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Background

Due to the waning humoral response after a two-dose SARS-CoV-2 mRNA vaccination, a third booster was recommended in hemodialyis patients. Data on a heterologous mRNA-vector regimen, which might improve immunogenicity, are very limited.



Methods

In this observational study 36 chronic hemodialysis patients (mean (SD) age 66.9 (15.9) years, 33.3% females) were followed up for 13 months. All patients were vaccinated twice using the mRNA-BNT162b2 vaccine, followed by a 3rd dose of the vector vaccine Ad26COVS1 eight months later. We assessed the humoral response by quantifying the anti-SARS-CoV-2 spike IgG antibody and neutralizing antibody concentrations. The cellular immune response was evaluated via SARS-CoV-2 spike protein-specific interferon-γ release assay.



Results

The seroconversion rate was 47.2%, 100%, 69.4% and 100% one month after the 1st dose, one and six months after the 2nd dose and four months after the heterologous 3rd dose. The median (Q1, Q3) anti-SARS-CoV-2 spike IgG concentrations at the same time were 28.7 (13.2, 69.4) BAU/ml, 1130.0 (594.5, 1735.0) BAU/ml, 89.7 (26.4, 203.8) BAU/ml, and 2080.0 (1062.5, 2080.0) BAU/ml. The percentage of patients with neutralizing antibodies was 58.3% after the 2nd dose and improved to 100% after the 3rd dose (P <0.001). A positive T-cell response was found in 50% of patients after the 3rd dose.



Conclusions

A third heterologous booster dose helped to sustain humoral immunity in almost all hemodialysis patients and induced a significant T-cellular response in half of them. Stimulating the immune response against SARS-CoV-2 by two different vaccine platforms seems to be a promising approach.
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Introduction

Numerous reports about the short- and mid-term immune response up to 6 months after SARS-CoV-2 vaccination in hemodialysis patients have been published showing a seroconversion rate of up to 98% after a regular 2-dose mRNA vaccination with a significantly waning humoral response thereafter dependent on the vaccine type (1, 2). Hemodialysis patients show a high disease burden and have been found to be at highest risk for a severe course and death caused by SARS-CoV-2 infection (3–5). Therefore, a third booster dose has been recommended to enhance the protective immune response in this vulnerable patient cohort, and first short-term observations after homologous triple vaccination have been reported (6–9). A heterologous mRNA-vector vaccine regimen might improve immunogenicity outcomes and cellular response (10). However, to our knowledge there are no serial long-term data available including the vaccine-induced humoral and cellular immune response after a heterologous triple vaccination regimen including the mRNA vaccine BNT162b2 and vector vaccine Ad26COVS1. Therefore, we aimed to study the antibody and T-cell response during a follow-up of 13 months in chronic hemodialysis patients. We have already reported safety, tolerability, short-term and 6-months immunogenicity data for a larger cohort including these patients after prime mRNA vaccination in detail elsewhere (1, 11).



Patients and Methods


Study Population

In January 2021, all chronic in-center hemodialysis patients treated at Feldkirch Academic Teaching Hospital (n=87), Austria, were invited to receive the SARS-CoV-2 vaccination following the prioritization by the National Vaccination Committee. Only patients with a negative SARS-CoV-2 infection history and negative anti SARS-CoV-2-serology were included in accordance with the National Vaccination Recommendation. Thirty-seven patients were excluded initially, because they had declined vaccination (n=28), had recovered from Covid-19 (n=8) or were pregnant (n=1). After the 1st vaccine dose (n=50) two patients were excluded due to death after dialysis withdrawal (n=1) and symptomatic SARS-CoV-2 infection (n=1). After the 2nd dose (n=48) one patient died due to acute heart failure and was excluded. For the evaluation 6 months after the 2nd dose (n=41) six patients had to be excluded due to successful kidney transplantation (n=1), death (n=4) and temporary stay abroad (n=1). For the final analysis (n=36) five additional patients had to be excluded due to death (n=1), successful kidney transplantation (n=1), missing 3rd vaccine dose (n=1) and homologous 3rd mRNA vaccination (n=2).



