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Abstract: Project Code- RMU43880034

Iron status in HIV-infected children with moderate immune suppression

Kosalaraksa P*, Lumbiganon P*, Bunupuradah T**, Puthanakit T**, Engchanil C***,
Ruxrungtham K**, PREDICT study team

*Department of Pediatrics, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand
**HIV-NAT Thai Red Cross AIDS Research Center, Bangkok, Thailand

***Department of Microbiology, Faculty of Medicine, Khon Kaen University, Khon Kaen,
Thailand

E-mail: pkosalaraksa@yahoo.com Project Period: 3 years (29 July 2005 — 28 July 2008)

Introduction: Abnormal iron metabolism can adversely affect the immune system. Few
studies have been reported about the iron overload in advanced HIV-infected adults but not
in children.

Objective: To evaluate the prevalence of anemia and the association of iron status on HIV
disease progression in moderately immune-suppressed HIV-infected children.

Patients and Methods: The antiretroviral-naive HIV-infected children aged 1-12 years, CD4+
T-lymphocyte (CD4) 15%-24% and no active infections were enrolled after informed consent
from caregivers. The clinical characteristics, iron studies, C-reactive protein, CD4, and
plasma HIV-RNA were collected as a baseline evaluation and every 6 months. Hemoglobin
typing was performed at week12.

Results: Three hundred children were enrolled in this study, 42.3% were male with mean
age of 6.3 years. The mean body weight and height were 17.9 kg, 106.7 cm, respectively.
The mean CD4 and HIV RNA level were 19.8% and 4.6 log10 copies/mL. The iron study
revealed 178/298 had anemia and 7/283 (2.5%) had iron deficiency anemia. No significant
correlations were observed among serum ferritin and baseline %CD4+ or HIV RNA level.
Discussion: We found that the prevalence of iron deficiency anemia in this study was not
high which was similar to normal children in northeast of Thailand. Most of anemia cases
were mild and might be due to other causes such as anemia of chronic diseases or
micronutrient deficiency.

Conclusion: The prevalence of anemia in HIV children with moderate immune suppression
was 60%, only 2.5% caused by iron deficiency. The long-term follow-up is essential to

determine the association between the iron status and HIV disease progression.

Keywords: HIV, iron status, children, ferritin



Suggestion for future research:

1. Evaluate other causes of anemia in children such as micronutrient deficiency or anemia of
chronic diseases.

2. There were few reports about the increase of hemoglobin A2 after treatment with
zidovudine (ZDV). In this study, we tried to determine the prevalence and magnitude of
thalassemia and hemoglobinopathy to explain other causes of anemia. The hemoglobin
typing was done at week 12 of study to reduce the amount of blood volume to be drawn at
baseline. Unfortunately, we found that the hemoglobin typing in the immediate arm (receive
ARV at beginning) had trend to increase in hemoglobin A2 (HbA2). This increasing in HbA2
resulted in confusion in the interpretion of beta-thalassemia trait. This might cause from
zidovudine in antiretroviral regimen. There were very few reports about this phenomenon in
1-2 patients. The large study should be performed to proof this event. This is important for
the interpretation of beta-thalassemia trait and may result in the treatment of thalassemia in

the future if we can find drug to switch on hemoglobin A2.
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Introduction:

Theoretical considerations and experiments in the laboratory suggest that the
alteration of iron stores may have an adverse effect on immunity. Cellular iron homeostasis
is important in immune function1and both iron deficiency and iron overload seem to exert
subtle effects on the immune system by altering the proliferation of T- and B-lymphocytes 2'3.
Moreover, iron status may also be important to the immune responses of cells of the
mononuclear-phagocyte system4_6. Iron-loaded macrophages seem to have a reduced
cytotoxic potential towards intracellular pathogensm. It is possible that altered immune
function related to imbalances of iron metabolism might be especially a problem in HIV-
infected patientsm%. However, most of the clinical studies performed in severely
immunosuppressed HIV-infected patients and could not provide conclusive evidence for a
relationship between iron status and the progression of HIV infection11'12’14'15.

Low iron storage in HIV-infected children caused by many factors, including reduced
dietary intake, the quality of dietary iron and altered iron absorptionw'm. In contrast, many of
these children could also have normal or high iron storage due to the anemia of chronic
diseases (ACD). Inflammatory cytokines released during chronic diseases inhibits
erythropoiesis, blunt the erythropoietin response, reduce red blood cell survival and prevent
the release of iron from the reticuloendothelial systemw’20

Moreover, the relative contribution of iron status to the anemia and to antiretroviral
therapy in HIV-infected children in developing countries has not been well characterized. The
altered immune function related to imbalances of iron metabolism may be especially a
problem in HIV-infected children. The association between the disease progression and iron
status needs to be verified. Therefore, the prospective study in less immunologic
suppression, such as moderately immunosuppressed HIV-infected children, may provide
better understanding about the iron status, prevalence of iron deficiency anemia and the
correlation among iron status, anemia, immunological, virological and disease progression.

