Renal Replacement Therapy© The Author(s) 2022
https://doi.org/10.1186/s41100-022-00397-5

Research
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Abstract
Background
Patients on hemodialysis (HD) face a high mortality risk from coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and they are therefore prioritized for vaccination. However, the efficacy of vaccination in this vulnerable population has not been confirmed. Although age is negatively correlated with serum immunoglobulin (Ig) levels, humoral responses to vaccination in elderly patients undergoing HD have not been investigated. To address this issue, we evaluated the anti-SARS-CoV-2 spike protein antibodies in nursing home residents on HD after BNT162b2 vaccine administration.

Methods
Patients on HD from a nursing home and care workers (controls) receiving two doses of the BNT162b2 vaccine between April and May 2021 were enrolled in this study. Those with a prior history of COVID-19 were excluded. Anti-spike protein antibodies were measured with the Elecsys (Roche) immunoassay system.

Results
The study included 26 nursing home residents (41% male; median age, 86 years) and 184 care workers (28% male; median age, 45 years). The median HD vintage was 51 months. After two doses of BNT162b2, 73% of the nursing home residents and 99.5% of the control group developed sufficient anti-spike protein antibodies (> 29 U/mL) to neutralize SARS-CoV-2. Three weeks after the second dose, median IgG titers of the residents and care workers were 83 [interquartile range (IQR) 17–511] and 1365 (IQR 847–2245) U/mL, respectively (p < 0.001).

