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Abstract: Patients with end-stage kidney disease (ESKD) are at increased risk for SARS-CoV-2
infection and its complications compared with the general population. Several studies evaluated the
effectiveness of COVID-19 vaccines in the dialysis population but showed mixed results. The aim
of this study was to determine the effectiveness of COVID-19 mRNA vaccines against confirmed
SARS-CoV-2 infection in hemodialysis (HD) patients in the State of Qatar. We included all adult
ESKD patients on chronic HD who had at least one SARS-CoV-2 PCR test done after the introduction
of the COVID-19 mRNA vaccines on 24 December 2020. Vaccinated patients who were only tested
before receiving any dose of their COVID-19 vaccine or within 14 days after receiving the first vaccine
dose were excluded from the study. We used a test-negative case–control design to determine the
effectiveness of the COVID-19 vaccination. Sixty-eight patients had positive SARS-CoV-2 PCR tests
(cases), while 714 patients had negative tests (controls). Ninety-one percent of patients received
the COVID-19 mRNA vaccine. Compared with the controls, the cases were more likely to be older
(62 ± 14 vs. 57 ± 15, p = 0.02), on dialysis for more than one year (84% vs. 72%, p = 0.03), unvaccinated
(46% vs. 5%, p < 0.0001), and symptomatic (54% vs. 21%, p < 0.0001). The effectiveness of receiving
two doses of COVID-19 mRNA vaccines against confirmed SARS-CoV-2 infection was 94.7% (95%
CI: 89.9–97.2) in our HD population. The findings of this study support the importance of using
the COVID-19 mRNA vaccine in chronic HD patients to prevent SARS-CoV-2 infection in such a
high-risk population.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a single-stranded
mRNA virus that was first identified in China and resulted in a worldwide pandemic that
began in March 2020. Since then, hundreds of millions of people became infected with
SARS-CoV-2, and more than 4 million have died due to coronavirus disease (COVID-19) [1].
The clinical presentation of SARS-CoV-2 infection has been widely variable, ranging from
asymptomatic or mild symptoms (80%) to severe or life-threatening disease [2]. Several
studies showed that dialysis patients were more vulnerable to SARS-CoV-2 infection
and more likely to have a severe presentation, with mortality rates exceeding 20% [3,4].
Therefore, developing an effective vaccine in such a high-risk population has been essential
and a priority for researchers and healthcare professionals working in the field. The earliest
COVID-19 mRNA vaccines to obtain authorization were the BioNTech-162b2 (Pfizer) and
the mRNA-1273 (Moderna) vaccines, with ≥95% efficacy in preventing illness and severe
complications, including mortality, in the general population [5–8]. However, dialysis
patients were excluded from those earlier studies for safety considerations.
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The response of patients with advanced kidney disease to different vaccines, such as
hepatitis B and influenza, and their ability to produce sufficient antibodies are more variable
and less predictable than the general population [9,10]. One concern was whether their
response to COVID-19 vaccines would be less than the general population. As COVID-19
vaccines became more widespread, data emerged about their efficacy in dialysis patients.
Although initial studies showed heterogenous results regarding the vaccine efficacy in dialy-
sis patients, subsequent studies were more promising and showed a good response [11–13].
Despite the effectiveness of COVID-19 vaccines in HD patients, several side effects were
reported, such as fever, fatigue, myalgia, arthralgia, headache, syncope, and pericardi-
tis [12]. The aim of the current study was to determine the effectiveness of COVID-19
mRNA vaccines against confirmed SARS-CoV-2 infection in chronic hemodialysis (HD)
patients in the State of Qatar.

2. Materials and Methods
2.1. Study Population and Design

COVID-19 vaccination first became available in Qatar on 24 December 2020. The
BioNTech-162b2 (Pfizer BioNTech) and the mRNA-1273 (Moderna) have been the only
available vaccines in Qatar. All COVID-19 vaccines have been administered solely by the
government since the start of the vaccination campaign. Immunocompromised patients,
such as HD patients, transplant recipients, and cancer patients, were given the highest
priority to get vaccinated. Until 5 January 2022, polymerase chain reaction (PCR) was the
only accepted test to diagnose SARS-CoV-2 infection in Qatar. All information related to
the vaccine, such as the type of vaccine (Pfizer or Moderna), the number of doses delivered
and the date of administration, and all SARS-CoV-2 PCR results had to be recorded in a
national-based electronic medical record system (Cerner-North Kansas City, MO, USA).

