
    
        [image: cover image]
    

  Virosomal influenza-vaccine induced immunity in HIV-infected individuals with high versus low CD4+ T-cell counts: clues towards a rational vaccination strategy

Fritz, Stefanie; Mossdorf, Erik; Durovic, Bojana; Zenhaeusern, Gabriela; Conen, Anna; Steffen, Ingrid; Battegay, Manuel; Nüesch, Reto; Hess, Christoph

AIDS .
			24(14):2287–2289, 10 September 2010.


				doi: 10.1097/QAD.0b013e32833c6f92

Author Information

aImmunobiology Laboratory, Department of Biomedicine, Basel University, Switzerland

bDivision of Infectious Diseases and Hospital Epidemiology, Switzerland

cMedical Outpatient Department, University Hospital Basel, Switzerland

dInstitute for Medical Microbiology, Basel University, Basel, Switzerland.

*S.F. and E.M. contributed equally to this work.

Received 11 March, 2010

Revised 30 April, 2010

Accepted 24 May, 2010

Correspondence to Christoph Hess, MD, PhD, Medical Outpatient Department and Department of Biomedicine, University Hospital Basel, 4 Petersgraben, CH-4031 Basel, Switzerland. Tel: +41 61 265 44 75; e-mail: chess@uhbs.ch

Abstract

In a prospective influenza-vaccination trial we show that HIV-infected individuals with CD4+ T-cell counts less than 350 μl were distinct from HIV-infected individuals with more than 350 CD4+ T-cell counts/μl, and from HIV-negative individuals, in that an influenza-specific immunoglobulin M-response was absent and expansion of interferon-γ-secreting CD4+ T cells was impaired. By contrast, immunoglobulin G-responses were induced in all study groups. These data suggest that establishing broad influenza-specific (immunoglobulin G) B-cell memory prior to severe immunodeficiency is important.

Antibody affinity maturation, isotype class-switch and B-cell memory formation all depend on adequate CD4+ T-cell help [1,2]. By contrast, maintenance of established B-cell memory needs little or no T-cell help in order to persist [3,4]. In HIV infection T-cell help is progressively lost as CD4+ T-cell counts decline [5]. Seasonal influenza vaccination is advised for HIV-infected individuals [6]. The question of whether, based on specific immunological assessments, subgroups of HIV-infected individuals should be vaccinated with priority has not been assessed.

How, in HIV-infected individuals, virosomal influenza antigen, which is known to trigger both cellular and humoral immunity [7], is capable of inducing influenza-specific immunoglobulin M (IgM) and immunoglobulin G (IgG), and how this antibody-production relates to total CD4+ T-cell counts and influenza-specific CD4+ T-cell function is unknown.

In a prospective observational clinical study, we characterized vaccine-specific immunity in 24 HIV-negative and in 31 HIV-infected individuals. Study participants were recruited and followed up at the University Hospital Basel during the vaccination season 2007–2008. Inclusion criteria were: age more than 18 years and in HIV-infected individuals antiretroviral therapy (ART) since more than 3 months and HIV viral load less than 200 copies/ml). Exclusion criteria were: a febrile illness, allergies to compounds of the vaccine, any vaccination within 30 days of inclusion and/or during follow-up, concomitant or planed medication with steroids/other immunosuppressive drugs, malignant disease, and pregnancy. The study was Institutional Review Board approved and written informed consent was obtained from all study participants. All participants were vaccinated with a trivalent virosomal vaccine (Inflexal V, Berna Biotech, Basel, Switzerland). Blood was collected immediately prior to vaccination and at day 7 [=follow-up 1 (FU1), 14 (=FU2) and 28 (=FU3)] post-vaccination. Influenza-specific IgM and IgG were quantified using a commercially available kit (Genzyme Virotech, Ruesselsheim, Germany), antibody-quantifications expressed as mean optical density values from duplicate measurements. The frequency of CD4+ T cells secreting interferon-γ was measured using enzyme-linked immunosorbent spot assays as previously described [8], using Inflexal (Berna Biotech) as the source of antigen. Peak post-vaccination frequencies are shown. Wilcoxon matched paired test was performed to compare frequencies of influenza-specific CD4+ T cells and influenza-specific IgG and IgM between differing time points.

