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ABSTRACT: Autoimmune hemolytic anemia (AIHA) is a serious condition characterized by the severe hemolysis caused by 

increased levels of autoantibodies that specifically attack erythrocytes. Autoantibodies present difficulties in identifying 

alloantibodies, increasing the likelihood of hemolytic transfusion reactions (HTRs). In this report, we presented a rare and severe 

case of fatal HTRs caused by alloantibodies known as anti-S and anti-Wra in a female patient who had been suffering from hemolytic 

anemia for four decades. The patient's blood group type showed a significant inconsistency, later verified as AB CcDee by serologic 

tests. The antibody identification revealed unique patterns of anti-S and anti-Wra antibodies, with a noticeable disparity in 

agglutination intensity rated as 3+. Consequently, her erythrocytes were subjected to a freeze-thaw process, and the eluate showed 

robust pan-reactivity. The patient's MNS and Diego blood systems were analyzed using genetic sequencing, which confirmed the 

absence of the S or Wra antigen. However, the presence of a weakly positive S antigen in the serological result indicated the 

possibility of transfusion of leukocyte-poor red blood cells (LPRs) that carry the S antigen. As a result, the patient started receiving 

LPRs with the same phenotype, while avoiding S and Wra antigens. In addition, we evaluated the patient's state and discussed the 

appropriate blood transfusion protocol for AIHA in this case. Medical practitioners must possess expertise in identifying 

autoantibodies and alloantibodies in AIHA and devising a suitable blood transfusion plan. 
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1. Introduction 

Autoimmune hemolytic anemia (AIHA) is a complex disorder in which autoantibodies attack the patient's own red 

blood cells (RBCs), leading to a reduced lifespan of erythrocytes. Chronic AIHA often necessitates multiple blood 

transfusions, which can result in the production of numerous alloantibodies and increase the risk of hemolytic 

transfusion reactions (HTRs). The simultaneous occurrence of both HTRs mediated by anti-S and anti-Wra 

alloantibodies is an uncommon complication of AIHAs. Yu et al. reported a 9.99% frequency of S antigen in Chinese 

populations [1]. The presence of the anti-S antibody, typically an IgG antibody, carries the potential to induce HTRs 

and severe hemolytic illness in the fetus and newborn [2,3]. Additionally, the Wra antigen has a prevalence of 0.01% in 

Chinese populations, while the anti-Wra antibody is one of the most common naturally occurring antibodies. It is 

detectable in healthy individuals and exhibits a notably high frequency in AIHA cases [4–6]. Because of the limited 

availability of commercial panel cells and the high cost of corresponding reagent antibodies, the Wra antigen and 

antibody are infrequently detected, thereby increasing the likelihood of HTRs [7–9]. Here we reported a case in which 

fatal hemolysis occurred post-transfusion in an AIHA patient with concurrent anti-S and anti-Wra alloantibodies. 
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2. Case Presentation 

A 57-year-old Chinese female with a 40-year history of hemolytic anemia presented with symptoms of cough, 

fatigue, and abdominal distension that had been occurring for the past 20 days. Upon admission to the local hospital, 

her hemoglobin level was critically low at 37 g/L (Figure 1). Her total bilirubin was 197.2 μmol/L, with direct bilirubin 

at 25.6 μmol/L and indirect bilirubin at 171.6 μmol/L. An abdominal plain scan showed substantial enlargement of the 

spleen (splenomegaly). Due to concerns regarding the effectiveness of the treatment, she was directed to our hospital's 

emergency department after being administered 2 units of leukocyte-poor red blood cells (LPRs). 

 

Figure 1. A timeline of the patient's medical history and course of care with the fluctuation of her hemoglobin level. LPRs: 

leukocyte poor RBCs; Hb: hemoglobin; PAD: post-admission day. 

The etiology of her hemolytic anemia was previously uncertain, as her hemoglobin levels continuously ranged 

from 60 g/L to 70 g/L during outpatient visits without any treatment. She has no history of smoking or illicit substance 

use. The initial diagnosis for the patient included hemolytic anemia, pulmonary infection, and splenomegaly.  

Upon the initial assessment at our hospital, we saw severe hemolysis, as indicated by a hemoglobin level of 28 g/L 

(Figure 1), and a high reticulocyte count of 14.73%. The total bilirubin level was measured at 169.51 μmol/L, with 

direct bilirubin accounting for 24.80 μmol/L and indirect bilirubin accounting for 144.71 μmol/L. The direct 

antiglobulin test showed a significant agglutination at a 3+ level, with positive results for anti-IgG, anti-C3d, and anti-

IgG+C3. This indicates that the RBCs have been sensitized. The platelet count, white blood cell count, and C-reactive 

protein levels were within the normal range. 

The patient's RBCs showed strong agglutination (4+) when tested with anti-A and anti-B reagent antibodies during 

forward typing. In reverse typing, the patient's plasma indicated moderate agglutination (3+) and had two distinct 
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populations when tested with A1 reagent cells and B reagent cells, respectively (Table 1). Despite obtaining a negative 

control result, we repeated the blood typing using a different micro-gel reagent card without low ionic strength solution 

(LISS) at room temperature, which revealed a distinct AB CcDee blood type (Supplementary Figure S1). To address 

the sensiti ation of the  BCs, we performed three rounds of warm saline washing at both 37 ℃ and 45 ℃, followed by 

a 10-min elution process for some of the RBCs. This confirmed the AB CcDee blood type in forward typing. 

