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Abstract
Background The presence of circulating donor-specific
human leukocyte antigen antibodies (HLA-DSA) has been
associated with chronic antibody-mediated rejection, lead-
ing to progressive graft dysfunction and poor graft survival.
The aim of this study was to investigate the incidence and
significance of HLA-DSA in paediatric renal transplantation
(RTx) patients.
Methods A total of 294 post-transplant serum samples from
123 RTx patients were retrospectively analysed for HLA
antibodies. Positive samples were further tested for HLA-
DSA by a Luminex Single Antigen bead assay. The antibody
findings were correlated to measured glomerular filtration rate
(GFR) and clinical outcome.
Results HLA antibodies were detected in half of the routine
samples (140/294) taken 1 month to 10 years after RTx, and
40% (62/140) of these were HLA-DSA. Overall, one-third
(42/123) of the patients had HLA-DSA, which mostly
(65%) reacted against class II antigens. Detection of HLA-
DSA was not associated with poor GFR at the time of
sampling, and no exceptional deterioration of GFR after
the HLA-DSA detection was noted in individual patients
regardless of the antibody level. The presence of HLA-DSA

in the first 2 years posttransplantation was not associated
with poorer graft function later on.
Conclusion Detection of HLA antibodies is common in
children after RTx, and this finding, as such, does not
predict any deterioration of graft function.
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Abbreviations
CAMR Chronic antibody mediated rejection
CDC Complement-dependent

lymphocytotoxicity crossmatch
CMV Cytomegalovirus
CNF Congenital nephrotic syndrome
51Cr-EDTA 51Chromium-labeled

ethylenediaminetetraacetic acid
HLAab Human leukocyte antigen antibodies
HLA-DSA Donor-specific HLA antibodies
HLA-nonDSA HLA antibodies not specific against

donor antigens
MFI Mean fluorescence intensity
PCR-SSP Sequence specific primers and PCR
RTx Renal transplantation

Introduction

Renal transplantation (RTx) is a successful treatment
modality for terminal renal failure both in adults and children.
The patient and graft survivals 1 year after transplantation are
over 90%.However, the annual rate of allograft failure beyond
the first year has remained relatively constant [1, 2]. This is
attributed to chronic allograft dysfunction, which is a
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nonspecific entity reflecting the dual impact of both immuno-
logic and nonimmunologic injury [3].

During the past few years the significance of chronic
antibody-mediated rejection (CAMR) in progressive graft
dysfunction and poor graft survival has been emphasized
[4–6]. The presence of circulating donor-specific human
leukocyte antigen antibodies (HLA-DSA) and complement
factor C4d accumulation in the graft has been associated with
CAMR. Techniques for the detection of HLA antibodies
(HLAab) have become more sensitive with the introduction
of solid phase assays, such as the enzyme-linked immunosor-
bent assay (ELISA) and Luminex assay [7, 8]. Although there
have been several studies showing that the presence of HLA-
DSA after transplantation is associated with chronic graft
failure [9–12], many adult patients with circulating HLA-
DSA and stable graft function have also been described [10,
13, 14], and the clinical relevance of HLAab has been
questioned [12, 15–18]. Despite these somewhat controversial
results, HLAab monitoring and adaptation of the immunosup-
pressive treatment in RTx patients with DSA has become a
common policy in many transplant centres.

Data on the role of HLAab in children with RTx are so far
very limited [19]. The significance of HLA-DSA before
RTx has been reported in two studies [20, 21], and one
study has examined the role of posttransplant HLA-DSA
on graft survival [22]. The aim of our study was to examine
how commonly HLAab are detected in paediatric RTx
patients posttransplant by analysing routine serum samples
taken at various times after RTx. An additional objective was
to determine whether the detection of HLA-DSAwas associ-
ated with any deterioration of the renal graft function as
studied by glomerular filtration rate (GFR) measurements.

Materials and methods

Patients

A total of 142 paediatric patients underwent RTx between 1989
and 2004 at the Hospital for Children and Adolescents,
Helsinki University Central Hospital. Of these, 123 patients
were included in this study, 74% of whom received the graft
from a deceased donor. Nineteen patients were excluded be-
cause of insufficient follow-up data (lack of adequate posttrans-
plant serum samples or GFR measurements) (Table 1). The
patients had postoperative follow-up visits at our centre every
3–6 months during the first 2 years, and annually thereafter.

