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prevalence and risk factors of 
having antibodies to class i and ii 
human leukocyte antigens in older 
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The effect of donor-specific anti-human leukocyte antigen (HLA) antibodies (DSAs) has been recognized 
as a factor in graft failure (GF) in patients who underwent umbilical cord blood transplantation (UBT), 
matched unrelated donor transplantation (MUDT), or haploidentical stem cell transplantation (haplo-
SCT). Presently, we know little about the prevalence of and risk factors for having anti-HLA antibodies 
among older transplant candidates. Therefore, we analyzed 273 older patients with hematologic 
disease who were waiting for haplo-SCT. Among all patients, 73 (26.7%) patients had a positive panel-
reactive antibody (PRA) result for class I, 38 (13.9%) for class II, and 32 (11.7%) for both. Multivariate 
analysis showed that females were at a higher risk for having a PRA result for class II (P = 0.001) and 
for having antibodies against HLA-C and HLA-DQ. Prior pregnancy was a risk factor for having a PRA 
result for class I (P < 0.001) and for having antibodies against HLA-A, HLA-B and HLA-DQ. Platelet 
transfusions were risk factors for the following: having a positive PRA result for class I (P = 0.014) and 
class II (P < 0.001); having antibodies against HLA-A, HLA-B, HLA-C, HLA-DP, HLA-DQ, and HLA-DR; 
and having higher mean fluorescence intensity (MFI) of PRA for class I (P = 0.042). In addition, previous 
total transfusions were at high risk for having higher numbers of antibodies to specific HLA loci 
(P = 0.005), and disease course (7.5 months or more) (P = 0.020) were related to higher MFI of PRAs 
for class I. Our findings indicated that female sex, prior pregnancy, platelet transfusions and disease 
courses are independent risk factors for older patients with hematologic disease for having anti-HLA 
antibodies, which could guide anti-HLA antibody monitoring and be helpful for donor selection.

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is recognized as an effective therapy for the 
majority of malignant hematologic diseases1–4. However, primary and secondary graft failure (GF) remain a seri-
ous complication of allo-HSCT. Multiple factors have been implicated in GF, such as the primary diagnosis, 
advanced disease status, conditioning regimens, and stem cell dose5–8. In recent years, the effects of donor-specific 
anti-human leukocyte antigen (HLA) antibodies (DSAs) have been recognized as a factor in GF9–11, either in 
patients who underwent umbilical cord blood transplantation (UBT), matched unrelated donor transplantation 
(MUDT), or haploidentical stem cell transplantation (haplo-SCT)10–16. Therefore, DSAs can influence who is the 
best donor in HLA-mismatched allo-HSCT settings17,18.

Given the importance of anti-HLA antibodies, there have been many studies focusing on the prevalence and 
risk factors that may lead to the development of anti-HLA antibodies. Hung et al.19 found that pregnancy and 
recent transfusion are independent risk factors for HLA sensitization in patients with end-stage renal disease. 
Akgul et al.20 showed that in patients who are waiting for kidney transplantation, sensitization by pregnancy and 
transplantation have a significant impact on the development of HLA class I and class II antibodies. A previous 
study by our group showed that the risk factors associated with the prevalence of panel-reactive antibody (PRA), 
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either for class I or class II HLA, in transplant candidates were female sex, prior transfusions, pregnancy and 
myelodysplastic syndrome (MDS)21. In pediatric transplant recipients, we also confirmed that a diagnosis of MDS 
was an independent risk factor for a higher incidence of PRAs for both class I and II22. However, there have been 
few studies on the prevalence and risk factors for PRA among older patients. Therefore, we prospectively analyzed 
297 older patients with hematological diseases who were waiting for HSCT to investigate the prevalence and risk 
factors for having anti-HLA antibodies.

Materials and Methods
Ethics statement. This study met the guidelines of the Helsinki Declaration, and was approved by the ethics 
committee of Ethic Committee of Peking University People’s Hospital (2015PHB010-01). Informed consent was 
obtained from all patients or their guardians and donors. This study was registered at http://www.chictr.org.cn/ 
ChiCTR-OPC-15006672.

Patients. Between January 2015 and August 2018, 273 older candidates (aged more than 50 years) with hema-
tological diseases who were waiting for HSCT were prospectively enrolled in this study (Table 1). The test results 
for anti-HLA antibody, the potential risk factors that may cause the development of anti-HLA antibodies, such as 
prior transfusion, pregnancy and disease courses, were collected.

