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Abstract
Background Avoidance of vaccine-preventable infections in paediatric renal allograft recipients is of utmost importance.
However, the development and maintenance of protective vaccination titres may be impaired in this patient population owing
to their need for immunosuppressive medication.
Methods In the framework of the Cooperative European Paediatric Renal Transplant Initiative (CERTAIN), we therefore
performed a multi-centre, multi-national study and analysed vaccination titres pre- and post-transplant in 155 patients with serial
titre measurements in comparison with published data in healthy children.
Results The percentage of patients with positive vaccination titres before renal transplantation (RTx) was low, especially for
diphtheria (38.5%, control 75%) and pertussis (21.3%, control 96.3%). As few as 58.1% of patients had a hepatitis B antibody
(HBsAb) titre >100 IU/L before RTx. 38.1% of patients showed a vaccination titre loss post-transplant. Patients with an HBsAb
titre between 10 and 100 IU/L before RTx experienced a significantly (p < 0.05) more frequent hepatitis B vaccination titre loss
post-transplant than patients with an HBsAb titre >100 IU/L. The revaccination rate post-transplant was low and revaccination
failed to induce positive titres in a considerable number of patients (27.3 to 83.3%). Treatment with rituximab was associatedwith
a significantly increased risk of a vaccination titre loss post-transplant (odds ratio 4.26, p = 0.033).

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00467-017-3868-0) contains supplementary
material, which is available to authorized users

* Burkhard Tönshoff
burkhard.toenshoff@med.uni-heidelberg.de

1 Department of Paediatrics I, University Children’s Hospital, Im
Neuenheimer Feld 430, 69120 Heidelberg, Germany

2 Department of Infectious Diseases, Virology, University Hospital
Heidelberg, Im Neuenheimer Feld 324, 69120 Heidelberg, Germany

3 Hanover Medical School, Carl-Neuberg-Strasse 1,
30625 Hanover, Germany

4 Olga Children’s Hospital, Clinic of Stuttgart, Kriegsbergstrasse 62,
70174 Stuttgart, Germany

5 Department of General Paediatrics, Paediatric Nephrology,
University Children’s Hospital, Waldeyerstrasse 22,
48149 Münster, Germany

6 Great Ormond Street Hospital, Great Ormond Street, LondonWC1N
3JH, UK

7 Children’s Hospital, Paediatric Nephrology Department, Ondokuz
Mayis University Faculty of Medicine, Kurupelit,
55139 Samsun, Turkey

8 University Children’s Hospital, Hufelandstrasse 55,
45122 Essen, Germany

9 University Children’s Hospital, Martinistrasse 52,
20246 Hamburg, Germany

10 University Children’s Hospital, Hoppe-Seyler-Strasse 1,
72076 Tübingen, Germany

11 Department of General Pediatrics, Adolescent Medicine and
Neonatology, Medical Center—University of Freiburg, Faculty of
Medicine, University of Freiburg, Mathildenstrasse 1,
79106 Freiburg, Germany

12 IRCCS Ospedale Pediatrico Bambino Gesù, Piazza di Sant’Onofrio
4, 00165 Rome, Italy

13 Royal Manchester Children’s Hospital, Manchester Academic
Health Science Centre, Central Manchester University Hospitals
NHS Foundation Trust, M13 9WL, Manchester, UK

14 National Reference Centre Measles, Mumps, Rubella, Robert
Koch-Institute, Seestrasse 10, 13353 Berlin, Germany

15 Institute of Medical Biometry and Informatics, University of
Heidelberg, Im Neuenheimer Feld 305, 69120 Heidelberg, Germany

Pediatric Nephrology (2018) 33:897–910
https://doi.org/10.1007/s00467-017-3868-0

IPNA 2018

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-017-3868-0&domain=pdf
http://orcid.org/0000-0003-4131-2273
https://doi.org/10.1007/s00467-017-3868-0
mailto:burkhard.toenshoff@med.unieidelberg.de


Conclusions These data show a low percentage of patients with positive vaccination titres pre-transplant, a low revaccination rate
post-transplant with limited antibody response, and a high rate of vaccination titre losses.
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Introduction

Infections constitute a major cause of morbidity and mortality
in paediatric renal transplant recipients whose susceptibility to
infections is increased owing to their need for life-long immu-
nosuppressive treatment [1, 2]. Prevention of systemic infec-
tions is therefore of vital importance in this vulnerable patient
population. Vaccination is an essential strategy for reducing the
rate of specific, potentially life-threatening, bacterial and viral
infections. We have recently reported in a large multi-centre,
multi-national study that the vaccination coverage in paediatric
kidney transplant candidates is incomplete [3]. In addition, as a
consequence of pre-transplant uraemia and/or post-transplant
immunosuppression, paediatric renal transplant recipients may
build up an inadequate immune response against vaccine anti-
gens and/or may be at an increased risk of vaccination titre loss.
So far, data published on pre- and post-transplant vaccination
titres in paediatric renal transplant patients are scarce and most-
ly restricted to small, single-centre studies [4, 5]. We therefore
analysed, in a multi-centre, observational, non-interventional
cohort study, the pre- and post-transplant vaccination titres
and the antibody losses and efficacy of revaccinations after
renal transplantation in a sub-cohort of the recently published
multi-centre, multi-national study [3].

