
Hamm et al. BMC Infectious Diseases          (2023) 23:687  
https://doi.org/10.1186/s12879-023-08663-5

STUDY PROTOCOL

Herpes Virus Infections in Kidney Transplant 
Patients (HINT) – a prospective observational 
cohort study
Sebastian Rask Hamm1†, Sunil Kumar Saini2†, Annemette Hald1, Anna V. Vaaben2, Natasja Wulff Pedersen2, 
Moises Alberto Suarez‑Zdunek1, Zitta Barrella Harboe3,4, Helle Bruunsgaard4,5, Isik Somuncu Johansen6,7, 
Carsten Schade Larsen8, Claus Bistrup7,9, Henrik Birn10, Søren Schwartz Sørensen4,11, Sine Reker Hadrup2† and 
Susanne Dam Nielsen1,4,12*† 

Abstract 

Background Kidney transplant recipients receive maintenance immunosuppressive therapy to avoid allograft 
rejection resulting in increased risk of infections and infection‑related morbidity and mortality. Approximately 98% 
of adults are infected with varicella zoster virus, which upon reactivation causes herpes zoster. The incidence of herpes 
zoster is higher in kidney transplant recipients than in immunocompetent individuals, and kidney transplant recipi‑
ents are at increased risk of severe herpes zoster‑associated disease. Vaccination with adjuvanted recombinant gly‑
coprotein E subunit herpes zoster vaccine (RZV) prevents herpes zoster in older adults with excellent efficacy (90%), 
and vaccination of kidney transplant candidates is recommended in Danish and international guidelines. However, 
the robustness and duration of immune responses after RZV vaccination, as well as the optimal timing of vaccination 
in relation to transplantation remain unanswered questions. Thus, the aim of this study is to characterize the immune 
response to RZV vaccination in kidney transplant candidates and recipients at different timepoints before and after 
transplantation.

Methods The Herpes Virus Infections in Kidney Transplant Patients (HINT) study is a prospective observational cohort 
study. The study will include kidney transplant candidates on the waiting list for transplantation (n = 375) and kid‑
ney transplant recipients transplanted since January 1, 2019 (n = 500) from all Danish kidney transplant centers who 
are offered a RZV vaccine as routine care. Participants are followed with repeated blood sampling until 12 months 
after inclusion. In the case of transplantation or herpes zoster disease, additional blood samples will be col‑
lected until 12 months after transplantation. The immune response will be characterized by immunophenotyping 
and functional characterization of varicella zoster virus‑specific T cells, by detection of anti‑glycoprotein E antibodies, 
and by measuring cytokine profiles.

Discussion The study will provide new knowledge on the immune response to RZV vaccination in kidney transplant 
candidates and recipients and the robustness and duration of the response, potentially enhancing preventive strate‑
gies against herpes zoster in a population at increased risk.
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Background
For a selected group of patients with chronic kidney fail-
ure, kidney transplantation is the best treatment modal-
ity. After transplantation, kidney transplant recipients 
receive life-long immunosuppressive maintenance ther-
apy to avoid rejection of the transplanted organ, resulting 
in an increased risk of infections and infection-related 
morbidity and mortality [1].

Varicella zoster virus (VZV) causes varicella during 
primary infection and herpes zoster when reactivated. 
In Denmark, primary vaccination against VZV is not 
recommended by health authorities [2], and varicella 
is a common childhood infection. Thus, 98% of solid 
organ transplant candidates in Denmark are sero-pos-
itive towards VZV [3] indicating a prior primary VZV 
infection. To avoid herpes zoster, cellular immunity 
towards VZV is important [4, 5]. However, the main tar-
get of immunosuppressive maintenance therapy post-
transplantation is T cells, thus hampering the cellular 
immunity. The crude incidence of herpes zoster in kid-
ney transplant recipients has been reported to be 6.7% 
[6], and kidney transplant recipients are at higher risk 
of herpes zoster than immunocompetent individuals 
[7–9]. Furthermore, kidney transplant recipients are at 
increased risk of severe herpes zoster disease and post-
herpetic neuralgia [9–11].

