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Background. Severe acute respiratory syndrome coronavirus 2 is associated with high mortality among transplant recipi-
ents. Comparative data that define humoral responses to the Oxford-AstraZeneca (AZ) and BNT162b2 (Pfizer-BioNTech)
vaccines are limited. Methods. We recruited 920 kidney transplant patients receiving at least 1 dose of severe acute
respiratory syndrome coronavirus 2 vaccine, excluding patients with virus pre-exposure. Serological status was determined
with the COVID-SeroKlir ELISA (Kantaro-EKF Diagnostics). Patients with a corrected antibody level of <0.7 AU/mL were
considered seronegative. Results. Four hundred ninety-five AZ and 141 Pfizer patients had a sample analyzed after first
dose and 593 after second dose (346 AZ versus 247 Pfizer). After first dose, 25.7% of patients seroconverted (26.6% AZ,
22.8% Pfizer). After second dose, 148 (42.8%) of AZ seroconverted compared with 130 (52.6%) of Pfizer (P=0.02; hazard
ratio, 1.48; 95% confidence interval, 1.07-2.06). When negative responders were excluded, Pfizer patients were shown to
have significantly higher response than AZ patients (median 2.6 versus 1.78 AU/mL, P=0.005). Patients on mycopheno-
late had a reduced seroconversion rate (42.2% versus 61.4%; P < 0.001; hazard ratio, 2.17) and reduced antibody levels
(0.47 versus 1.22 AU/mL, P=0.001), and this effect was dose dependent (P=0.05). Prednisolone reduced the seroconver-
sion from 58.2% to 43.6% (P=0.03) among Pfizer but not AZ recipients. Regression analysis showed that antibody levels
were reduced by older age (P=0.002), mycophenolate (P < 0.001), AZ vaccine (versus Pfizer, P=0.001), and male gender
(P=0.02). Sixteen of 17 serious postvaccine infections occurred to patients who did not seroconvert. Conclusions. Both
seroconversion and antibody levels are lower in AZ compared with Pfizer vaccinated recipients following 2 vaccine doses.
Mycophenolate was associated with lower antibody responses in a dose-dependent manner. Serious postvaccine infections
occurred among seronegative recipients.
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INTRODUCTION

Vaccination against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has become an essential
part of the recovery phase of the SARS-CoV-2 pandemic.
However, immunocompromised individuals, including
primary and secondary immunodeficient patients, may be
less likely to benefit from this intervention. This includes
individuals with kidney disease and diabetes, particu-
larly those who have or are going to receive transplants,
because they receive immunosuppressive drugs to inhibit
and protect from graft rejection. These drugs may variably
suppress the magnitude and durability of vaccine-induced
responses, rendering individuals more susceptible to SARS-
CoV-2 infections.

The risk of SARS-CoV-2 infection and disease could be
exacerbated by the emergence of virus variants enabling
more rapid transmission and evasion of host immunity.
Immunodeficient individuals may experience persistent
SARS-CoV-2 with a risk of emergence of novel variants
because of insufficient immunological control of virus
replication.’

Altered vaccine-induced immunity has been described in
transplant patients in the context of other viral pathogens
and differs depending on the vaccine type. In hepatitis B
for example, where antibody response is low following
standard regimes, repeat boosters have been shown to
lead to improved serological response.* In the case of the
influenza vaccine, results vary with some evidence of simi-
lar protection to the general population,’ whereas other
studies suggest seroprotective response of 50% compared
with healthy individuals.® This led to the recommenda-
tions from the American Society of Transplantation for
vaccination in transplant recipients.”

This variability underlines the importance of under-
standing vaccination responses to different vaccines in
immunocompromised populations in an evolving situation
with new variants that transmit more readily and may be
associated with immune evasion and more severe disease.
Improved understanding may inform choice of vaccine
platform (adenoviral versus messenger RNA [mRNA]),
timing, number of booster doses, and monitoring and
defining risk groups within the patient population where
alternative strategies such as monoclonal antibodies may
be needed for protection.

