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Abstract

Background and Objectives: The current state of the evidence is equivocal for IgG antibody response to
COVID-19 vaccination in dialysis patients. Here, we assess the antibody concentration in dialysis patients
who have received a complete series of vaccines with or without a history of prior COVID infection
irrespective of the vaccine administered.

Methods: In this cross-sectional study, we obtained serum samples from 101 Hemodialysis patients and
compared the antibody level among those patients who had received a two-dosage vaccine regimen within
the last six months versus those who had completed the same regimen more than six months ago.
Participation in the study was completely voluntary by HD patients who gave informed consent and results
were noted in a designed proforma.

Results: Our study found that nearly three-quarters of patients (72.2%) received 2 dosages of Sinopharm or
Sinovac vaccine, and ninety-seven percent of participants were considered seropositive (COVID Ab titers >
7.1 BAU/ml). The average SARS-COV-2 spike antibody levels were 1892.4 BAU/mL, while the median
levels were 971 BAU/mL. Mean and median antibody titers were 1895.8 and 792 BAU/mL in the group who
had received the vaccine within the last six months as compared to 1981.1 and 1033 BAU/mL respectively in
the group who had received the vaccine later than six months, with p-value 0.84 indicating no significant
difference. Additionally, there were no statistically significant variations in IgG antibodies observed when
examining subgroups based on diabetes, hypertension, coronary artery disease (CAD), or gender. However,
it was found that older patients (aged >55 years) exhibited significantly higher anti-spike antibody titers
compared to younger patients (2417.8 BAU/mLvs. 1377.3 BAU/mL, P value 0.008).

Conclusion: The result of this study provides important evidence, which can lead to vaccine efficacy,
especially in older populations. Future studies should address whether booster vaccination may play a role in
providing an effective and long-lasting protection among vulnerable patients undergoing hemodialysis care.
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nization in individuals undergoing dialysis.”* This
raises a concerning possibility that patients on dialysis
may also experience reduced efficacy of the SARS-
CoV-2 vaccine. The introduction of new vaccines
targeting SARS-CoV-2 in the beginning of 2021 facili-
tated worldwide distribution, resulting in a substantial
decrease in the likelihood of death among the general
population.” Nevertheless, individuals with chronic
kidney disease and undergoing hemodialysis were
not included in these cohorts.

Many studies have been done in the Western world
on the immune response to COVID-19 Vaccines in
hemodialysis recipients. They have shown that dialysis
patients have low antibody titers 2 weeks after a complete
vaccine series as compared to healthy individuals.
Moreover, this antibody response deteriorates more
rapidly over weeks to months in dialysis patients, and
at 6 months post-vaccination, a significant majority
of dialysis patients have undetectable COVID-19 anti-
bodies."" This has led to the recommendation of a
booster vaccine dose 6 months after a complete vaccine
series in many countries now.""” The majority of these
studies have been done on patients who received
mRNA-based vaccines- Pfizer BioNTech, J&J, and

Moderna."**'

Although Data on antibody response to
conventional inactivated virus vaccines (Sinopharm
and Sinovac) is limited not only in the general popu-
lation in Pakistan but especially in dialysis patients.”
Recent studies conducted in Pakistan showed a com-
parable immune response after SARS-COV-2 deac-
tivated virus vaccination in hemodialysis patients.
Interestingly, diabetic patients undergoing hemodialysis
(HD) exhibited a lower response rate, while individuals
with a history of previous SARS-CoV-2 infection
demonstrated a more favorable response.

In this study, we have sought to assess the medium
and long-term antibody response in dialysis recipients
who have obtained a complete series of vaccines with
or without a history of prior COVID infection irrespec-
tive of the vaccine administered.

METHODS

The present cross-sectional, single-center study

took place at Jinnah Hospital Lahore (JHL) within the
Department of Nephrology in April 2022, following
authorization by the IRB. JHL is a specialty hospital
renowned for its state-of-the-art renal care facility,
comprising two dialysis units capable of accommo-
dating 150 hemodialysis (HD) patients and conducting
approximately 25,000 dialysis sessions each year.
Virtually all chronic hemodialysis patients receive 4-
hour dialysis treatments three times a week.

