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Index Case

A 30 years old gentleman with end-stage renal disease, 
secondary to lupus nephritis had been on haemodialysis for the 
last 5 years. There has been no history of blood transfusions 
or transplantation. Apart from renal failure, he had no major 
comorbidities and had a normal cardiac workup. He has been 
offered an organ from a deceased donor pool with a mismatch 
of 1-0-0. T and B cell cytotoxicity crossmatch was positive 
and fl ow cytometry was negative. The Luminex screen did not 
reveal any donor-specifi c antibodies.

Lupus nephritis posing clinical dilemma in cross-mat-
ching

Lupus nephritis is an autoimmune condition involving 
antibodies targeting DNA, leading to deposition of immune 
complexes [1]. Kidneys are affl icted in 50% cases of systemic 
lupus erythematosus [2], and 10 to 30% of these patients will 
progress to renal failure [3]. Once these patients develop end-
stage renal disease and require renal replacement therapy, their 
survival is similar to other patients requiring haemodialysis or 
peritoneal dialysis [4]. Many studies have shown encouraging 
results of renal allograft survival in patients with lupus nephritis 
[5]. It has been suggested that the patients with aggressive 
lupus should be kept on dialysis for at least 3 to 6 months and 
be commenced on prednisolone up to a dose of 10 mg a day 
before being considered for transplantation, to maximize the 
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Acute rejection (AR) is a major issue in renal transplantation which requires hospital admission, 
invasive investigations, and loss of allograft if it does not resolve with timely treatment. The workup 
for renal transplantation involves assessing potential recipient’s and donor’s tissue type. To predict 
the possibility of having a successful transplant offer, calculated panel reactive antibodies (cPRA) are 
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important to be aware of limitations of every technique. In addition, patient’s serum is tested regularly 
to determine the presence of antibodies, as antibody titers may fall or new antibodies may surface. 
Interpretation of the results of these tests can be quite changing. Transplant clinicians need to be aware 
that autoimmune diseases, blood transfusions, pregnancy or infections can sensitize a recipient and 
thereby add to a clinical dilemma.

chances that the patient continues to be in remission [6]. Risk 
of recurrence after renal transplantation is 2 to 11 % [7]. The 
recurrence in transplant kidney often does not require any 
modifi cation of immunosuppression [8]. Therefore, it can be 
concluded that renal transplantation is a safe and effective 
modality for ESRD secondary to lupus nephritis.

It has been proven that staying on haemodialysis is 
associated with reduced survival and inferior quality of 
life [9]. As the number of years spent on dialysis increases, 
cardiovascular morbidity and mortality rises. With every year 
spent on dialysis, there is 6% increase in mortality [10]. In 
dialysis-dependent patients, graft and patient survival are 
inferior compared with patients who had been dialysis-free 
prior to transplantation [11].Survival advantage is better in 
live donor vs deceased donor transplantation [12]. Advancing 
age has a negative effect on graft survival in deceased donor 
transplantation [13]. In addition, better HLA matching, low 
cold ischemia time and donation after brainstem death (rather 
than donation after cardiac death) is associated with better 
graft survival [14].

Renal transplantation requires the lifelong need of 
immunosuppression. Human leucocyte antigens are coded by 
genes on the short arm of chromosome 6 and are one of the 
most polymorphic genes known. The product of these genes 
is represented as class I and class II major histocompatibility 
molecules. All nucleated cells have class I and antigen 
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presenting cells have class II MHC molecules on their cell 
membrane [15]. An antigen is a protein, polysaccharide or 
lipid which can be recognized by the immune system and can 
initiate an immunological response [16,17].

The basic purpose of MHC molecules is to differentiate 
self-antigens from non-self. Within the self-antigens, it 
will identify all abnormal cells that have turned malignant or 
are infected with viruses/bacteria and initiate process to kill 
them. Recognition of self-antigens is done by CD8 T cells as 
they interact with class I MHC molecules on all nucleated cells. 
CD4 T cells interact with MHC class II molecules represented 
on antigen presenting cells. Antigen presenting cells engulf, 
process and present foreign antigens on their cell surface via 
MHC class II molecules. These cells are involved in presenting 
antigenic components of pathogens such as bacteria and fungi 
to CD4 T cells. Central to the immune system are CD4 T cells that 
orchestrate a comprehensive antigen- specifi c immunological 
effector response involving recruitment of CD8 T cells, natural 
Killer cells, endothelial activation, cytokine production, clonal 
proliferation of T and B cells, and transformation of B cells 
into plasma cells. This results in some of the T and B cells 
transforming into memory cells [18]. Memory cells can cause 
delayed antibody production on exposure to antigens.

