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Summary
Background Kidney transplant recipients (KTRs) were advised to tightly adhere to government recommendations to
curb the spread of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) because of a high risk of morbidity
and mortality and decreased immunogenicity after vaccination. The aim of this study was to analyse the change in
adherence to preventive measures after vaccination and awareness of antibody response, and to evaluate its
effectiveness.

Methods In this large-scale, national questionnaire study, questionnaires were sent to 3531 KTRs enrolled in the
Dutch RECOVAC studies, retrospectively asking for adherence to nine preventive measures on a 5-point Likert
scale before and after SARS-CoV-2 vaccination and after awareness of antibody response. Blood samples were
collected 28 days after the second vaccination. Antibody response was categorised as non-responder (≤50 BAU/
mL), low-responder (>50 ≤ 300 BAU/mL) or high-responder (>300 BAU/mL), and shared with participants as a
correlate of protection. Participants of whom demographics on sex and age, blood samples and completed
questionnaires were available, were included. Our study took place between February 2021 and January 2022. The
primary outcome of adherence before and after vaccination was assessed between August and October 2021 and
compared via the Wilcoxon signed rank sum test. Logistic regression analysis was performed to estimate the
association between antibody response and non-adherence, and adherence on acquiring SARS-CoV-2 infection.
This study is registered at ClinicalTrials.gov (NCT04841785).
*Corresponding author. Department of Internal Medicine, Amsterdam UMC Location University of Amsterdam, Amsterdam 1105 AZ, the
Netherlands.
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Translation: For the Dutch translation of the abstract see Supplementary Materials section.
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Findings In 2939 KTRs (83%) who completed the first questionnaire on adherence to preventive measures, adherence
was higher before than after vaccination (4.56, IQR 4.11–4.78 and 4.22, IQR 3.67–4.67, p < 0.001). Adherence after
awareness of antibody response was analysed in 2399 KTRs (82%) of whom also blood samples were available,
containing 949 non-responders, 500 low-responders and 950 high-responders. Compared to non-responders, low-
and high-responders reported higher non-adherence. Higher adherence was associated with lower infection rates
before and after vaccination (OR 0.67 [0.51–0.91], p = 0.008 and OR 0.48 [0.28–0.86], p = 0.010).

Interpretation Adherence decreased after SARS-CoV-2 vaccination and in KTRs who were aware of a subsequent
antibody response compared with those without. Preventive measures in this vulnerable group seem to be
effective, regardless of vaccination status. This study starts a debate on sharing antibody results with the patient
and future studies should elucidate whether decreased adherence in antibody responders is justified, also in view
of future pandemics.

Funding The Netherlands Organization for Health Research and Development and the Dutch Kidney Foundation.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study
We searched PubMed for studies about adherence to
government recommendations to prevent severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) infection in
immunocompromised patient groups, published until January
2023 using the following terms “Kidney Transplantation” OR
“Immunocompromised Host”, AND “SARS-CoV-2” OR
“COVID-19”, AND “Behavior” OR “Protective Factors” OR
“Patient Compliance” OR “(Guideline) Adherence”. Three
survey studies exist, one showing tight adherence to
government recommendations in kidney transplant recipients
resulting in no reported infections and two in other
immunocompromised groups compared with a control group.
No longitudinal papers exist that report the association
between behavioral changes in these patients and SARS-CoV-
2 incidence. Keeping in mind, on one hand, the high risk of
morbidity and mortality of coronavirus disease 2019 (COVID-
19) in kidney transplant recipients and on the other hand the
risk of mental health problems as a result of social isolation,
proof of the effectiveness of this adherence is needed.

Added value of this study
In this large-scale, national questionnaire study, we
retrospectively asked kidney transplant recipients to self-
report their adherence to preventive measures before SARS-

CoV-2 vaccination, after vaccination, and after awareness of
antibody response. We found lower adherence after
vaccination in all kidney transplant recipients, despite the
higher risk of severe COVID-19 in kidney transplant recipients
with limited antibody formation. Subsequently, we observed
an independent dose-response relationship between
awareness of higher antibody response and higher non-
adherence to nearly all preventive measures. Most
importantly, we showed that preventive measures in this
vulnerable group are effective in the prevention of SARS-CoV-
2 infection, independent of vaccination status. To our
knowledge, this is the first report of such findings.

