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Abstract
Background: Globally in 2012, an estimated 35.3 (32.2–38.8) million people were living with HIV (PLHIV) including
3.2 million children. India has the third largest number of PLHIV with estimated number of 2.09 million (2011).
Estimated number of children living with HIV (CLHIV) is 1,45,000 and 25,739 such children are on antiretroviral
therapy (ART). The prevalence of anemia in these children has a wide range (57% - 100%) as reported by number
of researchers. Screening for anemia before initiating ART is recommended as it helps in deciding the composition
of the first line ART regimen (Zidovudine based regimen avoided in anemia) and in treatment of anemia.
Objectives: To study the clinico-social profile and anemia in Children living with HIV and to assess the effect of
ART on anemia. Material & Methods: The study was part of follow up study of children seeking ART in Delhi
undertaken between November 2012 and March 2014 in Kalawati Saran Children Hospital and Dr. Ram Manohar
Lohia Hospital. It involved a retrospective case review and one year follow up of 55 children between 11 months
to 13 years of age living with HIV and attending the pediatric ART clinic. Information on demographic and clinical
profile including anemia in CLHIV were studied before and one year after the start of ART. Results: Majority
(61.8%) of CLHIV comprised of boys. Fourteen (25.5%) children were orphans. Both parents of CLHIV were found
to be positive in 69.1% while mother was found to be positive in 76.4%. Before the start of ART anemia was seen
in forty five (81.8%) children out of which thirty four were having moderate to severe anemia, while after one
year of ART anemia was seen in twenty (36.3%) children out of which eleven were moderately anemic and no one
had severe anemia. There was a significant reduction in prevalence and severity of anemia in children following
ART (p=0.00). Conclusion: HIV positive children should be screened for anemia before initiation of ART and should
be closely followed up for anemia during ART. There is evidence of reduction in prevalence of anemia following
ART.
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one of the most urgent threats to global public
Introduction
health. Globally in 2012, there are an estimated 35.3
Acquired Immunodeficiency Syndrome (AIDS) is a
(32.2–38.8) million people living with HIV (PLHIV)
fatal illness caused by a retrovirus known as Human
including 3.2 million children. India has the third
immunodeficiency virus (HIV) which breaks down
largest number of PLHIV with estimated number of
body’s immune system, leaving the victim vulnerable
2.09 million (2011). Estimated number of CLHIV in
to life threatening opportunistic infections,
India is 1,45,000 and of these 25,739 children are on
neurological disorders or unusual malignancies. AIDS
antiretroviral therapy (ART). Globally in 2012,
refers only to the last stage of HIV infection and is
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assent. Relevant information on demographic and
clinical profile including baseline hemoglobin among
CLHIV was obtained before and one year after
initiating HAART. Eligibility for initiation of ART was
based on clinical and immunological criteria outlined
in the current NACO guidelines (11). The first line ART
regimen comprised of two nucleoside reverse
transcriptase inhibitors (zidovudine and lamivudine),
and one non-nucloside reverse transcriptase
inhibitor (neverapine). Efavirenz replaced nevirapine
if a child was on concurrent treatment for
tuberculosis with rifampicin. Stavudine replaced
zidovudine if a child had Hemoglobin <8gm/dL.
Specific information on use of iron supplements was
also recorded.
WHO clinical staging was used to classify children
living with HIV. For analysis WHO clinical stages I and
II were described as early disease, while WHO clinical
stage III and IV as advanced disease. CD4 count and
CD4 percentage were used to categorize the
immunological status of each CLHIV, based on WHO
classification. Anemia was defined and graded based
on age-appropriate WHO classification of anemia (659 months, <11g/dl; 5-11years, <11.5g/dl; 1214years, <12g/dl) (12).
Data was entered into SPSS statistical software
version 12. Results were expressed in terms of mean
± SD. Means were compared with student t-test or
paired t-test while proportions and ratios were
compared using Pearson Chi squared test. All
analysis was done taking confidence interval of 95%
and p-values of < 0.05 were considered as significant

