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Justification: Anemia in children is a significant public health problem in our country. Comprehensive National Nutrition Survey 2016-18
provides evidence that more than 50% of childhood anemia is due to an underlying nutritional deficiency. The National Family Health
Survey-5 has reported an increase in the prevalence of anemia in the under-five age group from 59% to 67.1% over the last 5 years.
Clearly, the existing public health programs to decrease the prevalence of anemia have not shown the desired results. Hence, there is
a need to develop nationally acceptable guidelines for the diagnosis, treatment and prevention of nutritional anemia.

Objective: To review the available literature and collate evidence-based observations to formulate guidelines for diagnosis, treatment
and prevention of nutritional anemia in children.

Process: These guidelines have been developed by the experts from the Pediatric Hematology-Oncology Chapter and the Pediatric
and Adolescent Nutrition (PAN) Society of the Indian Academy of Pediatrics (IAP). Key areas were identified as: epidemiology,
nomenclature and definitions, etiology and diagnosis of iron deficiency anemia (IDA), treatment of IDA, etiology and diagnosis of vitamin
B12 and/or folic acid deficiency, treatment of vitamin B12 and/or folic acid deficiency anemia and prevention of nutritional anemia. Each
of these key areas were reviewed by at least 2 to 3 experts. Four virtual meetings were held in November, 2021 and all the key issues
were deliberated upon. Based on review and inputs received during meetings, draft recommendations were prepared. After this, a
writing group was constituted which prepared the draft guidelines. The draft was circulated and approved by all the expert group
members.

Recommendations: We recommend use of World Health Organization (WHO) cut-off hemoglobin levels to define anemia in children
and adolescents. Most cases suspected to have IDA can be started on treatment based on a compatible history, physical examination
and hemogram report. Serum ferritin assay is recommended for the confirmation of the diagnosis of IDA. Most cases of IDA can be
managed with oral iron therapy using 2-3 mg/kg elemental iron daily. The presence of macro-ovalocytes and hypersegmented
neutrophils, along with an elevated mean corpuscular volume (MCV), should raise the suspicion of underlying vitamin B12 (cobalamin)
or folic acid deficiency. Estimation of serum vitamin B12 and folate level are advisable in children with macrocytic anemia prior to starting
treatment. When serum vitamin B12 and folate levels are unavailable, patients should be treated using both drugs. Vitamin B12 should
preferably be started 10-14 days ahead of oral folic acid to avoid precipitating neurological symptoms. Children with macrocytic anemia
in whom a quick response to treatment is required, such as those with pancytopenia, severe anemia, developmental delay and infantile
tremor syndrome, should be managed using parenteral vitamin B12. Children with vitamin B12 deficiency having mild or moderate
anemia may be managed using oral vitamin B12 preparations. After completing therapy for nutritional anemia, all infants and children
should be advised to continue prophylactic iron-folic acid (IFA) supplementation as prescribed under Anemia Mukt Bharat guidelines. For
prevention of anemia, in addition to age-appropriate IFA prophylaxis, routine screening of infants for anemia at 9 months during
immunization visit is recommended.
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NUTRITIONAL ANEMIA IN CHILDREN

utritional anemias develop when the hema

topoietic nutrients required for hemoglobin

synthesis and/or maintenance areinsufficient

to meet thedemandsof anindividua . Thevast
majority of nutritional anemiasare duetothedeficiency of
iron, vitamin B12 (cobalamin, Chl) and/or folicacid[1]. In
addition, theroleof other nutrientslikevitamin D, vitamin
A, vitamin C, pyridoxineand proteinsin erythropoiesisis
being recognized [2].

The statistics from the National Family Health Survey
(NFHS-5; 2019-21) have raised ared flag highlighting the
rising prevalence of anemiaacrossall ages[3]. The highest
spikein anemiawasreported among children (6-59 months)
withariseto67.1% (NFHS-5) from 58.6% (NFHS-4, 2015-16)
followed by girlsaged 15-19 years[4]. The Comprehensive
National Nutrition Survey (CNNS) conductedin 2016-2018,
revealed that 41% of preschoolers (1-4 years), 24% school-
agechildren (5-9years) and 28% of adolescents(10-19years)
in India have anemia [5]. The etiology of anemia was
nutritional in 68.9%, 50.9% and 65.1% in children aged 1-4
years, 5-9 years and 10-19 years, respectively [5]. Iron
deficiency wascommonin under-five children, whilefolate
and vitamin B12 deficiency was higher among school going
and adolescent age groups. Folateor vitamin B12 deficiency
anemiaaccounted for more than athird of anemiain these
three age groups, and 10-18% of children and adolescents
with anemia had combined iron and folate or vitamin B12
deficiency [4].

Deficiency of hematopoietic micronutrients not only
resultsin anemia but also leads to impairment of cognitive
function in children, which affectslearning. Unfortunately,
these changes may be irreversible in younger children
emphasizing the need for timely prevention, diagnosis and
treatment. Additionally, nutritional anemias have a
deleteriousimpact onthephysica strength of theindividuals
aswell as decreased productivity and economic lossto the
country [6,7].

In the majority of children with nutritional anemia,
diagnosis is straightforward and can be established with
minimum diagnostic workup. Occasionally, in children with
co-exigting chronicinflammatory statesand chronicillnesses
likechronickidney disease, thediagnosiscan bechallenging
[8]. Severd testshavebeen added to our armamentarium that
can assist in the accurate diagnosis, but these must be used
judicioudy. Inaddition, theroleof newer ord and parenteral
preparationsof ironand vitamin B12 for trestment needstobe
clearly defined. Taking cognizance of the above, aneed was
felt to develop guidelines for diagnoss, treatment and
prevention of nutritional anemiasin children.

OBJECTIVE

To review the available literature and amalgamate
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evidence-based observations to formulate guidelines for
diagnosis, treatment and prevention of nutritional anemia
inchildren.

PROCESS

These guiddlines are a joint venture of the Pediatric
Hematol ogy-Oncology (PHO) Chapter and the Pediatricand
Adolescent Nutrition (PAN) Society of thelndian Academy
of Pediatrics. In September 2021, expertsfrom both chapters
interested in varying aspects of nutritional anemia were
invited to join the group. Task groups were constituted to
addressthe key issues, including i) Need for guiddines; ii)
Epidemiology and definitions; iii) Nomenclature; iv)
Etiology and diagnosisof iron deficiency anemia(IDA); v)
Treatment of IDA; vi) IDA not responding to ord therapy;
vii) Etiology and diagnosis of vitamin B12 and folate
deficiency; viii) Treatment of folate deficiency and vitamin
B12 deficiency anemia; and ix) Prevention of nutritional
anemia. Two to three experts were assigned each key issue
andwererequiredto review therelevant literature, including
therecent publicationsintherelatedfield.

Online meetings were organized from 15 to 18
November 2021, wherein the experts assigned the
individual tasks made a presentation. The group
discussed each topic and the presenting faculty was then
asked to make modificationsbased on theinputsreceived
during deliberations. The revised versionswere discussed
amongst the group membersfor any further modifications.
The group prepared the final document with recommen-
dations for each assigned topic. The level of evidence
(LoE) of each recommendation was graded as per the
Oxford Centre for Evidence-Based Medicine (OCEBM)
2011 Guidelines [9]. The fina draft guidelines were
circulated to al the committee members for comments,
modificationsandfinal approval. The statementsbelow are
the consensus recommendations of the expert group.

Scope: While formulating these guidelines, the primary
focus is the health benefits resulting from treatment and
preventive nutrient supplementation. The age group under
focusisfrom 6 monthsto 18 years. The recommendations
are easy to understand and apply in day-to-day clinical
practice. In smaller towns and rural areas, investigations
may not be available. These guidelines aim to guide the
management of children with suspected nutritional anemia
inareaswherefacilitiesfor laboratory diagnosisare scant.
Itisexpected that these guidelineswill enablethe medical
officers, pediatricians, and post-graduate trainees to
manage children and adolescents with nutritional anemia
scientifically. These guidelines are intended as an
additional shot in the arm for tackling the increasing
prevalenceof nutritional anemiain children.
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RECOMMENDATIONS
1. Definitions and Hemoglobin Cut-offs

The World Health Organization (WHO) suggests the use
of hemoglobin cut-off levels below two standard
deviations (SD) from the population mean (in a
representative healthy population) to define anemia and
its severity [10] as shown in Table |. However, whether
these cut-offs are representative and applicable for child-
ren residing in low-income and middle-income countries
(LMIC) isbeing questioned. It isargued that cut-off levels
for defining anemiain childrenin LMIC, includinginIndia,
may belower than the WHO cut-offs[11]. Using Compre-
hensive National Nutrition Survey (CNNS) 2019 data,
Sachdeva, et al. [11] haverecently published age and sex-
specific hemogl obin percentiles. For these percentiles, the
authorsincluded only those children from CNNSfor whom
the serum levelsof ferritin, folate, vitamin B12, and retinol
werenormal. They also excluded childrenwith elevated C-
reactive protein (CRP), variant hemoglobin and a history
of smoking. The hemoglobin cut-offsthusderived are 1-2
g/dL lower than the WHO suggested cut-offs at all ages
[12]. Although this data used by the authors is represen-
tative of the population, it has not yet been adopted by the
national public health programs

