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Abstract

Background: Pneumonia is the biggest single cause of childhood death under the age of 5 years, and anemia affects
approximately 30% of infants and children all over the world. Aim: Determination of the relationship between anemia and
lower respiratory tract infection as a risk factor in Lebanese children. Patients and Methods: A total number of two
hundred infants and children aged nine months to twelve years were included; One hundred cases were hospitalized for
lower respiratory tract infection in Department of Pediatrics, Makassed General Hospital, and one hundred healthy, age and
sex matched controls, were selected from outpatient department. Complete blood count, iron level, ferritin level, and total
iron binding capacity were taken if hemoglobin level less than eleven gram per deci-liter. In addition peripheral blood
smear, chest radiograph and C-reactive protein were done to hospitalized cases. Definition of iron deficiency anemia and
normal laboratory values were predetermined. Results: Anemia was found in 32% of hospitalized cases and 16% of
healthy controls. Mean hemoglobin level was 9.99 + 0.62 gram per deci-liter and 11.99 + 0.92 gram per deci-liter in
anemic and non-anemic group respectively with a significant P-value of 0.001. C-reactive protein levels and number
hospitalization days were similar among the anemic and non-anemic group. History of recurrent chest infections was
significantly higher in both anemic group and hospitalized cases compared to non-anemic group and healthy controls. Low
hemoglobin level was a risk factor for lower respiratory tract infection with a P-value of 0.008. Conclusion: Anemic
children were two times more susceptible to lower respiratory tract infection compared to the control group, and iron
deficiency anemia was predominating. Accurate diagnosis and prevention of anemia, whatever its etiology, is essential.
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][ntrOduCtlon - fecti LRTD) includ 1 LRTI associated with anemia occurs more commonly in
ower respiratory tract infection ( ) includes a children than in adults, with anemia affecting

infections of the lungsl and the large airways below the approximately 30% of children all over the world [4, 5].
larynx. On average, children below 5 years Of age suffer Iron deficiency anemia in children occurs most frequently
aboiut > 10 6 episodes of LRTI per year, and still a burden between the age of 6 months and 3 years, the same period
until 12 years of age and more [1]. of age when repeated infections occur [6].

Pneumonia is the biggest single cause of childhood death
under the age of 5 years in developing countries [2].
Globally there are about three million deaths, less than 5
years of age, each year due to pneumonia. Of these deaths,
90 to 95% are in the developing countries [3].

Whatever the etiology of anemia, the relation between
low hemoglobin level and LRTI has not been fully
evaluated, and only few reports are available evaluating
this subject [7].
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The goal of this prospective study is to determine the
relationship between anemia as a risk factor and LRTI, in
Lebanese children aged 9 months to 12 years.

Patients and Methods

This prospective comparative study, approved by the
Institutional Review Board committee, was conducted in
Department of Pediatrics in Makassed General Hospital
(MGH) between September 2009 and April 2010. A total
of 200 children aging between 9 months and 12 years
were selected; 100 cases hospitalized for lower
respiratory tract infection (LRTI), and 100 healthy
controls without any respiratory problems, age and sex
matched, attending Out Patient Department.

Inclusion Criteria

We included in the study all hospitalized children aged
between 9 months and 12 years with a diagnosis of LRTI;
fever, cough, tachypnea, chest retractions, and ronchi or
crackles up on chest auscultation, as per WHO criteria [1,
8, 9]. Weight and height were recorded to all children in
order to assess the nutritional status. A written consent
was taken from parents or guardians before they were
subjected to investigations. The following laboratory tests
were done in all children: complete blood count, iron
level, ferritin level, tuberculosis skin test PPD test, and
total iron binding capacity (TIBC) if hemoglobin level
was below 11 g/dl. Hospitalized cases had in addition
peripheral blood smear, C-reactive protein level (CRP),
and chest radiograph.

Exclusion Criteria

Exclusion criteria included children with prematurity,
congenital chest wall malformations, severe systemic
illness (congenital heart disease, tuberculosis, etc),
chronic diseases (diabetes, hepatitis, liver failure, etc),
intake of iron supplements, and previous history of
infection in the control group.