Conclusions
The humoral response to BNT162b2 among elderly HD patients was relatively low; therefore, the optimal vaccination strategy for this population should be studied further to avoid COVID-19 outbreaks in healthcare facilities.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s41100-022-00397-5.
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Background
The prevention of coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a crucial issue for patients on hemodialysis (HD) [1], as patients receiving in-center HD are at an increased risk of contracting the disease. Similarly, elderly people who live in nursing homes are at a high risk of contracting COVID-19 [2], and patients on HD who live in nursing homes are particularly susceptible to the disease and associated complications (odds ratio, 6.92) [3]. Thus, residents or outpatients have a high mortality risk once a COVID-19 outbreak occurs in nursing homes and HD centers [4]. Vaccination plays a key role in preventing COVID-19; however, there is a concern that the efficacy of vaccines among patients undergoing HD may be lower than that for the general population [5].
Effective and safe vaccines are needed to curb the COVID-19 pandemic; fortunately, effective anti-COVID-19 mRNA vaccines are available. However, despite the high efficacy of BNT162b2 (Pfizer-BioNTech), emerging evidence indicates that certain populations do not benefit from adequate immunity against COVID-19, including nursing home residents; patients with hereditary immunodeficiency, malignancy, or diabetes mellitus; patients with human immunodeficiency virus; and patients on immunosuppressive therapies [6, 7]. Moreover, patients on HD show generally low immune responses and poor humoral responses to vaccines [8, 9]. For example, the first dose of BNT162b2 can induce adequate immunoglobulin G (IgG) generation in more than half of the general population, whereas only 35% of patients undergoing HD develop adequate immunity [10]. Further, the IgG titer following the second dose has been reported to be lower in patients on HD than in healthy controls [11, 12].
Recently, there has been a continuous increase in the number of elderly people on dialysis therapies, some of whom also live in nursing homes [13]. Given the susceptibility of this population to contracting COVID-19, it is crucial for elderly patients on HD to produce adequate levels of IgG against COVID-19 after vaccination to confer sufficient protection. Unfortunately, despite the known risks, there is little evidence regarding BNT162b2 vaccine effectiveness for elderly patients on HD. Therefore, we aimed to elucidate BNT162b2 efficacy in elderly patients on HD, focusing on nursing home residents.
Methods
Study participants
Between April and May 2021, residents of a nursing home specific to patients undergoing HD (Kokura-an, Nagasaki City, Japan) and healthcare workers from Kokura-an and Nagasaki Renal Center (as a control group) who received two doses of BNT162b2 (30 μg intramuscular injection) were included in this study. Due to the availability of data, healthcare workers were determined as the control, in line with previous studies [11, 12, 14]. All nursing home residents were undergoing HD at Nagasaki Renal Center. The second dose of BNT162b2 was administered 21 days after the first dose.
Exclusion criteria included patients and healthcare workers with a prior history of COVID-19, healthcare workers who did not have their anti-spike protein antibodies measured and had undergone kidney transplantation, and individuals who did not consent to be included in the study. All other participants provided verbal informed consent for inclusion. In addition, a patient who died before the IgG level could be measured 3 weeks after the second dose was also excluded. This study was approved by the ethics committee of Nagasaki Renal Center (Nagasaki, Japan) (approval number: 21005) and was performed according to the 1964 Declaration of Helsinki and its later amendments.
Anti-spike protein measurement
Given the high risks for this population, the levels of anti-spike protein antibodies against SARS-CoV-2 were measured in patients and healthcare workers after they received anti-COVID vaccination at the two facilities to prevent a COVID-19 outbreak. Anti-spike protein antibodies were measured using the Elecsys® Anti-SARS-CoV-2 immunoassay (Roche Diagnostics International Ltd., Switzerland) at three time points, 3 weeks after the first injection, and at 2 and 3 weeks after the second injection, respectively. The “lower detection limit” and “cut-off level for a seronegative result” were 0.4 U/mL and 0.8 U/mL, respectively. An effective protective IgG level was determined to be ≥ 29 U/mL [14] based on the reported virus-neutralization ability [15]. Furthermore, we tested the presence of nucleocapsid (N) antibodies using the Elecsys® assay to exclude subjects with a COVID-19 history [cut-off index < 1.0 interpreted as non-reactive (negative)]. Patient background data were obtained from their medical records, and routine blood test results were obtained just before the first dose of BNT162b2 was administered as part of routine clinical practice. Blood test results and body mass index of healthcare workers were obtained during the routine health check.
Statistical analysis
Categorical variables are expressed as numbers (%), whereas continuous values are expressed as medians with their respective interquartile ranges (IQRs). Wilcoxon rank-sum and chi-square tests were used to evaluate differences between the two study groups. Spearman analysis was used to calculate correlations between two continuous variables, and correlation coefficients are shown as ρ values. For the statistical analysis, if the anti-spike protein antibody value was below the detection limit (0.4 U/mL), it was given a value of 0.39 U/mL, according to a previous report [16]. Body mass index was calculated using the patients’ dry weight and height (kg/m2). A p value of < 0.05 was considered statistically significant. Statistical analyses were performed using JMP 15 software (SAS Institute Inc., Cary, NC, USA).
Results
Twenty-six nursing home residents undergoing HD and 184 healthcare workers were included in this study. One nursing home resident was excluded following death due to chronic illness after the second dose of BNT162b2, and seven healthcare workers were excluded as their antibody levels were not measured or because of a history of kidney transplantation. Two healthcare workers were excluded owing to a prior history of COVID-19. These two excluded care workers tested positive for nucleocapsid antibodies in their blood, whereas all other study participants tested negative. The median age of the nursing home residents was 86 years (IQR 77–90); 41% were male. The most common cause of renal failure in the nursing home residents was benign nephrosclerosis. None of the residents had received oral steroids or immunosuppressive drugs. The detailed background characteristics of the participants are shown in Table 1.Table 1Characteristics of nursing home residents on maintenance hemodialysis and healthcare workers