Implications of all the available evidence
This study starts a debate on sharing antibody results with
the patient. In this context, the goal of measuring antibody
levels in clinical practice is to give kidney transplant recipients
more freedom in terms of preventive measures as social
interaction is essential to every aspect of their health.
However, this situation is a challenging one, given that it is
still unknown what antibody level is protective against
COVID-19 in kidney transplant recipients. Future studies
should elucidate whether decreased adherence in antibody
responders is justified, also in view of future pandemics.
Introduction
At the start of the coronavirus disease 2019 (COVID-19)
pandemic in December 2019, kidney transplant re-
cipients (KTRs) were at high risk of complications in
case of severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) infection. In 2020, the COVID-19-
associated mortality risk was reported to be 3–4 times
higher in transplant recipients than in the general
population.1 Therefore, the availability of effective and
safe SARS-CoV-2 vaccines was of great importance for
this vulnerable group. When SARS-CoV-2 vaccination
became available in 2021, it was yet uncertain whether
these vaccines were equally effective as in the general
population. In the general population, seroconversion
www.thelancet.com Vol 62 August, 2023
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was observed in nearly all participants in the phase 2/3
SARS-CoV-2 messenger ribonucleic acid (mRNA)
vaccination trials.2,3 Unfortunately, immunocompro-
mised patients were not included in these studies.
However, because of their observed susceptibility for
severe disease, KTRs were prioritised in the vaccination
program in the Netherlands.4

First results of the immune response after two
SARS-CoV-2 vaccinations in KTRs showed a decreased
seroconversion rate ranging from 30% to 57%.5–10 Given
the association between antibody response and protec-
tion against severe COVID-19,11,12 a majority of KTRs
was therefore still at risk of severe disease.1,11,13,14 The
most efficient way to prevent virus transmission, was to
strictly follow the recommendations issued by the Dutch
government for social isolation and preventive measures
against COVID-19 as published on the website of the
National Institute for Public Health and the Environ-
ment (RIVM).15 The behavioral changes after SARS-
CoV-2 vaccination and awareness of antibody
response, however, have not yet been studied in KTRs.

The first aim of this study was to describe the change
in self-reported adherence to preventive measures after
SARS-CoV-2 vaccination. Secondly, we compared
adherence in groups with different antibody responses
after vaccination. Thirdly, the effectiveness of these
government recommendations in KTRs were evaluated.
We hypothesised that KTRs would be less adherent to
protective measures after SARS-CoV-2 vaccination, and
after awareness of an antibody response. Protective
measures were expected to be effective against SARS-
CoV-2 infection.
Methods
Study population
We invited all 12.159 KTRs in the Netherlands to
participate in the Long-term Efficacy and Safety of
SARS-CoV-2 vaccination (LESS CoV-2) prospective
cohort study, conducted by the Dutch REnal patients
COVID-19 VACcination (RECOVAC) consortium. The
design has previously been published in detail else-
where (ClinicalTrials.gov Identifier: NCT04841785).16,17

KTRs were invited via the national COVID-19 vaccina-
tion program. These patients were prioritised for vacci-
nation, which was facilitated by their treating hospitals.
Through a joint collaboration with all hospitals in the
Netherlands we informed KTRs about this study via a
national campaign including information on websites
for KTRs, direct mailing, flyers and posters. As the
vaccination rate amongst KTRs in the Netherlands was
very high, almost all patients in the Netherlands had the
possibility to apply for this study either by QR-code or
returning the flyer including their contact information.
Participants received their second SARS-CoV-2 vacci-
nation between February and July 2021. In the
Netherlands, initial vaccination could be carried out
www.thelancet.com Vol 62 August, 2023
with the mRNA vaccines mRNA-1273 (Moderna) or
BNT162b2 (Pfizer-BioNTech), or the vector vaccines
ChAdOx nCov19 (AstraZeneca) or Ad26.CoV2.S (Jans-
sen). From May till August 2021 blood samples were
obtained by use of a home-based finger prick kit (San-
quin, Amsterdam, The Netherlands), around 28 days
after the second SARS-CoV-2 vaccination, in which anti-
SARS-CoV-2 receptor-binding domain (RBD) immuno-
globulin G (IgG) antibody levels were analysed. For our
first analysis of the change in adherence to preventive
measures after SARS-CoV-2 vaccination, participants of
whom demographics on sex and age were available and
who had completed the first of two questionnaires on
adherence were included. For the second analysis of
adherence to preventive measures after awareness of
antibody response, participants were excluded if no
second questionnaire or blood sample was available.

