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ABSTRACT

Objectives: Pediatric anemia is one of the major health problems in India and in many parts of the
world, as it results in reduced exercise tolerance, slower rate of growth, impaired development and
cognition, and delayed wound healing. Anemic children are also at a higher risk of death due to
complications associated with malnutrition and infection.

Aim: To evaluate the clinical features and the basic hematological parameters of anemia in
infants and children, in the age group of 6 months to 14 years. To study the morphological
patterns of different types of anemia on peripheral smear & correlate the corresponding clinical
presentation.

Methodology: The study was conducted on 100 patients between the age group of 6 months to 14
years in the pediatric ward of Sree Balaji Medical College & Hospital, Chennai. The hematological
analysis was made by using automated analyser (Sysmex KX-21 autoanalyser). The complete
haemogram was done from Peripheral smears for each participant. The reticulocyte count was
done by the supravital staining technique using Brilliant crystal blue. The experiments were done in
triplicates and statistical analysed were performed by using Graphpad Prism (Ver.5).

Results: The present study showed that anemia was more prevalent among male children than
female counterparts and pre- school children were severely affected. The commonest presenting
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common etiological type.

condition was acute gastroenteritis followed by respiratory symptoms. The most common
morphological type was microcytic hypochronic anemia and iron deficiency anemia was the most

Conclusion: Pediatric anemia is quiet common due to the fact that children are the most
vulnerable population for anemia to occur. This compels prompt screening and diagnosis at an
early stage through necessary investigations & utilization of available advanced technical
modalities in order to initiate timely treatment and management.

Keywords: Complete hemogram; Microcytic hypochromic anemia; Iron deficiency anemia; acute

gastroenteritis.
1. INTRODUCTION

Pediatric anemia is one of the major health
burden in India and in major parts of the world,
as it results in reduced exercise tolerance, slower
rate of growth, impaired development and
delayed wound healing [1]. Anemic children are
also at a higher risk of death due to
complications associated with malnutrition and
infection. Prevalence rate of anemia is an
essential indicator of the nutritional status within
the pediatric population. In the United States,
around 18% of the children and in the developing
countries about 82% of the children are anemic
[2] Because of these factors, the study of the
etiopathogenesis of anemia in infancy and
childhood has attracted wide attention in the
recent years in India [3,4].

In most children, anemia is asymptomatic but
has abnormal hemoglobin levels on routine
screening. A child with anemia would not always
have pallor or all other related symptoms, so
acquiring a complete history and elucidating
proper physical examination can help in
identifying the cause of anemia [2]. The iron
stores are easily restored during the first few
months of life even when the hemoglobin levels
tend to fall. Thus iron deficiency is very rare to
induce anemia until the reach of six months.
Glucose-6- phosphate dehydrogenase (G6PD)
deficiencies occur more commonly in males.
Habits Pica or geophagia usually results in iron
deficiency. History of recent drug use may
suggest G6PD deficiency or aplastic anemia and
so does viral illness cause red cell aplasia.
Recurrent diarrheal episodes show suspicion of
malabsorptive occult blood loss that occurs in
inflammatory bowel disease. The physical
examination constitutes an important aspect, but
is essentially normal in most children with
anemia. Findings that suggest chronic anemia
include irritability, pallor, glossitis, a systolic
cardiac murmur, delayed growth and changes in
the nailbed.

45

Acute anemia presents clinically with jaundice,
splenomegaly, tachypnoea, hematuria,
tachycardia and even congestive heart failure.
Anemia is defined as a reduced hemoglobin
concentration as compared to the levels in age-
matched controls. 2 in screening situations, when
anemia is encountered, the patient should
undergo a complete blood count evaluation
(CBC). Anemia can be classified into microcytic,
normocytic and macrocytic types based on the
Mean Corpuscular Volume (MCV) estimation.

Next, anemia work-up includes peripheral smear
examination and reticulocyte count
measurement. Peripheral smear indicate the
etiology of the anemia based on the red cell
morphology. Basophilic stippling representing
clumped ribosomes is in thalassemia syndromes,
iron deficiency anemia and lead poisoning.
Howell-Jolly bodies (nuclear fragments) are
noted in asplenia, pernicious anemia and severe
iron deficiency. The reticulocyte percentage is
essential in segregating anemia due to
decreased RBC production from a hemolytic
anemia (increased RBC destruction). Bone
marrow disorders or aplastic anemia show a low
reticulocyte count, whereas a hemolytic process
or active blood Iloss represents higher
reticulocyte count. Corrected reticulocyte counts
more than 1.5 indicates increased RBC
production [2,5,6].

