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Abstract

Background: The extent that which immunosuppressive factors contribute to the antibody response to SARS-Cov-2 vaccination in solid organ transplant patients 
is being better understood. This study examined antibody formation against the spike SARS-CoV-2 protein (SA) when full vaccinations were up to 2 doses and boosters 
were not recommended. Immunosuppressive factors that affected the vaccine responsiveness in a cohort of 100 kidney and 50 heart transplant patients were evaluated. 
This study utilized a novel assay to detect antibodies against 4 different domains of the spike protein and the nucleocapsid protein (NC) of the SARS-CoV-2 virus on a 
multiplex, bead-based platform. Positive SARS-COV-2 antibodies (SA) response required identifi cation of the receptor-binding domain and one of the three other spike 
protein domains. Prior SARS-CoV-2 infection could be determined by the presence of positive NC. 

Results: 150 patients were enrolled in the study (100 kidneys; 50 heart recipients). This study was performed when the Center for Disease Control and Prevention 
(CDC) recommended only two doses of Pfi zer/BioNTech [BNT162b2] and Moderna [mRNA-1273 SARS-CoV-2] vaccine or 1 dose of Johnson & Johnson/Janssen [Ad26.
COV2.S] vaccines for full SARS-CoV-2 vaccination in transplant recipients. Patients that reported a positive COVID-19 swab or had positive NC were excluded from the 
review because the prior infection may impact vaccine response (n = 134). 

Conclusions: SA were identifi ed in 48/134 patients (36%); 25/46 heart (54%) and 23/88 kidney transplant patients (26%) (P = 0.0012). For the patients on prednisone 
therapy 25/93 responded with SA (27%) while for patients not on prednisone therapy, 23/41 responded with SA (56%) (P = 0.0012). The dose of steroids (5mg a day or 
greater) at the time of vaccination did not adversely affect vaccine effi  cacy (p = 0.054). Of the patients using antimetabolite therapy, 36/113 responded with SA (32%) while 
12/21 patients not on antimetabolites responded with SA (57%) (P = .027). Time since transplant was not found to affect the rate of SA production when populations were 
separated by type of organ transplanted. T-cell depletion induction method, calcineurin inhibitor use, and type of SARS-CoV-2 vaccine were not found to be statistically 
signifi cant.
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Abbreviations 

CDC: Center for Disease Control and Prevention; JJ/J: 
Johnson & Johnson/Janssen [Ad26.COV2.S] vaccine; M: Moderna 
[mRNA-1273 SARS-CoV-2] vaccine; MFI: Mean-Florescence 
Intensity; NC: Nucleocapsid Protein of the SARS-CoV-2; P/BNT: 
Pfi zer/BioNTech [BNT162b2] vaccine; RBD: Receptor Binding 
Domain of the spike protein of SARS-CoV-2; SA: Spike Protein 
of the SARS-CoV-2; SOT: Solid Organ Transplant Recipients

Introduction

SARS-CoV-2 vaccinations have been instrumental in 
stopping the case and mortality rates of COVID-19 due to the 
high rates of antibody development in the general population 
[1-3]. Vaccination against SARS-CoV-2 for solid organ 
transplant candidates has been a high priority due to the risk 
of severe disease in immunocompromised patients post-
transplant [4]. Preliminary studies have suggested the rate of 
antibody production in solid organ transplant patients (SOT) 
is far lower than that of the general population [5-7]. Each 
transplant center uses a unique immunosuppression protocol, 
so it is likely the rate of antibody production following SARS-
CoV-2 vaccination is variable among centers. Previous studies 
in kidney and heart transplant recipients observed lower 
SARS-CoV-2 vaccine response rates for patients on steroids 
and the antimetabolite drugs (azathioprine, mycophenolate 
mofetil, and mycophenolic acid) [5,6,8-11]. These studies 
were undertaken when the Centers for Disease Control and 
Prevention (CDC) determined that full vaccination against 
SARS-CoV-2 in transplant recipients was two doses of Pfi zer/
BioNTech [BNT162b2] (P/BNT) and Moderna [mRNA-1273 
SARS-CoV-2] (M) or 1 dose of Johnson & Johnson/Janssen 
[Ad26.COV2.S] (JJ/J) vaccines. It is important to understand 
each center’s rate of successful vaccination and patient 
attributes that are predictive of successful vaccination. 

