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 Case series
 Patients: Female, 44-year-old • Female, 35-year-old
 Final Diagnosis: Delayed haemolytic transfusion reaction with alloimmunization
 Symptoms: Fatigue • fever • palpitation • shortness of breath
 Medication: —
 Clinical Procedure: —
 Specialty: Hematology

 Objective: Unknown etiology
 Background: Transfusion therapy has a well-established role in the management of several sickle cell disease (SCD)-related 

complications. Nevertheless, the benefits of transfusion must outweigh the possible risks, including iron over-
load, infections, and transfusion reactions. Alloimmunization is the underlying etiology of most delayed he-
molytic transfusion reactions (DHTR). DHTR is often underestimated and underdiagnosed in sickle cell disease 
patients as it mimics a vaso-occlusive crisis in presentation. Alloimmunization to RBC antigens can be a seri-
ous complication of transfusion, which is of particular interest in individuals with SCD, as the occurrence rate 
is higher in this population. This complication represents a secondary immunological phenomenon that typi-
cally arises after the emergence of an alloantibody to which the patient had been previously sensitized to.

 Case Reports: Here, we report 2 cases of delayed hemolytic transfusion reaction (DHTR) in which the patients showed ev-
idence of alloimmunization from previous blood transfusions. The patients were managed with a variety of 
medications, including supportive treatments, utilization of immunosuppressive agents, and enhancement of 
erythropoiesis. Both patients had evidence of clinical and laboratory improvement following the management.

 Conclusions: DHTR is considered one of the most deleterious complications of transfusion in SCD patients. The diagnosis 
and management of DHTR is very challenging, especially because it can present differently in this population. 
A high index of clinical suspicion is needed in addition to the laboratory criteria.
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HTN – hypertension
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Background

Delayed hemolytic transfusion reactions (DHTR) are hyperhe-
molysis of both autologous and transfused red blood cells by 
an alloantibody that is usually not detected prior to transfu-
sion [1]. Individuals initially become alloimmunized to red blood 
cell (RBC) antigens from previous transfusions or pregnancies. 
The immunological memory produced during prior transfusions 
will facilitate the generation of alloantibodies, which subse-
quently cause destruction of the RBCs [1]. DHTR usually oc-
curs 24 h to 21 days after transfusion [2]. The appearance of 
clinical signs occurs a median of 9 days after blood transfu-
sion [3]. It commonly manifests as fever, pain, jaundice, dark 
urine, and an unexplained decrease in hemoglobin after trans-
fusion compared to the pretransfusion level [2,4].

A positive direct anti-globulin test or a positive antibody screen-
ing test is the hallmark serologic finding. Antibodies directed 
against Rh (D, C, E, c, e) and Kidd (Jka, Jkb) K, FY Ss system an-
tigens are the antibodies most commonly implicated in DHTR. 
However, numerous other non-specific antibodies have been 
described [5,6]. Once alloantibodies are identified, the patient 
should receive antigen-negative RBCs to prevent future reac-
tions. Of note, no antibodies are detected in at least 30% of 
the cases, which makes the diagnosis more difficult [7].

In general, DHTR is underdiagnosed because the clinical pre-
sentation is similar to vaso-occlusive crises (VOC) in sickle cell 
disease, which is far more prevalent than DHTR. In addition, pa-
tients with sickle cell disease and G6PD deficiency need long-
term hemolysis and can present with acute hemolytic crisis 
requiring blood transfusions, which puts them at increased 
risk for transfusion-related complications, especially DHTR. As 

mentioned before, the post-transfusion screening tests tend 
to reveal false-negative results, making the diagnosis more 
challenging for physicians. This disease can be life-threatening 
in severe cases, and it usually requires immediate action [8].

According to the current literature, predicting the possible im-
pact of various immunosuppressive medications when attempt-
ing to prevent or treat DHTRs is difficult. Future research is 
needed to determine the best therapeutic choices for DHTRs in 
individuals with sickle cell disease (SCD) and whether they have 
unique alloantibodies compared to the general population [9].