Vaccination Periods

After written informed consent all patients were vaccinated with the Pfizer/BioNTech mRNA-BNT162b2 SARS-CoV-2 vaccine (COMIRNATY®, 30 µg). This lipid nanoparticle–formulated, nucleoside-modified RNA vaccine encodes the SARS-CoV-2 full-length spike protein, modified by two proline mutations to lock it in the prefusion conformation (12, 13). The first doses were given on January 9th and 11th, the second doses on February 4th and 5th 2021 with a 4-week interval. For the third booster dose we used the Janssen viral vector Ad26COVS1vaccine (500 µl), which was given 8 months later, on September 29th and 30th. This is a recombinant, replication-incompetent adenovirus serotype 26 vector encoding a full-length and stabilized SARS-CoV-2 spike protein (14, 15). A vaccination flow diagram is presented in Figure 1.




Figure 1 | Vaccination Flow diagram.





Anti-SARS-CoV-2 Immunoassays

Antibody response was determined after the first dose on the day of the second dose (month 1), 28 days (month 2) and again 180 days (month 7) after the second vaccine dose, as well as 120 days (month 13) after the third heterologous dose by quantifying IgG antibodies from the patients´ serum. We used the LIAISON® SARS-CoV-2-TrimericS IgG chemiluminescent immunoassay (Diasorin S.p.A., Saluggia, Italy). The assay detects IgG antibodies against recombinant trimeric spike glycoprotein including the receptor-binding domain (RBD) and the N-terminal domain sites from the S1 subunit. The assay has a clinical sensitivity of 98.7%, a specificity of 99.5% (95% confidence interval [95% CI] 99.0% - 99.7%) and has a very good correlation with the microneutralization test with a positive predictive agreement of 100% (95% CI 97.8% - 100%) and a negative predictive agreement of 96.9% (95% CI 92.9% - 98.7%). Test results were adapted to the WHO International standard for anti-SARS-CoV-2 immunoglobulin binding activity and presented in binding activity units per milliliter (BAU/ml) following the conversion equation “AU/ml*2.6 = BAU/ml” according to the manufacturer. A value of ≥33.8 BAU/ml was considered as evidence of a positive vaccination antibody response with seroconversion. The assay range according to the manufacturer is 4.81 - 2080 BAU/ml.

At month 7 and 13, we also determined anti-SARS-CoV-2 nucleocapsid antibodies to exclude an asymptomatic natural SARS-CoV-2 infection during or after the vaccination interval. We used the Platelia® SARS-CoV-2 Total Ab ELISA (BIO-RAD, Marnes-la-Coquette, France) for the detection of total anti-SARS-CoV-2 nucleocapsid antibodies (IgM/IgA/IgG). The assay uses a recombinant SARS nucleocapsid protein in a one-step antigen capture format assay. The presence of anti-SARS-CoV-2 nucleocapsid antibodies in an individual specimen is determined by comparing the optical density reading of the specimen to the optical density of the cut-off control. A specimen ratio <0.8 is considered to be negative for the presence of anti-SARS-CoV-2 nucelocapsid antibodies. The assay has a clinical sensitivity of 100% (95% CI 98.7 - 99.9%), a specificity of 99.5% (95% CI 98.6% - 99.8%), and a positive predictive agreement with PCR positivity of 100% (95% CI 98.7% - 99.9%) and a negative predictive agreement of 99.5% (95% CI 98.6% - 99.8%).



Neutralization Assay

Additionally, neutralizing antibodies were assessed using the cPass™ SARS-CoV-2 Surrogate Virus Neutralization Test (SVNT) assay (GenScript, Piscataway Township, USA), according to the manufacturer’s specifications. Briefly, the serum is incubated with horseradish peroxidase (HRP)-conjugated spike-RBD and transferred to ACE2 coated wells. Neutralizing antibodies present in serum will bind to HRP-RBD inhibiting RBD-ACE2 interactions and thus are removed during the following washing steps. Only unbound HRP-RBD as well as HRP-RBD bound to non-neutralizing antibodies will be captured by ACE2 on the plate. The following absorbance measurement is inversely dependent on the titer of anti-SARS-CoV-2 neutralizing antibodies. A 30% signal inhibition was used as cutoff, with <30% classified as negative; 30-100% signal inhibition representing a range of low-to-high neutralization ability. The negative and positive percent agreement with conventional plaque reduction neutralization test (PRNT)50 and PRNT90 assays is approximately 100%. The sensitivity and specificity for the assay is 93.80% and 99.4%, respectively.