Sensitizing events such as blood transfusion, 
transplantation or pregnancy results in exposure to a non-
self-antigen which results in antigen-specifi c T and B cell 
proliferation with resultant memory cells and antibody 
production. In the absence of sensitizing event, antibodies may 
exist due to molecular mimicry between pathogens and HLA 
epitopes. Epitopes are shared between different antigens (also 
called cross-reactive groups or CREG), therefore, it is possible 
to acquire an antibody against an epitope that is reactive to 
more than one HLA antigens [19].

The process of transplantation involves exposure to a non-
self-antigen and initiation of immunological response. In the 
context of a preformed antibody, it will result in hyperacute 
rejection. In case of T and B memory cells, accelerated rejection 
will occur. Hence pre-transplant crossmatch is done to identify 
the level of sensitization recipient has specifi cally with regards 
to potential donor [20].

Organ allocation is done based on a point based matching 
system in the UK. Patients are prioritized based on a scoring 
system based on time on waiting list, sensitization, HLA 
matching and age matching. HLA matching is considered 
a key factor determining graft outcome both in live and 
deceased donor transplantation. With increasing mismatch, 
the probability of graft failure due to immunological reasons 
increases. This effect is much more pronounced when a 
mismatch is at HLA-DR antigens than at mismatch at HLA-B, 
and even lesser when there is HLA-A mismatch [21]. Index 
patient has 1-0-0 mismatch which essentially means he has 
only one HLA mismatch at HLA A loci, and thus in UK allocation 
system, this will be considered as Tier D allocation [22].

Assessing sensitization of recipient, Panel Reactive As-
say (PRA) and calculated Panel Reactive assay (c-PRA)

PRA and cPRA quantify sensitization amongst recipients. In 
PRA, the donor pool is created by taking T and B lymphocytes 

from local volunteers. Cells from each donor are placed in wells 
and recipient serum added followed by addition of complement. 
If in a 50-cell panel, 30 cells are destroyed, PRA is considered 
as 60%. This means 60% of local donors would be unsuitable 
and, if transplanted, will result in hyperacute rejection. Thus, 
PRA is the percentage of unacceptable donors for a specifi c 
recipient in given population and is a guide to potential chances 
of getting an organ from local pool of donors [23].

There were problems with PRA. Local donor pool does 
not represent true donor population. There were variations 
from centre to centre. This led to the introduction of c-PRA, 
proposed by UNOS in 2009. Unacceptable antigens were 
defi ned by solid phase assays. This information is uploaded to 
a computer programme which compares these unacceptable 
antigens against last 10,000 donors. For example, if an antibody 
exists against HLA A2 which is present in 47% of Caucasians, 
c-PRA will be 47%. This means 47% of the national donor pool 
is unsuitable for a recipient with HLAA2. This gave a better 
estimate of sensitization status and chances of a prospective 
recipient being considered for [23].

Approach to recipient

The decision to consider a patient for transplantation 
involves careful risk and benefi t assessment. Decision making 
involves patient’s wishes and expectations as well as a 
multidisciplinary approach. Quality of life, anaesthetic risks 
and potential for surgical complications and co-morbidities are 
crucial factors in decision-making, fi gure 1. 

The following is the stepwise approach to immunological 
risk stratifi cation, please refer to fi gure 2: 

1. Defi ne patient’s tissue type: This involves HLA typing 
which is commonly done using DNA based techniques 
[23].

2. Defi ne patient’s antibodies to HLA antigens: This will 
give us information in regards to unacceptable antigens 
against which prospective recipient has antibodies. 
These measurements are performed using solid phase 
assays (ELISA or single antigen beads) [23]. Titres are 
expressed as mean fl uorescence value or mean channel 
shifts [24,25].

Is Transplant 
Needed. 

Bene ts ?

Is it safe to 
proceed with 
transpla on.

Risks ?

Assesing 
Anasthe c and 
Surgical Risks

Assesing Risk 
of Rejec on 

Figure 1: Factors that need to be considered in decision making in a prospective 
candidate for renal transplantation.
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3. What is patient’s c-PRA: Patient’s chances of getting 
a cadaveric organ depend on his or her level of 
sensitization. A score of >80% is considered highly 
sensitized [26].

