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Background: Hematopoietic stem cell transplantation is a curative therapy for hematologic malignancies/ 
hematological immune disorders. It involves the transplantation of autologous or allogenic multipotent hematopoietic 
stem cells derived from bone marrow, peripheral blood or umbilical cord blood. 
Aims: To study the prevalence of HLA antibodies in allogeneic HSCT recipients & monitor their post-transplant 
development of anti-HLA antibodies at different time points with their pre/post transplant correlation to engraftment or 
graft failure or other transplant outcome
Study design: We carried out the prospective observational study in fifteen cases of allogeneic HSCT over a period of 18 
months in a Tertiary Care Superspeciality Hospital of Northern India
Subjects & methods: Flowcytometry based crossmatch & flow PRA (Class I/Class II) was used for pre-transplant & post-
transplant HLA class I and class II cases. Antidonor antibodies were detected by complement dependent 
lymphocytoxicity (CDC) cross match and multiple short tandem repeat (STR) amplification methods using fluorescence 
labeled PCR combined with capillary electrophoresis. 
Statistical Analysis Used: Mean+SD, Mcnemar’s Chi-square tests were used for seeing the agreement between pre & 
post-transplant at different time points. P value <0.05 was considered significant and statistical analyses were performed 
using SPSS version 21.0.
Results: During the post transplantation follow up for at least 90 days, 4 out of 15 patients succumbed. A total of 13 
patients (86.7 %) achieved sustained myeloid engraftment. The cumulative incidence of primary GF was 13.3 % and 
included GR (N =2). The three months overall survival (OS) was 80% with 95% CI of 306.74 - 520.11 and a mean of 413.43 
days as shown in Kaplan Meier curve. It is proposed that sensitized patients who possess anti-HLA antibodies before or 
after the transplantation could benefit from modification of conditioning and immunosuppressive therapeutic 
approaches in the future.
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INTRODUCTION
Hematopoietic stem cell transplantation (HSCT) is the 
transplantation of multipotent hematopoietic stem cells 
(HSC), usually derived from bone marrow, peripheral blood 
or umbilical cord blood. The era of HSCT began after first 
atomic bomb explosion in which radiation led to  non-
functionality of bone marrow. The first allogeneic HSCT was 
pioneered by E. Donnall Thomas in 1957. In 1979, Thomas 
reported a cure rate of 50% in acute myeloid leukemia (AML) 
patients transplanted in first remission.  Newer HSCT's 
indications are congenital disorders of the hematopoietic 
system, Wiscott Aldrich syndrome, thalassemia, aplastic 
anemia, metabolic disorders and autoimmune disease.[1] In 
India 's  f i rs t  success fu l  a l logeneic  bone mar row 
transplantation (BMT) was done on 20th March 1983 at Tata 
Memorial Hospital in a nine-year-old girl suffering from AML. 
Allogeneic HSCT appears to improve chances for cure or 
long-term remission after resolution of the immediate 
transplant-related complications. Allogeneic HSCT involves 
two people i.e. the donor and the recipient. The selection of 

