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ABSTRACT

Human Leukocyte Antigen (HLA) alloimmunization is caused by exposure to HLA antigens by
sensitization events such as pregnancy, blood transfusion or any previous transplantation history.
Our objective was to evaluate how each sensitization event affects HLA alloimmunization by cell
based as well as solid phase assays.

We analysed anti-HLA antibody status of 402 recipients waiting for kidney transplantation on the
basis of their sensitization history. Serum from transplant recipients and blood from organ donors
was collected to check the probability of survival of transplanted graft in the recipient’s body by
cell-based assays-complement dependent cytotoxicity crossmatch (CDC-XM) and flow cytometry
crossmatch (FC-XM) and solid phase assays- anti-HLA antibody screen assay and single antigen
bead (SAB) assay. The test for screening anti-HLA antibodies included CDC-XM, FC-XM and
anti-HLA antibody screen. If any of these assays was positive, then confirmation of anti-HLA
antibodies was performed by SAB assay. The antibodies detected by SAB assay were then
virtually matched with the donor’s HLA antigens, to identify DSA.

In this study, HLA-antibody screening tests positive rates (CDC-XM, FC-XM, anti-HLA antibody
screen) were higher in patients with previous transplantation followed by previous pregnancy and
blood transfusion as compared with patients without any sensitization history. Re-transplant

patients had more DSA than pregnancy and blood transfusion.
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CHAPTER 1- INTRODUCTION
1.1 Chronic Kidney Diseases (CKD)

In CKD, the kidneys gradually losses its function and hence cannot filter out wastes and excess
fluids from the blood via urine. In severe cases, high levels of wastes, fluid and electrolytes builds
up in the body. Its end stage is kidney failure. It makes the patient dependent on dialysis.

It majorly arises due to either diabetes or high blood pressure or any family history of kidney

failure. The definitive treatment in such cases is organ transplantation.

1.2 Organ Transplantation

In an organ transplantation, the organ is removed from one person’s body (donor) and placed into
another person’s body (recipient). Solid organs that have been successfully transplanted till now
are heart, kidneys, liver, lungs, etc. Among them, kidneys are the most transplanted organ across
the world. Transplantation medicine is one of the most challenging and complex areas of modern
medicine. Some of the major problems faced during transplantation are transplant rejection,
during which the body has an immune response to the transplanted organ, possibly leading to
transplant failure and the need to immediately remove the organ from the recipient. When
possible, transplant rejection can be reduced through pre-transplant compatibility testing to

determine the most appropriate donor-recipient match.

1.3 Major Histocompatibility Complex

MHC (major histocompatibility complex) is referred to as the human leukocyte antigen (HLA)
complex in humans. It is present on chromosome 6 in humans. HLAs are the cell surface
molecules found on all nucleated cells. Each individual has a unique set of these antigens. HLA
complex is the locus of gene that encodes for proteins on the surface of cells responsible for
regulation of immune system in humans. They continually present peptides to T-cells, hence
allowing for tolerance of cells expressing self-antigens and the elimination of cells expressing
non-self-antigens. One-half are inherited from the mother and other-half from father, so each
brother and sister who shares the same parents, has a 25% chance (1 in 4) of being an identical
HLA match. They are polymorphic in nature, i.e., many alternate forms of each gene exist in the

population.

They are divided into two classes, i.e., class | and class Il. Class | antigens include the HLA-A, -
B, and -C antigenic clusters. They are expressed on the surface of all the nucleated cells, platelets,

and sometimes on red cells. They present antigenic peptides to CD8+ T cells and help in

12 |Page


https://en.wikipedia.org/wiki/Transplant_rejection
https://en.wikipedia.org/wiki/Immune_response

identifying self and non-self cells. Conversely, class Il antigens include the HLA-DR, -DQ, and -
DP antigenic clusters. They are expressed on the surface of antigen presenting cells (APCs) of the
immune system, such as dendritic cells and B-Cells. They present antigenic peptides to CD4+ T

cells and stimulate immune system.

Antigens and proteins are broken down into peptides, and these peptides form a complex with
HLA proteins. The HLA-peptide complex subsequently interacts with effector T-cells causing
intracellular signals in both cells, which determines if a specific immune response occurs.
Effector T cells differentiate between ‘self’ and ‘non-self” proteins - therefore, if the peptides

presented are recognized as ‘non-self’, an immune response will commence.

1.4 Role of sensitization

The major problem which is faced during transplantation is its rejection which finally leads to
transplant failure. One of the reasons for this could be sensitization or the presence of circulating
HLA antibodies inside the recipient. Sensitization occurs via prior transplantation, pregnancy, or
blood transfusion. Sensitization leads to the formation of anti-HLA antibodies, which could be

donor-specific and can limit organ transplantation possibilities.