Interferon-γ Release Assay

To determine the cellular immune response, we used the QuantiFERON® SARS-CoV-2 assay (Qiagen, Germantown, USA), a SARS-CoV-2 spike protein-specific interferon-γ release assay (IGRA). The assay uses specialized blood collection tubes including two antigen tubes, SARS-CoV-2 Ag1 and SARS-CoV-2 Ag2, comprising a combination of antigens specific to SARS-CoV-2 to stimulate CD4+- and CD8+- T-lymphocytes in heparinized whole blood. Blood was collected prior to the initiation of the dialysis session. The tubes were incubated as soon as possible, and within 16 hours of collection at 37°C ± 1°C for 16 to 24 hours. In the plasma from the stimulated samples interferon-γ was detected using the QuantiFERON® SARS-CoV-2 ELISA according to the manufacturer’s specifications. Interferon-γ values (IU/ml) for Ag1, Ag2 and the Mitogen control were corrected for background by subtracting the value for the Nil control. According to the manufacturer interferon-γ concentrations >0.15 IU/ml for one or both antigens indicated positivity. With this cut-off value the assay has a sensitivity of 98.3% (95% CI: 91.1% - 100%) and a specificity of 100% (95% CI: 94.0% - 100%). The lower limit of detection of the ELISA is 0.065 IU/ml.



Ethical Considerations

The study was conducted in compliance with the Helsinki Declaration of 1975, as revised in 2013, and Good Clinical Practices. The study protocol was approved by the institutional review board and the ethics committee of Innsbruck Medical University.



Statistical Analyses

Categorical data are presented as absolute and relative number of patients. For continuous data mean and standard deviation (SD) or median with interquartile range (1st quartile, 3rd quartile) was used, depending on its distribution. Repeated measures ANOVA or Friedman test was used for comparisons applying a Bonferroni correction to multiple testing for pairwise comparisons, categorical parameters were compared using the Chi-squared or Fisher´s exact tests. A two-sided P value < 0.05 was deemed to indicate statistical significance. All statistical analyses were performed with IBM SPSS Statistics 26 (IBM, Armonk (NY), USA).




Results

Baseline characteristics of the 36 hemodialysis patients (mean (SD) age 66.9 (15.9) years, 33.3% females) with complete triple-vaccination and follow-up over the 13 months are given in Table 1.


Table 1 | Baseline patients´ characteristics.



Compared to the seroconversion (SC) rate of 47.2% and a median (Q1, Q3) anti-SARS-CoV-2 spike IgG concentration of 28.7 (13.2, 69.4) BAU/ml one month after the first vaccine dose, SC increased to 100% with a median anti-spike IgG concentration of 1130.0 (594.5, 1735.0) BAU/ml one month after the second dose. Six months later the SC rate decreased to 69.4% with a median anti-spike IgG concentration of 89.7 (26.4, 203.8) BAU/ml, but increased again to 100% with 2080.0 (1062.5, 2080.0) BAU/ml four months after the heterologous 3rd dose (Figure 2). Except the comparison between month 1 and 7 (P = 0.089), anti-spike IgG concentrations differed significantly comparing the four time points (P < 0.001 for all).




Figure 2 | Anti-SARS-CoV-2-spike protein IgG concentration after heterologous triple vaccination with the mRNA-BNT162b2 and vector Ad26COVS1 vaccine in hemodialysis patients. Violin plots (combining box and kernel density plots) including individual data points are displayed. The red line indicates the median, the red dotted lines the first and third quartile. The threshold for seropositivity is ≥33.8 BAU/ml. ****P < 0.0001; ***P < 0.001; ns, not significant (P = 0.089).



To further analyze the neutralizing capacity, we additionally assessed neutralizing antibodies six months after complete mRNA vaccination and again four months after the heterologous vaccine Ad26COVS1. The median (Q1, Q3) percent virus neutralization was 40.4% (32.6, 47.1) at month 7 and significantly increased to 97.1% (89.8, 97.6) at month 13 (P < 0.001); the percentage of patients above the 30% threshold for neutralizing antibody positivity was 58.3% and 100% (P < 0.001), respectively.

With a specimen ratio cut-off value of <0.8, all patients had negative anti-SARS-CoV-2 nucleocapsid antibodies with a mean (SD) specimen ratio of 0.12 (0.04) at month 7 and 0.20 (0.14) at month 13, indicating a very low probability of an undetected asymptomatic natural infection between 2nd and 3rd and after the 3rd vaccination.