A novel assay for SARS-CoV-2 antibodies has been 
developed for the multiplex bead-based platform that is 
commonly used to detect donor-specifi c antibody development 
after transplantation [12]. The program undertook a study to 
evaluate the rate of antibodies formation against the spike 
SARS-CoV-2 protein (SA) in heart and kidney transplant 
recipients at the Sentara Norfolk General Hospital transplant 
center after patients completed vaccinations series determined 
by the CDC to be full vaccinated with up to two doses and 
before boosters were recommended. The study evaluated 
immunosuppressive factors that affected the response to the 
two-shot SARS-CoV-2 vaccination series. 

Materials and methods 

The Eastern Virginia Medical School Institutional Review 
Board approved this study of heart, kidney, and pancreas 
transplant recipients followed at the transplant programs of 
Sentara Norfolk General Hospital to evaluate the development 
of SARS-CoV-2 anti-spike antibodies (SA) after SARS-CoV-2 
vaccinations (IRB # 21-04-FB-0111). Kidney transplant 
recipients were encouraged to start their SARS-CoV-2 vaccine 

series 3 months after transplantation if they were on a stable 
immunosuppressive regimen. Heart transplant patients were 
encouraged to start their SARS-CoV-2 vaccine series 2 months 
after transplantation if their immunosuppressive regimen was 
stable. A sample of 150 patients from the clinics was planned. 
Inclusion criteria included age of 18 years or older, having 
received the fi nal dose of the vaccine between 14 and 180 days 
from the date of sample collection, and ability to give informed 
consent. Participants were recruited in May 2021 when full 
vaccination against SARS-CoV-2 was two doses of P/BNT and 
M or 1 dose of JJ/J vaccines. The last study sample was obtained 
by 1 July 2021 before the CDC recommended a third SARS-CoV-2 
vaccine for immunocompromised transplant recipients for 
full vaccination on 13 August 2021. Written informed consent 
was obtained from each participant. A questionnaire was 
administered that included the date of transplant and types 
of organs transplanted, COVID-19 symptoms, a prior positive 
COVID-19 nasal swab, hospitalization due to COVID-19, type 
of vaccine received, dates of vaccine administration, and 
immunosuppressive regimen at the time of vaccination. A 
single sample, 10cc, of blood was obtained. Serum samples 
were batched and assessed for antibodies against SARS-CoV-2. 
SARS-CoV-2 antibody testing was performed using the COVID 
Plus Assay (One Lambda, Inc). This test is a semi-quantitative 
assay and evaluates antibodies against 4 spike proteins [Full 
spike, S-1 segment, S-2 segment, and receptor-binding domain 
(RBD)] and the NC. Any identifi ed SARS-CoV-2-associated 
antibodies were reported as mean-fl orescence intensity (MFI). 
Positive antibody response to the SARS-CoV-2 vaccination was 
determined when the MFI of the RBD exceeded 5000 MFI and 
there was at least one other spike protein with adequate MFI 
(SA) [Full Spike and S2 MFI>=5000; S1 MFI>=7500]. Positivity 
antibody development against the NC protein was determined 
by an MFI >= 5,000 [12]. 

The subjects’ electronic health records were reviewed 
for induction immunosuppression at transplantation and 
any recent immunosuppressive therapies used to treat acute 
cellular and/or antibody-mediated rejection. 

Categorical data for SARS-CoV-2 SA production (positive/
negative) and NC identifi cation (positive/negative) were 
assessed using a two-sided Chi-Square test or Fisher’s exact 
test where appropriate. Odds ratios were also calculated. 
Continuous data for antibody MFI, length of time from 
transplant based on the type of transplant, and length of 
time from transplant concerning SARS-CoV-2 spike protein 
antibody production was evaluated using two-tailed unpaired 
student’s t-tests. P-values less than 0.05 were considered 
statistically signifi cant. Multivariable logistic regression was 
performed controlling for: sex, vaccine, induction therapy 
type, organ transplanted, time to transplant, and several 
immunosuppressives prescribed. P-values of less than 0.05 
were considered signifi cant. All analyses were performed using 
SAS 9.4 software (SAS Institute Inc., Cary, NC) and GraphPad 
Prism 9.3.1 (GraphPad Software Inc., La Jolla, CA).