1.5 Detection of Anti-HLA antibodies

Anti-HLA antibodies can be detected by cell-based assays like complement dependent
cytotoxicity crossmatch (CDC-XM) and flow cytometry crossmatch (FC-XM) and solid phase
assays like anti-HLA antibody screen assay and single antigen bead (SAB) assay. The test for
screening anti-HLA antibodies included CDC-XM, FC-XM and anti-HLA antibody screen. If any
of these assays was positive, then confirmation of anti-HLA antibodies was performed by SAB
assay. The antibodies detected by SAB assay were then virtually matched with the donor’s HLA
antigens, to identify DSA.
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CHAPTER 2 - REVIEW OF LITERATURE

Renal transplantation is the best treatment for the end stage kidney diseases by far. Though, there
has been continuous improvements in immunosuppression therapy, failure of renal allografts still
occurs because of cellular or humoral mediated rejection. The presence of circulating anti-HLA
antibodies in recipient’s blood before transplantation has been associated with allograft rejection,

if they are donor specific.

HLA alloimmunization is caused by any of the sensitization events (SE) viz-a-viz transfusion,
pregnancy or previous organ transplantation. Patients who are pre-sensitized have increased

chances of positive crossmatch, reducing their chances of receiving a compatible graft.

Several recent studies evaluated the prevalence of HLA-specific antibodies and the clinical

importance of these antibodies in acute allograft rejection.

Patients who become sensitized to HLA have an increased likelihood of a positive cross-match,
reducing their chances of transplantation. Anti-HLA antibodies can be assessed with the use of
cell-based assays like CDC-XM or solid phase assays like SAB assay (most sensitive) (Lopesa,
Barraa, Malheiroa et al., 2015). The study was conducted in 722 kidney transplantation
recipients (2007-2014) in whom Panel Reactive Antibodies (PRA) test and anti-HLA antibody
screening had been performed. The effect of each SE on HLA allo-immunization was analysed
considering only patients exposed to any one of the SE from the total patients exposed to that
particular event. Hence 4 groups were made: no SE (control group), previous transfusion only,

previous pregnancy only, and previous transplantation only.

They observed prevalence of anti-HLA antibodies against class I or II was significantly higher in
patients with previous transplantation than with transfusion. Anti-HLA antibodies strength was
similar between patients with previous pregnancy and with previous transplantation history. HLA
alloimmunization effect due to pregnancy was found to be inter-mediate between transplantation
and transfusion. Transfusion had the least effect on HLA alloimmunization compared with
pregnancy and transplantation. They concluded transplantation had the strongest immunization

effect in both class I and class II, followed by pregnancy and then transfusion.

14| Page



Another study evaluated alloimmunization rates in the sensitized patients waiting for kidney
transplantation (Ibrahim Pirim, Mustafa Soyoz et al.,2015). The recipients were divided into
six groups such as only pregnancy, only blood transfusion, only transplantation, pregnancy and
blood transfusion, pregnancy and transplantation and all three sensitization events together. They
observed patients with both transplantation and pregnancy history had higher rate of anti-HLA
antibodies as compared to other groups. This study concluded that solid organ transplantation had
strongest HLA alloimmunization effect followed by pregnancy and blood transfusion. Patients
who were sensitized by more than one sensitization event had lower chances to have solid organ

transplantation than others.

In 2016, a study evaluated around 411 kidney transplantation recipients (A. Picascia et al.). The
recipients were categorized into 7 groups according to sensitizing events: no sensitizing event,
pregnancy only, transfusion only, transplantation only, pregnancy and transfusion combined,

pregnancy and transplantation combined and all together.

The study showed that more than half of the patients had anti-HLA antibodies having pregnancy
as the sensitization event. Least anti-HLA antibodies was found in patients with only blood
transfusion history. Pregnancies combined with any other sensitizing event than other
combinations had maximum anti-HLA antibodies. The concluded pregnancy as strong sensitizing

event which remarkably impacts the process of transplantation.

In 2016, a study analyzed all kidney transplants between 1997 and 2014. This study compared
highly sensitized recipients with non- sensitized recipients and studied 5,09,196 recipients, out of
which more than half of the recipients were non-sensitized (Robert R. Redfield et al.). There is
increased risk of graft rejection for highly sensitized patients than non-sensitized patients due to
the presence of anti-HLA antibody. The combination of being highly sensitized by either
pregnancy or blood transfusion increased the risk of graft loss as compared with being non-
sensitized. In case of prior transplant only, the risk of graft loss in the highly sensitized patient

was highest.

Another study, in 2017 analysed 906 kidney transplantation recipients in whom Panel Reactive
Antibody test was positive, hence had anti-HLA antibodies in them (Akgul, Ciftci, Temurhan et
al.). This study analysed the effect of each SE on HLA alloimmunization considering only patients

exposed to any one of the SE from the total patients exposed to that particular event. Recipients
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were divided into 4 groups: no SE (control group), patients with previous transfusion only, patients

with previous pregnancy only, and patients with previous transplantation only.

