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Background: Kidney transplant recipients (KTRs) commonly suffer from impaired immunity. KTRs’ compromised immune response
to COVID-19 vaccines indicates urgent revision of immunisation policies.

Methods: A cross-sectional study was conducted in Madinah, Saudi Arabia of 84 KTRs who had received at least one dose of
a COVID-19 vaccine. ELISA was used to evaluate anti-spike SARS-CoV-2 IgG and IgM antibody levels in blood samples obtained
one month and seven months after vaccination. Univariate and multivariate analyses were performed to identify associations between
seropositive status and factors such as the number of vaccine doses, transplant age, and immunosuppressive therapies.

Results: The mean age of KTRs was 44.3 + 14.7 years. The IgG antibody seropositivity rate (n=66, 78.5%) was significantly higher
than the seronegativity rate (n=18, 21.4%) in the whole cohort (p<0.001). In KTRs seroconverting after one month (n=66), anti-SARS-
CoV-2 IgG levels declined significantly between one month (median [IQR]:3 [3-3]) and seven months (2.4 [1.7-2.6]) after vaccination
(p<0.01). In KTRs with hypertension, IgG levels significantly decreased between one and seven months after vaccination (p<0.01).
IgG levels also decreased significantly in KTRs with a transplant of >10 years (p=0.02). Maintenance immunosuppressive regimens
(triple immunosuppressive therapy and steroid-based and antimetabolite-based regimens) led to a significant decrease in IgG levels
between the first and second sample (p<0.01). KTRs receiving three vaccine doses showed higher antibody levels than those receiving
a single dose or two doses, but the levels decreased significantly between one (median [IQR]: 3 [3-3]) and seven months (2.4 [1.9—
2.6]) after vaccination (p<0.01).

Conclusion: KTRs’ humoral response after SARS-CoV-2 vaccination is dramatically inhibited and wanes. Antibody levels show
a significant decline over time in KTRs with hypertension; receiving triple immunosuppressive therapy or steroid-based or anti-
metabolite-based regimens; receiving mixed mRNA and viral vector vaccines; and with a transplant of >10 years.
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Introduction

In late December 2019, Wuhan, China witnessed an outbreak of severe pneumonia. Its aetiology was identified as severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) which causes COVID-19 disease.! The symptoms of COVID-
19 disease range from mild upper respiratory tract symptoms to severe acute respiratory syndrome.> Over 671,314,131
confirmed cases and 6,730,278 deaths have been caused by SARS-CoV-2 worldwide (https://www.worldometers.info/

coronavirus/. Accessed on 15-01-2023).

The humoral response to SARS-CoV-2 was used to monitor stages of disease progression early in the pandemic.® The
IgM antibody can be detected from 3-6 days after the onset of symptoms and disappears after 12 weeks. The IgG
antibody appears 16 to 18 days after infection and its level gradually declines by the 14th week, but its presence has been

noted more than a year after infection.*>
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Solid organ transplant recipients are believed to be at greater risk of infection and development of COVID-19 because
of their proportionally higher frequency of underlying comorbidities, regular contact with medical support settings, and
the need for systemic immunosuppression.® Thus, they are more vulnerable to infection and disease complications.

Triple immunosuppressive therapy commonly comprises tacrolimus, mycophenolate mofetil, and prednisone. In
addition, azathioprine is used with some patients, including some in the present study, who cannot endure the gastro-
intestinal side effects of mycophenolate mofetil. Prednisone is a type of corticosteroid that inhibits nuclear factor B,
a transcription factor essential for the expression of some cytokines that are important for T-cell stimulation.
Mycophenolate mofetil is an antiproliferative drug specifically intended to inhibit T-cell proliferation. Tacrolimus and
cyclosporine are calcineurin inhibitors that block signal 1 and inhibit T-cell proliferation. Azathioprine is a purine
analogue that combines with cellular DNA and deters purine nucleotide synthesis and gene replication, in addition to
finally activating T-cells.” '® Furthermore, antimetabolites have been shown to worsen B-cell proliferation and formation
of plasmablasts.'’ They mechanistically inhibit IL-6-mediated STAT3 signalling, essential for plasma cell differentiation
and vital for their endurance and immunoglobulin secretion in bone marrow.'?