This study was funded by the Sentara Clinical Research 
Institute, Sentara Healthcare, Norfolk Virginia.
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Results 

Participants

Patients followed in the transplant clinics that had 
previously expressed interest in having post-vaccination 
SARS-CoV-2 antibody titers measured were invited to 
participate in the study. The kidney/pancreas transplant clinic 
enrolled 100 patients and the heart transplant clinic enrolled 50 
patients. Patients with combined heart and kidney transplants 
were considered kidney transplant patients because the 
kidney transplant service directed the immunosuppressive 
medications. 

To assess the response to the SARS-CoV-2 vaccine without 
the infl uence of prior COVID-19 infection, study participants 
were evaluated for prior infections. The questionnaires 
identifi ed 20 patients that reported symptoms of COVID -19 
infections of those 12 reported a positive COVID-19 swab. When 
NC titers were compared only the 12 COVID-19 swab-positive 
patients were felt to have had prior COVID-19 infection and 
were removed from the study population. Four additional 
patients who did not report experiencing COVID-19 symptoms 
or have had a positive COVID-19 swab were found to have a 
positive NC were removed. Three of the four patients with 
positive NC were also positive SA and on review of their charts 
two had a COVID-19 infection before their transplantations, 
one had a COVID-19 infection after transplant and one patient 
had been transplanted before the COVID-19 pandemic and may 
have had an asymptomatic SARS-CoV-2 infection. 

The fi nal study population was 134 divided into 88 kidney 
recipients and 46 heart recipients. (Table 1). Within the study 
population of 134 patients without prior SARS-C0V-2 exposure, 
positive SA was identifi ed in 48 patients (36%). SA were 
identifi ed in 25 heart (54%) and 23 kidney transplant patients 
(26%) (p = 0.0012). Heart transplant recipients were more 
than 3.364 times more likely to develop SA after vaccination. 
Heart transplant recipients were more than 3 times more 
likely to develop SA after vaccination. When the time from 
transplant and SARS-CoV-2 vaccination was evaluated organ-
specifi c trends were lost. The average time from transplant to 
vaccination for the entire population was 5.69 years. On average 
the heart transplant recipients were 7.02 years from transplant 
and kidney recipients were 5.00 years between transplant and 
SARS-CoV-2 vaccination (p = 0.82). In the entire group patients 
that responded to the SARS-CoV-2 vaccination were on average 
7.56 years from transplant while those who did not develop 
SA were 4.65 years from transplant (p = 0.011). When the two 
organ types have separated the effect of time on vaccination 
effi cacy was lost. Heart transplant recipients that responded to 
the vaccine were an average of 8.12 years from transplant and 
those that failed to develop SA were 5.71 years from transplant 
(p = 0.228). For kidney transplant recipients the average time 
from transplant was 6.96 years for responders and 4.31 years 
for those who failed to develop SA (p = 0.078). 

There was no difference in vaccine responsiveness between 
the three vaccines. Fifty-fi ve patients received the PBNT (41%), 
78 received M (58%), and 1 received JJ/J (<1%). Development of 

Table 1: Demographics of study subjects.