Questionnaires and antibody level communication
letter
All KTRs (N = 3531) in the LESS CoV-2 study, retro-
spectively reported their level of adherence to preventive
measures in three different periods: before vaccination,
after vaccination and after receiving the results of their
antibody response. These questionnaires were received
either by e-mail or by regular mail, whichever was
preferred. The first questionnaire was obtained between
August and October 2021 in which participants reported
simultaneously on the period before and after the sec-
ond SARS-CoV-2 vaccination. After completing this
questionnaire, participants had insight into their indi-
vidual antibody level after vaccination through a sepa-
rate communication letter. Participants were informed
whether they were considered as a non-responder (≤50
binding antibody units (BAU)/mL), low-responder
(>50 ≤ 300 BAU/mL) or high-responder (>300 BAU/
mL) against the wild-type SARS-CoV-2 variant, and what
this might indicate for their level of protection. This
indication was described as follows: less than 50 BAU/
mL means no antibodies were developed after vaccina-
tion and the risk of (severe) COVID-19 is the same as
before vaccination. Between 50 and 300 BAU/mL
means less antibodies were developed compared to
healthy controls and the risk of (severe) COVID-19 is
smaller than before vaccination, but remains high. More
than 300 BAU/mL means comparable antibody levels to
healthy controls, but just as in the latter population, the
risk of (severe) COVID-19 remains.

The second questionnaire was obtained between
December 2021 and January 2022 for the period after
participants received their antibody response. Partici-
pants also received two self-report surveys, approximately
1 month and 6 months after the second SARS-CoV-2
vaccination, containing questions about previous SARS-
CoV-2 infection (yes/no) and about general health. To
minimise the burden, we sent out one single remainder
to individuals who did not respond, either by e-mail or
3
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regular mail. An overview of the timing of all study
events in perspective of the COVID-19 pandemic
including infection and hospitalisation rate and circu-
lating variants, is shown in Supplementary Figure S1.
Details on primary kidney disease and transplant char-
acteristics were collected from the Dutch Organ Trans-
plant Registry (NOTR), a national registry for KTRs.

The nine preventive measures were described as
follows. ‘Keep a distance of 1.5 meters from another’,
‘Wearing a face mask if mandatory or if social distancing is
not possible’, ‘Washing hands’, ‘Avoiding supermarket or
other shops’, ‘Avoiding public transport’, ‘Avoiding crowded
gatherings’, ‘Limit visitors or visits’, ‘Working from home’
and ‘Avoiding travel abroad’. Adherence to preventive
measures was reported on a 5-point Likert scale, ranging
from never (Likert score 1) to always (Likert score 5).
The answer options ‘Don’t know’ (Likert score 6) and
‘Not applicable’ (Likert score 7) were also included. We
used self-designed questionnaires constructed by a
project group consisting of a project leader (M. H. H.),
two researchers (A. L. M. and P. B.) and five kidney
patient organisations’ representatives of the Dutch
Kidney Patient Association (NVN), which included kid-
ney patients, experienced in quality of care in order to
maximise content validity of the questionnaires.

Antibody measurement
Antibody levels were measured in serum by using the
Sanquin anti-SARS-CoV-2 RBD IgG enzyme linked
immunoassay (ELISA), approximately 28 days after the
second SARS-CoV-2 vaccination. Previous exploratory
analysis of the association between SARS-CoV-2-
binding antibody concentration and neutralising anti-
body titre enabled us to define a cutoff level of 300 BAU/
mL to categorise responders into high-responders (>300
BAU/mL)18 and low-responders (>50 BAU/mL but ≤300
BAU/mL).17,19 This cut-off level was based on a plaque
reduction neutralisation test titre of 40 that we consid-
ered as minimally protective.

Ethics
All participants of the LESS CoV-2 study were aged 18
years or older and provided informed consent. The
Medical Research Ethics Committee of the University
Medical Centre Groningen has granted approval to carry
out this study (EudraCT nr.: 2021-001520-18). The study
is conducted according to the principles of the Decla-
ration of Helsinki (64th WMA General Assembly, For-
taleza, Brazil, October 2013) and in accordance with the
Medical Research Involving Human Subjects Act
(WMO). All results are presented according to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Initiative.20

Statistical analysis
Distribution of variables was assessed by the eye-ball test
for histograms and mean minus 2*SD should equal
realistic results for the variable. Variables are presented
as mean ± standard deviation (SD) if normally distrib-
uted, or as median and interquartile range (IQR) in case
of non-normal distribution. p-values were calculated
using independent sample t test for normally distrib-
uted continuous variables, Mann–Whitney U test in
case of non-normally distributed continuous variables
and chi-square test in case of categorical variables. For
our regression analyses, we selected potential con-
founders based on clinical knowledge and/or existing
literature. We considered the following variables as po-
tential confounders: sex, European descent, age, Body
Mass Index (BMI), primary renal diagnosis, number of
comorbidities, estimated glomerular filtration rate
(eGFR), first kidney transplant yes/no and time after
transplantation, vaccine type, number of immunosup-
pressive agents and previous SARS-CoV-2 infection.
Second, we introduced each potential confounder to the
univariable regression model with the variable of inter-
est. If this changed the regression coefficient of the
variable of interest with more than 10%, it was selected
as confounder for the final association model.