A total of 101 Hemodialysis patients were recruited
through non-probability consecutive sampling. A study
was carried out to compare the antibody levels in patients
who had received a two-dosage vaccine regimen within
the last six months with those who had completed the
same regimen more than six months ago. It included
both males and females, above >18 years of age. Parti-
cipation in the study was completely voluntary by HD
patients who gave informed consent.

The following criteria were used for exclusion:
individuals who were under 18 years of age, who recei-
ved booster vaccine dose against SARS-CoV-2, on
peritoneal dialysis, with other serious medical and
psychiatric problems like decompensated cirrhosis,
congestive cardiac failure, recent stroke or acute coronary
disease, Active cancer or on immunosuppressants,
Alzheimer disease, schizophrenia. Furthermore, parti-
cipants with a background of serious side effects &
extreme hypersensitivity response to any element of
the vaccine ingredients were excluded.

Basic demographic characteristics like name,
age, and gender were noted. Blood samples were obtai-
ned from all participants and IgG antibodies to COVID-
19 Spike Protein were measured. All the laboratory
investigations were carried out at a local laboratory
to minimize the risk of any discrepancy results. Patients
were asked about co-morbid illnesses like hypertension,
ischemic heart disease, Diabetes, etc. History of smoking,
alcohol intake and substance abuse was also taken.

We obtained information regarding the vaccina-
tion of the participants. Vaccination of SARS-COV-2
was administered in accordance with the optimum
quality of care, consisting of 2 dosages given 21 days
apart. Information was obtained about the exact date
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when the participants received 2™ dose of the vaccine.
Blood was drawn in April 2022. Testing was performed
by using Abbott Alinity CI. It utilizes a computerized,
multistep process employing chemiluminescent micro-
particle immunoassay (CMIA) technology for the
quantitative recognition of IgG anti-S antibody to
SARS-CoV-2 in human serum and plasma. A positive
test result was considered as having an antibody titer
equal to or greater than 7.1, as outlined by the maker’s
instructions.”™ A result below 7.1 BAU/mL was
considered negative for anti-SARS-CoV-2-S, while
aresult of 7.1 BAU/mL or higher was taken positive
foranti-SARS-CoV-2-S.
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Figure 1: Flow Diagram of Evaluating Anti-S IgG
Antibody response

SPSS v. 20 was utilized for entry and analysis of
data. For quantitative variables such as age and IgG
titers, means were calculated. Qualitative variables like
gender and co-morbid conditions were analyzed by
calculating frequencies and percentages. The data
were analyzed separately for each time interval since
the participants were fully vaccinated.

To compare proportions, the Chi-square test was
applied for parametric data. Similarly, the Mann-
Whitney test was done to compare the medians and

the T-test was utilized to compare the means. 95% CI
reported for proportions and IQ range for medians. P
values 0f<(.05 are considered significant.

RESULTS

In April 2022, a total of 101 dialysis patients parti-
cipated in the research. Every participant had completed
a two-dose series of SARS-COV-2 vaccines. The mean
age of the participants was 50 years, and 28.7% (29/101)
were females. Among the patients, 74.2% had elevated
blood pressure, 38.6% had diabetes, and 19% posse-
ssed a background of HCV.

Around 72.2% of patients received 2 dosages of
Sinopharm or Sinovac vaccine. SARS-COV-2 spike
protein antibodies were measured in all participants,
with a mean titer of 1892.4 BAU/mL & a median titer
of 971 BAU/mL. Around 30% of the participants recei-
ved their second SARS-COV-2 vaccine in under six
months from the antibody titer assessment, while 70%
received their 2nd dosage more than 6 months ago.

