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Abstract 
Iron overload is reported to be associated with immune alterations and in-
creased susceptibility to infections. HIV infection is characterized by progres-
sive immunodeficiency leading to invasion by opportunistic pathogens. It was 
of interest to find out if disease course in HIV type-1 infection could have any 
relation with alteration in body iron status among individuals with history of 
oral iron intake. A follow-up study of immunologic and virologic markers in 
relation to disease progression was undertaken on asymptomatic HIV-1 posi-
tive blood donors with history of oral iron intake (subgroup I) compared to 
those without such history (subgroup II). High serum iron was associated 
with elevated levels of Th2 category of cytokines, heightened immune activa-
tion, faster decline in CD4 + T lymphocyte count and higher viral set point. 
Pulmonary tuberculosis (PT) was the most common AIDS related illness 
(ARI) (>70%) recorded among subgroup I compared to non-PT category of 
ARI. Median ARI free duration (months) was shorter among those who de-
veloped PT compared to those developing non-PT category of ARI i.e. 30 
(95% CI as 26,32) versus 67(95% CI as 60,71) in subgroup I and 47 (95% CI as 
42,49) versus 80 (95% CI as 72,87) in subgroup II (P < 0.001 for PT versus 
non-PT in both subgroups). Median survival duration (months) in the PT 
versus non-PT categories of ARI was 47 (95% CI as 42,48) versus 95 (95% CI 
as 90,100) in subgroup I and 71 (95% CI as 65,76) versus 107 (95% CI as 
102,112) in subgroup II (P < 0.001 for PT versus non-PT in both subgroups). 
The present study indicates that body iron overload resulting from excess in-
take of iron may be associated with qualitative defects in cell mediated im-
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munity at early stage of HIV-1 infection that may facilitate subsequent acqui-
sition of pulmonary tuberculosis, shorter ARI free duration and reduced sur-
vival.  
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1. Introduction 

Remunerated (professional) blood donors have been identified as a major risk 
group in India for Human Immunodeficiency Virus (HIV) type-1 infection [1] 
[2] [3]. In an earlier study from our laboratory majority of the professional do-
nors infected with HIV Type-1 (HIV-1) revealed history of donating blood at 
high frequency at multiple centres [1]. Preliminary verbal interaction with these 
donors revealed consumption of self-judged quantity of iron tablets to be a pre-
valent practice among them as a compensatory attempt to maintain hemoglobin 
status at qualifying level despite frequent blood donation (unpublished observa-
tion). Considering that such practice of consumption of iron tablets by the do-
nors was not based on any physiological consideration to the quantum of blood 
loss through donation, it was of interest to find out if any alteration in the serum 
iron status could be related to disease progression and survival of the HIV-1 in-
fected blood donors.  

There are relatively few reports from India on disease progression and surviv-
al pattern in HIV-1 infected cases [4] [5] [6] while to the best of our knowledge 
there is no report from this country on disease progression in relation to any 
nutritional alteration. Studies elsewhere on the relationship between nutritional 
status and survival of HIV-1 infected persons suffered from heterogeneity of 
study population in terms of age, sex, stage of illness and peripheral CD4 + T 
lymphocyte counts [7] [8] [9]. The present prospective study, carried out over 
fifteen years, describes the pattern of natural course of disease progression in a 
group of ART naive male professional blood donors with asymptomatic HIV-1 
infection in relation to serum iron status, viral load, peripheral CD4 + T lym-
phocyte count, serum levels of cytokines and immune activation markers viz. 
Tumour Necrosis Factor Alfa (TNF-α) and its two soluble receptors viz. TNF-R 
p55 and TNF-R p75 [10] [11] [12]. 

2. Materials and Methods 
2.1. Study Subjects and Characteristics 

The subjects in the study included a group of professional blood donors enrolled 
during a period prior to introduction of legal ban on remunerated blood dona-
tion in the country in 1996. An independent institutional review board approved 
the protocol of the study including ethical consideration. Between February 1992 
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and January 1996, the professional blood donors screened to be seropositive for 
HIV-1 infection at various blood banks in the city of Delhi and adjoining cities 
of Northern India and confirmed to be seropositive for HIV-1 infection at AIDS 
Reference Center, National Centre for Disease Control (formerly National Insti-
tute of Communicable Diseases), Delhi were initially enrolled for the study. Se-
rological diagnosis of HIV-1 infection was based on screening Enzyme Linked 
Immunosorbent Assay (ELISA) using differential HIV-1/HIV-2 serological test 
and confirmatory Western blot test as described earlier [1] [13]. A confidential 
interview was conducted after obtaining consent from each donor to record age, 
marital status, duration and frequency of blood donation (for preceding 1 year), 
HIV related risk behaviors viz. frequency of unprotected sex with heterosexual 
and/or homosexual partners per week as well as number of sex partners (for 
preceding 1 year) and any history of parenteral drug abuse or receipt of blood 
transfusion. 

Information was collected from each donor regarding intake of any medica-
tion or dietary supplement on a regular basis. Since consumption of oral iron in 
the form of tablets and alcoholic drinks were the only two non-dietary items re-
ported by many of the donors, further information was collected from the do-
nors with positive history for these two intakes. Information was collected about 
the consumption of iron tablets regarding preparation and quantum of daily 
consumption during past 3 months. In case of any donor not consuming uni-
form quantity of iron tablets every day in the week, the daily average quantity of 
consumption was calculated on the basis of total number of tablets consumed in 
a week. History regarding consumption of alcoholic drinks was elicited from the 
donors in terms of sessions/week while no consideration was given to brand or 
quantity of alcoholic drink consumed per session.  