Variable
Spike Protein Antibodies-No 

N (%)
 Spike Protein Antibodies-Yes  N (%) Total p-value

Organ Type*
   Kidney
   Heart
   Total

65 (73.86%)
21 (45.65%)
86 (64.18%)

23 (26.14%)
25 (54.35%)
48 (35.82%)

88
46

134 0.0012
Biological Sex

   Male
   Female

   Total

46 (58.23%)
40 (72.73%)
86 (64.18%)

33 (41.77%)
15 (27.27%)
48 (35.82%)

79
55

134 0.085
Vaccine Type

  Pfi zer
  Moderna

  J & J
  Total

34 (61.82%)
51 (65.38%)
1 (100.00%)
86 (64.18%)

21 (38.18%)
27 (34.62%)

0 (0.00%)
48 (35.82%)

55
78
1

134 0.67

Spike Protein Antibodies-No Spike Protein Antibodies-Yes

Variable N Mean ± std Median Range N Mean ± std Median Range Total p-value

Time**
 Overall
  Heart
 Kidney

86
21
65

4.65±6.19
5.71±6.42
4.31±6.12

3.00
4.00
3.00

(0.00-27.00)
(0.00-25.00)
(0.00-27.00)

48   
25
23

7.56±6.36
8.12±6.82
6.96 ± 5.91

6.00
6.00
6.00

(0.00-25.00)
(0.00-25.00)
(0.00-20.00)

134
46
88

0.011
0.23

0.076

Age
  Overall
  Heart

  Kidney

86
21
65

59.42±10.06
60.57±9.03

59.05±10.41

60.00
60.00
60.00

(30.00-75.00)
(41.00-75.00)
(30.00-74.00)

48
25
23

59.17±12.79
59.80±12.39
58.48±13.45

61.50
62.00
60.00

(27.00-83.00)
(27.00-83.00)
(29.00-78.00)

134
46
88

0.90
0.81
0.84

*Represents only individuals who did not have a positive COVID-19 nasopharyngeal swab.
**Time represents the length of time (in years) between when the patient received the transplant and had an antibody test to detect antibodies against the SARS-CoV-2 spike 
protein.
***Age (in years) at time of serum antibody test to detect antibodies against the SARS-COV-2 spike protein. 
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SA was observed in 21 patients who received the PBNT vaccine 
(38%), 27 patients who received the M vaccine (35%), and 0 
patients who received the JJ/J vaccine (0%) (p = 0.673). 

The age of the patient at the time of vaccination was not 
associated with a difference in vaccine response rates as a 
group or in each organ type. Gender was not associated with a 
difference in vaccine response rates (p = 0.085).

The immunosuppression medications utilized at the time of 
vaccination can be found in Figure 1.

Data review 

The effect of immunosuppression on SARS-CoV-2 
vaccination response rates was evaluated in the patients 
without prior exposure to the SARS-CoV-2 virus (Table 2). 
Immunotherapy at the initiation of immunosuppression 
was evaluated. Induction T-cell depletion therapy was 

utilized in 100 patients, with 73 having received anti-
thymocyte globulin(rabbit), 25 received basiliximab, and 2 
muromonab-CD3. There was no association between induction 
immunosuppression and vaccine response (p = 0.28). 

Immunosuppression therapy at the time of SARS-
CoV-2 vaccination was evaluated to evaluate the effects 
on the development of SA. For patients on three or more 
immunosuppressive drugs, 28.7% (25 of 87) responded with 
SA but for those on less than three immunosuppressive drugs, 
29% (23 of 47) responded with SA (p = 0.019). When the two 
types of transplant patients were evaluated for the number 
of immunosuppressive medications utilized, 87% of heart 
transplant recipients were on two or fewer drugs while 92% of 
kidney recipients were on three or more drugs (Figure 2).

When the immunosuppressive drugs were separated as 
independent agents the agents associated with a negative effect 
on SARS-CoV-2 vaccination became evident. Prednisone was the 
most common corticosteroid used but all corticosteroids were 
included in the group as ‘steroids’. The drugs mycophenolate 
mofetil, mycophenolate sodium, and azathioprine were 
considered together as ‘antimetabolite’ agents. The drugs 
cyclosporin A and tacrolimus were considered together as 
‘calcineurin inhibitors’. Transplant patients not using steroids 
were more than 3.476 times more likely to develop SA after 
SARS-CoV-2 vaccination. Of the 41 patients not on steroids 
23 (56%) developed SA after vaccination compared to only 25 
of 93 patients (27%) on steroids (p = 0.001). There was not a 
dose-effect related to steroid dose at the time of vaccination. 
Patients on steroids that responded to the SARS-CoV-2 vaccine 
had the same average daily dose as those that failed to respond 
(p = 0.053). Transplant patients avoiding antimetabolite 