Clinical characteristics of the study population are summarized in Supplementary Table 1, http://links.lww.com/QAD/A55. In HIV-negative individuals median levels of influenza-specific IgM (FU1–3) and IgG (FU2–3) significantly increased as compared with pre-vaccination levels (Fig. 1a, left and middle panel). The median frequency of vaccine-induced CD4+ T cells also significantly increased, with a rise observed in 22 out of 24 (92%) individuals (Fig. 1a, right panel). In HIV-infected participants with preserved CD4+ T-cell counts (>350 μl of blood), median levels of influenza-specific IgM (FU1–3) and IgG (FU1–3) also significantly increased as compared with prevaccination levels (Fig. 1b, left and middle panel). However, although the median frequency of vaccine-induced CD4+ T cells rose significantly, an increase was observed in only 14 out of 22 individuals (64%) (Fig. 1b, right panel). In contrast to HIV-negative and HIV-infected individuals with preserved CD4+ T-cell counts, in HIV-infected study participants with less than 350 CD4+ T-cell counts/μl, no significant increase in median influenza-specific IgM levels was detected at any follow-up time-point, with only two out of nine participants responding at all (Fig. 1c, left panel). However, a significant increase in median levels of postvaccination influenza-specific IgG was observed (Fig. 1c, middle panel). No significant increase in the median frequency of vaccine-induced CD4+ T cells was detected in the group of individuals with low CD4+ T-cell counts, with a response induced in only four out of nine individuals (44%) (Fig. 1c, right panel). Of note, time on ART in ‘IgM responders’ with low CD4+ T-cell counts tended to be longer, in ‘IgM nonresponders’ with high CD4+ T-cell counts shorter than among their respective intrapopulation controls. No such trend was observed comparing Centers for Disease Control disease stage, nadir CD4+ T-cell counts and virological suppression (data not shown).

[image: Fig. 1]Fig. 1. Humoral and cellular immune response in HIV-negative and HIV-infected individuals vaccinated with virosomal influenza-antigen. Levels of influenza-specific immunoglobulin M (left panel), influenza-specific immunoglobulin G (middle panel), and the frequency of influenza-specific CD4+ T cells (right panel) are shown in HIV-negative study participants (a) HIV-infected study participants with more than 350 CD4+ T cells/μl (b), and in HIV-infected study participants with less than 350 CD4+ T cells/μl (c). Dots indicate antibody-measurements in individual study participants (horizontal bars indicate median levels); pre vaccination and post vaccination frequencies of influenza-specific CD4+ T cells are linked with black lines in case of expanding responses, with red lines in case of contracting responses. Follow-up 1–3 = days 7, 14 and 28 post vaccination. Dots present values from each participant at indicated time points. *P < 0.05; **P < 0.01 and ***P < 0.001 compared with baseline. FU, follow up; IFN-γ, interferon-γ; IgG, immunoglobulin G; IgM, immunoglobulin M; PBMC, peripheral blood mononuclear cell; SFC, spot forming cell; OD, optical density.



Early production of IgM is independent from T-cell help [9]. The inability of most HIV-infected individuals with low CD4+ T-cell counts to produce detectable amounts of influenza-specific IgM was thus unexpected. A possible explanation for the observed lack of IgM-production could be an intrinsic defect of B cells, which has been demonstrated in patients with viremia and, although to a much lesser extent, also in patients with undetectable viral load [10,11]. By contrast, vaccine-induced IgG increased in all study groups, including the one with low CD4+ T-cell counts. Given the lack of IgM-response in HIV-infected individuals with low CD4+ T-cell counts, increasing levels of IgG in this study group most likely reflects a memory response. This finding is important and provides an immunological rational supporting the recommendation of annual influenza vaccinations throughout the course of HIV-infection, permitting the buildup of a broad and long-lasting B-cell memory when immunological competence is still maintained. The clinical importance of such memory responses has been impressively underscored during the recent influenza H1N1 pandemic, where children, presumably owing to a lack of seroprotection from crossreactive antibodies induced by previous contact with influenza antigen, were most severely affected [12].

The limitations of our study are the lack of qualitative assessments of the humoral and the cellular vaccine-specific immune response, patient diversity, and the fact that the study was underpowered to evaluate clinical endpoints such as protection from influenza infection. However, the read-outs used did permit the capture of decreasing vaccine-inducible cellular responsiveness, and they uncovered a likely dependency of the vaccine-response on B-cell memory in advanced HIV infection. These preliminary data should trigger future research aiming at understanding the molecular basis of the observed lack of IgM-production, and they lend support to strictly enacting annual influenza-vaccination in all HIV-infected individuals regardless of their CD4+ T-cell count.
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