	 	Nursing home residents (n = 26)
	Control group (n = 184)
	p value

	Age (years)
	86 (77–90)
	45 (34–55)
	< 0.001

	Sex (male) (number, %)
	10, 38%
	52, 28%
	0.32

	Body mass index (kg/m2)
	19.6 (18.0–21.7)
	21.7 (19.4–24.6)
	0.002

	Dialysis vintage (months)
	62 (28–119)
	NA
	 
	Diabetes mellitus (number, %)
	4, 15%
	9, 5%
	0.03

	Hypertension (%)
	21, 81%
	13, 7%
	< 0.001

	History of ischemic heart diseases (number, %)
	9, 34%
	0, 0%
	< 0.001

	History of stroke (number, %)
	7, 27%
	0, 0%
	< 0.001

	Dementia (number, %)
	17, 65%
	0, 0%
	< 0.001

	Mean KT/V
	1.55 (1.40–1.83)
	NA
	 
	White blood cell count (/μL)
	5185 (4693–6065)
	6155 (5310–7180)
	< 0.001

	Hemoglobin (g/dL)
	10.6 (9.9–11.7)
	13.5 (12.7–14.6)
	< 0.001

	Blood urea nitrogen (mg/dL)
	52 (48–67)
	13 (11–15)
	< 0.001

	Creatinine (mg/dL)
	6.7 (5.9–7.7)
	0.6 (0.5–0.7)
	< 0.001

	Albumin (g/dL)
	3.2 (3.0–3.3)
	NA
	 

NA not available



Anti-spike protein antibodies in the subjects’ blood were analyzed 3 weeks after the first dose of BNT162b2. Only 6 (22%) nursing home residents on HD were confirmed to be seropositive, whereas 183 out of 184 (99.5%) of the healthcare workers in the control group were confirmed to be seropositive (p < 0.001). Notably, IgG antibodies could not be detected in 20 nursing home residents 3 weeks after the first dose (< 0.4 U/mL). By contrast, the median IgG level in the control group was 42 U/mL (IQR 18–87). There was no significant correlation between age and IgG titer in the nursing home residents (ρ =  − 0.105, p = 0.61), whereas this correlation was significant in the control group (ρ = − 0.315, p < 0.001) (Table 2, Figs. 1, 2).Table 2Humoral immune response to BNT162b2 vaccination according to serum IgG anti-spike protein antibody levels


	 	Nursing home residents (n = 26)
	Control group (n = 184)
	p value

	Seronegative 3 weeks after the 1st dose (< 0.8 U/mL) (number, %)
	20, 77%
	1, 0.5%
	< 0.001

	Seronegative 2 weeks after the 2nd dose (< 0.8 U/mL) (number, %)
	4, 15%
	0, 0%
	< 0.001

	Seronegative 3 weeks after the 2nd dose (< 0.8 U/mL) (number, %)
	2, 8%
	0, 0%
	0.004
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Fig. 1Levels of anti-spike protein immunoglobulin G (IgG) antibody against SARS-CoV-2 in healthy control and nursing home residents at 3 weeks after the first dose, 2 weeks after the second dose, and 3 weeks after the second dose. Compared to the healthy control, the nursing home residents showed lower IgG level at each point (p < 0.001)
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Fig. 2Correlation of age and anti-spike protein antibody levels in a nursing home residents 3 weeks after the first dose, b healthcare workers (control group) 3 weeks after the first dose, c nursing home residents 3 weeks after the second dose, and d healthcare workers (control group) 3 weeks after the second dose


At 2 and 3 weeks after the second dose, anti-spike protein antibody levels increased substantially in both groups (Fig. 1). Almost all the healthcare workers in the control group developed sufficient IgG levels at 2 and 3 weeks after the second dose (99% and 99.5%, respectively), whereas the percentages of the nursing home residents with sufficient IgG levels at the same points were 69% (p < 0.001) and 73% (p < 0.001), respectively. The association between age and IgG titer in the control group 2 weeks after the second dose was statistically significant (ρ = − 0.332, p < 0.001), whereas no such association was observed in the nursing home residents (ρ = − 0.289, p = 0.15). Consistently, there was no significant correlation between anti-spike protein antibodies and age in the nursing home residents (ρ = − 0.321, p = 0.11), whereas this correlation remained significant in the control group 3 weeks after the second dose (ρ = − 0.345, p < 0.001) (Fig. 2). The median antibody levels at 3 weeks after the second dose decreased compared with those measured 1 week before in both groups, but the week before in both the nursing home residents and the control group (54% (14/26) of the nursing home residents and 16% (30/185) of the healthcare workers showed an increased level of anti-spike protein antibodies (Fig. 1). There was no significant difference between patients with increasing (n = 14) and decreasing or unchanged IgG titers (n = 12) from 2 weeks after the second dose to 3 weeks after the second dose (data not shown).
There were no significant differences in age, sex, dialysis vintage, and other blood examination data between the nursing home residents who did not develop effective IgG levels (< 29 U/mL, n = 8) and those who developed sufficient antibodies (≥ 29 U/mL, n = 18) 2 weeks after the second vaccine dose (Additional file 1: Table S1). Four nursing home residents were seronegative (< 0.8 U/mL), and their ages (p = 0.04) and serum albumin levels (p = 0.045) were significantly higher than those who were seropositive (≥ 0.8 U/mL) at that time (Table 3). No severe adverse events such as anaphylaxis were observed in any study participant after injecting BNT162b2.Table 3Difference in background characteristics of seropositive and seronegative nursing home residents 2 weeks after the second dose


