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Individuals infected with the human immunodeficiency virus type 1 (HIV-1) belong to the group of people most vulnerable to SARS-CoV-2 infections and the associated disease COVID-19. Here we describe SARS-CoV-2-specific antibody and cellular immune responses in a small cohort of immunological non-responder HIV-1 patients (HIV-INRs) after receiving the COVID-19 mRNA-based BioNTech/Pfizer vaccine. Compared to the control group of vaccinated healthy individuals that all developed a virus-specific immune response, 5 of 10 vaccinated HIV-1 patients showed insufficient immune responses. The lack of response was not directly correlated with patients CD4 cell counts. Three of the five non-responders that agreed to receive a booster vaccination subsequently generated a virus-specific response. Thus, even HIV-INRs can be efficiently vaccinated against COVID-19 but may require a follow-up by virus-specific immune monitoring to guarantee clinical vaccine benefits.
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Introduction

Highly efficient vaccines against the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic have been developed with unprecedented speed. Indeed, it took merely a single year from virus sequence availability to emergency approval of the mRNA-based vaccines from BioNTech/Pfizer and Moderna (1, 2). Both vaccines induce virus spike (S) protein-specific antibodies and cellular immunity, and protect from SARS-CoV-2-induced COVID-19 disease with an efficacy of roughly 95% (1–3). However, such a vaccine efficacy is not reached in all individuals. There are groups of immune-compromised individuals that have a significantly higher mortality upon SARS-CoV-2 infection than non-compromised individuals, and that may respond less well to respective vaccines. Among these are cancer patients, transplant recipients and persons infected with human immunodeficiency viruses (4–8). Due to their immunocompromised state, these patient groups were underrepresented in the initial phase III vaccine efficacy trials (9, 10) and they deserve special attention when it comes to the evaluation of their vaccine responses (8, 11, 12).

People living with HIV-1 (PLWH) are among the group of individuals considered most vulnerable toward SARS-CoV-2 infection and its pathogenic consequences (8). They have recently been included in immunogenicity studies of mRNA-based COVID-19 vaccines (7, 10, 13–21). Respective results are summarized in Table 1. The majority of the PLWH in these studies were on antiretroviral therapy (ART) and had CD4 T lymphocyte counts higher than 350 per microliter blood. They usually mounted robust immune responses comparable with those of healthy controls (9, 14–16). However, some studies noted reduced vaccine responses in PLWH that had low CD4 counts (13, 19–21). Since CD4 T lymphocytes provide important help for the generation of humoral and cellular adaptive immune responses, we evaluated the response to COVID-19 vaccination in a small cohort of immunological non-responder HIV-1 patients (HIV-INRs) that are expected to be particularly susceptible and vulnerable toward SARS-CoV-2 infection. HIV-INRs represent individuals that maintain low CD4+ T cell counts despite successful HIV suppression under ART (22, 23). We report here the vaccination outcomes in a small cohort of these patients and relate them to COVID-19 vaccine studies of PLWH that have been published until April 2022 (Table 1) (7, 10, 13–21).


Table 1 | Summary of HIV-related baseline characteristics and SARS-COV-2 immune responses after COVID-19 mRNA-based vaccination trials in PLWH on diverse ARTs.





Materials and methods


Sample collection and participant characteristics

This is an observational study that collected data and blood samples from HIV-INRs that were vaccinated with the mRNA-based COVID-19 vaccine BNT162b2 from BioNTech/Pfizer following the standard schedule (prime at day 0 and boost after 21 days). The study included a control cohort of healthy individuals vaccinated alike. The primary endpoint was to describe the specific IgG serum antibody response, the virus neutralizing capacity of these antibodies, and the T cell response. The study analyzed blood samples pre-vaccination, post-vaccination, and 3 weeks (w) after an additional boost in 3 previous non-responders. Immunological assays were performed as previously reported (24). The protocol of the study was approved by the institutional review boards of the “Hospital del Mar” and “Grupo Hospitalario Quirón Salud-Catalunya”, respectively. Written informed consent was obtained from each study participant.

Blood samples from 10 HIV-INR patients and 10 healthy control individuals were collected, and sera and peripheral blood mononuclear cells (PBMCs) were isolated by standard procedures. Sampling time-points were prior to BNT162b2 vaccination and 3 weeks (w) after. Five patients (P4; P5; P6; P8; P9) did not generate responses above the threshold. Of these, P4, P5 and P9 gave consent for an additional vaccination boost with BNT162b2. From these, blood was again sampled 3 w after the 3rd BNT162b2 vaccine dose. Patients P6 and P8 did not consent to receive the 3rd vaccination.