1 CyA Alone
10 TAC Alone
1 AZA & TAC
4 MFA/MMF & CyA
18 MFA/MMF & TAC
2 Steroids & MFA/MMF
1 Steroids & CyA
4 Steroids & TAC
5 TAC & Sirolimus
1 Steroids & AZA & CyA
4 Steroids & AZA & TAC
1 Steroids & MFA/MMF & CyA
69 Steroids & MFA/MMF & TAC
6 Steroids & MFA/MMF & Belatacept
1 Steroids & AZA & Sirolimus & TAC
4 Steroids & MFA/MMF & TAC & Belatacept
2 Steroids & MFA/MMF & TAC & CyA

Total=134

Figure 1: Immunosuppression protocols utilized at the time of SARS-CoV-2 
vaccination.

Table 2: Effect of immunosuppressive medications on development of SARS-CoV-2 spike protein after initial vaccination course according to CDC initial guidance.

Variable
Spike Protein Antibodies-No 

N (%)
 Spike Protein Antibodies-Yes  N (%) Total p-value

Steroid Usage
 Yes
 No

 Total

68 (73.12%)
18 (43.90%)
86 (64.18%)

25 (26.88%)
23 (56.10%)
48 (35.82%)

93
41

134 0.0012

Antimetabolite Use*
 Yes
 No

 Total

77 (68.14%)
9 (42.86%)

86 (64.18%)

36 (31.86%)
12 (57.14%)
48 (35.82%)

113
21

134 0.027

Induction Therapy
 Basiliximab

 Anti-thymocyte Globulin
 Muromonab-CD3

 No Induction Therapy
 Total

15 (60.00%)
52 (71.23%)
 1 (50.00%)
18 (52.94%)
86 (64.18%)

10 (40.00%)
21 (28.77%)
1 (50.00%)

16 (47.06%)
48 (35.82%)

25
73
2

34
134 0.28

Calcineurin Inhibitor Use**
 Yes
 No

 Total

81 (62.79%)
5 (100.00%)
86 (64.18%)

48 (37.21%)
0 (0.00%)

48 (35.82%)

129
5

134 0.16

 Spike Protein Antibodies-No  Spike Protein Antibodies-Yes

Variable N Mean ± std Median Range N Mean ± std Median Range Total p-value

Steroid*** 68 5.54±2.29 5.00 (2.50-15.00) 25 4.89±0.92 5.00 (2.14-7.50) 93 0.053

*Antimetabolite use defi ned as use of mycophenolate mofetil, mycophenolate sodium, and azathioprine.
**Calcineurin Inhibitor use defi ned as use of cyclosporin and tacrolimus.
***Mean dose (mg/day)
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immunosuppression were more than 2 times more likely to 
develop SA after SARS-CoV-2 vaccination. Of the 113 patients on 
antimetabolite therapy, 36 developed SA (32%) while 12 of the 
21 patients (57%) not on these drugs developed SA (p = 0.28). 
There was no benefi t from avoiding calcineurin inhibitors. 
None of the patients not on calcineurins developed SA, while 48 
of 129 (38%) patients on calcineurins developed SA (p = 0.157). 
The use of sirolimus (n = 6) and belatacept (n = 8) could not be 
evaluated due to the low numbers of patients on these drugs.

Multivariable logistic regression was utilized to evaluate 
the patient factors that are associated with a positive response 
to SARS-CoV-2 vaccination (Table 3). The one patient that 
received JJ/J was removed from this statistical analysis. The 
entire group was evaluated, and the two organ transplant 
groups were not separated in this analysis. The variables 

gender, vaccine type, induction T-cell depletion, type of organ 
transplant received, and the number of immunosuppression 
drug types at the time of vaccination were evaluated. The types 
of drugs were not separated in this analysis. The age of the 
patient at the time of vaccine was not included because age 
and time from transplant to vaccination are closely associated. 
The only factor that was associated with vaccine response rate 
was time for transplant to vaccination for the entire cohort (p 
= 0.022). 