In this study, we aimed to investigate primarily the effect of immunosuppressive drugs on the persistence of COVID
19 vaccine-induced antibody of KTRs. Additionally, to find out other factors that could influence the antibody levels over
the time since vaccination.

We used the enzyme-linked immunosorbent assay (ELISA) to assess the durability of the anti-SARS-CoV-2 IgG and
IgM antibodies in KRTs by measuring antibodies against viral receptor-binding domain SARS-CoV-2 spike proteins one
month and seven months after vaccination.

Materials and Methods
Study Population

This study was conducted at a dialysis centre in Madinah, Saudi Arabia. Patients treated in this center include patients
with all kidney diseases such as transplants and those on dialysis. One hundred and three KTRs agreed to participate in
this study. We used a convenience sampling method to select patients. After exclusion of patients based on the criteria
described below, 84 patients were finally recruited for the study.

Inclusion and Exclusion Criteria
We included in this study only kidney transplant patients who had received at least one dose of a COVID-19 vaccine. We
excluded dialysis patients and/or patients that did not receive a transplant.

Sample and Blood Collection
On the follow-up date of each KTR, blood samples were collected and then transported to the Virology Research
Laboratory of the College of Applied Medical Sciences, Taibah University. Samples were centrifuged at 2500 rpm for 10
minutes within one hour of collection; serum was separated and kept at —20 °C until analysis.

We took two samples from the participants: one month and seven months after vaccination.

Enzyme-Linked Immunosorbent Assays

We evaluated the presence of anti-SARS-CoV-2 antibody in patients’ serum using IgG and IgM kits (BGI) according to
the manufacturer’s instructions. Positive, negative, and blank controls were included on each ELISA plate. The assay’s
specificity and sensitivity to IgG were 98.38% and 98.71%, respectively, and to IgM were 96.76% and 98.06%,
respectively (https://www.bgi.com/global/service/covid-19). In brief, serum samples diluted at a 1:100 ratio were
added to microtiter plates that were coated with SARS-CoV-2 S1/S2 viral antigens and then incubated at 37 °C for 30
minutes. After incubation was completed, the plates were washed and secondary anti-human IgG /IgM conjugated with

horseradish peroxidase was added. The plates were then incubated for 20 minutes at 37 °C, followed by washing and
addition of substrate. The substrate was incubated in the dark for 10 minutes and a stop solution was added. After colour
development was completed, optical density was measured at 450 nm. Cut off values of anti-SARS-CoV-2 antibodies
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were reported qualitatively as positive or negative according to the manufacturer’s instructions. Samples with values
above the cut off were reported as positive. Samples with values below the cut off were reported as negative and those
equal to the cut off were re-tested.

Ethical Approval

All KTRs were provided with information about the study before obtaining their informed consent to participate in this
study. The study was conducted according to the guidelines of the Declaration of Helsinki. The King Salman Medical
City Institutional Review Board (KSMC), National Registration Number with: H-03-M-11) reviewed and approved this
study (IRB Number: 22-010). KSMC is the official governmental ethics committee that authorized from the Ministry of
Health (MOH) to issue ethical approvals on humans. It is worth noting that there are just two sources of kidney donation
in Saudi Arabia. One, from living kidney donation and the second, from deceased kidney donation. Moreover, all the
donated kidneys were obtained with full informed consent from the donors or next of kin, if the donors were deceased.
Lastly, all donors donated their kidneys with a free well.

