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Delayed Hemolytic Transfusion Reaction in a Patient
With Sickle Cell Disease and the Role of the Classical
Complement Pathway: A Case Report
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Abstract

A 14-year-old female patient with sickle cell disease developed a
severe delayed hemolytic transfusion reaction (DHTR) leading to
multiple transfusions and intensive care management. To better un-
derstand the extent to which the classical complement pathway was
contributing to her DHTR, we utilized the complement hemolysis us-
ing human erythrocytes (CHUHE) assay and the classical complement
pathway inhibitor, PIC1. Residual discarded de-identified plasma and
erythrocytes from the patient obtained from routine phlebotomy was
acquired. These reagents were used in the CHUHE assay in the pres-
ence of increasing concentrations of PIC1. Complement-mediated
hemolysis of the patient’s erythrocytes occurred in her plasma and
complement permissive buffer. Increasing concentrations of PIC1
dose-dependently inhibited hemolysis to levels found for the negative
control - complement inhibitor buffer. Complement-mediated hemoly-
sis was demonstrated by the CHUHE assay for this patient with sickle
cell disease and severe DHTR. PIC1 inhibition of hemolysis suggested
that the classical complement pathway was contributing to her DHTR.
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Introduction

A rare but life-threatening sequela of blood transfusion is de-
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layed hemolytic transfusion reaction (DHTR). In patients with
sickle cell disease (SCD), the clinical presentation of DHTR can
be confused with vaso-occlusive crises (VOC) potentially delay-
ing important interventions. It is believed that many DHTRs are
mild and self-limited and thus frequently unidentified. However,
a reduction in hemoglobin to the pre-transfusion level within
1 - 2 weeks post-transfusion is suspicious for DHTR [1]. Severe
DHTR reactions can progress rapidly after the onset of non-lo-
calizing symptoms and are life-threatening. They are typically
treated similarly to acute hemolytic reactions.

The mechanisms underlying DHTR remain poorly under-
stood. The most commonly discussed theory is that DHTR
occurs when a patient has been previously sensitized to an
erythrocyte antigen, but has undetectable alloantibody levels
at the time of transfusion [2]. One to four weeks after trans-
fusion with erythrocytes bearing this antigen, a primary or
anamnestic immune response may occur precipitating DHTR
[3]. The antibody-coated donor erythrocytes, usually of the
IgG subclass, are believed to be primarily destroyed by ex-
travascular hemolysis in the liver and spleen via Fc-medi-
ated phagocytosis [4]. A recent review notes that the risk of
DHTR is substantially increased in persons with SCD with
an incidence ranging from 1% to 20% of transfusions [5].
This review details the role of complement activation in acute
hemolytic transfusions; however, the impacts of complement
activation on DHTR remain largely unclear. A case series and
a few case reports have described episodes of DHTR associ-
ated with direct antiglobulin test (DAT) positive for C3(d),
sometimes in the setting of hyperhemolysis [6-9]. Another
small case series and case reports have described the use of
eculizumab for DHTR [10-12].

The complement hemolysis utilizing human erythrocytes
(CHUHE) is an ex vivo assay that has been used to evaluate the
contribution of antibody-initiated classical complement-medi-
ated hemolysis in acute hemolytic transfusion reaction (AHTR)
[13], ceftriaxone-induced immune hemolytic anemia (CIIHA)
[14] and to assess hemolytic risk of blood type A plasmas [13].
PICI, peptide inhibitor of complement C1, is a classical path-
way complement inhibitor that blocks the enzymatic activity of
the first component of the cascade, C1 [15]. PIC1 has previous-
ly been demonstrated to inhibit antibody-initiated complement-
mediated hemolysis in models of acute hemolytic diseases like
an ex vivo model of ABO incompatibility [16] and an in vivo
model of AHTR [17]. Here we explored the potential ability of
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a complement inhibitor to moderate hemolysis ex vivo utilizing
erythrocytes and plasma from a patient experiencing DHTR.

