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Background: Public health significance of anemia in children was classified as severe in India. Severe anemia (Hb < 7g/dL) significantly 
increases the risk of death. Critical diagnostic evaluation and a thorough work-up make the accurate diagnosis of intrinsic red cell 
abnormalities feasible. Review of etiology helps to formulate strategies to prevent them, and to know the degree of achievement of the targets. 
Objectives: The aim of the present study was to identify the etiology of severe anemia. Subjects and Methods: It is a retrospective record 
based study done at a tertiary care center. All new severe anemia cases aged 1 month to 18 yrs, which were admitted on Monday from Jan 2017 
to Dec 2017 were included. Previously worked up cases coming for transfusions and anemia due to bleeding were excluded. Details of history, 
physical examination and work-up were obtained for justification of diagnosis based on existing evidence. Results: 112 children were 
included. Mean age was 3.94 yrs (+/_3.52) (Range: 1 month-13 years), median and mode were 3 years. Male to female ratio was 1.95:1.  51% 
of severe anemia cases were due to iron deficiency. 11.6% had confirmed β-Thalassemia Trait (BTT) and 18.75% had suspected Thalassemia 
Trait (TT). Other causes of severe anemia were: folate deficiency (13.4%), B12 deficiency (1.8%), hereditary spherocytosis (HS) (7.1%), 
marrow replacement by acute leukemia (6.25%), aplastic anemia (2.7%), malaria (2.7%), and antiretroviral therapy induced anemia 
(0.9%). HS was the second most common cause of hemolytic anemia after thalassemias. Conclusion: Though a number of nutrition based 
initiatives have been initiated in the country, the burden of preventable iron deficiency, contributing to severe anemia cases is enormous, 
signifying the need for more effective programs to be implemented in India. Folate should be supplemented to all children with anemia 
irrespective of the cause. Essential workup with proper interpretation of investigations for arriving at diagnosis prior to transfusing the child is 
obligatory. 
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Introduction 

 
Anemia is defined physiologically as hemoglobin (Hb) level 
too low to meet cellular oxygen demands and statistically as 
Hb level <2 SD below the mean for age, gender, race, 
developmental stage and altitude levels. Indian national 
family health survey - 4 (2015 -16) reveals the prevalence of 
anemia ( Hb <11g/dL) in children aged 6-59 months as 
58.5%.[1] In developed countries it is less than 15%.[2] In 
India 1.8% (95% CI: 0.4 to 4.9) of children aged 6-59 
months have severe anemia (Hb < 7g/dL) and the level of 
public health significance was classified as severe, whereas 
it is 0-0.2% in developed nations.[2] Anemia is present at the 
time of paediatric intensive care unit (PICU) admission in 
33 % of children, and an additional 41 % develop anemia 
during their PICU stay. Severe anemia can significantly 
increase the risk of death. Only a red blood cell (RBC) 
transfusion can rapidly treat a severe anemia. In stable PICU 
patients, RBC transfusion is probably not required if the 
hemoglobin concentration is above 7 g/dL, unless the patient 
has a cyanotic cardiac condition.[3] Anemic children are 
susceptible to develop frequent infections and may present 