If the diagnosis is still not clear after the analysis
of the initial laboratory findings, other
confirmatory studies may be required. In very low
MCV, serum iron level and total iron binding
capacity (TIBC) estimation is suggested. In case
of suspicion of hemolysis, G6PD assay,
hemoglobin electrophoresis, direct Coombs’ test,
lactate dehydrogenase (LDH), and bilirubin
(indirect) estimation may help in arriving at a
diagnosis. Anemic children with an elevated
MCV, requires vitamin B12 and folate to be
estimated in doubtful cases. [7,8,9]
Eenzymopathies by RBC enzyme panel,
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hereditary spherocytosis by osmotic fragility
testing, membranopathies by membrane protein
studies are other confirmatory tests that can be
employed. In certain circumstances, such as a
suspected hematologic malignancy, a bone
marrow aspiration may be indicated [10,
11,12,9,13].

Anemia most prevalent iron deficiency related
health complexity in India. The recent data
predicted that approximately 58.6% of children
are suffered from anemia. The women population
is more prone than men that accounts for 53.2%
of non-pregnant and 50.4% of pregnant women
were found to be anemic as in 2016 as per the
National Family Health Survey (NFHS) [14]. The
various patterns of anemia in children are often
represented by their underlying etiopathogenetic
factors while the investigation of anemia is
mainly hematological. For evaluating anemia, a
detailed clinical history combined with necessary
examination and complete blood counts with
peripheral smear examination are the basic
steps. In the current study, evaluation of the
hematological and the biochemical parameters, if
necessary, were done to classify the clinic
hematological patterns of anemia and their
etiology in children. The prospective of this study
was to identify the prevalence, patterns and the
various morphological types of pediatric anemia.

2. MATERIALS AND METHODS

The current study is a cross sectional, descriptive
study conducted on 100 patients in the age
group of 6 months to 14 years, who were
admitted to the pediatric ward of Sree Balaji
Medical College & Hospital, Chennai with anemia
and also those who presented with other
complaints and were incidentally found to have
anemia. The children with hemoglobin values of
less than 11 gm/dl in the age group of 6 months
to 6 years those with hemoglobin values of less
than 12 gm/dl in the age group of 6 to 14 years,
were included in the study which was conducted
from October 2017 to August 2019 after getting
ethical approval (Ref no. 002/SBMC/IHEC/
2018/1049).

A detailed history was elicited, a thorough clinical
examination undertaken and the data recorded in
the proforma. The required quantity of venous
blood was collected in EDTA tubes. The
collected blood was analyzed using Sysmex KX-
21 autoanalyser, having three part differentials,
from which the following parameters were
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obtained. Peripheral smears were prepared on
glass slides and stained with Leishman’s stain.
The reticulocyte count was done by the
supravital staining technique using Berilliant cresyl
blue.

No hemolytic anemia cases were suspected on
clinical and peripheral blood examination but
one, thereby no further hematological work up
including, osmotic fragility or Coomb’s test was
done, except for the one case warranting
hemoglobin  electrophoretic  analysis. The
statistical analysis was performed using
Graphpad Prism (Ver.5) and descriptive analysis
such as mean and standard deviation and
percentage were performed for each parameter
separately. Chi-square and independent t-test
were used for comparison Pearson’s correlation
tests were performed to examine the
relationships between hematological indicators.

3. RESULTS

The current study was carried out on 100 anemic
pediatric patients in the age group of 6 months to
14 years. These 100 patients were categorized
into three age groups namely infants, pre-school
and school- going children and their anemic
status was analyzed.

In the current study, pre-school children were
found to be the most affected thus constituting
48%, followed by 27% of school going children
and 25% of infants. The average age affected
was four years and three months with a standard
deviation of 8.88.

Among the infants 14 were males and 25 were
females. Among the pre-school children, 27 were
males and 21 were females. Among the school
going children, 19 were males and 8 were
females.

In the current study, eight out of 100 children
had mild degree of anemia amongst whom; five
were females and three males. Forty-four
children were found to have moderate degree of
anemia, amongst whom, 25 were males and 19
females. Severe degree of anemia was found in
48 children amongst whom, 30 were males and
18 were females.

Non-significance was observed between the
severity of the anemia and gender distribution
with the Yates Chi-square of 0.58; DF=2 and p-
value of 0.97.
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Fig. 1. Age wise distribution of pediatric anemia
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Fig. 2. Gender wise distribution of pediatric anemia
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Fig. 3. Gender wise distribution of pediatric anemia in different age groups
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Fig. 4. Gender wise gradation of pediatric anemia

In the current study, among 25 infants, 2 had
mild anemia, 9 had moderate anemia and 14 had
severe anemia. Out of the 48 pre-school
children, 4 had mild anemia, 21 had moderate
anemia and 23 had severe anemia. Out of the 27
school going children, 2 had mild anemia, 14 had
moderate anemia and 11 had severe anemia.
Among infants and pre-school children, severe
degree of anemia was more prevalent. Among
school going children, moderate degree of
anemia was more prevalent. This was found

48

statistically significant with the Yates Chi-square
value of 21, do = 4 and p-value < 0.001.