Hamad Medical Corporation is the sole provider of ambulatory dialysis services in
the State of Qatar. We initially reviewed all SARS-CoV-2 polymerase chain reaction (PCR)
tests done in our adult (≥18-year-old) chronic HD patients before 3 January 2022. Chronic
HD was defined as being on HD for ≥3 months. We then stratified patients according
to their vaccination status into vaccinated and unvaccinated. In this study, we included
vaccinated patients who had a SARS-CoV-2 PCR test ≥14 days after the first dose of
the vaccine and unvaccinated patients who had a PCR test done after the introduction
of COVID-19 vaccination on 24 December 2020. Unvaccinated patients who only had a
SARS-CoV-2 PCR test done before 24 December 2020 and vaccinated patients who had a
test done before their first vaccine dose or within 14 days after the first dose were excluded
from the study. We then categorized patients who met the inclusion criteria into cases
and controls. Cases included both unvaccinated patients with a positive SARS-CoV-2
PCR test after 24 December 2020 and vaccinated patients with a positive test ≥14 days
after their first vaccine dose. On the other hand, controls included both unvaccinated
patients with a negative SARS-CoV-2 PCR test after 24 December 2020 and vaccinated
patients with a negative test ≥14 days after their first vaccine dose. The effectiveness of the
COVID-19 mRNA vaccine against confirmed SARS-CoV-2 infection was determined using
a test-negative case–control design as it is a widely accepted standard to assess vaccine
effectiveness in a population after introducing a vaccine [8,14–17]. The study design is
summarized in Figure 1.

Various clinical and laboratory parameters were collected from the national-based
electronic medical record (Cerner-North Kansas City, MO, USA). These parameters included
age, gender, race, duration of dialysis, comorbidities, type of COVID-19 vaccine given,
number and dates of vaccine doses received, dates and results of SARS-CoV-2 PCR tests
done, and presence or absence of symptoms at the time of PCR tests. This study was
approved by the Institutional Review Board of Hamad Medical Corporation with a waiver
of informed consent (MRC-05-161) given the study’s retrospective design.
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2.2. Statistical Analysis

Data were summarized as a frequency with a percentage for categorical variables and
a mean with a standard deviation for continuous variables. Chi-square or Fisher’s exact test
was applied to categorical variables wherever appropriate, while an unpaired t-test was
performed for continuous variables. A p-value of less than 0.05 was used for the statistically
significant level. We used conditional logistic regression to calculate the odds of testing
positive among the vaccinated versus unvaccinated HD patients. Vaccine effectiveness
was determined using the following formula: [vaccine effectiveness = 1 – odds (vaccinated
patients infected with SARS-CoV-2 |total number of vaccinated patients) /odds (non-
vaccinated patients infected with SARS-CoV-2 | total number of non-vaccinated patients)].

3. Results
3.1. Baseline Characteristics

Between 29 February 2020 and 3 January 2022, 6611 SARS-CoV-2 PCR tests were
performed on 1329 HD patients. SARS-CoV-2 PCR tests were done for clinical suspicion in
symptomatic patients, routine screening (prehospitalization, pre-procedures, before and
after travel), or contact tracing of SARS-CoV-2-positive cases. Of the 1329 tested patients,
782 met the study’s inclusion criteria; 68 (9%) had positive SARS-CoV-2 PCR tests (cases),
while 714 (91%) had negative SARS-CoV-2 PCR tests (controls) (Figure 1). Sixty-four percent
of the study population were males, and 85% were older than 40 years. Most patients
received HD for more than one year (73%) and had three or more comorbidities (88%).
Hypertension was the most common comorbidity in patients (99%), followed by diabetes
mellitus (66%). Only two patients were on corticosteroids, and both were in the cases group.
Compared with the controls, the cases were more likely to be older (62 ± 14 vs. 57 ± 15,
p = 0.02), on dialysis for more than one year (84% vs. 72%, p = 0.03), unvaccinated (46% vs.
5%, p < 0.0001), and symptomatic (54% vs. 21%, p < 0.0001). The baseline characteristics of
cases and controls are summarized in Table 1.
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Table 1. Baseline characteristics of cases and controls.