Discussion

This study was able to successfully employ a multiplex 
bead-based assay technique to determine evidence of prior 
COVID-19 infection as defi ned as a positive NC and response 
to SARS-CoV-2 vaccination with the development of SA. 

Figure 2: Immunosuppressive Drugs* N=134

Table 3: Multivariable Logistic Regression found that when adjusting for: Sex, Vaccine type, anti T-cell induction therapy type, Organ transplanted, Tme to transplant, and 
Number of immunosuppressives used at time of vaccination; Time from transplant is still signifi cantly related to whether an individual develops an antibody response to the 
spike protein SARS-CoV-2 vaccination.

Variable (N = 133) * Adjusted-Odds Ratio 95% Confi dence Interval p-value

Sex (ref=Female) 0.59 0.25-1.34 0.21

Vaccine (ref=Moderna) 1.12 0.48-2.69 0.80

Induction Therapy (ref=None)
 Anti-thymocyte Globulin

 Basiliximab
 Muronab-CD3

0.83
0.67
1.23

0.26-2.45
0.19-2.27

0.040-36.98

0.74
0.52
0.89

Organ Transplanted (ref=Heart) 2.74 0.91-8.57 0.08

Time from Transplant** 0.92 0.86-0.99 0.02

Number of Immunosuppressives= (ref=1)
 2 Immunosuppressives
 3 Immunosuppressives
 4 Immunosuppressives

2.81
2.47
1.19

0.61-14.02
0.54-12.68
0.14-11.36

0.19
0.26
0.87

Outcome is likelihood of not developing an antibody response to SARS-CoV-2 spike protein.
*Patient who received Johnson & Johnson vaccine removed due to limited sample size.
**Time represents the length of time (in years) between when the patient received the transplant and had an antibody test to detect antibodies against the SARS-CoV-2 spike 
protein.
+Number of immunosuppressives prescribed.
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The use of this technic allowed for the exclusion of patients 
infected with the SARS-CoV-2 virus before the vaccine and 
assess SA development in response to the vaccine alone. It 
has been shown in solid organ transplant recipients that 
prior COVID-19 infections resulted in higher titers response 
to SARS-CoV-2 vaccination [6]. Many studies of SARS-CoV-2 
vaccination in solid organ transplant recipients have failed to 
exclude previously COVID-19 infected patients [7-10,13-15]. 
Failing to exclude previously COVID-19 infected transplant 
patients may overestimate vaccine responsiveness. One 
study to evaluate the response to the Pfi zer vaccine in kidney 
transplant patients excluded patients that were found to have 
positive NC [5]. Another study excluded solid organ transplant 
patients with a positive COVID-19 nasopharyngeal swab before 
vaccination with the Moderna [6]. This study excluded heart 
and kidney transplant patients with both a positive COVID-19 
nasopharyngeal swab and/or a positive NC antibody. This 
double exclusion from analysis allowed for the removal of two 
patients who had incorrectly completed their questionnaires 
and were found to have positive nasopharyngeal swabs before 
vaccination. One patient has questioned and found to have 
had a viral illness before the transplant but was not tested 
for COVID-19. One patient with a positive NC may have had 
an asymptomatic COVID-19 infection because they were 
transplanted many years before the COVID-19 pandemic and 
were without any report of COVID-19 symptoms or a positive 
nasopharyngeal swab. 

This study failed to observe an association between the 
use or type of t-cell depletion as induction immunotherapy 
and vaccine responsiveness. These fi ndings counter a study 
evaluating the effectiveness of the Moderna vaccine in kidney 
transplant patients which excluded patients with prior 
COVID-19 infections and observed a decreased effectiveness 
in the fi rst year after t-cell depletion therapy [16]. This 
study confi rmed the fi ndings of a cohort of heart and kidney 
transplant recipients that found no negative effect from 
induction t-cell depletion [9].

This study observed no benefi t in the development of SA 
after SARS-CoV-2 vaccination from calcineurin avoidance. 
These results were supported by similar results in other studies 
that observed t-cell depletion was not associated with poor 
vaccine response rates [5,6,8-10].