In the context of SARS-CoV-2, there are reports® “ that
the Moderna (mRNA-1273 SARS-CoV-2) and the Pfizer
Biotech (MRNA BNT162b2) mRNA vaccines provide sub-
optimal antibody protection after the first dose in trans-
plant recipients with some improvement following the
second dose but remaining low compared with the gen-
eral population.''** However, some of these reports are
limited by insufficient numbers to perform subanalysis of
potential risk factors that may help explain this blunted
response. Furthermore, it is unclear whether induction
immunosuppression blunts serological responses even
further. Finally, it is currently unknown whether different
vaccine types, such as those based on mRNA (Pfizer) or
adenovirus (AstraZeneca [AZ]), differentially induce anti—
SARS-CoV-2 serological responses in this population.

It has been established that seroconversion protects
from severe SARS-CoV-2 infection, at least in the general
population.”” We also know that the level of antibody
response to vaccination may correlate with the degree of
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protection from severe SARS-CoV-2 infection'® and there-
fore would be important to establish if different vaccines
induce different antibody titers within the immunocom-
promised cohort.

PATIENTS AND METHODS

Patient Population and Samples

We recruited 920 solid organ transplant patients in South
Wales, United Kingdom, receiving different, according to
availability, SARS-CoV-2 vaccines and were able to stratify
these by immunosuppressive drugs and induction regimens.
Patients were recruited as part of an institutional Research
and Development and Research Ethics Committee—
approved evaluation of vaccine efficacy in transplant and
waiting list patients following verbal consent and as part
of the vaccine arm of the Early Novel Laboratory Insight
Study (Integrated Research Application System 283297,
Research Ethics Committee Bradford, Leeds, United
Kingdom) following written informed consent.

Patient samples were obtained, when possible, before
the first vaccine dose, then at various time points between
the 2 vaccination doses, and at multiple points after sec-
ond dose, including monthly samples thereafter. Serum
samples collected from January 21, 2021, to June 7, 2021,
were analyzed using enzyme-linked immunosorbent assay
(ELISA) as described below.

Patient demographics, transplant details, induction, and
maintenance immunosuppression were obtained through
a prospective clinical database (Vital Data). Vaccination
status (type of vaccine, date of first and second doses) was
obtained through the Welsh Clinical Information Service.
Previous SARS-CoV-2 clinical infection information was
gained through a central, prospective database for all
infected transplanted patients in South Wales. The recent
immunosuppression regimes of the Cardiff Transplant
Unit involve T cell-depleting induction with either alem-
tuzumab or thymoglobulin and maintenance with tac-
rolimus and mycophenolate with or without steroids. We
decided, during this period, to defer vaccination in patients
transplanted before being vaccinated for 2 mo (following
discussion with Infectious Disease expert colleagues from
the American Society of Transplantation to allow for some
recovery from the acute immunosuppression).

Antibody Testing for SARS-CoV-2

Serological status was determined using samples ana-
lyzed with the COVID-SeroKlir 2-step ELISA (Kantaro
Biosciences, New York, NY; supplied by EKF Diagnostics,
United Kingdom). The assay has 97.8% sensitivity and
99.6% specificity for detecting SARS-CoV-2-specific
immunoglobulin G antibodies against 2 virus antigens,
the full—len7gth spike protein and its receptor-binding
domain.'®"” The 96-well plate ELISA was performed on
an automated platform (Dynex Technologies) according
to the manufacturer’s instructions using the anti-receptor-
binding domain assay. The assay relies on an assay-specific
calibrator to report the ratio of the specimen absorbance
to the calibrator absorbance to calculate a cutoff index
value. Additionally, we used the term “seroconversion” if
the assay value was above the arbitrary cutoff of 0.7 AU/
mL, and for the purpose of this article, we defined non-
responders as patients whose antibody levels remained
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<0.7 AU/mL. Values >10 AU/mL were recorded as 10 AU/
mL. The cutoff value of 0.7 AU/mL comes from studies of
infected patients.'®!”

Statistical Analysis

The vaccine response positive or negative was correlated
with the type of vaccine, the time interval posttransplanta-
tion (<6 mo compared with >6 mo), the demographics of the
cohort population, induction (thymoglobulin versus alem-
tuzumab), and maintenance immunosuppression. We used
nonparametric tests (eg, Mann-Whitney U test) for nonnor-
mally distributed data. False discovery rate corrections were
undertaken using the Benjamini-Hochberg method. The
Fisher exact test was used to compare categorical variables.

