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Abstract: Background and Objectives: The prospective study was conducted to evaluate humoral and
cellular immune responses after two doses of BNT162b2 (Pfizer-BioNTech) vaccine and possible
relation with other factors (medication, etc.) in kidney transplant patients. Materials and Methods: Out
of 167 vaccinated patients, 136 agreed to a follow-up visit three to six weeks after vaccination. Results:
Only 39 patients (29%) developed antibody response against SARS-CoV-2 (>35.2 binding antibody
units (BAU)/mL) after full vaccination. Multivariate binary logistic regression analysis showed
that predictive factors for good antibody response to the COVID-19 vaccine were better kidney
function, higher hemoglobin level, and no use of mycophenolate mofetil for immunosuppression.
For seropositive kidney transplant patients there was a significant negative correlation between anti-
SARS-CoV-2 antibody titer and CD4/CDB8 ratio (Spearman’s correlation coefficient —0.4, p = 0.02),
percentage of CD19+ cells (r = —0.37, p = 0.02), and a positive correlation with percentage of CD8+
cells (r = 0.4, p = 0.01). There was an increase of total leucocyte count after vaccination in the
total studied population, and in the group of responders. Conclusions: Only one third of kidney
transplant patients develop sufficient antibody responses after full COVID-19 vaccination with
Pfizer-BioNTech. Better kidney function, higher hemoglobin level, and no use of mycophenolate
mofetil for immunosuppression increases the adequacy of response. The antibody titers correlated
positively with relative number of CD8+ cells and negatively with CD4/CDS8 ratio in responders.

Keywords: COVID-19; vaccination; response; kidney transplantation

1. Introduction

Chronic kidney disease (CKD) patients have been significantly impacted during the
coronavirus disease of 2019 (COVID-19) pandemic, resulting in a substantial decrease
in transplant activity, an increased risk of COVID-19 disease, hospitalization and mor-
tality [1-4]. Patients with CKD have higher prevalence of other chronic diseases such
as hypertension, diabetes and cardiovascular disease, and these comorbidities increase
the risk of severity of COVID-19 infection [5,6]. The mortality rate related to COVID-19
infection was unusually high among kidney transplant patients and reached 20-28% as
compared with 1-5% in the general population [7-10]. Vaccination is the most important
way to prevent infection. Nephrology societies around the world have recommended
prompt, urgent vaccination of CKD patients [11,12]. Inmunocompromised patients such
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as CKD, dialyzed and kidney transplant recipients are one of the most vulnerable groups
in the population, are a priority in terms of receiving the COVID-19 vaccination [13,14].
Different vaccines received emergency use authorization by agencies around the globe.
The reported efficacy ranged from 50.4% for an inactivated vaccine candidate to 91.6%,
94.1% and 95% for Gam-COVID-Vac, mRNA-1273 and BN162b2. Exclusion criteria in
these vaccine studies included the chronic use of immunosuppressive therapy and thus no
data on efficacy in kidney transplant patients were available before vaccination [15]. From
the earlier studies we know that CKD patients may have a reduced response to vaccines.
Seroconversion induced by the hepatitis B virus (HBV) vaccine in patients with CKD is sig-
nificantly lower than those in the general population [16-18]. Studies in transplant patients
with immunosuppression also demonstrates an attenuated response to vaccination [19-21].

The BNT162b2 (Pfizer-BioNTech) vaccine was the first available COVID-19 vaccine in
Lithuania during this pandemia, and organ transplant recipients had vaccination priority.
Kidney transplant recipients followed in our transplant center of the Hospital of the
Lithuanian University of Health Sciences were able to receive full vaccination during
January-February 2021. The aim of our study was to evaluate humoral and cellular
immune responses after two doses of BNT162b2 (Pfizer-BioNTech) vaccine and possible
relation with other factors (medication, etc.) in kidney transplant patients.

2. Materials and Methods

The prospective study was conducted for evaluation of the response to vaccination
against SARS-CoV-2 in patients after renal transplantation in the Hospital of Lithuanian
University for Health Sciences, Kauno klinikos. The study was approved by the Regional
Bioethical Committee (5 February 2021 Nr. BE-2-43).

