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Immunological 
responses to SARS-CoV-2 
vaccines in kidney 
transplant recipients
Emerging evidence suggests 
that immunological responses to 
SARS-CoV-2 mRNA vaccines in 
solid organ transplant recipients 
are attenuated, with reported 
seroconversion rates of less than 
60%.1–5 However, there are insufficient 
data on responses to adenoviral 
vector SARS-CoV-2 vaccines in 
transplant populations. Here we 
describe immunological responses to 
two-dose vaccination with BNT162b2 
(Pfizer–BioNTech) and ChAdOx1 
(Oxford University–AstraZeneca) in 
kidney transplant recipients.

Three groups were included in the 
study (appendix pp 2–3). Cohort 1 
(n=920) included patients undergoing 
assessment of serological responses 
at median 31 days (IQR 27–35) 
after vaccination. Cohort 2 (n=106) 
included patients with paired 
assessment of cellular responses 
to spike protein (T-SPOT Discovery 
SARS-CoV-2 [Oxford Immunotec; 
Oxford, UK]) and serological responses 
at median 31 days (IQR 29–34) 
after vaccination. Finally, cohort 3 
(n=65) included health-care workers 
with assessment of cellular and 
serological responses at median 
28 days (IQR 21–28) after vaccination 
(appendix pp 2–3). All participants 
were recruited from Imperial College 
Healthcare NHS Trust (London, UK).  
Vaccine dosing interval was 74 days 
(IQR 66–77) for cohort 1, 63 days 
(63–77) for cohort 2, and 67 days 
(61–70) for cohort 3. Samples were 
tested for antibodies to SARS-CoV-2 
nucleocapsid and spike (anti-S) 
proteins using SARS-CoV-2 IgG and 
IgG Quant II (Abbott; Maidenhead, UK) 
assays. Previous infection was defined 
serologically (anti-nucleocapsid 
positivity at any time or anti-S 
positivity before vaccination) or by 
past infection confirmed by PCR. In 

cohort 1 and 2, a greater proportion 
of patients receiving ChAdOx1 were 
vaccinated within the first year of 
transplantation compared with 
BNT162b2 (appendix pp 7, 12).

In cohort 1, previous infection 
was identified in 152 (17%) of 
920 patients. Following vaccination, 
425 (55%) of 768 infection-naive 
patients had detectable anti-S 
antibodies. Infection-naive patients 
receiving BNT162b2 were more likely 
to seroconvert and developed higher 
anti-S titres compared with patients 
receiving ChAdOx1; seroconversion 
occurred in 269 (66%) of 410 patients 
receiving BNT162b2 (median anti-S 
58 BAU/mL, IQR 7·1–722) and 
156 (44%) of 358 patients receiving 
ChAdOx1 (7·1, 7·1–39; figure A; 
appendix p 5). Multivariable analysis 
identified tacrolimus monotherapy 
(odds ratio 5·22, 95% CI 3·60–7·65, 
p<0·0001) and vaccination with 

BNT162b2 (2·47, 1·79–3·43, p<0·0001) 
as associated with increased likelihood 
of sero conversion. Vaccination less 
than 1 year after transplant (0·28, 
0·15–0·55, p=0·0002) and a diagnosis 
of diabetes (0·65, 0·46–0·92, p=0·015) 
were associated with reduced 
likelihood of seroconversion (appendix 
pp 7, 9–11, 15).

In the subgroup of patients 
from cohort 2 with assessment 
of cellular responses, 79 (75%) of 
106 patients were infection-naive 
(appendix p 12). Only nine (11%) 
of 79 infection-naive patients had 
detectable T-cell responses following 
vaccination with no infection-naive 
patient vaccinated in their first year 
after transplant having detectable 
responses (appendix p 13). There 
was no difference in detectable 
T-cell responses by vaccine type, in 
infection- naive patients: seven (18%) 
of 40 patients receiving BNT162b2 