optimal donor is based on suitable Human Leukocyte Antigen 
(HLA) typing and matching. The Major Histocompatibility 
Complex (MHC) contains >200 genes; situated on the short 
arm of chromosome 6 at 6p21.3. It is divided into three main 
regions: HLA class I (HLA-A, B, and C genes), class II (HLA-DR, 
DQ, and DP genes), and class III regions.[2] HLA molecules 
provides peptides to CD4 & CD8 T cells, enabling them to 
recognize, eliminate “foreign” particles and to prevent the 
recognition of “self” as foreign. The participation of humoral 
arm of immunity to HLA antigens is important to understand 
the enormous polymorphism, immunogenicity and 
heterogeneity of HLA genes.[2] Anti-HLA antibodies present 
in healthy individuals get sensitized by transfusions, 
pregnancy, failed previous grafts or alloimmunization in 
hematological disorders. [3] Advances in HLA matching and 
understanding of donor selection factors are therefore 
important to improve outcomes of unrelated donor (UD) and 
haploidentical HSCT. On the basis of origin, HSCT can be 
autologous (haematopoietic stem cells from the patient) or 
allogeneic (HLA matched donor). Myeloablative allogeneic 
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transplants comprises of chemotherapy or irradiation given 
immediately prior to a transplant is called the conditioning 
regimen, the purpose of which is to eradicate the patient's 
disease prior to the infusion of HSC and to suppress immune 
reactions. Non-myeloablative allogeneic transplants uses 
lower doses of chemotherapy and radiation, and has lower 
risks of serious infections and transplant-related mortality 
while relying upon the graft versus tumor effect to resist the 
inherent increased risk of cancer relapse [4]. In general, 
mismatches of the Class-I genes (i.e. HLA-A, HLA-B, or HLA-C) 
increase the risk of graft rejection whereas a mismatch of an 
HLA Class II gene (i.e. HLA-DR, or HLA-DQB1) increases the 
risk of graft-versus-host disease. HLA mismatches may occur 
at antigenic or allelic level due to recognition by 
immunocompetent T-cells that may lead to graft failure, 
delayed immune reconstitution, graft-versus-host disease 
(GVHD) and mortality. [5] GVHD; is T-cell mediated 
inflammatory disease that is unique to allogeneic 
transplantation. In GVHD, white blood cells of the graft 
recognize the recipient as "foreign" and then attack the host's 
body cells resulting in tissue damage and subsequent 
manifestation. [6] GVHD can also occur after a non-
irradiated/non-leucodepleted blood transfusion. The acute 
or fulminant form (10-80%) of GVHD presents within first 100 
days post-transplant mainly affect immune system, skin, liver 
and intestine whereas the chronic form (30-60%) presents 
after 100 days that occurred either as an extension of acute 
GVHD (progressive), after a disease free interval (quiescent), 
or with no precedent (de novo) [7]. 

In view of lack of HLA-matched donors, recent research is 
focused on the identification of permissible HLA mismatches 
i.e. partially matched donor. [6]In post-transplant cases, anti-
HLA antibodies appear due to HLA disparity between the 
donor & recipient. Important clinical events as engraftment, 
relapse, and the effects of post-transplant therapies in 
allogenic bone marrow transplantation (BMT) can be 
monitored on a molecular level by detecting relative amounts 
of donor & recipient WBC in the peripheral blood of recipient 
in the post transplant period.

Haploidentical transplantation (donor; parent, sibling, or 
child) matched to the patient at least in one haplotype.  
Haploidentical transplantation using T cell depleted (TCD) 
grafts with a “mega dose” of stem cells (median of 13.8 million 
stem cells/kg than a median of 5 million stem cells/kg needed 
for matched related donor (MRD) transplantation) led to 
improvement in engraftment rates. Howeverhaploidentical 
transplantation is limited due to itshigher rate of non-
engraftment as compared to MRD. Nowadays, almost 80% of 
allogeneic transplantations in adult patients >20 years are 
performed using peripheral blood stem cells.The HLA 
compatible suitable donor graft is analyzedand administered 
as an infusion to the patientfollowed by a monitored treatment 
period at home according to the home care program [8, 9].

The phenomenon of co-existence of cells from two different 
organisms (evolved from two different zygotes) in one body is 
called chimerism. Once donor and recipient hematopoiesis 
could coexist after allo-SCT in the recipientis called mixed 
chimerism, which might end in an 'autologous recovery'. Post 
transplant, if all hematopoietic cells are of donor origin, the 
patient is called a 'complete chimera.' and patients with 
complete chimerism can later develop a state of 'mixed 
chimerism' or vice versa.  In mixed chimerism recipient cells 
could be normal hematopoietic cells or leukemic cells. The 
presence of these small numbers of hematopoietic malignant 
cells of host origin is associated with minimal residual disease 
(MRD). 