Parameter

Total Controls Cases

p-Value(n = 782) (n = 714) (n = 68)

n % n % n %

Age, years

0.02

18–≤40 115 15 112 16 3 4

41–<65 448 57 400 56 48 71

≥65 219 28 202 28 17 25

Mean ± SD 57 ± 15 57 ± 15 62 ± 14

Gender

0.36Male 501 64 454 64 47 69

Female 281 36 260 36 21 31

Race

0.22Asian 681 87 625 88 56 82

Non-Asian 101 13 89 12 12 18

Duration of dialysis

0.03<1 year 214 27 203 28 11 16

≥1 year 568 73 511 72 57 84

Comorbidities

Hypertension 771 99 705 99 66 97 0.39

Diabetes 518 66 471 66 47 69 0.60

Cerebrovascular disease 72 9 62 9 10 15 0.10

Malignancy 35 4 29 4 6 9 0.07

COPD 36 5 33 5 3 4 0.94

Liver disease 39 5 34 5 5 7 0.36

Number of comorbidities

0.651–2 94 12 87 12 7 10

≥3 688 88 627 88 61 90

Vaccination status

<0.0001
Pfizer (BNT162b2) 640 82 607 85 33 49

mRNA-1273 (Moderna) 75 9 71 10 4 6

Not vaccinated 67 9 36 5 31 46

Symptomatic

<0.0001Yes 185 24 148 21 37 54

No 597 76 566 79 31 46

3.2. Vaccine Effectiveness

Of the 782 HD patients included in the study, 715 received the COVID-19 mRNA vaccine
(91%). Ninety-nine percent of the vaccinated patients had at least two doses of the COVID-19
mRNA vaccine (n = 707), and most patients received the Pfizer BioNTech (BNT162b2) vaccine
(90%). The median time between the first and second doses of BNT162b2 was 21 days
compared with 28 days for the Moderna (mRNA-1273) vaccine. The median time between the
second dose of vaccine and SARS-CoV-2 infection was 282 days (IQR: 142-318). The overall
vaccine effectiveness in patients that received two doses of the COVID-19 mRNA vaccine was
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94.7% (95% CI 89.8-97.2). The vaccine effectiveness was similar for both the BNT162b2 (94.3%)
and the mRNA-1273 vaccines (98.2%), as shown in Table 2.

Table 2. Vaccine effectiveness against infection in hemodialysis patients.

Vaccine Type Cases Controls Adjusted
(95% CI)(n = 68) (n = 714) VE *, %

One Dose

Moderna 2 2 <0 (<0–92.1)

Pfizer 1 13 91.1 (32.7–99.8)

Overall 3 15 76.8 (5.5–96.0)

<14 Days after the Second Dose

Moderna 1 1 <0 (<0–98.9)

Pfizer 3 1 <0 (<0–99.5)

Overall 4 2 <0 (<0–96.3)

>14 Days after the Second Dose

Moderna 1 68 98.2 (88.6–99.9)

Pfizer 29 593 94.3 (89.0–97.0)

Overall 30 661 94.7 (89.9–97.2)
Unvaccinated 65 223 Reference Reference

* Estimated as (1 − odds ratio) × 100.

Dialysis patients started receiving the third dose of the COVID-19 mRNA vaccine
in August 2021; by 3 January 2022, 347 patients (49%) had received the third dose. Only
52 patients had SARS-CoV-2 PCR tests done after receiving their third dose: 9 had positive
results, while 35 had negative results. The overall vaccine effectiveness in patients that
received three doses of the COVID-19 mRNA vaccine was 70.1% (95% CI 23.3-89).

4. Discussion

Older age was reported as one of the nonresponse factors to COVID-19 vaccinations
in previous studies of dialysis patients [13]. In our study, we found a higher rate of
SARS-CoV-2 infection in older HD patients, which might have been due to a deficiency in
both arms of immunity, namely, humoral and cell-mediated, in dialysis patients [10].

Most patients in our study were asymptomatic (76%), and they were tested for contact trac-
ing or as a routine screening pre-travel, pre-procedure, or pre-hospitalization. Forty-six percent
of patients with confirmed SARS-CoV-2 infection (cases) were asymptomatic. Our findings are
similar to other studies that showed up to 50% of dialysis patients with SARS-CoV-2 infection
were free of symptoms [18,19]. However, having symptoms was statistically significant in our
cases compared with the controls (54% vs. 21%, p < 0.0001). Most symptoms ranged between
fever and cough, but some patients developed breathing difficulties.