Anti-HLA antibody detection. Patient serum was collected before transplantation and was screened 
for the presence of class I and class II anti-HLA antibodies (HLA abs) of the immunoglobulin G type with a 
LABScreen Mixed Kit (One Lambda, Canoga Park, CA, USA) according to the manufacturer’s instructions and 

All patients 273

Median age(range), years 54(50–66)

Gender, n (%)

Male 165(60.4%)

Female 108(39.6%)

Diagnosis, n (%)

AML 124(45.4%)

ALL 47(17.2%)

MDS 66(24.2%)

CMML 10(3.7%)

Others 26(9.5%)

Number of pregnancies, n (%)

0 168(61.5%)

1 61(22.3%)

≥2 44(16.1%)

Number of transfusions, n (%)

≤12 212(77.7%)

>12 61(22.3%)

Number of RBC transfusion, n (%)

≤7 212(77.7%)

>7 61(22.3%)

Number of platelet transfusion, n (%)

≤7 226(82.8%)

>7 47(17.2%)

Course, n (%)

≤7.5 169(61.9%)

>7.5 104(38.1%)

PRA

Class I (+), n (%) 73(26.7%)

Class II (+), n (%) 38(13.9%)

Class I and II positive, n (%) 32(11.7%)

Class I or II positive, n (%) 79(28.9%)

Anti-HLA antibodies against single locus positive 79(28.9%)

Median MFI (range)

Class I (+) 2902(558–22827)

Class II (+) 4332(516–18363)

Table 1. Demographic and Clinical Characteristics. Abbreviations: AML, acute myeloid leukemia; ALL, acute 
lymphoblastic leukemia; MDS, myelodysplastic syndrome; CMML, chronic myelomonocytic leukemia; RBC, 
red blood cell; PRA, panel reactive antibody; HLA, human leukocyte antigen; MFI, mean fluorescence intensity.
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as previously reported9. The mean fluorescence intensity (MFI) of the anti-HLA antibodies was adjusted for the 
background signal using the formula described previously. Samples with an MFI of 500 or more considered to 
be positive.

Statistical analysis. Descriptive statistics, including the frequency (proportions) for categorical variables 
and median (range) or cut-off value determined by a ROC curve for quantitative variables, were used to describe 
the patient demographic and clinical characteristics. A chi-square test (and Fisher’s exact test, when appropriate) 
was used for group comparisons. Binary logistic regression tests with either univariate or multivariate analyses 
were performed to estimate the potential influence of the factors on anti-HLA antibodies. A two-sided P-value 
less than 0.05 was considered statistically significant. Statistical calculations were performed with SPSS, version 
16.0 (Mathsoft, Seattle, WA, USA).

Results
Patient characteristics. The demographics and clinical characteristics are outlined in Table 1. In this study, 
273 transplant candidates on waiting lists for haplo-SCT were analyzed for the presence of anti-HLA antibodies, 
including 165 males (60.4%) and 108 females (39.6%). There were 124 patients (45.4%) with acute myeloid leu-
kemia (AML), 47 patients (17.2%) with acute lymphoblastic leukemia (ALL), 66 patients (24.2%) with myeloid 
dysplastic syndrome (MDS), 10 patients (3.7%) with chronic myelomonocytic leukemia (CMML) and 26 patients 
(9.5%) with other hematological diseases. The median age of the patients was 54 years (range, 50–66 years). The 
median MFI of panel-reactive antibodies (PRAs) for class I and class II were 2902 (range: 558–22827) and 4332 
(range: 516–18363), respectively.

Prevalence of PRAs for class I and/or class II. As shown in Table 1, 79 patients (28.9%) had a positive 
panel-reactive antibody (PRA) result for either class I or class II, 73 (26.7%) had a positive PRA result for class 
I, 38 (13.9%) had a positive PRA result for class II, and 32 (11.7%) had a positive PRA result for both class I and 
class II in this study.

Risk factors associated with PRAs for class I and/or class II. Possible factors (including gender, age, 
diagnosis, number of pregnancies, number of total transfusions [including red blood cell (RBC) and platelet 
(PLT)], number of RBC transfusions, number of PLT transfusions and disease course) that may have influ-
enced the PRAs were examined in univariate analysis (Supplementary Table S1). The risk factors associated 
with anti-HLA class I PRAs were sex, the number of pregnancies, number of total transfusions, number of RBC 
transfusions, number of PLT transfusions and disease course. Sex, the number of pregnancies, number of total 
transfusions, number of RBC transfusions and number of PLT transfusions were related to having anti-HLA class 
II PRAs. Sex, the number of pregnancies, number of total transfusions, number of RBC transfusions, number 
of PLT transfusions and disease course were related to having anti-HLA class I or II PRAs. Meanwhile, sex, the 
number of pregnancies, the number of total transfusions, number of RBC transfusions and number of PLT trans-
fusions were associated with having anti-HLA class I and II PRAs. Multivariate analysis showed the following: (i) 
both prior pregnancy and PLT transfusions (7 or more) were associated with the prevalence of PRAs for class I 
(P < 0.001, P = 0.014) and for class I or II (P < 0.001, P = 0.006); (ii) both female sex and PLT transfusions (7 or 
more) were associated with a higher prevalence of PRAs for class II (P = 0.001, P < 0.001) and for class I and class 
II (P = 0.002, P < 0.001) (Table 2).