	 	Seropositive patients (n = 22)
	Seronegative patients (n = 4)
	p value

	Age (years)
	83 (73–88)
	98 (84–100)
	0.04

	Sex (male) (number, %)
	8, 36%
	2, 50%
	0.61

	Body mass index (kg/m2)
	20.4 (17.3–22.1)
	18.6 (17.8–19.2)
	0.27

	Dialysis vintage (months)
	51 (26–119)
	96 (52–121)
	0.37

	Diabetes mellitus (number, %)
	4, 18%
	0, 0%
	0.23

	Mean KT/V
	1.65 (1.40–1.92)
	1.20 (1.30–1.65)
	0.35

	White blood cell count (/μL)
	5110 (4590–5940)
	6370 (5380–7280)
	0.08

	Hemoglobin (g/dL)
	10.6 (9.9–11.8)
	10.0 (9.7–10.5)
	0.36

	Blood urea nitrogen (mg/dL)
	52 (49–69)
	48 (33–62)
	0.27

	Creatinine (mg/dL)
	6.7 (5.8–7.7)
	7.2 (6.1–9.8)
	0.55

	Albumin (g/dL)
	3.2 (3.1–3.4)
	3.0 (2.7–3.1)
	0.045




Discussion
Our results showed that around 70% of the nursing home residents receiving HD developed sufficient anti-spike protein antibodies to be protected against COVID-19, even after receiving the second dose. Although the majority of the nursing home residents developed a significant humoral response to the second dose, the IgG titers of the anti-spike protein against SARS-CoV-2 were lower than those in the control group.
Elderly people with COVID-19 face a higher risk of death than young, healthy people [17]. The mortality rate of patients on dialysis is particularly high if they contract COVID-19 [18], as they are immunodeficient; thus, the infection will easily aggravate their general condition. Although vaccination for these vulnerable populations has been prioritized worldwide [8], there is a concern that vaccination efficacy might be limited in such groups due to weakened immune responses.
This study focused on elderly people undergoing HD as an extremely immunodeficient population at high risk of severe COVID-19 with a generally poor vaccine immune response. Indeed, we found that the IgG titer in these nursing home residents after the first vaccine dose was extremely low, and 20 of these 26 patients (77%) were seronegative. By contrast, only one healthcare worker (0.5%) (control group) was seronegative after the first dose. This finding is in line with a previous report showing that the seronegative rate after the first BNT162b2 dose in patients on HD (mean age, 68 years) was 65% [10]. Thus, the higher seronegative rate in our study is attributed to the older age of the nursing home residents. Another study also showed that older nursing home residents (mean age, 86 years) not dependent on HD showed weak immune responses to two doses of BNT162b2 [6]. Furthermore, we found that the median IgG titer against the anti-SARS-CoV-2 spike protein in the nursing home residents 2 weeks after the second dose was low (104 U/mL, IQR 11–492). We speculated that older age and undergoing HD affected their humoral response. According to previous studies from other countries, the median IgG titers among HD patients at 3 weeks after the second dose (median age, 67 years old) and healthy elderly people (median age, 83 years old) at 2–3 weeks were 171 U/mL [14] and 4030 U/mL [19], respectively.
Previous studies show that age has a negative impact on IgG levels after two doses of BNT162b2 among patients on HD [11, 12]; however, these reports did not cover elderly patients on HD who are more than 90 years old. Although age was correlated with anti-spike protein antibody levels in the control group, no such association was found for the nursing home residents in this study. This result could also be due to the wider age distribution in the controls. However, advanced age was associated with seronegativity even after the patient had received two BNT162b2 doses (Table 3). The seronegative nursing home residents showed lower serum albumin levels. Although serum albumin levels are known to be associated with immunity [20], this phenomenon might be associated with appetite loss due to older age (Table 3). Since the immune system deteriorates with age via cellular dysfunction due to decreased and malfunctioning lymphocytes, effective humoral responses to vaccines may not be expected in the elderly population [21].
HD patients who contract COVID-19 tend to show more rapid SARS-CoV-2 antibody decay than the general population, with the antibody titer decreasing at 4 weeks after seroconversion in some patients [3]. Conversely, another study showed that the seroconversion rate of patients on HD gradually increased after recovery from COVID-19 [22] or after receiving the BNT162b2 vaccine [23]. These results suggest that the immune responses of patients on HD may differ from those of the general population. Since it is well known that uremia can affect the immune system, as uremic toxins suppress the functions of white blood cells [24], natural and adaptive immunity may not work effectively to produce sufficient antibodies in a short period [25]. The impaired immune system in patients on HD cannot elicit optimal immune responses to vaccination, thus resulting in discrepancies in the immune response compared with that of the general population. Consequently, the HD population, especially