Subsequently, allogeneic adsorption was carried out on a portion of her plasma using reagent O cells to reduce the 

impact of unexpected antibodies. This process ultimately confirmed the AB blood type in reverse typing (Table 1). 

Table 1. Serological results of the patient's blood type under various procedures. 

Procedures 
Forward Typing 

Control 
Reverse Typing 

Anti-A Anti-B Anti-D A1c Bc Oc 

LISS 4+ 4+ 4+ - 3+dp 3+dp / 

Non-LISS 4+ 4+ 4+ - - - / 

Washed & eluted 4+ 4+ / 1+ / / / 

Oc adsorbed / / / 1+ 1+ 1+ 1+ 

LISS: the test was incubated at 37 ℃ for 30 min within low ionic strength solution (L SS); Non-LISS: the test was addressed at 

room temperature without L SS; Washed   eluted: patient's  BCs were washed by 37 ℃ warm saline 3 times and eluted at 45 ℃ 

for 10 min; Oc adsorbed: patient's plasma was adsorbed by group O panel cells. dp: double population; /: not detected. 

Due to the lack of unexpected antibody identification panel cells at that time and considering the patient's critical 

condition, we opted for blind crossmatch with AB CcDee donor LPRs. Using the patient's self-crossmatch as a control, 

which yielded a significantly positive result, we administered 2 units of donor LPRs with lower agglutination intensity 

than the control.  

To determine the etiology of the patient's hemolysis, particularly the cause of the fatal anemia post-transfusion, we 

identified the unexpected antibodies on day 3 post-admission, which possessed the pattern of anti-S and anti-Wra 

antibodies (Figure 2 & Supplementary Figure S2). Significantly, the pattern displayed a clear differentiation with a 3+ 

agglutination contrast. Therefore, her warm-washed RBCs were subjected to a freeze-thaw process (fro en at −80 ℃ 

for 30 min and then thawed at 56 ℃ for 10 min). This resulted in an eluate that showed 4+ agglutination reactivity 

against panel O cells. Subsequently, S and Wra antigens were assessed through both serological and genetic analyses. 

The patient's  BCs were washed and eluted in serological tests at 37 ℃ and 45 ℃. Using the patient's RBCs as the 

control, testing these two antigens with the corresponding reagent antibodies yielded a weak positive result for the S 

antigen. Genetic analysis employed a polymerase chain reaction sequence-based typing (PCR-SBT) assay, targeting 

exon 4 of S (GYPB) gene and exon 16 of Wra (DI) gene. There was a cytidine at position 143 of GYPB and a guanine 

at position 1972 of DI, indicating that her genotype was typical "S" in the MNS system and "Wrb" in the Diego system 

(Figure 3). In addition, the weak positive outcome for the S antigen encouraged us to verify the blood units that were 

first transfused in our hospital. This verification proved that neither the S nor Wra antigens were present. Unfortunately, 

pre-admission samples of the transfused LPRs were unattainable, hindering the confirmation of whether the fatal 

hemolysis resulted from the local infusion of the S antigen. 

 

Figure 2. The result of the patient's unexpected antibody identification on day 3 post-admission. *: the self-crossmatch contrast, 

containing the patient's washed and eluted RBCs and her plasma. 
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Figure 3. The genetic sequence of the patient's blood type in MNS system and Diego system. (A): the sequence of GYPB exon 4 

of the patient. (B): sequence of DI exon 16 of the patient. 

Upon admission, the patient received 2 units of crossmatched AB CcDee LPRs and methylprednisolone, resulting 

in a significant rise in hemoglobin levels to 37 g/L. Subsequently, an additional 5 units of the same type LPRs, 

specifically avoiding both S and Wra antigens, were transfused to address the patient's hemolytic anemia. Figure 1 

illustrates the timeline of hemoglobin level fluctuations. It is worth noting that the assessment of transfusion efficiency 

was challenged by potential interference from disease progression and therapy.  

The autoimmune panel tests showed positive results for antinuclear antibody, anti-mitochondria-M2 antibody, and 

anti-Ro-52 antibody, indicating an autoimmune reaction from a different perspective. Subsequently, the patient 

underwent a comprehensive evaluation by the Department of Rheumatology and Immunology. The department 

proposed a decrease in the dosage of intravenously administered methylprednisolone to 40 mg per day and introduced 

oral cyclosporine at a dosage of 75 mg twice daily to alleviate the adverse effects of corticosteroids. Financial constraints 

precluding the use of rituximab led to the consideration of splenectomy as a viable option for significant splenomegaly 

and potential hypersplenism, until the patient's hemoglobin gradually increased to 81 g/L. 

The patient was discharged on day 13 post-admission despite persistent jaundice and without apparent discomfort. 

