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        Abstract


        Background


        Despite frequent association of Human Pegivirus (HPgV) and Torque Teno Virus (TTV) infections with Human Immunodeficiency Virus type-1 (HIV-1) infection, their roles on HIV-1 disease progression remain unclear.


        Methods


        A prospective study on HIV-1 disease progression was undertaken in three HIV-1 infected blood donor subgroups at early asymptomatic stages: Those with HPgV co-infections (n = 60), with TTV co-infections (n = 48) and without the two co-infections (n = 54). Within each subgroup, both replacement and voluntary donors are examined. The markers of HIV-1 disease progression included the following virological and immunological parameters: Rate of increase in plasma HIV-1 viral load, rate of fall in CD4+ T lymphocyte count, serum levels of Tumor necrosis factor alpha (TNF-α), TNF-α receptors (TNFRI and TNFRII), and levels of Nuclear Factor kappa beta (NF-kB) in peripheral blood mononuclear cells (PBMCs).


        Results


        In all the three HIV-1 infected subgroups, replacement donors displaying biochemical evidence of iron overload had higher levels of disease progression markers at enrollment and lower symptom-free survival duration on follow up compared to voluntary donors in the same subgroup. Voluntary donors in the HPgV co-infected subgroup showed significantly slower rate of HIV-1 disease progression compared to voluntary donors in the other two subgroups. Replacement donors in the HPgV co-infected subgroup that showed loss HPgV viraemia at 3 years post-enrollment were associated with faster disease progression compared to those showing persistence of HPgV viraemia at the same point.


        Conclusion


        The present study favors the concept that HPgV co-infection slows down disease progression in HIV-1 infected individuals. However, this beneficial effect may be obliterated due to subclinical iron overload, resulting in loss of HPgV viremia consequent to fall in peripheral CD4+ T lymphocyte count.
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        Introduction


        Human Pegivirus (HPgV) (formerly termed GBV-C/Hepatitis G virus or GBV-C/HGV) and Torque Teno virus (TTV) co-infections have been frequently reported in blood donors with Human Immunodeficiency type -1 infection due to their parenteral mode of transmission [1-4]. However, studies on the effects of HPgV and TTV co-infections on HIV-1 related disease progression have yielded conflicting results [5-8]. A few reports from India on HPgV and TTV co-infections in HIV-1 infected blood donors examined their prevalence, but reports on the effect of these two co-infections on HIV-1 related disease progression in blood donors in India are limited [9,10].


        Our previous studies had documented biochemical evidence of iron overload in many HIV-1 seropositive blood donors due to intake of excess oral iron in an attempt to maintain hemoglobin level for donating blood with high frequency. These blood donors with iron overload were characterized by heightened immune activation as reflected by the following parameters: Elevated levels of Tumor Necrosis Factor alpha (TNF-α) in serum and 65kDa domain of nuclear factor kappa B (NF-kB p65) in nuclei of peripheral blood mononuclear cells (PBMCs), rapid fall in CD4+ T lymphocyte count, marked increase in HIV-1 viral load during asymptomatic stage followed by rapid HIV-1 disease progression and development of high incidence of pulmonary tuberculosis (PT) [11,12].


        The present prospective study was taken up in a group of asymptomatic HIV-1 infected blood donors co-infected with HPgV or TTV independent of other transfusion transmitted viral infections viz. Hepatitis B virus (HBV) and Hepatitis C virus (HCV) in relation to serum iron parameters to find out if any alteration in such parameters could influence the effect of HPgV or TTV co-infections on the HIV-1 related disease progression.


        Materials and Methods


        The institutional review board and an independent institutional ethics committee approved the research proposal (NCDC/PRC/2009). Between March 2009 and February 2011, various blood banks in the National Capital Territory of Delhi and North India were requested to refer the HIV-1 seropositive blood donors (subsequently referred as donors in the paper) to the AIDS Reference Laboratory, National Center for Disease Control (NCDC), Delhi. The referring blood banks were requested to provide information about the category of the HIV-1 positive donors assigned by them as per national guideline i.e., (i) 'Voluntary' donor, defined as an unpaid blood donor donating blood voluntarily in a blood bank or in a blood donation camp or (ii) 'Family/replacement' donor (commonly referred to as replacement donor), defined as a family member or a friend of the patient donating blood voluntarily for the treatment of a particular patient without any monetary or other incentive [13]. Prior to enrollment in the study, the referred donors reporting to NCDC, all males between 20-36 years, were provided a patient information sheet and informed consent was obtained.