The study concluded that rates of PRA positivity were significant in patients with pregnancy,
transfusion or transplantation history compared with patients with no sensitization. They
observed, patients having pregnancy as the only sensitizing event had maximum anti-HLA
antibodies. Pregnancies combined with any other sensitizing event than other combinations had
maximum anti-HLA antibodies. Transfusion had the smallest effect on anti-HLA antibody

formation compared with pregnancy or transplantation.

In 2018, a study compared the effects of transfusion, pregnancy, and transplant on HLA
alloimmunization in 606 patients waiting for kidney transplantation (M. Resse, R. Paolillo et al.).
They studied patients with and without any sensitization history. All samples were studies for the
presence of anti-HLA class I and II alloantibodies. The antibody strengths against HLA class I and
IT came out be higher in patients with previous transplant than in those with transfusion and
pregnancy. The sensitizing events were associated with higher prevalence of anti-HLA antibodies
compared with patients without sensitization event with transplantation causing greater effect and
transfusion and pregnancy showing similar effect on the formation of alloantibodies in the

sensitized patients and reducing the chances of graft survival.

In 2022, 1066 patients were analysed to study the effects of a particular sensitization event on
HLA immunization (P. Pandey et al.). Patients were divided into 5 groups: no SE (control group),
previous transfusion only, previous pregnancy only, and previous transplantation only, pregnancy

with transplantation and transfusion.

Study observed that in patients with a single SE, both class I and II positive rates were significantly
higher compared with candidates without any identifiable SE. It was found that prevalence of anti-
HLA antibodies was significantly higher in patients with previous transplantation than with
transfusion. It was similar between patients with previous pregnancy when compared with
transplantation. Pregnancy HLA alloimmunization effect was found to be intermediate between
transplantation and transfusion. Transplantation had the strongest immunization effect in both

classes, followed by pregnancy and then transfusion.

2.1 Objectives of the study
1. Evaluate and compare the role of different sensitizing events like transplantation, pregnancy
and blood transfusion on the anti HLA antibody production in the recipients waiting for kidney

transplantation.
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2. Perform the cell based as well as solid phase assays to detect anti-HLA antibodies.

CHAPTER 3 - MATERIALS AND METHODS

3.1 Patient
Samples of the patients as well as the prospective donors were collected from kidney transplant
recipients in the Molecular and Transplant Immunology Laboratory in Medanta Hospital,
Gurugram, as follows:

e CDC Crossmatch: 3 Red top plain vacutainers each for the recipient and prospective donor

and defibrinated immediately.

e 2 serum separating tubes (SST) for the recipient.

e Flow Cytometry Crossmatch: 3 Heparinized Vacutainer for the prospective donor.
Their sensitization history was evaluated and were divided into five groups consisting of: No
sensitization event (control group), only blood transfusion, only pregnancy, re-transplantation,
transfusion with pregnancy.

3.2 Settings and compatibility tests

Comprehensive pre-transplant HLA-antibody screening tests viz-a-viz CDC-XM, FC-XM and
anti-HLA antibody screen test tests were performed according to the Standard Operating Protocols
of the hospital as mentioned the flowchart of figure 3.3.12. If anti-HLA antibody screen test came
out to be positive HLA-antibody detection test or SAB test was done to check the Donor Specific
Antibodies.

3.3 Tests performed

3.3.1 Complement Dependent Cytotoxicity Crossmatch

CDC-XM testing has been an important test in histocompatibility laboratories to check the
compatibility between graft and the host. The CDC crossmatch basically checks if the recipient
has alloantibodies against an allograft that may lead to graft rejection. CDC crossmatch results are

examined under inverted phase contrast microscope (figure 3.3.7).
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Figure 3.3.1- Inverted Phase Contrast Microscope

Requirements: Equipment- Refrigerated Benchtop Centrifuge, Inverted Microscope, Incubator
(37°C)

Materials and Chemicals- Falcons (15ml, 2ml), Hisep, RPMI Media, Pasteur pipette, Terasaki
Tray, Micro Centrifuge Tubes, Paraffin oil, AHG, Rabbit Complement, Eosin dye, NaOH,
Formaldehyde, Plain Glass Side.

Procedure:

CDC-XM was performed by layering recipient’s and donor’s defibrinated blood samples over
hisep in the falcons followed by density gradient centrifugation (900 rcf, acceleration=brake=1
for 25-27 minutes).