Case Reports

Case 1

This was a 44-year-old Saudi woman known to have SCD and 
G6PD deficiency on folic acid replacement, with no known com-
plications, and a baseline hemoglobin (Hgb) of 7.5-9 g/dl. She 
presented to the hospital reporting palpitations, shortness of 
breath, and fatigue for 4 months, which became worse 2 days 
prior to presentation. She was vitally and clinically stable, and 
a physical examination was unremarkable except for evidence 
of pallor. Her laboratory values showed a drop in hemoglobin 
to 6.5 g/dl, high LDH with a value of 952 U/L, leucocytosis with 
WBC of 13 k/uL, Hgb S saturation 94%, and her reticulocyte 
count was 6%. Table 1 shows the remainder of her laborato-
ry values. Blood grouping and cross-matching were done. She 
had O+ blood group with negative DAT and antibodies screen. 
She received 1 unit of packed RBCs. Upon discharge, she was 
stable, and her Hgb improved to 8.5 g/dl. Table 1 shows the 
rest of her laboratory values.

Baseline
First admission Second admission Third admission A few 

months 
laterPre- Post- Pre- Post- Pre- Post- 

WBC
(4-11 k/uL)

10 13 9 15.6 17.1 24.4 15.9 9.8

Hgb g/dl
(Male: 13-18 g/dl, 
Female: 12-16 g/dl) 

7.5 6.5 8.5 6.2 6.6 4.8 5.5 8

Platelet k/ul
(140-450 k/uL)

448 167 225 200 164 240 118 129

Reticulocyte count % 5 6 5.6 8.1 9.5 6.7 12.3 3.5

Indirect bilirubin mg/dl 0.7 1.5 4.6 5.6 1.3 2.6 1.6 1.8

LDH u/l (81-234 U/L) 646 952 1358 1786 1174 1274 857 1153

HbS% – 94 – 90 – – – 91

Table 1. Laboratory values – case 1.

WBC – white blood count; Hgb – haemoglobin; LDH – lactate dehydrogenase; HbS% – percentage of hemoglobin S.
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Ten days later, she presented again with symptoms of anemia 
and high-grade fever of 39.5°C associated with chills. Physical 
examination showed evidence of pallor and jaundice. Her Hgb 
dropped again from 8.5 g/dl to 6.2 g/dl, WBC increased from 
9 k/ul to 15.6 k/ul, LDH increased from 1358 U/L to 1786 U/L, 
indirect bilirubin increased from 4.6 mg/dl to 5.6 mg/dl, and 
her reticulocyte count was 8.1%. Table 1 shows the other labo-
ratory values. DAT was positive and antibody screen was posi-
tive for anti-JK a antibody. Hemoglobin electrophoresis showed 
Hgb A 3.5% and Hgb S 90%. During her hospital stay, her Hgb 
dropped from 6.5 g/dl to 5.4 g/dl, for which she received 1 
unit of packed RBCs and 2 doses of hydrocortisone 100 mg i.v. 
Upon discharge, her hemoglobin improved to 6.6 g/dl, WBC in-
creased to 17.1 k/ul, and her LDH was 1174 u/l. Table 1 shows 
the other laboratory values upon discharge.

She presented again 4 days later with a high-grade fever reach-
ing 39°C associated with increase leucocytosis with a WBC 
value of 24.4 k/ul. Her Hgb dropped from 6.6 g/dl to 4.8 g/dl. 
Table 1 shows the other laboratory values. The septic work-
up was negative. She was diagnosed with alloimmunization 
and DHTR. Accordingly, she was managed with 2 doses of IVIG 
(0.5 g/kg then 1g/kg). She was also given darbepoetin alfa 
60 mcg SQ twice per week for a total of 5 doses in the hospi-
tal, along with 3 doses of iron sucrose 200 mg as her ferritin 
level was 141.75 ng/ml. The patient also received 100-mg i.v. 
hydrocortisone injections 3 times per day for 3 days. The pa-
tient was eventually discharged with a Hgb value of 5.5 g/dl. 
Indirect bilirubin decreased to a value of 1.6 mg/dl, LDH de-
creased to a value of 857 U/L, and her reticulocyte count was 
12.3% after being clinically stable with instructions to take 
darbepoetin 60 mcg SQ twice weekly for 6 weeks and to have 
regular clinic follow-up. She was evaluated in the clinic several 

times after that, with a stable Hgb of 7.5-8 g/dl and a reticu-
locyte count of 3.5%.

