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Transmission of an Anti-RhD Alloantibody from Donor to Recipient after an Haploidentical ABO Compatible Peripherical Blood Stem Cells Transplant

Abstract
Aims: In this paper the authors discuss a rare case of alloimmunization following a hematopoietic stem cell transplant (HSCT) with minor RhD incompatibility between a RhD+ recipient and a RhD- (with anti-D) haploidentical donor. 
Materials and Methods: The patient (O RhD+) had AML and in second remission received a PBSC transplant from haploidentical stem cells from her mother (O RhD- with anti-D). This was therefore a minor RhD incompatibility.
Results: Engraftment was normal. A positive DAT test was observed early. A high-titre positivity for IAT was subsequently observed. 
Conclusions: We reported a very  rare case of donor-derived anti-D alloimmunization after a HSCT wuth minor RhD incompatibility . In our opinion the main points of interest in this case lie in the rapid rise in anti-D titre to an extremely high level (1/525,288) and its subsequent slow decline . This is a unique aspect of the case. Moreover the  case highlights the importance of closely monitoring the immune and hematological status of patients who have undergone an allogeneic HSCT, especially when there is RhD incompatibility between the donor and recipient.
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Introduction
“Allogenic hematopoietic stem cell transplant (HSCT) is considered a standard treatment for malignant and non-malignant hematological diseases such as leukemia, solid tumors, aplastic anemia, and thalassemia. HSCT involves the balance between the transient coexistence of donor and recipient immunologic and hematologic systems. The degree of HLA matching is critical for transplant engraftment, prediction of clinical outcomes, balancing the Graft versus Host Disease (GvHD) with the Graft versus Leukemia Effect (GvL)” [1,2]. “Loci of the ABO blood group antigens and HLA systems are independent and locate on different chromosome,  genes encoding HLA antigens are located on the short arm of chromosome 6 (6p21) whereas genes encoding for ABO blood group antigens are located on the long arm of chromosome 9 (9q34)” [3,4]. In contrast to HLA, mismatching of the ABO blood group system is not considered an impediment HSCT, approximately 30% of transplants from related donors and up to 50% of transplants from unrelated donors are ABO incompatible. In HSCT, ABO incompatibility is classified as major incompatibility in presence of natural recipient isoagglutinin directed against donor red blood cells (RBC); minor incompatibility in presence of donor natural isoagglutinin directs against recipient RBC; bidirectional incompatibility, when both the conditions above occur simultaneously; see also table I [5]. Data from literature suggests that “clinical outcomes in ABO incompatible HSCT are generally less satisfactory than those observed in ABO-compatible HSCT, considering overall survival, relapse rates, acute and chronic GVHD, engraftment of platelets and granulocytes, needs for transfusion support” [6-10]. 
Concepts regarding RhD incompatibility are similar to those for the ABO antigens, but not identical because anti-D alloantibodies do not occur naturally but are present only in immunization by exposure to D antigen positive red blood cells (RBC) as consequence of RhD incompatible transfusion or pregnancy. Once immunized, the patient typically carries anti-D for life. Mismatch for RhD is quite frequent in allo HSCT but, because the great majority of donors and recipients do not carry anti-D, pairs who are major or minor RhD antigen incompatible at transplantation are infrequent. Most D antigen incompatibility represents de novo anti-D alloimmunization,  as matter of fact those are observed after HSCT only (see also table II for more details) [11]. It is conceivable that “the impact RhD incompatibility on clinically relevant outcomes in HSCT  might be modest though RhD mismatched transplantations were associated with a significantly increased number of RBC transfusions, but not with the length of stay in the transplant unit” [12].
In this paper we report a case of the appearance of a high titre allo antibody with anti-D specific following a haploidentical transplant characterized by a minor incompatibility for RhD.