Shingrix® (GlaxoSmithKline) is an adjuvanted recom-
binant glycoprotein E subunit herpes zoster vaccine 
(RZV). RZV prevents herpes zoster in older adults with 
90% efficacy [12, 13]. A randomized clinical trial reported 
68% RZV efficacy in hematopoietic stem cell transplant 
recipients [14], but the efficacy of RZV in kidney trans-
plant recipients has not been established. RZV has been 
reported to be immunogenic and safe in kidney trans-
plant recipients [15, 16], and RZV vaccination of kidney 
transplant candidates and recipients is recommended 
in both international and Danish guidelines [17, 18]. 
Although it has been suggested that cellular immunity 
towards VZV after natural infection and live attenuated 
vaccination persist over the course of transplantation [19, 
20], the robustness and duration of immune responses 
after RZV vaccination in kidney transplant candidates 
and recipients, as well as the optimal timing of vaccina-
tion has not been established. Thus, characterization of 
immune responses to herpes zoster infection at different 
time points in relation to kidney transplantation might 

enable better preventive strategies in a population at high 
risk.

Study objectives
In kidney transplant candidates and recipients receiving 
RZV at different time points before and after transplanta-
tion we aim to determine:

Primary aim
The T cell immunity towards VZV determined by deci-
phering the size, specificity and fitness of the T cell 
response following RZV, and the protective role towards 
herpes zoster.

Secondary aims
The anti-glycoprotein E antibody response rate and risk 
factors for anti- glycoprotein E antibody non-response.

The persistence of anti-glycoprotein E antibody and T 
cell immune responses.

Methods
The Herpes Virus Infections in Kidney Transplant 
Patients (HINT) study is a prospective observational 
cohort study. Kidney transplant recipients transplanted 
after January 1, 2019, and kidney transplant candidates 
on the waiting list for kidney transplantation at Copen-
hagen University Hospital – Rigshospitalet, Odense Uni-
versity Hospital, or Aarhus University Hospital who are 
offered a RZV vaccine will be invited to participate in the 
study until February 1, 2025. Recruitment of participants 
started January 16, 2023 and is currently ongoing.

The kidney transplant centers at Copenhagen Univer-
sity Hospital – Rigshospitalet, Odense University Hospi-
tal, or Aarhus University Hospital are responsible for the 
inclusion and follow-up of participants, while research-
ers from the department of health technology at Tech-
nical University of Denmark (DTU) are responsible for 
the immunological analyses. The study is performed in 
collaboration with the herpesvirus immunology in solid 
organ transplant recipients – liver transplant study (HIS-
TORY) and parts of the methodology follows what has 
previously been described in the HISTORY study proto-
col [21]. A STROBE [22] checklist is provided as supple-
mentary material (supplementary material).

Trial registration ClinicalTrials.gov (NCT05604911).

Keywords Varicella zoster virus, Kidney transplant recipients, Kidney transplant candidates, Immune response, Herpes 
zoster, Shingles, Humane herpes virus 3, Shingrix, Adjuvanted recombinant glycoprotein E subunit herpes zoster 
vaccine, T‑Lymphocytes, Immunodominant epitopes
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Vaccinations
All participants who accept the offer to receive RZV vac-
cination are vaccinated according to Danish guidelines at 
their local transplant center. Therefore, vaccinations are 
performed uniformly at all three centers by administer-
ing two doses of vaccine with two months between each 
dose. All vaccinations administered are a part of routine 
clinical care.

Eligibility criteria
Participants must be either on the waiting list for kid-
ney transplantation OR first time transplanted after 
January 1, 2019, AND above 18 years old, able to provide 
informed consent, and have been offered a RZV vaccine. 
Patients are eligible to participate whether they accept 
RZV vaccination or not.

Blood sampling
Venous blood samples are collected from participants at 
scheduled visits to the clinical sites. All participants will 
provide a blood sample at inclusion i.e., at the time they 
are offered the first dose of RZV vaccination. Hereafter, 
all participants will be invited for repeated blood sam-
pling 1, 2, 6, and 12 months after the first dose of RZV 
was offered. Furthermore, participants who are on the 
waiting list for transplantation and transplanted dur-
ing the study will be invited for blood sampling at 6 and 
12 months after transplantation. If a participant develops 
herpes zoster during the study period, they will be invited 
for blood sampling immediately after the infection has 
been diagnosed. At each sample time, 60  mL of venous 
blood will be collected in lithium-heparin and EDTA-
coated collection tubes.

Within 4 h after collection, blood collected in lithium-
heparin-coated collection blood tubes will be trans-
ported to the laboratory for purification of peripheral 
blood mononuclear cells (PBMC) using density gradi-
ent centrifugation. EDTA-coated collection tubes will 
be stored on ice immediately after collection and cen-
trifuged within 1  h, after which plasma will be sepa-
rated and stored at -80  °C. After primary processing at 
either Copenhagen University Hospital – Rigshospitalet, 
Odense University Hospital, or Aarhus University Hospi-
tal, all PBMC and plasma samples will be stored in liquid 
nitrogen at a biobank at the Department of Health Tech-
nology, DTU.