647,000 children under 15 years of age were
receiving ART. HIV treatment coverage for children
[34% (31%-39%)] remained half of coverage for
adults [64% (61%-69%)] in 2012. In priority countries,
including India only 3 in 10 eligible children receive
HIV treatment (1).
High prevalence of anemia is well known amongst
HIV infected children (2), moreover these children
may also have co-morbidities and nutritional
deficiencies. Also, other pathologies like
myelosuppression interact significantly to worsen
the condition (3). Studies have also demonstrated
that anemia is associated with decreased survival (46), increased mortality (7) and poor quality of life (8).
Initiating Highly Active Antiretroviral drugs (HAART)
has been shown to improve the clinical stage,
nutritional status and quality of life of these children
(9, 10).
Studies in younger cohorts are essential to
understand better the full spectrum of treatment
responses in the developing world. In India, limited
studies have been conducted to demonstrate the
effect of HAART on anemia in HIV positive children.

Objectives
1. To identify factors associated with anemia in
children living with HIV.
2. To assess response of ART on anemia in HIV
positive children seeking treatment in Delhi.

Material and Methods
The current study was a follow up study, undertaken
between November 2012 to March 2014 in Delhi at
Kalawati Saran Children Hospital and Dr. Ram
Manohar Lohia Hospital on 55 children of 11 months
to 13 years of age living with HIV on HAART and
attending the pediatric ART clinic. Enrolment of the
study subjects was done till March 2013. Thereafter,
the subjects were followed-up for one year after
initiation of ART. For those children who had already
initiated ART before the start of the study but had
not completed one year of ART, were also included.
In these children a retrospective case review with
collation of data from medical records was
undertaken and follow up was done till completion
of one year period from ART initiation. Ethical
approval from local Institutional Review Boards of
both the institutions was obtained prior to the
beginning of the study. All consecutive, ambulant,
not acutely ill, residents of Delhi were eligible for
inclusion in the study if their caregivers gave consent
and study subjects who were more than 7 years gave

Results
Clinico-social profile of CLHIV: In all 55 children were
recruited in the study out of which 32 were from
KSCH and rest (23) from RML hospital. Out of the
children recruited, 61.8 % (34) were males. The mean
age was 6 years (SD = 3.9 years; range 11 months to
13 years). In the present study 67.3% of the study
subjects belonged to upper lower socio-economic
status according to modified Kuppuswami scale CPI
2013, majority (52) were Hindus while only 3 were
Muslims.
Mode of HIV transmission in young children is
primarily perinatal or is transfusion acquired. The
present study has shown similar results, where
mother to child transmission was the most common
route of transmission seen in 76.4% of the study
subjects followed by transfusion of blood and blood
products (12.7%). Majority (69.1%) of the children
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severe immunodeficiency compared to those in no
to mild immunodeficient stage (9.7gm/dL vs.
10.5gm/dL; p = 0.02) while after one year of HAART
the difference was not found to be statistically
significant (10.7gm/dL vs. 11.7gm/dL; p = 0.7)