The basic principle in the detection of chimerism is the 
utilization of the differences between donor and recipient 
polymorphic genetic markers or their products through 
methods like cytogenetics red cell phenotyping restriction 
fragment length polymorphism analysis (RFLP) and 
fluorescence in situ hybridization of sex chromosomes [10]. 
Newer faster method as polymerase chain reaction (PCR) 
technique for investigation of chimerism is preferred. 
Fluorescent labeling of the primers and resolution of PCR 
products with capillary electrophoresis allowed accurate 
quantif ication of the degree of mixed chimerism. 
Semiautomated PCR analyses using the appropriate 
hardware allowed moreover a high sample throughput [11]. 
PCR-based amplification of a highly polymorphic STR/VNTR 
system is considered to be the most informative and sensitive 
technique. Therefore the present study was undertaken to 
assess the prevalence of anti-HLA antibodies and their 
influence on the graft outcome in recipients undergoing 
allogeneic HSCT.

MATERIALS AND METHODS
This prospective study on 15 patients undergoing allogeneic 
bone marrow transplantation was performed from October 
2015 to March 2017 at a tertiary care superspeciality hospital 
of Northern India. Detailed clinical, demographic information 
were recorded as per the designed performa containing HLA 
compatibility status, relationship of patient with the donor, 
record of the post–transplant immunosuppression, transplant 
outcome. Flowcytometry based crossmatch & flow PRA (Class 
I/Class II) was used for pre-transplant & post-transplant, 
antidonor antibodies detected by complement dependent 
lymphocytoxicity (CDC) cross match and multiple short 
tandem repeat (STR) amplification was done using 
fluorescence labeling PCR combined with capillary 
electrophoresis as per protocols provided with the kit. These 
patients were followed up regularly in the transplant clinic at 
D+30 and D+90 after transplant and there after once in three 
months. During the post-transplant period, a strict follow up of 
the following parameters (engraftment, graft failure, GVHD, 
overall event free survival) was maintained.
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Table 2: Summary of various techniques employed

Sr  No. Sample Technique Aim

1. EDTA anticoagulated whole blood Kit Qiagen- QIAamp DNA blood mini kit(50) DNA extraction

2. DNA PCR-SSP HLA typing

3. Recipient; Serum
Donor: Heparinised  whole blood

Complement dependent lymphocytotoxicity CDC crossmatch

4. Recipient: Serum
Donor:  Heparinised whole blood 

Colour flow cytometer Flow crossmatch

5. Serum Kit (ONE LAMBDA) Flow Panel Reactive 
Antibodies (PRA)

6. DNA STR Chimerism

Chimerism was calculated by observed peak areas of the 
informative markers. Standardization of the calculation 
procedure was done by noting the length of the donor and 
recipient alleles of each marker on the donor and 

recipient DNA isolated before transplant. All markers were 

scored for their allele lengths. The relative positions of the 
donor and recipient alleles of a given marker determined 
their suitability for chimerism calculation. The possibilities 
were grouped in three allelic distribution types: (a) Type I: 
The alleles not shared by donor and recipient were used to 
calculate chimerism. Percentage of donor chimerism was 

www.worldwidejournals.com 35



PARIPEX - INDIAN JOURNAL F RESEARCH | O December - 2019Volume-8 | Issue-12 |  | PRINT ISSN No. 2250 - 1991 | DOI : 10.36106/paripex

calculated by dividing the peak areas of donor allele(s) (Ad) 
by the sum of peak areas of donor (Ad) and recipient alleles 
(Ar). (b) Type II: One shared and one unshared allele had to 
be used to calculate chimerism. Schematic representation of 
complete (Figure 1) and mixed chimerism(Figure 2) has been 
depicted.

Figure 1: Schematic representation of assessment of 
Complete chimerism

Figure 2: Schematic representation of assessment of 
mixed chimerism

Mean+SD for continuous variables and Mcnemar's Chi-
square for categorical variables were used for seeing the 
agreement between Pre-transplant and Post-transplant at 
different timepoints. Non-parametric Wilcoxon signed rank 
test to evaluate the difference in the median values of Pre-
transplant assessment &Post-transplant monitoring anti HLA 
antibodies were used. Level of significance of 5%(P value 
<0.05) was used for statistical significance. All statistical 
analyses were performed using Statistical Package for Social 
Sciences (SPSS) version 21.0.