A positive SARS-CoV-2 specific T-cell response assessed by IGRA was found in 50% of patients four months after the 3rd vaccination (month 13), with a median (Q1, Q3) of 0.152 IU/ml (0.065, 1.373). A positive cellular response at month 13 was associated with higher anti-SARS-CoV-2 spike IgG concentrations at all four time points (month 1, month 2, month 7, month 13), although the difference between patients with and without positive T-cellular response reached statistical significance at month 1 only (month 1: 55.4 [21.7, 99.6] vs 15.5 [11.7, 38.6] BAU/ml, P = 0.004; month 2: 1440 [871.3, 2080] vs 995 [305, 1380] BAU/ml, P = 0.064; month 7: 128.5 [36.4, 469.8] vs 53 [20.8, 125.8] BAU/ml, P = 0.051; month 13: 2080 [1787.5, 2080] vs 1605 [781.8, 2080] BAU/ml, P = 0.126). Baseline characteristics from patients with a positive cellular response did not significantly differ from patients without cellular response, except that positive patients were more often treated with calcitriol (89% vs 56%, P = 0.026).

Overall, the heterologous 3rd dose was well tolerated. Mild pain at the injection site was the only patient self-reported local reaction in a minority of patients. One patient with IgA nephropathy as primary renal disease reported about a vaccine-associated IgA nephropathy flare with gross hematuria for several days after the 3rd dose, but without other systemic reactions. During the complete follow-up no patient acquired symptomatic and PCR-confirmed SARS-CoV-2 infection.



Discussion

In our study we found a significantly improved immunogenicity including the neutralizing antibody response up to four months after a third heterologous SARS-CoV-2 vaccine dose in hemodialysis patients. Albeit a 2-months shorter follow-up, the SC rate four months after the 3rd heterologous dose was significantly higher than six months after two homologous doses, with even higher absolute antibody concentrations compared to the evaluation one month after the homologous doses. This promising humoral response might indicate the possibility to extend the interval for future booster vaccinations in our extremely vulnerable hemodialysis patients.

After a high seroconversion rate following the two mRNA-vaccine doses, we observed a significant decline of anti-SARS-CoV-2 spike IgG concentrations over six months. This finding is in line with other reports (16). The early and fast waning of the humoral response prompted a third booster vaccination. Available data are very limited to assess the value of a heterologous compared to a homologous triple vaccination regimen in hemodialysis patients. No randomized controlled trials have investigated this question so far. In a recent observational study, Meijers et al. found significantly higher SARS-CoV-2 anti-S IgG concentrations in hemodialysis patients with triple homologous vaccination using the mRNA-1273 vaccine compared to a heterologous regimen based on 2 doses of the adenovirus-vector vaccine AZD1222 followed by BNT162b2 (17). No differences were found between the homologous triple BNT162b2 and the heterologous 2-dose AZD1222/BNT162b2, as well as between the homologous triple BNT162b2 and mRNA-1273 vaccinations. The seroconversion rate after triple vaccination was comparable between the three groups (AZD1222/BNT162b2 95.8%, BNT162b2 98%, mRNA-1273 100%). This seroconversion rate is well in line with our results, but in contrast to our study neutralizing antibodies and the cellular immune response were not determined by Meijers et al. and can therefore not be compared with our findings.

Our study is the first to evaluate the vector vaccine Ad26COVS1 as a third booster dose following a mRNA-vaccine-based 2-dose prime immunization. A mixed vaccine platform strategy was proposed to possibly improve the vaccination response with an enhanced neutralizing antibody response against SARS-CoV-2 variants with the mRNA-based vaccine and a stronger spike-protein specific T-cellular response elicited by the viral vector-based vaccine (18, 19). In our small study using such a mixed approach we observed an excellent humoral response with neutralizing antibody positivity in 100% of the patients and a positive SARS-CoV-2 specific T-cell response in half of them. Although no generally applicable absolute anti-spike protein antibody concentration has been defined to demonstrate clinically relevant seroprotection, a level >264 BAU/ml (95% CI: 108, 806) has been found to be associated with 80% vaccine efficacy against primary symptomatic Covid-19, although limited to the B.1.177 and B.1.1.7 SARS-CoV-2 variant (20). Ninety-four percent (34/36) of our patients with a third heterologous dose achieved this threshold. Whether this threshold indicates the same vaccine efficacy against the now dominant SARS-CoV-2 variant of concern B.1.1.529 Omicron is unknown. It remains to be proven whether a heterologous 3-dose regimen combining mRNA and vector vaccine improves the neutralizing humoral response against the now dominant Omicron variant and future emerging variants of concern in hemodialysis patients as has been shown in the general population (21) or enhances the variant-specific cellular immune response (22) which might translate into better clinical outcomes. A first report indicates the need of at least three vaccine doses to generate Omicron neutralizing antibodies in hemodialysis patients (23).