Materials and Methods
Recipient (RE): Recipient: RE, Caucasian female aged 31, O RhD positive, ccEe, kk, Co(a+b-), Di(a-b+), Do(a-b+), Fy(a-b+), Hy+, Jk(a+b+), Jo(a+), Js(a-b+), Kp(a-b+), Le (a-b+), Lu(a-b+), M+N+S-s+, Sc(1+2-), Lw(a-b+), P1-; DAT negative, IAT negative. RE was diagnosed with a Acute Myelogenous Leukemia (AML NOS using the WHO classification) [13], the EBMT score was 3, [14] at intermediate risk using the ICC classification [15] Sorror’s comorbidity index 0 [16]. First line therapy with ICE protocol (Ifosfamide + Carboplatin + Etoposide) is started with achievement of complete remission, then disease relapses. Switch to a second line therapy using the FLAI protocol (Fludarabine + Cytarabine + Idarubicin) with the addition of Venetoclax, the second complete remission is achieved. In second complete remission, a transplant from haploidentical peripheral blood stem cells (PBSC)  was  performed. The donor was  a Caucasian female age 59 (mother of RE), O RhD negative, ccee, kk, Co(a+b-), Di(a-b+), Do(a-+b+), Fy(a-b+), Hy+, Jk(a+b-), Jo(a+), Js(a-b+), Kp(a-b+), Le (a-b+), Lu(a-b+), M-N+S+s+, Sc(1+2-), Lw(a-b+), P1-; DAT negative, IAT positive, specificity anti-D, titer 1/256.

The myeloablative TBP (Thiotepa + Busulfan + Fludarabine) protocol was adopted as conditioning regimen before transplant. On October 10, 2024, an infusion of 6.8 10E6 CD34/Kg (total nuclear cells 9.2 E108/Kg; CD3 229 10E6/Kg) was performed. The harvest, due to the presence of an anti-D-specific alloantibody in the donor, was completely deplasmated before reinfusion. For the prophylaxis of Graft versus Host Disease (GvHD) RE is treated with Cyclophosphamide + Mycophenolate + Tacrolimus). 
Results

At day +1 DAT and IAT were negative. Transplant engraftment was observed on day +13 for WBC and on day +14 for platelets. These data are reported in figure 1. On day +8 we observed a DAT positive for IgG only, specificity, evaluated after elution, was anti-D. On day +39 we observed a complete blood group conversion from recipient (O ccDeE kk) to donor (O ccdee kk); moreover, in the same day we observed a positive IAT with anti-D specificity, titre 1/8. On day +42 the titre was 1/256, to highlight whether it was IgG or IgM a titration was performed using untreated and DTT treated patient’s serum in a NaCl and Coombs phases; positive reaction was observed only in Coombs phase and  the titre was invariant in untreated and DTT treated serum, these results confirmed the presence of IgG and the absence of IgM class anti-D. The anti-D titre increased rapidly to a maximum (1/525,288) on day +82 and then slowly decreased to reach 1/8 on day +237; these data are reported in Figure 2. 

Before the transplant RE received 46 units of irradiated packed red blood cells and 53 units of irradiated platelets concentrates. After Transplant RE received 18 units of irradiated packed red blood cells (O ccdee kk) and 13 units of irradiated platelets concentrates. 
As of today (August 2025) the patient is alive and in complete remission.

Discussion
In clinical practice donor and recipient pairs with D antigen mismatch, without RhD incompatibility are quite common. However, de novo anti-D allo-immunization, after HPC transplant, have an overall incidence about 5% and it has usually been observed in cases of minor D mismatch (RhD negative donors without anti-D and RhD positive recipient) [11].  
Our transfusion policy regarding the RhD type of blood components to be selected in the event of a RhD minor mismatch provides for recipient blood groups type transfusion until day -1, and D negative from the day of transplantation, while there are no specific indications regarding platelet concentrates. Considering also, that, in our Facility, “platelet concentrates were prepared by pooling five ABO-identical BCs with 280 mL of platelet additive solution using the automated Terumo TACSI® system, process optimization ensured compliance with the European Directorate for the Quality of Medicines (EDQM) guidelines” [17]. Furthermore, data in the literature regarding anti-D alloimmunization from platelet concentrates are not univocal [18,19]. The frequency of development of anti-D alloantibodies in HSCT with RhD minor incompatibility varies depending on the case series. This variability can likely be traced back to the characteristics of the patients and donors and to the patient’s conditioning regimen [11,18,19].  