Materials and methods

Study design and patient population

This is a multi-centre, multi-national cohort analysis of data
reported to the Cooperative European Paediatric Renal
Transplant Initiative (CERTAIN) Registry (www.certain-
registry.eu), which, owing to its detailed and comprehensive
data capture, allows an in-depth characterisation of specific
patient cohorts [6]. Vaccination-specific data collection for
this particular analysis was performed based on a defined pro-
tocol (see Supplementary Material). Inclusion criteria were:

1. Paediatric patients who had undergone renal transplanta-
tion between 1999 and 2013

2. Kidney allograft recipients with a complete and validated
data set, aged ≤21 years at the time of transplantation

3. A time interval of at least 4 weeks between (re)vaccination
and serum sampling for titre measurement

In total, 155 paediatric renal transplant recipients with serial
titre measurements were included in the study. Patient and
transplant characteristics, including initial immunosuppres-
sive therapy, are shown in Table 1. In addition, 14 patients
received rituximab at 5.5 ± 4.2 months (range, 0.8–
11.7 months) post-transplant because of post-transplant lym-
phoproliferative disease (n = 3) or acute or chronic antibody-
mediated rejection (n = 11).

The CERTAIN Registry has been approved by the ethics
committee of each contributing centre and is kept in full ac-
cordance with the principles of the Declaration of Helsinki
and Good Clinical Practice guidelines. Written informed con-
sent to participate in the registry was obtained from all parents
or guardians and patients when appropriate for their age. The
study was designed, analysed and reported according to the
STROBE guidelines (https://www.strobe-statement.org).

Analysis of vaccination titres

Vaccination certificates and patient records were used to pro-
vide information about types and timing of the following vac-
cinations: Bacillus Calmette–Guerin (BCG), diphtheria,
Haemophilus influenzae type B (HiB), hepatitis A, hepatitis
B, human papillomavirus (HPV), influenza, measles, mumps,
meningococci, pertussis, pneumococci, polio, rotavirus, rubel-
la, tetanus and varicella. Country-, era-specific and age-
appropriate vaccination coverage was obtained for each pa-
tient. For this purpose, the country-specific vaccination rec-
ommendation applicable for the respective patient age at the
time of a specifically recommended vaccination was taken as
the reference. The patient’s vaccination schedule was defined
as Bcomplete^ if the specific vaccine had been given accord-
ing the country-, era- and age-appropriate vaccination recom-
mendation. Vaccine types, dosages, and mean time period
between the last vaccine dose and titre measurement before
renal transplantation are given in Supplementary Table 1.

Vaccination titres were annually determined post-transplant
in local laboratories of the participating transplant centres, and
the results were usually available within 2 weeks of measure-
ment. Commercial assays used for measurement of the follow-
ing vaccination titres are contained in Supplementary Table 2:
hepatitis A, hepatitis B, measles, mumps, rubella, and varicel-
la. Besides evaluating the percentage of patients with a posi-
tive HBsAb titre >10 IU/L, we also analysed the rate of pa-
tients with HBsAb titres above 100 IU/L, as suggested by the
European Consensus Group of Kidney Disease: Improving
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Global Outcomes (KDIGO) [7, 8]. In a subset of patients,
additional vaccination titres, not routinely determined in pa-
tient aftercare, were measured in a cross-sectional manner by
the following assays: diphtheria (Novagnost® Diphtheria
Toxin 5S IgG; Siemens Healthcare, Germany; positive titre
>1.0 IU/L), pertussis (anti-Bordetella pertussis toxin ELISA
(IgG); EUROIMMUN, Germany; positive titre >100 IU/mL),
pneumococci (VaccZyme™ Anti-PCP IgG Enzyme
Immunoassay Kit; The Binding Site, Germany; positive titre
>3.3 mg/L; this assay measures a total IgG pneumococcal
response to the following pneumococcal capsular polysaccha-
ride antigens: 1–5, 6B, 7F, 8, 9 N, 9 V, 10A, 11A, 12F, 14,
15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, 33F), and tetanus
(Novagnost® Tetanus Toxin 5S IgG; Siemens Healthcare,

Germany; positive titre >1.0 IU/L). These assays were per-
formed in a central laboratory (Department of Infectious
Diseases, Virology, University Hospital Heidelberg,
Germany); the results were only available at the end of the
study.

As no healthy control group was available, we compared
the rates of positive vaccination titres in this paediatric renal
transplant patient cohort with those published for healthy chil-
dren and adolescents [9–16]. We therefore performed an arti-
cle search via the MEDLINE literature database. The follow-
ing predefined inclusion criteria for the selection of data ob-
tained in healthy controls were used to avoid an arbitrary
selection of articles: articles published within the last 10 years
to obtain contemporary data, long-term data reported on a

Table 1 Patient and transplant
characteristics Characteristic Patient cohort

(n = 155)

Age at RTx, years 9.9 ± 5.8

Male gender, n (%) 93 (60.0)

Caucasian, n (%) 145 (93.5)

Primary kidney disease

CAKUT, n (%) 62 (40.0)

Cystic kidney disease, n (%) 24 (15.5)

FSGS, n (%) 20 (12.9)

Syndrome-related renal disease, n (%) 12 (7.7)

aHUS or MPGN, n (%) 10 (6.5)

Metabolic disorder, n (%) 8 (5.2)

IgA- or vasculitis-associated nephropathy, n (%) 11 (7.1)

Unknown cause of end-stage renal failure, n (%) 8 (5.2)

Living-related RTx, n (%) 61 (39.4)

HLA mismatch, n 2.3 ± 1.2

Cold ischemia time (hours), n 9.5 ± 7.4

eGFR (mL/min/1.73 m2)a 81.4 ± 28.4

Initial immunosuppressive regimen, n (%)

IL-2 receptor antagonist 56 (36.1)

Thymoglobulin 7 (4.5)

TAC 86 (55.5)

CSA 69 (44.5)

MMF 125 (80.6)

AZA 12 (7.7)

EVR 8 (5.2)

Number of patients with treated acute rejection episodes, n (%)b 43 (27.7)

Number of patients with BPAR, n (%)b, c 42 (27.1)