        Initial laboratory investigations


        Initially, as a part of the routine procedure followed in the NCDC AIDS Reference Laboratory, about 4 ml of blood was collected from each of the referred donors. To confirm HIV-1 infection, 1 ml was collected in a plain sterile tube to yield serum for confirmatory serological testing for HIV-1 infection by Western blot. The remaining 3 ml were distributed in an ethylene-diamine-tetra-acetic acid (EDTA) vial for peripheral CD4+ T lymphocyte count (referred subsequently as CD4+ T cell count). Enumeration of peripheral CD4+ T cell count was done by FACS Count Method using labeled monoclonal CD4/CD3 reagent and analysis by FACS Count Machine (FACS Count Model No. D0433, SW Version1.0 08/05, BD Biosciences, San Jose, CA 95131) [14].


        Clinical staging of the HIV-1 positive donors


        All the donors confirmed to be seropositive for HIV-1 infection were referred to clinical specialists at designated referral centers for clinical staging as per national guidelines based on WHO criteria for clinical staging [15,16]. Only HIV-1 positive donors diagnosed to be at the asymptomatic stage for HIV-1 infection by clinicians and unimpaired CD4+ T cell count (more than 500/μL in triplicate measurements) were included in the present study for further epidemiological and laboratory investigations. Few donors (n = 3) presenting as asymptomatic but with CD4+ T cell counts 400-500/μl were omitted.


        Collection of epidemiological information


        A confidential interview was conducted with HIV-1 positive donors to collect information on HIV related risk behaviors (e.g. unprotected sex with high risk heterosexual and/or homosexual partner, parenteral drug abuse, or receipt of blood transfusion). Considering that many of the HIV-1 positive donors admitted single unprotected sexual exposure to female commercial sex workers (CSWs) as their only HIV-1 related risk behavior. They were further inquired about the time of exposure to estimate the duration of infection. However, HIV-1 positive donors with a history of recurrent high-risk exposures to female CSWs, the probable duration of infection could not be ascertained. Additionally, donors were asked to provide their history regarding regular non-dietary intake whereby many donors in the replacement category reported iron as their only regular non-dietary supplement. The donors with a positive history of iron supplementation were asked to provide their rationale although detailed information regarding quantity and duration of iron supplementation were not recorded due to a lack of definite recall.


        Additional laboratory investigation


        The enrolled HIV-1 positive donors were subjected to further biochemical, serological, molecular, immunological and virological investigations.


        Collection of blood samples


        About 20 ml of blood was collected from each subject, 5 ml in plain sterile tube to yield serum and 15 ml in an EDTA container. Part of the serum was utilized for measurement of (i) Iron, transferrin saturation (%), and ferritin level as indicators of body iron status (ii) Albumin, bilirubin, and liver enzymes as indicators of liver function and (iii) TNF-α, TNFRI, and TNFRII levels as markers of immune activation status. Remaining serum was used for (i) Serological detection of Syphilis, serological/molecular detection of Hepatitis B virus (HBV), and Hepatitis C virus (HCV) infections and (ii) Molecular detection of HPgV and TTV infections. Blood collected in EDTA was utilized for plasma viral load assay and quantitation of NF-kB p65 in nuclei of PBMCs, both as indicators of disease progression.


        Measurement of iron parameters, bilirubin and liver enzymes levels in serum


        Measurements of serum ferritin, iron, and transferrin saturation (%) levels were carried out as previously described [11]. Measurements of serum albumin, bilirubin, and liver enzymes viz. alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) were carried out using auto-analyzer (Hitachi 912, Hitachi Ltd., Japan) [17]. Cut off upper limit of normal values for serum bilirubin, ALT, AST and ALP were considered as 1.2 mg/dL, 55 U/L, 48 U/L and 129 U/L respectively [18].


        Serological Screening for Syphilis, HBV and HCV infections


        Part of the serum collected from the donors confirmed as seropositive for HIV-1 infection was utilized for laboratory investigations to exclude donors with serological/molecular evidence of Syphilis, HBV, and HCV infections as follows.