Seroconversion and antibody detection were used as surrogate markers of COVID-19
vaccine effectiveness in several clinical trials; however, there are still no widely accepted
standards regarding the desired antibody titers or the assays used to measure SARS-CoV-2
antibodies [20]. In a recent meta-analysis of 33 studies designed to assess COVID-19 vaccine
efficacy in dialysis and CKD patients, the development of antibodies was used in 22 studies.
Most studies did not compare the antibody responses to appropriate controls, as 10 different
assays had been used, making the interpretation of antibody levels difficult [13]. For this
reason, we preferred to use confirmed SARS-CoV-2 infection as a marker of vaccine efficacy
rather than seroconversion and antibody titers.

The efficacy of mRNA-1273 and BNT-162b2 vaccines against confirmed SARS-CoV-2
infection in our HD patients exceeded 90%, which supported the accumulated evidence
of the effectiveness of COVID-19 vaccines in dialysis patients [11,21,22]. It also demon-
strated the importance of using COVID-19 vaccines in such patients to decrease the risk of
developing COVID-19.
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The strength of this study was in having a unique registry system of vaccinations,
infection confirmation, and hospital admission that guaranteed data accuracy since the start
of the COVID-19 pandemic. The study design was also based on confirmed SARS-CoV-2
infection in assessing vaccine effectiveness rather than antibody seroconversion. To our
knowledge, this is the first study in the Middle East region with a multiethnic and diverse
population background. Our study had some limitations, such as having a small sample size
and mainly testing symptomatic patients and those with recent contact with positive cases.
Some asymptomatic patients could have been missed, resulting in an underestimation of
the disease burden. None of the patients in our study had their antibody titers measured
post-vaccination due to the lack of widely accepted standards regarding antibody titers.
In addition to this, COVID-19 mRNA vaccines were the only available vaccines in Qatar.
Therefore, no conclusion can be drawn regarding the superiority of the COVID-19 mRNA
vaccine relative to other types of COVID-19 vaccines at resisting the development of
COVID-19 in chronic HD patients.

5. Conclusions

COVID-19 mRNA vaccines were highly effective at resisting the development of
COVID-19 in ESKD patients receiving chronic HD. Therefore, HD patients should be
encouraged to receive COVID-19 vaccination since they are at higher risk for having severe
complications due to COVID-19 compared with the general population. Widely using
COVID-19 mRNA vaccines may help to reduce the risk of disease transmission within
dialysis units, hospitalizations, and death among dialysis patients.

Author Contributions: M.M.A. (Mohamad Alkadi) and A.H.: substantial contribution to the study
design, literature review, interpretation of data, drafting the article and revising it critically, final
approval of the version to be published, agreement to be accountable for all aspects of the work, and
ensuring that questions related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved; H.G.: substantial contribution to the study design, analysis of data, final
approval of the version to be published, agreement to be accountable for all aspects of the work, and
ensuring that questions related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved; M.E. and M.Y.A. (Mohamed Ali): literature review, interpretation of data,
drafting the article, final approval of the version to be published, agreement to be accountable for
all aspects of the work, and ensuring that questions related to the accuracy or integrity of any part
of the work are appropriately investigated and resolved; T.G., R.I., E.A., A.B.A.-S. and H.A.-M.:
interpretation of data, final approval of the version to be published, agreement to be accountable
for all aspects of the work, and ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved; A.A.B.: substantial contribution to the
study design, literature review, interpretation of data, drafting the article and revising it critically,
final approval of the version to be published, agreement to be accountable for all aspects of the
work, and ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by a grant from Hamad Medical Corporation (MRC-05-161).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Hamad Medical Corporation (MRC-
05-161; 20 July 2020).

Informed Consent Statement: The Institutional Review Board of Hamad Medical Corporation
waived informed consent, given the study’s retrospective design.

Data Availability Statement: Not applicable.

Acknowledgments: The authors gratefully acknowledge Hamad Medical Corporation Medical
Research Center for providing open access funding.

Conflicts of Interest: The authors declare no conflict of interest.