Case Report

Patient information and clinical findings

Our case describes a 14-year-old female patient with SCD (he-
moglobin SS) who presented with VOC disease of the lower
extremities. She then developed acute chest syndrome (ACS)
requiring a packed red blood cell (RBC) transfusion. Seven
days after the transfusion, she suffered acutely worsening bi-
lateral thigh, arm and back pain. Her hemoglobin at this time
was 7.6 g/dL with a reticulocyte count of 7.6%, compared with
a post-transfusion hemoglobin of 8.8 g/dL, and a reticulocyte
count of 8.8%. After admission to hospital, she developed an
increasing oxygen requirement and her hemoglobin decreased
to 5.0 g/dL overnight. She became febrile, hypertensive and de-
veloped respiratory distress with worsening non-localized pain.

Diagnosis

Her blood work showed decreasing platelets from 274,000 to
116,000/pL, a lactate dehydrogenase (LDH) of 5,317 U/L and
a normal ADAMSI13 level of 158%. Her DAT was negative
and her urinalysis showed hemoglobinuria. Her hemoglobin
S level was found to be rising (70.2%) compared with a value
from 4 days prior (65.6%).

Treatment

A 500 mg pulse dose of methylprednisolone and 0.4 g/kg in-
travenous immunoglobulin (IVIG) infusion was given for sus-
picion of DHTR. She also received ceftriaxone and was trans-
ferred to the intensive care unit (ICU). During her first day in
the ICU, her hemoglobin and platelet counts dropped to 4.1
g/dL and 50,000 cells/uL, respectively. She was then treated
with eculizumab 900 mg, a 1 g infusion of rituximab, IV ferric
carboxymaltose and 30,000 Units of erythropoietin alfa. Her
hydroxyurea dose was held. She required escalating respirato-
ry support to 100% FiO, via 40 L high flow nasal cannula and
exhibited acutely worsening perfusion on exam. Due to her
worsening respiratory and clinical status, she was transfused
with 5 mL/kg of packed RBCs. During day 2 in the ICU, her
hemoglobin was 4.5 g/dL resulting in an additional transfusion
with 5 mL/kg packed RBCs, which increased her hemoglobin
to 5.3 g/dL. Her LDH was 25,071 U/L at that time. She also
received a second dose of pulse IV methylprednisolone and
0.4g/kg IVIG. She began prophylactic enoxaparin with normal
coagulation studies. Echocardiography showed elevated right
ventricular pressure estimated at half systemic pressure. LDH
peaked on ICU day 3 at 30,425 U/L and she was given a dose of
8 mg/kg tocilizumab and an IV methylprednisolone wean to 50
mg q6h was initiated. That evening, the hemoglobin decreased
to 4.4 g/dL and her platelet count decreased. She experienced
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worsening respiratory failure requiring BiPap ventilation. She
was transfused 5 mL/kg platelets and two additional 5 mL/kg
aliquots of packed RBCs increasing her hemoglobin to 8.0 g/
dL and platelet count to 107,000 cells/uL on ICU day 4. Subse-
quent echocardiogram demonstrated improved heart function.
By ICU day 5, the hemoglobin level and platelet counts
remained stable and LDH began to trend downward. The pa-
tient was clinically improving and respiratory support was de-
creased. Antibiotics were discontinued after becoming afebrile
and corticosteroids were further decreased. She was given
another 900 mg dose of eculizumab on ICU day 8 and then
transferred out of the ICU. At time of hospital discharge, her
hemoglobin was 7.9 g/dL, her platelet count was normal, her
LDH was 7,085 U/L and she was comfortable on room air.

Follow-up and outcomes

At follow-up 2 days later, she was asymptomatic and had a sta-
ble hemoglobin of 8.6 g/dL with a reticulocyte count of 18.2%.
Eight days later, her hemoglobin dropped to 5.2 g/dL, but she
was asymptomatic. She was readmitted to the hospital and
treated with methylprednisolone, rituximab and eculizumab.
She was subsequently discharged on a steroid taper and re-
mained clinically and hematologically stable.