2.2. Investigations at Enrolment 
2.2.1. Anthropometric Assessment 
Height (±0.1 cm) and weight (±0.1 Kg) were measured using standard tech-
niques and body mass index (BMI) was calculated by the formula weight 
(Kg)/height (m2) [14]. 

2.2.2. Laboratory Studies 
Fasting blood was collected and distributed as about 6 ml in plain sterile tube to 
yield serum for estimation of levels of albumin, iron parameters, cytokines, cyto-
kine receptors as well as detection of serological markers for Syphilis, Hepatitis B 
virus (HBV) and Hepatitis C virus (HCV) infections and about 2 ml in ethy-
lene-diamine-tetra-acetic acid (EDTA) for routine hemoglobin, peripheral CD4 
+ T lymphocyte count and plasma viral load assay. 

Determination of hemoglobin as well as estimation of serum levels of albu-
min, iron, ferritin and transferrin saturation (TS) percentage were carried out by 
techniques as described earlier [15]. Serological diagnosis of Syphilis was based 
on by detection of anti-treponemal antibody test using commercial Treponema 
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pallidum hemagglutination (TPHA) test (Fujirebio, Tokyo, Japan). HBV infec-
tion was detected employing commercial Enzyme linked Immunosorbent assay 
kits for three markers viz. hepatitis B surface antigen (HBsAg), antibody to He-
patitis B surface antigen (anti-HBs) and antibody to Hepatitis B core antigen (an-
ti-HBc) while diagnosis of HCV infection was carried out employing the mi-
cro-ELISA kits (Abbott laboratories, North Chicago, IL, USA) for detection of 
anti-HCV antibodies [16]. 

Enumeration of peripheral CD4 + T lymphocyte count was carried out from 
EDTA treated blood using Fluorescein isothiocyanate (FITC) conjugated anti 
CD4 monoclonal antibody staining of mononuclear cells obtained by whole 
blood lysis method (Q prep, Coulter Diagnostic, Hialeah, FI) and reading by 
flow cytometer (EPICS profile version II, Coulter, Hialeah, Fl) as described ear-
lier [17]. 

Quantification of HIV-1 RNA level was carried out in stored plasma (at 
−70˚C) collected at enrolment employing commercial viral load assay (Amplicor 
HIV Monitor assay, version 1.5, Roche Molecular systems, Branchburg, NJ, 
USA) with sensitivity of 400 copies per ml. 

Levels of T helper type 1 (Th1) of cytokines viz. Interleukin-2 (IL-2) and 
gamma interferon (IFN-γ) and T helper type 2 (Th2) of cytokines viz. Interleu-
kin-4 (IL-4) and Interleukin-10 (IL-10) were measured in serum using commer-
cial reagents and ELISA kits (R & D Systems, Minneapolis, MI, USA) with sensi-
tivity limits of 7 pg/ml, 8 pg/ml, 10 pg/ml and 3.9 pg/ml for IL-2, IFN-γ, IL-4 
and IL-10 respectively. Serum levels of TNF-α, TNF-α receptor type I (TNFR 
p55) and type II (TNFR p75) were measured using commercial ELISA kits from 
same source as above with sensitivity levels of 5.5 pg/ml, 1.2 pg/ml and 2.3 pg/ml 
respectively. Inter assay coefficient of variation in all these assays were found to 
be less than 10%. Readings below detection range were assigned zero values. 

2.2.3. Clinical Assessment 
The HIV-1 positive donors were referred to referral hospitals for clinical assess-
ment to exclude cases suggestive of AIDS related illness (ARI) [18] and only 
cases identified as clinically asymptomatic were subjected to a panel of baseline 
biochemical investigations on fasting blood samples for routine liver, renal and 
thyroid function tests [19]. 

2.2.4. Exclusion Criteria 
The following categories of HIV-1 positive donors were excluded from enrol-
ment in the study in addition to those with inconsistent history regarding oral 
iron intake: 

a) Any history of illness suggestive of ARI.  
b) Peripheral CD4 + T lymphocyte count ≤ 500 cells/cu mm on any of three 

consecutive days samples.  
c) Serological evidence of co-infection with HBV, HCV and Syphilis. 
d) Abnormal values in liver, renal and thyroid function tests.  

https://doi.org/10.4236/jbm.2018.62006


D. Chattopadhya, U. Baveja 
 

 

DOI: 10.4236/jbm.2018.62006 66 Journal of Biosciences and Medicines 
 

e) Malignancy or any history of immunosuppressive therapy. 

2.3. Follow-Up Studies 
2.3.1. Clinical Follow-Up 
All the HIV-1 positive blood donors enrolled in the present study were re-
quested to report to the identified clinicians in referral hospitals if they devel-
oped any symptom regardless whether they were HIV-1 related or not. Informa-
tion on the diagnosis of various ARIs was provided by the clinicians based on 
clinical findings, radiology and relevant laboratory investigations [20]. The ARIs 
were broadly grouped as pulmonary tuberculosis (PT) and ARIs other than 
pulmonary tuberculosis (non-PT category of ARI). The time of development of 
any ARI was recorded as the primary end point in the present study. In symp-
tomatic cases reporting more than one of ARI specific symptoms, the symptom 
with longer duration was taken into consideration for the purpose of grouping 
of various ARIs. The donors, found surviving till the point of time when antire-
troviral therapy (ART) program was introduced in the country (2005), were re-
ferred to ART designated centers as per national guidelines. Analysis of survival 
was undertaken in the HIV-1 positive donors by recording the time of AIDS re-
lated death among the ART naïve donors (secondary end point) excluding those 
enrolled for ART in order to avoid confounding effect of ART on calculation of 
survival duration [21]. Death was considered to be HIV related unless reported 
to be due to suicide, homicide, accident or clearly related to an underlying con-
dition not included in WHO case definition for AIDS and if the last CD4 + T 
count before death indicated a count as <50 cells/cu mm [9] [21]. 