Participant characteristics were as follows: HIV-INR: the median age of the 10 patients was 49 years (IQR, 30 – 71); 7 (70%) were male and none had a pre-vaccination history of COVID-19. During the study, all patients were on ART for ≥6 months and 8 (80%) had an undetectable HIV viral load. Eight (80%) had CD4 counts <200 cells/mm3, whereas 2 (20%) had CD4 counts of 200-349 cells/mm3. The overall characteristics are further specified in Table 2.


Table 2 | HIV-INR patient characteristics.



Healthy control individuals: the median age of the 10 individuals was 47 years (IQR, 26 – 72); 4 (40%) were male and none had a pre-vaccination history of COVID-19.



Quantification of SARS-CoV-2 Spike-specific IgG antibody responses and RBD neutralization capacity of patient sera

To quantify IgG antibodies against the full-length Spike protein of SARS-COV-2, 96-well high-binding plates (2240096, BioRad) were coated with 2 μg/mL (Sino Biologicals, 40589-V08B1). After a washing step, plates were blocked with 3% BSA (A4503, Sigma-Aldrich) in 1x PBS for 1 h at room temperature (RT). Next, three-fold dilutions of patients’ sera were added in duplicates and incubated for 1 h at RT. Subsequently, washed plates were dispensed with IgG-HRP antibody (A18811, Life technologies) and left incubating for 1 h at RT. Lastly, the 3,3’,5,5’-Tetramethylbenzidine (TMB) substrate solution was added and stopped with 1 N H2SO4. Optical densities (OD) values of the plates were measured at 450 nm wavelength using a microplate reader (iMark Microplate Reader, Bio-Rad). For each dilution of the serum sample duplicates, the mean value absorbance was calculated. The endpoint-titer of the IgG Spike-specific binding antibody titers were determined as the reciprocal of the last serum dilution which provided 3 times the mean OD of the negative control (wells with media only). Endpoint-titers above a 1:2700 dilution were considered as positive.

To quantify neutralizing antibodies against the Receptor Binding Domain (RBD) of the Spike protein of SARS-COV-2, a SARS-CoV-2 NeutraLISA assay (EI 2606-9601-4, Euroimmune) was run with the collected patients´ sera according to the manufacturer’s instructions. Samples were always analyzed in duplicates and absorption values measured at 450 nm by means of a microplate reader (iMark Microplate Reader, BIO-RAD). Mean of the duplicates was calculated and final percentages of inhibition (% IH) calculated as follows: 100% - [(extinction sample x 100%)/average extinction blank]. Values were considered positive when % IH reached ≥35%, doubtful when % IH were between ≥20 to <35 and negative when % IH<20.



Quantification of Spike-specific T cells from PBMCs

Spike-specific T cells were detected and quantified by using IFN-γ ELISpot kits (3420-2H, Mabtech) according to the manufacturer’s instructions. In brief, 2,5 x 105 PBMCs were seeded per well and ex vivo stimulated for 16-24h with Spike-overlapping peptides (JPT-PM-WCPV-S, SinoBiologicals, 2 µg/mL). Positive controls consisted of PBMCs incubated with PMA (P8139, Sigma, 15 ng/mL) plus ionomycin (I0634, Sigma, 250 ng/mL) and PBMCs incubated with CEF peptide pools (JPT-PM-CEF-S1, SinoBiologicals, 2 µg/mL). All samples were run in duplicates. A dissection microscope was used (Leica GZ6) for counting the number of spots obtained. To quantify antigen-specific responses, mean spots of the RPMI control wells were subtracted from the positive wells, and the results were expressed as spot-forming units (SFU) per 106 PBMCs. Specific T cell responses were considered as positive if numbers were over 18 IFN-γ-secreting cells per million PBMCs.



Statistical analysis

Statistical analyses of all data were performed using GraphPad PRISM v9. To determine P value and to compare the means, the Mann-Whitney-U and Kruskal Wallis test were conducted. P values < 0.05 were considered significant.




Results

Twenty individuals participated in this study. Ten of these designated as P1 to P10 were HIV-INRs with ART-controlled HIV-1 loads and CD4 T lymphocyte counts below 350 per µL blood (Table 2). The other 10 individuals were healthy controls (HC). No previous infection by SARS-CoV-2 was recorded at inclusion in the study. All the participants received two doses of the BNT162b2 vaccine from BioNTech/Pfizer (prime at day 0 and boost after 21 days).