had advanced stage of HIV infection (WHO Clinical
Stage 3 and 4). Early disease was present in 16
(29.1%) CLHIV while only one child was
asymptomatic. Severe, moderate and mild
immunodeficiency was observed in 49.1%, 30.9%
and 12.7% children, respectively, while only 4 (7.3%)
children were not immunodeficient.
In 76.4% of the study subjects, mothers were HIV
positive while father was found to be positive in
69.1%. Both parents were found to be HIV positive in
nearly three fourth (69.1%) of the study subjects,
while in 13 CLHIV both of the parents were HIV
negative. At the time of study both parents were
alive in almost three fourth of the study subjects
(74.5%), 12 (21.8%) CLHIV were single orphan while
2 were double orphans.
Anemia in CLHIV: Before the start of HAART, overall
prevalence of anemia in CLHIV was 81.8% (45
children) out of which 12.7% were severely anemic.
After taking HAART for one year the prevalence of
anemia decreased to 36.4% and none of the study
subject was having severe anemia (Table 1). There
was significant rise in mean hemoglobin after
initiation of HAART by 1.7 gram/dL and this increase
was found to be statistically significant (p<0.001).
Before the start of HAART, the prevalence of anemia
in early and advanced clinical stage was 58.8% and
86.8% and the difference was found to be
statistically significant (p=0.03). After one year of
HAART, most of the study subjects shifted to early
stages where the prevalence was found to be 40%
while only 5 of the study subjects remained in
advanced stage (all in clinical stage III) and none of
them were having anemia (Table 2). Before starting
HAART, hemoglobin level was significantly lower
among those with advanced clinical stage as
compared to those in early stage (9.6gm/dL vs.
10.6gm/dL; p = 0.01) while after one year of HAART
the difference was not found to be statistically
significant (12.6gm/dL vs. 11.5gm/dL; p = 0.3)
With respect to immunological stage before
initiation of HAART 92.8% of study subjects were
immunodeficient out of which mild, moderate and
severe immunodeficiency was present in 13.7%,
33.3% and 52.9% children, respectively. After taking
one year of HAART immunodeficiency was present in
only 17 children (30.9%) out of which 52.9%, 29.4%
and 17.6% were mild, moderate and severe
immunodeficient respectively (Table 3). Before
initiation of
HAART hemoglobin level was
significantly lower among those with moderate to

Discussion
Our study found high prevalence of anemia among
HIV-infected pediatric patients majority of them
were moderately anemic. The prevalence of anemia
was 81.8% which is comparable to the other studies
done in India (13), Nigeria (14), Lagos (15), South
Africa (16) and Malawi (17) (66%-78%). These studies
have observed prevalence of anemia as a significant
predictor of growth failure, morbidity and mortality
among HIV infected children (3,7,14,18-20). In a
study review by Calis et al on the global prevalence
of HIV associated anemia reported that prevalence
of anemia was seen in 50%-90% of CLHIV2. The
beneficial effect of ART on anemia has also been
demonstrated previously (21,22,23). In this study
similar results were seen, with a baseline mean
hemoglobin of 9.9gm/dL (SD = 2.0) which increased
to 11.6gm/dL (SD = 1.6) after one year of ART
initiation and this rise was found to be statistically
significant (p = 0.00). In fact the prevalence of
anemia also showed a significant association
between progressive clinical severity and
progressive increase in immunodeficiency affecting
86.8% of study subjects in advanced clinical stage
and in 77.3% in moderate to severe
immunodeficiency at baseline. These findings are
similar to the studies conducted in other parts of
India (18, 24), Nigeria (14), South Africa (16) and
Uganda (19). In this study, 33/43 (76.7%), of those
with anemia were in advanced clinical stage (clinical
stage III or IV) while 34/43 (79.1%) were in moderate
to severe immunodeficiency. As expected in
previous studies (25,26) most of the CLHIV showed
significant clinical response (p = 0.00), as well as
significant immunological response (p = 0.00) to ART,
including those with advanced HIV disease or
moderate to severe immunosuppression.
Anemia in these study subjects may be attributed to
its multifactorial nature. Nutritional deficiencies may
get magnified in these settings. Advanced HIV
disease in children may be associated with
deficiencies of other micronutrients like iron, folic
acid, vitamin B12, zinc and Vitamin A which is
thought to have a role in erythropoeisis as well as
iron transport (27). Although anemia has been
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INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 02 / DEC 2014

[Effect of ART…] | Verma D et al

anemia and ART response warrants further
longitudinal studies in larger cohort.

frequently reported in HIV infected population, but
when compared with HIV uninfected population as a
control group did not clearly suggest increase
prevalence of iron deficiency among HIV infected
children (28,29). Other factors like parasitic
infections, opportunistic infections, chronic
inflammation, cytokine induced myelosuppression
and HIV infection of bone marrow stroma (3,30) are
some of other reasons causing increase losses and
depressing erythropoeisis and thus worsening the
disease progression.
Regardless of the cause, recognition of anemia at
ART initiation could be useful alert for clinicians in
treatment of CLHIV, in selection of ART drugs
(Zidovudine based regimen avoided in anemia),
monitoring response to drugs or treatment failure.
Moreover, correction of anemia
improves
prognosis, and thus monitoring of hemoglobin levels
during ART also helps to identify those not
responding to treatment and may be useful in
deciding
further investigations and specific
treatment to correct anemia.