Binary regression analysis was used to identify factors
independently associated with seroconversion, univariate
analysis to identify factors contributing to the antibody
level, and linear regression analysis to identify the relative
impact of factors on the antibody levels as measured by
the assay. This was performed after both the first and sec-
ond doses. Results were further analyzed in patients who
had a sample taken at least 14 or 21 d following the first
and the second doses to account for antibody generation.
The study was powered at a level of 80% to detect a 25%
difference on vaccine-induced antibody titers between vac-
cines (with at least 212 patients in each vaccine group).

RESULTS

Patient Characteristics and Vaccination Regimes

By the end of June 2021, out of the transplant follow-
up population (n=1093), 722 (66%) had received at least
the first dose of the AstraZeneca (AZ) vaccine, whereas
326 (29.8%) received Pfizer vaccination. Forty-five (4.1%)
patients did not receive a vaccination or this was not
recorded. Six hundred eighty patients had received both
doses of the AZ vaccine compared with 321 who received
2 Pfizer vaccinations. There have been 2211 samples col-
lected to date, out of which 1128 samples were after the
second dose in 894 patients. Out of those, we have tested
1179 samples thus far. Two hundred ten patients had a
sample taken before any vaccination, 636 patients had a
sample taken after first vaccination, and 593 had at least
1 sample taken after the second vaccination. The distribu-
tion of patients who received at least 1 dose with sam-
ples analyzed according to timing and type of vaccine is
presented in Table 1. The median interval between the 2
doses in this cohort was 77 (range, 15-132) d for the AZ
and 47 (range, 28-97) for the Pfizer vaccine (P < 0.0001).
The demographics of both vaccine groups are presented

in Table 2.

TABLE 1.

Number of patients according to the type of vaccine
received and the timing of analyzed samples in relation
to vaccination

Oxford-AstraZeneca, Pfizer-BioNTech (mRNA

n (%) BNT162b2), n (%)
Before first dose 147 (70) 63 (30)
After first dose 495 (77.8) 141 (22.2)
After second dose 346 (58.3) 247 (41.7)

Asderakis et al 1423

Prevaccine Positive Patients

Before vaccination, we identified 34 samples from 31
patients (3 duplicates) with antibody values >0.7 AU/mL.
The median value of antibody measured was 3.48 AU/mL.
Six subsequently received Pfizer and 25 AZ vaccines. Of
them, 8 were known to have had a clinical infection before
sampling.

Mycophenolate Derivatives but not Vaccine Type
Influence Seroconversion Following a Single-dose
SARS-CoV-2 Vaccination

We analyzed 769 samples obtained from 599 patients
following the initial vaccination. Of those, 463 received AZ
(77%) and 136 Pfizer-BioNTech (Pfizer) vaccines (23%).
Overall, 154 patients (25.7%) seroconverted (as defined
by an assay value of >0.7 AU/mL). When vaccination type
was examined independently of other factors, 26.6% of
AZ patients seroconverted following the first dose com-
pared with 22.8% of Pfizer (P=0.4). The median values
of antibody responses (0.22 AU/mL) were low compared
with those observed in infected patients (3.48 AU/mL),
and we did not observe any difference in antibody titers
between individuals receiving the different vaccines at this
time. Patients receiving a transplant <6 mo before vacci-
nation responded numerically better than patients who
were vaccinated after 6 mo from transplantation (36%
versus 25.4%, P=0.3). In a binary regression model for
seroconversion after 1 vaccine dose, only the presence of
mycophenolate derivatives affected (negatively) the anti-
body response rate to the vaccine (B, 0.6; 95% confidence
interval [CI], 0.41-0.94).

Pfizer Vaccination Induces Higher Seroconversion
and Antibody Titers Than AZ Vaccination After 2
Doses

Five hundred ninety-three patients had at least 1 sam-
ple analyzed after second dose, 346 of them had received
AZ and 247 Pfizer vaccines. Two hundred seventy-eight
of 593 patients (48.5%) had seroconverted on the basis
of the assay cutoff of 0.7 AU/mL at the time of their lat-
est sample tested, representing 148 of 346 (42.8%) of AZ
versus 130 of 247 (52.6%) of the Pfizer patients (P=0.02;
hazard ratio [HR], 1.48; 95% CI, 1.07-2.06).

When antibody titers were quantified, antibody levels
increased from a median of 0.22 AU/mL after first dose to
0.62 AU/mL after the second dose, with patients receiving
Pfizer vaccination (0.79 AU/mL) having a higher response
than patients receiving AZ vaccination (0.52 AU/mL;
Mann-Whitney P=0.006).