2.3.2. Laboratory Follow-Up 
Peripheral CD4 + T lymphocyte count, viral load assay, serum levels of TNF-α, 
TNF-R p55 and TNF-R p75 were repeated at 6 months, one year and at the time 
of development of any ARI for all the HIV-1 seropositive donors over a period 
of 16 years from the beginning of the study till the last donor in this group de-
veloped ARI. Serological markers of infections with HBV, HCV and Syphilis 
were also tested up to 6 months of post enrolment in order to eliminate cases 
with these co-infections at window phase at the time of enrolment. Thereafter, 
serological testing for HIV, HBV, HCV or Syphilis was carried out at 2 - 3 yearly 
intervals in order to exclude any donor demonstrating serological evidence of 
acquisition of these infections during the follow up period.  

2.4. Selection of Controls 

The following groups were included as controls taking into consideration the 
identical exclusion criteria employed for HIV-1 positive donors:  

i) A group of 80 HIV negative professional blood donors matched in terms of 
age, sex and marital status and donating at the same blood banks as that of 
HIV-1 positive donors (blood donor controls). 

ii) A total of 40 healthy individuals from local community without any HIV 
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related risk behavior, matched with the donor groups in terms of age, sex and 
socio-economic status and not in the profession of blood donation (community 
controls).  

2.5. Statistical Analysis [22] 

Statistical analysis was carried out employing SPSS package version 20. 
The HIV-1 positive blood donors were sub-divided into two subgroups based 

on positive or negative history of oral iron consumption (subgroups I and II). 
The HIV negative donors were similarly grouped as those with or without posi-
tive history of oral iron consumption (subgroups III and IV). Non-donor com-
munity controls were assigned as subgroup V. The subgroups of HIV-1 positive 
and HIV negative donors were stratified based on frequency of blood donation 
into three categories viz. 6 weeks or less, more than 6 weeks to less than 3 
months and equal to or more than 3 months.  

Characteristics of blood donors viz. demographic, anthropometric and labor-
atory parameters as assessed at baseline were compared using χ2 test for categor-
ical variables and student’s t-test or one way ANOVA followed by post-hoc test 
with Bonferroni adjustment for continuous variables with normal distribution 
characteristics. Continuous variables not following normal distribution were 
compared by Kruskal Wallis test followed by multiple comparisons using Mann 
Whitney test with Bonferroni adjustment. P value < 0.05 was considered as sta-
tistically significant and it was adjusted for multiple comparisons. Fisher's exact 
test was used if any of the expected cell frequency was less than five.  

The HIV-1 positive donors who were not available for any follow up following 
initial enrolment were excluded for calculation of symptom free duration while 
any donor about whom no definite information about death was available was 
excluded from analysis of survival duration. Cumulative ARI free survival and 
overall survival were estimated by Kaplan-Meier methods with using log-rank χ2 
test. Correlations between continuous variables were calculated by Pearson’s 
correlation coefficient. 

3. Results 

Out of a total of 118 HIV-1 positive donors enrolled in the study, 60 (50.8%) re-
vealed the history of oral iron intake (subgroup I) and 58 (49.2%) revealed nega-
tive history for such intake (subgroup II) while out of 80 HIV negative donors, a 
total of 30 (37.5%) and 50 (62.5%) donors revealed positive and negative history 
respectively for iron consumption (subgroups III and IV). 

3.1. Characteristics of Donors at Enrolment: Demography, 
Donation Frequency, HIV Related Risk Behaviours, Alcohol 
Intake and Nutritional Features 

All donors enrolled in the study were males, unmarried, belonging to the age 
group of 24 - 32 years (mean ± SD as 27 ± 2). Regardless of HIV positivity most 
of donors with positive history of oral iron intake (subgroups I and III) were 
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characterized by practice of donating blood at frequency higher than the rec-
ommended interval, majority donating at frequency of once at interval of 6 
weeks or less. None of the donors in the present study gave history of parenteral 
drug abuse, receipt of blood transfusion or any other HIV related risk behavior 
except visit to female commercial sex workers (CSWs). There was no difference 
in the degree of high-risk behavior in terms of proportion of donors with posi-
tive history, frequency of unprotected sex or number of sex partners between the 
two subgroups of HIV-1 positive donors (i.e. subgroups I and II). Among the 
HIV negative donors, the subgroup III revealed higher degree of such high-risk 
behaviors compared to the subgroup IV donors. On the other hand, in both 
HIV-1 positive and HIV negative groups, proportion of donors with positive 
history of alcohol intake as well as weekly frequency of alcohol intake sessions 
were more in the subgroups consuming iron tablets (subgroups I and III) com-
pared to subgroups without history of iron consumption (subgroups III and IV). 
There was no difference in the status of BMI and serum levels of albumin among 
the various subgroups of donors and community controls (Supplementary Table 
S1(a), Table S1(b)).  

Oral iron tablet was the only form of regular non-dietary intake (other than 
alcohol) reported by HIV-1 positive as well as HIV negative donors. Repeated 
inspection of the iron tablets consumed by the donors revealed the preparations 
to be similar i.e. tablets of ferrous sulfate (200 mg strength with iron content of 
30% in the form of elemental iron). These preparations were chosen by the do-
nors due to easy availability in dispensaries and chemist shops as well as because 
of low cost. The quantity of intake of iron tablets in terms of range and average 
number of tablets consumed per day was comparable between the subgroups of 
HIV-1 positive and HIV negative donors with history of such intake. Serum le-
vels of iron, ferritin and transferrin saturation (%) as well as hemoglobin levels 
were higher in the subgroups consuming iron tablets regardless of HIV positivity 
compared to other subgroups without such history (Table 1).  