Case 2

A 35-year-old Saudi woman had a history of pernicious anemia 
and SCD diagnosed after her second delivery 7 years ago. She 
was in her usual state of health, with a baseline Hgb between 
8-9 g/dl until 2 months before, when she was diagnosed with 
a chest infection, for which she received an antibiotic and was 
also transfused with 2 units of PRBC due to a low Hgb level.

She presented to the hospital 2 weeks later reporting dizzi-
ness for 1 week, associated with palpitation and fatigue. She 
was vitally stable, with an unremarkable physical examination 
apart from pallor. Her Hgb level was 4.2 g/dl, indirect bilirubin 
level was 2.9 mg/dl, LDH level of 1153 U/L, and her reticulo-
cyte count was 12.5%. The remainder of the laboratory values 
are shown in Table 2. Blood grouping and cross-matching were 
done. Her blood group was O+ and her DAT was positive. An 
antibodies screen was positive for Anti-C, Anti-E, Anti-K, and 
other non-specific antibodies. Hgb electrophoresis showed a 
Hgb A value of 7.4% and Hgb S of 68%. She was diagnosed 
as having alloimmunization and DHTR. The septic workup was 
negative. During her hospital stay she received a total of 4 
units of PRBCs under supervision. Her post-transfusion Hgb in-
creased to 9.3 g/dl and her reticulocyte count decreased from 
12.5% to 7%. She also received 2 doses of 60 mg i.v. meth-
ylprednisolone and was discharged uneventfully 3 days later. 
Other laboratory values are shown in Table 2.

She presented again to the emergency room 6 days later re-
porting a fever reaching 38°C. Her Hgb dropped from 9.3 g/dl 

Baseline
First admission Second admission A few months 

laterPre- Post- Pre- Post- 

WBC
(4-11 k/uL)

1.4 3.6 4.5 4.9 5 4.7

Hgb g/dl
(Male: 13-18 g/dl, 
Female: 12-16 g/dl) 

8 4.2 9.3 5.2 5.8 9.1

Platelet k/ul
(140-450 k/uL)

196 115 182 164 222 156

Reticulocyte count % 10.8 12.5 7 10.4 7.2 5.4

Indirect bilirubin mg/dl 1.8 2.9 1.9 1.2 0.9 1.6

LDH u/l (81-234 U/L) 1126 1553 1514 1116 1116 449

HbS% – 68 – 60 76 73

Table 2. Laboratory values – case 2.

WBC – white blood count; Hgb – haemoglobin; LDH – lactate dehydrogenase; HbS% – percentage of hemoglobin S.
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to 5.2 g/dl and the reticulocyte count increased from 7% to 
10.4%. Other laboratory values are shown in Table 2. During 
the hospital course she received 2 doses of darbepoetin 60 
mcg SQ to improve her HB, with avoidance of blood transfu-
sion. She also received 1 dose of 100 mg hydrocortisone in-
jection. Her hemoglobin upon discharge improved to 5.8 g/dl 
and the reticulocyte count decreased to 7.2%. The other lab-
oratory values before discharge are shown in Table 2. She 
was discharged with instructions to continue vitamin B12 re-
placement and to follow up regularly in the hematology clinic. 
She was evaluated in the clinic a few months later with a sta-
ble Hgb between 7.5-8 g/dl and a reticulocyte count of 5.4%.

Discussion

A limited number of studies have investigated the incidence 
of DHTR, so its true incidence remains unknown. However, 
the prevalence of alloimmunization in SCD patients is report-
ed to be between 30% and 50% and it is speculated to have 
increased recently [10]. The Incidence of DHTR in SCD has a 
very wide spectrum of 0.001-13.52% [1,4,10-12], making it the 
most common adverse event following occasional transfusion 
in patients with SCD [1]. The mortality rate in SCD patients is 
6%-11%, suggesting that these reactions are not only more 
common than previously proposed, but are also likely to sig-
nificantly affect SCD mortality rates [1].