Out of 317 patients, followed in our center, 167 were vaccinated with two doses of
BNT162b2 (Pfizer-BioNTech) SARS-CoV-2 mRNA vaccine with an interval of 21 days
as recommended by the manufacturer. Vaccination was recommended not earlier than
three months after kidney transplantation. 136 patients agreed to participate in the study
and signed written informed consent, and they came for a follow-up visit three to six
weeks after vaccination (mean time 35 £ 11.5 days). None of these subjects had COVID-19
previously. Data about comorbid conditions and medications used were collected from
their medical records. Anamnesis of angina pectoris, myocardial infarction, and stroke was
counted as cardiovascular events. Levels of creatinine, estimated glomerular filtration rate
(eGFR, calculated by CKD-EPI formula), hemoglobin (Hb), albumin, C-reactive protein,
parathyroid hormone (PTH), and vitamin D were evaluated as routine measurements
before and after vaccination. Blood samples were taken for evaluation of anti-SARS-
CoV-2 antibodies, lymphocyte subpopulations, and immunoglobulin (Ig)-G, M, A three
to six weeks after vaccination. We continued follow-up for allograft rejection reactions
after vaccination.

2.1. Measurement of SARS-CoV-2-Specific Antibodies

Anti-SARS-CoV-2 antibodies were evaluated using QuantiVac ELISA assay (Euroim-
mun), which provides quantitative in vitro determination of human antibodies of the IgG
class against SARS-CoV-2 spike proteins in serum, according to the manufacturer’s rec-
ommendations. Values were given in BAU/mL (BAU—binding antibody units). A result
>35.2 BAU/mL was interpreted as a seropositive.

2.2. Evaluation of Lymphocyte Subpopulations

Quantification of lymphocyte subpopulations in blood was performed by flow cytom-
etry (BD FACSLyric™, BD Biosciences, San Diego, CA, USA). After blood incubation with
a monoclonal antibodies mix (BD Multitest™ 6-color TBNK reagent, BD Biosciences, San
Diego, CA, USA) and erythrocytes lysis, prepared samples were acquired and analyzed
on the BD FACSLyric system with BD FACSuite Clinical software (BD Biosciences, San
Diego, CA, USA). During data analysis, the lymphocyte region was gated and the absolute
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numbers (cells/L) of lymphocyte subpopulations in the sample were determined. T, B and
NK cells were characterized by expression of CD3, CD4, CD8, CD19 and CD16/56.

2.3. Statistical Methods

Statistical analysis was performed using SPSS 22.0 (Statistical Package for Social Science
22 for Windows). Continuous variables have been described as mean with standard deviation
or median, according to data distribution. Parameter distribution was assessed using the
Kolmogorov-Smirnov test. According to the level of antibodies against SARS-CoV-2 spike
proteins, patients were divided into a seropositive group (anti-SARS-CoV-2 > 35.2 BAU/mL),
and a seronegative group (anti-SARS-CoV-2 < 35.2 BAU/mL). For comparison of seropositive
and seronegative patients’ results, groups were analyzed by means of an independent
t-test or the Mann-Whitney U test. Categorical variables have been described as absolute
frequencies and percentages and analyzed by Fisher’s Exact test. Bivariate correlations of
antibody titers with other variables were tested calculating Spearman’s coefficient. The
significant variables that were found in univariate analysis were included into a binary
logistic regression model for the risk of seronegativity. Changes in the variables before and
after vaccination were assessed by paired t test and Wilcoxon signed-rank test for related
samples. p < 0.05 was considered statistically significant for all analyses.

3. Results

The median age of studied patients was 55 (21-82) years: 88 (62.4%) men,
53 (37.6%) women.

Results of laboratory tests of kidney transplant patients before and after full vaccina-
tion against COVID-19 are summarized in Table 1.

Table 1. Results of laboratory tests of kidney transplant patients before and after full vaccination
against COVID-19.