All patients not previously transplanted or transfused re-
ceived three non-filtered HLA AB-matched red blood cell
transfusions prior to the operation. A negative complement-
dependent lymphocytotoxicity crossmatch (CDC) against
donor spleen lymphocytes was also required before the trans-
plantation. All patients received triple drug immunosuppressive

medication, including cyclosporine A, azathioprine and meth-
ylprednisolone, as previously described [23]. The switch from
cyclosporine A to tacrolimus and from azathioprine to myco-
phenolate were performed on individual basis if clinically
indicated. Induction therapy with basiliximab has been used
since 1999. Rejection episodes were treated with an increased
oral or intravenous methylprednisolone dosing. Graft failure
was defined as a return to dialysis.

HLA typing

Patients and their donors were initially as HLA-A, -B or -DR
typed using a serological assay and low-resolution sequence
specific primers (PCR-SSP). In situations where extended
typing was needed to confirm a donor specificity of an
antibody, additional typing was performed with sequence-
specific oligonucleotide probes (PCR-SSO) (LABType;,
One Lambda, Canoga Park, CA).

Data collection

Clinical data were collected retrospectively from the
patient charts. GFR was measured by 51Cr-labelled
EDTA (ethylenediaminetetraacetic acid) clearance and

Table 1 Characteristics of the 123 renal transplantation paediatric
patients

Population characteristics Values

Male gender, n (%) 80 (65.0)

Age at transplantation, year, median (range) 4.4 (0.67–18.2)

Disease leading to transplantation, n (%)

Congenital nephrotic syndrome (CNF or NPHS1) 47 (38)

Congenital urological anomaly 31 (25)

Other hereditary 22 (18)

Inflammatory 11 (9)

Other 12 (10)

Retransplantation, n (%) 4 (3.2)

Deceased donor/living related donor, n (%) 91 (74)/32 (26)

Graft outcome

Time of follow-up, year (range) 10.7 (4.2–19.7)

Graft failure, n (%) 7 (5.7)

Immunoactivity in fine needle biopsy or
rejections, n (%)
0–2 months after RTx 73 (59)

≥3 months after RTx 25 (20)

HLA-mismatches, mean (SD)

A/B 1.47 (±0.79)

DR 0.72 (±0.54)

Cold ischemic time (n0113) h , median (range) 18.8 (0.18–31.9)

Cytomegalovirus status, donor+/recipient, n (%) 51 (41)

RTx, Renal transplantation; HLA, human leukocyte antigen; SD,
standard deviation
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correlated with the modified Brochner–Mortensen equation
every 3–6 months and then annually during the follow-up
[24]. The values were corrected for a standard body area of
1.73 m2, and only measurements with a marker distribution of
between 15 and 35% of body volume were included. The
GFR measurements and serum sampling for antibody
measurements took place during the same 1- to 3-day visit on
the ward. A total of 1,152 GFRmeasurements were included in
this study (average of 9 measurements per patient).

Measurement of HLA antibodies

A total of 294 posttransplant serum samples from the 123
kidney transplant patients were retrospectively screened for
HLAab, and positive samples were further tested for HLA-
DSA. More specifically, 144 samples from 90 patients were
taken during the first 2 years after transplantation, 89
samples from 75 patients were taken between 3 and 5 years
after transplantation and 61 samples were taken from 50
patients 6–10 years after transplantation. The serum samples
were collected by standard protocol independently of clinical
findings. The samples were first screened with the LabScreen
Mixed screening assay according the manufacturer’s instruc-
tions (One Lambda). If the screening was positive, the
samples were then analysed with LabScreen single antigen
kits to identify antibody specificities. All sera were tested for
HLA class I (HLA-A, B, Cw) and class II (HLA-DR, DQ, DP)
antibodies. Antibodies were assigned using HLAVisual soft-
ware (One Lambda). HLA-DSA was assigned by comparing
the assigned antibodies to the serological equivalent of
the donor’s HLA-type. The strength of the identified
donor-specific antibodies was determined using mean
fluorescence intensity (MFI) values. HLA-DSA with
MFI of >500 were taken into account, as suggested by
the analysis software.

Statistical analysis

Descriptive data are reported as the mean±standard deviation
(SD) or as the median and ranges. Continuous variables were
compared using independent-samples t test or analysis of
variance (ANOVA) and categorical variables were com-
pared using the chi-square test. SPSS ver. 16.0 was
used for analysis. P values of<0.05 were considered to
be statistically significant.

