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ABSTRACT

Data regarding immunogenicity of mRNA severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccines
among kidney transplant recipients in the months following vaccination are lacking. We aimed to investigate humoral
immune response at 3–4 months post-vaccination among a cohort of kidney transplant recipients, compared with a
control group of dialysis patients. Anti-spike antibodies were tested at 1 and 3–4 months after vaccination. Of 259 kidney
transplant recipients tested at a median time of 110 days from second vaccine dose, 99 (38%) were seropositive,
compared with 83% (101/122) of control patients. Younger age, better renal function and lower immunosuppression
levels were associated with seropositivity. A total of 14% (13/94) of participants seropositive at 1 month became
seronegative at follow-up and 11% (18/165) became seropositive. The latter were mainly individuals with higher antibody
levels at 1 month. Antibody levels at 3–4 months were significantly reduced in both study groups, although the decline
was more pronounced in the control group. Kidney transplant recipients present poor antibody response to mRNA
SARS-CoV-2 vaccination, with only 38% seropositive at 3–4 months. Nevertheless, the decay in antibody response over
time is modest, and some patients may present delayed response, reaching adequate antibody levels at 3–4 months. Low
seropositivity rates in this group call for investigating other immunization strategies.
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INTRODUCTION

Inadequate antibody response to severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) mRNA vaccination has been
increasingly reported among solid organ transplant (SOT) re-
cipients. Several studies in kidney transplant recipients have
shown poor humoral responses up to 1 month following the
second mRNA vaccine dose, ranging from 29% to 54% seropos-
itivity [1, 2]. Heart transplant recipients have shown similar re-
sponse rates [3], while lung transplant recipients have shown
even worse responses (18% seropositivity at 14–21 days follow-
ing the second vaccine dose) [4].

Factors associated with reduced humoral response in these
studies included increased age, lower glomerular filtration rate
(GFR), and type and dose of immunosuppressive medication.
Treatment with belatacept or anti-thymocyte globulin (ATG),
higher doses of mycophenolic acid; or higher blood levels of
calcineurin inhibitors (CNIs) were all associated with lower
seropositivity rates [1, 3, 5].

Among transplant recipients following natural coronavirus
disease 2019 (COVID-19) infection, a few small studies demon-
strated similar immediate humoral and cellular response in
comparison with healthy controls, soon after the infection
[6, 7]. A study following liver transplant recipients over 6months
after natural infection showed lower seropositivity rate at 3 and
6months when compared with healthy controls, but with a sim-
ilar decline in seropositivity rates over time (77% seropositivity
at 3 months to 63% at 6 months) [8].

No data are currently available regarding the durability of an-
tibody response following vaccination in transplant recipients.
Among healthy subjects, Widge et al. [9, 10] reported elevated
antibodies persisting at 90 days and, more recently, 209 days af-
ter the second dose of mRNA-1273 (Moderna) vaccine in all 34
participants, despite a slight decrease in levels. Geometric mean
titers exceeded those of convalescing non-vaccinated controls.
In comparison, Naaber et al. [11] demonstrated a significant de-
crease in antibody levels among 122 healthy volunteers at 6 and
12 weeks following BNT162b2 vaccine (Pfizer).

In this second stage of a prospective cohort study following
kidney transplant recipients after BNT162b2 vaccination, we as-
sessed anti-spike (anti-S) antibody levels at 3 months after the
second vaccine dose.

MATERIALS AND METHODS

Study procedures and data collection

This was a prospective, single center, cohort study, evaluat-
ing kidney transplant recipients with functioning grafts that
had been vaccinated with two doses of BNT162b2 vaccine,
21 days apart. We included adult recipients (>18 years) receiv-
ing first vaccine dose at least 1 month following the transplan-
tation surgery. Participants who had documented infection with
COVID-19 at any time prior to vaccination were excluded from
the study. The study was conducted according to the declara-
tions of Helsinki and Istanbul, and was approved by the ethic
committee of RabinMedical Center (RMC).The settings, data col-
lection, immunosuppression regimen data and laboratorymeth-
ods have been previously described (Supplementary data, Sup-
plement 1), as well as outcomes at 2–4 weeks following the
second vaccine dose [1]. In this phase of the study, we further
tested consenting participants for SARS-CoV-2 antibody levels at
∼3 months after the second vaccine dose. The SARS-CoV-2 IgG
II Quant (Abbott©) assay, testing antibodies against the receptor

binding domain (RBD) of the spike protein, was used, with level
>50 AU/mL considered positive [12]. A control group consisted
of dialysis patients, evaluated in the same manner. The ratio-
nale for this control group was data from two studies, showing
robust antibody response to mRNA vaccines among dialysis pa-
tients, similar to a healthy population [13, 14]. Dialysis patients
who were treated with immunosuppressant medications were
excluded from the control group.