Questionnaire
At inclusion, participants will be asked to fill out a ques-
tionnaire about health, lifestyle, socioeconomic status, 
current and previous use of medication and vaccinations. 
The questionnaire will be entered directly into REDCap 

[23]—a secured digital platform or on paper (supplemen-
tary material). At each following study visit, participants 
will be asked to fill out a questionnaire regarding changes 
related to transplantation, vaccinations, rejection epi-
sodes, and infections since the last study visit (supple-
mentary material).

Antibody assay
The anti-glycoprotein E antibody response rate will be 
determined by Enzyme-Linked Immunosorbent Assay 
(ELISA). Glycoprotein E is the main target for VZV-
specific immune responses [24]. We will establish and 
validate a previously reported ELISA and measure anti-
glycoprotein E antibody concentrations in plasma sam-
ples collected from all participants at all time points. 
The anti-glycoprotein E antibody response rate will be 
defined as the percentage of subjects with anti-glyco-
protein E antibody concentration ≥ 4-fold higher than at 
baseline.

Identification of VZV specific T cells
To identify the complete repertoire of VZV-specific T 
cells and their immunodominance towards VZV, we 
will perform a broad T cell screening towards poten-
tial T cell epitopes in VZV, as previously described 
[21]. Human leukocyte antigen (HLA)-class I presented 
epitopes will be predicted (NetMHCpan-4.1) and syn-
thetized to make peptide-HLA multimers matching the 
HLA profile of the individual participant (Fig.  1). We 
will cover the 12 most frequent HLA haplotypes [25]. 
Using DNA-barcode labeled peptide-major histocom-
patibility complex (pMHC) multimers and subsequent 
flow cytometry-based sorting of VZV-specific T cells, we 
can determine the T cell recognition to a large library of 
potential epitopes (> 1000/sample) [26, 27]. The sequen-
tial sampling pre- and post-transplantation will allow 
a comparative assessment and monitoring of T cell fre-
quency, phenotype and fitness at different levels of 
immunosuppression.

Using the NetMHCpan 4.1 platform, as previously 
described in the HISTORY study protocol [21], poten-
tial varicella-zoster virus (VZV) peptide-MHC (pMHC) 
complexes will be predicted corresponding to the most 
frequent HLA haplotypes amongst participants. The 
pMHC complexes will be combined in a DNA-barcoded 
patient-specific pMHC multimer. Peripheral blood 
mononuclear cells (PBMCs) will be examined for their 
detection of pMHC multimers and sorted using flow 
cytometry based on their expression of phenotypic cell 
surface markers. The reactive T cells may be further 
examined for their frequency, T cell receptor sequence, 
and potential for ex vivo expansion [21].
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Phenotype and cytokine profiling
Phenotyping and functional characterization of specific 
T cell populations towards immunodominant epitopes in 
VZV will be carried out, as previously described in the 
HISTORY study protocol [21], by using a flow cytome-
try panel of 13 cell surface and intracellular markers of 
activation, senescence, and exhaustion (Fig.  1). Further-
more, we will measure the cytokine profiles in plasma 
samples using an established Luminex MILLIPLEX 
assay to simultaneously quantify 41 analytes that map 
the complete cytokine signature including interleukins, 
chemokines, and growth factors (Fig. 2).

Cytokine profiling will be performed as previously 
described in the HISTORY study protocol [21]. Plasma 
contains an unspecified concentration of analytes of 
interest, i.e. cytokines, chemokines, interleukins and 
growth factors. To determine the concentration of the 
analytes, each Luminex well contains multiple types 
of color-coded beads conjugated to a capture antibody 
that binds the specific analyte of interest. In presence of 
the analyte, a biotin-conjugated detection antibody will 
bind to the capture antibody-analyte complex. Adding 
phycoerythrin-labeled streptavidin will produce fluores-
cence that is color-specific for each analyte and allows for 
measurement of the mean fluorescence intensity (MFI) 
of each analyte in each Luminex well. Comparing MFI 
at different dilution levels with standard solutions allows 
for determination of the concentration of the analytes of 
interest.