Before Vaccination After Vaccination
Laboratory Test Mean (Standard Mean (Standard 4
Deviation) Deviation)
eGFR * (CKD-EPI, mL/min/1.73 m?) 53.2 (s =20) 51.3 (s =21) 0.007
C-reactive protein (mg/L) 5.3 (s=1.3) 5.7 (s =3.3) 0.1
Serum albumin (g/L) 38 (s =4.7) 41 (s =3.3) <0.001
Hemoglobin (mg/L) 135 (s =15.4) 136 (s = 14) 0.07
Leucocyte count (x 10°/L) 73 (s=2.2) 8.3 (s=5.2) 0.02
Lymphocyte count (x10° /L) 20(s=27) 21(2.2) 0.6
Vitamin D level (nmol/L) 62.5 (s = 26.6) 66.7 (s = 28.3) 0.06

*—estimated glomerular filtration rate (eGFR).

Although there are statistically significant differences between eGFR, serum albumin
before and after vaccination, these differences are not clinically significant. Differences in
leucocyte and lymphocyte count obtained from SARS-CoV-2 seropositive and seronegative
groups were studied in more detail.

Only 39 patients (29%) with kidney transplant developed an antibody response against
SARS-CoV-2 (>35.2 BAU/mL) after full vaccination against COVID-19.

Two groups of patients—with positive and negative antibody response—were com-
pared according to the possible predictive factors (Table 2).
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Table 2. Comparison of evaluated demographic and routine laboratory results in SARS-CoV-2 seropositive and seronegative

groups with kidney transplant.

SARS-CoV-2 SARS-CoV-2
Seronegative Seropositive
(n=97) (n =39) |2
Median Median
Mean (s) (Min-Max) Mean (s) (Min-Max)
Age, years 53 (13) 55 (25-74) 52 (14) 55 (21-82) 0.6
Years after transplantation 6.1 (4.6) 5.5 (0.3-20.7) 7.4 (5.1) 5.8 (0.9-21.8) 0.2
Creatinine before vaccination (mcmol/L) 145 (63) 123 (68—446) 116 (45) 110 (51-246) 0.004
eGFR * before vaccination (mL/min/1.73 m?2) 49 (18) 50 (15-102) 64 (22) 59 (23-117) <0.001
Hemoglobin before vaccination (g/L) 132 (15) 132 (84-185) 142 (14) 141 (114-176) <0.001
Creatinine after vaccination (mcmol/L) 150 (66) 128 (68—-435) 121 (48) 113 (22-118) 0.012
eGFR * after vaccination (mL/min/1.73 m? 47 (18) 46 (15-96) 62 (24) 61 (22-118) <0.001
Hemoglobin after vaccination (g/L) 134 (14) 134 (101-169) 142 (14) 141 (119-173) 0.004
Immunoglobulin G (g/L) 8.4(2.9) 8.4 (0.3-17) 9.6 (3.1) 9.8 (0.8-17) 0.035

*—estimated glomerular filtration rate (eGFR).

Out of all measures—creatinine level, eGFR, Hb before and after vaccination, and
IgG after vaccination differed significantly between the groups. SARS-CoV-2 seropositive
subjects with kidney transplants had higher levels of Hb, eGFR, IgG, and lower creatinine
levels (Table 2). However, the amount of lymphocyte subsets (CD3+, CD4+, CD8+, CD19+,
CD16+/56+, CD4/CDS8) did not differ significantly between these groups (Table 3).

Table 3. Comparison of lymphocyte subpopulations in SARS-CoV-2 seropositive and seronegative
groups with kidney transplant after COVID-19 vaccination.

SARS-CoV-2 SARS-CoV-2
Lymphocyte Subpopulations Seronegative Seropositive p
(n=97) (n=39)
T lymphocytes—CD3 (x10° /L) 81 (s=7.8) 81 (s=9.3) 0.7
T helpers—CD4+ (x10” /L) 0.8 (s =0.4) 0.7(s = 0.3) 0.4
T supressors—CD8+ (x10° /L) 0.6 (s =0.3) 0.6 (s =0.3) 0.98
B lymphocytes—CD19+ (x10° /L) 0.1 (s =0.07) 0.1(s=0.1) 0.9
Natural killers CD16+/56+ (x10° /L) 0.2 (s =0.14) 0.2 (s =0.15) 0.4
CD4/CDS8 ratio 1.5(s=0.7) 1.3 (s =0.5) 0.7

Comparison of SARS-CoV-2 antibody response in studied groups in relation to comor-
bid condition and concomitant medication is shown in Table 4. There were no statistically
significant differences between the studied groups.