Statistical analysis

For comparison of continuous variables between groupswe used
Student’s t-test for normally distributed variables and Mann–
WhitneyU test for non-normally distributed variables. Themain
outcome of the study was seropositivity for SARS-CoV-2 at
3 months (defined as antibody titer >50 AU/mL) [12]. Secondary
outcomes included log-transformed antibody titter (1 was added
to the antibody levels and the product was transformed to dec-
imal logarithmic scale) and the change in antibody levels be-
tween the two evaluation timepoints.

Univariate andmultivariate logistic regression analyses were
performed with seropositivity as outcome. Multivariate analy-
sis was done using forward regression with a P-value of 0.05
for inclusion. Variables introduced into the model included: age,
gender, bodymass index (BMI), donor type, time from transplan-
tation, diabetes status, time from immunization to evaluation,
estimated glomerular filtration rate (eGFR), high CNI blood level,
mycophenolic acid dose, treatment with ATG (within 6 month
before the first vaccine dose), treatmentwith high-dose corticos-
teroids (at least 250 mg methyl prednisolone for at least 3 days,
within 6 month before the first vaccine dose), treatment with
inhibitors of mammalian target of rapamycin (mTOR) and treat-
ment with cyclosporine. For evaluation of the log-transformed
antibody titer, we used simple and multiple linear regression
analysis. Multivariate analysis was done using forward regres-
sion with a P-value of 0.05 for inclusion.

To evaluate antibody dynamics between the first and the sec-
ond evaluation, we used repeated measure analysis of variance
(ANOVA) with the antibody levels at 1 month and 3–4 months as
the repeated measures. We evaluated for interactions between
the control and the study groups as well as patients’ variables in
the study group, and the change in antibody levels. All variables
with significant interaction (P≤ 0.05)were introduced intomulti-
variate model. For this analysis, age was divided into two groups
(≥50 years versus <50 years) as well as mycophenolic acid dose
(no treatment or ≤360 mg versus >360 mg).

We also evaluated the difference between the log-
transformed antibody titer at 1 month and 3–4 months. The
differencewas calculated as log [(1+Ab1 month)/(1+Ab3-4 months)].
We used simple and multiple linear regression analysis. Multi-
variate analysis was done using forward regression with P-value
of 0.05 for inclusion with all variables mentioned above. All
analyses were done using SPSS version 26 (IBM INC, Armonk,
NY, USA).

RESULTS

Seropositivity rates

Of the original 308 consenting kidney transplant recipients,
5 had COVID-19 infection during the interval and 1 patient died.
Forty-four patients were unavailable for a repeat blood sample
during the study period. Two hundred fifty-nine patients (84%)
had available measurements of anti-S antibodies at 3–4 months.
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Table 1. Baseline characteristics of the study group