However, in the reported case, the donor had a significant titre (1/256) of anti-D alloantibodies at the time of donation. Therefore, we can classify the case as a minor RhD incompatibility rather than minor RhD mismatch. This event  is a much rarer occurrence than a simple mismatch but is nevertheless previously described in literature [20]. Data reported suggest that RhD mismatch and incompatibility do not negatively impact the outcomes of HSCT [21,22].  
Patients receiving HSCT with major or minor incompatibility are at risk of developing hemolytic reactions. Therefore, it is necessary to process the harvest before infusion. “In the case of major incompatibility, it will be necessary to eliminate the red blood cells present in the harvest to prevent them from being hemolyzed by the recipient's antibodies. In the case of minor incompatibility, it will be necessary to remove the plasma from harvest to prevent the donor's antibodies from reacting with the recipient's red blood cells” [23]. In the case presented,  “a careful elimination of the plasma from the product to be reinfused was carried out, as matter of fact  DAT at day +1 was negative. In the early seven post-transplant days, no clinical or laboratory evidence of hemolysis was present. From day +8 the DAT became positive but none clinical and/or  laboratory data suggesting hemolysis were observed. Analysis performed using eluate confirmed the presence of an anti-RhD alloantibody. In our opinion, it seemed unlikely that the anti-D could have been passively transmitted from the donor to the recipient, since all plasma was removed from the HSCT and the observation  at day +1 DAT was negative.  Transplant engraftment was observed at day +13 for granulocytes and at day +14 for platelets and therefore in line with what was reported in the literature” [4,5]. A donor - recipient chimerism was reported until day +39, when we observed a complete blood group conversion from recipient to donor. On that date the DAT was negative and the IAT positive (anti-D titre 1/8), after three days the anti-D titre was 1/256. With the aim  to distinguish whether the anti-D antibodies were IgG or IgM, we performed antibody titration using untreated serum and serum treated with DTT (a thiol agent capable of denaturing IgM) both in NaCl phase (capable of highlighting IgM but not IgG) and in liss-Coombs's phase. As shown in Figure 2, both methods allowed us to exclude the presence of IgM. As matter of fact, both samples evaluated in NaCl phase were negative and both samples evaluated in liss-Coombs phase were positive with an identical titre [24]. As reported in figure 3a, the antibody titre increased rapidly, so much so that we were prompted to search for the presence of a monoclonal component, which was excluded by the study of the lymphocyte immunophenotype and by immunofixation of immunoglobulins.
Prozone or hook effect refers to the area where there is an excess of antibodies that bind to the antigen and give a false negative result. In cases of Prozone, steric hindrance due to a large number of antibodies will hinder the proper binding between antigens and antibodies. When a hook effect sample is diluted to bring the reaction to the Zone of Equivalence, then the sample gives a positive result. An important practical relevance of the phenomenon is as a type of interference affecting some immunoassays and nephelometric assays, resulting in false negatives or inaccurately low results while observing a prozone phenomenon is much rarer in the titration of irregular antibodies in immunohematology [25]. Figure 3b demonstrates the presence of a clear prozone effect due to the very high antibody titre that characterizes this case. In the figure, the x-axis shows the antibody titre, while the y-axis is the reciprocal of the height of the agglutinate detected on the gel card expressed in mm (the broken blue line), and the red curved line shows the trend line drawn up with a polynomial approach. This latter type of curve demonstrates why it is called the “hook effect”. 
Conclusion

In the case reported, after engraftment, with the gradual disappearance of the recipient's RhD positive red blood cells, the DAT became negative (at day +39) while the IAT titer increased progressively until reaching 1/525,288 ant day +82; the title then slowly decreased and during the day +237 was 1/8. We believe that this was not a primary response since the absence of IgM class immunoglobulin but only IgG class immunoglobulin presence. The more likely explanation is that this antibody, which appeared early in the post-transplant period, could have 
been produced by donor memory B cells. In this case the transfer of active immunity in vaccines (from donor to recipient) could occur by a similar mechanism [26]. The IgG antibody was unlikely to have been produced by a primary immune response, since donor B lymphocytes are not able to mount any immune response during the first year post transplant. Moreover, to mount a primary immune response, B lymphocytes need T lymphocytes, which are usually inactive during the first months post transplant [27]. Such cases have rarely been reported in the literature. The clinical implications emphasize the importance of close immunohematological monitoring in patients undergoing allogenic HSCT with RhD incompatibility (RhD+ recipient, RhD- donor with anti-D) [27,28].
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Table 1: Description of ABO incompatibility between donor and recipient in HSCT
	Incompatibility
	Recipient
	Donor
	Possible adverse effects