        Serological screening tests were carried out for Syphilis by the Treponema pallidum hemagglutination (TPHA) test (Fujirebio, Tokyo, Japan). For HBV infection, an Enzyme Linked Immunosorbent Assay (ELISA) was employed using three markers: hepatitis B surface antigen (HBsAg), antibody to Hepatitis B surface antigen (anti-HBs) and antibody to Hepatitis B core antigen (anti-HBc) while screening for HCV infection was also evaluated via ELISA as previously described [11]. All the ELISA kits for HBV and HCV infections were commercially procured (Abbott laboratories, North Chicago, IL, USA) and tests were performed as per manufacturer's protocols.


        Molecular detection of HBV, TTV, HPgV and HCV


        Molecular detection of HBV, TTV, HPgV and HCV were carried out by polymerase chain reaction (PCR) using pre-published primer sequences, extraction techniques, thermal cycling conditions and detection of specific bands as described earlier [19] (Supplementary material 1).


        In order to avoid confounding effects of other common transfusion mediated infections, only the asymptomatic HIV-1 infected donors negative for Syphilis (by serology), HBV and HCV infections (by both serological and molecular methods) with HPgV or TTV co-infections were included in the present study.


        Plasma viral load assay


        This was carried out employing commercial viral load assay kit (Amplicor HIV Monitor assay, version 1.5, Roche Molecular systems, Branchburg, NJ, USA) with sensitivity of 200 copies per ml [20].


        Quantitation of NF-kB p65 level in nuclei of LPS stimulated PBMCs


        NF-kB in nuclear extracts of Lipopolysaccharide (LPS) stimulated PBMCs were quantified by following a modified protocol from Zheng, et al. [21] as described previously [11,22]. Broadly, the protocol consists of four steps: (i) Isolation of PBMCs (ii) Treatment of PBMCs with LPS to induce translocation of NF-kB p65 from cytoplasm into the nucleus (iii) Extraction of nuclear proteins from LPS stimulated PBMCs and (iv) Estimation of NF-kB p65 in nuclear protein extracts of LPS stimulated PBMCs (Supplementary material 2).


        Clinical and Laboratory Follow Up


        Clinical follow up


        All donors in this study that were registered with clinicians were also advised to enroll in anti-retroviral therapy (ART) centers and report any illness to the clinician (AIDS-related or not) during the follow up period. The time for development of any AIDS related illness (ARI) diagnosed by the clinician based on national guidelines and WHO criteria [15,16] was recorded to estimate duration of HIV-1 symptom-free survival. In the case of a donor reporting multiple ARI-related symptoms, the onset of the first such symptom was considered as the time of ARI development to calculate disease free survival duration. None of the HIV-1 positive donors in the present study opted to enroll in an ART program prior to development of ARI. Additionally, no donor was put on any chemoprophylaxis during the asymptomatic phase.


        Laboratory follow up


        Virological follow up


        (i) HIV-1 viral load: Considering plasma virus levels at early stage of HIV-1 infection are well-known to be unstable until 6-12 months post-infection following which they are relatively stable (i.e., viral set point), changes in HIV-1 viral load were assessed between the 1st and 2nd year of post-enrollment follow up (detailed further in the results section) [11,23].


        (ii) Detection of HPgV and TTV viraemia: Loss or persistence of HPgV and TTV viraemia on follow up in HIV-1/HPgV and HIV-1/TTV subgroups were based on molecular detection of these two agents (detailed above) after three years post-enrollment.


        Follow up of biochemical parameters


        (i) Serum iron parameters: Serum levels of iron, transferrin saturation (%) and ferritin were repeated after one year post-enrollment to record any change consequent to discontinuation of consumption of iron tablets reported by the donors following diagnosis of HIV-1 infection.


        (ii) Liver function parameters: Laboratory investigations related to liver function were repeated at the same time as HPgV and TTV detection (3 years post-enrollment) to assess effects of HPgV and TTV co-infections on liver function.


        Follow up of immunological parameters


        Peripheral CD4+ T cell count, serum levels of TNF-α, TNFRI, TNFRII, and levels of NF-kB p65 in nuclear extracts of LPS stimulated PBMCs were repeated one year post-enrollment to record the trend of changes during the period.


        Non-Donor Community Controls


        Fifty blood samples from randomized age, sex and socioeconomically matched healthy individuals within the local community without any reported history of HIV-1-related risk behavior and screened as negatives for HIV-1, HBV, HCV, Syphilis, HPgV and TTV were enrolled in the study as non-donor community controls. The community controls were subjected to all additional laboratory investigations carried out for HIV-1 positive donors at enrollment (except HIV-1 viral load).