Statistical Analysis

Descriptive analyses were performed to describe the demographic and clinical data of KTRs. Categorical data are
presented as percentages and were compared using Fisher’s exact test due to small sample sizes. Data for continuous
variables were evaluated for normality using the Shapiro—Wilk test. Normally distributed data are presented as means
(with standard deviations) and were compared using the 7-test. Non-normally distributed data are presented as medians
(with interquartile ranges) and were compared using the Mann—Whitney U (Wilcoxon rank-sum) test. Paired data, such
as IgG levels, for patients’ samples obtained one month and seven months after vaccination were compared using the
Wilcoxon signed-rank test. Univariate and multivariate regression analyses were performed to examine the associations
between predictor (independent) variables and outcome (dependent) variables. Logistic regression analyses were
performed with categorical outcome (dependent) variables, such as seropositivity, and linear regression analyses were
performed with continuous outcome (dependent) variables, such as IgG levels. Spearman correlation test was used to
demonstrate the associations between continuous variables. Statistical analyses were performed using Stata 15.1 (Stata
Corp LLC, Texas, USA).

Results

Characteristics of Kidney Transplant Recipients After COVID-19 Vaccination

Of the 103 KTRs enrolled in this study between 15 January 2022 and 28 October 2022, 84 fulfilling the criterion of
receiving at least one dose of a SARS-CoV-2 vaccine were eventually recruited. The characteristics of the KTRs were
compared between those with seropositive and those with seronegative IgG levels one month after COVID-19 vaccina-
tion (Table 1). All the of patients who recruited at the current study were on haemodialysis before the transplantation.
Additionally, all of them had their transplant from living donors. The seroconversion status one month after vaccination
of participants receiving only one dose, two doses or three doses of a vaccine are shown in Table 1. The IgG antibody
seropositivity rate (n = 66, 78.5%) was significantly higher than the seronegativity rate (n=18, 21.4; p<0.001). The
KTRs’ mean age was 44.3 = 14.7 (mean = SD) years.

Age did not differ significantly between those with seropositive and those with seronegative status (p=0.53). In
addition, no significant differences were found in the aetiology of renal failure (diabetes mellitus [DM], hypertension,
congenital/inherited diseases, glomerular disease, and unknown aetiology) between KTRs with positive serostatus for
anti-SARS-CoV-2 IgG antibody and those with negative status. The IgG antibody serostatus (seropositive vs seronega-
tive) of participants who received one vaccine dose (n=3, 0 vs.3), those who received two doses (n=44, 34 vs.10), and
those who received three doses (n=37, 32 vs.5) differed significantly (p<0.01). Moreover, no significant differences were
observed in the biochemical markers creatinine, albumin, haemoglobin, and glucose (random) between KTRs with
positive serostatus and those with negative serostatus. We further investigated the associations between seropositivity
status and transplant age and immunosuppressive therapies (triple immunosuppressant, steroid-based regimen, and
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Table | Characteristics of Kidney Transplant Recipients After COVID-19 Vaccination

Total Seropositive Seronegative p-value

Number (%) 84 66 (78.5) 18 (21.4) <0.001
Age (years, mean t SD) 443 + 147 448 + 149 423 £ 145 0.53
Sex (female, n [%]) 24 (28.6) 19 (28.8) 5(27.8) >0.99
Nationality (Saudi, n [%]) 78 (92.9) 61 (92.4) 17 (94.4) >0.99
Etiology of renal failure

DM (n [%]) 23 (27.4) 19 (28.8) 4 (22.2) 0.77

HTN (n [%]) 22 (26.2) 17 (25.8) 5(27.8) >0.99

Congenital / inherited diseases (n [%]) 18 (21.4) 16 (24.4) 2 (11.1) 0.34

Glomerular disease (n [%]) 5(6) 3 (4.5) 2 (11.1) 0.29

Unknown (n [%]) 16 (19) Il (16.7) 5 (27.8) 0.32
Comorbidities

DM (n [%]) 23 (27.4) 19 (28.8) 4 (22.2) 0.77

HTN (n [%]) 44 (524) 36 (54.5) 8 (44.4) 0.60

Obesity (n [%]) 5 (6) 4 (6.1) I (5.6) >0.99

IHD (n [%]) 8 (9.5) 7 (10.6) I (5.6) >0.99
Kidney transplant age categories

<5 years old (n [%]) 26 (30.1) 20 (30.3) 6 (33.3) >0.99

5-10 years old (n [%]) 33 (39.3) 26 (39.4) 7 (38.9)

>10 years old (n [%]) 25 (29.8) 20 (30.3) 5(27.8)