Variable All (N = 259) Seropositive (N = 99) Seronegative (N = 160) P-value

Age (years), mean ± SD 58.22 ± 13.37 54.1 ± 13.3 60.77 ± 12.8 <0.001
Female gender, N (%) 88 (34%) 34 (34.3%) 54 (33.8%) 0.922
Time from transplantation (years), mean ± SD 7.1 ± 7.51 6.17 ± 5.91 7.67 ± 8.31 0.119
First 3 months, N (%) 10 (3.9%) 3 (3%) 7 (4.4%) 0.585
Living donor, N (%) 198 (76.4%) 82 (82.8%) 116 (72.5%) 0.052
eGFR (per mL/min/1.73 m2), mean ± SD 62.15 ± 22.3 70.54 ± 22.43 56.96 ± 20.64 <0.001
eGFR below 60 mL/min/1.73 m2, N (%) 126 (48.6%) 29 (29.3%) 97 (60.6%) <0.001
Diabetes mellitus, N (%) 45 (17.4%) 14 (14.1%) 31 (19.4%) 0.28
Time from second vaccine dose, mean ± SD 110.21 ± 16.65 108.47 ± 19.06 111.28 ± 14.93 0.188
BMI (kg/m2), mean ± SD 27.12 ± 4.56 27.11 ± 4.19 27.12 ± 4.79 0.983
No mycophenolic acid, N (%) 70 (27%) 33 (33.3%) 37 (23.1%) 0.38
Low dose mycophenolic acid, N (%) 20 (7.7%) 9 (9.1%) 11 (6.9%)
Medium dose mycophenolic acid, N (%) 99 (38.2%) 35 (35.4%) 64 (40%)
High-dose mycophenolic acid, N (%) 70 (27%) 22 (22.2%) 48 (30%)
Tacrolimus, N (%) 239 (92.3%) 95 (96%) 144 (90%) 0.81
Cyclosporine, N (%) 20 (7.7%) 4 (4%) 16 (10%)
Tacrolimus level (ng/mL), mean ± SD 7.74 ± 2.14 7.1 ± 1.7 8.17 ± 2.29 <0.001
Cyclosporine level 129.8 ± 58.14 118.5 ± 42.9 132.63 ± 62.22 0.676
mTOR inhibitor, N (%) 22 (8.5%) 11 (11.1%) 11 (6.9%) 0.235
High CNI level, N (%) 150 (57.9%) 48 (48.5%) 102 (63.8%) 0.016
High dose CSa, N (%) 22 (8.5%) 5 (5.1%) 17 (10.6%) 0.118
Treatment with rituximab, N (%) 4 (1.5%) 0 (0%) 4 (2.5%) 0.113
Treatment with ATG, N (%) 12 (4.6%) 3 (3%) 9 (5.6%) 0.334

aAll patients were on corticosteroid treatment; this indicates percentage with high dose.
ATG—antithymocyte globulin; BMI—body mass index; CNI—calcineurin; CS—corticosteroids; eGFR—estimated glomerular filtration rate; mTOR—mechanistic target
of rapamycin; SD—standard deviation.

Table 2. Antibody levels and log transformed antibody levels at 1 and 3–4 months for the study and control groups

Control group Study group P-value

1 month Antibody level (AU/mL)a 1533.05 (321–2903.2) 16.10 (3.8–157.2) <0.001
Log antibody level (log AU/mL)b 2.98 ± 1.48 1.48 ± 0.97 <0.001

3–4 months Antibody level (AU/mL)a 364.40 (90.7–859.6) 17.70 (2.7–156) <0.001
Log antibody level (log AU/mL)b 2.46 ± 1.36 1.36 ± 0.97 <0.001

aMedian (interquartile range).
bMean ± standard deviation.

The control group included 122 dialysis patients from the RMC
dialysis units [13]. For baseline characteristics of the study and
control groups, see Table 1 and Supplementary data, Table S1.

For the study group, antibody levels were collected at a me-
dian time of 110 days [interquartile range (IQR) 98–122 days] from
the second vaccine dose. Of the 94 patients who were seropos-
itive at 1 month, 13 (13.8%) turned seronegative; and of the 165
patients seronegative at 1month, 18 (10.9%) turned seropositive.
(See Supplementary data, Figure S2 for visual description of an-
tibody dynamics among these 13 seronegative and 18 seropos-
itive patients.) Overall, of the 259 patients included, 99 (38.2%)
were seropositive for anti-S antibodies at 3–4months, compared
with 112/308 (36.4%) at 1 month. Median antibody titer was
17.7 AU/mL (IQR 2.7–156) compared with 15.5 AU/mL (IQR 3.5–
163.6) at 1 month. Of the 122 patients in the control group,
101 (82.8%) were seropositive (P < 0.001 versus study group) at
3–4 months, compared with 114/122 (93.4%) at 1 month. The val-
ues for antibody levels and log transformed antibody levels at 1
and 3–4 months for the study and control groups are presented
in Table 2 and Figure 1. The distribution of log-transformed dif-
ference between anti-S antibody levels at 1 and 3–4 months was
normal and is depicted in Figure 2.

FIGURE 1: Log-transformed anti-S protein antibody levels at 1 and 3–4 months
for the study and the control groups.
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FIGURE 2: Distribution of log-transformed difference between anti-S antibody
levels at 1 and 3–4 months for entire cohort.