Table 4. Comparison of comorbid condition and concomitant medication in SARS-CoV-2 seropositive
and seronegative groups.

SARS-CoV-2 SARS-CoV-2
Seronegative Seropositive p
(n=97) (n=39)

Men 60 (62%) 24 (62%) 0.97
Women 37 (38%) 15 (39%) 0.97
Diabetes 18 (19%) 5 (13%) 0.4

Cardiovascular disease 23 (24%) 10 (26%) 0.8
Oncological disease 3 (3%) 4 (10%) 0.09
Use of ACEi 43 (44%) 15 (39%) 0.5

Use of ARB 26 (27%) 11 (28%) 0.9

Use of NSAID 2 (2%) 2 (5%) 0.3
Use of PPI 61 (63%) 23 (59%) 0.7

Use of statins 27 (59%) 28 (72%) 0.2

Use of aspirin 12 (12%) 6 (15%) 0.6
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Statistically significant difference was noticed for a use of immunosuppression: anti-
body response to COVID-19 vaccine was better in patients, who were using sirolimus, and
did not use mycophenolate mofetil (MMF) (Table 5).

Table 5. Comparison of immunosuppressants in SARS-CoV-2 seropositive and seronegative groups.

SARS-CoV-2 SARS-CoV-2
Immunosuppressive Medications Seronegative Seropositive p
(n=97) (n=39)
Use of steroids 84 (87%) 36 (92%) 0.6
Use of mycophenolate mofetil 93 (96%) 20 (51%) <0.001

Use of CNIs * 90 (93%) 33 (85%) 0.14

Use of cyclosporine 36 (37%) 11(29%) 0.4

Use of tacrolimus 59 (61%) 21 (55%) 0.6

Use of sirolimus 5 (5%) 8 (21%) 0.01

*—calcineurin inhibitor (CNI).

Multivariate binary logistic regression analysis was performed, including age and
most potent factors, tested after vaccination for evaluation of predictive factors for good
antibody response after COVID-19 vaccination in kidney transplant patients (Table 6).
Analysis showed that predictive factors for good response to COVID-19 vaccine are bet-
ter kidney function, higher hemoglobin level, and no use of mycophenolate mofetil for
immunosuppression.

Table 6. Multivariate logistic regression analysis model for the risk of SARS-CoV-2 seronegativity
after COVID-19 vaccination in kidney transplant patients.

Factor B p Exp (B) 95% CI
Age —0.008 0.7 0.992 0.954-1.03
eGEFR * after vaccination 0.033 0.011 1.034 1.008-1.060
Hemoglobin after vaccination 0.05 0.011 1.05 1.012-1.095
Immunoglobulin G concentration 0.117 0.163 1.12 0.953-1.326
Use of mycophenolate mofetil 39 <0.001 51 10-251
Use of Sirolimus —0.013 0.989 0.99 0.15-6.4
Constant —11,19 <0.001 0.000

*—estimated glomerular filtration rate (eGFR).

Additional evaluation of kidney transplant patients with positive anti-SARS-CoV-2
antibodies after COVID-19 vaccination (separate analysis of 39 responders) showed that
there is no correlation between anti-SARS-CoV-2 titer and patient’s age, level of IgA,
M, G, vitamin D concentration, total leucocyte and lymphocyte count, MMF dose, and
other routine laboratory test results before and after vaccination. However, there was a
significant negative correlation between anti-SARS-CoV-2 antibody titer and CD4/CD8
ratio (Spearman’s correlation coefficient —0.4, p = 0.02) in responders. Anti-SARS-CoV-2
antibodies titer significantly correlated with percentage of CD8+ cells (r = 0.4, p = 0.01) and
negatively correlated with percentage of CD19+ cells (r = —0.37, p = 0.02), but there was no
significant correlation with absolute numbers of lymphocyte subpopulations.

Evaluation of leucocyte and lymphocyte count before and after COVID-19 vaccina-
tion showed an increase of total leucocyte count after vaccination in the total studied
population, and in the group with a positive response by anti-SARS-CoV-2 antibody
production (Table 7).
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Table 7. Change of leucocyte and lymphocyte count before and after COVID-19 vaccination in kidney
transplant patients.