with infection. 
Anemia can be a result of decreased production (anemia in 
bone marrow failure syndromes), marrow replacement 
(malignancies, osteopetrosis and myelofibrosis), ineffective 
erythropoiesis (iron-deficiency anemia(IDA), lead 
poisoning, anemia of chronic disease, megaloblastic anemias 
due to B12 or folate deficiency), increased loss (due to 
trauma, bleeding, surgery, blood sampling), and destruction 
of red blood cells ( hemolytic anemias: immune hemolytic 
anemia, red cell membrane disorders, red cell enzyme 
deficiency, hemoglobinopathies, microangiopathic 
hemolytic anemias (MAHA), hemophagocytic 
lymphohistiocytosis (HLH), and hypersplenism).  
Anemia is also classified as microcytic, normocytic, or 
macrocytic according to the size of RBC. The most common 
causes of hypochromic microcytic anemia are IDA and 
thalassemia trait (TT). Some IDA patients may have 
normocytic RBC. IDA is highly prevalent in India and much 
larger population is having iron deficiency(ID) without 
anemia. Besides IDA, ID has several non-haematological 
consequences including effects on neurocognition and 
immune function. IDA risk is high during periods of rapid 
growth and erythroid expansion, especially in premature 
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neonates, toddlers, preschool children and adolescents. 
Association of ID with febrile convulsions, pica, breath 
holding spells, restless leg syndrome and thrombosis is 
increasingly being recognized. 
Macrocytic anemia needs evaluation for vitamin B12 and 
folate deficiencies, hypothyroidism, hepatic disease, and 
bone marrow disorders. B12 deficiency is caused by either 
inadequate intake, inadequate bio-availability or 
malabsorption. Low maternal B12 status, extended 
breastfeeding and a low intake of animal food after weaning 
are major risk factors for B12 deficiency.   
Hemoglobinopathies, the most common human monogenic 
disorders, are quantitative and/or qualitative abnormalities in 
Hb synthesis due to β- or an α-globin gene defects. Of these 
β thalassemia and sickle cell disease (SCD) are the most 
clinically significant public health problems. A repeat 
thalassaemia screen should be performed if microcytosis 
persists despite correction of ID. None of the Cell counter–
based formulas and parameters can be 100% sensitive and 
specific, maybe due to atypical β-thalassemia carriers, 
normal MCV and MCH values (α- and β-thalassemia 
interaction) and a normal HbA2 level (coinheritance of δ- 
and β-thalassemia, some mild β-gene mutations, and γδβ-
thalassemia), are therefore, important only for screening in 
areas of high prevalence of BTT, and these cases should 
undergo further confirmatory tests. 20-30% of α and β TT 
have coexistent ID, some even suffer from severe IDA and 
they improve if treated with iron [4-7]. Many non-
hematologist physicians may not be aware of the possible 
coexistence of ID with TT. Proper assessment of iron level 
among the TT should be done. 
Hereditary spherocytosis (HS) is a heterogeneous group of 
diseases affecting erythrocyte membrane proteins resulting 
in decreased deformability of the erythrocytes and their 
accelerated degradation in the spleen. A low reticulocyte 
count with normocytic anemia in infants and children 
suggests impaired bone marrow function.  
Usually, the presentation of anemia is non-urgent, and a 
thorough work-up can be planned. However, when urgent 
the physician needs to do critical diagnostic evaluation, 
collect and send the samples for necessary diagnostic tests 
prior to any intervention. Once transfused, the accurate 
diagnosis of intrinsic red cell abnormalities may be greatly 
delayed.  
Periodic review of etiology of severe anemia helps in 
planning and intensifying correcting programs. The present 
study is undertaken as evidence in India regarding severe 
anemia presenting to the hospital is inadequate in the recent 
past. 
 

Objective 
To identify the etiology of severe anemia (Hb <7gm/dL) in 
children, presenting to the tertiary care center. 
 

subjects and Methods 

 
This is a retrospective record based study done at a tertiary 
care center. Institutional permissions were obtained  for   the  
 

study. All new severe anemia cases in the age group of 1 
month to 18 yrs, which were admitted on Monday to the 
Department of Paediatrics at Niloufer Hospital from Jan 
2017 to Dec 2017 were included. Previously worked up 
cases coming for transfusions and anemia due to bleeding 
were excluded. Anemia due to bleeding was excluded as the 
immediate cause of anemia is apparent and etiology require 
different workup. Details of history, physical examination 
and work-up were obtained for justification of diagnosis 
from case records, online reports, Complete blood picture 
registers, Hb electrophoresis register and bone marrow 
register. Comparative analysis of indices was not 
undertaken, as it has been a subject of debate, and the 
study’s primary focus has been on etiology. 
In microcytic anemia serum ferritin (µg/l) < 12 in <5 years 
of age, < 15 in ≧5 years of age or transferrin saturation < 
15% were used to diagnose IDA [8, 9]. HbA2 value is 3.5-
8% in β-thalassemia trait (BTT). Patients with HbA2 ≥ 3.5% 
coincident with IDA considered as having IDA plus BTT.[10] 