Prevalence of antibodies against HLA-A, -B, -C, -DP, -DQ and -DR loci. As shown in Fig. 1, among 
all 273 patients, the distribution of antibodies against different antigens demonstrated that 67 patients had 

Class I (+) Class II (+) Class I or II (+) Class I and II (+)

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Gender (male vs. 
female) NS 3.719 1.751–7.900 0.001 NS 3.521 1.574–7.878 0.002

Number of pregnancies

0 0.358 0.158–0.813 <0.001 NS 0.290 0.127–0.663 0.003 NS

1 0.191 0.093–0.393 <0.001 0.154 0.075–0.320 <0.001

≥2 1 1 1 1

Number of total 
transfusions(≤12 vs. 
>12)

NS NS NS NS

Number of RBC 
transfusion(≤7 vs. >7) NS NS NS NS

Number of PLT 
transfusion(≤7 vs. >7) 2.365 1.188–4.710 0.014 5.070 2.321–11.074 <0.001 2.602 1.307–5.177 0.006 5.105 2.252–11.572 <0.001

Course(≤7.5 vs. >7.5) NS NS NS NS

Table 2. Logistic regression analysis of PRA in 273 allogeneic stem cell transplantation candidates. 
Abbreviations: PRA, panel reactive antibody; OR, odds ratio; CI, confidence interval; RBC, red blood cell; PLT, 
platelet.
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antibodies against HLA-A (24.5%), 70 had antibodies against HLA-B (25.6%), 45 had antibodies against HLA-C 
(16.5%), 23 had antibodies against HLA-DP (8.4%), 31 had antibodies against HLA-DQ (11.4%) and 37 had 
antibodies against HLA-DR (13.6%).

Risk factors associated with having antibodies against the HLA-A, -B, -C, -DP, -DQ and -DR 
loci. Univariate analysis showed that sex, prior pregnancy and PLT transfusions were risk factors for having 
anti-HLA antibodies against all loci. Previous total transfusions, and RBC transfusions were associated with 
having antibodies against HLA-A, B, -DP, -DQ and -DR. Meanwhile, the course of disease was related to having 
antibodies against HLA-B and -DP (Supplementary Table S2). Multivariate analysis showed that the following: i) 
female sex was associated with the development of antibodies against HLA-C (P = 0.003) and -DQ (P = 0.048); 
ii) prior pregnancy was independently and significantly related to the development of antibodies against HLA-A 
(P < 0.001), -B (P < 0.001) and -DQ (P = 0.001); iii) PLT transfusions (7 or more) were associated with having a 
higher prevalence of antibodies against HLA-A (P = 0.011), -B (P = 0.021), -C (P = 0.010), -DP (P < 0.001), -DQ 
(P < 0.001) and -DR (P < 0.001). In addition, it seemed that gender had a trend towards influencing the develop-
ment of antibodies against HLA-DQ (P = 0.055) (Table 3).

Prevalence of and risk factors associated with the number of antibodies specific for HLA-A, 
-B, -C, -DR, -DQ and -DP. There were 79 patients with positive anti-HLA antibodies that were specific 
for single HLA loci, and the median number of antibodies to specific HLA loci was 44, with a range of 3 to 155 
(Fig. 2). To investigate the factors associated with the number of anti-HLA antibodies, all 79 patients were classi-
fied into two groups according to the median number of antibodies. In univariate analysis, previous total trans-
fusions, RBC transfusions and PLT transfusions were associated with the number of antibodies (Supplementary 
Table S3). Meanwhile, previous total transfusions (12 or more) (HR 4.041, 95% CI 1.442–11.322, P = 0.008) was 
independently and significantly associated with having higher numbers of anti-HLA antibodies based on multi-
variate analysis.

Prevalence of and risk factors associated with MFI of PRAs for class I and class II. There were 73 
patients with positive PRAs for class I and 38 patients for class II. A prospective clinical study of our group had 
concluded that donor-specific anti-HLA antibodies (MFI >/ = 2000) were strongly associated with primary poor 
graft function (P = 0.005)9. So we divided patients with MFI of 500 or more into two subgroups according to the 
cut-off value of 2000. Univariate analysis showed that previous total transfusions, RBC transfusion and disease 
course were associated with MFI of PRAs for class I, meanwhile, previous total transfusions, PLT transfusions 
and disease course were associated with MFI of PRAs for class II. Multivariate analysis showed that previous 
transfusions (12 or more) (HR 3.529, 95% CI 1.119–11.133, P = 0.031) and disease course (7.5 months or more) 
(HR 3.389, 95% CI 1.212–9.477, P = 0.020) were related to higher MFI of PRAs for class I. In the meanwhile, PLT 
transfusions (7 or more) (HR 5.833, 95% CI 1.061–32.020, P = 0.042) were correlated with MFI of PRAs for class 
II in multivariate analysis. (Supplementary Table S4).