Before After
Vaccination Vaccination p
Mean (SD) Mean (SD)
Leucocytes (x 10%/L) 7.3 (2.2) 8.3 (5.2) 0.02
Total population
Lymphocytes (x 10%/L) 2.2(2.7) 2.1(2.2) 0.6
Non-responders Leucocytes (x10° /L) 7.3(2.2) 8.4 (6.1) 0.1
(Anti-SARS-CoV-2
<35.2BAU/mL *) Lymphocytes (x10°/L) 1.7 (0.6) 1.9 (1.5) 0.2
Responders Leucocytes (x10° /L) 7.0 2.2) 8.0 (2.5) 0.001
(Anti-SARS-CoV-2
2352 BAU/mL *) Lymphocytes (>< 109/L) 2.6 (50) 24 (31) 0.8

*—binding antibody units (BAU).

We also looked at the correlation of BNT162b2 vaccination and acute rejection. Out
of 167 fully vaccinated patients, there were six (3.6%) biopsy proven rejection reactions
during the nine months of follow-up (until November 2021): in one patient mixt (humoral
and cellular) rejection diagnosed one month after second dose (this patient was known
for non-compliance), in one patient cellular rejection diagnosed two months after second
dose, and in another four patients rejection was diagnosed 6-9 months after second dose of
vaccine. Out of 150 patients who were not vaccinated in our clinic, there were 6 rejection
reactions (4%) during the same period. Therefore, there is no clear association between
rejection reaction and vaccination.

4. Discussion

This study was conducted to evaluate the humoral and cellular immune responses
induced by SARS-CoV-2 mRNA vaccine (Pfizer-BioNTech) in kidney transplant patients.
Key findings of a study—measurable antibody response was detected only in one third
of patients; level of antibodies was associated with a relative amount of CD8+ cells in
antibody responders. Kidney function, level of anemia, mycophenolate mofetil use were
important for antibody response.

First data about the immunological response to SARS-CoV-2 in solid organ transplant
(SOT) patients were received from those who recovered from COVID-19. Both T- and B-cell
responses against SARS-CoV-2 were detected in the blood around 1 week after the onset
of COVID-19 symptoms. In one of the studies [22], the authors did not observe strong
differences in the formation of polyfunctional and memory SARS-CoV-2-reactive T cell
responses between transplanted and non-transplanted patients. Transplanted patients
showed similar titers of neutralizing antibodies as compared to non-transplanted-patients.
The authors presented the ability to generate SARS-CoV-2-specific immunity in immuno-
suppressed patients, raising hope for effective vaccination in this cohort [22]. These data
were confirmed in another study performed by Fava and co-authors [23]: although in
28 SOT patients with moderate/severe COVID-19 there was a certain delay achieving im-
mune responses, lower IgG seroconversion rates and cytokine-producing T-cell frequencies,
but a similarly robust serological and functional T-cell immune response comparable to
that of immunocompetent patients was detected during early convalescence [23].

However, the situation after vaccination appeared to be different. Investigation of early
serological response after first dose of COVID-19 Pfizer/BioNTech (BNT162b2) mRNA
vaccines in 74 kidney transplant recipients showed a positive antibody level in only three
transplant recipients at day 36 [24]. In the study with 436 SOT patients, antibodies were
detectable in 31 (41%), undetectable in 188 (53%) of kidney transplant patients after the first
dose of the mRNA SARS-CoV-2 vaccine. Transplant recipients receiving anti-metabolite
maintenance immunosuppression therapy were less likely to develop an antibody response
than those not receiving such therapy (37% vs. 63%, respectively). Older transplant recipi-
ents were less likely to develop an antibody response. Those who received mRNA-1273
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were more likely to develop an antibody response than those receiving BNT162b2 (69%
vs. 31%, respectively, p = 0.003). These results contrast with the robust early immuno-
genicity observed in mRNA vaccine trials, including 100% anti-spike seroconversion by
day 15 following vaccination with mRNA-12735 and by day 21 following vaccination with
BNT162b2 [25].