Relevance of the study
The study would be useful in managing children
living with HIV in a more comprehensive manner by
giving due attention to anemia and other comorbidities.

Authors Contribution
First author was the main researcher for data
collection, basic analysis and preliminary
manuscript. All other authors contributed in the
study design, supervision, in-depth analysis,
interpretation and finalizing the manuscript.

Acknowledgement
The authors greatly acknowledge Dr. Rohini for
dedication and contribution to these data and keep
a child alive for ongoing support of our work. This
work is also supported by all staff at the
Antiretroviral Clinic, KSCH and RML Hospital

References
1.

Conclusion
This study on HIV infected children in Delhi has
shown high prevalence of anemia. Frequency of
anemia was associated with worsened clinical and
immunological stage. Treatment with HAART
improved anemia in most of the HIV infected
children so much so the after one year of HAART
none of the children was severely anemic. A
thorough search for correctable causes of anemia
may need to be applied to HIV infected children
whose anemia does not improve following HAART.

2.

3.
4.

Recommendation
Anemia is one of the common morbidity found
among the children living with HIV. Timely diagnosis
and treatment of HIV and its co-morbidities helps in
improvement of not only anemia, but also results in
better clinical outcome and immunity. However,
other factors like adherence to ART and nutritional
interventions need to be further studied.

5.
6.

Limitation of the study
There are some limitations to this study. Firstly the
exact type and cause of anemia in these study
subjects were not determined. Secondly results of
this study in limited setting in Delhi cannot be
generalized. Thirdly other predictors of anemia like
under nutrition and virological response to HAART
have not been studied. However, association of

7.

8.

261

UNAIDS. Report on the Global AIDS Epidemic. World Health
Organization,
Geneva,
Switzerland;
2013.
[Internet]Available from: http://www.unaids.org/en/
media/unaids/contentassets/documents/epidemiology/20
13/gr2013/UNAIDS_Global_Report_2013_en.pdf
(last
accessed on 4-9-2014).
Calis JC, van Hensbroek MB, de Haan RJ, Moons P, Brabin
BJ, Bates I. HIV associated anemia in children: a systematic
review from a global perspective. AIDS 2008;22(10):1099112.
Semba RD, Gray GE. The pathogenesis of anemia during
human immunodeficiency virus infection. J Investig Med.
2001 May;49(3):225-39.
Mocroft A, Kirk O, Barton SE, Dietrich M, Proenca R,
Colebunders R, Pradier C, dArminio Monforte A,
Ledergerber B, Lundgren JD. Anemia is an independent
predictive marker for clinical prognosis in HIV-infected
patients from across Europe. EuroSIDA study group. AIDS
1999;13(8):943-50.
Moore RD, Keruly JC, Chaisson RE. Anemia and survival in
HIV infection. J Acquir Immune Defic Syndr Hum Retrovirol
1998;19(1):29-33.
Sullivan PS, Hanson DL, Chu SY, Jones JL, Ward JW.
Epidemiology of anemia in human immunodeficiency virus
(HIV)-infected persons: results from the multistate adult
and adolescent spectrum of HIV disease surveillance
project. Blood 1998;91(1):301-8.
Zhao Y, Li C, Sun X, Mu W, McGoogan JM, He Y, et al.
Mortality and treatment outcomes of China’s national
pediatric
Antiretroviral
Therapy
program.
CID
2013;56(5):735-44.
Volberding PA, Levine AM, Dieterich D, Mildvan D,
Mitsuyasu R, Saag M. Anemia in HIV infection: clinical
impact and evidencebased management strategies. Clin
Infect Dis 2004;38(10):1454-63.

INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 02 / DEC 2014

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

[Effect of ART…] | Verma D et al

Banerjee T, Pensi T, Banerjee D, Grover G. Impact of HAART
on survival, weight gain and resting energy expenditure in
HIV-1-infected childrenin India. Ann Trop Paediatr.
2010;30(1):27-37.
Sutcliffe CG, van Dijk JH, Munsanje B, Hamangaba F,
Sinywimaanzi P, Thuma PE, et al. Weight and height zscores improve after initiating ART among HIV-infected
children in rural Zambia: a cohort study. BMC Infect Dis.
2011 Mar;11:54.
WHO case definitions of HIV for surveillance and revised
clinical staging and immunological classification of HIV
related disease in adults and children 2006 Geneva,
Switzerland.
[Internet]Available
from:
http://www.who.int/hiv/pub/guidelines/hivstaging/en/ind
ex.html (last accessed on 7-10-2014).
World Health Organization. Hemoglobin concentrations for
the diagnosis of anemia and assessment of severity.
Geneva; 2001. Hemoglobin levels to diagnose anemia at sea
level;p.3.
Shet A, Mehta S, Rajagopalan N, Dinakar C, Ramesh E,
Samuel NM, et al. Anemia and growth failure among HIVinfected children in India: a retrospective analysis. BMC
Pediatr. 2009 Jun 16;9:37.
Anyabolu HC, Adejuyigbe EA, Adeodu OO. Undernutrition
and anemia among HAART - naïve HIV infected children in
Ile-Ife, Nigeria: a case-controlled, hospital based study. The
Pan African Medical Journal. 2014;18:77.
Adetifa IM, Temiye EO, Akinsulie AO, Ezeaka VC, Iroha EO.
Haematological abnormalities associated with paediatric
HIV/AIDS in Lagos. Ann Trop Paediatr. 2006 Jun;26(2):1215.
Eley BS, Sive AA, Shuttleworth M, Hussey GD. A prospective,
cross-sectional study of anemia and peripheral iron status
in antiretroviral naïve, HIV-1infected children in Cape Town,
South Africa. BMC Infect Dis. 2002;2:3.
Semba RD, Broadhead R, Taha TE, Totin D, Ricks MO,
Kumwenda N. Erythropoietin response to anemia among
human immunodeficiency virus infected infants in Malawi.
Haematological. 2001 Nov;86(11):1221-2.
Shet A, Mehta S, Rajagopalan N, Dinakar C, Ramesh E,
Samuel NM, et al. Anemia and growth failure among HIVinfected children in India: a retrospective analysis. BMC
Pediatrics 2009;9:37.
Ruhinda EN, Bajunirwe F, Kiwanuka J. Anemia in HIVinfected children: severity, types and effect on response to
HAART. BMC Pediatr 2012;12:170.