RTx renal transplantation, CAKUT congenital anomalies of the kidney and urinary tract, FSGS focal segmental
glomerulosclerosis, aHUS atypical haemolytic uraemic syndrome, MPGN membranoproliferative glomerulone-
phritis, IgA immunoglobulin A, eGFR estimated glomerular filtration rate, IL-2 interleukin-2, EVR everolimus,
TAC tacrolimus, CSA ciclosporin microemulsion,MMFmycophenolate mofetil, AZA azathioprine, BPAR biopsy-
proven acute rejection
a eGFR [17] at 30 days post-transplant
bWithin the 1st year post-transplant
c Including borderline changes (Banff ‘97 and ‘09 updates [53, 54])
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large cohort of children and adolescents from Europe or other
Western countries. Supplementary Table 3 contains the assays
chosen for the determination of vaccination titres in healthy
controls. Identical serological assays for vaccination titres
against hepatitis A, hepatitis B, measles, mumps, rubella and
varicella were applied in the transplant cohort and in healthy
controls. For detection of vaccination titres against diphtheria,
pneumococci, pertussis and tetanus, similar serological assays
were used for patients and controls. We also analysed the
impact of the primary renal disease (immune-mediated disease
requiring immunosuppressive treatment before transplanta-
tion, nephrotic syndrome with loss of vaccine-specific IgGs)
and an incompleteness of the vaccination schedule as potential
risk factors for a negative pre-transplant vaccination titre.

A post-transplant titre loss was defined as a switch from a
positive to a negative titre for a specific vaccination. We
analysed risk factors for a vaccination titre loss post-trans-
plant. In terms of hepatitis B vaccination, we also investigated
the association between a higher vaccine dose, ≥ 20 μg (−
40 μg; adult or dialysis dose) vs 5–10 μg (paediatric dose),
and the ability to obtain an HBsAb titre above 100 IU/L, in
addition to the association between a higher vaccine dose and
the risk of an HBsAb titre loss. We also analysed the impact of
rituximab therapy and other immunosuppressants and
nephrotic-range proteinuria (≥ 1,000 mg/m2 per day) as po-
tential risk factors for a titre loss after immunisation with live
and inactivated vaccines. Post-transplant revaccination rates
were reported as percentages of patients receiving a revacci-
nation scheduled for the 1st, 2nd, or 3rd year after transplan-
tation. Revaccinations were performed depending on local
standard procedures. Hence, they were given not only to pa-
tients with titre loss, but also to previous non-responders and
to patients without serial titre measurement.

Data validation process

After automatic validation during the data entry process, all
documented data in the CERTAIN Registry undergo an addi-
tional manual quality assurance process, because the docu-
mented data set needs to be locally approved by the on-site
supervising physician and to pass a plausibility check by the
data quality manager in the registry headquarters before incor-
poration into the CERTAIN data repository. For the present
study, additional source data verification was carried out by
one of the investigators (MA).

Statistical analysis

Data were analysed with PASW (SPSS) Statistics 24.0. If not
stated otherwise, categorical parameters are presented as num-
ber and percentage of patients, whereas results for continuous
variables are expressed as mean ± standard deviation. Normal
distribution of data was evaluated by means of the Shapiro–

Wilks test. Uni- and multivariate analyses (logistic regression)
were used to describe the association of potential risk factors
such as age at transplantation, immunosuppressive medica-
tion, transplant function, anti-rejection therapy and complete-
ness of the vaccination schedule with a titre loss post-trans-
plant. A two-tailed p value <0.05 was regarded as statistically
significant. All analyses were of an explorative, non-
confirmatory nature.

Results

Table 2 shows the pre-transplant rates of positive and negative
vaccination titres in patients, stratified according to the com-
pleteness of the applicable vaccination schedule. For most
vaccines, the rate of pre-transplant positive titres was low.
We compared the rates of positive vaccination titres in this
patient cohort with those published for healthy children and
adolescents (Table 2) [9–15]. With the exception of HBsAb
titres, transplant patients developed a positive vaccination titre
less often than healthy children and adolescents (Table 2). The
association of a negative pre-transplant vaccination titre with
an incomplete vaccination schedule (OR 1.70, p = 0.122) or a
nephrotic syndrome such as primary renal disease (OR 2.23,
p = 0.113) was weak and statistically not significant. In addi-
tion, there was no association between a negative pre-
transplant vaccination titre and an immune-mediated primary
renal disease (OR 1.26, p = 0.664) or pre-transplant dialysis
treatment vs pre-emptive transplantation (OR 1.13, p = 0.667).

Figure 1 depicts the flowchart of patients with vaccine titre
measurement before and after renal transplantation. In the 1st
year after renal transplantation, 40 out of 105 (38.1%) of pa-
tients with pre- and post-transplant vaccine titre measurement
experienced an antibody loss (Table 3). Post-transplant
revaccinations failed to induce positive titres in a considerable
number of patients (Table 4). In addition, the revaccination
rate post-transplant was generally low: depending on the type
of vaccination, only 1.0% (1 out of 98) (pneumococci) to
21.2% (11 out of 52) (tetanus, diphtheria) of patients received
their scheduled revaccinations during the first 3 years post-
transplant. It would have been interesting to analyse whether
there was a difference in the immune response to revaccina-
tion between prior vaccine non-responders and patients with a
post-transplant titre loss. However, the number of patients in
this study was too low to make a valid statement.