Factors associated with seropositivity at 3–4 months

On univariate andmultivariate analyses, the variables that were
associated with anti-S positivity in the study group included
younger age {odds ratio (OR) 1.042/year [95% confidence inter-
val (CI) 1.02–1.065], P < 0.001}, eGFR above 60 mL/min/1.73 m2

[OR 3.788 (95% CI 2.113–6.789), P < 0.001], lower mycopheno-
lic acid dose [OR 1.468 per 360 mg decline (95% CI 1.135–1.898),
P = 0.003] and low CNI blood level [OR 1.806 (95% CI 1.027–
3.177), P = 0.04]. For the full analyses, see Table 3. This was also
shown in a second analysis using the log transformed anti-S an-
tibody levels as a continuous variable (see Supplementary data,
Table S3).

Similar results were also found on additional analyses in-
cluding only the 239 patients (92.3%) treated with tacrolimus,
performed using tacrolimus level as a continuous variable. The
results of this analysis are detailed in Supplementary data,
Tables S4 and S5.

Transformation from seronegative at 1 month to
seropositive at 3–4 months

Of the 165 seronegative patients at 1 month, 18 (10.9%) became
seropositive. Median antibody levels at 1 month were 29 AU/mL
(IQR 14–42 AU/mL) and increased to a median of 80 AU/mL (IQR
57–139 IU/mL) at 3months. In univariate logistic regression anal-
ysis, higher antibody levels at 1 month [OR 1.107/AU/mL (95% CI
1.065–1.152), P < 0.001] and eGFR above 60 mL/min/1.73 m2 [OR
4.105 (95% CI 1.389–12.13), P = 0.011] were associated with se-
roconversion at 3 months. These findings remained significant
on multivariate analysis, as well as younger age, which was also
significantly associated with seroconversion [OR 1.058 (95% CI
1.008–1.109), P = 0.022]. The results of the analysis are presented
in Supplementary data, Table S6.

Transformation from seropositive at 1 month to
seronegative at 3–4 months

Of the 94 seropositive patients at 1 month, 13 (13.8%) became
seronegative. Median antibody levels at 1 month were 92 AU/mL
(IQR 67–184 AU/mL) decreased to a median of 26 AU/mL (IQR 18–
36 IU/mL) at 3 months. In univariate logistic regression analysis,
these 13 patients were at longer duration from transplantation,
with lower BMI, less likely to be treated with tacrolimus and had
lower antibody levels at 1month. This sample size was too small
to perform multivariate analysis (13 patients) (see Supplemen-
tary data, Table S2).

Dynamics of anti-S antibody levels between 1 month
and 3–4 months.

Anti-S antibody levels at 1 and 3 months for the study and con-
trol groups are presented in Table 2 and Figure 1. The anti-
S antibody levels at 3–4 months were significantly reduced in
the study groups (P = 0.007) and the control group (P < 0.001)
compared with at 1 month. Similar findings were demonstrated
in an analysis including only patients seropositive at 1 month
(Supplementary data, Figure S1 and Table S7). The reduction in

Table 3. Factors associated with seropositivity at 3–4 months—univariate and multivariate analysis

Univariate Multivariate

Variable OR 95% CI for OR P OR 95% CI for OR P

Younger age (per year decrease) 1.039 1.019 1.060 0.000 1.042 1.020 1.065 0.000
Female gender 1.027 0.605 1.742 0.922 – – – –
Time from transplantation (per year) 0.972 0.938 1.008 0.122 0.956 0.917 0.997 0.036
Living donor 1.830 0.977 3.425 0.059 – – – –
eGFR (per mL/min/1.73 m2) 1.030 1.017 1.043 0.000 – – – –
eGFR above 60 mL/min/1.73 m2 3.716 2.173 6.356 0.000 3.788 2.113 6.789 0.000
Diabetes mellitus 0.685 0.344 1.364 0.282 – – – –
Time from second vaccine dose (per day) 0.986 0.959 1.014 0.327 – – – –
BMI (per kg/m2) 0.999 0.946 1.056 0.983 – – – –
Mycophenolic acid dose (per 360 mg) 1.261 1.012 1.572 0.039 1.468 1.135 1.898 0.003
Cyclosporine 0.379 0.123 1.168 0.091 – – – –
mTOR inhibitor 1.693 0.705 4.067 0.239 – – – –
Low CNI level 1.869 1.123 3.109 0.016 1.806 1.027 3.177 0.040
High dose CS 0.447 0.160 1.254 0.126 – – – –
Treatment with ATG 0.524 0.138 1.985 0.342 – – – –