Among the entire sample, only 3 patients were
seronegative. All patients who were given their second
vaccine dosage within the past six months were posi-
tive. In the subgroup of patients who were given their
2" vaccine dose 1, 65 out of 68 patients were positive.
However, the slight variance was not statistically signi-
ficant (p-value 0.55).

When dividing the sample in 2 different age groups
(=50 years and >50 years), it was found that the elder
patients had meaningfully higher anti-spike antibody
levels when analyzed in comparison to patients of
younger age (2417.8 BAU/mL vs. 1377.3 BAU/mL,
Pvalue 0.008).

A relative study was carried out to compare the
antibody levels in patients who had received a two-
dosage vaccine regimen within the last six months
with those who had completed the same regimen more
than six months ago. Among those who underwent the
two-dose vaccine regimen within the last six months,
the mean & median antibody titers were 1895.8 and
792 BAU/mL, respectively. For patients who comp-
leted the series more than 6 months ago, the mean and
median antibody titers were 1981.1 and 1033 BAU/mL,
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Table 1: Comparison of mean and median COVID anti-spike I1gG levels

Varisble ategories | |ty | | BAGHL) | tevels BAUmL) | P | valuer

Duration after 2°d vaccine dose <6 months 29 1895.8 792.0 2119.8 0.849
>6months 68 1981.1 1033.5 1961.4

Age <50 years 51 1377.3 613.2 1765.6 0.008
>50 years 50 2417.8 1696.5 2103.5

BMI <25 70 1773.8 895.4 1931.9 0.680
>25 31 2160.2 1311.0 2153.3

Diabetes Yes 39 1,768.2 534 1972.7 0.981
No 62 1970.5 207 2005.5

Hypertension Yes 75 2011.2 1531 2050.8 0.472
No 26 1549.8 1341 1776.1

Gender Male 72 1829.0 898.5 1995.5 0.428
Female 29 2049.7 1521.0 2036.5

Hepatitis C Hx Yes 19 1303.4 792.0 1358.0 0.334
No 82 2028.8 994.0 2102.7

* P value was calculated with the T-test or Mann-Whitney U test where applicable.

respectively (P value 0.84). This indicates a significant
difference in antibody concentrations between the two
groups was not observed. Furthermore, no significant
differences in antibody concentration amongst groups
demarcated by diabetes, elevated blood pressure, ische-
mic heart disease, or gender were observed either.

DISCUSSION

This cross-sectional study was conducted to
evaluate the variation over time in the anti-spike IgG
levels secondary to the SARS-COV-2 vaccine in patients
undergoing hemodialysis in Pakistan.

In this cross-sectional study, we examined the sero-
positivity of hemodialysis recipients who were already
given atleast 2 dosages of various vaccines (Sinopharm,
Sinovac, Pfizer,and Moderna) at the time of recruitment
in the study. Furthermore, we assessed the variations
in the anti-spike IgG levels in two different groups.
The first group had a vaccine 6 months ago and the
second had a vaccine less than 6 months ago.

Many observational studies reported an equivocal
response to mRNA SARS-COV-2 immunizations
among HD patients. On the one hand, Longlune et al
documented high immunogenicity after the mRNA
vaccine in HD patients, while on the other hand, Simon
et al noted a diminished response to the mRNA vaccine
in dialysis recipients. A new systematic review found a

significantly high vaccine response rate of 87% among
HD patients who received at least 2 dosages of mRNA
vaccine and these findings corroborate with Longlune
etal.™

Although many studies have been published on
mRNA vaccines’ antibody response in HD patients,
inactivated vaccines have received scant scholarly
attention since the pandemic started.” In particular,
there is a scarcity of data available on the efficacy of
inactivated vaccines among the HD population in
Pakistan and this research aims to fill this knowledge
gap. Based on the information available to us, only one
study in Pakistan analyzed the antibodies' response
to the inactivated vaccine in dialysis patients.”