Fresh kidney transplant (<l year) (n [%]) 6 (7.1) 4 (6.1) 2 (I1.1) 0.60

Transplant age, years (median [IQR] 8 (4-11) 8 (4-11) 7.5 (4-15) 091
Maintenance immunosuppression

Triple immunosuppressant (n [%]) 71 (84.5) 56 (84.8) 15 (83.3) >0.99

Steroid-based regimen (n [%]) 76 (90.5) 60 (90.1) 16 (88.9) 0.68

Antimetabolite-based regimen (n [%]) 79 (94) 62 (93.9) 17 (94.4) >0.99
Blood chemistries

Creatinine, umol/L (median [IQR]) 96 (82—-113.5) 93.5 (82-112) 100 (81-137) 0.41

Albumin, g/L (median [IQR]) 39 (3641) 39 (36—41) 39 (36—41) 0.94

Hemoglobin, g/dl (median [IQR]) 13 (12.3-14) 13.1 (12.1-13.8) 13 (12.6-14.4) 0.66

Glucose (random), mmol/L (median [IQR]) 5.4 (5-6.4) 5.6 (5-6.6) 5.3 (5-5.7) 0.16
COVID-19 vaccination doses

One dose (n [%]) 3 (3.6) 0 3 (100) <0.01

Two doses (n [%]) 44 (52.3) 34 (51.5) 10 (55.6)

Three doses (n [%]) 37 (44) 32 (48.5) 5(27.8)

(Continued)
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Table | (Continued).

Total Seropositive Seronegative p-value
Type of COVID-19 vaccine
All mRNA vaccines (n [%]) 59 (70.2) 49 (74.2) 10 (55.6) 0.15
All viral vector vaccines (n [%]) 7 (8.3) 3 (4.6) 4 (22.2) 0.04
Mix of mMRNA and viral vector vaccines (n [%]) 18 (21.4) 14 (21.2) 4 (22.2) >0.99

Abbreviations: COVID-19, coronavirus disease of 2019; DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; IQR, interquartile range; mRNA,
messenger ribonucleic acid; SD, standard deviation.

Table 2 Factors Associated with Antibody Seropositivity in Kidney Transplant Recipients After COVID-19 Vaccination

Univariate Multivariate
OR 95% CI p-value OR 95% CI p-value
Age 1.01 0.98 1.05 0.52
Transplant age 0.99 0.90 1.07 0.73
Triple immunosuppressants 1.12 0.27 4.59 0.88
Steroid-based regimen 1.25 0.23 6.79 0.80
Antimetabolite-based regimen 0.91 0.10 8.70 0.94
Recent COVID-19 infection 2.78 0.58 13.34 0.20
Number of vaccine doses 3.52 1.25 9.94 0.02 3.23 I.11 9.38 0.03
All mRNA vaccines 2.31 0.78 6.80 0.13
All viral vector vaccines 0.17 0.03 0.83 0.03 0.20 0.04 1.08 0.06
Mix vaccine types 0.94 0.27 332 0.93

Abbreviations: Cl, confidence interval; OR, odds ratio.

antimetabolite-based regimen). No associations were found between anti-SARS-CoV-2 IgG seropositivity status and
these factors (Table 2).

Analysis of SARS-CoV-2 IgG Antibody Levels One Month and Seven Months After

COVID-19 Vaccination in KRTs and Subgroups Based on Risk Factors
To monitor the durability of anti-SARS-CoV-2 IgG antibody levels in KTRs, we further analysed seropositive individuals
one month and seven months after vaccination. We excluded individuals who appeared seronegative for anti-SARS-CoV
-2 IgG antibody after one month and then seroconverted to positive after seven months. Eighteen patients were
seronegative for anti-SARS-CoV-2 IgG one month after vaccination and became seropositive for anti-SARS-CoV-2
IgG and IgM antibodies after seven months Table 3. It is important to note that none of the participants received any
vaccination or were hospitalised between the first and second samples. Therefore, we tested the association between anti-
SARS-CoV-2 IgG and IgM antibodies using paired samples after seven months (Figure 1) and found a significant
positive correlation (rho=0.28, p=0.02). Consequently, those who seroconverted were most likely infected, as they
appeared to be positive for SARS-CoV-2 IgM antibody.