4. Assess recent and historic donor-specifi c antibodies: 
Patients are regularly screened at 3 months intervals. 
Sensitizing events can happen, new antibodies may 
form or titres may rise or fall with time. Solid phase 
assays and Luminex screening are used to assess the 
development of new antibodies against HLA antigens 
[20].

5. Patient receives an offer based on point-based system: 
Points are given on the basis of a level of sensitization, 
matching grade, age matching and time on the list [22]. 

In the UK, national organ allocation is guided by point 
based system.

6. Assess risk of rejection: When an offer is considered from 
a donor, the risk of AR is to be calculated. This is based 
on the following approach.

a. How long the patient had been on the list and what is 
cPRA? 

b. What is mismatching grade?

c. Based on recipient’s HLA type, sensitization status and 
unacceptable antigen (compared with the donor), is crossmatch 
needed or transplant can proceed with virtual crossmatch? In 
case of doing virtual cross match, actual crossmatch follows 
after transplantation.

d. What are the results of CDC and fl ow cytometry 
crossmatch in acute and historic samples? 

e. What is the DSA screen of a recipient in acute and historic 
samples?

7. No result is considered in isolation: Recipient is stratifi ed 
into three groups based on their risk of rejection, 
standard, intermediate or high risk. The decision is 
made whether to proceed with transplantation or 

not based on individual patient’s circumstances and 
urgency of transplantation. 

Complement Dependent Cytotoxicity (CDC)

In CDC crossmatch, donor lymphocytes are added to 
recipient serum and complement is added. In the presence of 
preformed donor-specifi c antibodies, complement cascade will 
be activated resulting in the formation of membrane attack 
complex, cell lysis and death. Generally, 20% cell destruction 
is considered positive [24]. CDC crossmatch is done separately 
on T and B cells. Positive CDC T cell crossmatch refl ects 
presence of donor-specifi c antibodies (DSA) against MHC class 
I antigen. Positive B cells cross match refl ects the presence of 
DSA against MHC class I and II antigens. CDC cross match is 
done on both acute and historic samples.

Limitation of CDC Cross-match

CDC can be falsely positive in 20% or falsely negative in 
4% [25]. 

The reasons for falsely negative tests are:

The low titer of antibody.

Low expression of antigen on the cell surface.

Non-complement fi xing antibodies [24].

Falsely positive CDC tests are seen in the presence of:

IgM auto antibodies [24].

Serum that reacts with lymphocytes but not with HLA I 
or HLA II antigens on solid phase assays is also refl ective of 
autoantibodies [23].

Positive CDC crossmatch in historic samples but negative 
CDC in acute samples means presence of detectable DSA in 
past. Antibody titres may fall over time and in the presence 
of memory cells, subsequent exposure to the antigen will lead 
to accelerated rejection due to reactivation of memory cells 
into plasma cells [20]. Therefore, the levels in both acute and 
historic samples are to be examined carefully. In addition, it 
is important to regularly inform the transplant lab about any 
potential sensitizing event, such as pregnancy, transfusion, 
transplantation, infection, vaccination or treatment with 
immunological agents such as rituximab which can infl uence 
crossmatch and result in the development of antibodies [20].

 Antibodies are either IgM or IgG antibodies. IgM antibodies 
are often autoantibodies and are commonly detected in sera 
of patients with autoimmune disorders such as systemic lupus 
erythromatosis [23]. These antibodies are considered clinically 
less signifi cant and limited number of studies have implicated 
them in rejection [26,27]. Non-HLA antibodies include MICA, 
angiotensin type I receptor antibody, anti-vimentin and anti-
collagen antibody. Non-HLA antibodies can be identifi ed by 
Luminex solid phase assays [27]. Non-HLA antibodies are not 
routinely tested for in a pretransplant crossmatch. 

Since index patient has CDC positive crossmatch for both B 

Figure 2: Stepwise approach to immunological risk stratifi cation.
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and T cells, the chances are that he has pre-formed antibodies 
against T and B cells (MHC Class I and Class II Abs), which 
is an absolute contraindication to transplantation. If this test 
is not false positive, options are to consider desensitization, 
considering paired pool or to redefi ne unacceptable antigens 
based on MFI values [23]. There is a possibility that this 
test in index case is a false positive test. As this patient has 
an autoimmune disorder which is notorious to be associated 
with IgM antibodies, it is important to exclude autoantibodies 
before refusing this organ [23].