Our study results are limited by the low patient number and missing cellular response data in the early phase of our study. Nevertheless, the stringent follow-up of one and the same patients over 13 months with vaccination and response evaluation at always the same time in all patients allows a direct comparison without confounding and varying patients characteristics. All patients were serologically proven SARS-CoV-2 negative prior to vaccination. Therefore, we can exclude a booster effect of vaccination after undetected asymptomatic infection prior to the first vaccination course. Additionally, we assessed anti-SARS-CoV-2 nucleocapsid antibodies at month 7 and 13, which were negative for all patients at both times. Keeping in mind a potentially diminished serological response in our patients, these findings indicate a very low probability of an undetected asymptomatic natural infection amplifying the vaccine response, although not definitely excluding it. We did not perform regular PCR-based screening of asymptomatic patients during the follow-up. However, whenever a patient presented with equivocal symptoms, antigen- and PCR-based testing was applied. Due to the uniform ethnic nature of our Caucasian cohort, we cannot generalize our findings to other ethnicities. Last, our results are limited to SARS-CoV-2 infection-naïve seronegative patients and the heterologous vaccination schedule combining the 2-dose mRNA-BNT162b2 vaccine followed by Ad26COVS1.



Conclusion

In conclusion, a third heterologous booster dose helped to sustain a protective humoral immunity in almost all patients of this extremely vulnerable cohort and induced a significant SARS-CoV-2 specific T-cellular response in half of them. Whether a heterologous vaccination regimen is superior to a homologous one in hemodialysis patients remains to be proven. Stimulating the immune response against SARS-CoV-2 by two different vaccine platforms is at least an attractive choice.
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OEBPS/Images/table1.jpg
Characteristic

Gender, n (%)
Female
Male
Age (years), mean (SD)
Dialysis vintage (months), median (Q1, Q3)
Renal disease, n (%)
Hypertensive kidney disease
Diabetic kidney disease
Glomerulonephritis
Other
Vascular access
Arteriovenous fistula, n (%)
Arteriovenous graft, n (%)
Central venous catheter, n (%)
spKt/\V*, mean (SD)
Diabetes meliitus, n (%)
Albumin (g/dL), mean (SD)
CRP (mg/dL), mean (SD)
Hemoglobin (g/dL), mean (SD)
Calcium (mmol/L), mean (SD)
Phosphorus (mmol/L), mean (SD)
PTH (pg/mL), mean (SD)
25(0OH)vitamin D (ug/L), mean (SD)
Calcitriol supplementation, n (%)
Prior kidney transplantation, n (%)
Immunosuppressive medication, n (%)
Glucocorticoid, n (%)
Azathioprine, n (%)

Hepatitis B vaccination seroconversion*, n (% of vaccinated)
Anti-HBs antibody concentration (IU/L), median (Q1, Q3)

12 (33.3)
24 (66.7)
66.9 (15.9)
35.0 (17.3, 62.0

12 (33.9)
5(13.9)
8(22.2)
11 (30.6)

25 (69.4)
2(5.6)

9 (25.0)
1.54 (0.25)
9 (25.0)
4.0(0.5)
0.8(0.9)
11.6 (1.3)
2.10(0.17)
1.88 (0.47)
300 (139)
18.5 (12.6)
26 (72.2)
5(139)
7 (19.4)
6(16.7)
1(2.8)
17 (65.4)
111 (0.0, 352)

spKt/V, single-pool Kt/V; CRP, C-reactive protein; PTH, parathyroid hormone.

*SpKt/V given as the weekly mean in the week prior to vaccination.

*Hepatitis B vaccination seroconversion defined by an anti-HBs antibody concentration
>10 IU/L; n=10 patients with documented immunity after prior infection (positive anti-HBs

and anti-HBc antibodies).
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