When negative responders were excluded, Pfizer patients
were shown to have a significantly higher response than
AZ patients (median 2.6 versus 1.78 AU/mL, P=0.005;
Figure 1). Moreover, the majority of these positive respond-
ers of AZ were concentrated within the lower quartile of
antibody levels (0.7-1.1 AU/mL). Looking at the data lon-
gitudinally following the second dose, the antibody levels
increase in both vaccines to week 5 after dose (Figure 2).
The increase is sharper for the Pfizer vaccine, but the tim-
ing between the 2 vaccines might have affected that. Thus,
our data suggest that Pfizer vaccination induces increased
seroconversion and antibody titers following a 2-dose vac-
cination protocol.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



1424 Transplantation m July 2022 = Volume 106 ® Number 7

www.transplantjournal.com

TABLE 2.

Demographics of the 2 vaccine groups after second dose

Patient characteristic Oxford-AstraZeneca Pfizer-BioNTech (mRNA BNT162b2) P
Median age, y (range) 56 (20-87) 57 (20-87) 0.5
Latest median BMI (range) 29.5 (18-40) 27 (18-35) 0.2
Median transplant duration, y (range) 7.75 (3 mo—40y) 7.36 (3 mo—-33Yy) 0.59
Male/female, n (%) 208/138 (60.1/39.9) 150/97 (60.4/39.6) 0.9
Ethnic group: any White/any Asian/any African background, n (%) 266/13/3 (76.9/3.8/0.9) 182/21/1 (73.7/8.5/0.4) 0.13
Median eGFR (range) 48 5(8-110) 54 (11-120) 0.09
Diabetes as cause of renal failure, n (%) 40 (11.9) 21(8.5) 0.22

BMI, body mass index; eGFR, estimated glomerular filtration rate.

Maintenance Immunosuppression Impacts Vaccine
Immunogenicity After the Second Dose

We assessed whether immunosuppression impacted on
immunogenicity of SARS-CoV-2 vaccination. Patients in
<6 mo posttransplantation (n=35) demonstrated compa-
rable seroconversion rate (60%) compared with patients
after 6 mo (n=407,47.4%, P=0.15) and no difference in
antibody titer (1.06 versus 0.62 AU/mL, P=0.6). There
was no difference in the response between patients receiv-
ing thymoglobulin compared with alemtuzumab within

this group. Thus, although numbers are small, our data
indicate no impact of induction immunosuppression on
antibody seroconversion.

Next, we investigated whether maintenance immuno-
suppression impacted vaccine immunogenicity after the
second dose. We observed that the 335 patients receiv-
ing mycophenolate derivatives (mycophenolate mofetil
or mycophenolate sodium) who were tested exhibited
a lower seroconversion rate as compared with the 108
patients tested not receiving mycophenolate (42.5 versus

p =0.005

corrected OD (AU/mL)

AstraZeneca

Pfizer

vaccine type

FIGURE 1. Antibody levels following the second dose according to the vaccine type. Patients receiving Pfizer vaccination (n=247) had
a higher antibody response than patients receiving AstraZeneca vaccination (n=346) following the second dose, when nonresponders
were excluded (median 2.6 vs 1.78 AU/mL, Mann-Whitney P=0.005). Moreover, the majority of the antibody values of the AstraZeneca
group were concentrated in the lower quartile (0.7-1.1). Box plot with dots representing outliers. Corrected OD indicates adjusted values

of antibody as measured by the assay. OD, optical density.
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Weeks after the 2nd vaccine

FIGURE 2. Antibody levels according to the week of testing after the second vaccine dose and the vaccine used. Longitudinal data
following the second dose of the vaccine show that the antibody levels increase in both vaccines to week 5 postdose. It should be
noted not all patients are represented in all weeks. Box plot with dots representing outliers. Values >10 were amalgamated to 10 AU/
mL. Corrected OD indicates adjusted values of antibody as measured by the assay. AZ, AstraZeneca vaccine; OD, optical density; Pfizer,

Pfizer-BioNTech vaccine.