Blood Screening

A trained phlebotomist drew blood from the antecubital
vein of each child. Sterile, disposable syringes and
needles, and proper tubes were used. The blood samples
were analyzed at MGH clinical laboratory for complete
blood count, iron level, ferritin level and TIBC.
Hemoglobin level was estimated in the blood samples
using an automatic blood cell counter. The cutoff point for
low hemoglobin (Hb) level was 11g/dl; meeting the
definition of anemia as Hb level being -2 standard
deviations (SD) below the mean for age, as fixed by
WHO [10]. Iron level and TIBC were measured using the
ferrozine method without deproteinization. Reference
ranges were 22 to 184pg/dl for iron level, and 228 to 428
pg/dl  for TIBC [I11]. As for ferritin, the
electrochemiluminescence "ECLIA" was used with a
cutoff point of 20 pg/l. The transferrin was measured by
immunoturbidimetry assay with 200-360 mg/dl reference
ranges [11]. Mentzer index was calculated through the
formula: Mean corpuscular volume MCV/RBC and the
transferrin  saturation through the formula: IRON
level/TIBC X 100 (normal values: 20-45%). CRP was
considered positive if > 0.3 mg/dl. The diagnosis of iron
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deficiency anemia (IDA) was diagnosed in the control
group when a low ferritin level was found with high TIBC,
as recommended by the centers of disease control
CDC/WHO expert groups on May 2004, being the most
valuable indicators of IDA [12].

Considering the fact that infection can affect iron panel
studies by increasing ferritin level (usually by more than
50 pg/l if iron deficiency is absent) [13], and decreasing
iron level and TIBC, the diagnosis of iron deficiency
anemia was done when at least 3 of the below parameters
were present: 1) low MCV level with specificity around
96% (not affected by infections) [14]; 2) smear showing
hypochromic microcytic anemia [15-17]; 3) red cell
distribution width RDW > 14.5 with a sensitivity of
92.1% and specificity of 90.9% in detecting IDA [18-20];
4) Mentzer index > 13.5 (with around 85% specificity and
sensitivity) [21, 22]; and 5) transferrrin saturation TS <
10% (with a specificity of 85% if below 15% and
sensitivity around 80%) [23-25].

Statistical Analysis

Data analysis was performed using statistical package of
social science (SPSS) version 16.0 for windows.
Numerical variables were reported in terms of mean and
standard deviation. Categorical variables were reported in
terms of numbers and percentages. Association of each of
the categorical variable with response variable was
assessed by Chi-square test. Variables showing
statistically significant association in univariate analysis
with the outcome variable were considered as risk factor.
Only those variables were subjected to multivariate
analysis. Logistic regression method was used to find the
risk factor for LRTI. In multivariate analysis, variables
showing P-value less than 0.05 were considered to be
statistically significant. The sample size, 100 in each
group, was found to be capable to detect a difference of
44% reduction in the percentage of anemia between cases
and control group with a = 5% and power 80%.

Results

A total of 200 infants and children aged between 9
Months and 12 years were enrolled in the study. One
hundred patients were admitted to the pediatric ward at
MGH with LRTI according to the inclusion criteria. Fifty
one percent were males and 49% females. Another 100
healthy controls were studied in the outpatient department,
52% were males and 48% females. Both groups age
ranged from 9 months to 12 years (Table 1).

Height and weight were recorded to all patients, and body
mass index (BMI) was calculated for children above 2
years. All infants and children studied were well
nourished. Hemoglobin level was considered low when
below 11g/dl, which is less than 2 standard deviation (SD),
as per WHO definition. Out of the total 200 infants and
children in the study, 48 were found to be anemic (24%
with 54% boys and 46% girls), with hemoglobin level
below 11 g/dl in 32% of cases admitted to pediatric ward
with a diagnosis of LRTI and in 16% of healthy controls,
which was significantly different with a P-value of 0.008
(Table 2).
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ATOTAL OF 48 ANEMIC
INFANTS AND CHILDREN