Nutritional anemiais classified based on the morpho-
logical featuresof red blood cells(RBCs). Caseswithiron
deficiency have microcytic anemiaand are characterized
by RBCswith|ow mean corpuscular volume (MCV). The
lower limit of MCV (fL) inchildren below 2 yearsis70fL
(Tablell). For children between2-10years, alower limit of
MCV is70 plusageinyears. In older children and adole-
scents (>10 years), an MCV cut-off value <80 fL can be
used to define microcytosis, asfor adults. Anemiaresulting
from deficiency of vitamin B12 or FA is characterized by
large RBCs (high MCV). The cut-off value for MCV to
definetheupper limit of MCV inchildrenaged 2-10yearsis
84 plus0.6 X Age(years). Beyond 10 years, the upper limit
of MCV to diagnose macrocytic anemiais90fL [13]. Not

Tablel Hemoglobin Thresholds (g/dL) to Define Severity of
Anemia as per theWorld Health Organization

Non- Mild Moderate Severe

anemic
Children6-59mo  >11 10-109 7-9.9 <7
Children5-11y >11.5 11-11.4  8-10.9 <8
Children12-14y >12 11-11.9 8-109 <8
Menaged >15y >13 11-129  8-10.9 <8
Womenaged 215y >12 11-119 8-109 <8
Pregnant women >11 10-10.9 7-99 <7
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infrequently, children are described to have dimorphic
anemiawhen deficiency of iron coexistswith deficiency of
vitamin B12 and/or folic acid resulting in two popul ations
of RBCs seen on examination of peripheral smear [14].
RBC histogram on the electronic cell counter will show
two peaks[15].

Recommendation

Thegroup recommends usi ng the existing hemogl obin cut-
offs (age- and gender-specific) provided by the WHO until
more reliable population-based age and gender-specific
hemoglobin nomogramsbecomeavailable. (L oE2)

2. Iron Deficiency Anemia
2.1 Diagnosis of Iron Deficiency Anemia

Inmost clinica situations, apresumptivediagnosisof IDA
can be made based on dietary history, clinical featuresand
the peripheral blood picture suggestive of microcytic
hypochromic anemia with anisopoikilocytosis. Unlike
thalassemiatrait, basophilic stippling isonly rarely seen.
The classical triad of low MCV, low mean corpuscular
hemoglobin (MCH) and low mean corpuscular hemo-
globin concentration (MCHC) for age is consistent with

Tablell Cut-offsfor Laboratory Estimatesfor the Diagnosis
of Nutritional Anemia

Parameter Cut-off
Microcytosis, MCV (fL)

Upto 2y <70
2-10y <70plusage (years)
>10y <80
Macrocytosis, MCV (fL)

2-10y >84plus0.6 X Age (years)
>10y >90
Serumferritin (ug/L)

>5y <15(IDA)
Withinfection <30(IDA)
Serum transferrin saturation <16% (IDA)
Reticul ocyte hemoglobin content (CHr) (pg) <29 (IDA)
% hypochromiccells >5% (IDA)
Free erythrocyte protoporphyrin level (FEP) (no/dL)

<5y >70 (IDA)
>5y >80 (IDA)
Serumfolate (ng/mL) <4 (Folatedeficiency)
RBCfolate(ng/mL) <100 (Folate deficiency)
Vitamin B12 (pg/mL) <200 (Vitamin B12 deficiency)
Homocysteine (mol/L) >15 (Folate deficiency)

Methyl MalonicAcid (nmol/L) >750 (VitaminB12

deficiency)

IDA-iron deficiency anemia, MCV-mean corpuscular volume.
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NUTRITIONAL ANEMIA IN CHILDREN

thediagnosisof IDA. The diagnosisisoften confirmedin
aclinical setting by assessing response to empirical iron
therapy [16,17]. Investigationsto establish the diagnosis
of IDA become necessary when an alternative diagnosis
cannot be excluded clinically and in children who fail to
respond to iron therapy. In such situations, the following
investigationsare useful:

Serumferritin: Serum ferritinisareiableindicator of body
ironstores. Itistheearliest marker of iron deficiency and has
been widely recommended as the initia investigation. A
systemicreview of guidelineson diagnosisand treatment of
iron deficiency observed that serum ferritin  assay is
recommended for diagnosis of IDA by al 22 guiddines
includedinthisreview [18]. However, therecommended cut-
off of serum ferritin to diagnose ID isvariable across these
guiddines. WHO also strongly recommends using serum
ferritin to diagnose IDA [19]. Serum ferritin <12 pug/L in
childrenunder-fiveyearsof ageand serumferritin<15ug/L in
individuals over 5 years of agein the absence of any active
inflammation are suggestive of IDA. Similar cut-offs have
al so been recommended morerecently by the British Society
of Hematology [20]. In the presence of infection or
inflammation, serumferritin <30 ug/L issuggestiveof IDA In
children[19].

Serum iron, total iron binding capacity (TIBC) and
tranferrin saturation (TS): Iron studies are recommended
when serumferritinresultsareequivocal. Serumironlevels
arelowinirondeficiency and IDA. However, thereisaday-
to-day variahility in iron levels as they are influenced by
recent intake. Hence, estimation of serumiron alonein the
diagnostic workup of IDA is not recommended. It is
estimated to calculate TS or TIBC [20]. Ten of the 22
guiddinesinthe systematic review recommended using TS
asanaternative or complimentary to the estimation of serum
ferritin[ 18]. Therecommended threshold of TSto diagnose
iron deficiency is <16% in young adults, although age-
specific cut-offs can be used in children where the cut-offs
used aredightly higher than adults[18,20,21].

Newer red cell indices: Sincethelifespan of reticulocytes
isvery short, the measurement of reticul ocyte hemoglobin
helps determine the availability of iron to form
hemoglobin. Additionally, unlike serum ferritin,
reticulocyte hemoglobin is not affected significantly by
inflammation. Reticulocyte hemoglobin is measured by
two methods, viz, reticul ocyte hemoglobin content (CHr),
and reticulocyte hemoglobin equivalent (Ret-HE). An
acceptable correlation has been demonstrated between
Ret-HE and CHr in multiple clinical studies. Ret-HE has
gained popularity for diagnosingiron deficiency and IDA
and evaluating a patient’s response to oral iron treatment
[20,22,23]. Since CHr and Ret-HE reflect the hemoglobin
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content inreticul ocytes, low valuesreliably indicate early
iron-deficient erythropoiesis prior to the onset of anemia,
serving as the earliest indicators of IDA. Although there
areno standardized cut-offsof Ret-HE to determine | DA,
commonly recommended cut-off in children vary between
25-30pg[20]. A cut-off of <29 pg hasbeen recommended
by the British Society of Haematol ogy for diagnosing IDA
in children [20]. These indices can a so be used to assess
the response to the treatment being one of the earliest
parametersto increasein responseto treatment. It needsto
be borne in mind that Ret-HE and CHr are aso low in
childrenwiththalassemiatrait[11,12].

Another novel parameter is the percentage of
hypochromic red cells (Hypo%), which reflectsiron status
over the preceding 3 months. It may be useful for
distinguishing thalassemiatrait from ID. More than 5 %
hypochromic red cell is the cut-off for defining iron
deficiency [20]. Hypo% is also a valuable parameter to
diagnose functional iron deficiency, i.e. inadequate
incorporation of iron in the erythroid precursors despite
having adequate iron stores as per the ferritin or bone
marrow iron stores. This is frequently seen in chronic
kidney disease[24].

Soluble transferrin receptor (sTfR): Soluble transferrin
receptors(STfR) are derived from actively developing red
cells and reflect active erythropoiesis. A cut-off of sTfR
>27.3 nmol/L hasbeen proposed to detect IDA. A low ratio
of sTfR/serum ferritin can help distinguish IDA from
anemia of chronic disease [25]. However, due to poor
sensitivity in early and intermediate iron deficiency, this
testisroutinely not recommended (20, 26).

Free erythrocyte protoporphyrin level (FEP): As iron
deficiency limitsthefinal step in heme synthesis, thereis
an accumulation of FEPinthered cell precursors. FEPis
elevated iniron deficiency and rapidly fallsasaresponse
to treatment. The cut-off level of FEP is >80 ug/dL for
children over 5 years of age and >70 pg/dL for children
younger than 5 yearsof age[16]. Spuriously highlevelsof
FEP are reported in the presence of hyperbilirubinemia
[27]. Moreover, FEP is raised in thalassemia trait and
hemoglobin E disease, two conditions common in our
country [28]. Recent guidelineshave not recommendedits
usefor diagnosingiron deficiency [20].

Bonemarrow studies: We do not recommend bone marrow
aspiration and staining for iron using Perls Prussian blue
stain, as the test isinvasive and is rarely justifiable as a
battery of non-invasive tests are available to assist the
diagnosis[17,18].

Recommendations

« Inmost clinical situations, apresumptivediagnosisof
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IDA can be made based on red cell indices and the
blood picture suggestive of microcytic hypochromic
anemia(Tablell). Theclassical triad of low MCV, low
mean corpuscular hemoglobin (MCH) and low mean
corpuscular hemoglobin concentration (MCHC) for
ageisconsistent with the diagnosis of IDA. Response
toirontherapy should be documented for confirmation
of diagnosis(L oE 2).

e Serum ferritin should be thefirst test to diagnose | D/
IDA whereinvestigativeworkupisindicated (L oE 1).

» Indtuationswhere serumferritin resultsare equivocal,
transferrin saturation may be used (L oE 2).