Objective:

1) To study the iron status at baseline and during the course of HIV-infection starting
from moderate immunosuppression

2) To study the prevalence of iron deficiency anemia at baseline

3) To study the concordance between viral load or CD4+ T-lymphocyte and serum

ferritin at baseline and during the course of HIV-infection



Materials and Methods:

This is a prospective, cross-sectional substudy performed on 300 clinically stable,
antiretroviral naive, HIV-infected children. The main study “PREDICT” is an open labeled,
randomized study to compare starting antiretroviral therapy when CD4 is 15-24% or starting
when CD4 falls below 15% in children with HIV infection and moderate immune suppression.
All of these children continue attending the HIV clinic in Thailand and Cambodia.

Children are considered eligible for inclusion if they are

1) HIV-infected children 1-12 years of age,

2) CD4 percentage between 15%-24%, CDC clinical class A or B,

3) no acute iliness or febrile episode in the preceding 7 days nor hospitalized in the
preceding 14 days

Children are excluded if they were

1) acutely ill,

2) previous ARV therapy other than that used to prevent mother-to-child HIV
transmission,

3) hemoglobin < 9.0 g/dL, and

4) on cytotoxic chemotherapy or whole body radiation therapy.

About half are randomized to get antiretroviral therapy and the rest are deferred for
antiretroviral therapy. This study was approved by the Ethics Committee, Khon Kaen
University. Caregivers were informed and written consent was obtained before starting
screening. Due to the strict inclusion criteria, the enroliment period was 96 weeks. Children
were diagnosed and classified into clinical and immunological categories according to CDC
criteria21. All children would be followed up for 144 weeks.

The baseline parameters such as age, sex, clinical category, immunological status
(absolute CD4+/percentage) were collected. For laboratory investigations, the complete blood
count (CBC), CD4+ T-lymphocyte count, plasma HIV-RNA, and serum ferritin were checked
at baseline and every 24 weeks. The iron studies and serum C-reactive protein (CRP) were
performed every 48 weeks. The iron studies included serum iron (Sl), total iron binding
capcity (TIBC), and transferring saturation. Due to thalassemia is the endemic genetic
disease in Thailand and Cambodia, this might interfere with the interpretation of iron status in
children. Therefore, we performed the hemoglobin typing, dichlorophenolindophenol (DCIP)
precipitation test, and osmotic fragility test to identify the hemoglobinopathy and thalassemia.

Serum ferritin levels were determined in samples using the commercially

available Vitros Ferritin Reagent (Ortho-Clinical Diagnostics, Johnson & Johnson Company,



USA) quantitative test. Reference ranges for normal ferritin levels are 7-140 ug/L. In addition,
CRP levels were determined in 16 randomly selected patients with low baseline ferritin levels
and in 15 randomly selected patients with high baseline ferritin levels in plasma collected at
HAART initiation. CRP concentration was measured using the CRP (Latex) Ultra Sensitive
Assay (Roche Diagnostic Systems, Basel, Switzerland). Reference limits were between 2.0
and 3.6 mg/L.

For the iron study, the total iron binding capacity (TIBC) was calculated using the
formula: TIBC (ug/dl) = (Transferrin x 200) + 8 8’10. Transferrin saturation (TS) was
determined as follows: TS = (Plasma iron concentration + TIBC) x 100 16. Results were
compared to locally derive normal age-related values. The following definitions were used in
the analysis (i) iron depletion: ferritin < 10 ug /L, (ii) iron-deficient erythropoiesis: ferritin < 10
Mg/L and at least 3 of the following criteria: Fe < 8.8 ymol/L, TIBC > 71.6 pmol/L, TS < 10%,
MCYV less than normal age-related values and MCH less than normal age-related values, and
(iii) iron deficiency anemia (IDA): criteria for iron-deficient erythropoiesis plus Hb less than
the normal age-related rangezz’23
Primary endpoint
The primary endpoint is the abnormal iron status defined as:

= serum ferritin < 10 ug/L or > 140 ug/L

Secondary endpoint
- concordance among iron status, CD4, and viral load
- percentage of the iron deficiency anemia