Prior to discharge, her hemoglobin levels were maintained within the range of 63 g/L to 81 g/L for a week (Figure 1). 

On day 30 post-admission, during the third outpatient evaluation, mild symptoms were noted, and her hemoglobin 

ranged from 59 g/L to 73 g/L. Additionally, the unexpected antibody identification on day 175 post-admission 

consistently revealed an anti-S and anti-Wra antibody pattern (Supplementary Figure S3). It is likely that the patient's 

autoantibody exhibits a low plasma titer and cannot disrupt the alloantibody pattern. 

3. Discussion 

The patient's forward typing in this report clearly suggested an AB blood type, whereas the reverse typing showed 

O type with 3+ agglutination and double population (Table 1). We gave priority to the forward typing procedure, 

considering the negative control outcome. This required adding RBCs to a saline solution with little plasma. 

Additionally, the reverse typing was incubated at 37 ℃ for 30 min as the blood typing card included two out of three 

unexpected antibody screening tests. We conducted a second blood typing of the patient's blood at room temperature 

using a different type of typing card that does not contain LISS, a solution that buffers the electric charge of RBCs and 

promotes better interaction. Hence, we could mitigate the impact of warm antibodies, whether alloantibodies or 

autoantibodies, on the result of reverse typing. Furthermore, we conducted both forward and reverse typing using a 

washing elution test and an allogeneic adsorption test, respectively, eventually verifying the blood type as AB CcDee. 
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As a result, 2 units of donor LPRs with matching blood types were selected for a blind crossmatch because there were 

no unexpected antibody identification panel cells available. 

The unexpected antibody identification addressed in further immunohematology investigation revealed a distinct 

pattern of anti-S and anti-Wra antibodies with a notable 3+ agglutination contrast (Figure 2). Common autoantibodies 

demonstrated typically pan-reactivity with reagent red cells besides the "mimicking alloantibody" [10]. In this regard, 

we examined three possible scenarios: (1) The level of autoantibodies may not be high enough to disrupt the pattern of 

alloantibodies. (2) The autoantibodies may imitate the anti-S and/or anti-Wra alloantibodies. (3) The patient may receive 

LRPs containing S and/or Wra antigens. Thus, we initially utilized freeze-thaw release on her washed RBCs to separate 

the autoantibodies, and the eluate confirmed their presence with strong pan-reactivity. It is reasonable to speculate that 

both autoantibodies and alloantibodies were present, with the autoantibodies significantly contributing to her anemic 

condition before the blood transfusion. However, uncertainties remain regarding the production quantity or potential 

excessive consumption, resulting in a low titer of autoantibodies in the plasma. In addition, we conducted regular 

serological tests using specific reagent antibodies to examine the presence of S and Wra antigens on the patient's RBCs. 

These tests revealed a slightly positive result for the S antigen. Given the recent LPRs transfusion, we could not 

definitively ascertain the presence of S or Wra antigens on her erythrocytes. Subsequently, DNA sequencing was 

considered to overcome the limitations and intricacies of serological typing methods and obtain precise results [11–13]. 

Based on the allelic genes of GYPB and DI genes published by the International Society of Blood Transfusion, we 

performed sequencing and confirmed the absence of S and Wra antigens on her RBCs. Therefore, we considered the 

possibility of an alloimmunization-mediated HTR in this case due to the infusion of S antigen. The verification of the 

original LPRs transfused in our hospital revealed the absence of both antigens. Unfortunately, the lack of samples from 

the LPRs transfused prior to admission hindered confirmation of whether fatal hemolysis resulted from the infusion of 

S antigen-positive LPRs at local hospital.  

AIHA, an autoimmune disorder characterized by autoantibodies against the patient's own RBCs, is susceptible to 

generating alloantibodies. Due to the possibility of both autoantibodies and alloantibodies intensifying hemolysis by 

damaging transfused RBCs, blood transfusion should be reserved for essential cases. Moreover, conducting antigen 

tests on transfused RBCs is crucial to prevent a corresponding alloantibody response. The patient in this atypical 

scenario, who had long-lasting AIHA and was generating autoantibodies along with simultaneous anti-S and anti-Wra 

alloantibodies, had a fatal HTR following transfusion. It is crucial for medical practitioners to be diligent in diagnosing 

autoantibodies and alloantibodies in AIHA and to develop a clear plan for blood transfusions. 

Supplementary Materials 

The following supporting information can be found at: https://doi.org/10.35534/BG20240110007, Figure S1. The 

results of patient's blood typing by micro-gel reagent cards. A: the typing test was incubated at 37 ℃ for 30 minutes 

within low ionic strength solution (LISS). B: the unexpected antibody screening tests. C: the typing test was addressed 

at room temperature without LISS. D: the patient's blood type in Rh system. *: the unexpected antibody screening tests 

for the patient. Figure S2. The phenotype listing sheet corresponding to the panel used on day 3 post-admission. Figure 

S3. The result of the patient's unexpected antibody identification during follow-up (day 175 post-admission). A&B: the 

patterns of the unexpected antibody identification. C: the phenotype listing sheet corresponding to the panel used on 

day 175 post-admission. 
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