Where Hb electrophoresis and iron studies were unavailable 
in microcytic anemia, Mentzer index (MI) (mean 
corpuscular volume in fl/red blood cell count in millions per 
cubic mm: <13 TT, >13 IDA) was used to describe probable 
etiology. Where mentzer index could not be used due to 
inadequate data, Shine and Lal (S&L) index (MCV2 × MCH 
× 0.01: <1530 TT, >1530 IDA) was used.[11] 
Patients suspected of megaloblastic anaemia on account of a 
raised mean corpuscular volume , were evaluated mostly by 
serum vitamin B12/folic acid assay, and in some by bone 
marrow examination. B12 < 221 pmol per litre was taken as 
deficiency.[12] Folate deficiency was determined according 
to the testing lab reference(<5.38 ng/ml).[13] By using 
correlation of low MCV, high MCHC, and increased RDW 
when clinical features were present, diagnosis of HS was 
kept as no such patient in the study group underwent 
definitive evaluation. Malaria was diagnosed using parasite 
V&F test when clinical features were present. Bone marrow 
examination was done wherever clinically indicated to 
diagnose marrow pathology. 
 
Statistical analysis was done using SPSS software. 
 

Results 

 
Total number of patients included in the study is 112. Mean 
age was 3.94 yrs (+/_3.52) (Range: 1 month-13 years), 
median and mode were 3 years. 74 were male, 38 were 
female, and male to female ratio was 1.95:1(P-value = 0). 
Numbers of children according to age groups were: 1month-
1year-25 (22.3%); 1-3yrs - 43 (38.4%); 3-5yrs- 15 (13.4%); 
5-10yrs-20 (17.8%) and >10 years 9 (8%). Hb mean(+-SD) 
was 5.33 g/dL(+/_1.34) Range1.8-7). Numbers of children 
according to confirmed or probable diagnosis are presented 
in [Table 1]. 
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Table 1: Numbers of children according to confirmed or 
probable diagnosis 
Diagnosis Frequency 

(%) 
Confirmed IDA (BTT excluded by electrophoresis) MI>13 5 (4.5)  
Confirmed IDA (BTT excluded by electrophoresis), 
MI<13/S&L Index<1530 (α-gene DNA analysis/BCB stain 
not done  
to exclude α-Thalassemia trait) 

8 (7.1) 

Confirmed IDA (BTT excluded by electrophoresis)  
-no indices-(α-gene DNA analysis/BCB stain not done  
to exclude α-Thalassemia trait) 

1 (0.9) 

Confirmed IDA (TT excluded by Mentzer index) 5 (4.5%) 
Confirmed IDA and BTT 7 (6.25%) 
Confirmed IDA and suspected TT(MI<13) 7(6.25%) 
Confirmed IDA with incomplete workup 
(no indices-electrophoresis for exclusion of TT) 

6 (5.35%) 

Suspected IDA (MI>13) (no iron studies/electrophoresis) 12 (10.7%) 
Suspected IDA (MI>13) (Hb electrophoresis-normal) 6 (5.35%) 
Folate deficiency (Coexistent with other disorders)(48 
tested) 

15 (13.4%) 

B12 deficiency 2 (1.8%) 
BTT (IDA excluded) 1 (0.9%) 
BTT (IDA not excluded) 5 (4.5%) 
Suspected TT (MI<13) 6 (5.35%) 
Sickle cell disease/trait 0 
Hereditary spherocytosis (HS) diagnosed by indices  
and clinical features (Hb Electrophoresis normal in 3) 

8 (7.1%) 