The Sensitivity of CDC crossmatch can be enhanced by 
following techniques-

Antihuman Globulin (AHG)- Antihuman globulin is an 
antibody against the human Ig G. If the recipient has a low titre 
of DSA, CDC will be negative. By adding AHG, antibodies bound 
to donor lymphocytes will have AHG bound to their surface. 
This will increase the number of Fc receptors which then can 
bind complement component 1 and initiate cell lysis [24]. 

Thus, anti-human globulin promotes complement fi xation and 
improves the sensitivity of CDC test [23].

Auto-crossmatch and Dithiothreitol (DTT) treatment- 
There are autoantibodies which are mostly IgM type. These 
are still considered clinically insignifi cant. In auto crossmatch, 
recipient serum is cross matched against recipient’s own 
lymphocytes [24]. Positive autocross match means presence of 
IgM autoantibodies. In addition, if the original CDC crossmatch 
is positive, by adding DTT, di-sulphide bonds can be disrupted 
between IgM antibodies thus preventing false positive result 
[24], Phosphate buffer saline is added to overcome the 
dilutional effect.

Amos Wash- As the name suggest, Amos wash involves 
removing the recipient serum after incubation with the donor 
lymphocytes. If antibodies are present, they are bound to 
lymphocyte cell membrane. By removing the serum, the anti-
complement factors are removed that can cause false negative 
results by inhibiting the formation of complement [28].

Prolong Incubation and heating the sera- If the antibody 
titres are low, by prolonged incubation the sensitivity of CDC 
crossmatch is increased. IgM antibodies are reactive at 4 
degrees Celsius and its activity can be removed by heating the 
sera at 55 degrees Celsius [23].

Flow cytometry crossmatch 

Flow cytometry crossmatch is more sensitive than CDC 
crossmatch. It is routinely used in a pre-transplant cross 
match. The test involves mixing donor lymphocytes and 
recipient sera which would result in binding of antibodies to 
lymphocytes. Then fl uorescein-labelled antibody against IgG 
antibodies is added. This fl uorescent labelled antibody will 
bind IgG antibody, which if present, is already bound to T cells 
and B cells. Unlike CDC, fl ow cytometry crossmatch will detect 
donor-specifi c antibodies before they can cause cell death. 
There is no addition of complement. Fluorescein-labelled dyes 

are used to differentiate T and B cells. The cells are then run 
through a fl ow cytometer, which will identify antibody bound 
B and T cells. The strength of antibodies is represented as a 
number of channel shifts of mean fl uorescence above the 
baseline [24,25], Like CDC cross match, positive T cell fl ow 
cytometry crossmatch means DSA against MHC I receptors and 
positive B cell crossmatch means DSA against MHC I and II 
receptors. T cells have a low density of MHC class I molecules. 
B cells have a high density of MHC class I molecules as well as 
MHC class II molecules on a cell surface.

A negative CDC crossmatch and positive fl ow cytometry 
crossmatch is because of following reasons [24].

Low titres of DSA.

Low expression of antigen on cell surface.

Non-complement fi xing antibodies.

Limitation of fl ow cytometry crossmatch

Flow cytometry crossmatch is more sensitive methods 
of detecting DSAs. In other words, the clinical signifi cance 
of DSAs determined by fl ow cytometry depends on patient’s 
history and results of CDC and Luminex screen. In unsensitized 
recipients, an isolated positive fl ow cytometry crossmatch 
in the presence of negative CDC crossmatch and no DSA is 
considered clinically insignifi cant and transplant can proceed. 
In sensitized recipients, who have negative CDC crossmatch 
and positive fl ow cytometry cross match, the results can 
be due to a low level of DSA and memory cells. Therefore, 
isolated fl ow cytometry crossmatch is considered signifi cant 
in sensitized recipients since the incidence of AR is high and 
graft survival is low at one year in sensitized recipients having 
transplantation with a positive fl ow cytometry crossmatch 
[23]. Like CDC crossmatch, fl ow cytometry cross match should 
not be reviewed in isolation.

Patients with nonspecifi c immunoglobulins and on 
rituximab can have false positive fl ow cytometry crossmatch. By 
pretreating lymphocytes with pronase, which is a nonspecifi c 
peptidase, false positive fl ow cytometry results can be reduced. 

Flow cytometry cross match is specifi cally important in 
following circumstances.

Positive fl ow cytometry and negative CDC in sensitized 
recipients is considered clinically signifi cant as it may represent 
presence of memory cells [24].