All HIV-INRs were out-patients of the Infectiology Unit of the Hospital del Mar in Barcelona, Spain. They were under steady antirretroviral treatment. There were no changes in HIV infection control (no changes in CD4 T-cell counts or viral loads) related to vaccination. No major side effects due to vaccination were identified in any of these inidividuals.

To quantify SARS-CoV-2-specific humoral immune responses after BNT162b2 vaccination, ELISAs against the Spike protein (S) of the SARS-CoV-2 Wuhan isolate were carried out before (pre-vaccine) and 3 w after vaccination (post-vaccine). Virus-specific median ELISA IgG antibody titres significantly increased after vaccination of the healthy controls (HC) (P<0.001) however, this was not as much significant for the vaccinated HIV-INR cohort (P<0.05) (Figures 1A, B). For the latter, only 5 of the 10 individuals generated specific IgGs above the threshold of positivity (Figure 1B). Together this supports the known strong immunogenicity of BNT162b2 and reveals the immunocompromised state of some of the HIV-INR patients.




Figure 1 | Spike-specific anti-SARS-CoV-2 antibody and cellular responses in HIV-INR and healthy donors after mRNA-based COVID vaccination. (A, B) IgG Spike-specific titers determined by ELISA for both of the 2 cohorts: healthy controls (HC) and HIV-INR at the 3 defined time-points: pre-vaccination (pre-vaccine), post-vaccination (post-vaccine) and, for the HIV-INR non-responder patients, 3 w post boost vaccination (post-boost). IgG Spike-specific titers of the HIV-INR (C) and individual inhibition percentages (% IH) against RBD determined by NeutraLISA (D) of all the HIV-INR patients taking into account their individual CD4+ T cell counts at the 3 different time-points. (E) IFN-γ ELISpot values (SFU per 106 PBMCs) for all healthy individuals (HC) and HIV-INR patients at the 3 different time-points after in vitro stimulation with overlapping Spike peptides of SARS-CoV-2. (F) IFN-γ ELISpot values for individual patients. Differences between the groups were calculated using Mann–Whitney test or Kruskal-Wallis test for comparison of two groups. Non-significant differences were indicated as “ns”. P-values below 0.05 were considered significant and were indicated by asterisks: *p< 0.05; **p < 0.01; ***p < 0.001.



To test whether the 5 non-responder patients P4, P5, P6, P8 and P9 would benefit from an additional vaccine boost, they were offered a 3rd BNT162b2 vaccination. Three of them, P4, P5 and P9, gave consent and were vaccinated and assayed as before. Importantly, all 3 individuals responded favorably and increased their S-specific IgG antibody titres (Figure 1B). Thus, despite being immunocompromised, HIV-INR patients may still generate humoral immunity against novel antigens when sufficiently boosted.

To analyze whether the capacity to adequately respond to vaccination was linked to HIV-INRs´ CD4 T lymphocyte counts, the induced S-specific IgG titres were plotted as a function of patients CD4 cell counts at the time of receiving the first and subsequent vaccine shots (Figure 1C). No clear correlation between the vaccine response and CD4 T cell counts were observed. Three of the 5 vaccine non-responders (P4, P8 and P9) had CD4+ T cell counts below 200 cells/μL blood, the other two (P5 and P6) were close to 300 CD4+ T cells/μL (Figure 1C). Thus, the CD4 T cell count alone does not serve as a simple predictor of vaccine responsiveness for HIV-INRs.

To further access vaccine-induced neutralizing antibodies, SARS-CoV-2 NeutraLISA assays were performed from the sera of all study participants. The percentages of inhibition (% IH) values for the HIV-INRs at the pre-vaccine, post-vaccine and for P4, P5 and P9 also at the post-boost time points are represented in Figure 1D. Importantly, all healthy controls and all 5 HIV-INRs that generated S-specific IgG titres by ELISA after the standard vaccination schedule also generated strong neutralizing antibody responses with % IH values close to 100%. In contrast, the 5 post-vaccine ELISA non-responders generated none (P5, P8 and P9 with % IH values of 0, 0 and 6,62%, respectively) or reduced neutralizing antibody responses (P4 and P6 had positive % IH values of 81 and 53, respectively). Interestingly, upon vaccine boost, the neutralizing antibody response improved in all 3 vaccinees, reaching close to 100% IH values for P4 and P6, and 56% for P5. Together this demonstrates an important heterogeneity within the HIV-INR patient group with respect to humoral vaccine responses and supports additional booster vaccinations for those who have a reduced immunocompetence.