Figure 1. Frequency of anti-HLA antibodies against single locus in 273 older patients.
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Discussion
In this study, we demonstrated the following: i) female sex was associated with having anti-HLA class II antibod-
ies and antibodies to specific loci, including HLA-C and -DQ; ii) prior pregnancy was a risk factor for having 
anti-HLA class I antibodies and antibodies to specific loci, including HLA-A, -B and -DQ; and iii) PLT trans-
fusions (7 or more) were related to having anti-HLA class I, and II antibodies as well as antibodies to specific 
loci, including HLA-A, -B, -C, -DP, -DQ and -DR. In the meanwhile, previous total transfusions were also an 
independent risk factor for having higher numbers of anti-HLA antibodies and higher MFI of PRAs for class I. In 
addition, disease course (7.5 months or more) were related to higher MFI of PRAs for class I; while PLT transfu-
sions (7 or more) were related to higher MFI of PRA for class II. The results were consistent with the findings of 
previous studies19–21,23 and are useful for haplo-SCT donor selection.

In this study, the prevalence of anti-HLA antibodies was 28.9% (79/273) among all older patients, which was 
higher than previous studies of the general population (21%)21 and pediatric candidates (13%)22 with hemato-
logic disease at our center. De Clippel et al.24 concluded that in people with a history of transfusion, the overall 
alloimmunization rate against class I and II HLA antigens was 20.2%. Triulzi et al.25 found that HLA antibodies 
were detected in 17.3% of all female volunteer blood donors and 1.7% of transfused male volunteer blood donors. 
All of the abovementioned proportions of anti-HLA antibodies were lower than those observed in the results of 
our study. However, Yee et al.26 found that in pediatric patients with thalassemia major, HLA antibodies were 

Anti-HLA-A Anti-HLA-B Anti-HLA-C Anti-HLA-DP Anti-HLA-DQ Anti-HLA-DR

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Gender (female 
vs. male) NS NS 2.729 

(1.404–5.303) 0.003 NS 12.615 
(1.020–156.051) 0.048 NS

Number of pregnancies

0 0.402(0.174–0.25) 0.036 0.358(0.158–0.813) 0.014 NS 0.254(0.082–0.790) 0.018 NS

1 0.243(0.118–0.501) <0.001 0.169(0.082–0.350) <0.001 2.026(0.164–25.056) 0.582

≥2 1 NS 1 NS 1

Number of total 
transfusions 
(>12 vs. ≤12)

NS NS NS NS NS NS

Number of RBC 
transfusion  
(>7 vs. ≤7)

NS NS NS NS

Number of PLT 
transfusion  
(>7 vs. ≤7)

2.444(1.227–4.868) 0.011 2.279(1.131–4.594) 0.021 2.678(1.266–5.663) 0.010 8.259(3.357–20.318) <0.001 6.810(2.889–16.053) <0.001 5.398(2.426–12.011) <0.001

Table 3. Specific antibodies against HLA-A, -B, -C, -DP, -DQ, and -DR: logistic regression analysis in 273 older 
allogeneic stem cell transplantation candidates. Abbreviations: HLA, human leukocyte antigen; OR, odds ratio; 
CI, confidence interval; RBC, red blood cell; PLT, platelet.

Figure 2. Number of anti-HLA antibodies positive alleles in 79 people.

https://doi.org/10.1038/s41598-020-59417-1


6Scientific RepoRtS |         (2020) 10:2367  | https://doi.org/10.1038/s41598-020-59417-1

www.nature.com/scientificreportswww.nature.com/scientificreports/

detected in 10 of 19 (53%) subjects. The differences in the proportion of anti-HLA antibodies between our study 
and others’ studies may be because of the type of disease, sex, age, and the number of previous pregnancies and 
transfusions.