Inactivated vaccines

Hepatitis A

Forty out of 62 paediatric renal transplant patients (64.5%)
exhibited a positive vaccination titre (Table 2) in response to
the hepatitis A vaccine compared with 97.9% of healthy
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children and adolescents (Table 2) [11, 15]. During the 1st
year after transplantation, 9.8% of patients lost their vaccina-
tion titre (Table 3). The post-transplant revaccination rate was

low, ranging between 3.2% (4 out of 126) and 5.3% (4 out of
75) in the first 3 years. In addition, revaccination resulted in a
positive hepatitis Avaccination titre in only 50.0% of patients

Table 2 Percentages of paediatric
renal transplant recipients and
healthy individuals with positive
vaccination titres

Vaccine Paediatric renal transplant
recipients (%)

Healthy children and adolescents
(%)b

Hepatitis B (n = 155)a 83.3 72.6c

HBsAb >10 IU/L 83.3 72.6c

Complete vaccination
(n = 133)

85.8 n.a.

Incomplete vaccination
(n = 22)

68.2 n.a.

HBsAb >100 IU/L 58.1 60.9c

Complete vaccination
(n = 133)

60.2 n.a.

Incomplete vaccination
(n = 22)

45.5 n.a.

Rubella (n = 88) 89.8 100d

Complete vaccination (n = 72) 88.9 n.a.
Incomplete vaccination

(n = 16)
93.8 n.a.

Varicella (n = 77) 79.2 96.8d

Complete vaccination (n= 72) 79.2 n.a.
Incomplete vaccination (n= 5) 80.0 n.a.

Measles (n = 99) 76.8 97.0d

Complete vaccination (n= 84) 77.4 n.a.
Incomplete vaccination

(n = 15)
73.3 n.a.

Mumps (n = 89) 73.0 93.8d

Complete vaccination (n= 75) 76.0 n.a.
Incomplete vaccination

(n = 14)
57.1 n.a.

Pneumococci (n = 36) 69.4 63.2–99.5e, f

Complete vaccination (n= 34) 73.5 n.a.
Incomplete vaccination (n= 2) 0.0 n.a.

Hepatitis A (n = 62) 64.5 97.9g

Complete vaccination (n= 44) 68.2 n.a.
Incomplete vaccination

(n = 18)
55.6 n.a.

Tetanus (n = 65) 60.0 89.5h

Complete vaccination (n= 43) 62.8 n.a.
Incomplete vaccination

(n = 22)
54.5 n.a.

Diphtheria (n = 65) 38.5 75.0h

Complete vaccination (n= 43) 44.2 n.a.
Incomplete vaccination

(n = 22)
27.3 n.a.

Pertussis (n = 47) 21.3 96.3i

Complete vaccination (n= 35) 22.9 n.a.
Incomplete vaccination

(n = 12)
16.7 n.a.

HBsAb hepatitis B surface antibody, n.a. not applicable
a Numbers (n) refer to paediatric renal transplant recipients
b No information was available about the completeness of the vaccination schedule in healthy individuals
c According to Stroffolini et al. [9]
d According to Knuf et al. [10]
e According to van den Bergh et al. and Wysocki et al. [14, 16]
f Depending on the pneumococcal vaccine serotype
gAccording to Van Der Wielen et al. and Van Herck et al. [11, 15]
h According to John et al. [13]
i According to Embree et al. [12]
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(Table 4). In neither unvaccinated nor vaccinated transplant
recipients was a hepatitis A virus (HAV) infection observed
during the 3 years post-transplant.

Hepatitis B

Most patients, namely 83.3%, had positive pre-transplant
HBsAb titres above 10 IU/L (Table 2), a rate that even exceeds
that observed in healthy children and adolescents (72.6%,
Table 2). However, only 58.1% developed HBsAb titres
above 100 IU/L before transplantation (Table 2), a percentage
comparable with that seen in healthy individuals (Table 2) [9].
A significant association was observed between the use of a
higher vaccine dose (adult or dialysis dose, ≥ 20 μg) and the
ability to obtain a pre-transplant HBsAb titre above 100 IU/L
(OR 2.31, p = 0.031). Post-transplant HBsAb titre measure-
ments were available for 91 patients (Fig. 1), 75 of whom
showed a positive titre above 10 IU/L pre-transplant.
Fourteen patients (18.7%) lost their HBsAb titre post-
transplant (Table 3).

Figure 2 illustrates the course of HBsAb titres over the first
3 years post-transplant, stratified according to the baseline titre
between 10 and 100 IU/L or above 100 IU/L. Patients with a
titre above 100 IU/L before transplantation developed an
HBsAb titre loss post-transplant significantly less often than
those with a baseline titre ranging between 10 and 100 IU/L
(Fig. 2). A higher hepatitis B vaccine dose tended to be asso-
ciated with a less frequent loss of the post-transplant HBsAb
titre (OR 0.47, p = 0.065).

The revaccination rate post-transplant was low and
amounted to only 18.4% (7 out of 38), 6.7% (1 out of 15)
and 12.5% (1 out of 8) of scheduled hepatitis B vaccinations
during the 1st, 2nd and 3rd post-transplant years respectively.
Moreover, revaccination failed to induce positive titres in a
remarkable number of patients: only 47.6% developed a

sufficient HBsAb titre after post-transplant revaccination
(Table 4).

Diphtheria, tetanus, pertussis

The rates of patients with a positive pre-transplant vaccination
titre against diphtheria, tetanus and pertussis (DTP) were no-
ticeably low, amounting to only 38.5%, 60.0% and 21.3%
respectively (Table 2). In contrast, healthy children and ado-
lescents developmore often a positive vaccination titre against
these infectious agents (diphtheria, 75.0%, tetanus, 89.5%,
pertussis, 96.3%; Table 2) [12, 13]. The percentages of pa-
tients with a post-transplant vaccination titre loss were
46.7% for diphtheria, 29.2% for tetanus and 75.0% for pertus-
sis (Table 3). Revaccination rates were low, ranging between
3.1% (3 out of 98) and 21.2% (11 out of 52) within the first
3 years post-transplant. Additionally, revaccinations failed to
induce positive titres in a considerable number of patients:
only 66.7% developed a sufficient diphtheria titre, 72.7% a
positive tetanus titre and as few as 16.7% exhibited a positive
pertussis titre in response to revaccination (Table 4).