Buffy coat was then collected in separate falcons and mixed with RPMI media and again
centrifuged (900 rcf, acceleration=brake=9 for 10 minutes) to obtain cells in the form of a pellet.
The supernatant was discarded, and the pellet was resuspended in the media. Then different
dilutions of the patient’s serum were made using media and poured in terasaki tray (figure- 3.3.2),
followed by pouring of the recipient’s as well as donor’s cells in respective wells of the tray
(according to table 3.3.1) and incubation at 37°C for 75 minutes.

After incubation, serially diluted AHG (according to table 3.3.2) and rabbit complement was
added to the wells and again incubated 37°C for 75 minutes.

After the second incubation, eosin red dye and formaldehyde were added and incubated at 2-8°C
overnight

Tray was observed under an inverted microscope next day to check if the cells were dead (positive
crossmatch) or alive (negative crossmatch) (figure-3.3.3 A & B).
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Figure 3.3.2- Terasaki tray

DILUTION OF SERUM

WELLS IN TRAY

Neat (Serum) Row A and B till 5" column (i.e., 12"-5)
1/2 Row C and D till 5" column (i.e., 12"-5)
1/4 Row E and F till 5 column (i.e., 12!"-5)

Table 3.3.1- Different dilutions of serum w.r.t. the wells of the Terasaki tray

AHG DILUTIONS

WELLS IN TRAY

1/32 Column 12,11,4,3,1
1/64 Column 10,9
1/128 Column 8,7
1/256 Column 6,5

Table 3.3.2- Different dilutions of AHG w.r.t. the wells of the Terasaki tray
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Figure 3.3.3- 4) Negative CDC crossmatch. Live cells don’t take up die and hence
they are bright.
B) Positive CDC crossmatch. Dead cells take up die and hence are darkly stained.
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3.3.2 Flow Cytometry Crossmatch

Flow cytometry is a technique which studies the properties of a cell. In flow cytometry cross-
matching (FC-XM), donor lymphocytes were mixed with recipient’s immune serum, and
fluorescent labelled antibodies. The antibodies used are specific to T-cell and B-cells (CD3 for T-
cells, and CD22 for B-cells). During flow cytometry, the sample is suspended in sheath fluid and
injected into the flow cytometer. Usually, one cell at a time is passed through a laser beam for
analysis purposes. The scattering of light caused by this gives information on the characteristics
of the cells of the sample. If there are donor-specific HLA antibodies in the serum, they will bind
to the donor lymphocytes, which allows the fluorescently labelled antibodies to bind, giving in
turn a positive cross-match. A positive FC-XM is associated with an increased chance for a
transplant rejection. FC-XM is important, as it allows for donor antigens and host antibodies to be
checked prior to a transplant to avoid a host immune response. This reduces the chances of acute

or chronic allograft rejection.

Figure 3.3.4- Flow Cytometer Instrument (BD FACSVerse)

Requirements: Equipment- Refrigerated Benchtop Centrifuge, Incubator (37°C), Flow

Cytometer

Materials and Chemicals- Falcons (15ml, 2ml, 5ml), Hisep, RPMI Media, Pasteur pipette,
Sheath fluid, Vortex, IgG, CD-3, CD-22

Procedure:
In flow crossmatch, the donor’s defibrinated blood samples were layered over hisep in the falcons,

followed by density gradient centrifugation (900 rcf, acceleration=brake=1 for 25-27 minutes).
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Buffy coat was collected in separate falcons and mixed with RPMI media, and incubated at 37°C
for 1.5 hrs.

After incubation, the cells were washed thrice using sheath fluid (centrifugation at 900 rcf,
acceleration=brake=9 for 5 minutes at 37°C).

The supernatant was then discarded, and the pellet was resuspended in the sheath fluid.

Six falcon tubes (5ml) were taken and labelled as NC, PC, Test 1, Test 2, 1:2 and 1:4. (1:2 and
1:4 serial dilutions were only made in case of any sensitization history of the patient)

Differential count for 1 ml of cell suspension was done to check the amount of lymphocytes
(X* 108 cells/ul) according to formula: 250/X+20 = Y ul, and the cells were accordingly added
into BD tubes (Y ul) already having the recipient’s serum and incubated at 4°C for 30 minutes.
After second incubation, sheath fluid was added to each tube and washed thrice by centrifugation
(3300 rpm for 3 minutes at 4°C).

Then 50ul anti-1gG, 5ul CD3 PerCP, and 5ul CD22 PE was added in each tube and again incubated
at 4°C for 30 minutes.

After the incubation, the mixture was again washed thrice using the sheath fluid (3300 rpm for 2
minutes at 4°C). After washing, the pellet was resuspended in 200ul sheath fluid and finally

acquired on the flow cytometer.