* CHrand Ret-HE, and percentage of hypochromic cells,
wherever available, can beused to diagnose IDA (L oE
1.

2.2 Treatment of Iron Deficiency Anemia

Thetreatment of IDA aimsat providing irontherapy inthe
appropriate dose, formulation and duration to restore
hemoglobin to normal range and replete body iron stores.
The treatment of IDA should also be comprehensive and
should include the identification of any secondary cause
of ID and its management (this is beyond the scope of
these guidelines). Treatment must also address dietary
modifications, if required, and a periodic follow-up for
assessment of therapeutic response. High quality
evidencefor the management of iron deficiency islimited
inadultsaswell asin children.

2.2.1 Route of Iron Therapy

Oral irontherapy istheroute of choiceamost always. Oral
iron may beinitiated based on history, hemoglobin, MCV,
and peripheral smear where possible, without the need for
biochemical investigations. Itissafe, effective, economical
and leads to rapid improvement in hemoglobin if
administered in the correct dose and followed up
appropriately. It is convenient for parents and is well
tolerated by almost all patients. Parenteral iron is rarely
ever requiredin children.

Oral iron preparations. Oral iron preparations are
available mainly in ferrous and ferric forms; the ferrous
form is better absorbed [29]. The three most common
ferrous iron preparations viz., ferrous sulphate (FS),
ferrous fumarate and ferrous gluconate provide 20%
(anhydrous 30%), 33% and 12% elementa iron,
respectively. Elemental iron is the form of iron in the
supplement that is available for absorption by the body.
Whileprescribing ord iron, theamount of elemental ironin
the preparation should be noted, and the dose should be
calculated accordingly. All these three ora iron
formulations have essentially equivalent bioavailability
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[30, 31]. Iron polymaltose complex (IPC) and ferrous
ascorbate are other availableiron preparations. The use of
iron polymaltose complex (IPC) over ferrous iron
preparations does not offer any therapeutic benefit. Patil,
eta. [32] have demonstrated higher hemoglobinrisewith
comparable doses of ferrous ascorbate compared to IPC
with asimilar side effect profile. Ferrous sulphate hasal so
shown an advantage over IPC in children with IDA in
terms of therapeutic efficacy [33]. In another study, IPC
was found to be inferior to iron bisglycinate for treating
IDA [34]. Ferrous ascorbate has also shown better
therapeutic efficacy compared to colloidal ironin children
with IDA [35]. Givenasimilar adverse effect profilewith
lesser cost, FS may be preferred to IPC and ferrous
ascorbate. Entericcoated and delayed-release iron
supplements were devel oped to improve the compliance
as their gastrointestinal side effect profile is better.
However, they are not absorbed as well as the standard
preparations because the release of iron occurs much
below the site of absorption and these preparations are
expensive[31]. Thefractional iron absorbed from enteric-
coated preparations is significantly less than from
uncoated preparations[36]. Box 1 summarizesthevarious
iron compounds used totreat IDA inchildren.

2.2.2 Dose and schedule of oral iron therapy

Therecommended therapeutic dose of iron for childrenis
usually 3-6 mg/kg/day [37,38]. However, it hasbeen noted
that doses of 2-3 mg/kg/day of elemental iron are also
efficacious and can improve patient compliance as they
reduce the side effects such as abdominal pain and
constipation. Powers, et al. [39] have recently shown a
very good hematological response using a 3 mg/kg dose.
The British Society of Gastroenterology (BSG) has
recommended the beginning dose of oral iron for adultsas
onetablet of iron sulphate, fumarate, or gluconate, which
usually has 66 mg elemental iron or less[31]. This, for an
averageweight adult, would mean about 1-1.5 mg/ kg.

Whether iron should beadministered asasingledose or
individed doseshasconflicting evidence. Someauthors[40]
have demonstrated better absorption with asingle morning
dose and aternate-day dosing, while others [41] have
demonstrated more intense reticulocytosis and better
reticulocyte hemoglobin in patientsreceiving atwice-daily
dose. Another study demonstrated equal efficacy of onceor
thrice daily iron dosing [42]. Overal, emerging evidence
supports the treatment of IDA with a single daily dose of
iron. The administration as asingle dose ensures|ong-term
compliance and administration of the drug in the evening
atleast one and a half to two hours after dinner improves
gastrointestinal tolerance[31]. Alternateday administration
may be advised in cases with intolerance, although it may
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Box | Various Oral Iron Formulations
FerrousvsFerric

1. All iron salts have to be reduced to ferrous form to enter
mucosal cells. Bioavailability of ferric preparations is 3
to 4 times less than that of conventional ferrous
preparations. Hence, ferrous salts are preferred.

2. Ferrous sdts are among the cheapest preparations
available

Ferrous sulphate
1. 20% elemental iron

2. Mainly as tablet forms; syrup form or elixirs (in sorbitol
base) are not stable

Ferrousfumarate

1. 33% elemental iron

2. Similar efficacy and gastrointestinal
ferrous sulphate, more stable, tasteless

3. Lesssolublein water / soluble in mild acid- gastric juice

Iron-Amino acid chelates

tolerance to

1. Ferric or ferrous ion with amino acid conjugates
« Ferrous bisglycinate (20% elemental iron)
eFerric trisglycinate
« Ferrous glycine sulphate (India)
2. No effect on colour or taste of food
3. Relatively high biocavailability in the presence of dietary
inhibitors
4. Environmentally stable
5. Chance of toxicity on overdose less

Iron Polymaltose complex (IPC)

Non-ionic iron and polymaltose in stable complex
Equivalent biocavailability to FS

Absorption better when taken with meals

No teeth staining

Poisoning risk less as intestinal transport gets saturated
a higher dose

Slower improvement in hemoglobin

aorwbdE

o

resultinad ower response. Absorption of thedrug isbetter if
given on an empty stomach, but oral ironisbetter tolerated
after ameal [43]. Iron should not beadministered with milk,
curd, calcium syrup/ tablets and is best given with water if
needed. Tea, coffee, and drugs interfering with absorption,
such as proton pump inhibitors and antacids should be
avoidedwithiron.

2.2.3 Duration of iron therapy

Recent BSH guidelineshighlighted that duration required
to replenish the body iron store is unclear. They have
persisted with ‘traditional’ 2-3 months after hemoglobin
normalizes [31]. Continued iron therapy in atherapeutic
dosefor this period allows replenishment of stores so that
iron-restricted erythropoiesisisresolved[38].

We recommend that iron therapy be continued for 2-3
monthsafter hemoglobin normalizes. Thegroup recommends
that the family/ caregiver be educated about the need for
continuing iron supplementation after correcting anemia.
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Before stopping the therapeutic dose, one should ensure
that thefamily feeding practices have been rectified and the
cause for secondary iron deficiency, if any, has been
ameliorated. Since iron prophylaxis is recommended till
adol escence the prophylactic dose should be adminis-tered
asrecommended by thenationd program [1].

2.2.4 Assessing response in iron deficiency anemia

After initiating therapy, the first response expected is a
decrease in irritability, lethargy and a sense of well-being.
Appetitegeneraly improveswithin 24 hours[37]. Compared
tomild and moderateanemia, theriseinreticulocytesismuch
higher in severe anemia, as is aso seen with the rise in
hemoglobin. Peak reticulocyte count is seen on days 5-10
followinginitiation of iron therapy, and wherever available,
reticul ocyte response should be assessed in addition to the
riseinhemoglobin. Hemoglobinriseson anaverageby 0.25-
0.4 g/dL/day, or hematocrit rises 1%/day duringthefirst 7-10
days. Theresfter, ad ower riseof 0.1-0.15g/dL /day isseenin
hemoglobin.

Thetiming for scheduled follow-up visits also varies
depending upon the severity of anemia. Children with
severe anemiawho do not receive ablood transfusion and
areinitiated onoral irontherapy needtobecalled onday 7
and day 14 for clinical evaluation and complete blood
count (CBC) or earlier if the child develops any danger
signslike edema, fast breathing, lethargy or irritability and
any adverse effects such asvomiting or diarrhea. Children
with moderate or mild anemianeed to be called for arepeat
hemoglobin or CBC onday 14 of therapy.

In the case of moderate/severe anemia, once
improvement in hemogl obin has been documented, further
followup should be done at 2-4 weekly intervals till
hemoglobinis>7g/dL, and then monthly. The usual rate of
increase in hemoglobin is >1 g/dL in 14 days. By 8-12
weeks, hemoglobin rises by 3-5 g/dL and in most cases,
anemiaiscorrected[32,35,44].

Follow-up visitsshould also be utilized to reinforcethe
need for food diversity and increased consumption of iron
and vitamin Crichfooditems, including poultry items(like
eggs, meat, organ meats like liver), fish, citrus fruits,
potatoes and tomatoes. Consumption of tea, phytates
(whole grains, ceredls, soy, nuts and legumes) and
phosphates should be curtailed.

2.2.5 Role of co-administration of cobalamin, folic
acid, or vitamin C along with iron

Folic acid is usually a part of al ora iron-containing
preparationsand henceroutingly giventoall childrenwith
IDA. Oral vitamin B12 may beadded wherethereisapoor
response to oral iron alone or in children with combined
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vitamin B12 and iron deficiency anemia (dimorphic
anemia). Combined deficiency isexpectedin up to 30% of
children with nutritional anemia. The presence of near-
normal MCV, dimorphicred cellsinthe peripheral smear,
features of megaloblastic anemia such as hyper-
segmented neutrophils, thrombocytopenia, macro-
ovalocytes, etc. warrants investigations for associated
folate and/or vitamin B12 deficiency. If documented, the
addition of folic acid and vitamin B12 in the therapeutic
dose is required. Contrary to earlier observations, a
randomized clinical trial in adults has shown no benefit of
adding vitamin Ctoirontherapy [45]. Hence, vitaminCis
not recommended in pharmaceutical forms. However, the
addition of citrus fruits to the diet immediately prior to
medication aidsiniron absorption.