In our study we did not evaluate quantitative antibody response after the first dose of
COVID-19 vaccine. That is why we can compare our study data with the reports of immune
response after the second dose only. Our data showed that only 29% of kidney transplant
recipients become SARS-CoV-2 positive three to six weeks after the second dose of the
BNT162b2 (Pfizer-BioNTech) vaccine. Such a low response to COVID-19 vaccination of kid-
ney transplant patients was confirmed in few already published studies. In a German study
only 4 of 39 and 1 of 39 transplanted individuals showed IgA and IgG seroconversion 8
and 23 days after vaccination. Although most transplanted patients mounted spike-specific
T helper cell responses, frequencies were significantly reduced compared with those in
controls, and this was accompanied by a broad impairment in effector cytokine produc-
tion, memory differentiation, and activation-related signatures. Spike-specific CD8+ T cell
responses were almost undetectable in transplant patients [26]. In another study, twenty-
three renal transplant recipients of the Nierenzentrum Kronach, Germany were evaluated
2 weeks after standard protocol-based vaccination of two doses of the mRNA-based SARS-
CoV-2 vaccine BNT162b2. Only 5 of the 23 (22%) renal transplant recipients tested positive
for SARS-CoV-2 IgG antibodies after vaccination in contrast to 23 (100%) healthy controls
(22% vs. 100%, p = 0.0001). In addition, the mean SARS-CoV-2 IgG titer of renal transplant
recipients was significantly lower (50.9 +/— 138.7 vs. 727.7 +/— 151.3, p = 0.0001) [27].

The up to date published studies are small, and only some of them tried to find
the most important factors associated to non-responsiveness. In a study with 45 kidney
transplant recipients, only 17.8% of patients developed anti-spike SARSCoV-2 antibodies
after two injections of mRNA BNT162b2 vaccine. In univariate analysis, predictive factors
for a positive antibody response were the duration of kidney transplantation (p = 0.003)
and a cyclosporine-based immunosuppressive regimen (p = 0.0003). T cell counts were
not associated with the detection or the magnitude of the antibody but were associated
with T cell response to the vaccine in univariate analysis (p = 0.01 for CD3, p = 0.05 for CD4,
p = 0.03 for CD8) [28]. We did not confirm the association of antibody response with the
duration of kidney transplantation and cyclosporine use. Of note, cyclosporine is used in
our “older days” transplants, most of current kidney transplant patients receive tacrolimus,
so cyclosporine use may correlate with longer duration of kidney transplantation also in
other transplant centers. We confirmed no association between anti-spike SARSCoV-2
antibodies and T cell counts in our study.

The prospective study evaluated 117 SARS-CoV-2-naive recipients of either kidney
or kidney-pancreas grafts with assessment of IgM /IgG spike (S) antibodies and ELISpot
against the nucleocapside (IN) and the S protein at baseline and two weeks after receiving
the second dose of the mRNA-1273 (Moderna) vaccine. Thirty-five patients (29.9%) de-
veloped either IgG or IgM two weeks after the second dose of the mRNA-1273 vaccine.
At multivariable analysis, only baseline immunosuppression was significantly associated
with no-response to the vaccine. 65.0% of patients developed either humoral or cellular
response, while 35.0% did not develop any kind of response. Both humoral (either IgG
or IgM) and cellular response (S-ELISpot positivity) was observed in 23 patients (19.6%).
Considering vaccine non-responders (both IgG/IgM and S(ELISPot)-negative), the factors
that were associated with an absence of response at univariable analysis were diabetes (OR
[95%CI] 3.41 [1.41-8.22], p = 0.006), receiving ATG during the last year (OR [95%CI] 10.07
[2.64-38.31], p = 0.001), lymphopenia (OR [95%CI] 3.82 [1.64-8.89], p = 0.001), time from
transplant <1 year (OR [95%Cl] 3.51 [1.52-8.08], p = 0.003) and eGFR < 30 mL/min/1.73 m?
(OR [95%CI] 4.95 [1.48-16.46], p = 0.009). At multivariable analysis, diabetes and treat-
ment with anti-thymocytes globulins during the last year were associated with vaccine
no-response [29]. Association of diabetes with non-responsiveness to vaccination against
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COVID-19 was not confirmed in other studies nor in our patients. We did not collect data
about ATG use in the year before vaccination.