61.3%, Fisher exact P < 0.001). The demographics of the
groups receiving mycophenolate derivatives or not are
included in Table 3. The level of antibody response was
also reduced by mycophenolate derivatives (Figures 3;
0.45 versus 1.25 AU/mL, P < 0.001). Furthermore, higher
maintenance doses of mycophenolate mofetil (and equiva-
lent of mycophenolate sodium) from 250 to 750 mg were
associated with lower antibody responses (0.61-0.18 AU/
mL, P=0.06, test for linearity P=0.07).

Next, we assessed the impact of prednisolone on
seroconversion. We found that 44.2% of the 190

patients receiving prednisolone seroconverted com-
pared with 51.4% of the 253 who were not receiving
prednisolone (P=0.14). Further analysis revealed that
the presence of prednisolone had no effect on the sero-
conversion rate among AZ-vaccinated patients (45.5%
versus 48.3%), whereas it suppressed seroconversion
rate among patients who received Pfizer (from 54% to
42.9%, P=0.1; Table 4). Furthermore, patients receiving
both mycophenolate and prednisolone had the lowest
seroconversion response after the second dose of 39%.
In contrast, patients receiving calcineurin inhibitors only

TABLE 3.

Demographics of patients according to mycophenolate derivatives use

Patient characteristic No mycophenolate Mycophenolate P
Median age, y (range) 60 (20-87) 55.5 (20-87) 0.001
Latest median BMI 28.5 30 0.9
Median transplant duration, y (range) 16.2 (3 mo—40Yy) 6.08 (2 mo—29 ) 0.001
Male/female, n (%) 73/72 (50.3/49.7) 2851 63 (63.6/36.4) 0.005
Median eGFR (range) 43 (11-110) 54 (8-120) 0.001
Diabetes as cause of renal failure, n (%) 0(6.9) 51 (11.3) <0.0001

BMI, body mass index; eGFR, estimated glomerular filtration rate.
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p =0.001

corrected OD (AU/mL)

No

Yes

MMF or MPS

FIGURE 3. Antibody levels following the second dose of the vaccine according to mycophenolate. The level of antibody response was
reduced in patients who were on mycophenolate derivatives (0.47 vs 1.22 AU/mL, Mann-Whitney P=0.001). Patients on mycophenolate
also had a lower seroconversion rate as compared with those not receiving mycophenolate (42.2% vs 61.4%, P < 0.001). Box plot with
dots representing outliers. Values >10 were amalgamated to 10 AU/mL. Number of patients not receiving mycophenolate: 145 (24.5%);
number of patients receiving mycophenolate: 448 (75.5%). Corrected OD indicates adjusted values of antibody as measured by the
assay. MMF, mycophenolate mofetil; MPS, mycophenolate sodium; OD, optical density.

and who received Pfizer vaccination exhibit a serocon-
version rate of 72%.

Thus, overall, these data imply that maintenance immu-
nosuppression inhibits the ability of SARS-CoV-2 vac-
cinations to induce antibody responses, and individuals
receiving Pfizer vaccination seem to be more sensitive to
the inhibitory effects of maintenance immunosuppression
than AZ-vaccinated patients. This might have been affected
by the overall higher response to the Pfizer vaccine.

TABLE 4.

Seroconversion rates according to prednisolone use
in the 2 vaccine groups

Vaccine Antibody Prednisolone, No prednisolone,

type response n (%) n (%)

AZ Positive (>0.7 AU/mL) 45 (45.5) 56 (48.3)
Negative (<0.7 AU/mL) 54 (54.5) 60 (51.7)

Pfizer Positive (>0.7 AU/mL) 39 (42.9) 74 (54)
Negative (<0.7 AU/mL) 52 (57.1) 63 (46)

The negative effect of prednisolone on seroconversion rate seems to be limited to the Pfizer
group.
AZ, AstraZeneca; Pfizer, Pfizer-BioNTech vaccine.

Regression Analysis Reveals Multiple Factors
That Influence SARS-CoV-2 Vaccine Immunogenicity

To control for confounders and take account of mald-
istribution of the multiple risk factors involved, we per-
formed univariate and linear regression analyses. Binary
regression analysis demonstrated that seroconversion was
less likely in males compared with females (P=0.025),
Caucasians versus Asians (P=0.053), older patients (aged
>60y, P=0.048), patients on mycophenolate derivatives (P
< 0.001), and AZ vaccine versus Pfizer vaccine (P=0.028).
In terms of absolute seroconversion rates, the vaccine type
did not impact seroconversion. We should note, however,
that we did not have sufficient patients in our study of
other ethnic groups to make other valid comparisons.