In the current study, the common presenting
symptoms were gastrointestinal including
vomiting, diarrhea and pain abdomen followed
by fever, respiratory symptoms and failure to
thrive. Jaundice, skin rashes, urinary complaints,

CNS manifestations, ear discharge and
facial puffiness were seen in a few
cases.
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Fig. 5. Age wise gradation of pediatric anemia
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Fig. 6. Common presenting symptoms
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Fig. 7. Common presenting signs
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Fig. 8. Associated general and systemic disorders
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Fig. 9. Distribution of anemia based on clinical diagnosis
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Fig. 10. Distribution of the morphological types of anemia

In this study, pallor was found in all the cases. In this study, gastrointestinal diseases were
The common signs included signs of most commonly associated with anemia,
dehydration, hepatosplenomegaly, fever, short followed by respiratory diseases, nutritional
stature, tachypnoea/ tachycardia and frontal disorders, CNS diseases and infectious
bossing. Flag sign, jaundice, pedal edema, diseases.

hemiperesis/ hemiplegia, dry skin, muscle

wasting, microcephaly and cervical

lymphadenopathy were seen in some cases.
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Fig. 11. Distribution of anemia based on etiology
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Fig. 12. Cross table showing comparative prevalence of morphological and etiological types of
anemia
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Fig. 13. IDA — Peripheral smear showing anisopoikilocytosis & microcytic hypochromic cells,
Leishman’s stain (X400)
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Fig. 14. Thalassemia minor — Hb electrophoresis graph showing increased HbA and HbF

In the current study, acute diarrheal diseases
followed by respiratory tract infections and

hypochromic anemia (47%) followed by
normocytic ~ hypochromic  anemia  (18%),

bronchopneumonia were the common clinical
diagnosis associated with anemia. Rickets,
bronchial asthma and dengue were the least
common clinical diagnosis.

In the current study, the most frequent
morphologic type of anemia was microcytic
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normocytic normochromic anemia (17%) and
dimorphic anemia (14%). Macrocytic anemia
(4%) was the least common morphological type.
In this study, iron deficiency anemia (56%) was
the most common type followed by anemia of
undetected etiology (31%). Megaloblastic anemia
(12%) with least common type being



Nilofer and Lilly; JPRI, 33(20A): 44-55, 2021; Article no.JPRI.66747

Thalassemia minor (1%). In the single case of
Thalassemia minor, the value of HbF, HbA2 and
HbA1c were 4.8, 3.6 and 8.0 respectively.

Out of the 12 cases of megaloblastic anemia,
four had macrocytic picture and eight had
dimorphic picture. The specific etiological factor
could not be definitively established in 31 cases
and these patients were grouped under the
category of anemia of undetected etiology and
one was being a thalassemia minor case.

4. DISCUSSION

Pediatric anemia is a crucial universal problem
[7]. It is a critical issue which has to be
addressed on a priority basis especially in the
developing countries.66 Nutritional anemia is a
recognized public health problem worldwide.8

Anemia is the most common nutritional
problem in India, affecting more than half of the
total population, particularly the children

and the pregnant women [15,16,17]. Given the
detrimental effects of iron deficiency anemia, its
prevention in childhood is an important
public health issue [6,2]. Patients with
hemoglobinopathies are commonly encountered
in hematology. Of these, the commonest disorder
in our country is thalassemia [18,19,20,21].

The clinic hematological patterns, the
morphologic and the etiologic types of anemia as
analyzed in the current study of 100 pediatric
anemia cases were compared with the other
similar studies. In the current study, microcytic

hypochromic anemia (47%) was the most
common type followed by normocytic
hypochromic  anemia  (18%), normocytic

normochromic anemia (17%), dimorphic anemia
(14%) and macrocytic anemia (4%). This finding
is in concurrence with the study by Kapur et al.,
wherein microcytic hypochromic anemia (43.2%)
was found to be the most common followed by
normocytic ~ hypochromic  anemia  (28%),
normocytic  normochromic  anemia  (17%),
dimorphic anemia (10%) and macrocytic anemia
(2.7%).

It was observed in the current study that,
thalassemia minor couldn’t be differentiated from
IDA on a peripheral smear. RDW helped in
distinguishing the two conditions. It was found to
be increased in IDA (mean RDW =21.04) and
decreased in thalassemia minor (RDW =16). Hb
electrophoresis and demonstration of HbF,
helped in the confirmation of diagnosis in the
case. Similar observations were noted in the

54

studies done by Madan et al. [22] Swarup [23]
and Mussarat Niazi et al. [18,22,24].

Thalassemia and other hemoglobinopathies
impose financial as well as emotional stress on
the patients and their families alike, besides the
draining valuable resources of our country.
Hence, screening for these diseases s
mandatory. Use of prenatal diagnostics and early
detection of these disorders would ensure
tremendous benefits and alleviation of suffering.

5. CONCLUSION

In the current study, the preschool children are
found to be the most affected. Hence, it is
recommended that, this age group s
compulsorily screened for anemia. A uniform
definition of screening criteria and an effective
system to respond to abnormalities is the need of
the hour. The current study was taken up,
keeping this need in view.
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