First, adherence to preventive measures before
SARS-CoV-2 vaccination and after SARS-CoV-2 vacci-
nation was compared by using the Wilcoxon signed rank
sum test. For this analysis, we calculated an average
adherence score over all preventive measures by adding
up all Likert scores as continuous variables and divide it
by nine, the total number of preventive measures. The
average adherence score was considered a continuous
variable. We estimated whether previous SARS-CoV-2
infection was associated with the log-transformed
adherence after vaccination, by using linear regression
analysis, in which we corrected for reported adherence
before vaccination.

In the second analysis, adherence to preventive
measures was treated according to the Likert scale, as
an ordinal variable. We estimated whether antibody
response group was associated with adherence to each
of the preventive measures by univariable ordinal lo-
gistic regression, taking non-responders as the refer-
ence group. We inverted adherence to non-adherence
by taking 1/OR to generate odds ratios greater than 1 to
improve interpretability. Thus, the higher non-
adherence, the less tightly participants adhered to
preventive measures compared to the reference group.
Next, we performed multivariable ordinal logistic
regression analysis. The selected confounding vari-
ables were clustered in three different models. Model
0 represents the crude analysis. In model 1, we intro-
duced age, followed by previous SARS-CoV-2 infection
in model 2. Previous SARS-CoV-2 infection was
defined as infection before blood withdrawal for anti-
body level measurement. In additional sensitivity
analysis, we took low-responders as the reference
group, which we performed in exactly the same
manner.
www.thelancet.com Vol 62 August, 2023

www.thelancet.com/digital-health


Articles
Lastly, we assessed the association between adher-
ence to preventive measures before and after SARS-
CoV-2 vaccination on acquiring SARS-CoV-2 infection
by logistic regression. Observations of infection after the
second vaccination were censored at the time partici-
pants received the results of their antibody response or
of the third SARS-CoV-2 vaccination, whichever came
first (right censoring).

The answer options ‘Don’t know’ (Likert score 6) and
‘Not applicable’ (Likert score 7) were handled as missing
responses. We performed complete case analysis. Data
was assumed to be missing at random. Statistical analysis
was performed using R version 4.0.3. A two-sided p-value
of <0.05 was considered as statistically significant.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
In total, 2939 eligible KTRs were included (83%) for the
first study analysis of the change in adherence after
SARS-CoV-2 vaccination (Fig. 1). A number of 2399
patients remained (82%) for the second study analysis to
analyse the association between awareness of antibody
response and adherence. Table 1 shows the descriptive
characteristics of these KTRs according to the three
levels of antibody response as reported to the patients
(see Supplementary Table S1 for percentage of variable
missings). Patients in the high-responder group
(N = 950) were younger (mean age 56.6 years, SD 12.8)
compared to the low-responder group (N = 500) (mean
Fig. 1: Flow diagram of study inclusion for analysis 1 (change in adherenc
and analysis 2 (adherence after awareness of antibody response). KTRs, k
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age 59.8 years, SD 11.6) and non-responder group
(N = 949) (mean age 61.5 years, SD 11.4). Most of par-
ticipants in our cohort were male (57%), and sex dis-
tribution was comparable between groups. The vast
majority of participants received the mRNA-1273 vac-
cine. The antibody concentration was measured on
average 34.3 days (SD 13.7) after the second vaccination.
The median antibody titre was 7 BAU/mL (IQR 1–19) in
the non-responder, 122 BAU/mL (IQR 79–177) in the
low-responder and 1692 BAU/mL (IQR 741–3361) in
the high-responder group. A total number of 592 pa-
tients were excluded from the first study analysis
(Supplementary Table S2). For the second study anal-
ysis, we subsequently excluded 540 patients, of which
from 83 patients insufficient volume was received for
antibody measurement (Supplementary Table S3). The
excluded patients were younger, received less immu-
nosuppressive agents and had less comorbidities.
Additionally, we provided an approximation of charac-
teristics of the excluded national cohort of KTRs who
were invited via the national vaccination program, but
did not agree to participate and therefore were not
enrolled in the LESS CoV-2 study (please see
Supplementary Table S4 for more information).
Compared to the LESS CoV-2 cohort included in the
first analysis, the patients in the national exclusion
cohort were also younger and received less immuno-
suppressive agents.

Association between SARS-CoV-2 vaccination and
adherence
Overall, the average self-reported adherence to preven-
tive measures was higher for the time period before
e after severe acute respiratory syndrome coronavirus-2 vaccination)
idney transplant recipients.