The association between sex and having anti-HLA antibodies has been previously reported27–30. Gladstone 
et al.30 retrospectively reviewed 957 donors to evaluate the incidence of anti-HLA antibodies and DSAs and found 
that the incidence of anti-HLA antibodies was higher among females than males (43.2 versus 10.8%, P < 0.0001), 
and DSAs were most commonly detected in female patients (30.6% versus 4.9%, P < 0.00001) among candidates 
for haplo-SCT. Furthermore, Hyun et al.28 concluded that female solid organ transplantation candidates had a 
significantly higher PRA-positivity rate compared with that of male patients (60.3% vs 34.2%; P < 0.001). Nguyen 
et al.29 also found that women were at a higher risk of antibody-mediated rejection than men, and this increased 
risk was additive to that of preformed donor-specific antibodies after heart transplantation. Therefore, sex can 
be regarded as a specific risk factor for having anti-HLA antibodies and could guide their detection before SCT.

Almost all of the recent studies have confirmed that pregnancy was a risk factor for having anti-HLA antibod-
ies31; additionally, our study also showed that pregnancy was not only associated with having PRAs for class I but 
was also correlated with having antibodies against different antigens encoded by the different HLA loci, including 
HLA-A, -B and -DQ. Masson et al.32 showed that allo-immunized mothers presented more anti-HLA class I 
antibodies more frequently (86%) than they presented anti-class II antibodies (62%). This may explain why preg-
nancy is a risk factor for PRAs for class I rather than for class II based on the multivariate analysis of our study. In 
addition, our study showed that the incidences of PRAs for class I and II increased with the number of pregnan-
cies as follows: 7.1% (zero), 14.8% (one) and 25.0% (two or more). Female patients are exposed to antigens during 
pregnancy31, and the exposure intensity increases as the number of pregnancies increases, which suggested to us 
that postpartum women should be monitored for anti-HLA antibodies routinely, especially among women who 
have had multiple pregnancies.

In the present study, the association of transfusion with a higher incidence of anti-HLA antibodies was also 
confirmed. First, PLT transfusions were the risk factors for having PRAs for class I and II, and were correlated 
with having antibodies against different antigens, including anti-HLA-A, -B, -C, -DP, -DQ, and -DR. Second, 
when patients had undergone more transfusions, they had higher numbers of antibodies to specific HLA loci. 
Huo et al.21 found that prior transfusions (6 or more) is a risk factor associated with the prevalence of having a 
positive PRA either for class I or class II HLA in haploidentical transplant candidates. Hung et al.19 observed 
that having undergone a recent transfusion but not having undergone a transfusion itself was independently 
correlated with HLA sensitization in patients with end-stage renal disease. However, most studies concluded 
that transfusion had little impact on anti-HLA antibodies23–25,33. In contrast to previous studies23–25,33, but in 
agreement with others34, we found that PLT transfusions were not only associated with PRAs for class I, but also 
correlated to PRAs for class II. The higher white blood cells contained in platelet components than that of the 
RBC components may account for above mentioned association35.

Previous studies have demonstrated that DSAs were associated with GF in both haplo-SCT9,36,37 and MUDT12, 
and the incidence of GF increases as the MFI increased9,36. In this study, we found that previous total transfusions 
(12 or more) and disease course (7.5 months or more) were related to higher MFI of PRAs for class I, while PLT 
transfusions (7 or more) were related to MFI of PRAs for class II. The results in Supplementary Table S4 showed 
that female, multiple pregnancies, previous total transfusion, RBC transfusions or PLT transfusions and long 
disease courses had a tendency for high MFI, which need a larger sample size of patients to explore.

This study had several limitations. First, this was a single center study. Second, our research is limited to 
Chinese populations, and the possibility of extending these findings to other populations, such as white, 
black, and Hispanic populations, needs to be investigated. Thus, a multicenter study with a large sample size is 
warranted.

In summary, the results of this study suggested that female sex, prior pregnancy and PLT transfusions are 
independent risk factors for the generation of anti-HLA antibodies in haploidentical transplant candidates aged 
more than 50 years. These findings could guide clinical monitoring for HLA antibodies and may contribute to 
haploidentical donor selection.

Received: 26 July 2019; Accepted: 29 January 2020;
Published: xx xx xxxx

References
 1. Bhatia, S., Armenian, S. H. & Landier, W. How I monitor long-term and late effects after blood or marrow transplantation. Blood 

130, 1302–1314, https://doi.org/10.1182/blood-2017-03-725671 (2017).
 2. Chang, Y. J. & Huang, X. J. Haploidentical stem cell transplantation: anti-thymocyte globulin-based experience. Semin. Hematol. 53, 

82–89, https://doi.org/10.1053/j.seminhematol.2016.01.004 (2016).
 3. Copelan, E. A. Hematopoietic stem-cell transplantation. N. Engl. J. Med. 354, 1813–1826, https://doi.org/10.1056/NEJMra052638 

(2006).
 4. Wang, Y. et al. Who is the best donor for a related HLA haplotype-mismatched transplant? Blood 124, 843–850, https://doi.

org/10.1182/blood-2014-03-563130 (2014).
 5. Olsson, R. et al. Graft failure in the modern era of allogeneic hematopoietic SCT. Bone Marrow Transpl. 48, 537–543, https://doi.

org/10.1038/bmt.2012.239 (2013).
 6. Cluzeau, T. et al. Risk factors and outcome of graft failure after HLA matched and mismatched unrelated donor hematopoietic stem 

cell transplantation: a study on behalf of SFGM-TC and SFHI. Bone Marrow Transpl. 51, 687–691, https://doi.org/10.1038/
bmt.2015.351 (2016).