Recommendations

*  We recommend ferrous salts (ferrous sulphate or
ferrousfumarate, or ferrousgluconate) for treating IDA
inchildren (LoE 2).

» Wedo not recommend the use of prolonged-rel ease or
enteric-coated iron tablets or liposomal iron
formulationsfor thetreatment of IDA (L oE 1).

*  We recommend an oral dose of 2-3 mg/kg/day of
elemental iron along with folic acid for treating IDA
givenfor upto 2-3 monthsafter hemoglobin normalizes
(LoED).

*  We recommend single daily dosing of oral iron.
Divided doses can be given in cases of
gastrointestinal adverse effects (L oE 1).

«  While on treatment, patients with severe anemia
should be called for first follow-up on day 7 while
patients with moderate and mild anemia should be
caledfor follow-up onday 14 (L oE 2).

3. Iron Deficiency Anemia Not Responding to
Oral Iron Therapy

Standard texts and review articles have listed causes of
failure of an adequate response, but which casesqualify to
belabeled as poor responders/non-respondersisnot well
defined [37,38,46]. The absence of hemoglobinriseof less
than 1 g/dL after 2weeksof daily oral irontherapy inadults
has been described as predictive of lack of response[31].
Okam, et a. [47], in apooled analysis of five studiesin
women, have aso defined non-responder as having less
than 1 g/dL rise in hemoglobin by day 14 of therapy.
Bhatia, et a. [48,49], whileevaluating Indian childrenfor
ironrefractory iron deficiency anemia(IRIDA), have used
criteriaof lessthan 1 g/dL risein hemoglobin after 4 weeks
of daily iron therapy to define non-response, as has been
used by others as well. While most cases with moderate
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and severeanemiawill have hemoglobinrise of 1 g/dL or
moreby day 14, it may not beso for caseswith mild anemia.

3.1 Evaluation of Non-responders

Ensuring compliance to therapy with adequate dosages
should be an integral part of follow-up evaluation and a
pre-requisite before labeling non-response to oral iron
therapy. A detailed review of dietary history and any
intercurrent illnesses that might interfere with iron
absorption should be done. The following points should
berevisited:

i) Conditionsinterferingwithironabsorptionlikeceliac
disease, Helicobacter pylori infection, autoimmune
gastritis, or anemiaof chronic disease should beruled
out by appropriatetesting asindicated in agiven child
[50,51].

ii) Patients should be evaluated for gastrointestinal
blood loss: Three consecutive stool samplesshould be
evaluated for occult blood. Cow milk protein
intolerance, Meckel diverticulum and inflammatory
bowel disease should be considered in case of a
positivestool occult blood [52-54].

iii) Evaluation of other causes of microcytic hypochromic
anemia: Celiac diseaseisacommon cause of refractory
IDAinchildrenin certain states. All cases of refractory
IDA should be screened for celiac disease using tissue
transglutaminase antibodies (tTG) along with serum
IgA, whenever suspected [55]. Children with
betathalassemia trait (BTT) have a blood picture of
microcytic hypochromic anemiaand can mimic IDA.
BTT and IDA can be differentiated by following
investigations[56,57]:

«  RBCcount>5million/mm3suggestsBTT, RBC count<
5 million/mm3 suggests| DA

* Red cell distribution width co-efficient of variation
(RDWCV)<14%BTT,RDWCV >14%inIDA

e Mentzerindex (MCV divided by RBC count) is<13in
BTTand >13inIDA

e High performanceliquid chromatograhy will confirm
the diagnosis of BTT by showing elevated
hemoglobinA2 (>3.5%).

iv) Anemia of chronic disease (ACD) is usudly
normocytic normochromic. However, in somecases, it
may be microcytic hypochromic. In apatient wherea
chronic infection is suspected, the diagnostic
evaluation needs to be directed towards the diagnosis
of theunderlying disease[58]. Additionally, inchildren
with suspected ACD evaluate for underlying chronic
renal disease or connective tissue disease.
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V) Ironrefractory irondeficiency anemia(IRIDA) isarare
inherited disorder in which absorption of oral ironis
markedly impaired. IRIDA is caused by loss of
function of the TMPRSS6/matriptase 2 gene, which
causes iron deficiency due to inappropriately high
hepcidinlevelswith markedly reduced iron absorption
and increased sequestration of iron in macrophages.
Patients present with amild hypochromic, microcytic
anemia with very low serum iron levels and low
transferrin saturation. Serum ferritinlevelsare mostly
within the normal range or even dightly elevated
following treatment with intravenous iron. The
diagnosis of IRIDA is confirmed by demonstrating
bialelic mutation in the TMPRSS5 gene. These
patients can be treated with atria of intravenousiron
therapy [49,59].

3.2 Parenteral Iron Therapy

Most caseswith IDA can be successfully managed by oral
iron supplementation. However, in some situations,
parenteral iron therapy isrequired (see below). Asthe new
intravenous (IV) iron formulations are devoid of major
adverse effects, these are the preferred preparations for
parenteral irontherapy [47]. Theintramuscular routeisnot
recommended asit ispainful and can lead to staining of the
overlying skin.

3.2.1 Indications for parenteral iron therapy

The conditions where the use of intravenous iron may be
required [7,38,47] are noted in Box I 1. In a retrospective
review, amongst children aged 3 months to 18 years
requiring intravenous iron in a US hospital, most cases
(73.8%0) wererelated to kidney diseases. Of theremaining 38
cases, 13 were unresponsive to oral iron due to poor
compliance or side effects, 13 due to malabsorptive states,
seven dueto ongoing blood losses, and two had IRIDA [60].

Box Il Conditions Where the Use of Intravenous Iron

May be Required [37,38,47]

¢ Poor adherence or intolerability due to gastro-intestinal
side effects of oral iron

¢ Need for rapid replenishment of hemoglobin and iron
stores rather than over the course of several months,
eg., in preoperative situations

¢ Ongoing blood loss that exceeds the capacity of ora
iron to meet needs (heavy uterine bleeding, mucosa
telangiectasias).

¢ Iron malabsorption due to pre-existing anatomic or
physiologic condition, e.g., short bowel syndrome

¢ Coexisting inflammatory state that interferes with iron
homeostasis

¢ Chronic kidney disease
¢ Genetic forms refractory to ora iron (IRIDA etc)
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3.2.2 Preparations of intravenous iron

The following preparations of iron are available for
parenteral use:

e Ironsucrose Itisthemost commonformof IV ironused
inchildren[60]. Adverseevents, including anaphylaxis,
are rarely reported, so a test dose or routine pre-
medicationsare not indicated. Therecommended dose
rangesfrom 1-4 mg/kg elementd iron 1V infusionover 1
hour every week with a maximum dosing of 200 mg
elemental iron per infusion for adolescentsand 100 mg
of elemental iron per infusion for children. Most
patients require multiple infusions to complete the
replacement of their calculated iron deficit.

e Ferric gluconate: It is approved for children with
chronickidney disease on dialysisand erythropoietin-
stimulating agents aged >6y. No test dose or routine
premedications are indicated. The maximum dose is
125 mg elemental iron per infusion. Adverseeventsare
rarely reported.

e lron dextran: Low-molecular weight (LMW) iron
dextran is commonly given as a single replacement
dose(e.g., upto 1000 mg elemental ironinadults).

e Ferriccarboxymaltose (FCM): Itisincreasingly used
for adults who are intolerant to oral iron therapy and
also permits administration of the full replacement
dose in a single infusion in the majority of patients.
Data in the pediatric population is limited but
promising [61]. Hypophosphatemia is a common
complicationwithitsuse. It isusedin adose of 15mg/
kg singlerapid (over 15 minutes) intravenousinfusion
without any test dose.

United States Food and DrugsAdministration (FDA)
has approved low molecular weight iron dextran, ferric
gluconate, iron sucrose and FCM for usein children[62].
Theuse of iron dextran for intravenousiron therapy isno
longer recommended and it has been discontinued. Iron
sucrose, FCM and ferric derisomaltose (isomaltoside),
areapproved for treatment of iron deficiency in India.

3.2.3 Dose calculation for parenteral iron therapy

Hemoglobiniron deficit (mg) = Body weight (kg) X (Ideal
hemoglobin — desired hemoglobin) X (2.145) + iron to
replenish stores, if desired (mg).

Volume of product required (mL) = Bodyweight X (14 -
hemoglobin) x (2.145) + Concentration of elemental ironin
theproduct used (mg/mL.) [62-64].

For example, a6-year-old child weighing 20 kg with
hemoglobin of 6 g/dL would need 343.2 mg of elemental
iron, equivalent to 1.7 mL of iron sucrose injection
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containing 200 mg/mL of elemental iron (20X 8 X 2.145+
200). Thischildwill begiven 343.2 mg of elemental ironin
four divided weekly doses; 0.43 mL iron sucrosedissolved
in 100-200 mL of normal salineandinfused over 1-3 hours
every week X 4weeks,

An intravenous dose of iron for undernourished
children should be cal culated with present weight, while
for obese patients, ideal/lean body weight should be used
for calculation. Lean body weight can be calcul ated by the
formula: Lean body weight =BM I, X Ht?[65].