3.2. Immunological and Virological Characteristics of Donors at 
Enrolment 

There was no difference in viral load as well as CD4 + T Lymphocyte count at 
enrolment among the HIV-1 positive donors with or without history of oral iron 
intake (log10 viral load 4.35 ± 0.68 vs 4.47 ± 0.43 and CD4 count 693 ± 87 vs 728 
± 132 respectively; p = 0.23 and 0.08 respectively, data not shown in table).  

Estimation of Th1 and Th2 types of cytokines in serum at enrolment indicated 
a relative dominance of Th2 type cytokines viz. IL-4 and IL-10 over Th1 type 
cytokines viz. IL-2 and IFN-γ in donors consuming iron compared to subgroups 
without such history regardless of HIV positivity (Table 2). In the iron con-
suming subgroup of HIV-1 positive donors, there was significant negative corre-
lation between the serum ferritin levels and levels of Th1 type of cytokines i.e. IL-2 
and IFN-γ (r value −0.53; p < 0.001 and r value −0.29; p < 0.02 respectively) and 
significant positive correlation with levels of one of the Th2 category of cytokines  
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Table 1. Serum iron parameters in blood donors in relation to positivity for history of oral iron intake. 

Baseline variables HIV-1 positive HIV negative 
Community 

control (Sgr V) 

P value 

(at enrolment) 

Fe pos 
(Sgr I) 

Fe neg 
(SgrII) 

Fe pos 
(SgrIII) 

Fe neg 
(SgrIV) 

Overall I vs II III vs IV 

n = 60 n = 58 n = 30 n = 50 n= 40    

Consumption of iron  
tablets/day 

Range 
No 

6 - 14 
9.97 ± 1.8** 

NA* 
NA* 

4 - 14 
9.70 ± 2.6 

NA* 
NA* 

NA* 
NA* 

   

Hemoglobin (gm/dl)***  12.9 ± 0.39 12.6 ± 0.26 12.7 ± 0.32 12.5 ± 0.22 12.8 ± 0.21 <0.001 <0.001 0.03 

Serum iron (µmol/l)***  40.1 ± 5.49 17 ± 3.33 41.2 ± 4.6 16.2 ± 3.3 16.6 ± 3.21 <0.001 <0.001 <0.001 

Serum Ferritin (µg/l)***  349 ± 106 86 ± 16 371 ± 80 77 ± 21 90 ± 24 <0.001 <0.001 <0.001 

Transferrin saturation (%)  65.3 ± 9.5 30.3 ± 4.4 70.1 ± 5.7 32.5 ± 5.9 31.4 ± 4.6 <0.001 <0.001 <0.001 

Note: Sgr I to V indicate Subgroups I to V; Fe pos and Fe neg indicate positive and negative history of oral iron intake. *NA = Not applicable. **p = 0.56 
between subgroups I and III regarding number of oral iron tablet consumption/day. ***Levels are expressed as mean + SD in various subgroups. 
 
Table 2. Serum cytokine levels in donors at enrolment (baseline) in relation to history of oral iron intake. 

Baseline variables 

HIV-1 positive HIV negative 
Community 

control (Sgr V) 

P value 

Fe pos  
(Sgr I) 

Fe neg 
(Sgr II) 

Fe pos 
(SgrIII) 

Fe neg 
(SgrIV) 

Over-all I vs II III vs IV 

n = 60 n = 58 n = 30 n = 50 N = 40    

Serum cytokine 
levels* (pg/ml) 

Th1 type 
IL-2 6.5 ± 4.0 12.2 ± 3.3 5.4 ± 3.2 18.2 ± 4.4 16.8 ± 3.37 <0.001 <0.001 <0.001 

IFN-γ 7.71 ± 4.4 23.1 ± 4.8 5.9 ± 4.7 25.6 ± 4.6 21 ± 4.44 <0.001 <0.001 <0.001 

Th2 type 
IL-4 40 ± 3.9 14.8 ± 2.9 35.6 ± 7.2 11.2 ± 6.4 11.4 ± 0.34 <0.001 <0.001 <0.001 

IL-10 38 ± 11.1 6.9 ± 3.3 39.6 ± 6.2 12 ± 5.7 12.9 ± 0.64 <0.001 <0.001 <0.001 

Note: i) Sgrs I to V indicate Subgroups I to V; Fe pos and Fe neg indicate positive and negative history of oral iron intake. ii) The levels of cytokines belong-
ing to Th1 type (IL-2 and IFN-γ) and Th2 type (IL-4 and IL-10) were comparable among the two subgroups of donors with positive history of oral iron 
intake i.e. subgroup I and subgroup III. *All levels are expressed as mean ± SD in various subgroups. 
 

i.e. IL-4 (r value +0.41; p < 0.001) while for the other Th2 category of cytokine 
i.e. IL-10, there was a trend for positive correlation although it failed to reach the 
level of statistical significance (r value +0.22; p = 0.09). Similar trend of positive 
or negative associations were also evident in the iron consuming subgroup of 
HIV negative donors i.e. sub group III (r value −0.65, −0.51, +0.44 and +0.57 for 
IL-2, IFN-γ, IL-4 and IL-10 respectively; p < 0.001 for all). 