        Statistics


        Univariate analysis was undertaken for each of the various laboratory parameters. For laboratory parameters of the donors with normal distribution characteristics, chi square test for categorical variables and student's t-test or one-way ANOVA followed by post-hoc test with Bonferroni adjustment for continuous variables were utilized. Continuous variables not conforming to a normal distribution pattern were compared by Kruskal Wallis test followed by multiple comparisons using Mann Whitney test with Bonferroni adjustment.


        Symptom free survival duration was calculated as the interval from the date of detection of seropositivity at the referring blood banks to the development of ARI as diagnosed by clinicians and reported as the median (months) with 95% confidence interval (CI). Kaplan-Meier method was employed to compare disease progression pattern in various subgroups and categories using log-rank χ2 test [11].


        Rate of fall in CD4 + T cell count was expressed as monthly average while rate of increase in plasma viral load was expressed as increase per year on the basis of their values recorded at enrollment and after one year of post-enrollment follow up. All the laboratory parameters estimated at enrollment in the replacement category of HIV-1 positive donors with HPgV co-infection were retrospectively analyzed in relation to persistence or loss of HPgV viremia recorded at 3rd year of post-enrollment follow up. Such analysis could not be undertaken in the voluntary category of donors in the same subgroup since there was only one donor that showed loss of HPgV viremia at follow up point. P value < 0.05 was considered as statistically significant, and it was adjusted for multiple comparisons. Fisher's exact test was used if any of the cell values were less than five.


        Results


        Distribution and characteristics of HIV-1 positive donors based on co-infection


        A total of 162 HIV-1 positive donors were enrolled in the present study on the basis of being clinically asymptomatic and screened to be negative for HBV/HCV/Syphilis infection at our center. These comprised of 60 (37.1%), 48 (29.6%) and 54 (33.3%) of HIV-1 infected donors co-infected with HPgV (HIV-1/HPgV, subgroup I), with TTV (HIV-1/TTV, subgroup II) and without HPgV or TTV co-infection (subgroup III), respectively. Replacement donors consisted of 38 (63.3%) donors in subgroup I, 16 (33.3%) donors in subgroup II, and 19 (35.2%) donors in subgroup III, while the remaining donors in each of the three subgroups were voluntary donors. Positive history of regular intake of oral iron tablets was disclosed by 20 (52.6%), 8 (50%) and 9 (47.4%) of replacement donors in subgroups I, II and III, respectively, admitting such history to be as a precautionary measure to maintain hemoglobin level (donation eligibility), despite not having any documented clinical or laboratory evidence of iron deficiency. Notably, none of the HIV-1 positive donors in voluntary category in any subgroup gave history of such iron intake.


        Only 93 (57.4%) donors disclosed history of single unprotected sexual exposure with female CSW between 2-8 months prior to HIV-1 positive blood donation. These cases comprised 42 (70%) in subgroup I, 29 (60.4%) in subgroup II and 22 (40.7%) in subgroup III. An additional 2 donors in the replacement category of subgroup I disclosed multiple exposures during the preceding 2 years. None of the donors had any record of prior HIV test result available with them and none had history of other HIV-1 related risk behavior (e.g., parenteral drug abuse or receipt of blood/ blood product).


        Follow up molecular testing of HPgV in HIV-1/HPgV infected donors


        Follow up molecular testing of HPgV in the HIV-I/HPgV subgroup at 3 years post-enrollment demonstrated detectable HPgV loss in 36 out of 56 (64.3%) donors in the replacement category and in only 1 out of 20 (5%) in the voluntary category (relative risk 8.5). On the other hand, there was no loss of TTV in HIV-1/TTV subgroup at the same point of follow up.


        Serum levels of iron, transferrin saturation (%), ferritin and liver enzymes


        Serum levels of iron, transferrin saturation index, and ferritin at enrollment were elevated in the replacement category of HIV-1 positive donors and unaltered in voluntary donors in all the subgroups compared to non-donor community controls. Further, retrospective analysis showed that among the replacement donors in HIV-1/HPgV subgroup, those demonstrating loss of HPgV viremia on follow up had significantly higher levels of iron parameters at enrollment compared to those demonstrating persistence of HPgV viremia (Table 1). There were many HIV-1 positive donors with or without HPgV co-infection who did not admit any history of oral iron intake but showed elevated levels of serum iron parameters in blood (> Mean + 2 SD of non-donor controls, data not shown). Elevated levels of all the iron parameters in replacement donors came down to normal levels in all the three subgroups at the one year post-enrollment follow up point (Supplementary material 3).