Pneumococci

Some 69.4% of patients exhibited a positive vaccination titre
against pneumococci serotypes before transplantation. In
healthy children and adolescents, the rates of a positive titre
range between 63.2% and 99.5% (Table 2), dependent on the
type of vaccine [14]. During the 1st year post-transplant,
46.2% of patients with serial pneumococci vaccine titre mea-
surements experienced a titre loss (Table 3). The revaccination
rate after transplantation was low, namely 1.0% (1 out of 98),
2.9% (2 out of 70) and 2.8% (2 out of 71) during the 1st, 2nd
and 3rd post-transplant years respectively.

Fig. 1 Vaccination titre
measurements in paediatric renal
allograft recipients pre- and post-
transplant. Flowchart
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Live vaccines

Measles, mumps, rubella

Before transplantation, only 77.4% of patients had a positive
measles titre, despite a complete vaccination schedule
(Table 2). Hence, paediatric patients with advanced CKD de-
veloped a positive measles titre in response to vaccination less
often than healthy children and adolescents (97.0%, Table 2)
[10]. The same difference was observed for vaccine titres
against mumps, which were positive in 73.0% of transplant
recipients (Table 2) and in 93.8% of healthy individuals
(Table 2). Although the rate of patients with a positive pre-
transplant rubella vaccine titre was high (89.8%, Table 2), it
was still lower than that found in healthy children and adoles-
cents (100%, Table 2). Figure 3 illustrates the post-transplant
course of measles, mumps and rubella (MMP) titres. Although
most patients with a positive pre-transplant measles or rubella
titre still exhibited positive titres after transplantation, about
30% of patients had lost their positive vaccine titre against
mumps within 3 years post-transplant, this pointing to a lower
immunogenicity of the mumps vaccine than that of the mea-
sles or rubella vaccine (Fig. 3).

Varicella

The pre-transplant rate of positive varicella titres was 79.2%.
Hence, 20.8% of patients did not develop positive vaccination
titres before transplantation (Table 2). Compared with healthy
individuals (Table 2) [10], the rate of patients with a positive

varicella titre was 17.6% lower. Moreover, 25.0% of patients
with serial varicella vaccine titre measurement (12 out of 48)
lost their positive titre over the 1st year post-transplant. During
the observation period of up to 3 years post-transplant, 3 un-
vaccinated (3.9%) and 2 vaccinated recipients (2.6%)
contracted varicella (p = 0.660). Vaccination titres were avail-
able for the latter 2 patients who had been vaccinated against
varicella. Although one of them developed varicella infection
despite a positive vaccination titre of 400 IU/L, the other one
had lost her vaccination titre 3.3 years after vaccination, be-
fore acquiring varicella infection.

Risk factors associated with a post-transplant
vaccination titre loss

Although according to univariate analysis rituximab therapy
(OR 4.23, p = 0.022) and a TAC-based immunosuppression
(OR 3.23, p = 0.005) were significantly associated with an
increased rate of a vaccination titre loss (Table 5), the use of
rituximab, according to multivariate analysis, was the only
independent risk factor associated with a 4 times higher risk
of a titre loss (p = 0.033; Table 5). No significant association
was observed between the use of rituximab and a titre loss
after a specific vaccination (live vaccines: OR 1.12, p =
0.880; inactivated vaccines: OR 1.64, p = 0.454). Data about
B cell recovery after rituximab treatment were available for 7
patients over a period of 3 years post-transplant. Three pa-
tients showed no B cell recovery during the first 3 years
post-transplant, and 4 patients had no rebound of vaccination
titres, despite B cell recovery.

A trend towards a higher risk of a vaccination titre loss
became apparent under an MMF-based immunosuppression
(OR 2.29), but without statistical significance (p = 0.089;
Table 5). Immunosuppressive score, IL-2R antagonist induc-
tion, steroid-based immunosuppression, transplant function
(defined as estimated glomerular filtration rate [eGFR] [17]),
anti-rejection therapy and incompleteness of the vaccination
schedule were not associated with a vaccination titre loss
(Table 5).

Discussion

To our knowledge, this is the largest study published so far
investigating the course of vaccination titres and the impact of
immunosuppressive therapy on vaccination titres in paediatric
renal transplant recipients. The main findings are that:

1. For most vaccines, pre-transplant titres were low, espe-
cially in comparison with healthy children.

2. A significant number of patients (38.1%) experienced a
titre loss after transplantation.

Table 3 Patients with a
vaccination titre loss
during the 1st year post-
transplant

Vaccine Patients, n (%)

Diphtheria 7/15 (46.7)

Hepatitis A 5/28 (17.9)

Hepatitis B 14/75 (18.7)

Measles 3/42 (7.1)

Mumps 4/34 (11.8)

Pertussis 3/4 (75.0)

Pneumococci 6/13 (46.2)

Rubella 5/45 (11.1)

Tetanus 7/24 (29.2)

Varicella 12/48 (25.0)

Table 4 Patients with a
positive vaccination titre
after post-transplant
revaccination

Vaccine Patient, n (%)

Diphtheria 8/12 (66.7)

Hepatitis A 8/11 (72.7)

Hepatitis B 10/21 (47.6)

Pertussis 1/6 (16.7)

Tetanus 8/11 (72.7)

Pediatr Nephrol (2018) 33:897–910 903



3. Post-transplant revaccination rates were insufficient and
failed to induce positive titres in a noticeable number of
patients.

4. Treatment with the anti-B-cell antibody rituximab was
significantly associated with the loss of positive vaccina-
tion titres after transplantation.