- percentage of opportunistic infection

Results: Three hundred children were enrolled in this study, 42.3% were male with mean
age of 6.3 + 2.9 years. The mean (SD) body weight and height were 17.9 (6.9) kg, 106.7
(17.8) cm, respectively. The mean CD4 and HIV RNA level were 19.8 + 4.8% and 4.6 + 0.6
log10 copies/mL (Table I). This study demonstrated the abnormal iron study more than 3
parameters, abnormal iron study with anemia for 30.5% and 21.5% respectively (Table II, III).
Only 5 children had low serum ferritin (< 10 ug/L) but 4 were iron deficiency anemia (1.4%).
Only 8.0% (15/187) of children had high CRP level more than 10 mg/L. With the new cut off
point of serum ferritin (<50 pg/L) in children who had high serum CRP (> 10 mg/L), we could
identify 3 more cases of iron deficiency anemia. The overall result demonstrated that
178/298 (60%) children had anemia and 7/283 (2.5%) children had protocol-defined iron
deficiency anemia (IDA). Fifty five percent (128/234) of children had hemoglobinopathy,



mainly hemoglobin E and 1.3% (3/234) had thalassemia disease. No significant correlations
were observed among serum ferritin and baseline CD4 percentage or plasma HIV RNA level
(Figure I, I1). For the change of median serum ferritin during the follow-up period, there was

slightly declined in its value.



Table I: Baseline data in both groups

Baseline data Immediate Deferred Total p-
value
n =150 n =150 n =300
Sex
male : female 72:78 55:95 127:173
Age (years)
mean + S.D. 6.1+2.8 6.5+2.9 6.3+2.9 NS
median (IQR) 6.3(3.6-8.1) 6.4(4.2-8.7) 6.4(3.9-8.4)
Height (cms)
mean + S.D. 105.6 +18.1 1079 + 17.5 106.7 + 17.8 NS
median (IQR) 106.5(90-120) 108(94-121) 107.3(92.8-120.0)
Body weight (kgs)
mean + S.D. 17.7(7.2) 18.1(6.5) 17.9(6.9) NS
median (IQR) 16.1 (12.5-21.0) | 17.0(13.5-21.5) 16.5 (13.0-21.5)
Clinical classification
N 3(2.0%) 2(1.3%) 5 (1.7%)
A 97(64.7%) 97(64.7%) 194(64.7%)
B 50(33.3%) 51(34.0%) 101(33.7%)
n=149 n=150 n=299
Absolute CD4+
T- lymphocyte
(cell/cu.mm.)
mean + S.D. 708.9+425.4 697.0+ 340.7 703.0+384.7 NS
median (IQR) 620(423-851) 613.9(460-846) 618(433-847)
CD4+ T-lymphocyte
percentage (%)
mean + S.D. 19.2+4.9 20.4+4.5 19.8+4.8 0.05
median (IQR) 19.0(16.0-22.0) | 20.0(17.2-23.2) | 20.0(16.9-23.0)
n=140 n=141 n=281
Plasma HIV-RNA (log)
mean + S.D. 4.7+0.6 4.5+0.6 4.6+0.6 0.04
median (IQR) 4.9(4.3-5.0) 4.6(4.2-5.0) 4.8(4.3-5.0)




Table II: Baseline hematologic and iron parameters in both groups

Baseline data Immediate Deferred Total p-
value
n =148 n =150 n =298
Hemoglobin (g/dL)
mean + S.D. 11.1+1.1 11.3+1.1 11.2+1.1 0.016
median (IQR) 11.0(10.3-11.7) | 11.5(10.6-12.0) 11.2(10.5-11.9)
Mean corpuscular
volume (MCV, fl)
mean + S.D. 72.6+7.9 74.2+7.6 73.4+7.8 NS
median (IQR) 74.0(68.0-78.0) 75.9(69.8-78.5) 75.0(69.0-78.4)
n =148 n =149 n =297
Mean corpuscular
hemoglobin (pg)
mean + S.D. 23.8+2.9 24.4+3.0 24.0+3.0 NS
median (IQR) 24.0(21.9-26.0) 24.9(22.6-26.7) 24.5(22.0-26.3)
n = 138-141 n = 140-141 n = 279-281
Serum iron (lAmol/L)
mean + S.D.
median (IQR) 10.3+5.8 11.8+5.3 11.1+5.6 0.003
9.0(6.2-12.9) 11.5(8.1-15.1) 10.4(7.2-13.9)
Total iron binding
capacity (TIBC,
LLmol/L)
mean + S.D. 54.2+13.7 53.4+14.1 53.8+13.9 NS
median (IQR) 51.6(43.2-63.7) 50.2(42.4-62.1) 50.7(42.9-63.0)
Transferrin saturation
(%)
mean + S.D. 19.7+11.4 23.5+11.5 21.6+11.6 0.002
median (IQR) 16.8(12.0-26.1) 23.2(15.0-31.0) 20.0(13.0-29.0)
n=142 n=141 n=283
Serum ferritin (LLg/L)
mean + S.D. 79.5+78.4 77.2+76.6 78.3+77.4
57.6(33.7-98.1) 62.1(36.0-88.7) 60.1(34.9-90.3) NS

median (IQR)