32 ANEMIC CASES 16 ANEMIC CONTROLLERS

-24 DA
-11IDA

-3 Thalassemia

-5 others
-5 others

Fig. 1 Repartition of anemic infants and children between cases

Table 1 Distribution of the patients according to the sex

200 Patients (9Months-12Years)

100 Cases 100 Controls
51% Males 52% Males
49% Females 48% Females

Table 2 Percentage of anemic and non anemic children in each
group

Groups Total P Value
Cases Control
(100) (100) (200)
Non-anemia
(Hb>=11) | 68.0%(68) 84.0%(84) 76%(152) 0.008
Anemia 32.0%(32) 16.0%(16) 24.0%(48)
(Hb<I11)

Table 3 Multivariate logistic regression analysis showing the
risk factor of LRTI

Risk factor | Adjusted OR 95% Lower CI Upper P Value

Anemia 2.08 1.03 4.20 0.04

CI: Confidence Interval, OR: Odds Ratio

Table 4 Comparison of positive CRP, hospitalization days and
Normal chest X-ray between anemic and non-anemic groups of
cases hospitalized for LRTI

Cases Positive CRP  Hospital stay =~ Normal chest
(Days) X-ray

Anemia 84.4%(27) 5.5(£3.2) 18.8%(6)

(n=32)

Non-anemia | 75%(51) 5,1(£2,5) 30.9%(21)

(n=68)

Total 78%(78) 5.25(x2.7) 27%(27)

(n=100)

P Value 0.29 0.58 0.2
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The anemic group considered in both hospitalized cases
and healthy controls has a mean age of 25 + 17.8 months.
When compared to non-anemic group in hospitalized
cases and healthy controls with mean age of 56.9 + 41.9
months was highly significant with a P-value of 0.001.
P-value was highly significant (0.001) between anemic
and non-anemic hospitalized cases with mean Hb level of
9.99 + 0.62g/dl and 11.99 £ 0.92 g/dl, respectively.
P-value was also very highly significant (P=0.0001)
between anemic and non-anemic healthy controls with
mean Hb level of 10.27 + 0.52¢g/dl and 12.27 + 0.75g/dl,
respectively. Comparisons between both non-anemic
groups was significant with P-value of 0.034, with mean
Hb level of 11.99 + 0.92g/dl of hospitalized cases and
12,27 £ 0, 75g/dl of healthy controls. Mild significance of
P-value (0.125) was found between anemic hospitalized
cases and healthy controls with mean Hb level of 9.99 +
0.62g/dl and 10.27 + 0.52g/dl respectively. As for
comparison between all hospitalized cases and healthy
controls P-value was highly significant with a P=0.0001.

Anemia was found to be a risk factor for LRTI with an
Odds Ratio of 2.08 with 95% interval confidence of 1.03 -
4.20 and a significant P-value of 0.004 (Table 3). This
means that children with Hb level below 11 g/dl were 2
times more susceptible to LRTI compared to the control

group.

Concerning the cases hospitalized for LRTI, anemic group
had a positive CRP in 84.4% (27), mean hospital stay of
5.5 (#3.2) days and normal chest X-ray in 18.8% (6)
comparing to 75% (51), 5.1(£ 2.5) days and 30.9% (21) of
non-anemic group, respectively, with a non significant
P-value between the 2 groups for positive CRP,
hospitalization days, and no significance concerning
normal chest radiograph finding, with 70% of all cases
with a picture of pneumonia in chest radiograph (Table 4).

From all 200 infants and children, 37.5% of anemic group
had a history of recurrent chest infections compared to
14.5% of non-anemic group, with a highly significant
P-value of 0.001 and even the difference between anemic
hospitalized cases and healthy controls was significant
with a P-value of 0.05. Family history of allergy was
found in 33.3% of anemic group comparing to 37.5% of
non-anemic group (P=0.83) .

Difference between anemic and non-anemic groups
concerning RDW, low MCV or both was significant with
P-value 0.0001. Mean RDW was 15.1 £ 2.3 in anemic
group and 13.1 £ 1.1 in non-anemic group. Low MCV
was found in 48 % (23) of anemic group and 5.3% (8) of
non-anemic group. However, we found a total of 48
infants and children in the anemic group, 32 from
hospitalized cases and 16 from healthy controls. Twenty
four of those met the criteria of IDA in anemic
hospitalized children (75%) and 11 (68.75%) in anemic
healthy controls (Fig. 1).