T cell receptor sequencing
We will apply a technology that allows for large-scale 
collection of T cell receptor (TCR) sequences paired to 

different peptide targets based on their pMHC recogni-
tion motif through a pMHC multimer linked to a DNA 
barcode [28]. Using single-cell capture and analysis sys-
tems based on sorted pMHC responsive T cells, we can 
pair the TCR sequences and assign the pMHC specific-
ity based on the co-attached DNA barcode. Using this 
platform, we will identify T cell clonotypes of relevance 
for VZV recognition and describe their functional char-
acteristics. We will implement parallel phenotyping of 
immune cells using a 150 + marker panel of DNA bar-
coded antibodies that target a broad array of lineage 
markers, activation markers, exhaustion markers, and 
regulatory markers.

Clinical data
Data on demographics, comorbidities, biochemistry, 
medication, allograft rejection, pathology, HLA, and hos-
pital admissions will be collected from electronical hospi-
tal records. All Danish hospital records since 1 December 
2010 are accessible through a nationwide digital plat-
form. Data on vaccinations will be collected through the 
Danish vaccination register (DDV) [29]. Since 2015, it 
has been mandatory to register all vaccinations admin-
istered in Denmark in DDV. Data on infections will be 
collected from the Danish Microbiology database (MiBa) 
[30], which is a nationwide database including all micro-
biological samples collected at both hospitals and general 
practitioners in Denmark.

Statistics
Sample size
The purpose of the study is to describe the T-cell and 
anti-glycoprotein E antibody response to RZV and 

Fig. 1 Overview of methods for identification and evaluation of T cells using peripheral blood mononuclear cells
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herpes zoster in kidney transplant candidates and recipi-
ents and to explore factors for immune non-response at 
different times before and after transplantation. In Den-
mark about 390 patients are active on the waiting list for 
kidney transplantation and about 250 kidney transplan-
tations are performed each year [31]. We aim to include 
250 kidney transplant recipients who are 6–12  months 
from transplantation, 125 who are 12–24  months from 
transplantation, and 125 who are > 24  months. Further-
more, since some of the transplant candidates may not be 
transplanted during the study period, we will include 375 
patients who are on the waiting list. Given the descriptive 

and exploratory scope of the study and lack of existing 
data regarding outcomes of interest, a formal sample size 
calculation cannot be conducted. The study is not pow-
ered for clinical efficacy estimates.

Statistical analyses
Continuous data will be compared using Student’s t test 
or Mann–Whitney U test, and categorical data will be 
compared using Pearson’s χ2 or Fisher’s exact tests, as 
appropriate. Mixed linear models will be used to evalu-
ate the development of antibody and T cell immunity 

Fig. 2 Overview of methods for cytokine profiling using Luminex MILLIPLEX® assay
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towards VZV over time and to explore risk factors for 
non-response.

Discussion
Kidney transplant recipients are at higher risk of herpes 
zoster than immunocompetent individuals [7–9] and at 
increased risk of severe herpes zoster disease and post-
herpetic neuralgia [9–11]. Current international and 
Danish guidelines recommend RZV vaccination of kid-
ney transplant candidates prior to transplantation [17, 
18]. However, evidence on the robustness and duration 
of the immune response, as well as the optimal timing of 
vaccination is warranted. Through a characterization of 
the VZV specific immune response in kidney transplant 
candidates and recipients, this study has the potential to 
improve preventive strategies against herpes zoster in a 
population at risk. By observing immune responses in 
kidney transplant candidates and recipients vaccinated 
at different time points with regards to transplanta-
tion we expect to be able to establish the most optimal 
timing of vaccination for kidney transplant candidates 
and recipients. Furthermore, identification of risk fac-
tors for immune non-response could provide guidance 
for increased surveillance of individuals at higher risk of 
herpes zoster and a potential need for additional RZV 
booster doses.

Abbreviations
HINT  Herpesvirus Infections in Kidney Transplant Patients Study
VZV  Varicella zoster virus
HZ  Herpes zoster
RZV  Adjuvanted recombinant glycoprotein E subunit herpes zoster 

vaccine
ELISA  Enzyme‑Linked Immunosorbent Assay
PBMC  Peripheral blood mononuclear cells
pMHC  Peptide‑Major Histocompatibility Complex
HLA  Human leukocyte antigen
TCR   T cell receptor
DDV  The Danish vaccination register
MiBa   The Danish microbiology database

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879‑ 023‑ 08663‑5.

Additional file 1.  

Additional file 2.  

Additional file 3.  

Acknowledgements
We thank all participants in advance for their willingness to participate. Fig‑
ures 1 and 2 were created using BioRender.com.