On our analysis, the patient’s plasma caused increased he-
molysis of her erythrocytes in complement permissive buffer
compared with complement inhibitory buffer (P = 0.059) in
the CHUHE assay (Fig. 1). Addition of PIC1 showed a dose-
dependent decrease of hemolysis that was statistically signif-
icant at the 2 mM (P = 0.036) and 4 mM dose (P = 0.029)
compared with hemolysis in complement permissive buffer
without PIC1. At higher doses PIC1 inhibited hemolysis to the
background signal seen for complement inhibitory buffer (P >
0.21). These results demonstrate complement-mediated DHTR
of this patient’s erythrocytes by her plasma that was inhibited
in the presence of a classical pathway complement inhibitor.

Ethics statement

This case report was reviewed by the Eastern Virginia Medical
School IRB and determined to not constitute human subjects
research. Blood and plasma were obtained as discarded de-
identified samples from residual specimens in the Blood Bank.

Discussion

DHTR remains a challenging clinical diagnosis due to pro-
longed time between transfusion and hemolysis. For this pa-
tient with SCD and severe DHTR, complement-mediated he-
molysis of her erythrocytes by her plasma was demonstrated
ex vivo utilizing the CHUHE assay. It is unclear why her DAT
was negative, although it is not uncommon to have a negative
DAT in DHTR [18-20]. Unfortunately, this result led to a delay
in recognizing that she was experiencing a DHTR and initi-
ating interventions that could potentially have attenuated her
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Figure 1. Analysis of hemolysis by CHUHE assay. DHTR subject’s erythrocytes were incubated with her plasma in complement
inhibitory buffer (C’ inhib) or complement permissive buffer (sera + RBC). Increasing concentrations of PA-dPEG24 (PIC1) were
added to the complement permissive reaction. Data (n = 3) are means of independent experiments + SEM. Five-pointed star
denotes P = 0.059. DHTR: delayed hemolytic transfusion reaction; CHUHE: complement hemolysis using human erythrocytes;

RBC: red blood cell; SEM: standard error of mean.

disease process at an ecarlier stage. It is plausible that an assay
like CHUHE could have allowed for more rapid identification
of complement-mediated hemolysis contributing to her illness.

The classical complement pathway inhibitor PIC1 was able
to inhibit her plasma lysing her erythrocytes ex vivo suggesting
that antibody-initiated classical complement pathway activa-
tion can contribute to hemolysis in severe DHTR. The precipi-
tous decline in this patient’s hemoglobin and clinical status are
consistent with complement-mediated intravascular hemolysis
contributing to her DHTR. Additional opsonization of erythro-
cytes with antibody as well as complement opsonins (e.g. C3b
and iC3b) contribute to erythrocytes being removed from the
blood by binding to FcR and complement receptors in the liver
and spleen and subsequent lysis (i.e. extravascular hemolysis)
[21]. This extravascular hemolysis occurring primarily in the
reticuloendothelial system (RES) consists of Kupffer cells in
the liver and macrophages in the spleen which are main parts
of the reticuloendothelial system. The extent to which comple-
ment-mediated opsonization of her erythrocytes exacerbated
extravascular hemolysis in the liver and spleen cannot be deter-
mined, but there is likely to be an additional contribution over
antibody opsonization alone. These results raise the possibility
that a classical complement pathway inhibitor could be used to
moderate complement-mediated intravascular and extravascu-
lar hemolysis in a patient experiencing severe DHTR.

Learning points

DHTR can be a challenging diagnosis in patients with SCD and
we have limited laboratory assays available currently to assist
with patient care. Classical pathway of the complement system
contributes to DHTR and this can be modified by a complement
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inhibitor to increase the lifespan of transfused RBCs.
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