We recruited 101 ESRD patients who met our
inclusion criteria. The inclusion criteria were formulated
after an extensive literature review to minimize the risk
of'selection bias. The study participants were routine
dialysis patients in the Department of Nephrology,
Jinnah Hospital Lahore (JHL). JHL is a tertiary care
facility located in the heart of the city and serves over
one million patients per year from all across the province
of Punjab. It should be noted that JHL provides care
for a diverse patient population in terms of their demo-
graphic characteristics, and they are good representa-
tives of the entire province.

Our research found that ninety-seven percent of
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participants were considered seropositive (COVID
Ab titers > 7.1 BAU/ml). Interestingly, the proportion
of seropositive individuals who received their vaccine
more than 6 months ago was substantially higher than
those who received the vaccine less than 6 months ago,
the former constituted 68 % and the latter 29%.

Several Western studies reported the attenuated
antibody response 6 months after receiving the 2nd
dose of the vaccine.”" On the contrary, our study found
that vaccine-induced immunity did not wane over time,
and therefore, anti-spike IgG Ab titers were not statis-
tically different in either group that received the 2nd
dose less than or more than 6 months ago, p-value =
0.849. Similarly, no significant differences were noted
across other variables such as gender, hypertension,
diabetes, the viral status of hepatitis C, and body mass
index (BMI).

The majority of study participants received inac-
tivated vaccines (Sinopharm or Sinovac) in this study
compared to the Western studies that measured the IgG
titers for mRNA or viral vector vaccines. The difference
in the vaccine types studied could be one likely expla-
nation as to why our study noticed steady levels of anti-
bodies. These results point to the need for conducting
experimental studies that compare the IgG antibody
titers for various vaccine types including inactivated,
mRNA, and viral-vector vaccines, and measure the
IgGtiters at 3, 6 & 9 months.

Our research revealed that HD recipients above
50 years of age developed significantly higher IgG
antibody titers (median=1696.5) compared to those
who were below 50 years (median=613.2), p-value =
0.008. It could be possible that the older study group
(>50years) had previously developed SARS-COV-2
infection and were already seropositive before being
enrolled in the study. Nonetheless, our findings are
contrary to Gustafson et al. who displayed a lower
protective capacity due to vaccine-induced antibodies
in older individuals. Previous research suggests that
older individuals are more likely to suffer from severe
COVID infections, therefore, they have elevated IgG
titers. This finding corroborates with Soytas Bai R et
who also noticed persistently higher [gG levels among

the older age group (> 60 years), secondary to SARS-
COV-2 infections. Several other research articles repor-
ted similar findings by explaining an association bet-
ween high IgG titers and the severity of COVID infec-

tions among older individuals.”**

Only minor side
effects were reported by the study participants such
as fatigue, headache, and pain at the injection site due
to the SARS-COV-2 vaccines. These findings were
supported by various other studies.

This research possesses several strengths and
limitations. One of the main strengths of this research
is the high response rate (96%) to various vaccine types
in a large cohort of dialysis patients from a single center.
Another strength is a detailed and thorough analysis
of the participants’ demographics and clinical comor-
bidities such as hypertension, and diabetes. It is impor-
tant to note that these factors are proven to be linked

with the compromised immune response™”

. Lastly,
given the diversity in patient demographics served at
JHL, this study's findings can be effectively generalized
to the rest of the Punjab province of Pakistan. Our study
has two limitations. First, we were unable to measure
the baseline IgG antibody levels before enrolling study
participants due to the limited resources, and therefore,
we could not differentiate the vaccine-induced or infec-
tion-vaccine-induced seropositivity. Second, we did not
perform a control or healthy group analysis to compare
the IgG levels in both healthy and HD patients.