Authors’ contributions
Sebastian Rask Hamm: conceptualization, writing – original draft prepara‑
tion, Sunil Kumar Saini: conceptualization, writing – original draft preparation, 
visualization, methodology, funding acquisition, Annemette Hald: writing 

– Review and editing, Anna Viktoria Vaaben: writing – review and editing, 
methodology, Natasja Wulff Pedersen: writing – review and editing, methodol‑
ogy, Moises Alberto Suarez‑Zdunek: writing – review and editing, Zitta Barrella 
Harboe: Conceptualization of antibody study, writing – review and editing, 
Helle Bruunsgaard: writing – review and editing, Isik Somuncu Johansen: writ‑
ing – review and editing, Carsten Schade Larsen: writing – review and editing, 
Claus Bistrup: writing – review and editing, Henrik Birn: writing – review and 
editing, Søren Schwartz Sørensen: writing – review and editing, Sine Reker 
Hadrup: Conceptualization, writing – review and editing, methodology, 
funding acquisition, Susanne Dam Nielsen: Conceptualization, methodology, 
writing – review and editing, funding acquisition, supervision.

Funding
Open access funding provided by Royal Library, Copenhagen University 
Library The study is funded by the Novo Nordisk Foundation (grant no. 
NNF220C0073947), The Augustinus Foundation, The Regions’ Medicine and 
Treatment Pool, RH and OUH’s Common Research Pool, and Rigshospitalet.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not pub‑
licly available due privacy regulations but are available from the correspond‑
ing authors on reasonable request.

Declarations

Ethics approval and consent to participate
The study has been approved by the Ethics Committee of the Capital Region 
of Denmark (H‑22042603) and the Knowledge Center for Data Reviews of the 
Capital Region of Denmark (P‑2022–953), and participants provide oral and 
written informed consent to participate.

Consent for publication
Not applicable.

Competing interests
SR. Hamm receives grants from the Research Council of Rigshospitalet related 
to this study. SDN has received unrestricted research grants from the Novo 
Nordisk Foundation, Lundbeck Foundation, the Independent Research 
Fund Denmark, and reports advisory board activity for Gilead Sciences and 
GlaxoSmithKline/ViiV Healthcare, all unrelated to this manuscript. S.R. Hadrup 
is the cofounder of PokeAcell and coinventor of licensed patents related to T 
cell detection, but unrelated to this study. H. Birn has participated in advisory 
board activity for GlaxoSmithKline and has previously received research 
funding from GlaxoSmithKline unrelated to this study. SKS receives research 
funding from Lundbeck Foundation, the Danish Research Council, and the 
Danish Cancer Society for projects, all unrelated to this study. CSL has received 
honoraria from GlaxoSmithKline for lectures and participation in advisory 
boards. ZBH has received grants from Independent Research Fund, Lundbeck 
Foundation, Helen Rudes Foundation, and the Danish Cancer Society, all 
unrelated to this manuscript. ISJ, SSS, H. Bruunsgaard, AH, MASZ, CB, AVV, and 
NWP report no competing interests.

Author details
1 Viro‑Immunology Research Unit, Department of Infectious Diseases, Copen‑
hagen University Hospital ‑ Rigshospitalet, Copenhagen, Denmark. 2 Depart‑
ment of Health Technology, Technical University of Denmark, Kongens Lyngby, 
Denmark. 3 Department of Pulmonary and Infectious Diseases, Copenhagen 
University Hospital, North Zealand, Hillerød, Denmark. 4 Department of Clinical 
Medicine, Faculty of Health and Medical Sciences, University of Copenhagen, 
Copenhagen, Denmark. 5 Department of Clinical Immunology, Copenha‑
gen University Hospital – Rigshospitalet, Copenhagen, Denmark. 6 Depart‑
ment of Infectious Diseases, Odense University Hospital, Odense, Denmark. 
7 Department of Clinical Research, University of Southern Denmark, Odense, 
Denmark. 8 Department of Infectious Diseases, Aarhus University Hospital, 
Aarhus, Denmark. 9 Department of Nephrology, Odense University Hospi‑
tal, Odense, Denmark. 10 Department of Renal Medicine, Aarhus University 
Hospital, and Departments of Clinical Medicine and Biomedicine, Aarhus 
University, Aarhus, Denmark. 11 Department of Nephrology, Copenhagen 
University Hospital – Rigshospitalet, Copenhagen, Denmark. 12 Department 

https://doi.org/10.1186/s12879-023-08663-5
https://doi.org/10.1186/s12879-023-08663-5


Page 7 of 7Hamm et al. BMC Infectious Diseases          (2023) 23:687  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

of Surgical Gastroenterology, Copenhagen University Hospital ‑ Rigshospitalet, 
Copenhagen, Denmark. 