3.3. Analysis of Symptom Free Duration 

Out of the 118 HIV-1 positive donors enrolled in the study comprising of 60 be-
longing to subgroup I and 58 belonging to subgroup II, a total of 10 donors 
comprising of 6 from subgroup I and 4 from subgroup II did not attend even the 
first follow up (at 6 months) and thus were excluded in analysis of symptom free 
duration. Pulmonary tuberculosis (PT) was the most common category of ARI 
encountered accounting for 38 out of 54 (70.4%) of the HIV-1 positive donors 
revealing history of iron intake (i.e. subgroup I) while in subgroup of HIV-1 
positive donors without history of iron intake (subgroup II) only 10 out of 54 i.e. 
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18.5% developed PT (χ2 = 29.4; p < 0.001).  
Median time for development of PT from enrolment was shorter compared to 

that for non-PT category of ARI in both subgroups I and II although the rapidity 
of development of PT category of ARI was much more marked among the for-
mer subgroup compared to similar cases in the later subgroup. The influence of 
iron intake on disease course was much less marked in non-PT category of cases 
(Figure 1, Table 3).  

 

 
Figure 1. Symptom free duration among the ART naïve HIV-1 positive blood donors in relation to positive or negative history for 
oral iron intake (indicated as Fe pos or Fe neg respectively) and category of AIDS related illness (ARI) i.e. Pulmonary tuberculosis 
(PT) or other categories of ARI (non-PT).  
 
Table 3. Comparison of symptom free and survival durations in HIV-1 positive blood donors among the two categories of AIDS 
Related Illness (ARI) developed i.e. pulmonary tuberculosis (PT) and illness other than PT (Non-PT) in relation to positive and 
negative history of iron intake (Fe pos and Fe neg respectively). 

Type of analysis 
Categories of HIV-1 positive  

blood donors 
Median duration  

in months (95% CI) 

P value 

Over all i vs ii iii vs iv i vs iii 

Symptom free duration* (n = 108) 

i. Fe pos PT (n - 38) 30 (26,32) 

<0.001 <0.001 <0.001 <0.001 
ii. Fe pos Non-PT (n = 16) 67 (60,71) 

iii. Fe neg PT (n - 10) 47 (42,49) 

iv. Fe neg Non-PT (n = 44) 80 (72,87) 

Survival duration (n = 96) 

i. Fe pos PT (n = 38) 47 (42,48) 

<0.001 <0.001 <0.001 <0.001 
ii. Fe pos Non-PT (n = 16) 95 (90,100) 

iii. Fe neg PT (n = 10) 71 (65,76) 

iv. Fe neg Non-PT (n = 32)** 107 (102,112) 

*Out of 118 donors enrolled in the study, a total of 10 donors who did not attend any follow up following initial enrolment (6 in Fe pos subgroup and 4 in Fe 
neg subgroup) were excluded from analysis of symptom free duration. **Out of the donors in the Fe neg subgroup with non-PT category of illness, those 
who survived beyond 2005 to be enrolled for ART (n = 12) were excluded for comparison of survival analysis in order to avoid confounding influence of 
ART on survival. 
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3.4. Analysis of Survival Duration 

Out of 108 HIV-1 positive donors that could be followed till development of 
ARI, 12 cases that survived till the point of introduction of ART in the country 
were excluded by right censoring in order to avoid confounding effect of ART 
on survival duration and only ART naïve HIV-1 infected donors (total 96) were 
included for survival analysis. Overall survival period was shorter in PT category 
of cases compared to those with non-PT category of cases regardless of history of 
oral iron intake. However, iron intake did not appear to influence the overall 
survival in non-PT category of cases (Figure 2, Table 3). 

3.5. Laboratory Parameters on Follow-Up 
3.5.1. Laboratory Parameters at First Follow-Up (At Sixth Month)  
At sixth month of follow up, the iron consuming subgroup of HIV-1 positive 
blood donors showed significantly higher viral load and more rapid decline in 
CD4 + T Lymphocyte count during preceding 6 months compared to non-iron 
consuming subgroup (log10 viral load 4.01 ± 0.36 vs. 3.86 ± 0.39; p < 0.05 and 
rate of fall in CD4 + T Lymphocyte count 16.2 ± 4.92 vs. 6.57 ± 2.97; p < 0.001, 
data not shown in table). There were significant positive correlations between 
iron load in terms of serum ferritin level and plasma viral load as well as rate of 
fall in CD4 + T Lymphocyte count at this point of time in the iron consuming 
subgroup (Figure 3). Correlation of serum levels of Th1 type and Th2 type of  

 

 

Figure 2. Survival duration among the ART naïve HIV-1 positive blood donors in rela-
tion to positive or negative history for oral iron intake (indicated as Fe pos or Fe neg re-
spectively) and category of AIDS related illness (ARI) i.e. Pulmonary tuberculosis (PT) or 
other categories of ARI (non-PT). A total of 12 HIV-1 positive donors in the Fe neg sub-
group, identified as long term non-progressors (LTNPs), survived beyond the point of 
introduction of ART in the country (in 2005) and thus were enrolled for ART. These do-
nors have been excluded from survival analysis to avoid confounding effect of ART.  
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Figure 3. Correlation between serum ferritin level and viral load as well as rate of fall in CD4+ T 
lymphocyte count among the iron consuming subgroup of HIV-1 positive blood donors. 

 
cytokines with rate of fall of CD4 count at 6 months of follow-up in the iron 
consuming subgroup of HIV-1 positive blood donors showed levels of IL-2 and 
IFN-γ to bear a negative correlation (r value - 0.68; p < 0.001 and −0.44; p < 
0.001 respectively) while that of IL-4 and IL-10 to bear a positive correlation (r 
value +0.45; p < 0.001 and +0.47; p < 0.001 respectively). On the other hand, in 
the non-iron consuming subgroup of HIV-1 positive blood donors no such cor-
relation could be observed (r values as −0.17, −0.19, +0.18 and +0.19 for IL-2, 
IFN-γ, IL-4 and IL-10 respectively; P value not significant in all compari-
sons).The HIV negative donors and community controls did not show any alte-
ration in CD4 count or in serum cytokine levels at 6th month of follow up com-
pared to their enrolment values. 