3.2.4 Precautions

Routinely no premedication is indicated. Patients with
comorbidity of bronchial asthma, drug alergy and
inflammatory arthritisrequire premedication with 1-2 mg/
kg of parenteral methylprednisolone before intravenous
iron administration.

3.2.5 Response to parenteral therapy

Subjective improvement in uncomplicated cases occurs
within afew daysof intravenoustherapy. Reticulocytosis
peaksat about 10 days. Symptomatic improvement occurs
in1-2 weeksparallel to arisein hematocrit. However, the
complete response may take approximately four to six
weeks after the dose is given. The follow-up evaluation
should be done between six to eight weeks after
administration because intravenous iron interferes with
most iron studies[66].

Recommendations

*  Werecommend that children with moderate to severe
iron deficiency anemiawho do not show anincreasein
hemoglobin of 1 g/dL from baseline at the end of two
weeks and those with mild anemia not showing
Hemoglobinrise by 1 g/dL at 4 weeks of supplemen-
tation should be evaluated for non-response to oral
iron(LoE 2).

» Insituationswhen parenteral therapy isindicated, we
recommend intravenous iron therapy. Intramuscular
and transdermal administration is not recommended
(LoE2).

*  Werecommend iron sucrose, FCM and ferric deriso-
maltose (isomaltoside) preparationsfor parenteral use
(LoED).

*  We recommend that follow-up evaluation be done
between six to eight weeks after intravenous iron
adminigtration (L oE 2).

4. Macrocytic Anemia of Nutritional Etiology

Macrocytic anemiacan be attributed to both vitamin B12
(cobalamin, Chl) and folic acid deficiency in children.
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Vitamin B12 deficiency is more common than folic acid
deficiency. Vitamin B12 deficiency is more common in
infants born to vitamin B12 deficient mothers and in
adolescents [67-69]; the problem is widespread in the
Indian population asthe mgjority arevegetarians.

Infants deficient in vitamin B12 may present with
developmental delay, tremors, or infantile tremor synd-
rome. Neurologic symptoms include paresthesias, hypo-
tonia, seizures, sensory deficits, developmental delay or
regression, irritability, or cognitive delay [70,71]. Severe
deficiency may cause bleeding manifestations due to
thrombocytopenia. Mild enlargement of liver and/or spleen
may befound. Thus, these patients may mimic caseswith
acute leukemiaand aplastic anemia[72]. Dermatol ogical
manifestationslike hyperpigmentation of knuckles, icterus
and angular stomatitisare commonly seenin childrenwith
underlying vitamin B12 deficiency. These may occur even
beforethe devel opment of hematol ogical and neurological
complications and hence these findings may aid early
diagnosis.

4.1 Diagnosis of Macrocytic Anemia
a. Mean corpuscular volume (MCV) cut-off

Macrocytosis is a common finding in vitamin B12
deficiency. MCV isonly ascreening test (see Tablel 1).

b. Peripheral smear findings

Peripheral smear shows the presence of macrocytes/
macro-ovalocytes. The presence of hypersegmented
neutrophils (=5 lobed nuclei) in more than 5% of
neutrophilsand |eucopeniaare commonly seen[73,74]. In
case of severe deficiency, thrombocytopenia may be
observed. A low reticulocyteisusually seen. With severe
anemia, circulating nucleated erythroid precursors, Cabot
rings, and Howell Jolly bodies can appear. Circulating
megal oblastsmay also beseen[73].

c. Serum folate assay

Serum folate is estimated by an automated
chemiluminescent assay. Thenormal serumfolatelevel is
6-20 ng/mL. The group suggests a level of 4 ng/mL (10
nMol/L) to define folate deficiency as recommended by
WHO[75].

d. Red Blood Cell Folate Assay

Red blood cell (RBC) folate content is unaltered after the
reticulocyte stage in the maturation of RBC. Hence, it is
less susceptibleto transient fluctuationsin folatelevels. It
reflects the folate status over the 120 days lifespan of the
RBC. RBC folate level below 100 ng/mL suggestsfolate
deficiency [73, 75]. RBC folate may be falsely low in
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perniciousanemiawhileit may befasely highinhemolytic
anemia, DA and after blood transfusion.

e. Serum Vitamin B12 (cobalamin) Assay

The endogenous forms of vitamin B12 include Chl and
holotranscobalamin (HoloTC), which representsthe active
fraction of plasma Chl. Chl assay quantitates both the
‘inactive’ forms (transcoba amin |- and transcobalamin I11-
bound or holohaptocorrin) and the ‘active’ form (trans-
cobalamin | 1-bound or hol otranscobal amin) of vitamin B12
in serum. Levels between 200 to 300 pg/mL (148 to 221
pmol/L) are considered borderline. Levels >300 pg/mL
(>221 pmol/L) are considered norma and exclude
significant vitamin B12 deficiency. Levels<200 pg/mL (<
148 pmol/L) are suggested to beused to definevitamin B12
deficiency [73,75]. In the presence of inflammation and
malignancies, serum Chl may befalsely high[73,76]. Chl
levels may be spuriously low in certain conditions like
pregnancy, intake of drugs like phenytoin, technical
issues, or coexistent folate deficiency [ 73,77].

Thelevelsdescribed abovefor defining vitamin B12 or
folate deficiency should be cautiously interpreted. The
low levels only substantiate the diagnosis, but normal
levels do not exclude the diagnosis in children with a
consistent clinical picture[72,73].

f. Holotranscobalamin (Holo TC) Assay

TheHoloTC assay hasbetter sensitivity and specificity in
identifying B12 deficiency than serum Chl assays. The
expected valuesfor HoloTC in healthy individual sare 35-
171 pmol/L. A cut-off of lessthan 35 pmol/L is suggested
for defining deficiency [ 73,74]. Thoughit hasbeenusedin
studies, itisnot availablewidely in India.

g. Assessing Functional Deficiency of Vitamin B12
and/ or Folate

Testing for metabolites in vitamin B12 and folate
pathways, including homocysteine (Hcy) and serum
methyl maonicacid (MMA), areuseful to evaluatevitamin
B12 /folate deficiency inthefollowing situations:

» Levels of vitamin B12 and/ or folate are normal or
borderlinelow in caseswithaconsistent clinical profile.

» Discordant laboratory findings and clinical picture
(unexplained macrocytic anemia or unexplained
neurologic/neuropsychiatric  symptoms with low
normal laboratory valuesof B12 and /or folate)

Vitamin B12 is a cofactor in the conversion of
methylmal onyl-CoA to succinyl-CoA and adeficiency of
vitaminB12|eadsto elevated levelsof MMA.. Bothvitamin
B12 and folate are required for the metabolism of
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homocysteine to methionine, and hence deficiency of
either can lead to accumulation and elevated levels of
homocysteine. In case both MMA and homocysteine are
eevated, vitaminB12 deficiency islikely. If MMA isnormal
and homocysteine is raised, folate deficiency would be
morelikely [73,74].

The accuracy of Chbl and/or folate levels aone has
limitations. Hence, it is recommended to evaluate for
functional folate/ vitamin B12 deficiency by estimating
serum MMA or Hey leve to confirmadiagnosisof vitamin
B12 and/or folate deficiency where the diagnosis is
doubtful [73,74]. Thenormal rangeof plasmaMMA is70to
270 nmol/L and of homocysteineis5to 15 umol/L. Plasma
total homocysteineismoresensitive, but plasmaMMA is
more specific. TheBritish Society of Hematol ogy suggests
MMA >750 nmol/L isindicative of vitamin B12 deficiency,
and Hcys above 15 mol/L could be indicative of folate
deficiency [73]. MMA may be spuriously highin children
with rena disease, smal bowel overgrowth and
hemoconcentration. Hcy may aso be elevated in
hypothyroidism, renal failure and certain genetic
polymorphisms. If Hcy and MMA arefound to be normal
with borderline Cbl levels, no further tests are needed
[73,74].

h. Bone Marrow Examination

Bone marrow aspiration (BMA) to prove megal oblastic
anemiaisnot required whentheclinical picture, complete
blood count (CBC) and peripheral blood findings are
diagnostic [73,74]. In the presence of atypical clinical
features or a CBC which does not corroborate the
diagnosis, it is preferable to perform a bone marrow
aspiration prior to initiating therapy to exclude other
causes, like aplastic anemia, acute leukemia, or
myelodysplastic syndrome, which could mimic
megaloblastic anemia [72]. BMA findings do not help
distinguish between vitamin B12 and fol ate deficiency.

i. Investigations for Suspected Pernicious Anemia

Pernicious anemia has hardly ever been reported in
childreninIndia. Anti-intrinsic factor antibody (anti-1F Ab)
test isused to eval uate perniciousanemiain adults. It hasa
high positive predictive val ue (95%) and ahigh specificity
(98-99%). However, sensitivity isonly 40-60%, asseenin
studies amongst adults. The sensitivity of gastric parietal
cell antibody is 80% for the diagnosis of pernicious
anemia. However, it is positive in 10% of normal
individuals as well. Hence, a positive antibody is not
definitivefor perniciousanemia[73]. Evenin developed
countries where nutritional deficiency israre, pernicious
anemiaand the presence of anti-IFAbisrarely reportedin
children.
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j- Tests for Genetic Disorders or Inborn Errors of
Metabolism causing Megaloblastic Anemia

Disorders affecting uptake and metabolism of folate or
vitamin B12, aswell asthiamine-responsive megal oblastic
anemia, orotic aciduria, and 3-phosphoglyceride dehydro-
genase deficiency, may al so cause megal oblastic anemia.
These conditions warrant evaluation for specific
mutations and biochemical assays which are beyond the
scope of these recommendations.