In elderly recipients and with marginal donor kidneys, 
because of reduced immunity in these patients and relatively 
poor graft reserves [23].

A weak positive test is considered signifi cant only in the 
presence of sensitization history or presence of DSA [23].

Flow cytometry test should always be considered with 
recipient history, age, level of sensitization and presence or 
absence of DSA levels. 
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Solid phase assays

Solid phase assays do not need donor lymphocytes (not 
cell based like CDC and fl ow cytometry) and they are the 
most sensitive method of determining HLA antibodies. They 
can differentiate HLA class I from class II antibodies. Their 
sensitivity can be increased up to a single antigen bead level 
where a single antibody can be detected [25].

Purifi ed class I or class II HLA molecules are made and 
represented as a combination of different or a single HLA 
antigen.

HLA antigens are then represented on solid phase media 
platforms (ELISA) or microbeads [25].

Enzyme-linked immune absorbent assay (ELISA): ELISA is 
the least sensitive of solid phase assay and uses an antibody 
(bound to an enzyme) against preformed DSAs. If preformed 
DSA are present, then they are already bound to receptors on 
donor’s lymphocytes. If an antihuman antibody is added to this 
solution, it will bind to DSAs attached to donor’s lymphocytes. 
The antihuman antibody can be modifi ed to have specifi c 
enzymatic activity. Enzyme substrate is added to this solution. 
Chemical reaction sets in that results in a signal, commonly a 
colour change which is picked up by optical density reading, 
resulting in detection of DSAs. ELISA is 10% more sensitive 
than AHG CDC crossmatch [25].

Single Antigen Beads Assay: When HLA molecules are 
represented on microbeads, the presence of antibodies can be 
detected by two methods. 

These microbeads can be run through a traditional fl ow 
cytometer or a suspension array on a Luminex platform [25].

In Luminex microbeads, each bead represents a different 
HLA antigen. Recipient serum is added to these beads and 100 
different beads can be combined in a single test [23].This is 
the most sensitive method of determining anti HLA antibodies. 
Single- antigen bead (SAB) can determine HLA type at allelic 
antigen level [29].

In terms of sensitivity, solid phase assays are the most 
sensitive and CDC is the least sensitive test [30].

Prozone phenomenon is seen when the presence of 
antibodies is far more in number than antigen. This results in a 
coating of all antigen antibody binding site, failure of bridging 
between the antigens and loss of agglutination [31].

Limitation of solid phase assay 

Detection of the very low level of DSA which may be 
clinically irrelevant.

Detection of false positive anti HLA antibodies due to 
denatured proteins on beads [30].

The output of solid phase assay is optical density readouts 
and fl uorescence assays. There are considerable inter-
laboratory variations as to what threshold should be considered 
positive. 

Number of alleles discovered are growing in thousands and 
not all of them can be represented or checked on solid phase 
assays.

Prozone phenomenon 

High concentration of antibodies (IgM) can cause 
complement activation and deposition of complement proteins 
(C1) on the beads. This prevents binding of HLA antibody 
on HLA beads via prozone effect (less antigen binding sites 
available for binding resulting in false negative result). This 
can be treated with dilution or addition of DTT [32].

Epitope sharing amongst different beads can cause 
antibodies to be distributed to different beads reducing the MFI 
on a specifi c bead resulting in a false negative result [33].

The results of solid phase assays should not be considered 
in isolation and should be reviewed with patient’s sensitivity 
status and CDC/Flow cytometry crossmatch results. 

Virtual crossmatch

For virtual crossmatch, recipient’s antibody screening 
is taken into consideration against donor HLA type. It is 
mandatory for a recipient to give serum at 3 monthly intervals. 
In virtual crossmatch, DSAs from all previous serum are taken 
into consideration as antibody titres can vary with time [25]. 
Virtual crossmatch done in the right situation is reliable and 
reduces cold ischemia time.

Limitations of virtual crossmatch [25]

The recipient may have alleles specifi c antibodies which can 
lead to false positive virtual crossmatch (variations in alleles 
are common within HLA antigens).

Null alleles are not expressed on the cell surface but 
are inherited. DNA typing can identify them. In the virtual 
crossmatch, it will come as a potential problem.

Very low level of antibodies might be detected which may 
not be clinically signifi cant.

The discovered HLA antigens are increasing every day and 
not every one of them is represented on solid phase assay. 
Therefore, this can cause a false negative result.

If virtual crossmatch is done, the proper crossmatch should 
follow transplantation [25].