Ethics

This study was approved by the Ethics Committee for
Paediatrics, Adolescent Medicine and Psychiatry of the
Hospital District of Helsinki.

Results

The postoperative HLAab were retrospectively studied in
123 RTx children and adolescents. The findings of the HLA
antibody assay were correlated to clinical outcome and
measured GFR. The patients were transplanted at a median
age of 4.3 years (range 0.7–18.2 years) and were followed
for a median of 10.7 years (range 4.2–19.7 years) (Table 1).
The median number of HLA class I and II antigen mis-
matches were 1.47 and 0.72, respectively. Seven graft losses
occurred in six patients.

HLA antibody findings

Human leukocyte antigen antibodies were analysed by
the Luminex assay in 294 post-RTx serum samples
(average of 2.4 measurements/patient) taken at routine
(mostly annual) visits after RTx (Fig. 1). HLAab were

Fig. 1 A total of 294 routine
serum samples collected
1 month to 10 years after renal
transplantation (RTx) from 123
children and adolescents were
analysed for human leukocyte
antigen antibodies (HLAab).
HLA-DSA Donor-specific HLA
antibodies, HLA-nonDSA HLA
antibodies not specific against
donor antigens
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detected in 48% of the samples (140/294), and the
proportion of HLAab-positive samples (36–59%) was

quite similar at different time points posttransplant
(Fig. 1). Forty-four percent (62/140) of the HLAab-
positive samples contained antibodies against the donor
HLA antigens (HLA-DSA), while the other half (56%,
78/140) contained antibodies against third-party HLA
antigens (HLA-nonDSA) only. Of the patients, 64%
(79/123) had HLAab in at least in one sample, while
no HLAab were detected in 36% of the patients (44/
123) (Table 2).

Patients with HLA-DSA

Donor-specific HLA were detected in 62 serum samples
taken from 42 patients. A third (23/62) of the HLA-DSA-
positive samples had MFI values of >10,000 (median 5,208,
range 500–22,017) (Table 2). The frequency of HLA-DSA-
positive samples increased somewhat with time from 15%
(22/144) in the first 2 years to 20% (18/89) in 3–5 years and
36% (22/61) in 6–10 years (Fig. 1) (1–24 vs. 36–60 months,
p00.33; 36–60 vs. 72–120 months, p00.032). Fifty-five
percent (23/42) of the HLA-DSA-positive patients had anti-
bodies against class II antigens, 29% (12/42) had antibodies
against class I antigens and 17% (7/42) had HLA-DSA
against both class I and II antigens. HLA-DSA against
HLA-Cw or HLA-DQ antigens were only present in 16
patients. Only one HLA-DSA positive sample was detected
in 62% (26/42) patients, while 16 patients had two to three
HLA-DSA samples positive for the same donor antigen

Table 2 Human leukocyte antigen antibodies findings in 123 renal
transplantation patients

Samples (n) Patients (n)

Total 294 123

HLAab-negative 154 44

HLAab-positive 140 (48%) 79 (64%)

HLA-nonDSA 78 (27%) 37 (30%)

Class I 43 20

Class II 12 6

Class I+II 23 11

HLA-DSA (total) 62 (21%) 42 (34%)

Class I 15 12

Class II 40 23

Class I+II 7 7

HLA-DSA (levels)

MFI 500–1,000 7 6

MFI 1,000–5,000 22 17

MFI 5,000–10,000 10 5

MFI > 10,000 23 14

HLAab, Human leukocyte antigen antibody; MFI, mean fluorescence
intensity; HLA-DSA, human leukocyte antigen donor specific
antibody; HLA-nonDSA, HLA antibodies not specific against
donor antigens

Fig. 2 51Chromium-labeled
ethylenediaminetetraacetic acid
(CrEDTA) clearance (ml/min/
1.73 m2) values at the time of
HLA antibody detection in 123
children and adolescents. MFI
Mean fluorescence intensity,
SD standard deviation
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specificity. In a few patients (9/42, 21%) one to two negative
DSA findings were observed after a DSA-positive sample.

Patients with and without HLA-DSA, showed no difference
in terms of age at the RTx (mean age 6.0 vs. 7.0 years, respec-
tively), HLA class I mismatches (1.6 vs. 1.4), HLA class II
mismatches (0.8 vs. 0.7), cold ischemia time (18.0 vs. 14.7 h)
and positive cytomegalovirus (CMV) status at the time of RTx
(44 vs. 53%). HLA-DSA were observed in 22% of patients
receiving a living related donor kidney transplant and 39% of
patients receiving a deceased donor kidney transplant (p00.82).