Discussion

The prevalence of anemia varies between developed and
developing countries. Reaching up to 50% of preschool
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children in some developing countries, ranging from 20%
to 67% across several Arab Gulf countries, and is
principally caused by iron deficiency. As many as 20% of
children in the United States and 80% of children in
developing countries will be anemic at some point by the
age of 18 years old [26-28]. In our study, 24% of the total
number of patients had Hb level below 11g/dl, with 32 %
of hospitalized cases and 16% of healthy controls. Mean
Hb level was 11.35 + 1.24¢g/dl in hospitalized cases and
11.95 + 1.03g/dl in healthy controls. Anemic group was
mainly below 5 years of age with no difference between
boys and girls. WHO global database on anemia, the
vitamin and mineral nutrition information system
(VMNIS) 1998 in Lebanon found that Hb level below 11
g/dl was approximately 24%, and it varied in 614
preschool children according to region distribution, from
a maximum percentage of 36.7% in South to 17 % in
Beirut similar to our percentage findings for low Hb level.

Acute LRTI is the leading cause of death in children
below 5 years. Identification of modifiable risk factors of
LRTI may help in reducing the burden of disease [29].
Literature reveals few studies on anemia in patients with
acute LRTI. Our study is one of the few studies evaluating
Hb level in acute LRTI, and the first one to be done
among Lebanese infants and children to our knowledge.

In comparison to the few other studies done on anemia
and LRTI, Ramakrishnan et al in 2006 found, in a study
of 200 infants and children between 9 months to 16 years,
that 74% of cases and 33 % of controls were anemic (with
80% and 82 % IDA, respectively). Boys were more
anemic than girls, and the anemic subjects were 5.7 times
more susceptible to LRTI [7]. Malla et al, in 2010 in a
study done on a total of 280 infants and children aged 1
Months to 5 years, recorded 68.6% of anemic cases and
21.4 % of anemic controls with mean Hb level of 9.8 g/dl
and 12 g/dl, 82% and 60 % of IDA, respectively. Eighty
three percent of the anemic group had a picture of
pneumonia on chest radiograph. Anemia due to mainly
IDA was a risk factor for LRTI with an Odds Ratio of 3.2
[6]. Bhaskaram et al in 2003 reported anemic cases with
71% IDA and 25% of anemic controls with 46 IDA. Out
of 159 children aged 3 to 5 years, the mean Hb level was
9.5 g/dl and 11.4g/dl in study and control group,
respectively. Normal chest radiograph was found in 17 %
of cases [30]. As for Broor et al, anemia was not found to
be a risk factor for LRTI in 512 infants and children
below 5 years of age; and normal radiograph was found in
21% of cases [29].

In our study, the percentages of overall anemia, and
anemia in both hospitalized cases and healthy controls,
were lower compared to the previous studies, unlike the
mean Hb level that was higher than values reported in
each group, and it is certainly due to the fact that these
countries (India, Nepal, Sri Lanka) in which the studies
were performed were of high prevalence of IDA
compared to Lebanon. A picture of pneumonia in chest
radiograph was significantly higher in the anemic group,
and this was also observed by Malla et al and Bhaskaram
et al [6, 30]. The severity of illness assessed by the
number of hospitalization days was similar in anemic and
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non-anemic groups. In our study, a history of recurrent
chest infections was significantly related to both anemic
group and hospitalized cases.

As for our main objective concerning Hb level as a risk
factor for LRTI, results varied from a study to another,
with no relation detected in one study [29], to a
susceptibility of 3.2 and 5.7 of anemic children having
LRTI in 2 other studies [6, 7]. In our study, we reported
an Odds Ratio of 2.07 with anemia being a risk factor for
LRTI. The prevalence of IDA was 35% of our total
population, which was approximately similar to the
percentage found by other authors, with anemia found to
be mainly IDA in both hospitalized cases and healthy
controls. Among preschool children living in
underprivileged communities in developing countries,
infectious diseases such as LRTI and IDA are often
coexistent [30]. Researchers have argued that any
inadequate supply of iron to body tissues is detrimental to
immunity [31]. The effects of IDA on immune function,
and increase in susceptibility to infections are well
established. Changes in iron status during commonly
occurring acute infections in children are not well
understood [30]. Because the number of the studies on the
iron state of the body in the course of an acute infection is
limited [14], and because infection or inflammation can
influence iron status [32], it is always very challenging to
exclude iron deficiency anemia in the context of
concomitant inflammation, and that’s why we tried to rely
on at least 3 to 5 different available parameters for us to
be as accurate as possible in diagnosing IDA alone or in
association with anemia of inflammation in the
hospitalized patients. Recent studies show that the
sensitivity and specificity of diagnosing IDA can be
improved by assessing transferrin iron saturation that does
not get affected by infection or inflammatory process, age,
sex or pregnancy [33-35].