Moreover, KTRs receiving three vaccine doses showed significantly decreased levels of anti-SARS-CoV-2 IgG
between one month (median:3; IQR: 3-3) and seven months (median: 2.4; IQR: 1.9-2.6) after vaccination (p<0.01).
Although the KRTs maintained a higher level of anti-SARS-CoV-2 IgG, they still showed a significant loss in vaccine-
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Table 3 Factors Associated with the Differences Between IgG Antibody Levels at One- and Seven-Months Post Vaccination

in Patients Who Showed Seropositivity at One-Month Post Vaccination

Total IgG Levels Post-Vaccination Median p-value
[IQR]
One Month Seven Months

Overall 66 3(3-3) 2.4 (1.7-2.6) <0.01
Sex (female, n [%]) 19 (28.8) 3(3-3) 2.5 (1.8-2.6) 0.09
Nationality (Saudi, n [%]) 61 (92.4) 3(3-3) 2.3 (1.8-2.6) <0.01
Etiology of renal failure

DM (n [%]) 19 (28.8) 3 (0.8-3) 2.5 (1.3-2.7) 0.39

HTN (n [%]) 17 (25.8) 3(3-3) 2.2 (1.4-2.6) <0.01

Congenital / inherited diseases (n [%]) 16 (24.2) 3 (2.7-3) 2.3 (1.9-2.6) 0.09

Glomerular disease (n [%]) 3 (4.6) 3 (0.4-3) 2.5 (2.3-2.6) >0.99

Unknown (n [%]) I (16.7) 3(3-3) 2.3 (1.9-2.6) 0.21
Comorbidities

DM (n [%]) 19 (28.8) 3 (0.8-3) 2.5 (1.3-2.7) 0.37

HTN (n [%]) 36 (54.6) 3(3-3) 2.5 (1.9-2.6) <0.01

Obesity (n [%]) 4 (6) 2.9 (1.8-3) 2.5 (1.2-2.6) 0.46

IHD (n [%]) 7 (10.6) 3(2-3) 2.5 (2.3-27) 0.6l
Kidney transplant age categories

<5 years old (n [%]) 20 (30.3) 3(3-3) 2.4 (2.1-2.6) 0.08

5-10 years old (n [%]) 26 (39.4) 3 (24-3) 2.5 (2.2-2.6) 0.08

>10 years old (n [%]) 20 (30) 3(3-3) 2 (1.2-2.5) 0.02

Fresh kidney transplant (<I year) (n [%]) 4 (6) 1.7 (0.3-3) 22 (2.1-2.4) 0.47
Maintenance immunosuppression

Triple immunosuppressants (n [%]) 56 (84.8) 3(3-3) 2.4 (1.6-2.6) <0.01

Steroid-based regimen (n [%]) 60 (90.9) 3(3-3) 2.3 (1.7-2.6) <0.01

Antimetabolite-based regimen (n [%]) 62 (93.9) 3(3-3) 2.4 (1.7-2.6) <0.01
COVID-19 vaccination doses

One dose (n [%]) 0 - - -

Two doses (n [%]) 34 (51.5) 3(1-3) 2.4 (1.6-2.6) 0.13

Three doses (n [%]) 32 (48.5) 3(3-3) 2.4 (1.9-2.6) <0.01
Type of COVID-19 vaccine

All mRNA vaccines (n [%]) 49 (74.2) 3 (24-3) 2.3 (1.7-2.6) 0.02

All viral vector vaccines (n [%]) 3 (4.6) 3(3-3) 1.7 (0.5-3) 0.17

Mix of mMRNA and viral vector vaccines (n [%]) 14 (21.2) 3 (3-3) 2.5 (22-25) 0.0l

Abbreviations: COVID-19, coronavirus disease of 2019; DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; IQR, interquartile range;

mRNA, messenger ribonucleic acid; SD, standard deviation.
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Figure | Correlation between IgG and IgM antibody levels at six months after vaccination.

induced antibodies over time. Furthermore, we performed datapoints for IgG levels at one and six months post
vaccination to show the decline in IgG antibody levels of each patients (Figure 2). Additionally, we found no correlation
between antibody levels after one and seven months post vaccination (data not shown).