NEGATIVE WEAK POSITIVE | POSITIVE
T-CELL <25 26-49 >50
B-CELL <109 110-199 >200

Table 3.3.3 - Flow cytometry crossmatch cut off values.
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x100¢
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200
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S5C-A

100

50-]

NC - All Events

Ts0 200

NC:T cells

PC:T cells
T1:T cells
T2:T cells
1:2:T cells
1:4:T cells

CD3 PerCP-Cy5.5-A

3 1504

NC - Lymphocytes

1T cells
B Cells
T e e e s
CD22 PEA
Statistics
NC:B Cells 158
PC:B Cells 2,190
T1:B Cells 171
T2:B Cells 168
1:2:B Cells 168
1:4:E Cells 198

TEST 1 26-28=-2 171-158=13
TEST 2 26-26=0 168-158=10
1:2 26-26=0 168-158= 10
1:4 31-26=5 198-158=40

B)

Figure 3.3.5- A) A case of Flow Cytometry crossmatch

B) Results obtained by subtracting test 1&2 and dilutions 1:2&1:4 values with the

negative control values as obtained in statistics table of figure 3.3.5 A.

According to cut off values from table 3.3.3, the FC-XM is negative.
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Statistics

NC:B Cells 242

PC:B Cells 4,865
T1:B Cells 1,799
T2:B Cells 2,924
1:2:8 Cells 2,486
1:4:B Cells 2,063

A)

Mot B [ (A (T

105

TEST 1 2134-28=2106 1799-242=1557
TEST 2 2950-28=2922 2924-242=2682
1:2 2970-28=2942 2486-242=2244
1:4 2051-28=2023 2063-242=1821

B)

Figure 3.3.6- A) A case of Flow Cytometry crossmatch

B) Results obtained by subtracting test 1&2 and dilutions 1:2&1:4 values with the

negative control values as obtained in statistics table of figure-3.3.6 A.

According to cut off values from the table 3.3.3, the FCX-M is positive
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3.3.3 Anti-HL A Antibody Screen test

Anti-HLA Antibody Screen test is a group of antibodies in the recipient’s serum that are reactive
against any of the known specific antigens in donor’s lymphocytes. Usually, serum is exposed
an aliquot of the beads to which affinity purified Class I & 11 specific HLA glycoproteins from
different individuals are conjugated separately. anti-HLA antibody screen test score is expressed
as a percentage representing the proportion of the population to which the person being tested
will react via pre-existing antibodies against human cell surface antigens. It is a test of the
degree of allo-immunity in a graft recipient and thus tells if the transplantation will be
successful. Individuals with a high anti-HLA antibody screen test value are often termed
"sensitized", which indicates that they have been exposed to "foreign" (or "non-self") proteins in
the past and have developed antibodies to them. Hence the individual will react

immunologically against a large proportion of the population.

Requirements: Equipment- Immucor Luminex, Shaker, Vaccum pump, Immucor Lifecodes
LifeScreen kit

Materials and Chemicals- Falcons (2ml), Sterile water, VVortex, Multi-pore Plate

Procedure:

The anti-HLA antibody screen test was performed by adding 2-3 drops of sterile water in the wells
of the multi-pore plate.

45ul wash buffer +12.5ul patient’s serum + 5ul beads having all the possible antigenic alleles (for
both classes, class | and 1l) commonly found in the people were mixed in a separate micro
centrifuge tube and vortexed.

The mixture was then poured into wells of the plate, followed by incubation for 30 minutes on a
shaker.

It was then washed 3 times with 150ul wash buffer. Then 45ul wash buffer + 5ul conjugate was
added followed by incubating it for 30 minutes on a shaker and adding 150ul wash buffer.

Finally, it was Acquired on Luminex machine.
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Figure 3.3.7 - Anti-HLA antibody screen test test showing class | as negative and class

Il as positive. Hence, SAB test is performed to check the presence of Donor Specific
Antibodies.

3.3.4 Single Antigen Bead assay

Single Antigen Bead (SAB) assays are the most sensitive diagnostic method for HLA antibody
detection and identification. In this assay, a population of around 100 unique beads that are
distinguished by a unique colour, created by 2 fluorescent dyes are used. Each bead is coated with
multiple copies of a single recombinant HLA antigen. The assay detects the relative level of
recipient’s antibody bound to each bead coated with the target HLA antigen using indirect
immunofluorescence. Unbound antibody is removed, and a secondary fluorochrome-conjugated
anti-human IgG antibody is added. The beads are analyzed on the Luminex machine, which
measures the intensity of the fluorescent signal from the secondary antibody. This signal is
represented as the MFI (Mean Fluorescence Intensity) value. It measures relative fluorescence

intensity corresponding to the amount of HLA antigen specific IgG antibody bound to each bead.