Vaccines 2023, 11, 49 7 of 7

References
1. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on 1 September 2022).
2. Madjid, M.; Safavi-Naeini, P.; Solomon, S.D.; Vardeny, O. Potential Effects of Coronaviruses on the Cardiovascular System: A

Review. JAMA Cardiol. 2020, 5, 831–840. [CrossRef] [PubMed]
3. Ghonimi, T.A.; Alkad, M.M.; Abuhelaiqa, E.A.; Othman, M.M.; Elgaali, M.A.; Ibrahim, R.A.; Joseph, S.M.; Al-Malki, H.A.; Hamad,

A.I. Mortality and associated risk factors of COVID-19 infection in dialysis patients in Qatar: A nationwide cohort study. PLoS
ONE 2021, 16, e0254246. [CrossRef] [PubMed]

4. El Karoui, K.; De Vriese, A.S. COVID-19 in dialysis: Clinical impact, immune response, prevention, and treatment. Kidney Int.
2022, 101, 883–894. [CrossRef]

5. Baden, L.R.; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al.
Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N. Engl. J. Med. 2021, 384, 403–416. [CrossRef]

6. Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Moreira, E.D.; Zerbini, C.;
et al. Safety and Efficacy of the BNT162b2 mRNA COVID-19 Vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [CrossRef]

7. Dagan, N.; Barda, N.; Kepten, E.; Miron, O.; Perchik, S.; Katz, M.A.; Hernán, M.A.; Lipsitch, M.; Reis, B.; Balicer, R.D. BNT162b2
mRNA COVID-19 Vaccine in a Nationwide Mass Vaccination Setting. N. Engl. J. Med. 2021, 384, 1412–1423. [CrossRef]

8. Abu-Raddad, L.J.; Chemaitelly, H.; Butt, A.A.; National Study Group for COVID-19 Vaccination. Effectiveness of the BNT162b2
COVID-19 Vaccine against the B.1.1.7 and B.1.351 Variants. N. Engl. J. Med. 2021, 385, 187–189. [CrossRef] [PubMed]

9. Krueger, K.M.; Ison, M.G.; Ghossein, C. Practical Guide to Vaccination in All Stages of CKD, Including Patients Treated by
Dialysis or Kidney Transplantation. Am. J. Kidney Dis. 2020, 75, 417–425. [CrossRef] [PubMed]

10. Cohen, G. Immune Dysfunction in Uremia 2020. Toxins 2020, 12, 439. [CrossRef]
11. Oliver, M.J.; Thomas, D.; Balamchi, S.; Ip, J.; Naylor, K.; Dixon, S.N.; McArthur, E.; Kwong, J.; Perl, J.; Atiquzzaman, M.; et al.

Vaccine Effectiveness Against SARS-CoV-2 Infection and Severe Outcomes in the Maintenance Dialysis Population in Ontario,
Canada. J. Am. Soc. Nephrol. 2022, 33, 839–849. [CrossRef]

12. Yen, J.S.; Wang, I.K.; Yen, T.H. COVID-19 vaccination and dialysis patients: Why the variable response. QJM Int. J. Med. 2021, 114,
440–444. [CrossRef]

13. Carr, E.J.; Kronbichler, A.; Graham-Brown, M.; Abra, G.; Argyropoulos, C.; Harper, L.; Lerma, E.V.; Suri, R.S.; Topf, J.; Willicombe,
M.; et al. Review of Early Immune Response to SARS-CoV-2 Vaccination Among Patients with CKD. Kidney Int Rep. 2021, 6,
2292–2304. [CrossRef] [PubMed]

14. Chua, H.; Feng, S.; Lewnard, J.A.; Sullivan, S.G.; Blyth, C.C.; Lipsitch, M.; Cowling, B.J. The Use of Test-negative Controls to
Monitor Vaccine Effectiveness: A Systematic Review of Methodology. Epidemiology 2020, 31, 43–64. [CrossRef] [PubMed]

15. Haber, M.; Lopman, B.A.; Tate, J.E.; Shi, M.; Parashar, U.D. A comparison of the test-negative and traditional case-control study
designs with respect to the bias of estimates of rotavirus vaccine effectiveness. Vaccine 2018, 36, 5071–5076. [CrossRef]

16. Dean, N.E.; Hogan, J.W.; Schnitzer, M.E. COVID-19 Vaccine Effectiveness and the Test-Negative Design. N. Engl. J. Med. 2021,
385, 1431–1433. [CrossRef] [PubMed]