Figure: Immunological responses to SARS-CoV-2 vaccination in kidney transplant recipients
Data are shown as median with IQR. Statistical analysis is by Mann-Whitney test (A) or Kruskall-Wallis test  
with Dunns post-hoc correction (B). (A) Kidney transplant recipients who received BNT162b2 had 
significantly higher anti-S concentrations. For infection-naive patients median anti-S titre was median 
58 BAU/mL (IQR 7·1–722) for BNT162b2 and 7·1 BAU/mL (7·1–39) for ChAdOx1 (p<0·0001). In patients with 
previous infection, median anti-S titre was 2350 BAU/mL (628–5680) for BNT162b2 compared with 
622 BAU/mL (151–1706) for ChAdOx1 (p<0·0001). The black dotted line represents 7·1 BAU/mL, the cutoff 
for a positive result. (B) Infection-naive patients who received BNT162b2 had a greater T-cell response 
compared with patients who received ChAdOx1, with 14 SFU/10⁶ PBMCs (4–32) for BNT162b2 and 
4 SFU/10⁶ PBMCs (0–12) for ChAdOx1 (p=0·019). Infection-naive HCWs receiving BNT162b2 and ChAdOx1 
had significantly greater responses compared with patients having the corresponding vaccine, with a median 
63 SFU/10⁶ PBMCs (21–132; p=0·0003) for BNT162b2 and 68 SFU/10⁶ PBMCs (30–162; p<0·0001) for 
ChAdOx1. Data points of SFU/10⁶ PBMCs are represented as 0·1 for visualisation on a log scale. The black 
dotted line represents the threshold for a positive enzyme-linked immunospot, 40 SFU/10⁶ PBMCs, which 
was calculated from unvaccinated infection-naive HCWs. Anti-S=antibodies to spike protein. HCW=health-
care worker. PBMC=peripheral blood mononuclear cells. SFU=spot forming units.
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The planning of intervention studies 
to optimise vaccine platform and 
dosing are urgently required in this 
group, and preliminary reports suggest 
encouraging responses to third vaccine 
doses.10,11 In the interim, strategic 
planning to protect this susceptible 
population is required. This planning 
could include, but is not limited to, 
educating patients to maintain physical 
distancing rules and immunising 
household members, including 
prioritisation of children older than 
12 years.
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mRNA vaccines, vector-based vaccines 
have been considered superior in 
their ability to produce robust cellular 
responses.6 In this study, we show that 
BNT162b2 induces greater humoral 
responses compared with ChAdOx1 in 
infection-naive transplant recipients. 
The superior cellular responses 
we observed with BNT162b2 in 
infection-naive patients needs careful 
interpretation given the clinical 
differences between the cohorts, a 
limitation of our study. Meaningful 
comparison is also difficult when the 
magnitude of T-cell responses is so 
poor. However, after adjusting for the 
clinical factors, at most, comparable 
T-cell responses remain following 
vaccination with BNT162b2 or 
ChAdOx1 (appendix p 13).

Previous studies of mRNA vaccines 
in transplant recipients have 
reported better cellular responses 
than our study, with up to 57% of 
patients developing detectable 
T-cell responses.2,4,7 The poor cellular 
responses in cohort 2 could be due to 
differences in immunosuppression 
protocols used, and that patients 
within the first year following 
transplant were relatively over-
represented in this subgroup. 
Technical factors such as the peptide 
pools used and assay readout might 
also contribute to the poor cellular 
responses.8,9

Immune responses seen in transplant 
recipients were significantly weaker 
than those in health-care workers, 
although the groups were imperfectly 
matched and the health-care workers 
included were substantially younger 
(appendix p 4). However, within the 
patient cohort, age did not affect the 
response to vaccination, suggesting 
that the difference in age does not 
account for the observed weaker 
immune responses.

Although the immune correlates of 
protection from disease have yet to be 
defined, we show markedly diminished 
humoral and cellular immune responses 
to both vector and mRNA SARS-CoV-2 
vaccines in kidney transplant recipients. 

and two (5%) of 39 patients receiving 
ChAdOx1 (p=0·15). Greater magnitude 
of T-cell responses was seen following 
BNT162b2 vaccination: median 
14 spot forming units (SFU) per 10⁶ 
peripheral blood mononuclear cells 
(PBMCs; IQR 4–32) for BNT162b2 and 
4 SFU/10⁶ PBMCs (0–12) for ChAdOx1 
(p=0·019; figure B). Seroconversion 
rates and anti-S titres in infection-
naive patients in this subgroup were 
also significantly higher following 
vaccination with BNT162b2 (appendix 
p 18). Both serological and T-cell 
responses were significantly lower 
than infection-naive health-care 
workers for each vaccine type (figure B; 
appendix p 18).

In patients with previous infection, 
only eight (5%) of 152 patients in 
cohort 1 were seronegative following 
vaccination (figure A). Similar to the 
infection-naive group, anti-S titres 
were lower in those receiving ChAdOx1 
(median 622 BAU/mL [IQR 151–1706]) 
compared with BNT162b2 (2350, 
628–5680; p<0·0001). In the subgroup 
assessed for cellular responses, 
19 (70%) of 27 patients had T-cell 
responses post-vaccination with 
median 96 SFU/10⁶ PBMCs. There 
were no differences in T-cell responses 
in patients with previous infection 
between vaccine types or between 
patients and health-care workers 
(appendix p 18).

In the 106 patients with 
assessment of both cellular and 
serological responses, 45 (42%) had 
no detectable response by either 
measure; 44 (56%) of 79 infection-
naive patients and one (4%) of 
27 patients with previous infection. 
On multivariable analysis, tacrolimus 
monotherapy was associated with a 
detectable response (OR 16·5, 95% CI 
4·7–58·0, p<0·0001), whereas being 
vaccinated within the first year after 
transplant was associated with no 
detectable response (0·14, 0·04–0·57, 
p=0·006; appendix p 14).
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