ATG—antithymocyte globulin; BMI—body mass index; CI—confidence interval; CNI—calcineurin; CS—corticosteroids; eGFR—estimated glomerular filtration rate;

mTOR—mechanistic target of rapamycin; OR—odds ration; SD—standard deviation.
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Table 4. Factors that interact with antibody level change between 1 and 3–4 months by repeated measures ANOVA

Univariate Multivariate

Variable N Log Ab level 1 month Log Ab level 3 months P interaction UV P interaction MV

All 259 1.48 ± 0.97 1.36 ± 0.97 <0.001 0.013
No antibody response at 1 month 165 0.86 ± 0.44 0.81 ± 0.64 0.001 0.006
Positive antibody response at 1 month 94 2.58 ± 0.6 2.33 ± 0.61
Age >50 years 187 1.37 ± 0.92 1.24 ± 0.9 0.460 –
Age ≤50 years 72 1.77 ± 1.06 1.68 ± 1.06
Male gender 171 1.53 ± 0.98 1.4 ± 0.95 0.859 –
Female gender 88 1.4 ± 0.97 1.29 ± 0.99
eGFR ≥60 mL/min/1.73 m2 133 1.75 ± 0.98 1.69 ± 0.98 0.032 0.028
eGFR <60 mL/min/1.73 m2 126 1.2 ± 0.89 1.02 ± 0.82
Living donor 61 1.34 ± 0.93 1.22 ± 0.94 0.956 –
Deceased donor 198 1.53 ± 0.98 1.41 ± 0.97
No DM 214 1.5 ± 0.99 1.41 ± 0.97 0.026 0.065
DM 45 1.41 ± 0.92 1.15 ± 0.93
No/low dose mycopehnolic acid 90 1.85 ± 1.06 1.51 ± 0.98 <0.001 <0.001
Medium/high dose mycophenolic acid 169 1.29 ± 0.87 1.28 ± 0.95
BMI <30 kg/m2 192 1.49 ± 0.94 1.38 ± 0.95 0.621 –
BMI ≥30 kg/m2 67 1.46 ± 1.07 1.32 ± 1.02
CNI level <7 ng/mL 109 1.68 ± 1.02 1.53 ± 1.01 0.363 –
CNI level ≥7 ng/mL 150 1.34 ± 0.92 1.24 ± 0.91
No treatment with ATG 247 1.5 ± 0.96 1.39 ± 0.96 0.133 –
Treatment with ATG 12 1.17 ± 1.32 0.86 ± 1.06
No mTor inhibitor 237 1.47 ± 0.99 1.35 ± 0.98 0.449 0.014
mTOR inhibitors 22 1.59 ± 0.75 1.55 ± 0.77
No high-dose CS 237 1.53 ± 0.97 1.42 ± 0.96 0.995 –
high dose CS 22 0.91 ± 0.78 0.79 ± 0.83

Ab—antibodies; ATG—antithymocyte globulin; BMI—body mass index; CNI—calcineurin; CS—corticosteroids; DM—diabetes mellitus; eGFR—estimated glomerular

filtration rate; mTOR—mechanistic target of rapamycin; SD—standard deviation.

levels was significantly lower in the study versus control groups
(P < 0.001).

Association between anti-S antibodies dynamics and
patients’ variables

Antibody level decline over time was associated with GFR
<60 mL/min/1.73 m2 (P = 0.028), diabetes mellitus (P = 0.026),
no treatment or low dose of mycophenolic acid (P < 0.001) and
positive antibody response at 1 month (P = 0.006) on univariate
and multivariate analysis. This was shown using repeated mea-
sures ANOVA and validated on evaluation of factors associated
with the log-transformed difference in antibody levels between
1 and 3–4 months (Table 4 and Supplementary data, Table S8,
respectively).

Treatment with mTOR inhibitors, which had no interaction
with antibody level change by univariate analysis, significantly
interacted with antibody decline when introduced into the mul-
tivariate model (P = 0.014). The results of the repeated measure
ANOVA are detailed in Table 4.

DISCUSSION

In this cohort of 259 kidney transplant recipients 3–4months fol-
lowing second dose ofmRNA vaccination,we demonstrated that
antibody response remained low (38%) at similar rates to those
observed at 1 month. Among seropositive patients at 1 month,
∼14% had declining antibodies to a level of seronegativity at
3 months. At the same time, ∼12% of patients seronegative at
1 month seroconverted to positive. This conversion to seroposi-
tivity was more likely in younger patients, those with increased

eGFR and those who had higher antibody levels at 1 month.
For the entire cohort, antibody levels declined over time, but at
a slower rate in comparison with the control group of dialysis
patients.