20. Markers for predicting mortality in untreated HIV-infected
children in resource-limited settings: a meta-analysis. AIDS
2008, 22(1):97-105.
21. Kabue MM, Kekitiinwa A, Maganda A, Risser JM, Chan W,
Kline MW. Growth in HIV-infected children receiving
antiretroviral therapy at a pediatric infectious diseases
clinic in Uganda. AIDS Patient Care STDS 2008,22(3):245-51.
22. Nachman SA, Lindsey JC, Moye J, Stanley KE, Johnson GM,
Krogstad PA, Wiznia AA. Growth of human
immunodeficiency virus infected children receiving highly
active antiretroviral therapy. Pediatr Infect Dis J 2005,
24(4):352-7.
23. Rajasekaran S, Jeyaseelan L, Ravichandran N, Gomathi C,
Thara F, Chandrasekar C. Efficacy of Antiretroviral Therapy
Program in Children in India: Prognostic Factors and
Survival Analysis.J Trop Pediatr 2008 (in press).
24. Shet A, Arumugam K, Rajagopalan N, Dinakar C,
Krishnamurthy S, Mehta S, Shet AS. The prevalence and
etiology of anemia among HIV-infected children in India.
Eur J Pediatr. 2012 Mar;171(3):531-40.
25. Musoke PM, Mudiope P, Barlow-Mosha LN, Ajuna P,
Bagenda D, Mubiru MM, Tylleskar T, Fowler MG. Growth,
immune and viral responses in HI V infected African children
receiving highly active antiretroviral therapy: a prospective
cohort study. BMC Pediatr. 2010;10:56.
26. Puthanakit T, Kerr SJ, Ananworanich J, Bunupuradah T,
Boonrak P, Sirisanthana T. Pattern and predictors of
immunologic recovery in human immunodeficiency virusinfected children receiving non-nucleoside reverse
transcriptase inhibitor-based highly active antiretroviral
therapy. Pediatr I nfect Dis J. 2009;28(6):488–92.
27. Zimmermann MB, Biebinger R, Rohner F, Dib A, Zeder C,
Hurrell RF, Chaouki N: Vitamin A supplementation in
children with poor vitamin A and iron status increases
erythropoietin and hemoglobin concentrations without
changing total body iron.Am J Clin Nutr 2006;84(3):580-6.
28. Totin D, Ndugwa C, Mmiro F, Perry RT, Jackson JB, Semba
RD: Iron deficiency anemia is highly prevalent among
human immunodeficiency virus-infected and uninfected
infants in Uganda. J Nutr 2002;132(3):423-9.
29. Miller MF, Humphrey JH, Iliff PJ, Malaba LC, Mbuya NV,
Stoltzfus RJ. Neonatal erythropoiesis and subsequent
anemia in HIV-positive and HIV-negative Zimbabwean
babies during the first year of life: a longitudinal study. BMC
Infect Dis 2006;6:1.
30. Andrews NC. Anemia of inflammation: the cytokinehepcidin link.J Clin Invest 2004, 113(9):1251-3.

Tables
TABLE 1 DISTRIBUTION OF STUDY SUBJECTS ACCORDING TO ANEMIA (N=55)
Anemia
Before starting HAART
After 1 year of HAART
Number
%
Number
%
No Anemia
10
18.2
35
63.6
Mild
11
20.0
9
16.4
Moderate
27
49.0
11
20.0
Severe
7
12.7
0
0
Total with anemia
45
81.8
20
36.4
Mean (SD) hemoglobin gm /dL
9.9 (±2.0)
11.6 (±1.6)
P-value
< 0.001
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TABLE 2 DISTRIBUTION OF STUDY SUBJECTS BASED ON THEIR CLINICAL STAGE AND ANEMIA (N=55)
WHO Clinical Stage
N
Before starting HAART
N
After 1 year of HAART
Anemia
Anemia
Present
Absent
Present
Absent
n (%)
n (%)
n (%)
n (%)
Early stage (Stage I + II)
17
10 (58.8)
7 (41.2)
50
20 (40.0)
30 (60.0)
Advanced stage (Stage III + IV)
38
33 (86.8)
5 (13.2)
5
0 (0)
5 (100)
Total
55
43
12
55
20
35
TABLE 3 DISTRIBUTION OF STUDY SUBJECTS BASED ON THEIR IMMUNODEFICIENCY STATUS AND ANEMIA
(N=55)
Immunodeficiency
N
Before starting HAART
N
After 1 year of HAART

No to mild immunodeficient
Moderate to severe
immunodeficient
Total

11
44

Anemia
Present
n (%)
9 (81.8 )
34 (77.3)

Absent
n (%)
2 (18.2)
10 (22.7)

55

43(78.2)

12 (21.8)
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47
8

Anemia
Present
n (%)
15 (31.9)
5 (62.5)

Absent
n (%)
32 (68.1)
3 (37.5)

55

20 (36.4)

35 (63.6)