17. Butt, A.A.; Omer, S.B.; Yan, P.; Shaikh, O.S.; Mayr, F.B. SARS-CoV-2 Vaccine Effectiveness in a High-Risk National Population in a
Real-World Setting. Ann. Intern. Med. 2021, 174, 1404–1408. [CrossRef]

18. Clarke, C.; Prendecki, M.; Dhutia, A.; Ali, M.A.; Sajjad, H.; Shivakumar, O.; Lightstone, L.; Kelleher, P.; Pickering, M.C.; Thomas,
D.; et al. High Prevalence of Asymptomatic COVID-19 Infection in Hemodialysis Patients Detected Using Serologic Screening. J.
Am. Soc. Nephrol. 2020, 31, 1969–1975. [CrossRef]

19. Tang, H.; Tian, J.B.; Dong, J.W.; Tang, X.T.; Yan, Z.Y.; Zhao, Y.Y.; Xiong, F.; Sun, X.; Song, C.X.; Xiang, C.G.; et al. Serologic
Detection of SARS-CoV-2 Infections in Hemodialysis Centers: A Multicenter Retrospective Study in Wuhan, China. Am. J. Kidney
Dis. 2020, 76, 490–499. [CrossRef]

20. Galipeau, Y.; Greig, M.; Liu, G.; Driedger, M.; Langlois, M.A. Humoral Responses and Serological Assays in SARS-CoV-2
Infections. Front. Immunol. 2020, 11, 610688. [CrossRef]

21. Sibbel, S.; McKeon, K.; Luo, J.; Wendt, K.; Walker, A.G.; Kelley, T.; Lazar, R.; Zywno, M.L.; Connaire, J.J.; Tentori, F.; et al.
Real-World Effectiveness and Immunogenicity of BNT162b2 and mRNA-1273 SARS-CoV-2 Vaccines in Patients on Hemodialysis.
J Am. Soc. Nephrol. 2022, 33, 49–57. [CrossRef]

22. Bouwmans, P.; Messchendorp, A.L.; Sanders, J.S.; Hilbrands, L.; Reinders, M.; Vart, P.; Bemelman, F.J.; Abrahams, A.C.; van den
Dorpel, M.A.; Ten Dam, M.A.; et al. Long-term Efficacy and Safety of SARS-CoV-2 Vaccination in Patients with Chronic Kidney
Disease, on Dialysis or After Kidney Transplantation: A National Prospective Observational Cohort Study. BMC Nephrol. 2022,
23, 55. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://covid19.who.int/
http://doi.org/10.1001/jamacardio.2020.1286
http://www.ncbi.nlm.nih.gov/pubmed/32219363
http://doi.org/10.1371/journal.pone.0254246
http://www.ncbi.nlm.nih.gov/pubmed/34293004
http://doi.org/10.1016/j.kint.2022.01.022
http://doi.org/10.1056/NEJMoa2035389
http://doi.org/10.1056/NEJMoa2034577
http://doi.org/10.1056/NEJMoa2101765
http://doi.org/10.1056/NEJMc2104974
http://www.ncbi.nlm.nih.gov/pubmed/33951357
http://doi.org/10.1053/j.ajkd.2019.06.014
http://www.ncbi.nlm.nih.gov/pubmed/31585683
http://doi.org/10.3390/toxins12070439
http://doi.org/10.1681/ASN.2021091262
http://doi.org/10.1093/qjmed/hcab171
http://doi.org/10.1016/j.ekir.2021.06.027
http://www.ncbi.nlm.nih.gov/pubmed/34250319
http://doi.org/10.1097/EDE.0000000000001116
http://www.ncbi.nlm.nih.gov/pubmed/31609860
http://doi.org/10.1016/j.vaccine.2018.06.072
http://doi.org/10.1056/NEJMe2113151
http://www.ncbi.nlm.nih.gov/pubmed/34496195
http://doi.org/10.7326/M21-1577
http://doi.org/10.1681/ASN.2020060827
http://doi.org/10.1053/j.ajkd.2020.06.008
http://doi.org/10.3389/fimmu.2020.610688
http://doi.org/10.1681/ASN.2021060778
http://doi.org/10.1186/s12882-022-02680-3
http://www.ncbi.nlm.nih.gov/pubmed/35123437

	Introduction 
	Materials and Methods 
	Study Population and Design 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Vaccine Effectiveness 

	Discussion 
	Conclusions 
	References