elderly patients on HD, will have low titers of IgG, and the duration of appropriate IgG levels (if achieved) will be shorter than that of the general population. According to clinical trial data of mRNA-1273 vaccination in healthy volunteers, the IgG titer peaked at only 1 week after the second dose, irrespective of age [26], which was similar to the finding for the booster dose of BNT162b2 in a healthy population [27]. Those two studies showed that the IgG titers increased by more than ten times. In the present study, even though the anti-spike protein antibody levels in nursing home residents decreased to 83 U/mL (IQR 17–511) during the 2–3 weeks after the second dose, more than half of the nursing home residents showed an increase in their IgG levels during this period. In contrast, 84% of the control group showed a decrease in their IgG levels during the same time period. We could not find any difference between nursing home residents with slow humoral response and those without it in this study. However, these results further indicate that it may take a relatively long time for some elderly patients on HD to develop sufficient IgG levels following vaccination.
We only analyzed the levels of anti-spike protein antibodies as a humoral response; thus, cellular immune responses following COVID-19 vaccination should also be considered in patients on HD [9]. A previous study reported that HD patients with COVID-19 decreased the numbers of T cells, helper T cells, natural killer cells, and inflammatory cytokines compared with those of HD patients without COVID-19 or non-HD patients with COVID-19 [28]. Although a recent study showed that patients on HD could generate efficient T cell-dependent cellular immunity [29], there remains a concern that they might not develop appropriate cellular immunity against COVID-19 even after vaccination.
Although the anti-SARS-CoV-2 spike protein antibody has been widely used as a surrogate marker for monitoring immunization against COVID-19, the correlation between anti-spike antibody and neutralizing antibody levels has not been fully elucidated. One study showed that many dialysis patients who maintained a similar seropositivity rate to that of controls after two vaccine doses nevertheless contracted COVID-19 [30]. This might be associated with the lower titer of anti-spike protein antibodies and weak cellular immunity in dialysis patients. Thus, considering a third dose of BNT162b2 in these patients could be advantageous if the serum anti-spike protein antibody levels are below the level required to confer effective protection (29 U/mL) [31]. Although we considered an antibody level of 29 U/mL as the cut-off for neutralizing SARS-CoV-2 according to the literature, this value was based only on an in vitro analysis [14]. Therefore, the significance of anti-spike protein antibody levels in elderly patients on HD needs to be further investigated in a large prospective cohort study along with other metrics to assess effective immunization, such as neutralizing capability against viruses.
The average age of patients on HD has increased steadily in Japan [32], and as the population ages, it is expected that more elderly patients would require HD and enter nursing homes in the future. Although the patients included in this study may represent a relatively small portion of the population, they represent a crucial population to assure long-term protection against the spread of COVID-19, even after the pandemic ends.
This study has several limitations. Several differences between the nursing home residents and healthcare workers, such as age, hindered result interpretation. Ideally, nursing home residents not undergoing HD should have been included as a control, but the nursing home residents in Kokura-an were all on HD. The small number of nursing home residents did not provide sufficient statistical power to detect a significant correlation between the levels of anti-spike protein antibodies and other factors. Since all the patients on HD in this study reside in a particular nursing home, their backgrounds and other characteristics might have differed from those of other elderly patients on HD living in their own homes or other nursing homes. Moreover, since the optimal titer level (> 29 U/mL) considered in this study has not been confirmed in a clinical setting among patients on HD, further studies will be needed to determine the optimal IgG level required to prevent COVID-19 among elderly patients on HD.
In conclusion, elderly patients on HD did not show sufficient humoral responses to BNT162b compared to healthcare workers. Since patients receiving HD in HD centers and nursing home residents are relatively more vulnerable to COVID-19 than the general population due to their weak immunogenicity, more efforts for their protection are needed to implement suitable vaccination programs. COVID-19 outbreaks in medical and welfare facilities can be prevented only if medical facility users and healthcare workers are appropriately immunized.