WHO/CDC expert consultation [12] recommended
addition of transferrin receptor to hemoglobin and serum
ferritin for assessment of iron status in places where
infection is common. Recent work suggests that
measuring hepcidin levels (iron regulatory peptide) may
have future utility in distinguishing between anemia of
inflammation and IDA [36]. Iron concentrations have
frequently been quantified in pulmonary cells and
secretions and are observed to be increased; this supports
a disruption in iron homeostasis of the lower respiratory
tract. The usual source of iron in the lungs is serum iron
which is derived from catabolised erythrocytes and
absorbed iron [37]. Lower respiratory tract infection,
exaggerates iron deficient erythropoiesis by blocking
release of iron from the storage pools.

The sputum and lavage of patients with pneumonia will
demonstrate sideromacrophages, which reflect elevated
iron concentrations in the lower respiratory tract. With
infection, the host iron status can be critical; that’s why
the issue of whether altered iron homeostasis functions as
a primary pathogenic mechanism in lung injury is raised.
However, decreasing available iron through either
nutritional depletion or use of chelators directly impacts
such injury [38-40]. The interplay between iron and
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infection has been the subject of enduring debate in
nutritional immunology, primarily because iron deficiency
impairs components of cell mediated immunity [41].
Subsequently, iron does appear to participate directly to
immunity and lung injury which suggest several different
approaches to prevention and treatment of lung disease
[38].

Accordingly, our suggestions are:

Screening for Hb or hematocrit level at the age of 9 or 12
months for all full terms infants and 6 months for
premature and additional screening before the age of 5
years for patients at risk as American Academy of
Paediatrics (AAP) recommends [42].

The addition of transferrin receptor or other laboratory
tools, in addition to Hb and ferritin, to assess iron status in
hospitalized infected children, so we can diagnose properly
and treat IDA in these patients, as recommended by
CDC/WHO expert consultation [12].

If screening anaemia or measuring transferrin receptor is
not available for some reasons, then a therapeutic trial of
iron should be given, because of the simplicity, low cost
and relative safety for infants [43].

Whether to give iron supplementation during or after
infection is still controversial, with conflicting results from
previous studies, we mention that most studies that support
the hypothesis that iron treatment contributes to increased
risk of infection are based on data from populations living
in impoverished conditions [44].

Conclusion

In summary, studies on anaemia related to lower
respiratory  tract infections, the role of iron
supplementation in preventing the incidence and

recurrence of LRTT in infants and children are still lacking
in literature. Despite marked recent advances in
understanding anaemia, the diagnosis of IDA in the
presence of infection or inflammation is still very
challenging, therefore, we recommend the use of new
laboratory tools and anaemia screening, if not,
therapeutical trial of iron is considered when IDA is
highly suspected based on history and physical
examination with the unavailability to make the diagnosis.
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	Data analysis was performed using statistical package of social science (SPSS) version 16.0 for windows. Numerical variables were reported in terms of mean and standard deviation. Categorical variables were reported in terms of numbers and percentages. Association of each of the categorical variable with response variable was assessed by Chi-square test. Variables showing statistically significant association in univariate analysis with the outcome variable were considered as risk factor. Only those variables were subjected to multivariate analysis. Logistic regression method was used to find the risk factor for LRTI. In multivariate analysis, variables showing P-value less than 0.05 were considered to be statistically significant. The sample size, 100 in each group, was found to be capable to detect a difference of 44% reduction in the percentage of anemia between cases and control group with α = 5% and power 80%.