CONCLUSIONS

Hemodialysis patients (HD) have experienced
significant consequences due to SARS-COV-2, inclu-
ding an elevated susceptibility to infection, poorer
patient outcomes, and greater death rates compared
to the overall populace. While several studies have
focused on measuring antibodies to multiple SARS-
CoV-2 antigens, IgG antibody response to SARS-
CoV-2 vaccination in hemodialysis patients has received
scant scholarly attention. We fill this knowledge gap
by examining the seropositivity of HD patients who
received at least two doses of various vaccines (Sino-
pharm, Sinovac, Pfizer and Moderna), and assessed
the variations in the anti-spike IgG levels in two different
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groups, those who received vaccine 6 months ago vs

those who received vaccine less than 6 months ago.

The medium and long term antibody response, irres-
pective of their prior SARS-COV-2 status, was found
to be excellent in maintenance hemodialysis patients

of Lahore, Pakistan.

REFERENCES

1.

10.

Zou R, Chen F, Chen D, Xu CL, Xiong F. Clinical
characteristics and outcome of hemodialysis patients
with SARS-COV-2: a large cohort study in a single
Chinese center. Renal failure. 2020;42(1):950-957.
doi:10.1080/0886022X.2020.1816179

Betjes MG. Immune cell dysfunction and inflammation
inend-stage renal disease. Nat Rev Nephrol. 2013; 9(5):
255-265.doi:10.1038/nrneph.2013.44

Ayub MA, Bacci MR, Fonseca FL, Chehter EZ. Hemo-
dialysis and hepatitis B vaccination: a challenge to
physicians. Int ] Gen Med. 2014;7:109-114. doi: 10.
2147/1JGM.S57254

Mastalerz-Migas A, Steciwko A, Brydak LB. Immune
response to influenza vaccine in hemodialysis patients
with chronic renal failure. Adv Exp Med Biol. 2013;
756:285-290. doi:10.1007/978-94-007-4549-0 35
Miskulin DC, Weiner DE, Tighiouart H, Lacson EK Jr,
Meyer KB, Dad T, Manley HJ. High-Dose Seasonal
Influenza Vaccine in Patients Undergoing Dialysis.
ClinJAm Soc Nephrol. 2018;13(11):1703-1711. doi:
10.2215/CJN.03390318

Richardson S, Hirsch JS, Narasimhan M, Crawford
JM, McGinn T, Davidson KW, the Northwell SARS-
COV-2 Research Consortium, Barnaby DP, Becker
LB, Chelico JD, Cohen SL, Cookingham J, Coppa K,
Diefenbach MA, Dominello AJ, Duer-Hefele J, Falzon
L, Gitlin J, Hajizadeh N, Harvin TG, et al. Presenting
Characteristics, Comorbidities, and Outcomes Among
5700 Patients Hospitalized With SARS-COV-2 in the
New York City Area. JAMA. 2020;323(20): 2052—
2059.doi:10.1001/jama.2020.6775

Peces R, de la Torre M, Alcazar R, Urra JM. Prospec-
tive analysis of the factors influencing the antibody
response to hepatitis B vaccine in hemodialysis patients.
AmJ Kidney Dis. 1997;29(2):239-245.

Buti M, Viladomiu L, Jardi R, et al. Long-term immuno-
genicity and efficacy of hepatitis B vaccine in hemo-
dialysis patients. Am J Nephrol. 1992; 12(3): 144—147.
Wilde B, Korth J, Jahn M, etal. SARS-COV-2 vacci-
nation in patients receiving dialysis. Nat Rev Nephrol.
2021;17:788-789.doi:10.1038/s41581-021-00499-z
Anand S, Montez-Rath ME, Han J, et al. Antibody

I1.

12.

13.

14.

15.

16.

17.