Acknowledgements
We convey special thanks to Tomoyuki Takagi, Yuko Maruyama, Michiyo Teshima, Yusuke Ejima, and other healthcare workers for supporting this study. We would like to thank Editage (www.​editage.​com) for English language editing.

Authors' contributions
M.K, T.T, and S.F designed the study. M.K, T.T, and S.F performed the statistical analyses and drafted the document. All authors participated in data collection and interpretation. All authors read and approved the final manuscript.

Funding
No external funding was available to implement this study.

Availability of data and materials
The data underlying this article will be shared on reasonable request to the corresponding author.

Declarations
Ethics approval and consent to participate
This study was approved by the ethics committee of Nagasaki Renal Center (Nagasaki, Japan) (approval number: 21005) and was performed according to the 1964 Declaration of Helsinki and its later amendments. All participants provided verbal informed consent for inclusion in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Ikizler TA, Kliger AS. Minimizing the risk of COVID-19 among patients on dialysis. Nat Rev Nephrol. 2020;16:311–3.Crossref

	2.
Ouslander JG, Grabowski DC. COVID-19 in nursing homes: calming the perfect storm. J Am Geriatr Soc. 2020;68:2153–62.Crossref

	3.
Alcázar-Arroyo R, Portolés J, López-Sánchez P, Zalamea F, Furaz K, Méndez Á, et al. Rapid decline of anti-SARS-CoV-2 antibodies in patients on haemodialysis: the COVID-FRIAT study. Clin Kidney J. 2021;14:1835–44.Crossref

	4.
Panagiotou OA, Kosar CM, White EM, Bantis LE, Yang X, Santostefano CM, et al. Risk factors associated with all-cause 30-day mortality in nursing home residents with COVID-19. JAMA Int Med. 2021;181:439–48.Crossref

	5.
Salmerón Ríos S, Mas Romero M, Cortés Zamora EB, Tabernero Sahuquillo MT, Romero Rizos L, Sánchez-Jurado PM, et al. Immunogenicity of the BNT162b2 vaccine in frail or disabled nursing home residents: COVID-A study. J Am Geriatr Soc. 2021;69:1441–7.Crossref

	6.
Van Praet JT, Vandecasteele S, De Roo A, De Vriese AS, Reynders M. Humoral and cellular immunogenicity of the BNT162b2 mRNA Covid-19 vaccine in nursing home residents. Clin Infect Dis. 2021. https://​doi.​org/​10.​1093/​cid/​ciab300.CrossrefPubMed

	7.
Kronbichler A, Anders H-J, Fernandez-Juárez GM, Floege J, Goumenos D, Segelmark M, et al. Recommendations for the use of COVID-19 vaccines in patients with immune-mediated kidney diseases. Nephrol Dial Transplant. 2021;36:1160–8.Crossref

	8.
Windpessl M, Bruchfeld A, Anders HJ, Kramer H, Waldman M, Renia L, et al. COVID-19 vaccines and kidney disease. Nat Rev Nephrol. 2021;17:291–3.Crossref