3.00

2.00

1.50

1.00

0.00 ’ o
IgG at 1 month IgG at 6 months

Figure 2 Display of individual kidney transplant patients datapoints for IgG levels at |- and 6-months post vaccination. Each line represents an individual patient.
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We found that in patients with hypertension as a major cause of renal failure, anti-SARS-CoV-2 IgG significantly
decreased when the levels at one month and seven months after vaccination were compared (p<0.01). No significant
differences were found in anti-SARS-CoV-2 IgG between the two samples for those with DM, congenital/inherited
diseases, or glomerular disease, or those with an unknown aetiology.

We found a significant decrease in anti-SARS-CoV-2 IgG levels between the first and second samples in KTRs
who had had a transplant for more than 10 years (p=0.02). In contrast, those with a kidney transplant of <1 year,
of <5 years or of 5-10 years showed no significant decrease in anti-SARS-CoV-2 IgG levels between the first
and second sample (p=0.47, p=0.08 or p=0.08, respectively). In addition, we found that all maintenance
immunosuppressive regimens, ie triple immunosuppressive therapy, steroid-based regimen and antimetabolite-
based regimen, were associated with a significant decrease in anti-SARS-CoV-2 IgG levels between the first
and second sample (p<0.01).

Interestingly, we found that those receiving homogenous all mRNA vaccines or heterogeneous mRNA and viral vector
vaccines showed significantly decreased levels of anti-SARS-CoV-2 IgG between the first (median [IQR]: 3 [2.4-3] and 3
[3-3], respectively) and second (median (IQR): 2.3 [1.7-2.6] and 2.5 [2.2-2.5], respectively) samples (p=0.02 and p=0.01,
respectively), whereas those receiving homogenous all viral vector vaccines showed no significant differences in anti-SARS
-CoV-2 IgG levels between the two samples (p=0.17). However, they showed a high decline in antibody levels seven
months after vaccination compared to one month after vaccination. Additionally, linear regression analysis showed that
there were no significant differences between IgG antibody levels at one and six-months post vaccination in patients who
were seropositive at one-month post vaccination in association with the different factors (Table 4).

Table 4 Linear Regression Analysis Showing the Factors Associated with the Difference
Between IgG Antibody Level at One- and Six-Months Post Vaccination in Kidney Transplant
Recipients Who Demonstrated Seropositivity at One-Month Post Vaccination

Coefficient 95% CI p-value

Number of vaccine doses

2 doses Reference

3 doses 0.25 —-0.39 0.88 0.44
Kidney transplant age categories

<5 years Reference

5-10 years —0.16 —-0.92 0.6l 0.68

>10 years 0.31 —0.51 1.12 0.45
Type of COVID-19 vaccine

All mRNA vaccines Reference

All viral vector vaccines 0.04 -0.75 0.82 0.92

Mix types 0.87 -0.77 2.52 0.29
Maintenance immunosuppression (binary predictor variables)

Triple immunosuppressants 0.13 -0.76 1.01 0.78

Steroid-based regimen 0.19 —-0.92 1.30 0.73

Antimetabolite-based regimen 0.0l —1.33 1.34 0.99

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease of 2019; mRNA, messenger ribonucleic acid.
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Discussion

SARS-CoV-2 infection is associated with increased morbidity and mortality of solid organ transplant recipients. COVID-
19 vaccines are a valuable approach to controlling the pandemic.'*'* The vaccines’ immunogenicity has been well
demonstrated in the general population.'> However, recent investigations have shown a lesser immune response in
transplant recipients, but the findings vary widely between studies.'®!” Thus, it is essential to perform further investiga-
tions to determine the patterns of COVID-19 vaccine immunogenicity in these patient populations.