In a univariate analysis performed to identify factors
affecting the antibody titer, vaccine type (P=0.001), recipi-
ent age (P=0.006), and mycophenolate derivative use
(P <0.001) were found to be significant. We next performed
linear regression analysis using as outcome of the antibody
titer, as defined by the assay used. This was affected by
age (negative effect, P=0.001), mycophenolate use (nega-
tive effect, P < 0.001), the type of vaccine (Pfizer better
response than AZ, P=0.02), and gender (females better
response than males, P=0.04), whereas prednisolone use
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(P=0.6), race (P=0.14), induction immunosuppression
(P=0.37), and the time posttransplant (P=0.17) did not
affect the antibody titer (model overall is highly significant
with P < 0.001; Table 5).

SARS-CoV-2 Infections After Second Vaccination

As of October 1, 2021, we recorded 25 clinical infec-
tions from SARS-CoV-2 confirmed in doubly vaccinated
transplant patients (before their 3d dose), as confirmed
with a positive polymerase chain reaction. Of those, 16
patients had received the AZ vaccine, out of whom 14 had
a negative antibody response. Of the 9 recipients of Pfizer
vaccine, 6 were also negative for antibody. Six out of 14
infected AZ-vaccinated patients required admission with 1
death. Two out of the 9 infected Pfizer-vaccinated patients
required admission. All admitted patients had no demon-
strable antibody response before their infection.

DISCUSSION

This is the first large comparative study in renal and
pancreas transplant recipients to compare patients who
received either the Oxford-AZ (adenovirus-based) or the
Pfizer-BioNTech (mRNA BNT162b2) vaccine. The num-
ber of samples and patients involved allowed us to make
a number of valid comparisons between the 2 regimes. It
is also the first study to report on the effect of AZ vaccine
among immunosuppressed individuals.

The seroconversion rate following the second dose of
either vaccine was low (<50%). Importantly, our data dem-
onstrated that both the seroconversion rate and the magni-
tude of the antibody response in these immunosuppressed
individuals were greater following the Pfizer compared
with the AZ vaccine. Benotmane et al® reported a 48%
response to the Moderna (mRNA-1273 SARS-CoV-2) vac-
cine among 200 patients who were seronegative before
vaccination. Boyarsky et al”!! reported a seroconver-
sion rate of 48% after the second dose in kidney trans-
plant recipients receiving either of the 2 mRNA vaccines
(mRNA-1273 SARS-CoV-2 or mRNA BNT162b2).

This is replicated by the 52.6% seroconversion rate
among patients who received Pfizer (mMRNA BNT162b2)
vaccine (in patients without previous SARS-CoV-2 expo-
sure) in our cohort. Grupper et al'®!” have shown an even
lower response of 37% in kidney recipients. The rate of
seroconversion among patients who received AZ vaccine

Asderakis et al 1427

in our cohort was lower than that following Pfizer at
42.8%. Of significant concern is the fact that the level of
antibody response in patients who received AZ was sig-
nificantly lower than in those who received Pfizer, and for
both, it was significantly lower compared with the immu-
nocompetent population.'®'” Additionally, most patients
who received AZ and seroconverted had a lower positive
response compared with their Pfizer counterparts. A small
study of 12 patients who received a different adenovirus-
based vaccine has also shown a very low response.?’

The numerous outliers raise the possibility that these indi-
viduals may have been previously subclinically infected. The
limited number of samples we had before the first dose show
that it is fair to assume that subclinical infection was at least
evenly distributed between the 2 vaccine groups. The meas-
urement of antinucleocapsid antibody between the 2 doses
will have been a more robust way to allay this concern.
Because of the “real-world” nature of this study, we were not
able to perform this. This represents a limitation of the study.
Despite this, there is no theoretical reason that more patients
would have been subclinically infected in Pfizer compared
with the AZ group, given the rest of the results.

A possible concern with new transplants is that, if they
receive induction with T cell-depleting agents, this might
suppress their vaccine antibody response still further. It
was reassuring that although numbers are still low in our
cohort currently, seroconversion among early transplants
who received induction T cell-depleting immunosuppres-
sion was at least equivalent to our long-term transplant
patients. This result certainly means that it is the effect
of chronic immunosuppression that is more important in
seroconversion. It should be noted that vaccination was
deferred for 2 mo posttransplantation if not vaccinated
before transplantation. This pragmatic solution seems to
be justified by these early results.