Numerous studies have reported the risk factors for DHTR, 
which include a history of previous DHTR, and alloimmuni-
zation with antibodies [5]. In addition, having fewer previous 
transfusions was shown to be associated with a higher risk of 
developing DHTR. This can be explained by the fact that pa-
tients undergoing regular chronic transfusions often undergo 
extended RBC-matching compared to patients receiving epi-
sodic transfusions for acute indications [5].

Anoosha et al investigated the clinical features in addition to 
the outcomes of 99 DHTRs occurring in 69 referral centers. The 
most frequent DHTR-related clinical sign was dark urine/he-
moglobinuria (94%). Most patients (89%) had a painful vaso-
occlusive crisis and 50% developed a secondary acute chest 
syndrome (ACS). Among these DHTRs, 61% developed in previ-
ously immunized patients and 28% developed in patients with 
prior DHTR [3]. In SCD, the clinical presentation of DHTR may 
be quite similar to acute painful crisis, with or without symp-
toms of aplastic crisis [13]. The anemia and pain are usual-
ly attributed to painful crises and hyperhemolysis; therefore, 
the diagnosis of DHTR may be delayed [8]. In addition to the 
clinical manifestation of acute or delayed hemolysis, these pa-
tients often experience painful crises, may show evidence of 
reticulocytopenia, and can develop more severe anemia than 
before the transfusion [13].

Racial differences in RBC antigen expression between recipi-
ents (predominantly African Americans) and donors (predom-
inantly Whites) are thought to contribute to the greater likeli-
hood of alloimmunization in SCD patients. A study comparing 
the red cell morphologies of African American patients and 
blood bank donors discovered that donors had a much high-
er occurrence of the antigens E, C, Kell, Fya, Fyb, and Jkb, which 
could contribute to the higher incidence of alloimmunization 
in this population [13]. Both patients in this case report had 
documented evidence of alloimmunization. The first patient 
had +ve Anti-Jka antibodies and the second patient had +ve 
Anti-C, Anti-E, Anti-K, and other non-specific antibodies [13].

According to the American Society of Hematology (ASH), DHTR 
is defined as a drop in hemoglobin within 21 days following 
transfusion, with 1 or more additional criteria. These criteria 
include development of new RBC alloantibody, haemoglobin-
uria, increase in hemoglobin S level and decrease in hemo-
globin A level after transfusion, which were present in our 
patients. Development of reticulocytosis or relative reticulo-
cytopenia in comparison to the baseline for the patients can 
also occur in DHTR with a marked increase in LDH [7]. The pa-
tients in this case report had variations in their reticulocyte 
counts and other markers of haemolysis like LDH and indirect 
bilirubin at every admission.

In the second case, the reticulocyte count improved after man-
agement in each admission and eventually returned to base-
line within a few months. However, in the first case the re-
ticulocyte counts kept fluctuating in an independent manner 
without correlation with the management in each admission. 
Therefore, diagnosis based on markers of hemolysis alone can 
be challenging, especially in SCD patients, who commonly have 
ongoing chronic hemolysis.