In the present study, the rates of patients with positive vac-
cination titres differed widely between 21.3% and 83.3%, de-
pending on the type of vaccine and the completeness of vac-
cination schedules. Previous, mostly retrospective, single-
centre studies in paediatric transplant candidates and recipi-
ents have yielded similar heterogeneous results [4, 18, 19].
Regarding hepatitis B, most patients (83.3%) in this study
developed a positive HBsAb titre above 10 IU/L before

transplantation; a value that is considered to afford protection
against hepatitis B [7]. Only one other study examined the rate
of paediatric renal transplant candidates with HBsAb titres
>10 IU/L and reported a similar percentage (84.3%) [5]. It is
noteworthy that the rate of positive vaccination HBsAb titres
among the paediatric renal transplant population of the present
study was even higher than that observed in healthy children
and adolescents [9]. This is probably attributable to the fact
that dialysis patients and renal transplant candidates are tested
regularly for hepatitis B and HBsAb titres and get
revaccinated if their titre falls below 10 IU/L. However, con-
cerns have been expressed whether an HBsAb titre between
10 and 100 IU/L is sufficient to fully protect against hepatitis
B, especially against the background of a potential titre loss
under post-transplant immunosuppressive treatment. Hence,

Fig. 3 Percentage of patients
with protective vaccination
titres against measles, mumps
and rubella after pre-transplant
vaccination during the first
3 years post-transplant

Fig. 2 Percentage of patients with
protective vaccination titres
against hepatitis B. Stratification
of patients with HBsAb titres
above 100 IU/L and those with
titres between 10 and 100 IU/L
before transplantation
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the European Consensus Group of KDIGO has suggested
aiming at HBsAb titres >100 IU/L in renal allograft recipients
[8].

In the present study, only 58.1% of paediatric patients de-
veloped HBsAb titres above 100 IU/L before transplantation.
Two small, single-centre studies found even lower rates of
42.9% and 32% respectively [4, 18]. We observed a signifi-
cant association between higher hepatitis B vaccine doses (≥
20 μg) and the ability to achieve HBsAb titres >100 IU/L. As
suboptimal response to the hepatitis B vaccine and a more
rapid decline in HBsAb levels after immunisation have been
well-documented among adult dialysis patients, the Advisory
Committee on Immunisation Practices (ACIP) recommends
that these patients receive augmented hepatitis B vaccine
doses of 40 μg [20, 21], whereas for paediatric transplant
candidates a comparable recommendation has not yet been
phrased.

Although an earlier study did not show a clear gradient of
higher seroconversion rates with increasing hepatitis B vac-
cine doses in paediatric dialysis patients [22], other studies
suggested higher vaccination response rates in children receiv-
ing booster vaccinations with augmented vaccine doses [23,
24]. To date, the ACIP has not made specific recommenda-
tions for higher hepatitis B vaccine dosage use in paediatric
patients on dialysis treatment [20]. Our findings, however,
support the rationale to administer higher vaccine doses to
achieve HBsAb titres above 100 IU/L. This issue is especially
relevant in light of our observation that 18.7% of patients
experienced an HBsAb titre loss (< 10 IU/L) over the 1st year

post-transplant. An important result of our study is that the
loss of protective HBsAb titres was significantly more fre-
quent in patients with HBsAb titres between 10 and 100 IU/
L than in those with titres above 100 IU/L before transplanta-
tion. A similar observation was made in a single-centre study
among adult kidney allograft recipients [25]. As post-
transplant revaccinations failed to induce protective HBsAb
titres in 52.4% of patients in the present study, aiming for
higher (> 100 IU/L) vaccination titres before transplantation
by administering augmented vaccine doses appears advisable.

Of course, it should be remembered that host protection
upon vaccination usually results from the complex interplay
between humoral and cellular components of the immune sys-
tem. Indeed, a cross-sectional study among 51 adult kidney
allograft recipients revealed that a proportion of patients lack-
ing an adequate humoral vaccine response (HBsAb titre <10
IU/L) was nevertheless able to mount a hepatitis B vaccine-
specific T cell response [25]. A small study among 31 paedi-
atric liver transplant recipients arrived at the same conclusions
[26]. It is noteworthy that in the present study, none of the
patients who had received a hepatitis B vaccine contracted the
disease.

Our data indicate an inadequate humoral immune response
against hepatitis A in paediatric renal transplant patients, as
only 64.5% developed a positive HAV vaccine titre before
transplantation, compared with 97.9% of healthy individuals
[11, 15]. In addition, one tenth of patients lost their positive
titre during the 1st year post-transplant, and revaccination re-
sulted in positive HAV vaccine titres in only 72.7% of the

Table 5 Risk factors associated
with a titre loss post-transplant Variable Unadjusted OR (95% CI) p value Adjusted OR (95% CI) p value