	9.
Betjes MGH. Immune cell dysfunction and inflammation in end-stage renal disease. Nat Rev Nephrol. 2013;9:255–65.Crossref

	10.
Torreggiani M, Blanchi S, Fois A, Fessi H, Piccoli GB. Neutralizing SARS-CoV-2 antibody response in dialysis patients after the first dose of the BNT162b2 mRNA COVID-19 vaccine: the war is far from being won. Kidney Int. 2021;99:1494–6.Crossref

	11.
Grupper A, Sharon N, Finn T, Cohen R, Israel M, Agbaria A, et al. Humoral response to the Pfizer BNT162b2 vaccine in patients undergoing maintenance hemodialysis. Clin J Am Soc Nephrol. 2021;16:1037–42.Crossref

	12.
Jahn M, Korth J, Dorsch O, Anastasiou OE, Sorge-Hädicke B, Tyczynski B, et al. Humoral response to SARS-CoV-2-vaccination with BNT162b2 (Pfizer-BioNTech) in patients on hemodialysis. Vaccines. 2021;9:360.Crossref

	13.
Ahmed F, Catic A. Decision-making in geriatric patients with end-stage renal disease: thinking beyond nephrology. J Clin Med. 2018;8:5.Crossref

	14.
Simon B, Rubey H, Treipl A, Gromann M, Hemedi B, Zehetmayer S, et al. Haemodialysis patients show a highly diminished antibody response after COVID-19 mRNA vaccination compared to healthy controls. Nephrol Dial Transplant. 2021;4:1–23.

	15.
Rubio-Acero R, Castelletti N, Fingerle V, Olbrich L, Bakuli A, Wölfel R, et al. In search for the SARS-CoV-2 protection correlate: head-to-head comparison of two quantitative S1 assays in pre-characterized oligo-/asymptomatic patients. Infect Dis Ther. 2021;10:1505–18.Crossref

	16.
Schaffner A, Risch L, Aeschbacher S, Risch C, Weber MC, Thiel SL, et al. Characterization of a pan-immunoglobulin assay quantifying antibodies directed against the receptor binding domain of the SARS-CoV-2 S1-subunit of the spike protein: a population-based study. J Clin Med. 2020;9:3989.Crossref

	17.
McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, Schwartz NG, et al. Epidemiology of Covid-19 in a long-term care facility in King County, Washington. N Engl J Med. 2020;382:2005–11.Crossref

	18.
Ng JH, Hirsch JS, Wanchoo R, Sachdeva M, Sakhiya V, Hong S, et al. Outcomes of patients with end-stage kidney disease hospitalized with COVID-19. Kidney Int. 2020;98:1530–9.Crossref

	19.
Parry H, Bruton R, Stephens C, Brown K, Otter A. Differential immunogenicity of BNT162b2 or ChAdOx1 vaccines after extended-interval homologous dual vaccination in older people. Immun Ageing. 2021;18:34.Crossref

	20.
Santaolalla A, Sollie S, Rislan A, Josephs DH, Hammar N, Walldius G, et al. Association between serum markers of the humoral immune system and inflammation in the Swedish AMORIS study. BMC Immunol. 2021;22:61.Crossref

	21.
Crooke SN, Ovsyannikova IG, Poland GA, Kennedy RB. Immunosenescence and human vaccine immune responses. Immun Ageing. 2019;16:25.Crossref

	22.
Forbes S, Davari M, Gnanasampanthan S, Roth N, Young G, Rajakariar R, et al. Persistence of antibody response to SARS-CoV-2 in a cohort of haemodialysis patients with COVID-19. Nephrol Dial Transplant. 2021. https://​doi.​org/​10.​1093/​ndt/​gfab066.CrossrefPubMed

	23.
Attias P, Sakhi H, Rieu P, Soorkia A, Assayag D, Bouhroum S, et al. Antibody response to the BNT162b2 vaccine in maintenance hemodialysis patients. Kidney Int. 2021;99:1490–2.Crossref