Renal function at the time of HLAab measurement

The GFR was measured by 51Cr-EDTA clearance at the time
of HLAab measurement on 283 occasions. The distribution
of GFR values was quite similar in HLAab-negative patients

and those positive for HLA-nonDSA or HLA-DSA, regard-
less of the antibody level (Fig. 2). Similarly, the mean GFR
values during the time periods of 0–2, 3–5 and 6–10 years
were not different in the three patient cohorts (Table 3).
Patients with HLA-DSA class I antibodies had a lower mean
GFR value at 0–2 years as compared to those with no anti-
bodies (p<0.05) (Table 3).

Renal function after HLAab detection

The important question is what happens to renal function after
HLAab detection. Analysis of the serum samples taken during
the first 2 years post-RTx revealed HLA-DSA in 22 patients,
HLA-nonDSA in 31 patients and no HLAab in 38 patients.
The GFR values at 3 years post-RTx and thereafter did not
significantly differ in these three groups, as shown in Table 4,
indicating that early HLA-DSA, even with high MFI-levels,
were not associated with poorer graft function later on.

This finding was also evident when the annual decline of
GFR was associated with the HLAab findings at an individual
level (Fig. 3, Table 5). After a negative HLAab finding, the
mean GFR decreased 2.6 ml/min/1.73 m2 per year. After HLA-
DSA and HLA-nonDSA detection, the mean decline was 1.3
and 2.8 ml/min/1.73 m2 per year, respectively (Table 5). Also,
GFR decline after the detection of HLA-DSA was not more
pronounced than the drop observed before the sample was
taken (1.3 vs. 6.7 ml/min/1.73 m2). Finally, the proportion of
patients showing an exceptionally marked annual decline of
GFR (>20ml/min/1.73 m2) was not different in the HLA-DSA,
HLA-nonDSA and HLAab-negative groups during the first 4
years after antibody measurement (10, 24, and 17%, respec-
tively; p00.077).

Graft survival

Seven grafts in six patients failed during the follow-up
period. Three grafts in two patients with congenital

Table 3 Glomerular filtration rate values at the time of HLAab
detectiona

HLAab GFR (ml/min/1.73 m2)

0–2 years
post-Tx

3–5 years
post-Tx

6–10 years
post-Tx

HLAab negative 63.0±19. (78) b 59.5±19.3 (46) 39.0±10.2 (22)

HLA-nonDSA 61.8±19.7 (40) 50.1±15.7 (22) 43.8±15.1 (13)

HLA-DSA (total) 57.5±24.5 (21) 55.4±21.5 (18) 40.4±13.0 (22)

HLA-DSA class I 42.2±15.7 (7) 43.7±10.9 (4) 30.4±11.5 (4)

HLA-DSA class II 72.7±20.8 (10) 58.6±22.4 (12) 42.7±12.9 (17)

HLA-DSA
class I+II

46.2±27.1 (4) 58.7±35.4 (2) 36.0 (1)

HLA-DSA (levels)

MFI 500–5000 53.6±19.8 (12) 50.7±25.8 (7) 39.8±13.1 (9)

MFI over 5000 60.5±25.8 (9) 58.4±19.0 (11) 40.9±13.4 (13)

GFR, Glomerular filtration rate
b At 1–24 months post-Tx, the difference between the GFR in HLAab
negative and HLA-DSA class I group was statistically significant
(p00.040)

Table 4 Glomerular filtration rate (GFR) values at 3–10 years post-transplant according to antibody and findings at 0–2 yearsa

HLAab findings at 0–2 years GFR values (ml/min/1.73 m2)

3 years post-Tx 5 years post-Tx 7 years post-Tx 10 years post-Tx

HLAab-negative 56.3±16.5 (34)b 55.3±12.6 (29) 52.2±13.0 (19) 42.2±9,. (9)

HLA-nonDSA 61.0±18.2 (28) 55.0±16.5 (25) 48.7±13.5 (17) 36.5±12.8 (9)

HLA-DSA (total) 55.9±18.3 (19) 55.9±16.3 (19) 47.0±16,. (15) 40.8±18.7 (11)

HLA-DSA (levels)