 7. Olsson, R. F. et al. Primary graft failure after myeloablative allogeneic hematopoietic cell transplantation for hematologic 
malignancies. Leukemia 29, 1754–1762, https://doi.org/10.1038/leu.2015.75 (2015).

 8. Mattsson, J., Ringden, O. & Storb, R. Graft failure after allogeneic hematopoietic cell transplantation. Biol. Blood Marrow Transpl. 14, 
165–170, https://doi.org/10.1016/j.bbmt.2007.10.025 (2008).

https://doi.org/10.1038/s41598-020-59417-1
https://doi.org/10.1182/blood-2017-03-725671
https://doi.org/10.1053/j.seminhematol.2016.01.004
https://doi.org/10.1056/NEJMra052638
https://doi.org/10.1182/blood-2014-03-563130
https://doi.org/10.1182/blood-2014-03-563130
https://doi.org/10.1038/bmt.2012.239
https://doi.org/10.1038/bmt.2012.239
https://doi.org/10.1038/bmt.2015.351
https://doi.org/10.1038/bmt.2015.351
https://doi.org/10.1038/leu.2015.75
https://doi.org/10.1016/j.bbmt.2007.10.025


7Scientific RepoRtS |         (2020) 10:2367  | https://doi.org/10.1038/s41598-020-59417-1

www.nature.com/scientificreportswww.nature.com/scientificreports/

 9. Chang, Y. J. et al. Donor-specific anti-human leukocyte antigen antibodies were associated with primary graft failure after 
unmanipulated haploidentical blood and marrow transplantation: a prospective study with randomly assigned training and 
validation sets. J. Hematol. Oncol. 8, 84, https://doi.org/10.1186/s13045-015-0182-9 (2015).

 10. Spellman, S. et al. The detection of donor-directed, HLA-specific alloantibodies in recipients of unrelated hematopoietic cell 
transplantation is predictive of graft failure. Blood 115, 2704–2708, https://doi.org/10.1182/blood-2009-09-244525 (2010).

 11. Cutler, C. et al. Donor-specific anti-HLA antibodies predict outcome in double umbilical cord blood transplantation. Blood 118, 
6691–6697, https://doi.org/10.1182/blood-2011-05-355263 (2011).

 12. Ciurea, S. O. et al. Donor-specific anti-HLA Abs and graft failure in matched unrelated donor hematopoietic stem cell 
transplantation. Blood 118, 5957–5964, https://doi.org/10.1182/blood-2011-06-362111 (2011).

 13. Ruggeri, A. et al. Impact of donor-specific anti-HLA antibodies on graft failure and survival after reduced intensity conditioning-
unrelated cord blood transplantation: a Eurocord, Societe Francophone d’Histocompatibilite et d’Immunogenetique (SFHI) and 
Societe Francaise de Greffe de Moelle et de Therapie Cellulaire (SFGM-TC) analysis. Haematologica 98, 1154–1160, https://doi.
org/10.3324/haematol.2012.077685 (2013).

 14. Takanashi, M. et al. The impact of anti-HLA antibodies on unrelated cord blood transplantations. Blood 116, 2839–2846, https://doi.
org/10.1182/blood-2009-10-249219 (2010).

 15. Yoshihara, S. et al. Risk and prevention of graft failure in patients with preexisting donor-specific HLA antibodies undergoing 
unmanipulated haploidentical SCT. Bone Marrow Transpl. 47, 508–515, https://doi.org/10.1038/bmt.2011.131 (2012).

 16. Zou, J. et al. Untreated donor specific antibodies against HLA are associated with poor outcomes in peripheral blood haploidentical 
hematopoietic cell transplantation. Bone Marrow Transpl. 52, 898–901, https://doi.org/10.1038/bmt.2017.7 (2017).

 17. McCurdy, S. R. & Fuchs, E. J. Selecting the best haploidentical donor. Semin. Hematol. 53, 246–251, https://doi.org/10.1053/j.
seminhematol.2016.08.001 (2016).

 18. Chang, Y. J., Luznik, L., Fuchs, E. J. & Huang, X. J. How do we choose the best donor for T-cell-replete, HLA-haploidentical 
transplantation? J. Hematol. Oncol. 9, 35, https://doi.org/10.1186/s13045-016-0265-2 (2016).