The findings of similar seropositivity rates with amodest de-
cline at 3 months are in accordance with current knowledge
on the immune response to natural SARS-CoV-2 infection. In
patients after natural COVID-19 infection, studies demonstrate
either sustained levels [15, 16] or progressive modest decline of
IgG levels to spike protein (25% decrease by day 105 and 46% by
Day 115 for anti-RBD antibodies in one study) [17]. Seropositiv-
ity rates remain highmonths after natural infection, reported to
be 88–90% after 6–8 months [17–19]. Neutralization antibody dy-
namics is reported to be similar to that of anti-RBD antibodies
[17, 18].

A decline in antibody titer is expected in the weeks following
vaccination in general. Such decline has also been demonstrated
among immunocompetent individuals after mRNA COVID-19
vaccines. Among healthcare workers, a reduction in IgG levels
has been observed each month following the second BNT162b2
dose, as well as a decline in neutralizing antibody titers, decreas-
ing by a factor of 3.9 at 3 months [20]. It has also been demon-
strated that anti-RBD antibody titers decline faster than anti-
spike antibody titers, which were more stable over time [9, 21,
22]. Naaber et al. found a decline in anti-RBD from peak mean
levels of 26 928 AU/mL at 1 week after the second mRNA vac-
cine dose to 13 943 AU/mL at 6 weeks (45% decrease), and to
5702 AU/mL at 12 weeks after the second dose (77% decrease)
among 90 healthy individuals. These levels, however, remained
significantly higher comparedwith patients recovered from nat-
ural infection. Older age was associated with a decreased anti-
body titer in each time point tested in this study [11]. Similarly,
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McDade et al. [23] reported a drop of 50% in anti-RBD IgG levels
at 3 months after vaccination compared with peak levels mea-
sured after the second vaccine dose. In a group of 142 hemodialy-
sis patients, Berar-Yanay et al. [24] demonstrated a response rate
of 94% 1 month after second dose, declining to 78% at 3 months
after the second dose of BNT162b2.

Among kidney transplant recipients, Boyarsky et al. [25] re-
cently reported antibody response at 3 months after two-dose
mRNA vaccination. In this study, among 75 patients with low-
positive titers at 1 month, 35 (47%) became highly positive at
3 months, indicating that a delayed response may be possible,
as suggested by our results. In this study, overall 43% of pa-
tients had an increase in titer from 1 to 3 months, 35% had a
decrease and 21% remained stable. Four percent of seropositive
patients at 1 month became seronegative at 3 months, lower
than the 14% in our study [25].An additional recent study includ-
ing 312 SOT recipients demonstrated consistent results of rela-
tively stable antibodies over time. At ∼1 month following a sec-
ond dose ofmRNA vaccine, 63%were seropositive; at∼3months,
72% were seropositive; and at 6 months, 72% as well. Seven per-
cent of seropositive patients at 1 month became seronegative at
6 months [26].

Regarding patients who were seronegative and turned
seropositive, we cannot rule out a delayed antibody response
for SOT recipients, as also suggested by the two studies de-
scribed above [25, 26]. Peak antibody response has been pre-
viously demonstrated at between Day 15 and 45 after natu-
ral infection [17, 22]. We were unable to explain why this was
more likely in younger patients and those with higher eGFR;
however, it seems reasonable that patients with some antibody
response (negative according to test interpretation, but levels
above zero) were more likely to mount antibody response at a
later stage. Nevertheless, it is still possible that some of the pa-
tients became seropositive due to test limitations andmargin of
error.

To some extent, serum antibodies are a surrogate marker for
vaccine effectiveness in immunocompromised patients. Annual
anti-HBs (hepatitis B surface antibodies) titersmonitoring is rec-
ommended for kidney transplant recipients for decisions on re-
vaccination [27]. Monitoring antibody response to SARS-CoV-2
vaccine may also serve as a potential tool to identify the need
and timing of potential revaccination. Using this surrogate, we
assume that the vast majority of kidney transplant recipients
seropositive at 1 month are still protected at 3 months. As the
strategy of administrating a third mRNA dose is evolving [28],
these findings support 1 month as a reasonable time point for
serological assessment for decision-making.