5

www.thelancet.com/digital-health


Non-responder group
Total (N = 949)

Low-responder group
Total (N = 500)

High-responder group
Total (N = 950)

Sex, n (%)

Male 520 (54.8) 298 (59.6) 551 (58.0)

Female 429 (45.2) 202 (40.4) 399 (42.0)

European descent, n (%)a 843 (93.0) 453 (93.2) 843 (91.2)

Age, y 61.5 (11.4) 59.8 (11.6) 56.6 (12.8)

BMI, kg/m2a 25.9 (4.4) 25.9 (4.1) 26.2 (4.3)

Current smoking, n (%)a

Yes 57 (6.1) 36 (7.3) 43 (4.6)

Past 476 (51.1) 220 (44.5) 429 (45.8)

Never 399 (42.8) 238 (48.2) 465 (49.6)

Current alcohol consumption, n (%)a

Daily 547 (58.8) 268 (54.3) 511 (54.7)

Less than daily 297 (31.9) 175 (35.4) 358 (38.3)

Never 87 (9.3) 51 (10.3) 66 (7.1)

Primary renal diagnosis, n (%)a

Congenital/hereditary disease 22 (2.8) 14 (3.3) 37 (4.9)

Cystic kidney disease 136 (17.5) 67 (15.9) 145 (19.4)

Diabetic kidney disease 67 (8.6) 24 (5.7) 36 (4.8)

Glomerulonephritis 145 (18.6) 93 (22.1) 148 (19.8)

Interstitial nephritis/pyelonephritis/drug induced nefropathy/urolithiasis 47 (6.0) 34 (8.1) 60 (8.0)

Renal vascular disease 64 (8.2) 34 (8.1) 48 (6.4)

Other multisystemic disease 43 (5.5) 15 (3.6) 45 (6.0)

Other 231 (29.7) 112 (26.6) 178 (23.8)

Unknown 24 (3.1) 28 (6.7) 52 (6.9)

No. of comorbidities, n (%)

None 93 (9.8) 59 (11.8) 138 (14.5)

1 422 (44.5) 255 (51.0) 494 (52.0)

2 280 (29.5) 116 (23.2) 210 (22.1)

≥3 154 (16.2) 70 (14.0) 108 (11.4)

Comorbidities, n (%)

Diabetes mellitus 279 (29.4) 104 (20.8) 209 (22.0)

Chronic lung disease 92 (9.7) 33 (6.6) 45 (4.7)

Heart failure 66 (7.0) 29 (5.8) 52 (5.5)

Hypertension 799 (84.2) 428 (85.6) 771 (81.2)

Coronary artery disease 134 (14.1) 63 (12.6) 84 (8.8)

Peripheral vascular disease 34 (3.6) 22 (4.4) 32 (3.4)

Malignancy 29 (3.1) 14 (2.8) 34 (3.6)

Stroke 63 (6.6) 27 (5.4) 36 (3.8)

Dementia 0 (0.0) 0 (0.0) 1 (0.1)

Liver cirrhosis 9 (0.9) 3 (0.6) 8 (0.8)

HIV/AIDS 3 (0.3) 0 (0.0) 3 (0.3)

eGFR, mL/min/1.73 m2a 49.0 (17.8) 52.9 (20.5) 51.4 (18.7)

Transplant characteristicsa

Transplantation type

DBD 183 (24.6) 87 (20.9) 159 (21.7)

DCD 121 (16.2) 62 (14.9) 93 (12.7)

Living donation 441 (59.2) 267 (64.2) 481 (65.6)

First kidney transplant, n (%) 648 (87.0) 357 (85.8) 630 (85.9)

Time after transplantation, y 6.9 [3.7, 12.5] 7.6 [3.9, 13.9] 9.0 [4.9, 15.4]

Graft failure, n (%) 68 (9.1) 38 (9.1) 57 (7.8)

Vaccine type, n (%)a

mRNA-1273 812 (87.1) 451 (91.5) 892 (95.2)

BNT162b2 79 (8.5) 27 (5.5) 34 (3.6)

(Table 1 continues on next page)
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Non-responder group
Total (N = 949)

Low-responder group
Total (N = 500)

High-responder group
Total (N = 950)

(Continued from previous page)

ChAdOx-nCov19 40 (4.3) 15 (3.0) 11 (1.2)

Ad26.CoV2.S 1 (0.1) 0 (0.0) 0 (0.0)

No. of immunosuppressive agents, n (%)

None 21 (2.2) 13 (2.6) 48 (5.1)