Response to SARS-COV-2 vaccination in Patients
Receiving Dialysis. Preprint. medRxiv. 2021. 05. 06.
21256768. Published 2021 May 12. doi:10.1101/2021.
05.06.21256768

Simon B, Rubey H, Treipl A, et al. Haemodialysis
patients show a highly diminished antibody response
after SARS-COV-2 mRNA vaccination compared
with healthy controls. Nephrol Dial Transplant. 2021;
36(9):1709-1716. doi:10.1093/ndt/gfab179

Anand S, Montez-Rath ME, Han J, et al. SARS-CoV-
2 Vaccine Antibody Response and Breakthrough
Infection in Patients Receiving Dialysis. Ann Intern
Med. 2022;175(3):371-378. doi:10.7326/M21-4176
Bassi J, Giannini O, Silacci-Fregni C, Pertusini L,
Hitz P, Terrot T, Franzosi Y, Muoio F, Saliba C, Meury M,
Dellota EA Jr, Dillen JR, Hernandez P, Czudnochowski
N, Cameroni E, Beria N, Ventresca M, Badellino A,
Lavorato-Hadjeres S, Lecchi E, ... Piccoli L. Poor neu-
tralization and rapid decay of antibodies to SARS-
CoV-2 variants in vaccinated dialysis patients. PLoS
One.2022;17(2):¢0263328.doi:10.1371/journal.pone.
0263328

Espi M, Charmetant X, Barba T, Mathieu C, Pelletier
C, Koppe L, Chalencon E, Kalbacher E, Mathias V,
Ovize A, Cart-Tanneur E, Bouz C, Pellegrina L, More-
lon E, Juillard L, Fouque D, Couchoud C, Thaunat O;
REIN Registry. A prospective observational study for
justification, safety, and efficacy of a third dose of
mRNA vaccine in patients receiving maintenance
hemodialysis. Kidney Int. 2022;101(2):390-402. doi:
10.1016/5.kint.2021.10.040

Marine Dekervel, Nicolas Henry, Massimo Torreggiani,
Lise-Marie Pouteau, Jean-Paul Imiela, Chloé¢ Mellaza,
Anne-Sophie Garnier, Amaury Dujardin, Marine Asfar,
Alexandra Ducancelle, Axelle Paquin, Sophie Blanchi,
Virginie Besson, Giorgina Barbara Piccoli, Jean-Fran-
cois Augusto. Humoral response to a third injection
of BNT162b2 vaccine in patients on maintenance
hemodialysis. Clin Kidney J. 2021;14(11):2349-2355.
doi:10.1093/ckj/sfab152

Verdier JF, Boyer S, Chalmin F, Jeribi A, Egasse C,
Maggi MF, Auvray P, Yalaoui T. Response to three
doses of the Pfizer/BioNTech BNT162b2 SARS-CoV-
2 vaccine: a retrospective study of a cohort of hemo-
dialysis patients in France. BMC Nephrol. 2022; 23(1):
189.doi:10.1186/s12882-022-02751-5

Grupper A, Sharon N, Finn T, Cohen R, Israel M,
Agbaria A, Rechavi Y, Schwartz IF, Schwartz D,
Lellouch Y, Shashar M. Humoral Response to the Pfizer
BNT162b2 Vaccine in Patients Undergoing Mainte-
nance Hemodialysis. CJASN. 2021;16(7):1037-1042.
doi:10.2215/CIN.03500321

116

Vol. 21 No. 2 April - June 2023 N0 (@



Sidra S. Cheema

18.

19.

20.

21.

22.

23.

Schrezenmeier E, Bergfeld L, Hillus D, Lippert JD,
Weber U, Tober-Lau P, Landgraf I, Schwarz T, Kappert
K, Stefanski AL, Sattler A, Kotsch K, Dérner T, Sander
LE, Budde K, Halleck F, Kurth F, Corman VM, Choi
M. Immunogenicity of SARS-COV-2 Tozinameran
Vaccination in Patients on Chronic Dialysis. Front
Immunol. 2021;12:690698. doi: 10.3389/ fimmu. 2021.
690698