Received: 1 September 2023   Accepted: 2 October 2023

References
 1. Fishman JA. Infection in Organ Transplantation. Am J Transplant. 

2017;17(4):856–79. https:// doi. org/ 10. 1111/ ajt. 14208.
 2. Vaccine Scheduler | ECDC. https:// vacci ne‑ sched ule. ecdc. europa. eu/ 

Sched uler/ ByCou ntry? Selec tedCo untry Id= 58& Inclu deChi ldAge Group= 
true& Inclu deChi ldAge Group= false & Inclu deAdu ltAge Group= true& Inclu 
deAdu ltAge Group= false. Accessed July 13, 2023.

 3. Rezahosseini O, Sørensen SS, Perch M, et al. Measles, mumps, rubella, and 
varicella zoster virus serology and infections in solid organ transplant 
recipients during the first year posttransplantation. Clin Infect Dis. 
2021;73(11):E3733–9. https:// doi. org/ 10. 1093/ CID/ CIAA8 24.

 4. Schub D, Janssen E, Leyking S, et al. Altered phenotype and functional‑
ity of varicella zoster virus‑specific cellular immunity in individuals with 
active infection. J Infect Dis. 2015;211(4):600–12. https:// doi. org/ 10. 1093/ 
INFDIS/ JIU500.

 5. Zuckerman RA, Limaye AP. Varicella Zoster Virus (VZV) and Herpes 
Simplex Virus (HSV) in Solid Organ Transplant Patients. Am J Transplant. 
2013;13(s3):55–66. https:// doi. org/ 10. 1111/ AJT. 12003.

 6. Kwon DE, Lee HS, Lee KH, La Y, Han SH, Song YG. Incidence of herpes 
zoster in adult solid organ transplant recipients: A meta‑analysis and 
comprehensive review. Transpl Infect Dis. 2021;23(4):e13674. https:// doi. 
org/ 10. 1111/ TID. 13674.

 7. Mckay SL, Guo A, Pergam SA, Dooling K. Herpes zoster risk in immuno‑
compromised adults in the United States: A systematic review. https:// 
doi. org/ 10. 1093/ cid/ ciz10 90

 8. Yanni EA, Ferreira G, Guennec M, et al. Burden of herpes zoster in 16 
selected immunocompromised populations in England: a cohort 
study in the Clinical Practice Research Datalink 2000–2012. BMJ Open. 
2018;8(6):20528. https:// doi. org/ 10. 1136/ BMJOP EN‑ 2017‑ 020528.

 9. Muñoz‑Quiles C, López‑Lacort M, Díez‑Domingo J, Orrico‑Sánchez 
A. Herpes zoster risk and burden of disease in immunocompromised 
populations: a population‑based study using health system integrated 
databases, 2009–2014. BMC Infect Dis. 2020;20(1):905. https:// doi. org/ 10. 
1186/ S12879‑ 020‑ 05648‑6.

 10. Pavlopoulou ID, Poulopoulou S, Melexopoulou C, Papazaharia I, Zavos G, 
Boletis IN. Incidence and risk factors of herpes zoster among adult renal 
transplant recipients receiving universal antiviral prophylaxis. BMC Infect 
Dis. 2015;15(1):285. https:// doi. org/ 10. 1186/ S12879‑ 015‑ 1038‑1.

 11. Kho MML, Roest S, Bovée DM, et al. Herpes zoster in solid organ trans‑
plantation: incidence and risk factors. Front Immunol. 2021;12:1. https:// 
doi. org/ 10. 3389/ FIMMU. 2021. 645718.

 12. Cunningham AL, Lal H, Kovac M, et al. Efficacy of the herpes zos‑
ter subunit vaccine in adults 70 years of age or older. N Engl J Med. 
2016;375(11):1019–32. https:// doi. org/ 10. 1056/ NEJMO A1603 800/ SUPPL_ 
FILE/ NEJMO A1603 800_ DISCL OSURES. PDF.

 13. Lal H, Cunningham AL, Godeaux O, et al. Efficacy of an adjuvanted herpes 
zoster subunit vaccine in older adults. N Engl J Med. 2015;372(22):2087–
96. https:// doi. org/ 10. 1056/ NEJMO A1501 184/ SUPPL_ FILE/ NEJMO A1501 
184_ DISCL OSURES. PDF.