3.5.2. Laboratory Parameters in Relation to the Category  
of ARI Developed on Follow-Up 

Among the HIV-1 positive donors, rate of decline in CD4 + T lymphocyte 
count, mean CD4 + T lymphocyte count at the time of development of ARI, viral 
load at 6th month except at the time of development of ARI were all recorded to 
be higher among cases developing PT category of ARI compared to cases with 
non-PT category in both subgroups I and II (Table 4). 

Retrospective analysis of laboratory parameters at enrolment in relation to 
category of ARI developed on follow up revealed that among subgroup I donors, 
those developing PT on follow up had significantly higher serum iron load at 
enrolment compared to those who developed non-PT category of ARI, mean ± 
SD of serum ferritin level (µg/L) as 382 ± 93.1 in the former category compared 
to 250 ± 78.3 in the later (p < 0.001, data not shown in table). Moreover, in the 
same subgroup, both symptom free duration as well as post-symptom survival 
duration in PT cases had negative correlations with the serum iron load at 
enrolment (Figure 4(a), Figure 4(b)).  

Study of levels of three immune activation markers in serum i.e. TNFα, 
TNF-R p55 and TNF-R p75 revealed that regardless of HIV positivity the subgroups  
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Table 4. Immunological and virological characteristics of the HIV-1 positive blood donors (n = 108*) in relation to category of 
AIDS Related Illness (ARI) i.e. PT versus non-PT. 

Parameters 

History of oral iron intake 

Positive (Sgr I; n = 54) Negative (Sgr II; n = 54) 

PT Non-PT P value PT Non-PT P value 

Peripheral CD4+ T lymphocyte count Rate of fall/month** 18.7 ±3.5 10.25 ± 1.4 <0.001 11 ± 2.49 5.6 ± 2 <0.001 

 At onset of ARI 389 ± 14 222 ± 40 <0.001 340 ± 42 165 ± 35 <0.001 

Plasma viral load (log10) At 6th month of follow up 4.16 ± 0.3 3.64 ± 0.21 <0.001 4.12 ± 0.15 3.81 ± 0.41 <0.001 

 At onset of ARI 4.72 ± 0.11 5 ± 0.06 <0.001 4.72 ± 0.19 5.14 ± 0.09 <0.001 

Note: Sgr I and II indicate Subgroups I and II. *A total of 10 donors comprising of 6 in Subgroup I and 4 in Subgroup II did not attend any follow up fol-
lowing enrolment and thus have not been included in the above table. **Calculated for first 6 month of post-enrolment period. 
 

 
Figure 4. Correlation between serum ferritin level and (a) symptom free duration as well as (b) post-ARI (PT) survival 
duration in the PT cases among iron consuming subgroup of HIV-1 positive blood donors. 

 
of donors consuming iron (subgroups I and III) showed higher levels of activa-
tion at baseline compared to subgroups without any such history (subgroups II 
and IV). The median levels (pg/ml) of TNFα, TNFR p55 and TNFR p75 was 
recorded as 26, 3.18 and 10 in subgroup I versus 1.0, 1.11 and 2.65 in subgroup 
II and 26, 2.7 and 6 in subgroup III versus 1.3, 1.4 and 1.3 in subgroup IV (over-
all p < 0.001 on multiple comparisons as well as on individual comparisons be-
tween subgroups I and II and between subgroups III and IV for all three im-
mune activation markers). Such higher level of activation in subgroups I and III 
compared to subgroups II and IV continued being reflected at subsequent follow 
up as well for all the three markers except at the point of ARI where the sub-
group II showed level higher than subgroup I in only one out of three markers 
studied i.e. TNF-α (Figure 5). 

4. Discussion 

In the present study, the professional blood donors were all males with narrow 
range of age distribution in accordance with the reported age and sex profile of 
the professional blood donors in this country [1] [2]. Majority of the donors 
with positive history of iron intake, regardless of HIV positivity revealed the  
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*Indicates significantly higher level in Subgroup I vs II (p < 0.01); **Indicates significantly higher 
level in Subgroup III vs IV (p < 0.01); ***Indicates significantly higher level in Subgroup II vs I (p < 
0.01). 

Figure 5. Box plot showing serum levels of TNF-α, TNFR p55 and TNFR p75 at enrol-
ment i.e. zero month (0 m) and at various points of follow up i.e. 6 months (6 m), and at 
the point of development of ARI. The III and IV subgroups of donors i.e. the HIV nega-
tive donors did not develop ARI and thus do not feature in column of ARI. The 
non-donor control group, denoted as subgroup V, was assessed at enrolment (0 m) only. 

 
practice of donating at frequencies higher than the recommended national and 
international guideline [23] [24].  