More similar results with our study were reported from an Israeli group. They ana-
lyzed the humoral response following full vaccination with the BNT162b2 (Pfizer-BioNTech)
in 136 kidney transplant recipients and compared it to 25 controls. All participants in the
control group had a positive antibody response to spike protein, while only 51 of 136 trans-
plant recipients (37.5%) had positive serology (p < 0.001). Participants with a positive
anti-spike serology were significantly younger, had a shorter period of time on main-
tenance dialysis before transplantation, and had a higher prevalence of living donors.
The main difference in immunosuppression between the two groups was a lower rate of
treatment with MMF and a lower rate of triple maintenance immunosuppression in respon-
ders. Seropositive patients had a significantly higher eGFR, and higher mean hemoglobin
and lymphocyte counts. A longer period of time since transplantation was significantly
associated with positive response to the vaccination. When multivariate analysis was
performed, variables associated with negative humoral response were: older age (odds
ratio 1.66 [95% confidence interval 1.17-2.69], p = 0.026), high-dose corticosteroids in the
last 12 months (1.3 [1.09-1.86], p = 0.048], maintenance with triple immunosuppressive
medications (1.43 [1.06-2.15], p = 0.038], and a regimen that includes MMF (1.47 [1.26-2.27],
p = 0.049] [30]. Our data confirm a similar response to the vaccination rate. We did not find
an association with age, but we could confirm lower GFR and lower hemoglobin as impor-
tant factors for non-responsiveness in multifactorial analysis. As for immunosuppression,
only MMF use was associated with non-responsiveness in multifactorial analysis. A worse
response after vaccination when using MMF was confirmed with other vaccines in kidney
transplant patients. In one of the studies, the response rate after influenza vaccination
decreased in a dose-dependent manner in patients receiving mycophenolate mofetil (MMF),
while seroprotection was comparable to non-MMF users. This implies that response to
vaccines may be appropriate, but the quality of immune response may be impaired and
likely depends on the dose of MMF used [15]. We did not find a correlation of MMF dose
with antibody titers in BNT162b2 (Pfizer-BioNTech) responders.

The association of worse kidney function and mycophenolate mofetil use with non-
responsiveness to vaccination was also observed in a study of 308 kidney transplant
recipients. Only 112 (36.4%) tested positive for anti-S antibodies two to four weeks after
receiving the second dose of the BNT162b2 vaccine. Factors associated with antibody
response were higher eGFR (OR 1.025 per mL/min/1.73 m?, 95% CI 1.014-1.037, p < 0.001),
lower mycophenolic acid dose (OR 2.347 per 360 mg decrease, 95%CI 1.782-3.089, p < 0.001),
younger age (OR 1.032 per year decrease, 95%CI 1.015-1.05, p < 0.001) and lower calcineurin
inhibitor (CNI) blood level (OR 1.987, 95%CI 1.146-3.443, p 0.014) [31].

A highest rate of response after full vaccination of kidney transplant patients until
now is reported in a study from France. They published the follow-up data of 205 kidney
transplant patients who received two doses of the mRNA-1273 SARS-CoV-2 vaccine. 48%
of study patients responded to vaccination. Patients who received their first transplant
had a longer duration from transplant, experienced better graft function, and experienced
lower levels of overall immunosuppression mounted a stronger immune response. Patients
treated with calcineurin inhibitors, mycophenolate mofetil, or steroids showed significantly
lower anti-SARS-CoV-2 antibody titers [32].