 19. Hung, S. Y. et al. Risk factors of sensitization to human leukocyte antigen in end-stage renal disease patients. Hum. Immunol. 75, 
531–535, https://doi.org/10.1016/j.humimm.2014.02.024 (2014).

 20. Akgul, S. U. et al. Association Between HLA Antibodies and Different Sensitization Events in Renal Transplant Candidates. Transpl. 
Proc. 49, 425–429, https://doi.org/10.1016/j.transproceed.2017.02.004 (2017).

 21. Huo, M. R. et al. Prevalence and risk factors of antibodies to human leukocyte antigens in haploidentical stem cell transplantation 
candidates: A multi-center study. Hum. Immunol. 79, 672–677, https://doi.org/10.1016/j.humimm.2018.06.003 (2018).

 22. Lv, M. et al. Class I and II human leukocyte antibodies in pediatric haploidentical allograft candidates: prevalence and risk factors. 
Bone Marrow Transplant, https://doi.org/10.1038/s41409-018-0427-7 (2019).

 23. Kakaiya, R. M. et al. Prevalence of HLA antibodies in remotely transfused or alloexposed volunteer blood donors. Transfus. 50, 
1328–1334, https://doi.org/10.1111/j.1537-2995.2009.02556.x (2010).

 24. De Clippel, D. et al. Screening for HLA antibodies in plateletpheresis donors with a history of transfusion or pregnancy. Transfus. 
54, 3036–3042, https://doi.org/10.1111/trf.12727 (2014).

 25. Triulzi, D. J. et al. The effect of previous pregnancy and transfusion on HLA alloimmunization in blood donors: implications for a 
t ransfus ion-re lated  acute  lung  injur y  r i sk  reduct ion s t rateg y.  Transf us .  49 ,  1825–1835,  https : / /doi .
org/10.1111/j.1537-2995.2009.02206.x (2009).

 26. Yee, M. E. et al. Class I and II HLA antibodies in pediatric patients with thalassemia major. Transfus. 56, 878–884, https://doi.
org/10.1111/trf.13440 (2016).

 27. Abu-Elmagd, K. M. et al. Preformed and de novo donor specific antibodies in visceral transplantation: long-term outcome with 
special reference to the liver. Am. J. Transpl. 12, 3047–3060, https://doi.org/10.1111/j.1600-6143.2012.04237.x (2012).

 28. Hyun, J. et al. Effects of different sensitization events on HLA alloimmunization in solid organ transplantation patients. Transpl. 
Proc. 44, 222–225, https://doi.org/10.1016/j.transproceed.2011.12.049 (2012).

 29. Nguyen, L. S. et al. Effect of recipient gender and donor-specific antibodies on antibody-mediated rejection after heart 
transplantation. Am. J. Transpl. 19, 1160–1167, https://doi.org/10.1111/ajt.15133 (2019).

 30. Gladstone, D. E. et al. Partially mismatched transplantation and human leukocyte antigen donor-specific antibodies. Biol. Blood 
Marrow Transpl. 19, 647–652, https://doi.org/10.1016/j.bbmt.2013.01.016 (2013).

 31. Ciurea, S. O. & Champlin, R. E. Donor selection in T cell-replete haploidentical hematopoietic stem cell transplantation: knowns, 
unknowns, and controversies. Biol. Blood Marrow Transpl. 19, 180–184, https://doi.org/10.1016/j.bbmt.2012.08.007 (2013).

 32. Masson, E. et al. Incidence and risk factors of anti-HLA immunization after pregnancy. Hum. Immunol. 74, 946–951, https://doi.
org/10.1016/j.humimm.2013.04.025 (2013).

 33. Nickel, R. S. et al. Red blood cell transfusions are associated with HLA class I but not H-Y alloantibodies in children with sickle cell 
disease. Br. J. Haematol. 170, 247–256, https://doi.org/10.1111/bjh.13424 (2015).

 34. Saris, A. et al. The role of pathogen-reduced platelet transfusions on HLA alloimmunization in hemato-oncological patients. 
Transfus. 59, 470–481, https://doi.org/10.1111/trf.15056 (2019).

 35. Quality requirements for whole blood and blood components. http://www.nhc.gov.cn/wjw/s9493/201207/55380.shtml (2012).
 36. Ciurea, S. O. et al. Complement-Binding Donor-Specific Anti-HLA Antibodies and Risk of Primary Graft Failure in Hematopoietic 

Stem Cell Transplantation. Biol. Blood Marrow Transpl. 21, 1392–1398, https://doi.org/10.1016/j.bbmt.2015.05.001 (2015).
 37. Ciurea, S. O. et al. The European Society for Blood and Marrow Transplantation (EBMT) Consensus Guidelines for the Detection 

and Treatment of Donor-specific Anti-HLA Antibodies (DSA) in Haploidentical Hematopoietic Cell Transplantation. Bone Marrow 
Transpl. 53, 521–534, https://doi.org/10.1038/s41409-017-0062-8 (2018).