While both viral vector-based and mRNA vaccines provoke strong anti-spike IgG antibodies that deliver more than
94% protection against severe COVID-19 in the general population, several investigations have shown that only 4-48%
of KTRs have measurable anti-spike IgG antibodies after receiving two vaccine doses. Consequently, vaccinated KTRs
tend to succumb to severe COVID-19 infections.'®

The efficiency ratios of COVID-19 vaccines have not been investigated exclusively for KTRs in Saudi Arabia. The
COVID-19 pandemic has had notable effects on health services worldwide and has interrupted nearly all clinical settings,
including those involving organ donation and transplantation, with intensive-care services experiencing tremendous
pressures caused by increased COVID-19 admissions.' >

This study shows significantly higher IgG antibody seropositivity rates than seronegativity rates in participants. Our
finding is similar to that of another study showing seroconversion in KTRs with increased antibody titres after a second
dose of a COVID-19 vaccine.?' In contrast, other studies assessing vaccination of KTRs have shown poor immunological
responses. They found a seropositivity rate of only 22% after the first and the second dose.’>** Several factors could
influence the discrepancies between studies: sample size and genetic differences between the populations studied; the
sensitivity of the assays used; and other unknown factors. Therefore, we cannot generalize our findings to all KTRs who
have received vaccines. Thus, multiple studies of different populations and different geographical territories are needed
on a global scale to obtain conclusive data and develop guidelines for healthcare policy makers.

Our study shows significant differences between KTR vaccinees receiving different numbers of vaccine doses. Those
receiving three vaccine doses showed the highest IgG antibody seropositivity rate compared to those receiving one or two
doses. In addition, those receiving two doses had a higher IgG antibody seropositivity rate than those receiving only a single
dose. Therefore, these results suggest a dose-dependent response. Our finding supports the results of a previous study that
investigated the effect of the third dose of SARS-Cov-2 vaccine on KTRs and showed considerable improvement in
vaccine-derived antibody levels. The study found that IgG antibody seropositivity increased from 4% after the first dose to
40% after the second dose and to 68% after the third dose.** Another study of solid organ transplant recipients found that
the humoral immunogenicity rate increased from 49% to 77% following the third COVID-19 vaccine dose.”> These
findings reflect the critical need for booster doses in this special population to ensure protection from infection and
prevention of severe complications from the disease Another study of KTRs suggests that SARS-CoV-2 mRNA vaccines
are safe and are not associated with significant alloimmune threats or deterioration in allograft function.*®

We narrowed our investigation to focus more on KTRs showing seroconversion and immunogenicity following
vaccination. We further analysed only individuals seroconverting one month after vaccination and excluded those
seroconverting seven months after vaccination. We found 18 patients seronegative for anti-SARS-CoV-2 IgG one
month after vaccination but who became seropositive for anti-SARS-CoV-2 IgG and IgM antibodies after seven months.
We investigated the relationship between anti-SARS-CoV-2 IgG and IgM antibodies seven months after vaccination and
found a significant positive correlation between the two antibody classes. This suggests that the vaccine nonresponders
testing negative after one month and then seroconverting were most likely infected before the second sample was
obtained, as they appeared positive for the SARS-CoV-2 IgM antibody. Furthermore, none of the participants were
hospitalised during the study. Many studies have shown that the vast majority of people infected with SARS-CoV-2 are
asymptomatic.”’ > Therefore, we omitted the KTRs who might have been infected after the first sample was obtained
and further investigated the other KTRs for the durability of COVID-19 vaccine immunogenicity by considering the
associations between antibody titres and multiple factors. We found a significant decline in anti-SARS-CoV-2 IgG levels
in the comparison of paired serum samples obtained one month and seven months after vaccination (p<0.01). Although
the KRTs maintained higher anti-SARS-CoV-2 IgG levels, they still showed a significant loss of vaccine-induced
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antibodies over time. Our result matches those of other investigations that showed waning humoral immunity in KTRs
after vaccination.>* > Therefore, the recommendation for booster vaccine doses for KTRs is of high importance,®®>®
especially since vaccination is associated with decreased risk of SARS-CoV-2 infection in KTRs.>