        
          Table 1: Levels of iron parameters in various co-infected subgroups of HIV-1 positive donors at enrollment. View Table 1

        


        Serum levels of liver enzymes and bilirubin in all the subgroups at enrollment were comparable to non-donor controls regardless of their categories i.e. replacement or voluntary. Follow up assessment of serum levels of albumin, liver enzymes and bilirubin at 3rd year post-enrollment showed no statistically significant change compared to their enrollment levels (Supplementary material 3).


        CD4 + T cell counts and HIV-1 plasma viral load at enrollment and at follow up point


        All HIV-1 infected donors in the present study had comparable CD4+ T cell counts between the three subgroups at enrollment as well as rate of fall in CD4+ T cell count recorded over one year of post-enrollment period. However, further analysis of these parameters in relation to category of donors revealed that the rate in decline in CD4+ T cell count was significantly higher in replacement donors compared to voluntary donors in all the three subgroups. Retrospective analysis of CD4+ T cell count in relation to persistence or loss of HPgV viremia in HIV-1/HPgV replacement donors revealed that the donors demonstrating loss of HPgV viraemia had significantly higher rate of fall in CD4+ T cell count at enrollment compared to those demonstrating persistence of HPgV viraemia at the same point. However, the rate of CD4+ T cell count decline was significantly lower among HIV-1/HPgV voluntary donors as compared to the similar category of donors in other subgroups. Notably, the lower rate of decline in HIV-1/HPgV voluntary donors was masked when assessing the whole HIV-1/HPgV subgroup due to high rate of CD4 cell decline seen in replacement donors within the same subgroup (Table 2).


        
          Table 2: CD4+ T cell count and HIV-1 viral load at enrollment and rates of their changes during follow up in various co-infected subgroups of HIV-1 positive donors. View Table 2

        


        The HIV-1 positive donors showed wide variation in plasma viral load at enrollment (log 10 copies / ml ranging between 3 and 6) with substantial deviation from normal distribution pattern. However, plasma viral load assumed a normal distribution pattern with much less variation at first year post-enrollment (considered as viral set point or baseline value in the present study). Rate of increase in plasma viral load between first and second year of post-enrollment was significantly higher among replacement donors compared to voluntary donors in all the subgroups. Rate of increase in plasma viral load was significantly lower in HIV-1/HPgV voluntary donors in comparison to voluntary donors in other subgroups. However, similar to what was observed with the rate of fall in CD4 cell count, the slower rate of increase in plasma viral load in voluntary donors in the HIV-1/HPgV subgroup was masked when was assessed in terms of the whole subgroup due to opposing effect i.e. faster rate of increase in replacement donors within the same subgroup. Retrospective analysis of the viral load among HIV-1/HPgV replacement donors revealed that those demonstrating loss of HPgV viremia on follow up were characterized by significantly higher degree of rise in plasma viral load between first year and second year of post-enrollment assessment compared to those demonstrating persistence of HPgV viremia at the same time point (Table 2).


        Levels of immune activation markers in serum and NF-kB in nuclear extracts of PBMC


        Serum levels of the three immune activation markers studied i.e. TNF-α, TNFRI and TNFRII, were found to be significantly higher among replacement donors compared to voluntary donors at enrollment for all subgroups. In particular, the levels of immune activation at enrollment were significantly lower among HIV-1/HPgV voluntary donors compared to voluntary donors in other subgroups. Moreover, higher proportions of the voluntary donors showed undetectable levels of the activation markers in serum at enrollment in the HIV-1/HPgV subgroup compared to voluntary donors in the other two subgroups (data not shown in table). Levels of the three activation markers continued to remain raised with respect to replacement donors in all the subgroups as assessed at follow up point despite significant decline. Voluntary donors in all the subgroups showed marginal but statistically insignificant rise in levels of all the three activation markers upon follow up (Table 3).


        
          Table 3: Serum levels (pg/ml) of activation markers in various co-infected subgroups of HIV-1 positive donors. View Table 3

        


        Levels of NF-kB p65 in nuclear extracts of LPS stimulated PBMCs at enrollment followed the pattern similar to that observed for serum immune activation markers in all the three subgroups (Table 4).