Strengert M, Becker M, Ramos GM, Dulovic A, Gruber
J, Juengling J, Liirken K, Beigel A, Wrenger E, Lonne-
mann G, Cossmann A, Stankov MV, Dopfer-Jablonka
A, Kaiser PD, Traenkle B, Rothbauer U, Krause G,
Schneiderhan-Marra N, Behrens GMN. Cellular and
humoral immunogenicity of a SARS-CoV-2 mRNA
vaccine in patients on haemodialysis. EBioMedicine.
2021;70:103524.doi:10.1016/j.ebiom. 2021. 103524
Bai S, Dhrolia M, Qureshi H, Qureshi R, Nasir K,
AhmadA. Comparison of SARS-COV-2 Inactivated
Virus Vaccine Immunogenicity Between Healthy
Individuals and Patients on Hemodialysis: A Single-
Center Study From Pakistan. Cureus. 2022;14(4).
Meschi S, Matusali G, Colavita F, Lapa D, Bordi L,
Puro V, Leoni B, Galli C, Capobianchi M, Castilletti
C; on behalf of INMI SARS-CoV-2 laboratory and
investigation team. Predicting the protective humoral
response to a SARS-CoV-2 mRNA vaccine. Clin Chem
LabMed.2021;59(12):2010-2018.doi: 10. 1515/ cclm-
2021-0700

Seekircher L, Siller A, Astl M, Tschiderer L, Wachter
GA, Pfeifer B, Huber A, Gaber M, Schennach H, Willeit
P. Seroprevalence of Anti-SARS-CoV-2 IgG Anti-
bodies in Tyrol, Austria: Updated Analysis Involving
22,607 Blood Donors Covering the Period October
2021 to April 2022. Viruses. 2022;14(9):1877. doi:
10.3390/v14091877

Simon B, Rubey H, Treipl A, Gromann M, Hemedi B,
Zehetmayer S, Kirsch B. Haemodialysis patients

24.

25.

26.

27.

28.

29.

show a highly diminished antibody response after
SARS-COV-2 mRNA vaccination compared with
hea thy controls. Nephrol Dial Transplant. 2021; 36(9):
1709-1716. doi:10.1093/ndt/gfab179

Longlune N, Nogier MB, Miedougé M, Gabilan C,
Cartou C, Seigneuric B, Del Bello A, Marion O, Faguer
S, Izopet J, Kamar N. High immunogenicity of a
messenger RNA-based vaccine against SARS-CoV-2
in chronic dialysis patients. Nephrol Dial Transplant.
2021;36(9):1704-1709. doi:10.1093/ndt/gfab193
Peiyao R, Mengjie Y, Xiaogang S, Wenfang H, Danna
Z, Yuqun Z, Juan J, Qiang H. Immunogenicity and
safety of SARS-CoV-2 vaccine in hemodialysis patients:
A systematic review and meta-analysis. Front Public
Health. 2022;10:951096. doi: 10.3389/ fpubh. 2022.
951096

Bag Soytas R, Cengiz M, Islamoglu MS, Uysal BB,
Ikitimur H, Yavuzer H, Yavuzer S. Does the SARS-
CoV-2 seroconversion in older adults resemble the
young? J Med Virol. 2021;93(10):5777-5782. doi:
10.1002/jmv.27106

Garcia-Beltran WF, Lam EC, Astudillo MG, Yang D,
Miller TE, Feldman J, ... & Balazs AB. SARS-CoV-
2-neutralizing antibodies predict disease severity and
survival. Cell. 2021;184(2):476-488.

Benner SE, Patel EU, Laeyendecker O, Pekosz A,
Littlefield K, Eby Y, ... & Redd AD. SARS-CoV-2
antibody avidity responses in SARS-CoV-2 patients
and convalescent plasma donors. J Infect Dis. 2020;
222(12):1974-1984.

Zhu FC, Guan XH, Li YH, et al. Immunogenicity and
safety of a recombinant adenovirus type-5-vectored
SARS-CoV-2 vaccine in healthy adults aged 18 years
or older: a randomized, double-blind, placebo-con-
trolled, phase 2 trial. Lancet. 2020;396(10249):479-
488.

AJSNAIE8R Vol. 21 No. 2 April - June 2023

117



	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51