1 41 (4.3) 45 (9.0) 179 (18.8)

2 458 (48.3) 267 (53.4) 497 (52.3)

≥3 429 (45.2) 175 (35.0) 226 (23.8)

Immunosuppressive treatment, n (%)

Steroids 653 (68.8) 361 (72.2) 601 (63.3)

Calcineurin inhibitor 768 (80.9) 375 (75.0) 729 (76.7)

MMF/MPA 750 (79.0) 283 (56.6) 289 (30.4)

Azathioprine 36 (3.8) 52 (10.4) 156 (16.4)

mTOR inhibitor 44 (4.6) 33 (6.6) 83 (8.7)

Antibody level, BAU/mL 7.0 [1.2, 19.4] 122.2 [78.7, 176.5] 1692.0 [740.5, 3360.5]

Abbreviations are: BMI, body mass index; HIV/AIDS, human immunodeficiency virus/acquired immunodeficiency syndrome; eGFR, estimated glomerular filtration rate; DBD,
donation after brain death; DCD, donation after circulatory death; MMF/MPA, mycophenolate mofetil/mycophenolic acid; mTOR, mammalian target of rapamycin; BAU,
binding antibody units. aDue to missing values total numbers and values can vary.

Table 1: Descriptive statistics of the three groups.

Articles
vaccination (Likert score 4.56, IQR 4.11–4.78) than for
the time period after vaccination (Likert score 4.22, IQR
3.67–4.67) (p < 0.001) (Fig. 2). This did not only account
for the average adherence, but also for each of the
Fig. 2: Boxplot for average adherence scores over all preventive
measures before (4.56, interquartile range (IQR) 4.11–4.78) and after
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
vaccination (4.22, IQR 3.67–4.67) in kidney transplant recipients
(KTRs). ***Indicate a p-value of less than 0.001. Adherence to pre-
ventive measures was reported on a 5-point Likert scale, ranging
from never (Likert score 1) to always (Likert score 5).

www.thelancet.com Vol 62 August, 2023
specific preventive measures (Supplementary Figure S2,
all p < 0.001). A total of 229 SARS-CoV-2 infections
occurred during these two periods. Participants with
previous SARS-CoV-2 infection did not differ in average
adherence score after vaccination compared to partici-
pants without previous infection (exponentiated β: 0.99x,
95% CI 0.96–1.03, p = 0.664).

Association between awareness of antibody
response and adherence
The average self-reported adherence to preventivemeasures
after being informed of antibody response following vacci-
nation on Likert scale was 4.2 (IQR 3.8–4.6) in non-
responders, 4.1 (IQR 3.7–4.6) in low-responders and 3.9
(IQR 3.3–4.3) in high-responders (p < 0.001). High-
responders had significantly higher non-adherence to
each of the preventive measures after SARS-CoV-2 vacci-
nation than non-responders, which also applied to most of
the preventivemeasures in low-responders (Supplementary
Table S5). In the final model, high-responders had higher
non-adherence to all preventivemeasures compared to non-
responders, independent of age and previous SARS-CoV-2
infection (N = 203). Compared to the non-responder
group, low-responders had higher non-adherence to four
out of nine preventive measures (keeping 1.5 m distance,
avoiding supermarket or shops, avoiding crowded places
and limiting visitors or visits) (Fig. 3). In additional sensi-
tivity analysis comparing high-responders to low-
responders, being a high-responder was associated with
higher non-adherence to most of preventive measures
(keeping 1.5 m distance, hand washing, avoiding super-
market or shops, avoiding crowded places and avoiding
travel abroad) (Supplementary Table S6).
7
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High-responder group (N=950)

0.5 1 2 4

Avoid travel abroad

Work from home

Limit visitors or visits

Avoid crowded places

Avoid public transport

Avoid supermarket or shops

Hand washing

Wear a face mask

Keep 1.5m distance

OR [95% CI]

Preventive measures
Low-responder group (N=500)