Recommendations

» A peripheral smear with the presence of macrocytes
and hypersegmented neutrophils along with an
elevated MCV should arouse suspicion of underlying
vitamin B12 or folate deficiency (L oE 2)

» Chl and folate assays should be done simultaneously
duetothe closerelationshipin metabolism (L oE 1)

*  We recommend that serum folate levels should be
estimated beforethe RBCfolatelevel (L oE 1).

* RBC folate levels need to be estimated if thereis a
strong suspicion of underlying folate deficiency
despite normal folate levels or as corroborative
evidencefor folate deficiency, wherever available (L oE
2).

» Plasma total Hcy and/or plasma MMA should be
considered as supplementary tests to diagnose
biochemical vitamin B12 deficiency in a suspected
clinical situation with borderline serum Chl or folate
level (LOE 2).

» We do not recommend routine testing of anti-gastric
parieta cell or anti-intrinsic factor antibody (L oE 1).

4.2 Treatment of Vitamin B12 and Folic Acid
Deficiency Anemia

4.2.1 Starting replacement therapy

Once the clinical features, dietary history and laboratory
findings (anemiawith raised MCV) corroborateto suggest
nutritional macrocytic anemia, replacement therapy should
beinitiated with vitamin B12 and folic acid. An assay of
serumvitamin B12 and folateisadvisable prior to therapy.
Whenitisnot possibleto estimate serum levels, treatment
with both vitamin B12 and folic acid should be provided.
Vitamin B12 alone should be started in the initial 10-14
days, followed by the addition of folic acid. Folic acid
should not be ingtituted alone if vitamin B12 deficiency
has not been excluded, asthe neurological symptomsdue
to vitamin B12 deficiency may precipitate or worsen
[78,79]. Treatment of children with dimorphic anemia
shouldincludeiron, folic acid and vitamin B12.
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Treatment regimens in children have not been well
studied, and the preferences of the route of administration
and doseof vitamin B12 arevaried [73,74,80-82]. Currently
available guidelines are restricted to the adult population
[73.

4.2.2 Route of vitamin B12 administration

Parenteral [(intramuscular (IM) deep subcutaneous (SC)
intravenous (1V) infusion) administration of vitamin B12
rapidly and reliably restores the vitamin B12 stores [83].
Parenteral vitamin B12 ispreferably administered by IM or
degp SCinjectionasvitamin B12israpidly excreted after IV
administration. Lately, sublingual [84,85] and intranasal
[86] routes of vitamin B12 administration have also been
tried in children with vitamin B12 deficiency. Due to the
paucity of robust scientific evidence, we do not recom-
mend intranasal and transdermal routes of vitamin B12
therapy in children. Oral vitamin B12 supplements are
convenient and cheaper compared to parenteral vitamin
B12 and can ensure better compliance in the long term.
Evidencein adults suggeststhat oral vitamin B12 may be
given as an aternative to parenteral vitamin B12 with
comparableefficacy and safety [87-90].

Comparativestudiesof oral vs. parenteral vitamin B12
in children are scant, although there are afew prospective
studies and case series assessing the response to oral
vitaminB12[91-97]. A comparativegroup study in children
with symptomatic vitamin B12 deficiency showed com-
parable efficacy of parenteral and oral cyanocobaamin
(CN-Chl) intermsof hematol ogical response measured by
ariseinhemoglobin, MCV and hematocrit[98].

Asmost casesof vitamin B12 deficiency inIndiaare of
dietary origin, injectablevitamin B12 should be used only
in cases where a fast response is required or compliance
with oral medication is not ensured. Faster and assured
response will be particularly required in children with
neurological manifestations and pancytopenia. Children
with severe thrombocytopenia should be treated with 1V
vitamin B12 as M administration may lead to hematoma
formation. In patientsbeing started on injectabletreatment,
after the initial response, maintenance therapy with oral
vitamin B12 should beconsidered [83,92,93, 98].

Varied protocolsof vitamin B12 supplementation have
beentriedin children with neurol ogical manifestations of
vitamin B12 deficiency using parenteral [99,100] or oral
vitamin B12[93,101], with different dosesand duration of
therapy. However, due to the need for quick and assured
responsein children with neurol ogical manifestations, we
recommend initial treatment with parenteral vitamin B12
[73,74].

In patients with malabsorption due to irreversible
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causes of vitamin B12 malabsorption, including surgical
cases, underlying autoimmune conditions, or genetic
defects in vitamin B12 absorption and transport, therapy
with parenteral vitamin B12 may be preferred [83].
Alternately, as shown by somestudies, life-long daily oral
or sublingual vitamin B12 may be given to children with
irreversible causes of malabsorption [87]. Intwo separate
randomized controlled trials, which included adults with
vitamin B12 deficiency dueto chronic atrophic gastritisor
perniciones anemia, oral vitamin B12 was as effective as
parenteral vitamin B12[88,89)].

4.2.3 Dose of vitamin B12

As the route of therapy is varied, so is the dose and
duration of vitamin B12 therapy in children depending
upontheage (infant, child, adolescent). Daily oral vitamin
B12invaryingdosesof 100 ug- 1000 ug[73,92,93,95,98]
and parenteral vitamin B12 in doses of 25-1000 pg
[73,74,80-82] have been used in children for treating
vitamin B12 deficiency anemia. Oral vitamin B12 needsto
be given in a fasting state as food interferes with the
absorption of vitamin B12 [102]. Based on the various
studies, our recommendationis:

Oral: Ora vitamin B12 therapy (500 pgininfants, 1000 ug
in older children) to be used to treat macrocytic anemia
due to dietary vitamin B12 deficiency. This dose may be
given every day for aweek, every other day for the next
week, 2timesaweek, onceaweek, onceevery 15daysfor a
month and then once a month to complete at least 3
monthsduration of therapy [92].

Alternatively, daily oral vitamin B12 therapy (500 ugin
infants, 1000 pg in older children) can be given for 3
months[92].

Parenteral: We recommend starting treatment with 25 g
of vitamin B12 given daily by IM (or deep SCor I V) route
for theinitial 2-3days. Thisisfollowed by 100 ug (50 ugin
infants) of parenteral vitamin B12 givendaily for thenext 7
days (till 3weeksin children with neurological features),
followed by 100 pg vitamin B12 IM/deep SC/IV on
alternate days for next 7 days, and followed by 1000 pg
vitamin B12 given IM/deep SC/IV every week over thenext
1month.

The starting dose of vitamin B12 in younger children,
especiadly those who are manourished or have severe
anemia, must be lower (25-50 pg) asthereisarisk of life-
threstening hypokaemia[103] aswell asarisk of neurological
deterioration in the form of worsening or appearance of
tremorsand other involuntary movements[104].

Further maintenance therapy (1000 ug monthly) can be
given by oral or parenteral route as necessary [87].
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The intravenous route to be used where the patient
has thrombocytopeniaasgiving IM or SC injections may
lead to hematomaformation.

4.2.4 Duration of vitamin B12 therapy

Children with hematol ogical manifestationsduetovitamin
B12 deficiency need treatment for at least 3 months
[74,83,92]. Children with neurological manifestations
should betreated for at least 6 months[83,92,105]. Children
with an irreversible underlying cause of vitamin B12
deficiency (e.g., perniciousanemia, inherited disordersof
vitamin B12 metabolism), underlying malabsorption
disorders and those with strong cultural practices (e.g.,
strict veganism) leading to vitamin B12 deficiency require
lifelong vitamin B12therapy [ 73,74,83].

4.2.5 Choice of pharmacological compound

Cyanocobalamin (CN-Chl) isthe synthetic form of vitamin
B12, which requires conversion to metabolically active
coenzymes viz., methlycobalamin (Me-Chl) and 5'-
deoxyadenosylcobalamin (Ado-Chl) (106). Hydroxo-
cobalamin (HO-Chl) isthelong-acting form of Vitamin B12,
needs less frequent injections and is hence preferred in
children with persicious anema or inherited disorders of
metabolic Vitamin B12 processing [107,108]. Currently,
there is insufficient evidence to suggest the benefits of
using Me-Chl or Ado-Chl over CN-Chl or HO-Chl interms
of bioavailahility, biochemical effects, or clinical efficacy.
Me-Chl is the formulation most readily available in the
market and can be prescribed for treating anemia due to
VitaminB12 deficiency.

4.2.6 Side effects of vitamin B12 administration

Unlike oral formulations, injections are more allergenic;
HO-Cbl is more allergenic than CN-Cbl, but allergic
reactions occur with all cobalamin forms and routes
[107,108]. Sideeffectslike nauses, itching, chills, fever, hot
flushes, nausea, dizziness, or rarely anaphylaxis can
occur. A sensitivity history should be obtained from the
patient prior to administration of parenteral vitamin B12. In
case of allergic reactions, hydrocortisone can be used for
premedication or desensitization can be tried [108]. 1V
vitamin B12 should beadministered asan infusion over 45-
60 minutes. Some children may even experiencetransient
worsening of neurological symptoms[109,110]. CN-Cbl
should be avoided in children with optic nerve atrophy or
L eber’sdisease, as CN-Chl may cause optic nerve damage

[107].