To finally access BNT162b2 vaccine-induced S-specific cellular immune responses, IFN-γ ELISpot assays with overlapping S protein-derived peptides were performed. The results are presented as IFN-γ Spot Forming Units (SFU) per 106 PBMCs in Figures 1E, F. The standard vaccination schedule resulted in a significant increase of S-specific IFN-γ-producing T cells within the HC cohort (P< 0.001) (Figure 1E). SFUs before vaccination were below or at our threshold of positivity. After vaccination, SFUs were increased and spread out between 24 per 106 PBMCs, which was just above our threshold of positivity, to 150 SFUs per 106 PBMCs. Within the HIV-INR cohort, 3 patients (P1, P2 and P3) already had clear S-specific T cell responses before vaccination, possibly due to previous SARS-CoV-2 or other coronavirus exposures. All 3 generated high S-specific IgG titres and neutralizing antibody responses after BNT162b2 vaccination. The other 7 HIV-INRs showed no pre-vaccine T cell response. Vaccination increased specific T cells above threshold levels in just 2 of these 7 patients (P9 and P10). Boosting then increased T cells in an additional patient (P4). For patients P5, P6, P7 and P8, no Spike–specific T cells above the threshold were observed. Three of these (P5, P6 and P8) were among the antibody non-responders after the standard vaccination scheme. Boosting of P5 did not increase specific T cells. However, it resulted in a measurable but still lower than optimal neutralizing antibody response (Figure 1D). Thus, HIV-INR patients are quite heterogenous with respect to vaccine-specific cellular T cell responses. In some cases, low cellular responses are linked to low humoral responses.



Discussion

Our study demonstrates a significant impairment of adequately generating SARS-CoV-2-specific immune responses after COVID-19 vaccination in about 50% of HIV-INR patients. Vaccine responsiveness was not directly linked to patients´ CD4 T cell counts. Vaccine boosters improved the specific responses. Thus, to provide optimal SARS-CoV-2-preventive health care for this vulnerable patient group, the level of vaccine-induced immune responses should be followed by diagnostic assays and booster vaccination should be offered if antibody levels are low.

To our knowledge, this is the first study that evaluated COVID-19 vaccination in HIV-INR patients. This particular group of HIV-1-infected individuals may represent around 20% of PLWH and is characterized by well-controlling HIV-1 replication after antiretroviral treatment however failing to improve CD4 T lymphocyte numbers above 350 cells per μL blood (23). This low CD4 T cell numbers represent a shortage of helper cells whose main function is to coordinate adaptive immune responses. Thus, a reduced adaptive immune response after vaccination of HIV-INRs is expected. The observed percentage of non-responders of about 50% is at the high end of that found for other immunocompromised patient groups like HIV-infected individuals in general (around 4%; see Table 1) or solid cancer patients (around 10%) (25, 26), and approaches that of transplant recipients (>50%) (27) and some hematological cancers (around 60%) (28).

Several COVID-19 vaccination studies with HIV-1 infected individuals have recently been carried out (7, 10, 13–21). Their main results are summarized in Table 1. The majority of the participants of these studies had high CD4 T cells counts. They generated efficient SARS-CoV-2-specific immune responses and did not experience important adverse effects. However, a few of the study participants had low CD4 T cell counts (13, 15, 17–21). Within this subgroup, some of them generated diminished humoral immune responses. Their responses after a vaccine boost have not been described.

A limitation of our study is the low number of HIV-INR study participants. Nonetheless, since 50% of them markedly fail to generate SARS-CoV-2-specific immune responses, this is a clear indication of the general immunocompromised state of this special patient cohort. Importantly, vaccine non-responsiveness comprised the humoral as well as the cellular arm of immunity even though there was not a complete overlap. Since neutralizing antibodies and cytotoxic T cell responses are considered to act multiplicative against virus infections (29), also unbalanced vaccine responses might put individuals at risk of severe infection outcomes. Furthermore, lack of sufficient helper T cells in time of vaccination may significantly reduce the duration of the specific memory response (30). Additional studies along these lines are highly warranted.

In conclusion, mRNA-based COVID-19 vaccines are effective in inducing immune responses in some HIV-INR patients. Due to the high percentage of vaccine non-responders, preventive health care measures like vaccine response monitoring and booster vaccinations for this special cohort against SARS-CoV-2 are indicated.
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