Marrow replacement by Acute leukemia 7 (6.25%) 
Aplastic anemia 3 (2.7%) 
Malaria 3 (2.7%) 
Antiretroviral therapy induced anemia 1 (0.9%) 
Incompletely worked up (no indices, no further workup)/ 
No Diagnosis 

19 (17%) 

Total 112 

 

Discussion 

 
Anemia control should be an integral part of total health care 
and socioeconomic development of the developing 
countries. From the current statistics, still India is in need for 
more robust programs which address this problem. In this 
study, we investigated the etiology of severe anemia. The 
findings showed that male children are at double the risk of 
female children for having severe anemia. Most authors 
have shown that there is no difference in the prevalence of 
anemia or hemoglobin concentration in terms of sex.[14] On 
the other hand, Torres et al. have demonstrated that the 
prevalence of anemia can vary between males and females; 
they have justified their findings by stating that “the higher 
prevalence of anemia among boys has to do with their 
higher growth rate; during the growth stage, their bodies 
demand a higher amount of iron, which cannot be supplied 
by the diet”.[14,15] 60.7% of the children were 1 month to 3 
years old. This is the age group, which is at high risk for 
severe anemia. Maternal iron deficiency will affect the 
breastfeeding infants. After the sixth month, iron stores are 
depleted and nutrition has a crucial role in the supply of this 
mineral to the infant. From the sixth to   the  twelfth  month,  