Thereis aneed to monitor serum potassium levelsin
theinitial few daysof therapy asthereisarisk of transient
hypokalemiaafter starting vitamin B12 therapy, especialy
inthosewith severeanemia[73,103,111].
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4.2.7 Treatment of Infants with vitamin B12 deficiency

Infantsborn to vegetarian mothersdeficient in vitamin B12
who receive exclusive breastfeeding for aprolonged period
are particularly prone to develop vitamin B12 deficiency
[104,109-111]. Werecommend checking mothers anemiaand
vitamin B12 statuswhil e treating symptomatic infantswith
vitamin B12 deficiency. These infants must be closdly
followed up for neurological development. Additionally, if
the mother isfound to be vitamin B12 replete, such infants
should be assessed to exclude any genetic causesof vitamin
B12 metabolism, which may need specific trestment
depending upon the underlying condition.

Treatment of infantiletremor syndrome (I TS) involves
therapeutic supplementation of vitamin B12 along with
other micronutrients. Severetremorsmay requiretreatment
with one (or more) of the following drugs - ora
propranolol, phenobarbitone, phenytoin, or uncommonly
with carbamazepineor steroids[112].

4.2.8 Treatment of folic acid deficiency

Anemia due to dietary folic acid deficiency in children
above one year of age and adults should be treated using
oral folicacid 1-5mgdaily [ 74]; in infants, oral dosesup
to 50 pg/day may suffice. A meta-analysis showed that
daily doses of >0.8 mg of folic acid aretypically required
to achieve the maxima reduction in plasma
homocysteine concentrations produced by folic acid
supplementation [113]. Doses of 0.2 and 0.4 mg are
associated with 60% and 90%, respectively, of this
maximal effect [113]. However, more recently, a dose of
0.2 mg/d over at least 6 months was shown to have
optimal effects[114]. The British Society for Hematol ogy
Guidelines[73] recommend 5 mg of FA to be given for 4
monthsto treat megal obl astic anemiadueto dietary folic
acid deficiency in adults. In children with underlying
mal absorption, higher daily doses of 5 mg are preferred.
The duration of folic acid therapy is for 3-4 months in
order to replenish the depl eted stores. Vitamin B12, even
if found to be normal, should be continued alongside in
doses of at least 1-2 pg/day to prevent neurological
deterioration.

If the anemia or macrocytosis does not resolve
with folic acid therapy and/or the child develops new
neurol ogic symptoms, serum vitamin B12 must be tested
again. Such children should be treated with parentera
vitaminB12[115]. Reducedfolateform, viz, folinicacid, is
used to treat certain specific folate metabolism disordersor
toxic effectsof chemotherapy [116].

4.2.9 Assessing response to treatment

Clinical improvement with a sense of well-being starts
within 24 hoursof treatment. Glossitis startsimproving by

INDIAN PEDIATRICS

INDIAN ACADEMY OF PEDIATRICS

day 2 and resolves by the end of the second week of
treatment. Theclinical evaluation can be scheduled within
the first week for those with severe anemia and in the
second week for children with moderate or mild anemia.
However, if thereisno improvement, worsening of symp-
toms, or appearance of neurological signs, he/she needs
to be assessed earlier.

In addition to symptomatic improvement, we recom-
mend |aboratory evaluation with complete blood counts
(CBC) and MCV. Thetiming of thefirst follow-upvisit for
|aboratory investigations (hemoglobin, CBC) canbeday 7
for those with severe anemia, day 14 for moderate anemia
and day 28 for mild anemia. Where there are concerns
regarding absorption of oral vitamin B12, we can assay
serumvitaminB12levels.

The most useful objective parameter is the rise in
reti cul ocyte count which startswithin 48-72h and peaksat
the end of the first week after starting treatment; the
reticulocytosis is usually proportional to the severity of
the anemia. MCV begins to fall by day 14 and usually
normalizes by week 6-8. Hypersegmented neutrophils
disappear by 10-14 daysof treatment. The CBC, including
mean corpuscular volume (MCV), should be completely
normal by 6-8 weeks. In the case of suboptimal response, it
isimportant tolook for coexisting iron deficiency aswell as
aternate diagnoses.

Neurologic improvement also begins within the first
week and is typically complete in 6-12 weeks [74]. An
aternate diagnosis should be looked for in case of
worsening neurological symptoms despite treatment.
Permanent neurological sequelae with vitamin B12
deficiency are common, especially ininfantsand younger
children[104,109,111].

As per existing evidence, we do not recommend
estimating serumvitamin B12 and hol otranscobaamin| to
assess response to treatment as their levels may rise
rapidly after administration.

4.2.10 Evaluation of a child with sub-optimal
response

In case of inadequate response, the compliance and dose
of medication should be rechecked. If initialy started on
oral therapy, it may be preferable to switch to parenteral
vitamin B12 therapy and re-evaluate the response. It is
recommended to evaluate for other causes of macrocytic
anemialike hypothyroidism, thiamine-responsive macro-
cytic anemia, chronic hemolytic anemia, hypoplastic
anemia, myelodysplastic syndrome, genetic disorders of
vitamin B12 and (or) folate metabolism and underlying
liver disease. We also recommend evaluating coexisting
iron deficiency and testing for other causesof anemia[74].
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Recommendations

* Inthepresence of discordance between thelaboratory
results and strong clinical features of vitamin B12
deficiency, treatment should not be delayed to avoid
neurological impairment (L oE4)

» Mild to moderate macrocytic anemia due to dietary
vitamin B12 deficiency canbetreated with ora vitamin
B12(LoE3).

» Thegroup recommendsinitial parenteral Vitamin B12
therapy in children with neurological manifestations,
underlying malabsorption of vitamin B12, severe
anemia / pancytopenia or disorders of vitamin B12
metabolism (L oE3).

» Inpatientsbeing started on parenteral treatment, after
the initial response, maintenance therapy with oral
Vitamin B12 can beconsidered (L 0E1).

» Children without neurological manifestations due to
vitamin B12 deficiency need treatment for at least 3
months, and those with neurological signs and
symptoms need at least 6 monthsof therapy (L oE3).

» Treatment of folic acid deficiency should beinitiated
only after excluding co-existing vitamin B12 deficiency
(LoE2).

» Folicacid deficiency istreated with oral folic acid 1-5
mg per day for 3-4 months(L oE1).

5. Indication for Blood Transfusion in Nutritional
Anemia

Blood transfusion (packed red cellswholeblood) israrely
required to treat nutritional anemias in children. Iron/
vitamin B12/folic acid deficiency results in chronic
compensated anemiawhereintravascular volumeismain-
tained despite severely low hemoglobin. Blood
transfusion is often dangerous as it increases the risk of
transfusion-associated circulatory overload and may
delay bone marrow recovery. The only indication of
packed red cell transfusion in children with nutritional
anemia is the presence of cardiac decompensation in
severeanemia, whererapid restoration of oxygen-carrying
capacity isvital for survival [117,118]. Severeanemiawith
no cardiac decompensation may be managed successfully
with supplementation therapy, provided compliance is
ensured. As recommended by WHO, the indications for
blood transfusionfor children arewith hemoglobin<4 g/dL
or hemogl obin between 4-6 g/dL associated with cardiac
decompensation [119]. In case of an absolute indication,
packed red cellsmay betransfused at avolumeof 5-10mL/
kg over 4 hours under close cardiac monitoring with the
administration of furosemide, if required.
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6. Dietary Counselling in Nutritional Anemia

All children being treated for nutritional anemiashould be
provided an appropriate diet in addition to micronutrient
supplementation. During the second year of life, adaily
milk intake of 400-600 mL isappropriateto meet calcium
needsand intakes above 800 mL per day can predisposeto
iron deficiency [120]. If the infant/ child is being given
excessmilk, it should bereplaced by complementary feeds
(seebelow). Thefamily needsto be counseled toimprove
the diet of the patient. This will not only help faster
recovery from anemia, it will aso prevent further
recurrence. Nutrition education and counseling to
improvedietary diversity and quality isakey intervention
for the prevention of anemiain children[121-123]

After 6 months of life, infants should be started on
appropriate complementary feeding. Green leafy vege-
tables such as palak (spinach), cholai (amaranth leaves),
cabbage, sarson (mustard leaves), drum stick leaves,
turnip, radish, beetroot, lotus stems, sweet potato,
tomatoes, etc. are good sources of iron. Oranges, lemon,
watermelon, pomegranate, apple, grapes, guava, musk
melon, and gooseberriesarerichiniron. Dry fruitssuchas
dates, raisins, walnuts, amondsaswell asragi seedsalso
are good sources of iron. Use of jaggery or palm sugar
instead of refined sugar should be encouraged. Non-
vegetarian food such asred meat isagood source of heme
iron which has better bioavailability than non-hemeiron.
Nutritional counselling should consider regional and local
variationsinthediet, varied cultural practices, methods of
food processing and meal preparation and affordability
[1,124].

Intakeof foodsrichinvitaminB12andfolic acid should
be adequate. Food rich in vitamin B12 includes meat,
poultry, shellfish, eggs, dairy products, mushrooms and
fermented foods like curd and yogurt. Foods like leafy
green vegetables (spinach, lettuce), broccoli, sprouts,
lemons, bananas, melons, liver, oranges, beetroot, mango,
okra, and flaxseed contain useful amounts of folate. To
prevent loss of folate, foods should not be overcooked
and should not be repeatedly washed in large amounts of
water [125].