	24.
Cohen G, Hörl WH. Immune dysfunction in uremia—an update. Toxins. 2012;4:962–90.Crossref

	25.
Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, et al. Aspects of immune dysfunction in end-stage renal disease. Clin J Am Soc Nephrol. 2008;3:1526–33.Crossref

	26.
Widge AT, Rouphael NG, Jackson LA, Anderson EJ, Roberts PC, Makhene M, et al. Durability of responses after SARS-CoV-2 mRNA-1273 vaccination. N Engl J Med. 2021;384:80–2.Crossref

	27.
Favresse J, Bayart J-L, Mullier F, Dogné J-M, Closset M, Douxfils J. Early antibody response in health-care professionals after two doses of SARS-CoV-2 mRNA vaccine (BNT162b2). Clin Microbiol Infect. 2021;27:1351.Crossref

	28.
Ma Y, Diao B, Lv X, Zhu J, Chen C, Liu L, et al. Epidemiological, clinical, and immunological features of a cluster of COVID-19—contracted hemodialysis patients. Kidney Int Rep. 2020;5:1333–41.Crossref

	29.
Anft M, Blazquez-Navarro A, Paniskaki K, Skrzypczyk S, Appel H, Pfab T, et al. SARS-CoV-2-reactive cellular and humoral immunity in hemodialysis population. Kidney Int. 2021;99:1489–90.Crossref

	30.
Yanay NB, Freiman S, Shapira M, Wishahi S, Hamze M, Elhaj M, et al. Experience with SARS-CoV-2 BNT162b2 mRNA vaccine in dialysis patients. Kidney Int. 2021;99:1496–8.Crossref

	31.
Longlune N, Nogier MB, Miedougé M, Gabilan C, Cartou C, Seigneuric B, et al. High immunogenicity of a messenger RNA based vaccine against SARS-CoV-2 in chronic dialysis patients. Nephrol Dial Transplant. 2021. https://​doi.​org/​10.​1093/​ndt/​gfab193.CrossrefPubMed

	32.
Nitta K, Goto S, Masakane I, Hanafusa N, Taniguchi M, Hasegawa T, et al. Annual dialysis data report for 2018, JSDT Renal Data Registry: survey methods, facility data, incidence, prevalence, and mortality. Renal Replace Ther. 2020;6:41.Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Low humoral immune response to the BNT162b2 vaccine against COVID-19 in nursing home residents undergoing hemodialysis: a case–control observational study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/41100_2022_397_Fig1_HTML.png
U/mL Median 42 U/mL Median 1755 U/mL ~ Median 1365 U/mL  Median 0.39 U/mL Median 104 U/mL Median 83 U/mL
(IQR 18-87) (IQR 1215-2540) (IQR 847-2245) (IQR 0.39-0.78) (IQR 11-492) (IQR 17-511)
9000

8000
7000
6000
5000
4000 :

3000

1000

i | | . ; i
1st (3W) 2nd 2W)  2nd (3W) 1st (3W) 2nd 2W)  2nd (3W)

Control group Nursing home residents

:
i
!
L
)
2000 !
I
|

0





OEBPS/images/41100_2022_397_Fig2b_HTML.png
(d)

The association between age and spike protein in

healthcare workers three weeks after the second dose of BNT162b2

(UimL)
7000

6000

5000

4000

3000

2000

1000

=-0.345, p<0.001

80

(years old)





OEBPS/images/41100_2022_397_Fig2a_HTML.png
(@)
The association between age and spike protein in
nursing home residents three weeks after the first dose of BNT162b2

(UImL) .

15 p=-0.105, p=0.61
10 '

5

65 70 75 80 85 90 95 100  (years old)

(b)
The association between age and spike protein in

healthcare workers three weeks after the first dose of BNT162b2
(U/mL)

900
800
p=-0.315, p<0.001
700
600
500
400 .
300
200 . L .

100
H E',:u..i;'..lxg. .

60 70 80

(years old)

(c)
The association between age and spike protein in

nursing home residents three weeks after the second dose of BNT162b2
(U/mL)

8000
7000
p=-0.321, p=0.11
6000
5000
4000
3000
2000

1000

65 70 75 80 85 90 95 100 (vearsold)





OEBPS/css/sidebar.gif