Despite high frequency of donation, the donors had unimpaired hemoglobin 
level that could be due to the prevalent practice of taking oral iron tablets liber-
ally enough to compensate the deficiency resulting from high frequency of do-
nation. On the contrary rather, the donors with history of iron intake had indi-
cations of iron over load as reflected by serum levels of iron, ferritin and trans-
ferrin saturation (%), an observation that deserves attention. In India, one unit 
of donated blood amounts to a maximum of approximately 350 ml [24]. Thus, a 
donor donating once in 4 weeks or 28 days (maximum frequency reported in the 
present study) is likely to suffer blood loss equivalent to approximately 12.5 ml 
per day amounting to an iron loss of about 6.25 mg (1 ml of blood contains ~0.5 
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mg of iron) [25]. Assuming, an average of 10% of absorption of elemental iron 
from oral iron preparations under physiological condition [26], oral intake of 
two to three tablets of ferrous sulphate of 200 mg strength containing 30% or 60 
mg of elemental iron should be more than adequate to compensate the average 
iron loss per day for a donor donating 350 ml of blood every 4 weeks. Thus it 
was evident in the present study that the range of consumption of iron reported 
by donors in both HIV-1 positive and HIV negative subgroups were clearly 
much higher than the requirement. The biochemical parameters in serum 
among the donors with history of oral iron consumption provides a definite 
evidence of iron overload regardless of any possible inaccuracy in the reporting 
by the donors regarding the brand or quantity of iron tablet consumed by the 
donors. Body iron status is normally maintained through a physiological regu-
latory mechanism in which its absorption is balanced against the body require-
ment increasing only in deficient state and in the event of ingestion of amount 
more than requirement, the excess amount is lost through exfoliation of intes-
tinal epithelial cells containing absorbed iron [27]. However, iron absorption is 
reported to increase beyond requirement in the event of concomitant intake of 
alcohol intake [28] [29] [30]. This could be considered an important mechanism 
for iron over load in subjects of our study since there was concomitant increase 
in the magnitude of consumption of alcoholic drinks in the subgroups with his-
tory of iron intake. This possibility is supported by the reports of iron overload 
in the population of Zimbabweans and Southern African rural blacks having 
prolonged history of consumption of traditional beer in iron containers [31] 
[32].  

Many studies have pointed out that single point estimation of CD4 + T lym-
phocyte counts cannot always be accepted alone as a reliable predictor for dis-
ease progression in HIV-1 infection [33] [34]. In our previous study on HIV-1 
positive children, baseline CD4 + T lymphocyte count could not be correlated 
with disease progression and rate of decline of CD4+ T lymphocyte counts was 
found to be more reliable predictor of future course of illness which is in agree-
ment with the findings of negative correlation between the rate of fall in CD4 + 
T lymphocyte count with the disease progression in the subgroup of HIV-1 posi-
tive donors with history of oral iron intake [17]. Plasma viral load at base line 
was not helpful either in predicting course of disease in the present study. How-
ever viral load assessed at 6 months predicted well negatively with symptoms 
free duration, which is in agreement with the generally accepted view that the 
viral set point i.e. the stable viral load attained between 6 months to 1 year, is a 
more reliable predictor of disease progression than initial viral load [35] [36]. 

It is accepted that qualitative defect in T cell function reflected by change in 
serum cytokine profile from Th1 dominant Th2 dominant one precede quantita-
tive decline in CD4 count in the early asymptomatic stage of HIV-1 infection 
[37] which corroborates with the positive and negative correlations observed for 
Th2 (IL-4, IL-10) and Th1 (IL-2, IFN-γ) type of cytokines respectively with sub-
sequent decline in CD4 + T lymphocyte count in the present study. 
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PT was the most common ARI encountered in the HIV-1 infected blood do-
nors in the present study, accounting for 44.8% of cases in accordance with re-
ports from developing countries including India where PT has been reported to 
be the common illness in HIV-1 infected individuals with incidence ranging 
from 42% to 80% due to high prevalence of tuberculosis [38] [39] [40]. PT was 
also the first presentation of HIV-1 infection at an early stage after seroconver-
sion compared to various non-PT ARI. PT has been reported at relatively early 
stage of illness in HIV-1 infected individuals even in the face of normal or mi-
nimally depressed CD4 + T lymphocyte count due to subtle defects in CD4 + T 
lymphocyte function induced by HIV contributing to greater susceptibility to M. 
tuberculosis [41] which is substantiated in our study where the mean CD4 + T 
lymphocyte count in the cases diagnosed with PT was significantly higher com-
pared to other ARI. HIV-1 infection co-infected with M. tuberculosis bas been 
reported to be characterized by higher activation marker like TNF-α compared 
to those without such co-infection suggesting tuberculosis to be an important 
underlying cause of rapid progression of HIV-1 disease explaining significantly 
shorter post PT survival period in the HIV-1 positive donors compared to other 
varieties of ARI in the present study [42]. Median time to death in the cohort of 
present study (80 months) is consistent with the reports from developing coun-
tries like Uganda [38], Cote d’Ivoire [43] and Kenya [44] and Haiti [45]. 