RESULTS
A total of fifteen consecutive cases (nine ABO compatible & 
six ABO incompatible grafts) of HSCT performed for 18 
months duration were followed for a period of three months 
post transplantation. he median age of recipients was 11 years 
(age range 5 months-29 years) while of donors was 33 years 
(age range 8-58 years) & gender-wise 9 were male, 6 females 
(2 multiparous, 4 nulliparous) . Of the 15 recipient- donor 
pairs, six pairs had gender mismatch while nine had same 
gender. The median infused CD34+ cell doses were 

6 6 5.00×10 /kg (range, 0.39-16×10 /kg). Three of them 
developed severe GVHD & one relapsed led to succumb to 
their illness. The remaining twelve had well functioning grafts 
throughout the follow up period. 

Primary indication for alloHSCT of recipients include Severe 
Aplastic Anemia(SAA; 5), Acute Lymphoblastic Leukemia 
(ALL; 4), Acute Myeloid Leukemia (AML; 2), Wiskott- Aldrich 
Syndrome (WAS; 2) followed by Chronic Myeloid Leukemia 
(CML; 1) and Familial Hemophagocytic Lymphohistiocytosis 
(HLH; 1). Eight out of 15 recipients had anti-HLA antibodies, 3 
had class I HLA antibodies and 5 had both class I & II HLA 

antibodies at pre-transplantation. Four out of eight antibodies 
positive & 7 other antibody negative cases were engrafted. 
Three of these eight patients were females and all three were 
having anti-HLA antibodies, two suffering from SAA and one 
from ALL. Two of three females were multiparous and both had 
anti-HLA antibodies indicating their association with parity.    
Anti-HLA antibodies in nulliparous female could be due to 
previous blood transfusion.

Post transplantation 13out of 15 patients survived at D+30 
days and 12 at D+90. All the patients were assessed for anti-
HLA antibodies, GVHD and chimerism post transplantation. 
Two patients who had graft failure and died of sepsis on D+12 
had presence of anti-HLA antibodies during pre-
transplantation screening. Though, six patients engrafted 
even after the presence of anti-HLA antibodies in pre- 
transplantation screening.

A total of 8/13 (61.6%) patients were having anti-HLA 
antibodies at D+30. One patient had only class I anti-HLA 
antibodies while remaining 7 had both class I and II PRA 
antibodies. Out of these 8 patients, three patients developed 
de novo anti-HLA antibodies post-transplantation whereas 
other fivepatients had antibodies at pre-transplantationas 
well as post-transplantation. One patient who was positive for 
anti HLA antibody during pre transplant assessment turned 
negative at D+30. 

This study suggests that anti-HLA antibodies may develop 
post-transplantation also or may remain present even after 
radiotherapy and myelosuppressive regimens. Factors 
responsible for decrease/disappearance of anti-HLA 
antibodies are not understood; therefore more studies with 
large sample size and longer follow up are required to 
establish these findings. Chimerism: Out of 13 patients who 
survived at D+30, 12 had complete chimerism and one had 
mixed chimerism (92%) at D+30 whereas at D+90 all 
evaluable patients had complete chimerism.

Out of 13 patients at D+30 days after transplant, the 
cumulative incidence of grade 2 to 4 acute GVHD was 33.3%. 
At D+90 days after transplant, out of 12 evaluable patients, the 
cumulative incidence of grade 2 to 4 acute GVHD was 53.36%. 
Development of class I and class II anti-HLA antibodies pre-
transplantation and post transplantation, D + 30 as well as at D 
+ 90 days did not show any statistical significance with graft 
relapse, survival or GVHD.

Pre transplant as well as post transplant cross match was 
negative in all the cases. During the post transplantation 
follow up for at least 90 days, 4 out of 15 patients succumbed. A 
total of 13 patients (86.7 %) achieved sustained myeloid 
engraftment. The cumulative incidence of primary GF was 
13.3 % and included GR (N =2). The three months overall 
survival (OS) was 80%with 95% CI of 306.74 - 520.11 and a 
mean of 413.43 days as shown in Kaplan Meier curve.