 
iron requirements increase with body weight, as the infant’s 
weight will have tripled by the end of the first year of life. 
Approximately 30% of the iron that is necessary for 
erythropoiesis should come from the food unlike 5% in 
adults who recycle iron.[14] A negative iron balance occurs if 
intake is inadequate. 39 (35%) children had confirmed IDA, 
18 (16%) had suspected IDA, making a total of 57 (51%) of 
severe anemia cases. The burden of preventable iron 
deficiency contributing to severe anemia cases is enormous, 
signifying the need for more effective programs to be 
implemented in India. 
Folate deficiency (15 (13.4% of total cases)) was observed 
in combination with IDA(10), suspected HS (3), and BTT 
(2) which can be prevented. 31%(15) of the cases tested for 
folate (48) had deficiency similar to a study.[16] Even higher 
proportion of deficiency was seen in a study which showed 
folate deficiency in 263 of 416 children aged 12 - 59 months 
(63.2%; 95% CI: 58.5-67.7%).[17] This stresses the need for 
supplementation of folate to children with anemia 
irrespective of the cause.  Though B12 deficiency is seen in 
1.8% of the study population, much higher proportion of 
cobalamin deficiency (<150 pmol/L) was detected in 36% of 
breastfed and 9% of nonbreastfed children in a study on 
children aged 6-30 months (n = 2482).[16] 180 of 469 
children aged 12-59 months had B12 deficiency in another 
study (38.4%; 95% Confidence Interval (CI): 34.1-
42.8%).[17] 
Although nutritional anaemia and communicable diseases 
are major health priorities, thalassaemia and other 
haemoglobinopathies also pose a significant public health 
problem in India. In India, β-thalassaemia comprises about 
80–90% of the total thalassaemias reported.[18] The overall 
carrier rate for the whole of India is 3-4%  for BT. 
Frequency for BTT is 1-17%, with high frequencies of 5-
17% in various groups. The overall prevalence of α 
thalassemia carriers (single α gene deletion) is around 13% 
but varies from 3% to 18% in the caste populations, 
however, it is very high in some tribal groups reaching over 
90% in some groups.[19] In the present study 13 (11.6%) had 
confirmed BTT and 21 (18.75%) had suspected TT. No case 
of  thalassemia major was seen in the study. A major 
programme for education and creation of awareness is 
required throughout the country to prevent adverse forms of 
BT. This must target medical professionals, health care 
workers and the general public. There is a need for micro-
mapping reaching out to the village level to get accurate 
figures on prevalence of thalassaemia. More centers for 
genetic counseling and prenatal diagnosis within reach to all 
couples must be established.[20] 
The knowledge regarding HS, that it can be diagnosed by 
using indices, is not popular among practicing clinicians. 
Newly diagnosed patients with a family history of HS, 
typical clinical features (splenomegaly) and laboratory 
investigations (spherocytes, raised MCHC >/=36, increase 
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in reticulocytes, MCV < 80 fl, RDW > 15, % hyperdense 
cells, % Microcytes) do not require any additional tests. If 
the diagnosis is equivocal, e.g. where there are a few 
spherocytes on the film but no other laboratory, clinical or 
family evidence, a screening test with high predictive value 
for HS is helpful. The recommended screening tests are the 
cryohemolysis test and eosin-5-maleimide(EMA)binding. 
Confirmation of diagnosis may be necessary in selected 
cases if the screening tests produce an equivocal or 
borderline result. Gel electrophoresis analysis of erythrocyte 
membranes is the method of choice.[21-23] Similar to our 
study, HS was the second most common cause of hemolytic 
anemia after thalassemias in an indian study.[24] 
No case of sickle cell anemia presented with severe anemia 
in the study group, although in India the sickle cell gene has 
been reported in various studies as 73% in tribal people, 
17% among scheduled castes, 9 % among backward castes 
and 1% among developed castes.[25] Malaria contributing to 
2.7% of the cases in the study, continues to be a significant 
public health problem. Bone marrow disorders contributed 
to 9% of the cases in the study. Anemia in children receiving 
antiretroviral therapy (ART) should be monitored and 
intervened. 
In developing countries of Africa malaria (95%), IDA 
(36.7%), and sickle cell anemia(31.7%) were the 
predominant causes indicating significant regional 
differences in the etiology of severe anemia.[26,27] China has 
lesser rates of anemia(24.4%) compared to India.[28] India 
has the highest IDA in comparison to rest of the world. 
Cereal dominant diet and low non-vegetarian food 
consumption in India are primarily responsible for the high 
magnitude of IDA contributing to severe anemia(51% in the 
present study). 
26 (23.2%) did not have hemogram indices, and of these 
cases 19 (17%) did not undergo any further work up for 
etiology of anemia. Awareness of clinicians regarding usage 
of indices to suspect etiology is inadequate. Work up for 
anemia require investigations which may not be readily 
available in government sector, and may require expenditure 
by patient’s family. Unaffordable patients may have to go 
without any diagnosis. This problem needs to be addressed 
by health administration of the country. Sampling and 
testing before transfusion is necessary for diagnosis, and 
requires commitment from health administration, and 
personnel to overcome this hurdle. 
Though a number of nutrition based initiatives have been 
initiated in the country but to be effective and sustainable, 
these must be backed by firm political commitment and 
partnerships involving all relevant sectors including people 
and organisations. Efforts should be made by the concerned 
health departments and authorities to execute and supervise 
the functioning of the nutrition related schemes in an 
efficient way. A multi-intervention approach is needed 
encompassing adequate nutritional intake through dietary 
supplementation, food fortification and dietary modification, 

along with reduction of concurrent infection. There should 
be strengthening of Vitamin and Mineral Nutrition 
Information System (VMNIS) supported with firm political 
commitment.[29] 

 

Conclusion 

 
In conclusion IDA continues to be a common and important 
childhood health issue with its haematological and non-
haematological consequences. Studies have demonstrated 
that some of the changes occurring during period of brain 
growth (<2 years age) may be irreversible. Early recognition 
and diagnosis of IDA with appropriate interpretation of 
laboratory investigations is the key to the successful 
treatment of children with IDA. ID should be identified in 
patients with TT, and be treated promptly. Folate should be 
supplemented to all children with anemia irrespective of the 
cause. Paediatricians, administrators, and other health-care 
providers should thus work towards the prevention and 
elimination of IDA.Essential workup with proper 
interpretation of investigations for arriving at diagnosis prior 
to transfusing the child is obligatory. 
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