 14. Bastidas A, De La Serna J, El Idrissi M, et al. Effect of recombinant zoster 
vaccine on incidence of herpes zoster after autologous stem cell trans‑
plantation: a randomized clinical trial. JAMA. 2019;322(2):123. https:// doi. 
org/ 10. 1001/ JAMA. 2019. 9053.

 15. Vink P, Torrell JMR, Fructuoso AS, et al. Immunogenicity and safety of 
the adjuvanted recombinant zoster vaccine in chronically immunosup‑
pressed adults following renal transplant: A phase 3, randomized clinical 
trial. Clin Infect Dis. 2020;70(2):181. https:// doi. org/ 10. 1093/ CID/ CIZ177.

 16. Lindemann M, Baumann C, Wilde B, et al. Prospective, longitudinal 
study on specific cellular immune responses after vaccination with an 
adjuvanted, recombinant zoster vaccine in kidney transplant recipients. 
Vaccines (Basel). 2022;10(6):844. https:// doi. org/ 10. 3390/ VACCI NES10 
060844.

 17 Danziger‑Isakov L, Kumar D. Vaccination of solid organ transplant candi‑
dates and recipients: Guidelines from the American society of trans‑
plantation infectious diseases community of practice. Clin Transplant. 
2019;33(9):e13563. https:// doi. org/ 10. 1111/ ctr. 13563.

 18. DSI guidelines · DSI. https:// www. infmed. dk/ guide lines. Accessed 10 July 
2023.

 19. Kho MML, Zuijderwijk JM, van der Eijk AA, et al. Humoral and cellular 
response after varicella vaccination in VZV IgG seronegative kidney 
transplant candidates. Vaccine. 2017;35(1):71–6. https:// doi. org/ 10. 1016/J. 
VACCI NE. 2016. 11. 043.

 20. Rondaan C, de Joode AAE, Wang L, et al. Immune response to varicella‑
zoster virus before and after renal transplantation. Antiviral Res. 
2020;183:104938. https:// doi. org/ 10. 1016/J. ANTIV IRAL. 2020. 104938.

 21. Suarez‑Zdunek MA, Saini SK, Pedersen CR, et al. Herpesvirus immunology 
in solid organ transplant recipients ‑ liver transplant study (HISTORY): a 
retrospective and prospective observational cohort study. BMC Infect Dis. 
2023;23(1):214. https:// doi. org/ 10. 1186/ S12879‑ 023‑ 08153‑8.

 22. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. The Strengthening the Reporting of Observational Studies in Epidemi‑
ology (STROBE) statement: guidelines for reporting observational studies. 
Lancet. 2007;370(9596):1453–7. https:// doi. org/ 10. 1016/ S0140‑ 6736(07) 
61602‑X.

 23. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building an 
international community of software platform partners. J Biomed Inform. 
2019;95:103208. https:// doi. org/ 10. 1016/J. JBI. 2019. 103208.

 24 Arvin AM. Humoral and Cellular Immunity to Varicella‑Zoster Virus: An 
Overview. J Infect Dis. 2008;197(Supplement_2):S58–60. https:// doi. org/ 
10. 1086/ 522123.

 25. Gonzalez‑Galarza FF, Christmas S, Middleton D, Jones AR. Allele frequency 
net: a database and online repository for immune gene frequencies in 
worldwide populations. Nucleic Acids Res. 2011;39(Database issue):913. 
https:// doi. org/ 10. 1093/ NAR/ GKQ11 28.

 26. Saini SK, Hersby DS, Tamhane T, et al. SARS‑CoV‑2 genome‑wide T cell 
epitope mapping reveals immunodominance and substantial CD8+ 
T cell activation in COVID‑19 patients. Sci Immunol. 2021;6(58):7550. 
https:// doi. org/ 10. 1126/ SCIIM MUNOL. ABF75 50.

 27. Bentzen AK, Marquard AM, Lyngaa R, et al. Large‑scale detection of 
antigen‑specific T cells using peptide‑MHC‑I multimers labeled with DNA 
barcodes. Nat Biotechnol. 2016;34(10):1037–45. https:// doi. org/ 10. 1038/ 
NBT. 3662.

 28. Povlsen HR, Bentzen AK, Kadivar M, Jessen LE, Hadrup SR, Nielsen M. 
Improved T cell receptor antigen pairing through data‑driven filtering of 
sequencing information from single cells. Elife. 2023;12:e81810. https:// 
doi. org/ 10. 7554/ ELIFE. 81810.

 29. Grove Krause T, Jakobsen S, Haarh M, Mølbak K. The Danish vaccination 
register. Euro Surveill. 2012;17(17):2. https:// doi. org/ 10. 2807/ ESE. 17. 17. 
20155‑ EN.