Fig. 3: Forest plot for non-adherence to preventive measures after awareness of antibody response by group, corrected for the final association
model (age and previous severe acute respiratory syndrome coronavirus-2 infection), taking the non-responder group as reference (N = 949).
Please see Supplementary Table S5 for defined odds ratio (OR), confidence interval (CI) and p-value.
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Association of adherence with the risk of SARS-
CoV-2 infection
In 2868 participants of whom data was available on
SARS-CoV-2 infection before awareness of antibody
response, a total of 202 SARS-CoV-2 infections occurred
before vaccination and 27 occurred after vaccination. Of
27 infections 23 (85%) were confirmed by a PCR test.
We found that a higher adherence to preventive mea-
sures was associated with a decreased likelihood of
SARS-CoV-2 infection, both before (odds ratio (OR)
0.67, 95% confidence interval (CI) 0.51–0.91, p = 0.008)
and after vaccination (OR 0.48, 95% CI 0.28–0.86,
p = 0.010). The descriptive characteristics according to
SARS-CoV-2 infection before and after vaccination are
shown in Supplementary Tables S7 and S8, respectively.
Due to the low number of infection events after vacci-
nation we were statistically not powered to correct for
any confounders in multivariable analysis. In the
context of uniformity we decided not to correct for the
period before vaccination.
Discussion
To the best of our knowledge, we are the first to show
that KTRs became less adherent to social isolation and
other preventive measures after vaccination against
COVID-19. KTRs who were aware of a subsequent
antibody response were less likely to tightly adhere to
preventive measures compared to those without an
antibody response. Moreover, participants with higher
adherence were at lower risk of SARS-CoV-2 infection,
regardless of vaccination status.

Overall, KTRs perceived more freedom from pre-
ventive measures after SARS-CoV-2 vaccination,
presumably because of an assumed development of
SARS-CoV-2-specific antibodies and thus assumed pro-
tection against COVID-19. Since the majority of KTRs
shows insufficient antibody response after two doses of
mRNA vaccination,5–10 the perception of freedom may
be misleading in these patients. In KTRs who were
aware of the presence of antibodies after vaccination,
adherence decreased compared to those without an
antibody response. We observed a dose-response effect,
meaning rates of non-adherence are higher when the
category of antibody response is higher. This is likely to
be the result of the communication to participants that a
higher antibody concentration is a correlate of protec-
tion. Moreover, differences in adherence were found
between preventive measures. In comparison to non-
responders, it seemed that low-responders were less
adherent to preventive measures if they interfered with
daily human-to-human interaction such as keeping
distance and limiting visitors or visits, despite facing the
risk of SARS-CoV-2 infection. Most importantly, higher
adherence was associated with less risk of SARS-CoV-2
infection both before and after vaccination. Our data
suggest that the adherence to preventive measures was
protective against SARS-CoV-2 infection when vaccina-
tion was not yet available, but also in KTRs who received
vaccination. Unfortunately, we were not able to assess
www.thelancet.com Vol 62 August, 2023
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whether the decreased adherence in antibody re-
sponders was justified due to too few SARS-CoV-2
infection events (N = 34) within the short timeframe
(median 66 days) between awareness of antibody
response and the event of a third vaccination.

Even though much attention has now been paid to
the physical health consequences of COVID-19 in
immunocompromised patient groups, mental health
has unjustly received less attention. KTRs are not only
likely to experience mental burden due to awareness of
their susceptibility for a severe course of COVID-19 in
case of infection, but also as a result of social isolation.21

In some cases, KTRs were isolated from household
contacts or access to healthcare, and sometimes the
same was true for their children as they were kept at
home and received homeschooling for prolonged pe-
riods. Regarding employment in the Netherlands,
vulnerable employees like immunocompromised pa-
tients are entitled, by law, to extra protection. This study
provides argument advocating for but also against peak
antibody measurement in KTRs22 and sharing this in-
formation with the patient. We believe that informing
KTRs of their antibody response could improve a pa-
tients’ well-being in terms of mental health or quality of
life. It could also be useful to identify and safely guide
those still at risk of COVID-19 after vaccination. We see
that although patients reach a certain antibody threshold
and subsequently feel safe, antibody levels are still lower
than in the general population,10 even after repeated
vaccination.23–27 Therefore, patients are likely inade-
quately protected against severe COVID-19 if infection
does occur, especially since there is no established
threshold above which patients are deemed to be ‘safe’.
Moreover, in practice it is likely that problems will be
encountered, for instance the interpretation of results
over time and dealing with heterogeneity between lab-
oratories. The goal of measuring antibody levels in
clinical practice is to give KTRs more freedom in terms
of preventive measures as social interaction is essential
to every aspect of our health. This however is chal-
lenging, since it is still unknown what antibody level is
protective against COVID-19 in KTRs.