There are no validated treatment protocols for DHTR and no 
consensus on the standard dosage for the suggested treat-
ments due to the lack of well-designed randomized-controlled 
trials. The general treatment recommendations for DHTR in-
clude avoidance of further transfusion, use of immunosup-
pressive therapy, and optimizing erythropoiesis. In addition 
to supportive management, several treatment modalities are 
commonly utilized, including IVIG for prevention of antibody-
mediated immune destruction and corticosteroids in high dos-
es for immune system modulation [14]. However, due to the 
absence of a unified dosing system, each hospital uses a dif-
ferent protocol for dosing and duration of the following med-
ications. For example, a study by Kate et al published in the 
British Journal of Hematology (BJH) recommended using IVIG in 
a dose of 1 g/kg/d for 1-2 days [2], whereas Sawsan et al rec-
ommended using it in a dose of 0.4 g/kg/day for 5 days [15]. 
Steroids have been found to act in a synergistic manner with 
the IVIG to supress macrophage activity [14]. A report by Kate 
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et al, published in th British Journal of Hematology, implement-
ed a protocol administering steroids in the form of methylpred-
nisolone in a dose of 0.5 g daily for up to 5 days [2], where-
as Sawsan et al utilized it in a dose of 1 mg/kg daily in the 
form of prednisolone tablets for 1 week [15]. In addition to 
the previous medications, recombinant EPO and IV iron have 
been reported to boost endogenous RBC production in the 
setting of severe anemia [1]. Since ferritin level is considered 
an acute-phase reactant, which is expected to be elevated in 
most patients with SCD, this makes it difficult to find a stan-
dard definition for iron deficiency in these patients. However, 
Gardner et al suggested transferrin saturation of less than 
20% can be used as indication for i.v. iron [2]. High doses of 
EPO, at 250-800 u/kg/dose 3 times weekly, were recommend-
ed by Kate et al [2], whereas France et al and others from the 
American Society of Hematology recommend darbepoetin at 
a dose of 100-300 g every 48 h [7,14,16]. Some studies de-
scribed the use of rituximab for patients with prior DHTR who 
had evidence of alloimmunization to prevent further alloim-
munization [3,6]. Kate et al proposed using rituximab in both 
low doses 100 mg i.v. once per week for 4 weeks or in stan-
dard doses of 375 mg/m2 weekly for 4 weeks [2]. In contrast, 
Clarisse et al utilized rituximab in a dose of 1000 mg i.v. as a 
single dose [17]. Recent evidence reported by Swee et al sug-
gests that excessive complement activation may account for 
the most severe DHTR presentations with accompanying hy-
perhemolysis [3,6]. Therefore, eculizumab can be one of the 
treatment options in patients experiencing DHTR-associated 
hyperhemolysis to prevent irreversible multi-organ failure and 
it results in rapid clinical improvement [1]. France et al sug-
gested using eculizumab with a dose of 900 mg on day 1 and 
day 7 only in the presence of severity criteria, which consists 
of ACS with hypoxemia or acute pulmonary HTN, stroke, and 
organ failure [14,17].

Although additional studies are needed, these reports pro-
vide us with more options for effective treatment, especially 
for severe cases [1,14].

DHTR events may be considered as a prompt to initiate hy-
droxyurea in patients who are considered un-transfusable to 
maximize their HB levels and minimize transfusion needs in 

the longer term [18]. Ultimately, the most important measure 
is to withhold further transfusions to avoid accelerated hae-
molysis. However, in certain cases with profound anemia and 
worsening hypoxemia or heart failure, the administration of 
additional transfusions may become unavoidable as a mea-
sure of last resort [11].

In comparison to these protocols, the patients discussed in our 
case series were considered to have mild to moderate DHTR 
and thus were not candidates for immunosuppression by ecu-
lizumab or rituximab. IVIG and steroids were provided in both 
cases, as they are the first-line medications in most of the rec-
ommendations/studies. Supportive management is the cor-
nerstone for treating DHTR and it should focus on minimizing 
RBC transfusion unless in life-threatening anemia, enhancing 
erythropoiesis, and replacing the common hematopoietic de-
ficiencies by administering iron, folic acid, vitamin B12, and 
EPO, which were given to our patients.

Some of the obstacles we encountered during the manage-
ment of these cases were the absence of a clear dosing sys-
tem, the type of steroid used, and the limited resources avail-
able, since some of these medications have a high cost. This 
could be overcome by creating a unified hospital DHTR treat-
ment protocol, which we are developing now. Unfortunately, 
both patients mentioned in our case series declined hydroxy-
urea use, even though it could benefit them in the long term, 
as suggested previously.

Conclusions

DHTR is considered one of the most deleterious complications 
of transfusion in SCD patients. The diagnosis and management 
of DHTR is very challenging, especially because it can present 
differently in this population. A high index of clinical suspi-
cion is needed in addition to the laboratory criteria. Further 
research and clinical trials are needed in this field to explore 
additional treatment options such as the utilization of immu-
nosuppressants and supportive medications with their optimal 
doses, while considering the potential adverse effects, cost, 
and the rate of improvement in patient outcomes.
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