Figure 3.3.8- Immucor Luminex Instrument
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Requirements: Equipment- Immucor Luminex, Shaker, Vaccum pump, Immucor Lifecodes
LSA class I and class 11 kit

Materials and Chemicals- Falcons (2ml), Sterile water, Vortex, Multi-pore Plate

Procedure:
e In SAB test, 2-3 drops of sterile water were added in the wells of the multi-pore plate.
e 10ul patient’s serum + 45ul respective beads of class | and I, having all the possible antigenic
alleles commonly found in the people, was mixed in separate micro centrifuge tubes and vortexed.
e The mixture was then poured into wells of the plate, followed by incubation for 30 minutes on a
shaker.
e It was then washed 3 times with 150ul wash buffer and adding 45ul wash buffer + 5ul conjugate.
« It was then again incubated for 30 minutes on a shaker and 150ul wash buffer is added.

« Finally, it was acquired on Luminex machine.

HLA Typing Report
Lab Number X 11k

HLA Gene I Miele:Protein:Coding Region | Allele:Protein:Coding Region |

HLA-A* 110101 24:02:01
HLA-B* 40:06:01 51:08:01
HLA-C* 10201 15:02:01
HLA-DRB1* 15:01:01
HLA-DQB1* 050201 06:01:01
Figure 3.3.9- HLA typing report of the donor, of the recipient whose SAB report has

been shown in figure 3.3.10 (class I) and figure 3.3.11 (class I1). This figure shows class
I and Il alleles (A, B, C, DR, DQ alleles respectively)
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Figure3.3.10- SAB class | report showing the positive and negative antibodies of the recipient.

Positive alleles of the recipient are matched with HLA alleles of the donor, if they match, this

means recipient has Donor Specific Antibodies.
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Figure3.3.11- SAB class Il report showing the positive and negative antibodies of the recipient.
Positive alleles of the recipient are matched with HLA alleles of the donor, if they match, this
means recipient has Donor Specific Antibodies.
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Figure 3.3.12- Pretransplant compatibility flowchart according to the SOP set by the
Molecular & Transplant Immunology Laboratory at Medanta Hospital, Gurugram.

CHAPTER 4 — RESULTS AND DISCUISSION
4.1 Data Analysis
Data for 402 patients waiting for kidney transplant was collected along with their history of any
sensitization event(s) if present. HLA positivity rates and antibody strengths in positive cases were
studied according to different sensitization events. The effect of each SE on HLA alloantibody
was studied examining only the patients who were exposed to any kind of SE out of total patients.
Therefore, 5 groups were made: No sensitization event (control group; n=196), only blood
transfusion (n=134), only pregnancy (n=22), re-transplantation (n=24), transfusion with
pregnancy (n=26).
4.2 Statistical Analysis
After compiling all the data in the MS excel, numerical values, averages and percentages was
calculated. All the data of the positivity rates of CDC-XM, FC-XM, anti-HLA antibody screen

test, SAB assay was analysed and graphs were prepared.
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Out of 402 patients under study, 83.08% were males and 16.91% were females. Average age of
the patient was 43.68 and average donor age was 48.25. 206 (51.24%) patients had sensitization
history. Out of sensitized patients, maximum had blood transfusion history (64.08%), followed by
pre-transplant history (11.65%) and pregnancy history (10.68%). 12.62% patients had a history of
blood transfusion combined with pregnancy (Table- 4.1).

Anti-HLA | Anti-HLA
antibody | antibody
FC-XM | FC-XM | sCreen screen SAB SAB
Occurance | CDC-XM | T-cells B-cells testclass | | test class Class | Class 11
(%) (%) (%) (%) (%) 11 (%) (%) (%)
Non-
Sensitization 48.76 0 8.11 19.28 0 15.63 0 0
Blood
transfusion
Only 64.08 7.46 8.96 18.66 10.45 8.20 3.73 2.24
Pregnancy
only 10.68 13.64 22.73 59.09 13.64 22.73 0 9.09
Re-transplant 11.65 16.67 41.67 79.17 20.83 33.33 12.5 12.5
Transfusion +
Pregnancy 12.62 30.77 26.92 | 38.46 15.38 11.54 0 3.85

Table 4.1- Positivity rate of anti-HLA antibodies via different screening and identification
assays due to different sensitization events.

After performing screening tests, i.e., CDC-XM, FC-XM, anti-HLA antibody screen test, for all
the 402 patients, it was found that 23.13% transfused patients, 68.18% patients with previous
pregnancy, 83.34% with re-transplant patients, 53.84% patients with a history of blood transfusion
as well as pregnancy and 10.71% non-sensitized patients were found to be positive in anti-HLA

antibody test.

4.2.1 Blood transfusion and HLA-Ab screening tests positivity rates

In this study, 64.08% patients had a history of blood transfusion. Among them, 61.94% had <5
units of blood transfused, 6.71% had 5-10 units of blood transfused and 8.21% patients had >10
units of blood transfused.