	ABO Major
	O
	A, B, AB;
	Immediate hemolysis: due to Infusion of donor’s incompatible RBCs
Delayed hemolysis: due to anti-donor iso hemo agglutinins by recipient residual B lymphocytes
Pure red cells aplasia: due to persistence of high titer anti-donor iso hemo agglutinins

	
	A
	B, AB;
	

	
	B
	A, AB;
	

	ABO Minor
	A
	O, B;
	Immediate hemolysis: due to high titer iso hemo agglutinins in donor plasma
Delayed hemolysis: due to Passenger Lymphocyte Syndrome 

	
	B
	O, A;
	

	
	AB
	O, A, B;
	

	ABO Bidirectional
	A
	B;
	Immediate hemolysis: due to recipient and donor IHAs
Delayed hemolysis: due to iso hemo agglutinins by recipient and donor B lymphocytes

	
	B
	A;
	


The first column reports the type of incompatibility (major, minor, bidirectional); the second column reports the recipient's ABO group; the third column reports the donor's ABO group; the fourth column reports the possible effects of the incompatibility and their etiopathogenesis.
Modified from Matteocci ed al [5]

Table 2: Description of RhD mismatch and incompatibility between donor and recipient in HSCT

	Donor
	Recipent
	Outcome

	RhD positive
	RhD positive
	Identical

	RhD positive
	RhD negative without anti-D
	Major Mismatch

	RhD positive
	RhD negative with anti-D
	Major incompatibility

	RhD negative without anti-D
	RhD positive
	Minor Mismatch

	RhD negative with anti-D
	RhD positive
	Minor incompatibility

	RhD negative without anti-D
	RhD negative
	Identical 

	RhD negative with anti-D
	RhD negative
	Identical 


The first column reports the donor's RhD type, including the possible presence of anti-RhD alloantibodies; the second column reports the donor's RhD type, including the possible presence of anti-RhD alloantibodies; the third column reports a brief description of the possible outcomes of the mismatch or incompatibility.
Modified from Cid et al [11]
Figure 1: Values of hemoglobin. WBC and platelets from ten days before to fifty days after the transplant
	Figure 1a: Hemoglobin (g/L)
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	Figure 1b: White blood cells (10E9/L)
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	Figure 1c: Platelets (10E9/L)
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Figure 1a shows the trend of hemoglobin concentration (g/L) from day -10 to day +50 compared to transplant. Figure 1b shows the trend of total WBC count (10E9/L),  from day -10 to day +50 compared to transplant. The horizontal blue arrow indicates the day of transplant engraftment with regard to neutrophil granulocytes (threshold 0.5 E9/). Figure 1c shows the trend platelets count 10E9/L  from day -10 to day +50 compared to transplant. The horizontal blue arrow indicates the day of transplant engraftment with regard to platelets (threshold 20 E9/L)
The x-axis shows the days since transplantation, the y-axis shows the cell counts.
Figure 2: Antibody titration performed in saline phase and Liss-Coombs phase 
	Figure 2a: Untreated serum, saline phase
	Figure 2b: DTT treated serum , saline phase
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	Figure 2c: Untreated serum, Liss-Coombs phase
	Figure 2d: DTT treated serum, Liss-Coombs phase
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To differentiate IgG from IgM, two approaches were used. First, we treated an aliquot of the patient's plasma with DTT, a thiol reagent that, being able to break disulfide bonds, is able to denature IgM but not IgG. The plasma treated with DTT and the untreated plasma were tested against RhD positive red blood cells, both in Liss-Coombs and in saline phases, in order to distinguish "complete" (IgM) from "incomplete" (IgG) antibodies. Both techniques used excluded the presence of an IgM component.
Figure 3: Antibody titer trend

	Figure 3a: Antibody titer trend in logarithmic scale
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	Figure 3b: Description of pro-zone effect
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In figure 3a the x-axis shows the days since transplantation while the y-axis shows the antibody titer using a decimal logarithmic scale (blue broken line), the red curved line shows the trend line drawn up with a polynomial approach. 
In figure 3b the x-axis shows the antibody titre, while the y-axis, the reciprocal of the height of the agglutinate detected on the gel-card expressed in mm (the broken blue line), the red curved line shows the trend line drawn up with a polynomial approach.
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