Many end-stage renal disease cases are attributed to hypertension, making it a major cause of renal failure.**** In this
study, we found that KTRs with a history of hypertension showed significantly reduced levels of anti-SARS-CoV-2 IgG
in the comparison of samples obtained one month and seven months after vaccination (p<0.01). Previous studies have
also found that patients with high blood pressure and a history of hypertension have considerably poorer antibody titres
following COVID-19 vaccination.***

We investigated the association between anti-SARS-CoV-2 IgG levels and kidney transplant age. We found
a significant decrease in antibody levels between the first and second samples in KTRs who received a transplant
more than 10 years ago. In contrast, those with a kidney transplant of <1 year, of <5 years or of 5-10 years showed no
significant decrease in anti-SARS-CoV-2 IgG levels between the first and second sample; however, lower antibody levels
were observed after seven months. A previous study also found that kidney transplantation duration was negatively
correlated with the level of anti-SARS-CoV-2 IgG.*

Moreover, we found that maintenance immunosuppressive regimens, ie triple immunosuppressive therapy, steroid-
based regimen and antimetabolite-based regimen, all led to significant decreases in anti-SARS-CoV-2 IgG levels seven
months after vaccination. It is worth noting that antimetabolites have been shown to worsen B-cell proliferation and
formation of plasmablasts.'' They mechanistically inhibit IL-6-mediated STAT3 signalling, a requirement for plasma cell
differentiation and vital for their endurance and immunoglobulin secretion in bone marrow.'? In contrast, corticosteroids
and IL-6 inhibitors, like tocilizumab, might be able to decrease mortality and prevent mechanical ventilation of patients
with COVID-19. As experimental investigations have contradictory outcomes, the probability of bias is high.*’

We also investigated the differences between KTRs receiving different numbers of vaccine doses. KTRs receiving
three vaccine doses showed a significant decrease in anti-SARS-CoV-2 IgG after seven months; nonetheless, they
retained higher levels of the antibody compared those receiving a single dose or two doses. Previous studies evaluating
humoral and cellular responses to a third mRNA vaccine dose found a higher seropositivity rate compared to the rates for
a single dose or double doses.***’

Several previous studies have observed that heterologous vaccines are better at elite antibody production than
homologous vaccines in both the general population and KTRs.** %2 Interestingly, we found that KTRs receiving
homologous mRNA vaccines and heterologous mRNA and viral vector vaccines maintained significantly higher levels of
anti-SARS-CoV-2 IgG when the first and second samples were compared. However, KTRs receiving homologous all
viral vector vaccines showed no significant differences in the anti-SARS-CoV-2 IgG levels between the two samples. In
contrast, a previous study found that heterologous vaccination schemes with a vector-based vaccine were not significantly
better than the homologous mRNA-based strategy.”> However, the previous study did not compare serostatus at different
time points in the same group, but its comparisons were between two different groups of vaccinees and between vector-
based vaccines and mRNA-based vaccines.

To the best of our knowledge, our study is the first in Saudi Arabia to evaluate the humoral response following
administration of SARS-CoV-2 vaccines in a cohort of KTRs by measuring their anti-SARS-CoV-2 IgG levels. The findings
of this study indicate that the humoral response after SARS-CoV-2 vaccination is strongly inhibited in KTRs; hypertensive
KTRs; those treated with triple immunosuppressants, steroid-based regimen, or antimetabolite-based regimen; those
receiving mRNA or mixed mRNA and viral vector vaccines; and those with a kidney transplant vintage of >10 years.

Our study confirmed that receiving a third vaccine dose improves the humoral response of KTRs and leads to higher levels
of IgG antibody, although a significant decrease is observed seven months after vaccination. Assessment of cell-mediated
immunity is essential to carefully measure the elevation in vaccine immunogenicity. KTRs are recommended to get the full
vaccine doses as we found that the highest antibody levels were in the group administered three doses, a significant difference
from the group receiving a single dose or double doses. Moreover, KTRs under maintenance immunosuppressive therapy are
advised to receive the booster vaccine due to the waning of their humoral immunity over time.
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