MFI 500–5,000 57.3±18.9 (11) 55.7±15.8 (12) 44.5±15,. (9) 35.4±12.9 (7)

MF >5,000 53.9±15.5 (8) 56.2±18.5 (7) 50.5,±18.1 (6) 50.4±25.3 (4)

a Values are presented as the mean ± SD of GFR measurements made at the specified number of years post-Tx, with the number of patients given in
parenthesis
b The difference between the GFR in HLAab-negative and all other groups at the different time points was not statistically significant (p>0,05)

SD, Standard deviation; Tx, transplant
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nephrotic syndrome (CNF) were lost due to recurrent
nephrotic syndrome caused by anti-nephrin antibodies.
Four other grafts were lost 1–14 years after RTx: three
of the patients had a severe vascular rejection (with a
positive posttransplant CDC) early after RTx operation,
and one graft was lost due to chronic allograft dys-
function. All four patients had HLA-DSA in solitary
samples with MFI values ranging from 1,040 to
1,3273.

Discussion

We measured HLAab in serum samples taken at various
times after paediatric RTx in order to evaluate whether the
detection of donor-specific HLAab was associated with
deterioration of the renal graft function. The analyses were
performed retrospectively from protocol serum samples, and
since the results were not available at the time of sampling,
no adaptation in the immunosuppressive medication occurred.

Fig. 3 Individual glomerular
filtration rate (GFR)
measurements (51Cr-EDTA,
ml/min/1.73 m2) 2 years before
and 4 years after the detection
of HLA-DSA in 42 patients
(grey lines). Black lines Mean
GFR of human leukocyte
antigen antibodies (HLAab)
in the negative control group
(n044). The findings were
separated in three time periods
for clarity. 0 on the x-axis Time
of first antibody detection
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Both DSA-HLA and HLA-nonDSA were commonly
observed in RTx children and, as such, their appearance did
not indicate or precede poor graft function. To the best of our
knowledge, this is the first time HLAab findings have been
correlated to adequately measured graft function.

The Luminex assay revealed HLAab in one-half of the
294 serum samples and in two-thirds of the 123 children and
adolescents after RTx. This frequency of antibody detection
was clearly higher than that reported previously in adults. In
a large cohort of about 2,600 adults, HLAab were docu-
mented in 20% of the patients with functioning graft [14].
Similarly, in a recent report of 1,014 adult recipients from a
single centre, 30% of the patients showed HLAab [10].
These antibodies appeared at various time points posttrans-
plant, as was the case in our study. Interestingly, half of the
HLAab-positive samples in our study were donor specific,
which is a higher proportion than that found in adults [10].
The high frequency of antibodies in our patients may partly
be explained by the fact that donor-specific and random red
cell transfusions were used in our centre until year 2006.

Both class I and II HLAab have been associated with
acute and chronic allograft rejection in kidney transplanta-
tion [4]. However, class I antibodies have been detected
more in patients with acute rejection and class II antibodies
more in patients with chronic rejection [8, 25]. In our study,
patients with HLA-DSA had mostly class II antibodies and
patients with HLA-nonDSA had mainly class I antibodies.
The same was recently reported in adults [10]. Interestingly,
the seven patients with HLA-DSA class I during the first 2
years after RTx had poorer GFR values than patients with
HLA-DSA class II or no HLAab. The small number of these
patients did not allow a more thorough analysis.

Data on the role of HLAab as detected by the solid-phase
assays are currently scarce in children with RTx. The
significance of pretransplant HLA-DSA has been examined
in two studies. Roberti et al. [20] saw an excellent outcome
of six children with HLA-DSA before living donor RTx,

and Verghese et al. [21] found impaired renal allograft
survival in ten children with pretransplant HLA-DSA. The
significance of posttransplant HLA-DSA has been addressed
in only one paediatric study: Emonds et al. analysed retro-
spectively postoperative HLA-DSA in ten children who had
lost their deceased donor kidney grafts due to rejection 2–
68 months after RTx. These investigators found class I and/or
class II HLA-DSA antibodies in all ten patients [22]. In con-
trast, all patients without HLA-DSA had a good graft outcome.

The major finding in our study was that the presence of
HLA-DSA after RTx was not associated with poor graft
function at the time of antibody detection or thereafter. In
our patients, GFR was followed by 51Cr-EDTA clearance,
which is a sensitive and reliable method to reveal deteriora-
tion of the graft function already at an early stage. The
distribution of GFR values in patients with HLA-DSA
patients was not different from the others. Therefore,
patients with HLA-DSA had variable GFR at the time of
antibody detection. This was the case even in patients hav-
ing high (MFI>10,000) antibody levels.