 30. Voldstedlund M, Haarh M, Mølbak K. The Danish Microbiology Database 
(MiBa) 2010 to 2013. Euro Surveill. 2014;19(1):20667. https:// doi. org/ 10. 
2807/ 1560‑ 7917. ES2014. 19.1. 20667.

 31. Sif K, Mosholt S, Rohrsted M, et al. Nyretransplantation i Danmark. Dan 
Med J. 2023;185:V12220744.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1111/ajt.14208
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByCountry?SelectedCountryId=58&IncludeChildAgeGroup=true&IncludeChildAgeGroup=false&IncludeAdultAgeGroup=true&IncludeAdultAgeGroup=false
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByCountry?SelectedCountryId=58&IncludeChildAgeGroup=true&IncludeChildAgeGroup=false&IncludeAdultAgeGroup=true&IncludeAdultAgeGroup=false
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByCountry?SelectedCountryId=58&IncludeChildAgeGroup=true&IncludeChildAgeGroup=false&IncludeAdultAgeGroup=true&IncludeAdultAgeGroup=false
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByCountry?SelectedCountryId=58&IncludeChildAgeGroup=true&IncludeChildAgeGroup=false&IncludeAdultAgeGroup=true&IncludeAdultAgeGroup=false
https://doi.org/10.1093/CID/CIAA824
https://doi.org/10.1093/INFDIS/JIU500
https://doi.org/10.1093/INFDIS/JIU500
https://doi.org/10.1111/AJT.12003
https://doi.org/10.1111/TID.13674
https://doi.org/10.1111/TID.13674
https://doi.org/10.1093/cid/ciz1090
https://doi.org/10.1093/cid/ciz1090
https://doi.org/10.1136/BMJOPEN-2017-020528
https://doi.org/10.1186/S12879-020-05648-6
https://doi.org/10.1186/S12879-020-05648-6
https://doi.org/10.1186/S12879-015-1038-1
https://doi.org/10.3389/FIMMU.2021.645718
https://doi.org/10.3389/FIMMU.2021.645718
https://doi.org/10.1056/NEJMOA1603800/SUPPL_FILE/NEJMOA1603800_DISCLOSURES.PDF
https://doi.org/10.1056/NEJMOA1603800/SUPPL_FILE/NEJMOA1603800_DISCLOSURES.PDF
https://doi.org/10.1056/NEJMOA1501184/SUPPL_FILE/NEJMOA1501184_DISCLOSURES.PDF
https://doi.org/10.1056/NEJMOA1501184/SUPPL_FILE/NEJMOA1501184_DISCLOSURES.PDF
https://doi.org/10.1001/JAMA.2019.9053
https://doi.org/10.1001/JAMA.2019.9053
https://doi.org/10.1093/CID/CIZ177
https://doi.org/10.3390/VACCINES10060844
https://doi.org/10.3390/VACCINES10060844
https://doi.org/10.1111/ctr.13563
https://www.infmed.dk/guidelines
https://doi.org/10.1016/J.VACCINE.2016.11.043
https://doi.org/10.1016/J.VACCINE.2016.11.043
https://doi.org/10.1016/J.ANTIVIRAL.2020.104938
https://doi.org/10.1186/S12879-023-08153-8
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/J.JBI.2019.103208
https://doi.org/10.1086/522123
https://doi.org/10.1086/522123
https://doi.org/10.1093/NAR/GKQ1128
https://doi.org/10.1126/SCIIMMUNOL.ABF7550
https://doi.org/10.1038/NBT.3662
https://doi.org/10.1038/NBT.3662
https://doi.org/10.7554/ELIFE.81810
https://doi.org/10.7554/ELIFE.81810
https://doi.org/10.2807/ESE.17.17.20155-EN
https://doi.org/10.2807/ESE.17.17.20155-EN
https://doi.org/10.2807/1560-7917.ES2014.19.1.20667
https://doi.org/10.2807/1560-7917.ES2014.19.1.20667

	Herpes Virus Infections in Kidney Transplant Patients (HINT) – a prospective observational cohort study
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Study objectives
	Primary aim
	Secondary aims


	Methods
	Vaccinations
	Eligibility criteria
	Blood sampling
	Questionnaire
	Antibody assay
	Identification of VZV specific T cells
	Phenotype and cytokine profiling
	T cell receptor sequencing
	Clinical data
	Statistics
	Sample size
	Statistical analyses


	Discussion
	Anchor 25
	Acknowledgements
	References