This study found no association between vaccine 
responsiveness and time from transplant when the two organ 
transplant groups were separated using univariant analysis. 
When the multivariable analysis was utilized, time from 
transplant was associated with an improved vaccine response 
rate. These results were observed in a similar study that 
found that time from transplant for all the organ types of the 
study affected vaccine response rates [9]. The time from the 
transplant can also be a can a marker of the reconstitution of the 
native immune system after the induction immunosuppression 
used at transplantation.

In an initial review of these results, it seems that heart 
transplant patients had a better response to the vaccine 
than did the kidney recipients. The different response rates 

between the groups are explained by the fact that 87% of 
heart transplant recipients were on two or fewer drugs while 
92% of kidney recipients were on three or more drugs. Kidney 
transplant patients were more likely to be on steroids than 
heart transplant patients. This is the exact opposite results of 
a study that found less response to the SARS-CoV-2 vaccine in 
heart transplant patients compared to the kidney transplant 
patients of the study [9]. In that studied heart transplant, 
patients were on more immunosuppressives than their kidney 
compatriots while this study observed the opposite with most 
heart transplant recipients on 2 or fewer immunosuppressant 
drugs. Both these studies agree that avoidance of steroids and 
antimetabolites results in higher vaccine response rates. 

The improved vaccine response in patients not using 
steroids observed in this study supports other studies [5,6,8-
10]. When the odds ratios are compared in this study, steroid 
avoidance is the most important factor for successful SARS-
CoV-2 vaccine responsiveness. The results of this study did not 
support a study that suggested lower doses of steroids resulted 
in better vaccine responsiveness [5]. This study was only able 
to observe a benefi t to vaccine responsiveness when steroids 
were completely avoided.

This study observed that patients not receiving 
mycophenolate mofetil, mycophenolate sodium and 
azathioprine were more likely to respond to vaccination with 
the production of SA. The improved vaccine response in patients 
not using antimetabolite immunosuppression observed in this 
study supports the fi ndings of other studies [5,6,8-10,13,15]. 

This study was conducted when the CDC recommended only 
two doses of the P/BNT and M vaccine and one dose of the JJ/J. 
The results were compared to studies conducted during the same 
period when the CDC’s initial vaccination recommendations 
were being followed [5-11,13,15]. The last study sample from this 
study was obtained by 1 July 2021 before the CDC recommended 
a third SARS-CoV-2 vaccine for immunocompromised 
transplant recipients for full vaccination on 13 August 2021 and 
the SARS-CoV-2 vaccine booster dose was recommended on 21 
October 2021. Therefore these studies will not be reproduced, 
and all studies conducted during this period are vital to our 
understanding of the effect of immunosuppression on organ 
transplantation. A subsequent study reported that after a third 
SARS-CoV-2 vaccine dose development on SA increased from 
40% to 68% yet there was no difference in response related 
to current immunosuppressive [17]. Future deployment of 
new vaccines should include immunosuppressed patients at 
the development stage to ensure adequate initial dosing can 
be recommended before implementation to avoid the delays 
experienced with the introduction of the SARS-CoV-2 vaccine 
program.

Conclusion

This small study of kidney and heart transplant recipients 
showed that only 40.67% of patients responded with the 
development of spike antibodies after SARS-CoV-2 vaccination. 
The type of mRNA SARS-CoV-2 vaccine administered was not 
associated with a different SA response rate. Avoidance of 
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steroids and antimetabolite therapy at the time of vaccination 
were independently associated with a higher SA response rate. 
Employing lower doses of steroids did not improve the SA 
response rate The use of calcineurin inhibitors did not affect 
SA response after SARS-CoV-2 vaccination. T-cell depletion 
induction immunotherapy use at the time of vaccination was 
not found to signifi cantly affect antibody response. Time 
from transplantation was not associated with lower vaccine 
SA response rates when each transplant type was compared 
independently. This study used more restrictive criteria to 
exclude participants with COVID-19 infection before SARS-
CoV-2 vaccination and employed a novel antibody analysis; 
despite these differences, this study confi rms the results of 
other previously published reports.
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