It was seen that, as the units of blood transfused increased, positivity rates of HLA-ADb screening

tests also increased. Patients with <5 units of blood transfused showed 13.25% positivity rates,
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while patients with 5-10 units of transfused blood showed 44.45% positivity rates and patients
with >10 units of blood transfused showed 72.73% positivity rates (Figure-4.2.1). Patients showed
7.46%, 8.95%, 18.66%, 10.44%, 8.2% positivity rate in CDC-XM, FC-XM T-cells and B-cells,
anti-HLA antibody screen test class | and Il respectively (Figure- 4.2.3).

Blood transfused Units

<5 units - 13.25%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00%
Percentage of anti-HLA Ab (%)

Figure 4.2.1- Comparison of units of blood transfused with positivity rates of HLA-Ab

4.2.2 Pregnancy and HLA-AD screening tests positivity rates

In this study, 10.68% patients had the history of only pregnancy while 12.62% patients had the
history of pregnancy along with blood transfusion. Pregnancies without blood transfusion history
was found to have high HLA-Ab screening tests positivity rates, i.e., 68.18% as compared with
Pregnancies with blood transfusion history, i.e., 53.85% (Figure- 4.2.2). Patients with history of
pregnancy without blood transfusion showed 13.64%, 22.73%, 59.09%, 13.64%, 22.73%
positivity rate in CDC-XM, FC-XM T-cells and B-cells, anti-HLA antibody screen test class | and
Il respectively while Patients with history of pregnancy with blood transfusion showed 30.77%,
26.92%, 38.46%, 15.38%, 11.53% positivity rate in CDC-XM, FC-XM T-cells and B-cells, anti-
HLA antibody screen test class I and 11 respectively (Figure- 4.2.3).
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Figure 4.2.2- Comparison of pregnancies with and without blood transfusion with

positivity rates of HLA-Ab

4.2.3 Retransplant and HLA-Ab screening tests positivity rates

Among the kidney transplant candidates, 11.65% patients had the history of previous transplant
out of which, 83.34 patients were found to be positive for HLA-Ab screening tests. Patients
showed 16.67%, 41.67%, 79.17%, 20.84%, 33.34% positivity rate in CDC-XM, FC-XM T-cells
and B-cells, anti-HLA antibody screen test class | and Il respectively (Figure-4.2.3).

4.2.4 Non sensitizing event and HLA-Ab screening tests positivity rates

No sensitizing events or control group were found in 196, i.e., 48.76% patients. Among them,
8.16% patients were found positive in HLA-Ab screening tests. Patients showed 8.1%, 19.27%,
15.62% positivity rate in FC-XM T-cells and B-cells, anti-HLA antibody screen test class Il
respectively (Figure-4.2.3).

4.2.5 Group comparison study for HLA-Ab screening tests positivity rates

In this study, it was observed that CDC-XM positive rates were highest in patients with the history
of pregnancies with blood transfusion (30.77%), followed by retransplant patients (16.67%),
patients with the history of pregnancies without blood transfusion (13.64%), and blood transfused
patients (7.46%). Patients without any sensitization history had no positive CDC-XM.

FC-XM positive rates were highest in retransplant patients (T cells: 41.67%; B cells: 79.17%),
patients with the history of pregnancies with blood transfusion had 26.92% positive FC-XM for
T cells and 38.46% positive FC-XM for B cells, followed by patients with the history of
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pregnancies without blood transfusion (T cells: 22.73%; B cells: 59.09%), and blood transfused
patients (T cells: 8.96%; B cells: 18.66%). Patients without any sensitization history were least
positive for FC-XM, i.e., 8.10% and 19.277% positive for T and B cells FC-XM respectively.

Anti-HLA antibody screen test positivity rates were highest in re-transplant patients (class I:
20.84%; class 1l: 33.34%), followed by patients with the history of pregnancies with blood
transfusion (class I: 15.39%; class 11: 11.54%), patients with the history of pregnancies without
blood transfusion (class I: 13.64%; class Il: 22.73%), blood transfused patients (class I: 10.45%;
class Il: 8.21%). Patients without any sensitization history had no positive class | anti-HLA

antibody screen test, while anti-HLA antibody screen test class 11 had positivity rate of 15.62%.

[¥o]
o

83.34%

68.18%

53.84%

23.13%

Positive screening rates (%)
= N w H (6] o)) ~ [0]
o o o o o o o o o
()
Y,

Sensitizing Events

Figure 4.2.3 — Positive screening tests w.r.t. different sensitization events.

4.2.6 DSA identification

After performing screening tests, antibody identification test, SAB assay, was performed for
positive anti-HLA antibody screen test cases. In this study, a total of 46 patients had positive anti-
HLA antibody screen test, out of them 11 patients had DSA, i.e., 23.91%. Of which, 12.5%
patients had class | as well as class 11 positive SAB assay for re-transplant patients, 9.09% patients
with the history of pregnancy had positive SAB assay class 11, 3.73% and 2.24% blood transfused
patients had DSA for class | and 11 respectively, 3.85% patients with the history of pregnancy with
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blood transfusion had positive SAB assay class 1. None of the non-sensitized patients had positive
SAB assay.