Age at transplantation 0.98 (0.93–1.04) 0.505

eGFRa 1.00 (0.99–1.02) 0.764

Nephrotic-range proteinuriab 1.02 (0.39–2.66) 0.962

Immunosuppressive scorec 1.05 (0.97–1.14) 0.245

Rituximab 4.23 (1.23–14.5) 0.022 4.26 (1.12–16.2) 0.033

Thymoglobulin 0.92 (0.20–4.38) 0.922

IL-2R antagonist 2.04 (0.84–4.99) 0.117 2.16 (0.83–5.58) 0.113

TAC vs CSA 3.23 (1.44–7.29) 0.005 1.95 (0.80–4.74) 0.144

MMF vs mTORi 2.68 (0.91–7.92) 0.075 2.29 (0.85–9.92) 0.089

MMF vs AZA 1.28 (0.42–3.94) 0.666

Steroid-free immunosuppression 0.79 (0.34–1.81) 0.575

Anti-rejection therapy 1.23 (0.90–1.68) 0.198 1.66 (0.82–3.35) 0.159

Incomplete vaccination schedule 0.54 (0.20–1.46) 0.225

OR odds ratio, CI confidence interval, RTx renal transplantation, IL-2 interleukin-2, TAC tacrolimus, CSA
ciclosporin microemulsion, MMF mycophenolate mofetil, mTORi mammalian target of rapamycin inhibitor,
AZA azathioprine, eGFR estimated glomerular filtration rate
a Defined as eGFR [17] at 1 year post-transplant
b Defined as urinary protein excretion ≥1,000 mg/m2 per day
c According to Hocker et al. [55]
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patients. In a former study among adult kidney allograft recip-
ients, as few as 24% of patients exhibited anti-HAV serocon-
version after a primary dose of HAV vaccine, rising to 72%
after a second booster dose [27]. A small study investigated
the immune response to HAV vaccination in 13 paediatric heart
transplant recipients, also showing a low humoral response in
only 25% of patients [28]. To date, the American Society of
Transplantation (AST) recommends routine HAV vaccination
for all paediatric transplant candidates and recipients, whereas
monitoring of HAV vaccination titres is currently advised only
in the case of an ongoing risk of exposure [29].

Immunocompromised patients carry an increased risk of
invasive pneumococci infections [30, 31]. The AST therefore
recommends regular vaccine titre monitoring, and according
to KDIGO guidelines, revaccination should be considered ev-
ery 3–5 years post-transplant [7, 29]. We observed that only
two thirds of paediatric kidney allograft recipients developed
positive titres against certain pneumococci serotypes. Also,
46.2% lost their vaccination titre during the 1st year post-
transplant. Hence, our findings support the recommendations
of the AST to regularly monitor titres and initiate timely
revaccinations. Two main formulations of pneumococcal vac-
cines are currently available: a 13-valent pneumococcal
protein-conjugate vaccine and a 23-valent polysaccharide vac-
cine. Protein-conjugated vaccines may produce antibodies of
higher avidity and also lead to the formation of memory B
cells. In healthy infants under 2 years of age, the protein-
conjugated vaccine proved to be more immunogenic.
However, studies in adult and paediatric solid organ transplant
(SOT) recipients did not show the superiority of one vaccine
type [32–34]. Yet, it should be borne in mind that the con-
ferred protection against pneumococci diseases remains un-
known and may vary by serotype. Assessment of the response
to pneumococcal vaccines is difficult because of the large
numbers of serotypes contained in the vaccines.
Additionally, different serological assays have yielded dis-
crepant results for pneumococci vaccine titres in a prospective
study among adult renal transplant recipients [35]. In the pres-
ent study, only the pneumococcal 23vELISA (VaccZyme™)
was used to determine a total IgG pneumococcal response.
The main limitation of this assay is its inability to distinguish
between high responses to a few individual serotypes and a
good overall vaccine response. Hence, no statement can be
made about protective titres against specific serotypes.
However, a recent study by Dziadzio et al. found a good
(approximately 80%) diagnostic agreement for an abnormal
test-vaccination response when comparing a total pneumococ-
cal IgG threshold of 4-fold rise and a serotype-specific IgG
threshold of ≥0.35 mg/L [36]. According to the current liter-
ature, a repeated and sequential use of both the conjugated and
the polysaccharide vaccines is recommended to achieve opti-
mal protection against invasive pneumococci infections in
SOT recipients [21, 29, 37].

The rates of protective vaccination titres against diphtheria
and tetanus were low in this paediatric renal transplant popu-
lation before transplantation, namely 38.5% and 60.0% re-
spectively. Former small single-centre studies reported protec-
tive titre rates ranging between 38.0% and 64.7% for diphthe-
ria, and percentages of 81.5% to 90.0% for tetanus [4, 18, 19,
21, 37–40]. Loss of diphtheria and tetanus vaccination titres
occurred in 29.2% to 46.7% of our patient population, and
booster revaccinations failed to induce a protective titre in
one third of recipients. Our study is the 1st that reported im-
munity against pertussis vaccine in paediatric kidney allograft
recipients. As few as 21.3% of patients developed a protective
pertussis vaccine titre, compared with 96.3% of healthy chil-
dren and adolescents [12]. In addition, post-transplant revac-
cination induced protective titres in only 16.7% of patients.
This finding is important, as there is an increase in Bordetella
pertussis infection in the general population, especially in
adults [41]. For this reason, regular booster vaccination
against pertussis is of special importance for transplant candi-
dates and recipients. It should be noted that all patients in this
study had received acellular pertussis vaccines (and not wild-
type vaccines, which exhibit a higher reactogenicity). It has
been shown that healthy individuals vaccinated with different
pertussis vaccines may exhibit different courses of antibody
loss and changes in cellular immunity [42]. To date, there are
no universally accepted correlates of pertussis protection. In
this study, only the anti-pertussis-toxin ELISA (with a high
specificity) was used to determine positive vaccine titres.
Hence, IgGs specific for other pertussis antigens, probably
contributing to pertussis-specific immunity and even protec-
tion from pertussis disease, may have been missed. In addi-
tion, avidity testing was not performed.