Recommendations

«  We recommend that caregivers of al infants and
children being treated for nutritional anemiashould be
counselled to improve the diet. All infants must be
exclusively breastfed till 6 months of age. Age-
appropriate, adequate and diverse complementary
foodsafter 6 monthsare recommended to optimizethe
micronutrient intakein children. For children ol der than
12 monthsof age, intake of milk should belessthan 600
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mL per day and bottlefeeding should be discontinued
tolimitmilk intake(L oE 1).

7. Prevention of Nutritional Anemia

For prevention of anemia in children following

strategiesarerequired:

All infants should be exclusively breastfed till 6
monthsof age asmother’smilk isagood sourceof iron
compared to cow’smilk [126]. After 6 months of age,
infants should be started on complementary feeding.

I'ron supplementation: Under public health programs,
iron supplementation across age groups is recom-
mended [1]. Iron supplementation is particularly
needed for high-risk agegroups, i.e., infantsborn pre-
term or low birth weight, pre-schoolers and adole-
scents, to replenish the iron sores. Preterm infants do
not have adequate hepatic iron stores and require
larger amounts of iron for catch-up growth. Targeted
laboratory screening for iron deficiency anemia(IDA)
should be performed ininfants and children with risk
factorslikemalnutrition, prematurity, low birth weight,
poor diet or symptomsof IDA. Thepublished literature
supports the role of early iron supplementation in
pretermor low birthweight (LBW) infantsinimproving
hemoglobinlevel andiron stores, with alower risk for
IDA in infancy [126-128]. American Academy of
Pediatrics (AAP) recommends iron supplementation
(dose of 2 mg/kg/day of elemental iron, maximum 15
mg) in breastfed preterm or low birthweight infantsas
early as two weeks of age and continued in infancy
until adequateironintakefrom complementary foodis
assured [128]. Ord iron supplementation inadose of 2-
4 mg/kg/day (elemental iron) in LBW infantsfrom 2-4
weeks of lifeto 12 months of age isrecommended by
National Neonatology Forum, India[129].

Older infants (>6 months) and toddlersareat high risk
of nutritional anemia due to inadequate and poor-
quality complementary diet. Therefore, screening for
anemia using hemoglobin estimation should be done
a 9-12 months when these infants visit for measles
vaccination. This contact point should be utilized to
assess the adequacy of complementary food intake
and provide appropriate counselling if required.
Further, daily iron supplementationin adoseof 1-2mg/
kg/day can be considered in them individualy,
especialy where dietary intake is inadequate. In
young children and adol escents, additional screening
may bedoneat any timeif thereisclinical suspicionor
risk factor for anemiasecondary to nutritional or anon-
nutritional cause. Additionaly, siblings of any child
diagnosed with IDA must also be assessed for ID and
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managed accordingly. Daily iron supplementation is
also suggested for adol escent children, especialy girls
(60-100 mg elemental iron), to replenishtheiron stores
for pubertal growth and devel opment [130].

Iron prophylaxisfor prevention of anemiain children
and adolescents at the community level: Inthelast 5
decades, the national programsfor the prevention and
control of anemia have evolved from National
Nutritional AnemiaProphylaxisProgram (NNAPP) in
1971, National Nutritional AnemiaControl Programme
(NNACP) in1993, National Iron PlusInitiative (NIPI)
program in 2013 to the current Anemia Mukt Bharat
(AMB) program in 2018 [12]. The focus of all
government programs has been primarily on com-
bating iron and folate deficiency by strengthening the
distribution of iron andfolic acid (IFA) supplementsto
the beneficiaries. Under AMB program, screening for
anemiaisrecommendedfor dl children 6-59 months, in-
school and out-of-school children (5-9 years), school-
going adolescents 10-19 yearsin government/ govern-
ment-aided schoolsand all childrenwith clinical signs
and symptoms of anemia (12). Iron folic acid supple-
mentation in an age-appropriate dose is provided to
infants and preschool children and school-going
children and adolescents biweekly and weekly,
respectively. WHO (2016) guidelinesrecommend the
use of daily iron-folic acid supplementation for all
beneficiariesin areaswherethe prevaence of anemiais
>40% [130]. Daily therapy resultsin poor adherence
due to the long duration of treatment and increased
sideeffects. Recently, Cochrane systematic review has
reported that intermittent iron supplementation is
better for improving hemoglobin concentration and
decreasing the risk of anemia in children <12 years
compared to placebo or nointervention[131].

WASH strategies and deworming: There is enough
evidence to suggest that children exposed to poor
sanitation and hygiene conditions and open defeca-
tion havelower hemoglobin levelsdueto anincreased
risk of intestinal infection and chronic gut inflammation
[132, 133]. It hasbeen observed through clinical trials
that theimplementation of adequate water, sanitation,
and hygiene (WA SH) strategies have been successful
in reducing the prevalence of anemia in children
[134,135]. Thereisevidenceto support the use of mass
administration of anti-helminths in decreasing the
prevalence of anemia[136,137]. To intensify efforts
toward soil-transmitted helminths (STH) control in
India, the National Deworming Day programisimple-
mented. Biannual mass deworming (abendazole
tablet) iscarried out for children and adolescents (1-19
years) every year under theAMB program[12]. Under
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thisstrategy, under-five children, out-of-school child-
ren and adol escentsare provided deworming tabletsat
Anganwadi centers by AWWSs, while school-going
children and adolescents are provided the same
through school teachers.

» Delayed umbilical cord clamping: To build and regain
theiron storesininfants after birth, delayed umbilical
cord clamping (by at |east 3 minutes, not earlier than 1
min, or until cord pulsations cease) isrecommended by
WHO and AMB guidelines [12,138], especially for
infants born to anemic mothers [139]. Efforts are
required to operationalizethispracticeat al healthcare
levels.

Recommendations

* Iron supplementationisrecommended for preterm and
low birth weight infants to replenish the iron stores
and prevent iron deficiency anemiaand continued in
infancy until adequateiron from complementary food
isassured. (LoE 1)

» All children, especially those with risk factorsfor the
development of anemia, should be screened for anemia
at 9-12 months, 5 yearsand adol escence.

* In view of operationa feasibility and better comp-
liance, intermittent iron-folic acid supplementation
(under theAnemiaMukt Bharat program) isrecommen-
dedfor al infants (>6 months), pre-school ers, school -
age children and adolescents for the prevention of
nutritional anemia. (L oE 1).

» Delayed cord clamping isrecommended for deliveries
indl hedlth carefacilities. (L oE 1)

CONCLUSIONS

Considering the increased prevalence of nutritiona
anemiasin children despitetheintroduction of preventive
programs by the Government of India, theexpert group felt
aneed to provide evidence-based guidelinesfor managing
nutritional anemias in children. Most of the available
guidelines for managing nutritional anemias are for adult
populations. The committee noted the lack of robust
scientific evidence for certain recommendations and felt
these key areas need to be studied scientifically in Indian
settings(Box 111).

We endorse the hemogl obin cut-offsrecommended by
the World Health Organization to define anemia in
children. Keeping thefeasibility and reliability of available
laboratory tests, we suggest that IDA be diagnosed based
on examination of CBC, including RBC indices and
peripheral smear; diagnosis can be confirmed by the
therapeutic response to oral iron. Most cases of IDA can

INDIAN PEDIATRICS

53

Box Il Areas for Future Research in Nutritional
Anemias

e Single dose versus divided doses of oral iron for treatment
of iron deficiency anemia in children

* Therapeutic response to different doses and preparations
of oral iron

e Management of non-responders to oral iron
¢ Use of intravenous iron in children

e Diagnostic role of methyl maonic acid and
holotranscobalamin in children with borderline vitamin
B12 levels.

* Therapeutic response to ora vitamin B12 therapy in
children.

e Optimum therapeutic dose and schedule of vitamin B12
in children

be treated with oral iron. Our guidelines also provide
answersto seemingly minor but clinically relevant issues
such as duration of treatment in IDA, evaluation of
response to treatment and management of non-
responders. There is sparse evidence for managing
vitamin B12 andfolic acid deficiency anemia, and wecould
only retrieve one guideline for the adult population. We
have attempted to providetreatment guidelinesfor macro-
cytic anemia due to deficiency of vitamin B12 and FA in
children as evidence-based as possible. We recommend
treatment with vitamin B12 without further delay where
thereareclinical featuresof vitamin B12 deficiency eveniif
laboratory tests are equivoca to prevent neurological
impairment. Mild to moderate macrocytic anemia due to
dietary vitamin B12 deficiency can be treated with ora
vitamin B12. However, patients with neurological
manifestations, those with pancytopenia, severe anemia,
or mal absorption warrant parenteral vitamin B12 therapy.
In patients being started on parenteral treatment, after the
initial response, maintenancetherapy with oral vitamin B12
can be considered. Treatment of FA deficiency should be
initiated only after excluding co-existing vitamin B12
deficiency. We recommend screening children for anemia
at 9-12 months of age, 5 years and during adol escence, in
addition to intermittent iron FA supplementation as
advocated under theAnemiaMukt Bharat Program.

Contributors: All authors have contributed, designed and
approved the study.
Funding: None; Competing inter ests: None stated.
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