        Retrospective analysis comparing immune activation markers (enrollment and follow up) with loss or persistence of detectable HPgV viraemia in HIV-1/HPgV replacement donors revealed higher serum levels of TNF-α, TNFRI, TNFRII and higher level of NF-kB in LPS stimulated PBMCs in the donors showing loss of HPgV viremia compared to those with persistent viremia (Tables 3 and Table 4).


        
          Table 4: NF-kB levels (ng/μg of protein) in nuclear extracts of LPS stimulated PBMCs in various co-infected subgroups of HIV-1 positive donors. View Table 4

        


        Symptom free interval


        On clinical follow up, the overall pattern of HIV-1 disease progression was similar in all three subgroups, as assessed on the basis of median symptom free survival time (p = NS on multiple comparisons). However, further analysis showed disease progression to be more rapid in replacement donors as opposed to voluntary donors in each subgroup (Table 5). In particular, disease progression was significantly slower among HIV-1/HPgV voluntary donors over the voluntary donors in other subgroups at same point (p < 0.001, Figure 1). Among HIV-1/HPgV replacement donors, those with loss of detectable HPgV viremia at third year of follow up point had faster disease progression compared to those with persistent HPgV viremia (Table 5 and Figure 2).


        
          [image: ] Figure 1: Symptom free disease progression in HIV-1 positive voluntary donors within the three subgroups: co-infected with HPgV (Sgr I), with TTV (Sgr II), and without co-infection with HPgV or TTV (Sgr III) respectively. View Figure 1

        

        

        
          [image: ] Figure 2: Symptom free disease progression in HIV-1 positive replacement donors co-infected with HPgV in relation to HPgV viremia at 3rd year post-enrollment. View Figure 2

        

        

        
          Table 5: Symptom free survival duration (months) in various co-infected subgroups of HIV-1 positive donors. View Table 5

        


        Discussion


        Numerous studies from India had documented a high prevalence of HIV-1 infection as a result of paid blood donors partaking in high-risk HIV-related behaviors, causing blood recipients to be infected with HIV-1 (especially the multi- transfused groups) [24,25]. To solve this problem, a legal ban on paid blood donations was imposed in the country in 1996. However, India continues to face blood donation shortages by relying solely on the voluntary sector [13]. As a consequence, India is heavily reliant on replacement donors, constituting as high as 45% of nation's blood supply [13]. Concerns have been raised about replacement donors presenting as family members or close friends of the patient in exchange for financial or other gains [26,27]. In our earlier studies, we observed that many paid donors ingested an arbitrary amount of iron tablets to maintain a qualifying hemoglobin level, allowing them to donate under false identities more frequently than was allowed per the national guideline [11]. Despite frequent donation, these donors showed biochemical evidence of iron overload because most consumed more iron than was lost through blood donation and many had concomitant history of frequent alcohol consumption that is known to facilitate intestinal iron absorption [11]. Despite non-disclosure by many donors, positive history of oral iron intake was confined to only the replacement category of donors in the present study. Normalization of iron parameters on follow up for replacement donors provides further indirect evidence of possible iron consumption by this category of donors because these donors likely ceased consumption of iron tablets now that they are disqualified from any further donation due to their HIV-1 status. HPgV is transmitted predominantly through parenteral route [1]. Thus higher representation of replacement donors compared to voluntary donors in HIV-1/HPgV subgroup could be a reflection of higher frequency of blood donation by donors this subgroup.


        The unaltered profile of liver enzymes recorded among HIV-1/HPgV and HIV-1/TTV subgroups of donors at enrollment and at follow up suggests lack of any pathogenic effect of these two viruses on liver [28,29]. Despite comparable baseline levels of CD4+ T cell counts and HIV-1 plasma viral load in all the three subgroups at enrollment, rate of fall in CD4+ T cell count and rate of increase in HIV-1 plasma viral load were significantly lower among HIV-1/HPgV voluntary donors compared to HIV-1/TTV and HIV-1-only voluntary donors, suggesting a beneficial effect of HPgV co-infection on the rate of HIV-1 related disease progression. However, the beneficial effect was not apparent when the assessment was made in the HIV-1/HPgV subgroup on the whole due to masking of these changes by a higher rate of fall in CD4+ T cell count and increased plasma viral load in replacement donors.