)
12.5% 12.5%

el et
oN M

9.09%

3.73% 3.85%

2.24%
00 I. 0 OI

Non-Sensitization ~ Blood transfusion Only Pregnancy only Re-transplant Transfusion+Pregnancy

SAB assay positivity rates (%)
o N B O

Sensitization Event

mDSA Class| mDSA Class Il

Figure 4.2.4 — Percentage of occurrence DSA in recipient due to different sensitizing events.
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Figure 4.2.5- Effect of different sensitization events on anti-HLA antibody.

Kidney transplantation is a life-saving option for patients with end-stage renal disease. The role
of HLA antibodies in the pre-transplant period remains major issue in renal transplantation.
Previous transplants, pregnancies and blood transfusions are the major sensitizing events that

causes anti-HLA antibodies. In this study, we compared the effects of sensitizing events on HLA
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alloimmunization using CDC-XM, FC-XM and in positive cases antibody screening test too in
kidney transplant patients. As expected, sensitizing events were indeed linked with higher
occurrence of anti-HLA antibodies compared with patients without any sensitizing events.

It was seen that, both antibody screening test and FC-XM were more sensitive in the detection of
HLA antibody as compared with the CDC-XM similar to P. Pandey et al.

However, in our study, sensitized patients showed higher FC-XM positivity rate (40.29%) and
CDC-XM positivity rate (12.13%) than P. Pandey et al. which showed 27.76% positive FC-XM
and 6.7% positive CDC-XM. Antibody screening test were almost similar to our study which
showed 21.84% positivity and Pandey et al. which showed 19% positivity.

Akgul, Ciftci, Temurhan et al. concluded pregnancy as the only sensitizing event to have
maximum anti HLA-antibodies followed by transplantation and blood transfusion only, but in our
study, positivity rates of anti HLA-antibodies were higher in re-transplant patients, followed by
previous pregnancy only, pregnancy with blood transfusion and blood transfusion only as
compared to patients without any sensitization events.

Our study also observed, as the units of transfused blood increased, risk of developing anti-HLA
antibody also increased similar to P. Pandey et al.

In this study, it was observed that pregnancy related HLA alloimmunization effect was
intermediate between transplantation and blood transfusion. These results matched the study
Ibrahim Pirim, Mustafa Soyoz et al.

The presence of anti-HLA antibodies detected by screening methods- CDC-XM, FC-XM and anti-
HLA antibody screen test in patients with pregnancy only was 68.18% in comparison to 83.34%
in re-transplant only and 23.13% in blood transfusion only.

In our study, among kidney transplantation patients, re-transplantation groups showed stronger
SAB assay than other groups. 12.5% patients had DSA in class I as well as class 11 respectively
followed by pregnancy only (9.09% in class 1), Pregnancy with blood transfusion (3.85% in class
I1) and blood transfusion only (3.73% in class | and 2.24% in class 11) (Figure- 4.2.5). In another
study, Akgul, Ciftci, Temurhan et al., SAB assay strength was highest in patients with the history
of pregnancy (35.5%, 29.0% for class I and II respectively), followed by re-transplantation
(15.6%, 34.4% for class I and II respectively), and transfusion only (13.1%, 6.3% for class I and
II respectively). Even non-sensitized patients were positive for SAB assay (3.3%, 5.5% for class
I and 1II respectively).The present study concluded that re-transplantation showed maximum
prevalence of alloantibodies which was predicted through screening tests. It also had maximum
possibility of presence of DSA. Hence, it had a stronger HLA- alloimmunization effect and had

maximum chances of post-transplant graft rejection.
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CONCLUDING REMARKS

e In kidney transplant, presence of HLA antibodies is responsible for graft loss and hence its
rejection. Hence it is important to know the importance of HLA alloimmunization.

e \We studied the role of sensitization in the development of anti-HLA antibodies in solid organ
transplant.

e Our results matched with those reported in several studies so far.

e \We observed that re-transplantation showed maximum prevalence of alloantibodies which was
predicted through screening tests. It also had maximum possibility of presence of DSA. Hence, it
had a stronger HLA- alloimmunization effect and had maximum chances of post-transplant graft
rejection.

e Effect of re-transplantation on graft loss was followed by pregnancy only, pregnancy with
blood transfusion and then blood transfusion only.

e The prevalence of HLA antibodies class | and Il was significantly higher in patients exposed
with any of the sensitization as compared with the patients who were non-sensitised.

e To conclude, our study revealed the vital role of each sensitization event on post-

transplantation graft survival. Hence, thesis will be useful in the field of transplant immunology.
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