It is a matter of concern that only 77.4% and 73.0% of
patients developed protective vaccination titres against mea-
sles and mumps respectively. The rate of protective rubella
vaccine titres was higher (89.9%), but one tenth of patients
still showed inadequate humoral immunity. Moreover, 30% of
patients had lost their mumps vaccine titre during the first
3 years post-transplant. An explanation for the poor mainte-
nance against the mumps component could be the fact that
15.7% of patients had received only one dose of the mumps
vaccine. Even in healthy individuals, a significant decline in
mumps titres has been observed after a single dose of vaccine,
whereas two doses resulted in a higher percentage of vaccine
responders [43]. Another reason for the observed decrease in
mumps titres may be the use of vaccines containing the Jeryl
Lynn strain, which has been shown to be less immunogenic
than other live virus strains [44]. Previous single-centre stud-
ies revealed comparable rates of positive vaccination titres in
paediatric kidney allograft recipients [4, 45, 46]. In a small
single-centre study, only 80.0%, 68.6% and 74.3% of 35 pae-
diatric renal transplant candidates showed protective pre-
transplant vaccination titres against measles, mumps and
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rubella respectively [4]. Even though, fortunately, none of the
patients in our study suffered measles, mumps or rubella dur-
ing the observation period, our data indicate the necessity of
regular vaccine titre monitoring to ensure passive
immunisation in the case of contact with an infected person,
where feasible.

Before transplantation, 20.8% of patients in the present
study had no protective varicella titre, thus making them sus-
ceptible to this potentially life-threatening infectious disease.
This rate is comparable with that observed in a former study
among 35 paediatric renal transplant recipients (80.0%) [4].
Additionally, 25.0% lost their protective titre during the 1st
year post-transplant. In fact, one patient with a vaccine titre
loss suffered varicella infection, whereas another patient de-
veloped chickenpox, despite a positive vaccine titre. A recent
study investigated the sustainability of the humoral response
to varicella vaccine in paediatric transplant recipients follow-
ing a pre-transplant immunisation strategy [47]. Eighty per
cent of 14 patients showed waning immunity against
varicella-zoster virus (VZV) with a positive correlation be-
tween lymphocyte counts and varicella titres [47]. It is crucial,
however, that the absence of high varicella vaccination titres
does not imply a loss of protection, as cell-mediated immunity
may still be intact [48]. Although varicella vaccination has
been shown to be immunogenic and safe in paediatric liver
transplant recipients under low immunosuppressive therapy,
post-transplant vaccination remains a controversial issue, as
fatal courses of vaccine varicella infection after transplantation
have been described [49–51]. Our data extend current experi-
ences with pre- and post-transplant varicella vaccine titres and
support the concept of regular titre monitoring, as recom-
mended by the AST [29].

Our study is the first to demonstrate a significant associa-
tion between immunosuppressive treatment with rituximab
and an increased vaccination titre loss in paediatric kidney
allograft recipients. The risk of titre loss was 4 times higher
in patients who had received rituximab. Only one previous
study investigated the impact of rituximab administration on
the response to tetanus toxoid vaccination in 39 adult renal
transplant recipients (13 on rituximab treatment, 26 controls)
[52]. Rituximab impaired the immune response after tetanus
toxoid vaccination, but did not obliterate it in all patients [52].
It is plausible that rituximab-induced diminishing of B cells
and a lack of IgG production lead to a reduction or even loss of
vaccine titres. Therefore, it would be interesting to know
whether vaccination titres do rebound after B cell recovery.
However, as data on B cell recovery were only available for a
subset of patients, we cannot make a valid statement regarding
a potential titre rebound after B lymphocyte reconstitution.

A limitation of our study is that no data are available on the
avidity of vaccine-induced antibodies or on patients’ cellular
immunity. It is known, however, that on the one hand, the
level of vaccination titres does not reflect cell-mediated

immunity, whereas on the other hand, titres considered to be
protective for healthy individuals may not prevent infection in
immunosuppressed children. In addition, caution should be
exercised when comparing data of transplant patients and
healthy controls where vaccination titres were measured by
different assays. Also, measurement of vaccine-specific IgGs
by different laboratories may introduce some bias into the
comparability of the data, but we aimed to reduce this poten-
tial bias by comparing only qualitative rather than quantitative
titres. In addition, proficiency panels for serological assays
ensured the standardisation and comparability of titres among
different laboratories and served as external quality control.
Furthermore, diminished cellular reactivity and failing IgG
antibody avidity maturation have to be taken into account in
transplant recipients when considering positive vaccine titres
as protective. Indeed, a recent study investigating the humoral
and cellular immune response to VZV vaccination or wild-
type infection in kidney or liver transplant recipients and
healthy controls has demonstrated significantly lower IgG-
anti-VZV avidities and diminished numbers of VZV-specific
IFN-γ-producing lymphocytes in transplant recipients despite
similar VZV-specific IgG antibody concentration compared
with age-matched healthy controls [48]. Also, we did not
check the vaccination status of household contacts, which is
an important element of so-called herd protection for immu-
nocompromised patients. The strength of our study is that it
investigated serial pre- and post-transplant vaccination titre
measurement in a large cohort of paediatric renal transplant
recipients. Therefore, we think that this registry analysis pro-
vides valuable information about vaccination titres in paediat-
ric renal transplant recipients and the impact of immunosup-
pressive treatment on waning immunity.

To conclude, our data show a low percentage of patients
with protective vaccination titres pre-transplant, a low revac-
cination rate post-transplant with limited antibody response
and a high rate of vaccination titre losses. Post-transplant mea-
surement of vaccination titres at regular intervals is advisable
to document protection against vaccine-preventable diseases
and to guide the indication and timing of revaccinations post-
transplant. In addition, reduced antibody avidity and waning
cellular immunity have to be considered in transplant recipi-
ents. Particular emphasis should be laid on patients receiving
rituximab treatment, as this therapy was significantly associ-
ated with post-transplant vaccination titre losses. Moreover,
closer adherence to vaccination schedules is requested to pro-
vide sufficient immunity through timely booster vaccinations.
Further studies are needed to clarify whether augmenting the
vaccine dosage, reducing booster intervals and/or using adju-
vant vaccines are appropriate measures for increasing the im-
munity of transplant patients against vaccine-preventable dis-
eases. Also, future mechanistic studies should be undertaken
to clarify why in transplant recipients particular immune re-
sponses to specific vaccines are impaired and others are not.
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