While most of the studies managed to
prove an association, some studies proved a negative
association.

Infectious disease imposes a heavy burden on the health
sector in a country. Therefore, the available evidence can help
us in taking the necessary steps to reduce the infectious
disease burden by correcting the anemia status in children.
Correcting nutritional anemia may break the vicious cycle of
anemia leading to infections and infections leading to
anemia.
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