According to “the humoral theory of rejection”, HLAab are
the major cause of chronic graft loss but it takes time before
their detrimental effect becomes apparent [5]. Some investi-
gators have observed that a graft failure can be detected by a
rise in serum creatinine on average 29 months after the
emergence of HLAab and that the graft is completely lost
after a mean of 44 months [9, 26]. In our study, individual
GFR levels before and after HLAab detection were followed
for several years, but the decline of GFR in the HLA-DSA-
and HLA-nonDSA-positive patients was not different from
that observed in children without detectable antibodies. The
detection of HLA-DSA did not predict an exceptionally
marked decline in GFR. In fact, the annual decrease of GFR
after the detection of HLA-DSAwas on average less than that
after a negative HLAab finding (1.3 vs. 2.6 ml/min/1.73 m2

per year). The presence of high levels of HLA-DSA in many
of the serum samples underscores this finding.

Table 5 Annual Glomerular filtration rate (GFR) decline 2 years before and 4 years after the measurements of HLAaba

HLAab findings Annual change in GFR (ml/min/1.73 m2)b

−2 to>0 0 to>1 1 to>2 2 to>3 3 to>4

HLAab negative −0.5±11.5 (24) −3.4±14.8 (33) −4.6±12.9 (33) −2.0±8.8 (30) −1.7±11.9 (28)

HLA-nonDSA −5.5±5.5 (12) +0.4±14.9 (28) −11.4±12.7 (27) −0.04±8.9 (26) −0.5±10.5 (24)

HLA-DSA (total) −6.7±10.9 (24) −5.3±13.0 (27) −0.9±12.5 (26) +2.1±8.8 (23) −1.1±12.1 (20)

HLA-DSA (levels)

MFI 500–5,000 −3.7±3.5 (10) −3.9±15.1 (17) +0.8±13.1 (17) +0.7±7.8 (14) +2.5±14.0 (12)

MFI>5,000 −8.9±11.8 (14) −7.8±8.4 (10) −4.2±11.5 (9) +4.4,±10.2 (9) −6.5±6.0 (8)

a Values are presented as the mean ± SD of GFR measurements, with the number of patients given in parenthesis
b 1 to>2 HLA-nonDSA vs. HLA-DSA, p00.010; 1- to >2 HLA-nonDSA vs. HLA-DSA MFI 500–5,000, p00.014

MFI, mean fluorescence intensity
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Only a few serum samples per patient were tested for
HLAab, which is a limitation of our study, as has been the
case with most previous studies in adults. In spite of the fact
that the detection rate of HLAab in our children was higher
than that observed in adults, measurement of more samples
would probably have revealed more HLAab-positive
patients. This is especially so as the HLAab levels in an
individual seem to fluctuate with time. Also, we were not
able to analyse pretransplant HLAab due to a lack of samples.
All patients had negative CDC crossmatch on the day of
transplantation, but it is obvious that the Luminex assay would
have detected pretransplant HLA-DSA in a number of patients
due to its high sensitivity [18, 24]. Lymphocyte CDC or flow
crossmatch is still the key analysis for donor- recipient selec-
tion in the majority of transplantation centres. The clinical
relevance of pretransplant HLA-DSA detected by Luminex
with simultaneous negative CDC or flow crossmatch is still
under debate, and more data are required to assess its clinical
use in children and adults [27, 28].

The importance of antibody-mediated acute and chronic
rejection has been clearly shown in RTx [5, 6]. Accordingly,
three of the 123 children with HLA-DSA in our patient
cohort showed positive cross-match after transplantation
and developed severe vascular rejection and graft loss in
late 1990s. The harmful effect of cytotoxic antibodies in
paediatric RTx was reported as early as the early 1990s [29,
30]. Thus, the frequent finding of HLAab and the lack of
association of the HLA-DSA findings with the renal func-
tion was somewhat surprising in our study. The search for
HLA-DSA seems to be important in RTx children with signs
of rejection or deteriorating graft function, but in patients
without clinical problems the Luminex assay may “over-
detect” HLA-DSA which do not have functional signifi-
cance. Whether C1q assays to detect complement-fixing
antibodies with Luminex-based assays will give more clin-
ically relevant information will be resolved in the future [31,
32].
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