Additionally, at the initial phase at least, there appears
not to be a difference in the response between patients who
had received thymoglobulin compared with those who
received alemtuzumab. Overall, these data might have
implications in several other immunosuppressed groups
where T-cell depletion is given, such as chronic lympho-
cytic leucaemia, multiple sclerosis, and others.

The impairment of antibody response because of
mycophenolate derivatives, as also reported in the study
of Boyarski,”!" was significant. Because of the number
of patients studied, we were able to perform an analysis

TABLE 5.

Linear regression model for prediction of SARS-CoV-2 antibody level response after the second vaccine dose

95% confidence interval for 3

B Lower bound Upper bound P
Recipient age, y -0.03 (-0.17) —0.05 —0.01 0.001
Transplant duration (<6 mo vs >6 mo) —-0.69 (0.07) -1.69 0.3 017
Mycophenolate (no vs yes) -1.18 (-0.19) -1.8 —0.55 <0.001
Induction immunosuppression (thymoglobulin vs alemtuzumab) 0.121 -0.144 0.387 0.370
Prednisolone (no vs yes) -0.13(-0.2) -0.67 0.42 0.6
Type of vaccine (AZ vs Pfizer) 0.65(0.12) 0.10 1.2 0.02
Gender group (M vs F) 0.58 (0.10) 0.03 1.14 0.04
Ethnic group (Caucasians vs Asians) 0.84 (0.07) -0.28 1.9 0.14

AZ, AstraZeneca; F, female; M, male; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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of the effect of the dose that concluded that patients on
higher mycophenolate doses had lower antibody responses.
Furthermore, patients receiving both mycophenolate and
prednisolone had the lowest seroconversion response after
second dose of 39%. Our results suggest a differential
effect in responses to the 2 different vaccines of patients on
prednisolone with no reduction in patients who received
the AZ vaccine, whereas responses to the Pfizer vaccine
were impaired further. This could be a statistical anomaly,
but it is worth investigating further.

It is important to note that vaccine-induced protection
from SARS-CoV-2 will likely be mediated in part by T cells.
T cells are implicated in control of severe COVID-19.21*>
Although transplant patients have been shown to mount
robust T-cell responses following SARS-CoV-2 infection,
these responses are somewhat delayed,” suggesting immuno-
suppressive drug regimens may suppress SARS-CoV-2-spe-
cific T-cell immunity, including those induced by vaccination.

A very recent study that was based on linked transplant
patient vaccination and mortality data from England sug-
gested that these 2 vaccines studied did not protect patients
from infection and only the Oxford AZ vaccine reduced
mortality compared with unvaccinated patients in contrast
with the Pfizer that did not.** On the basis of that and our
study, third and fourth vaccine doses are clearly justified
and already acted upon in both England and Wales. As
suggested in an editorial to this article, the failure of the
mRNA vaccine to protect solid organ transplant patients
from death is unexpected and further research is needed
before this can be confirmed.” This is difficult to reconcile
with the results from our study and also the preliminary
infection data coming from Wales included in this arti-
cle. These results do suggest a significant protection from
severe disease in patients with positive antibody status
postvaccination.

In conclusion, a significant proportion of transplant
patients does not show seroconversion following the
second vaccine dose, and patients who received AZ vac-
cine show a significantly less antibody titer that in the
general population has been associated with more severe
breakthrough infections. The presence of breakthrough
SARS-CoV-2 severe infections in this cohort occurring pre-
dominantly in those individuals without a demonstrable
antibody response signifies that a considerable number
of transplant patients remains at risk. Given our results,
at least 1 extra dose, especially Pfizer, is highly recom-
mended for the immunosuppressed population. There is
evidence now that a monoclonal antibody combination
(Casirivimab and Imdevimab, also known as Ronapreve in
the United Kingdom and Regen-Cov in the United States)
and also Sotromivab are effective in the negative antibody
patients.”® Therefore, it is highly recommended that this
subpopulation of immunosuppressed patients that remains
at risk is identified in advance. This population also needs
to remain vigilant in terms of taking safety precautions.
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