Acknowledgements
This work was supported by Beijing Municipal Science and Technology Project (Z181100009618032). We would 
also like to thank American Journal Experts (https://www.aje.cn/) for assistance in editing this manuscript.

Author contributions
Y.-J.C. designed the study; Y.-J.C., L.-Q.C. collected the data, analyzed the data and drafted the manuscript; and 
all authors contributed to the data interpretation and manuscript preparation, and approved the final version.

competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-59417-1.
Correspondence and requests for materials should be addressed to Y.-J.C.

https://doi.org/10.1038/s41598-020-59417-1
https://doi.org/10.1186/s13045-015-0182-9
https://doi.org/10.1182/blood-2009-09-244525
https://doi.org/10.1182/blood-2011-05-355263
https://doi.org/10.1182/blood-2011-06-362111
https://doi.org/10.3324/haematol.2012.077685
https://doi.org/10.3324/haematol.2012.077685
https://doi.org/10.1182/blood-2009-10-249219
https://doi.org/10.1182/blood-2009-10-249219
https://doi.org/10.1038/bmt.2011.131
https://doi.org/10.1038/bmt.2017.7
https://doi.org/10.1053/j.seminhematol.2016.08.001
https://doi.org/10.1053/j.seminhematol.2016.08.001
https://doi.org/10.1186/s13045-016-0265-2
https://doi.org/10.1016/j.humimm.2014.02.024
https://doi.org/10.1016/j.transproceed.2017.02.004
https://doi.org/10.1016/j.humimm.2018.06.003
https://doi.org/10.1038/s41409-018-0427-7
https://doi.org/10.1111/j.1537-2995.2009.02556.x
https://doi.org/10.1111/trf.12727
https://doi.org/10.1111/j.1537-2995.2009.02206.x
https://doi.org/10.1111/j.1537-2995.2009.02206.x
https://doi.org/10.1111/trf.13440
https://doi.org/10.1111/trf.13440
https://doi.org/10.1111/j.1600-6143.2012.04237.x
https://doi.org/10.1016/j.transproceed.2011.12.049
https://doi.org/10.1111/ajt.15133
https://doi.org/10.1016/j.bbmt.2013.01.016
https://doi.org/10.1016/j.bbmt.2012.08.007
https://doi.org/10.1016/j.humimm.2013.04.025
https://doi.org/10.1016/j.humimm.2013.04.025
https://doi.org/10.1111/bjh.13424
https://doi.org/10.1111/trf.15056
http://www.nhc.gov.cn/wjw/s9493/201207/55380.shtml
https://doi.org/10.1016/j.bbmt.2015.05.001
https://doi.org/10.1038/s41409-017-0062-8
https://www.aje.cn/
https://doi.org/10.1038/s41598-020-59417-1


8Scientific RepoRtS |         (2020) 10:2367  | https://doi.org/10.1038/s41598-020-59417-1

www.nature.com/scientificreportswww.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-59417-1
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prevalence and risk factors of having antibodies to class I and II human leukocyte antigens in older haploidentical allogra ...
	Materials and Methods
	Ethics statement. 
	Patients. 
	Anti-HLA antibody detection. 
	Statistical analysis. 

	Results
	Patient characteristics. 
	Prevalence of PRAs for class I and/or class II. 
	Risk factors associated with PRAs for class I and/or class II. 
	Prevalence of antibodies against HLA-A, -B, -C, -DP, -DQ and -DR loci. 
	Risk factors associated with having antibodies against the HLA-A, -B, -C, -DP, -DQ and -DR loci. 
	Prevalence of and risk factors associated with the number of antibodies specific for HLA-A, -B, -C, -DR, -DQ and -DP. 
	Prevalence of and risk factors associated with MFI of PRAs for class I and class II. 

	Discussion
	Acknowledgements
	Figure 1 Frequency of anti-HLA antibodies against single locus in 273 older patients.
	Figure 2 Number of anti-HLA antibodies positive alleles in 79 people.
	Table 1 Demographic and Clinical Characteristics.
	Table 2 Logistic regression analysis of PRA in 273 allogeneic stem cell transplantation candidates.
	Table 3 Specific antibodies against HLA-A, -B, -C, -DP, -DQ, and -DR: logistic regression analysis in 273 older allogeneic stem cell transplantation candidates.