This study has several limitations. The importance of wan-
ing immunity, specifically antibody levels, in protecting against
disease is still uncertain. Moreover, in our study, we did not
test neutralizing antibodies. However, high correlation between
anti-RBD antibodies and neutralizing antibodies has been doc-
umented [22, 29], and even modest levels of neutralizing anti-
bodies have been demonstrated to provide protection against
COVID-19 [18] for the long term. In addition, detectable antibod-
ies months after acute COVID-19 have been shown to be associ-
ated with protection against re-infection [30]. Thus, we assume
that seropositivity at 1–3 months represents, at least to some
extent, protection against infection. Another limitation in this
regard is that no tests for T-cell response to vaccine were con-
ducted in this study.

In summary, we document similarly low rates of antibody re-
sponse at 3months and 1month followingmRNA vaccine in kid-
ney transplant recipients, with 14% of seropositive patients at

1 month presenting antibody decay to seronegative test levels.
Additional studies are needed to determine the correlation be-
tween antibody response months after vaccination and protec-
tion against disease. The low seropositivity rates of 38% among
kidney transplant recipients deserve attention and considera-
tion of vaccination strategies aiming to improve the immune
response.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.

ACKNOWLEDGEMENTS
This study was performed in collaboration with the Israeli Min-
istry of Health. The authors wish to thank Ehud Ben-Dor, Irit
Schnitzer and Michal Nachtomy-Disatnik for their contribution
to this study.

FUNDING
No funding.

CONFLICT OF INTEREST STATEMENT
The authors of this manuscript have no conflicts of interest to
disclose. The results presented in this article have not been pub-
lished previously in whole or part.

DATA AVAILABILITY STATEMENT
The original data from this study may be available upon reason-
able request to the corresponding author

REFERENCES

1. Rozen-Zvi B, Yahav D, Agur T et al. Antibody response to
SARS-CoV-2 mRNA vaccine among kidney transplant recip-
ients: a prospective cohort study. Clin Microbiol Infect 2021;
27: 1173.e1–1173.e4

2. Boyarsky BJ,WerbelWA,Avery RK et al.Antibody response to
2-dose sars-cov-2 mrna vaccine series in solid organ trans-
plant recipients. JAMA 2021; 325: 2204–2206

3. Itzhaki Ben Zadok O, Shaul AA, Ben-Avraham B et al. Im-
munogenicity of the BNT162b2 mRNA vaccine in heart
transplant recipients—a prospective cohort study. Eur J
Heart Fail 2021; 23: 1555–1559

4. Shostak Y, Shafran N, Heching M et al. Early humoral re-
sponse among lung transplant recipients vaccinated with
BNT162b2 vaccine. Lancet Respir Med 2021; 9: e52–e53

5. Ou MT, Boyarsky BJ, Chiang TPY et al. Immunogenicity and
reactogenicity after SARS-CoV-2 mRNA vaccination in kid-
ney transplant recipients taking belatacept. Transplantation
2021; 105: 2119–2123

6. Thieme CJ, Anft M, Paniskaki K et al. The magnitude and
functionality of SARS-CoV-2 reactive cellular and humoral
immunity in transplant population is similar to the gen-
eral population despite immunosuppression. Transplanta-
tion 2021; 105: 2156–2164

7. Hartzell S, Bin S, Benedetti C et al. Evidence of potent hu-
moral immune activity in COVID-19-infected kidney trans-
plant recipients. Am J Transplant 2020; 20: 3149–3161

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfac031#rsupplementary-data


998 D. Yelin et al.

8. Caballero-Marcos A, Salcedo M, Alonso-Fernández R et al.
Changes in humoral immune response after SARS-CoV-2 in-
fection in liver transplant recipients compared to immuno-
competent patients. Am J Transplant 21: 2876–2884

9. Widge AT, Rouphael NG, Jackson LA et al. Durability of re-
sponses after SARS-CoV-2 mRNA-1273 vaccination. N Engl J
Med 2020; 384: 80–82

10. Doria-Rose N, Suthar MS, Makowski M et al. Antibody per-
sistence through 6 months after the second dose of mRNA-
1273 vaccine for covid-19. N Engl J Med 2021; 384: 2259–2261

11. Naaber P, Tserel L, Kangro K et al. Dynamics of antibody re-
sponse to BNT162b2 vaccine after sixmonths: a longitudinal
prospective study. Lancet Reg Heal Eur 2021; 10: 100208