In the present study the subgroup of HIV-1 positive donors with history of 
oral iron intake, developed high incidence of pulmonary tuberculosis (more than 
70%) on follow up. Role of iron overload in predisposing infection due to M. 
tuberculosis is well recognized [46]. Thus it would be worth considering in the 
present study if high incidence of PT in subgroup of HIV-1 positive donors with 
history of iron intake could be due to onset of immunological deterioration in-
duced by HIV-1 or iron overload could as well be an independent consideration. 
The later possibility is strengthened by the finding of 4 (13.3%) cases of PT en-
countered among the group of 30 HIV negative donors with the history of oral 
iron intake compared to none in the HIV negative donors without such history. 
Moreover, such consideration derives further support from the significant nega-
tive correlation observed between the serum ferritin level and duration of symp-
tom free interval as well as survival duration in the subgroup of HIV-1 positive 
donor consuming oral iron in the present study. Several studies have indeed 
pointed out the role of excess iron accelerating in the pathogenesis of HIV-1 in-
fection possibly due to increased replication of HIV-1 resulting from elevation of 
nuclear transcription factor kappa β [47], facilitation of growth of M. tuberculo-
sis [48] and impaired cell mediated immune mechanism [49]. It has also been 
suggested that ingestion of oral iron may result in subclinical damage to intes-
tinal mucosa resulting in invasion of microbes leading to immune activation 
[49]. Expression of several immune activation markers are known to correlate 
with clinical disease progression in HIV infection with demonstrable predictive 
value on HIV disease course, independent of plasma HIV RNA, when measured 
during early infection, or even before actual seroconversion [10] [11] [12]. The 
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present study indicated that at very early stage of HIV-1 infection even before 
impairment of CD4 + T lymphocyte count, the disease course can be predicted 
by the level of immune activation. Admittedly however, the relationship between 
prior history of iron intake and immune activation failed to be evident for a sin-
gle activation marker i.e. TNF-α out of the three studied only at the ARI stage 
that could be due to many complex factors at ARI stage influencing its level as 
evident from the large number of samples showing values identified as outliers 
(Figure 5). Thus it may be conceivable that excessive ingestion of iron by the 
subgroups of donors may have been responsible for inducing a state of immune 
activation coupled with an altered cellular immune status characterized by alte-
ration in the Th1/Th2 cytokine profile. Further, it is more likely that such im-
munological imbalance was independent of HIV-1 virus since matched HIV 
negative blood donors with the practice of iron intake demonstrated similar type 
of imbalance.  

Overall the present study indicates a strong possibility of iron load to be re-
sponsible for immune deregulation in HIV-1 infection facilitating a scenario for 
acquisition of tuberculosis and rapid disease progression in HIV-1 infected indi-
viduals thereby raising concern about the need for proper monitoring of iron 
status before recommending oral iron in HIV-1 infection e.g.in case of preg-
nancy. 
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Supplementary Tables 
Table S1. (a) HIV related risk behavior, nutritional and anthropometric parameters among various subgroups of blood donors in 
relation to history of oral iron intake; (b) Statistical analysis for HIV related risk behavior, nutritional and anthropometric para-
meters among various subgroups of blood donors in relation to history of oral iron intake. 

(a) 

Baseline variables 

HIV-1 positive HIV negative 
Community 

control 
(Sgr V) 

Fe pos 
(Sgr I) 

Fe neg 
(Sgr II) 

Fe pos 
(Sgr III) 

Fe neg 
(Sgr IV) 

n = 60 n = 58 n = 30 n = 50 n = 40 

Blood donation frequency 

≤6 weeks No (%) 51 (85) 0 (0) 24 (80) 0 (0) 

NA** >6 weeks - <3 months No (%) 9 (15) 3 (5.2) 6 (20) 0 (0) 

≥3 months No (%) 0 (0) 55 (94.8) 0 (0) 50 (100) 

H/O unprotected sex with 
female CSW 

Positive history No (%) 46 (76.7) 37 (67.3) 22 (73.3) 11 (22) 

NA** 
Frequency of exposures per week* 

Range 1 - 3 1 - 3 1 - 3 1 - 2 

Mean ± SD 1.5 ± 0.7 1.6 ± 0.6 1.5 ± 0.7 1.1 ± 0.3 

No. of partners* 
Range 2 - 5 2 - 5 1 - 4 1 - 2 

NA** 
Mean ± SD 3.1 ± 0.9 2.9 ± 0.9 2.9 ± 0.8 1.4 ± 0.5 

Consumption of alcoholic 
drinks 

Positive history No (%) 55 (91.7) 18 (31.0) 28 (93.3) 13 (26) 9 (22.5) 

Frequency of sessions per week 
Range 4 - 9 1 - 6 2 - 8 1 - 2 1 - 4 

Mean ± SD 6.5 ± 1.3 3.7 ± 1.6 5.3 ± 2.1 1.5 ± 0.5 1.9 ± 1.0 

BMI Mean ± SD 21.6 ± 2.1 22.0 ± 1.4 21.7 ± 1.8 22.2 ± 1.7 21.4 ± 1.0 

Serum albumin (gm/dl) Mean ± SD 4.1 ± 0.4 4.3 ± 0.4 4.2 ± 0.4 4.3 ± 0.3 4.1 ± 0.2 

*Calculated for those donors with positive history; **Not applicable. Note: Sgr I to V indicate Subgroups I to V; Fe pos and Fe neg indicate positive and 
negative history of oral iron consumption. 

(b) 

Baseline variables 
P value 

Over all Sgr I vs Sgr II Sgr III vs Sgr IV 

Blood donation frequency 

≤6 weeks No (%)    

>6 weeks – <3 months No (%)  <0.001** <0.001** 

≥3 months No (%)    

H/O unprotected sex with female CSW 

Positive history No (%) <0.001 0.12 <0.001 

Frequency of exposures per week* Mean ± SD 0.1 0.31 0.06 

No. of partners* Mean ± SD <0.001 0.32 <0.001 

Consumption of alcoholic drinks 
Positive history No (%) <0.001 <0.001 <0.001 

Frequency of sessions per week Mean ± SD <0.001 <0.001 <0.001 

BMI Mean ± SD 0.22 0.99 0.99 

Serum albumin (gm/dl) Mean ± SD 0.02 0.02 0.99 

*Calculated for those donors with positive history; **Comparison by χ2 test for trend. Note: (i) Sgr I to IV indicate Subgroups of blood donors I to IV. (ii) 
Data not included in the above table: The BMI and serum albumin levels in subgroups I, II, III and IV were individually comparable to subgroup V 
(non-donor community controls) (p = 0.69, 0.99, 0.99 and 0.32 respectively for BMI and 0.9, 0.22, 0.99 and 0.99 for serum albumin level). 
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