Table llI: Interpretation of iron study result and iron deficiency anemia in both group

Hematologic and iron Immediate Deferred Total
parameters
n = 104-137 n = 109-139 n = 214-276
Serum ferritin < 10 Ulg/L 4 1 S
Low hemoglobin (Hb) by age 95 83 178
Low MCV by age 127 124 251
Low MCH age 71 63 134
Serum iron < 8.8 Wmol/L 69 43 112
TIBC > 71.6 lWmol/L 22 18 40
Transferrin saturation < 10% 32 17 49
Abnormal > 3 iron parameters 50 35 85
Low Hb + abnormal > 3 iron 36 24 60
parameters
Low ferritin +Low Hb 4 1 5
Low ferritin + Low Hb + 3 1 4
abnormal > 3 iron parameters
(iron deficiency anemia)

Serum C-reactive protein 11 4 15
(CRP) > 10 mg/L (n=187)
Serum CRP > 10 mg/L + Low 2 1 3

Hb + Ferritin <50 + abnormal >

3 iron parameters




Figure I: Correlation between baseline serum ferritin and baseline CD4+ T-lymphocyte

percentage (n=283)
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Figure II: Correlation between baseline serum ferritin and baseline HIV-RNA (log)
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Figure lll: The change of median serum ferritin during follow-up
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Discussion:

This study, we found the low prevalence of iron deficiency anemia (2.5%) which was
comparable with the study in school-age normal children in the northeast of Thailand
(4.6%)24. Due to the diagnosis of iron deficiency anemia in this study mainly depended on
the low serum ferritin. One confounding factor that needed to be controlled was the acute
infection or inflammatory state which could result in the increase of serum ferritin. In this
study, we enrolled the HIV-infected children with moderate immunosuppression who normally
had low incidence of opportunistic infections and excluded children with acutely ill. Moreover,
we examined serum CRP to reconfirm whether these children had other acute infection.
From this additional testing, we found that only 8.0% (15/187) of children had high CRP level
more than 10 mg/L. As previous study showed that acute infection could result in the
increase of serum CRP up to 50 mg/L25, in those cases, we increased the new cut off serum
ferritin value from less than 10 mg/L to less than 50 mg/L to define the iron deficiency status.
By this new definition, we found only 3 more cases of IDA. The other possibility might be
from the criteria that we excluded children who had hemoglobin less that 9 g/dL out.

However, there was only one from 455 screened children was excluded from this anemic



criteria. Therefore, this low prevalence of iron deficiency anemia should truly represent the
iron status in HIV-infected children with moderate immunosuppression in northeast Thailand.
From this data, the iron supplementation should not be routinely given in this population.
Other causes of anemia might be from the anemia of chronic diseases or micronutrient
deficiency which needed to be further studies.

In this study, we found no correlation between baseline serum ferritin and baseline
CD4 percentage or HIV RNA level. However, we found the declining trend of median serum
ferritin level during follow-up period (Figurelll). From the study in adults, the ferritin level was
significantly declined after antiretroviral treatmentze. Therefore, we postulated that the serum
ferritin levels should should decrease in antiretroviral treatment group while increase in the
deferred ARV treatment group during the disease progression. We need to stress that a half
of children in this study were on antiretroviral therapy. If we separately analyze the ferritin
level in the immediate and deferred ARV treatment group, we may see clearer trend of this
change. The faster and greater CD4 response to HAART was also demonstrated in Thai

HIV-infected adult with low serum ferritin level after the structured treatment of HAARTZG.

The potential beneficial effect of iron deficiency on immunological recovery after
initiation of HAART should be looked for in the children with ARV treatment group in this
study. Due to the unable to separately analyzed data in each group before the end of main
study, the concordance between serum ferritin and viral load or CD4+ T-lymphocyte and at
baseline and during the course of HIV infection need to be verified after the end of the main

study (PREDICT).

Conclusion: The prevalence of iron deficiency anemia in HIV children with moderate
immune suppression was not high. Most of anemia was mild and might cause by other
factors which needed to be further evaluated. The long-term follow-up is essential to

determine the association between the iron status and HIV disease progression.
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