12. Abbott laboratories. SARS-CoV-2 IgG II Quant. 2020.
https://www.corelaboratory.abbott/int/en/offerings/
segments/infectious-disease/sars-cov-2-

13. Agur T, Ben-Dor N, Goldman S et al. Antibody response
to mRNA SARS-CoV-2 vaccine among dialysis patients—a
prospective cohort study. Nephrol Dial Transplant 2021; 36:
1347–1349

14. Longlune N, Nogier MB, Miedougé M et al. High immuno-
genicity of a messenger RNA-based vaccine against SARS-
CoV-2 in chronic dialysis patients. Nephrol Dial Transplant
2021; 36: 1704–1709

15. Gudbjartsson DF, Norddahl GL, Melsted P et al.Humoral im-
mune response to SARS-CoV-2 in iceland.N Engl J Med 2020;
383: 1724–1734

16. Wajnberg A, Amanat F, Firpo A et al. Robust neutralizing an-
tibodies to SARS-CoV-2 infection persist for months. Science
2020; 370: 1227–1230

17. Isho B, Abe KT, Zuo M et al. Persistence of serum and saliva
antibody responses to SARS-CoV-2 spike antigens in pa-
tients with COVID-19. Sci Immunol 2020; 5: eabe5511

18. Dan JM, Mateus J, Kato Y et al. Immunological memory to
SARS-CoV-2 assessed for up to 8 months after infection. Sci-
ence 2021; 371: eabf4063

19. Ward H, Cooke GS, Atchison C et al. Prevalence of antibody
positivity to SARS-CoV-2 following the first peak of infection
in England: serial cross-sectional studies of 365,000 adults.
Lancet Reg Heal Eur 2021; 4: 100098

20. Levin EG, Lustig Y, Cohen C et al. Waning immune humoral
response to BNT162b2 covid-19 vaccine over 6 months. N
Engl J Med 2021; 385: e84

21. Amanat F, Thapa M, Lei T et al. SARS-CoV-2 mRNA vacci-
nation induces functionally diverse antibodies to NTD, RBD,
and S2. Cell 2021; 184: 3936–3948.e10

22. Wang Z,Muecksch F, Schaefer-Babajew D et al.Naturally en-
hanced neutralizing breadth against SARS-CoV-2 one year
after infection. Nature 2021; 595: 426–431.

23. McDade TW, Demonbreun AR, Sancilio A et al. Durability of
antibody response to vaccination and surrogate neutraliza-
tion of emerging variants based on SARS-CoV-2 exposure
history. Sci Rep 2021; 11: 1–6

24. Berar-Yanay N, Freiman S, Shapira M et al.Waning humoral
response 3 to 6 months after vaccination with the SARS-
COV-2 BNT162b2 mRNA vaccine in dialysis patients. J Clin
Med 2021; 11: 64

25. Boyarsky BJ, Chiang TP-Y, Teles AT et al. Antibody ki-
netics and durability in SARS-CoV-2 mRNA vaccinated
solid organ transplant recipients. Transplantation 2021; 105:
e137–e138

26. Alejo JL,Mitchell J, Chiang TP-Y et al. Six-month antibody ki-
netics and durability in SARS-CoV-2 mRNA vaccinated solid
organ transplant recipients. Transplantation 2022; 106: e109–
e110

27. Rubin LG, LevinMJ, Ljungman P et al. 2013 IDSA clinical prac-
tice guideline for vaccination of the immunocompromised
host. Clin Infect Dis 2014; 58: e44–e100

28. Benotmane I, Gautier G, Perrin P et al. Antibody response
after a third dose of the mRNA-1273 SARS-CoV-2 vaccine
in kidney transplant recipients with minimal serologic re-
sponse to 2 doses. JAMA 2021; 326: 1063–1065

29. Lustig Y, Sapir E, Regev-yochay G et al. BNT162b2 COVID-19
vaccine and correlates of humoral immune responses and
dynamics : a prospective, single-centre, longitudinal cohort
study in health-care workers. Lancet Respir Med 2021; 9: 999–
1009

30. Lumley SF, O’Donnell D, Stoesser NE et al. Antibody status
and incidence of SARS-CoV-2 infection in health care work-
ers. N Engl J Med 2020; 384: 533–540

https://www.corelaboratory.abbott/int/en/offerings/segments/infectious-disease/sars-cov-2-