Application to index patients

 Lupus Nephritis is an autoimmune disorder which is 
associated with antibodies against DNA [2]. In addition, 
strong association exist between lupus and presence of IgM 
autoantibodies [20]. A positive T & B cell CDC crossmatch 
represents the presence of MHC Class I and II antibodies which 
are complement fi xing and are causing signifi cant cell death 
in donor lymphocytes. However, a fl ow cytometry crossmatch 
which is more sensitive test is negative for B and T cells. There 
has been no donor-directed antibodies in recent and historic 
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serum, which is tested using solid phase assays and is by far 
the most sensitive method of antibody testing. Therefore, our 
patients is unlikely to be sensitized. Thus, we can conclude that 
CDC crossmatch is likely to be a false positive test because of 
following reasons.

Patient has lupus nephritis which is associated with IgM 
autoantibodies [23]. This increases the likelihood of false 
positive CDC crossmatch.

Non-HLA antibody can also cause a positive cross-match 
[34].

Flow cytometry cross match which is more sensitive than 
CDC crossmatch is negative.

There are no donor-specifi c antibodies by solid phase 
assays in recent and historic samples.

Therefore, we need to exclude IgM antibodies to ensure 
it is not false positive result. IgM antibodies can be excluded 
by doing autocross match, cross match with DTT and saline 
buffer solution or by heating the sera to 55 degrees Celsius 
before repeating the crossmatch, which inactivates IgM 
antibodies. If the presence of IgM autoantibodies is confi rmed 
by above mentioned methods, then it is safe to proceed with 
the transplant. In the presence of negative T and B CDC (DTT) 
cross match, negative T and B fl ow cytometry crossmatch, no 
sensitizing history, no donor specifi c antibodies on solid phase 
assays in recent and historic samples and 1-0-0 mismatch, 
this is a low immunological risk transplantation. The patient 
can have an induction with basiliximab. Maintenance 
immunosuppression should include CNI inhibitor, an anti-
proliferative agent and steroids as per KDIGO 2012 guidelines.

If there is any deterioration in graft function (serum 
creatinine >25% above baseline), formal assessment of graft 
dysfunction should be done. This includes a proper clinical 
examination, specifi cal assessment of recipient’s fl uid balance, 
the presence of infection, any graft tenderness, compliance 
to medications, investigations to exclude infections such 
as full blood count, CMV, EBV and BK virus PCR. Ultrasound 
scan of allograft to exclude perinephric collection, ureteric 
obstruction and graft perfusion should be undertaken. Trough 
levels of immunosuppressive medication, such as cyclosporine, 
tacrolimus or rapamycin should be monitored to exclude 
toxicity. In addition, patient’s drug history should be reviewed 
to exclude the recent use of any nephrotoxic agent. If AR is 
suspected, donor-specifi c antibodies should also be sent. It is 
now established that pre-formed as well as de novo donor-
specifi c antibodies are associated with higher incidence of 
transplant glomerulopathy and acute/chronic antibody-
mediated rejection [35]. Allograft biopsy is considered if no 
other cause of graft dysfunction is identifi ed. If de novo donor 
specifi c antibody rise is associated with graft dysfunction and 
biopsy shows features of antibody mediated rejection, treatment 
should be commenced and maintenance immunosuppression 
be escalated. If graft function improves following treatment 
of rejection, regular follow-up and surveillance of DSA is 
recommended [36,37].

Conclusions

There has been a gradual increase in deceased donor 
transplantation activity [38]. Due to a mismatch between 
demand and supply, more marginal kidneys and high 
immunological risk transplants are attempted. Predicting the 
risk of rejection is not easy. Consideration is to be given to 
recipient’s history of sensitization, CDC and fl ow cytometry 
crossmatch and Luminex screening results. It has to be kept 
in mind that a high immunological risk transplant may be 
justifi able for a recipient who is running out of access options. 
By stratifi cation of the risk of AR, immunosuppressive regimens 
can be tailored to minimize morbidity and mortality of AR and 
optimize the immunosuppressive medications accordingly. 
A careful interpretation of clinical background, the range of 
cross match tests and cPRA is required for avoiding inordinate 
exclusion of a good donor, to perform a successful renal 
transplant. This would need comprehensive immunological 
assessment of a prospective recipient including a multi-
disciplinary discussion between transplant immunologist, 
transplant surgeon and nephrologist. Each of these tests does 
have inherent strengths and limitations. No single test is good 
enough in isolation [39,40].
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