Lymphocytopenia and decreased CD3, CD4, and CD8 counts were common in patients
with COVID-19 and correlate with disease severity [33]. Severe peripheral lymphopenia,
especially a decrease of T cells observed during COVID-19, was also confirmed in other
studies convalescence [23,34-36]. However, in the study analyzing patients with a pos-
itive response by antibody production after COVID-19 vaccination, significant increase
of lymphocyte count was observed [30]; other studies (including our study) did not have
similar findings [24]. In kidney transplant patients, T cell counts were not associated with
the magnitude of the antibody, but were associated with T cell response to the vaccine in
univariate analysis (p = 0.01 for CD3, p = 0.05 for CD4, p = 0.03 for CD8) [28].
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During clinical evaluation of lymphocyte subpopulations by immunophenotyping,
the absolute number of cells are mostly used to assess immunosuppression or immunod-
eficiencies, but in our study we did not find a statistically significant difference between
anti-SARS-CoV-2 seropositive and seronegative patient groups with kidney transplant.
The relative number of lymphocyte subpopulations can be useful to determine effects
induced by viral infection, especially in immunocompromised patients; relative changes of
CD8+ and CD4+ cells are reflected on CD4/CD8 ratio and worsen prognosis, while the
difference in absolute numbers of lymphocyte subpopulations may not be detected. Similar
mechanisms of action of vaccines could be expected if specific T cell immunity is achieved,
depending on vaccine type [36-38].

In our study, there was no correlation between anti-SARS-CoV-2 antibodies and
the absolute number of lymphocytes or their subpopulations (T, B, NK cells). However,
there was a significant negative correlation between anti-SARS-CoV-2 antibody level and
CD4/CD8 ratio (Spearman’s correlation coefficient —0.4, p = 0.02), and the relative number
of CD8+ T cells (r = 0.41, p = 0.01) in responders to the COVID-19 vaccine. It could be
explained by the recent finding from Rha et al. [39] during analysis of phenotypes of
SARS-CoV-2-specific T cells elicited by infection or vaccination. They showed that SARS-
CoV-2-specific CD8+ T cells are not exhausted, but functional. Furthermore, COVID-19
vaccines induce SARS-CoV-2-specific T-cell responses by forming activated and memory
CD8+ T cells as described by Teijaro, J.R. and others [40,41]. In our study, anti-SARS-CoV-2
antibody titers did not correlate to CD19+ absolute cell count, but there was a significant
negative correlation with percentage of CD19+ cells (r = —0.37, p = 0.02). Changes in
the proportion of lymphocyte subpopulations after vaccination could be explained by
SARS-CoV-2-specific CD8+ T cells formation and might be related to B cell activity or
their phenotypes. It can be hypothesized that due to enhanced chemotaxis, part of B cells
migrate to the site of vaccination and other lymphoid tissues, where they are activated
and transformed to plasma cells producing specific immunoglobulins; in such a way
the proportion of B lymphocytes among other lymphocytes in peripheral blood may be
reduced, but changes in absolute numbers of CD19+ cells are not significant enough to be
detected [40,42].

In contrast, another study showed that anti-SARS-CoV-2 antibody titers and B cell
proportions after Rituximab treatment (B lymphocyte depletion) directly correlate, and
for seroconversion only a small amount of B lymphocytes (<1%) is needed [43]. Therefore,
better understanding of SARS-CoV-2-specific T cell activation and mediation is required.

In summary, the current vaccination strategy for kidney transplant recipients may not
provide effective protection against COVID-19. Individual vaccination strategies might be
needed and evaluated in clinical trials in the immunosuppressive cohort. In the meantime,
these studies reinforce the need to continue good public health measures, such as hand
hygiene, mask wearing, and social distancing, as practical means to help limit the spread
of COVID-19 in our renal communities. In light of the reduced response in patients
who received a kidney transplant, strategies that promote vaccination of close household
contacts to provide so-called “ring vaccination” of those closest to transplant recipients
seem a logical approach to reduce the chance of direct household spread [44].

5. Conclusions

According to the levels of anti-SARS-CoV-2 antibodies, only one third of patients with
kidney transplants develop sufficient antibody response after full COVID-19 vaccination
with Pfizer-BioNTech. Factors that may significantly influence the adequacy of response
to the COVID-19 vaccine in these patients are: better kidney function, higher hemoglobin
levels, and no use of mycophenolate mofetil for immunosuppression.

Even though in kidney transplant patients the level of humoral response developed
after COVID-19 vaccination with Pfizer-BioNTech was not related to the absolute number
of different lymphocyte subpopulations, it correlates with the relative number of CD8+
cells and negatively with the CD4/CDS8 ratio in responders. This fact let us hypothesize
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about the importance of the relation between cellular and humoral immunity as well as
other factors in the development of specific responses after COVID-19 vaccination in kidney
transplant patients and emphasized the necessity of further extended studies.
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