In this large-scale questionnaire study we are the first
to show in KTRs, of all immunocompromised patient
groups, the association between SARS-CoV-2 vaccina-
tion and awareness of subsequent antibody response,
and the adherence to preventive measures. Further-
more, our data suggest that adherence to preventive
measures effectively protects against SARS-CoV-2
infection. This was established in a patient group that
tightly adhered to government recommendations over-
all. This tight adherence has previously been described
in KTRs which resulted in no self-reported SARS-CoV-2
infections,28 and in other immunocompromised pa-
tients compared to the general population.29,30 A point of
discussion is the communication of antibody response
and its related protection against COVID-19. A patients’
www.thelancet.com Vol 62 August, 2023
‘awareness of antibody response’ consists of their anti-
body level, corresponding category of antibody response,
and a (very cautiously constructed) indication of pro-
tection against COVID-19. The latter in itself and not
necessarily the awareness of antibody response could
play a role in the registered behavioral changes. How-
ever, within this study design it is not possible to
disentangle the solely effects of either antibody response
or instructions. This study also has some limitations. At
the time the present study was set up, no validated in-
strument to measure adherence to preventive measures
was available. Therefore, we used self-designed ques-
tionnaires that were constructed together with the pa-
tient representatives of our consortium. We used
repeated questionnaires to monitor the behavior of
KTRs. However, we introduced recall bias when patients
reported on adherence before SARS-CoV-2 vaccination
at the time they already received their second vaccina-
tion, which was inherent to the study protocol as we
included KTRs after they received two vaccinations.
Subjective perceptions of infection or personal adher-
ence to measures could also play a role. For instance,
since SARS-CoV-2 infections were self-reported, it has
the potential to confound results, but when patients are
not aware of a possible infection, this is likely not to
affect these associations. Furthermore, it can be argued
that the relationship of adherence with infection rate is
not solely based on adherence, as we were not able to
correct for confounders due to too few infection events.
Otherwise, potential confounders in the period before
vaccination are: age, BMI, smoking behavior, eGFR and
steroid use, and after vaccination: age, number of
comorbidities and hypertension. However, at the same
time, more external factors might have played a role in
our analyses, but we can argue that these factors have
not influenced the direction of our results. The first
questionnaire on behavior was obtained from August till
October 2021 during the Delta wave (government rec-
ommendations: slowly letting go of preventive mea-
sures), and the second questionnaire on behavior was
obtained in December 2021 and January 2022, during
the Omicron BA.1 wave (government recommenda-
tions: strict lockdown). It is uncertain how these external
factors influenced the reported behavioral response in
KTRs, as they were advised to very strictly adhere to
(additional) preventive measures, and were sometimes
even isolated from household contacts. We may argue
that since each questionnaire period fell within one
single wave, with similar governmental recommenda-
tions, these factors had a similar influence on reported
behavioral responses. However, the second question-
naire was taken in a period of strict lockdown in which
patients may have responded to adhere more tightly to
restrictions compared to the first, independent of
vaccination status and/or antibody response. Nonethe-
less, we found that patients adhered less tightly to re-
strictions when they were aware they had a higher
9
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antibody response, so the effect of awareness of anti-
body response on behavior is probably rather under-
estimated than overestimated during the Omicron BA.1
wave. Self-testing kits became available in the
Netherlands in April 2021, however, we do not believe
this to have affected self-reported infection rates. Par-
ticipants of our cohort were already vigilant for possible
infections, and were clearly instructed to perform a PCR
test if they had respiratory symptoms. We also believe it
is unlikely that the availability of self-testing kits has
affected behavioral changes. KTRs were highly moti-
vated to prevent a SARS-CoV-2 infection and the mere
availability of these self-testing kits did not provide any
safety or risk reduction. In addition, we do not expect
the use of monoclonal antibodies to have affected
behavioral changes in KTRs. Shortly after sotrovimab
became available in the Netherlands, the SARS-CoV-2
Omicron variant was first detected, and quickly
became the dominant variant. Since the less virulent
course of this variant and reduced sensitivity to the
neutralising effect of antibodies, sotrovimab was not
considered necessary. The use of cilgavimab/tix-
agevimab was not utilised or recommended. Lastly, if we
compare patients that were excluded for analysis (LESS
CoV-2 exclusion cohorts as well as the national exclu-
sion cohort) with the included patients, the latter were
older, received more immunosuppressive agents and in
comparison to the LESS CoV-2 exclusion cohorts, had
more comorbidities. Because of this increased frailty
we speculate that these included patients are likely to
have adhered more tightly to preventive measures
despite the development of an antibody response.
Therefore, the observed association between antibody
response and adherence might be an underestimation
and not generalisable to all KTRs.

In conclusion, informing KTRs of the presence of
antibodies after SARS-CoV-2 vaccination results in
higher non-adherence to preventive measures and pa-
tients should be informed of the potential conse-
quences. Moreover, because our findings insinuate that
the adherence to government recommendations is
effective in the prevention of SARS-CoV-2 infection.
Future research is needed to find the optimal way to
inform patients of individual vaccination results to
improve quality of life without increasing the risk of
infection due to inappropriate adherence to preventive
measures.
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