        Admittedly, the duration of HIV-1 infection could not be precisely calculated in the present study due to lack of reliable information regarding the time of unsafe heterosexual exposure. However, it can be reasoned that the enrolled donors in the present study were all in their early stage of HIV-1 infection because of our requirements of asymptomatic clinical status and unimpaired CD4+ T cell counts (> 500 cells/cumm) for their inclusion in the study. Moreover, in India, it is not uncommon for individuals to donate blood shortly following high-risk exposure for the sake of finding out their HIV status [30].


        Serum levels of TNF alpha and its two receptors, TNFRI and TNFRII, have been considered to correlate with levels of immune activation in HIV-1 infection [31,32]. NF-kB is a family of transcription factors present in many mammalian cells including those involved in immune response [33]. On activation following infections, the main 65kDa transactivation domain of NF-kB, i.e. NF-kB p65 or Rel A migrates (translocates) from cytoplasm to nucleus where it plays a pivotal role in triggering the pro-inflammatory cytokine response. Several studies have pointed out that iron overload leads to activation of NF-kB and subsequent increases in HIV-1 replication by virtue of its binding to the Long Term Repeat (LTR) region of the HIV-1 genome [34,35]. Thus, it may be postulated that heightened immune activation in HIV-1/HPgV replacement donors was due to the increased level of iron detected among them, resulting in a more rapid loss of CD4 cells, higher plasma viral load and more rapid disease progression than the voluntary donors in the same category. Additionally, it has been suggested that ingestion of oral iron may result in subclinical damage to intestinal mucosa resulting in invasion of microbes responsible for immune activation leading to increased HIV-1 replication [36]. Significantly lower degree of immune activation (as assessed by serum levels of TNF-α, TNFRI, TNFRII, NF-kB level in PBMC nuclear extracts, rate of fall in CD4+ T cell count, and decreased plasma viral load) in HIV-1/HPgV voluntary donors compared to voluntary donors lacking HPgV co-infection supports previous reports of HPgV co-infection suppressing HIV-1 disease progression [5,6]. However, the beneficial effect of HPgV on HIV-1 disease progression could easily be masked or overlooked as a result of including replacement donors in the analysis, which demonstrates opposite virological and immunological parameters due to their association with iron overload.


        Higher rate of decline in CD4+ T cell count demonstrated by the subset of replacement donors showing loss of HPgV viremia compared to those with persistent HPgV viremia at a similar assessment point suggests a relationship between the two events. A larger cohort study evaluating disease progression in HIV-1 infected subjects co-infected with HPgV (previously termed GBV-C/HGV) concluded that loss of CD4+ T cell as the cause rather than loss of HPgV viremia [37]. Thus it is possible that high rate of decline in CD4+ T cell count in HIV-1/HPgV replacement donors might have resulted loss of HPgV and eventual loss of beneficial effect induced by HPgV on HIV-1 disease progression. Admittedly however, repeat assessment of CD4 cell count at the point of disappearance of HPgV viremia would have provided more direct evidence to support this conclusion, although rapid loss of CD4 cell count was observed during the first year of post-enrollment. Nevertheless, the present study supports a beneficial role of HPgV co-infection in HIV-1 related disease progression that can be abrogated by subclinical iron overload.


        Conclusion


        The present study supports the view that HPgV co-infection plays a beneficiary role in HIV-1 disease progression and such beneficial effect is dependent on adequate availability of peripheral CD4+ T lymphocytes to support HPgV viremia persistence. However, this beneficial influence may be masked due to effect of other factors that need to be carefully evaluated, such as iron overload, even at subclinical level as observed in the present study. The study further highlights the need to phase out India's dependency on replacement category of donors with questionable identity and recommends generating an adequate pool of voluntary donors for safe blood transfusion services in the country.


        Limitations of the Study


        (i) The beneficial effect of HPgV on HIV-1 disease progression was based on symptom free interval till the development of ARI (considered as the end point of the study) so as to avoid confounding effect of ART considering that India's HIV-1 positive subjects have a high dropout rate and inconsistent adherence to ART. Therefore, it was not possible to comment on whether the observed beneficial effect of HPgV can be extrapolated to also occur during the course of ART.


        (ii) In the present study there were multiple laboratory variables. Admittedly, considering the modest sample size, it has not been possible for us to undertake a multivariate analysis. Therefore, observations in the present study have been based on univariate analysis.
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