DISCUSSION
Almost 30-40% of all HSCTs performed worldwide comprises 
of allogeneic transplantation. As selection of donors is crucial 
so as to avoid/minimize post-allogeneic stem cell transplant 
complications, therefore anti-HLA antibodies screening 
should be performed in all HSCT settings of non-identical 
HLA donors.
 
This study was performed to evaluate the prevalence of HLA-
antibodies in patients undergoing allogeneic stem cell 
transplantation and to monitor the post transplant 
development of anti-HLA antibodies at D+30 and D+90 days. 
We analyzed prospectively the correlation between the 
presence of pre-transplant and post-transplant donor specific 
anti-HLA antibodies and development of primary graft failure 
(PGF) in 15 patients undergoing allogeneic HSCT at a single 
institution. 
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In the present study, 8/15 (53.3%) of our patients showed 
donor specific anti HLA antibodies whereas similar results of 
20-86.6% have been observed in other studies [12-14]. Two 
females (2/6) were parous with >2 pregnancies each and 4 
were nulliparous. Both parous females had donor specific 
anti-HLA antibodies suggesting their stronger association 
with parity. 5 males and 3 females developed anti-HLA 
antibodies with history heavily transfusion prior to transplant 
due to their primary hematologic disease of all 5 males 
suggesting blood transfusion as a major cause of 
alloimmunization similar to study done by Ciurea et al. [15]. 
Humoral rejection, through preformed antibodies appeared 
to be the primary mechanism responsible for graft failure 
than cellular immunity.

2/8 (25%) of four DSA positive patients developed graft 
failure while none of 7 DSA negative group experienced graft 
failure. [14] Moreover, only two patients (from DSA positive 
group) out of a total cohort of 15 patients succumbed to 
complications, despite all patients received similar median 
numbers of CD34+ cells thereby negating the bias of stem 
cell dose. [12-13, 15-17] 

The details of our cases succumbed to illness are; (a) A 2 year 
old boy of severe aplastic anemia with pre-transplant class I 
PRA of 21%, negative for class II PRA & CDC crossmatch 
underwent haploidentical ABO compatible bone marrow 
transplant from mother as donor. (b) An 8 year old boy with 
severe aplastic anemia & pre-transplant class I& II PRA of 39% 
& 32% and negative CDC crossmatch. He had ABO 
compatible haploidentical bone marrow transplant against 
negative CDC crossmatch. (c) An 8 yr old boy with severe 
aplastic anemia & pre-transplant class I & II PRA of 14% & 92%, 
with negative CDC cross match underwent ABO compatible 
haploidentical bone marrow transplant. (d) A 6 month old boy 
with Familial HLH pre-transplant class I& II PRA of 27% & 40%, 
against negative CDC crossmatch underwent ABO 
compatible haploidentical bone marrow transplant with 
mother as a donor. All patients received standard treatment 
thereafter, however succumbed to illness either due to sepsis 
or graft failure.

In our study, 3 out of total 5 patients with aplastic anemia had 
adverse outcome as compared to none out of six leukemia 
cases (p=0.05). This may be attributed to greater number of 
blood transfusions in aplastic anemia patients leading to 
highly sensitized patients with post transplant increase in 
antibody levels.

CONCLUSION
Our results indicate that preformed anti-HLA antibodies can 
be detected before and may also appear after transplant in 
allo-HSCT recipients. (8/15) 53% of patients showed 
prevalence of anti HLA antibodies as evidenced by presence 
of class I/II PRA in allogeneic sensitized population. In 5 
patients anti-HLA antibodies were detected pre & post 
transplantation; may signify that these antibodies were not 
destroyed during myeloablative conditioning treatment or by 
standard immunosuppressive therapy.

The patients with a pregnancy or blood transfusion history 
had a higher anti-HLA antibody positive rate and thus 
associated with graft rejection. As the number of 
haploidentical HLA matched/partially matched/mismatched 
transplantations has been rising in present era therefore more 
multicentric studies with large sample size, longer follow-up 
period & with allele specific anti-HLA antibodies are required 
to reach a statistically significant data. It is possible that 
sensitized patients who possess anti-HLA antibodies before 
or after the transplantation could benefitfrom modification of 
conditioning and immunosuppressive therapeutic 
approaches in the future.
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