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Abstract

Background and Objective: Innocent bystander haemolysis (IBH) is an immune-mediated destruction of red
blood cells (RBCs) in which antigen-negative erythrocytes are lysed as collateral casualties of complement
activation triggered elsewhere. It is encountered in three principal clinical settings in transfusion medicine:
drug-induced immune haemolytic anaemia (DIIHA), delayed haemolytic transfusion reaction (DHTR) with
hyperhaemolysis syndrome (HHS) in sickle cell disease (SCD), and passenger lymphocyte syndrome (PLS)
following transplantation. Despite its clinical importance, IBH is frequently underdiagnosed owing to atyp-
ical serological findings. This review examines the historical evolution, immunological basis, clinical mech-
anisms, laboratory diagnosis, and therapeutic management of IBH.

Methods: PubMed, Google Scholar, and reference-list searching were used to identify peer-reviewed litera-
ture on IBH, DIIHA, HHS, DHTR, PLS, and complement-mediated haemolysis published between 1965 and
2025.

Key Content and Findings: IBH arises through classical pathway complement activation, with secondary
amplification via the alternative pathway. Key presentations include DIIHA (16—18% of acquired immune
haemolytic anaemia), HHS complicating approximately 4% of transfusions in SCD, and PLS in up to 18%
of minor ABO-incompatible transplants. Diagnosis relies on a complement-only or complement-predomi-
nant direct antiglobulin test (DAT), biochemical haemolysis markers, and drug or transfusion history, but
is frequently delayed because routine alloantibody screening is negative. Management centres on removing
the precipitating cause, first-line immunosuppression with corticosteroids and intravenous immunoglobulin
(IVIG), avoidance of further transfusion in HHS, and escalation to targeted biologics — eculizumab, rituxi-
mab, and tocilizumab — in refractory cases. Extended RBC genotyping and complement inhibitor therapies
represent the frontiers of prevention and treatment.

Conclusions: IBH spans multiple haematological and transplant settings and demands a high index of clin-
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ical suspicion, especially when haemolysis occurs despite a compatible crossmatch. Expanding access to
extended RBC genotyping, standardised diagnostic protocols, and complement inhibitor therapies is central

to improving outcomes in affected patients.
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Introduction

Blood transfusion is a life-saving therapeutic
intervention underpinning the management of
haematological disorders, surgical blood loss, and
critical illness worldwide. However, transfusion
is not immunologically neutral. Among the most
diagnostically challenging complications is innocent
bystander haemolysis (IBH), in which erythrocytes
bearing no relation to the initiating immune stimulus
are destroyed as collateral victims of misdirected
complement activation [1].

IBH may be defined as immune-mediated destruction
of cells or tissues caused by an antibody not produced
in response to intrinsic antigens on the cells undergoing
cytolysis. The concept emerged in the early 1960s
from clinical observations in patients receiving the
antimalarial and antiarrhythmic drug quinidine,
who developed acute haemolysis without detectable
autoantibodies on their own RBCs. Subsequent
experimental work established that soluble drug-
antibody immune complexes were responsible, and
that complement activation by these complexes at the
RBC surface - despite the absence of drug-specific
antigen on the erythrocyte - was the key event in
haemolysis [3].

Today, IBH is recognised across three principal
clinical settings: (I) DITHA, in which drug-antibody
immune complexes cause complement-mediated
bystander haemolysis; (II) DHTR with HHS in
SCD, in which alloantibodies destroy both donor
and autologous RBCs; and (III) PLS following solid
organ or haematopoietic stem cell transplantation, in
which donor-derived lymphocytes produce antibodies
against recipient RBC antigens. In all three settings,

the unifying mechanism is complement activation that
damages antigen-negative bystander cells [1,4].

Despite growing recognition, IBH remains
underdiagnosed. Serological findings are often atypical,
routine antibody screening is frequently negative,
and the clinical picture overlaps with autoimmune
haemolytic anaemia, acute haemolytic transfusion
reaction, and other causes of post-transfusion anaemia.
We present this article in accordance with the narrative
review reporting checklist [1,5].

Methods

A narrative review of published peer-reviewed literature
was conducted. PubMed, Google Scholar, and reference-
list searching were used to identify relevant sources.
The search strategy summary is presented in Table 1.
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Table 1: Search Strategy Summary

Items Specification

Date of search January 2025

Databases and other
sources searched

PubMed, Google Scholar, reference-list searching

Search terms used

ger lymphocyte syndrome";
haemolysis"

"innocent bystander haemolysis"; "drug-induced immune haemolytic anaemia";
"hyperhaemolysis syndrome"; "delayed haemolytic transfusion reaction";
complement activation RBC"; "bystander complement

n. n

passen-

Timeframe 1965-2025

Inclusion and exclu-
sion criteria

ed.

English-language peer-reviewed articles; original research, reviews, case series,
case reports, and clinical guidelines relevant to IBH, DIIHA, HHS, DHTR, PLS,
and complement-mediated haemolysis. Non-English articles, conference abstracts
without full text, and articles on unrelated haematological conditions were exclud-

Selection process
cussion

Selection conducted by all authors independently; consensus obtained through dis-

Historical Background

The intellectual origins of IBH lie in observations of
drug-induced blood dyscrasias in the 1950s and 1960s.
Ackroyd first proposed the term “innocent bystander”
to describe complement-mediated platelet lysis in the
presence of sedormid and its antibody. Dameshek
formally applied this concept to erythrocytes in
1965, observing that antigen-negative RBCs could
be destroyed during immune haemolytic reactions -
the foundational description of IBH [1].

Pivotal early work characterised the quinidine antibody
as a gamma globulin that required both quinidine
and complement to cause RBC haemolysis. These
experiments established key principles: the drug-
protein complex was the true immunogen; complement
was essential for lysis; and drug coating of the RBC
surface itself was not required [3]. The taxonomy
of DITHA was formally classified by Garratty and
Petz in 1975, distinguishing hapten/drug-adsorption
mechanisms from immune complex or bystander
mechanisms and from true autoimmune mechanisms.
This framework, further elaborated in their seminal
textbook, clarified that the innocent bystander category
was defined by soluble immune complex formation

and complement-mediated bystander lysis [3,27].

In parallel, the framework for HHS in SCD evolved
over subsequent decades. Systematic characterisation
of HHS as a condition defined by post-transfusion
haemoglobin nadir below the pre-transfusion value
was established in the 1990s and 2000s, with the first
comprehensive clinical description provided by Win et
al. in 2009 [2]. Evidence that macrophage activation
contributes alongside antibody-mediated complement
attack added mechanistic nuance [7]. The ASH 2020
guidelines for SCD formally acknowledged DHTR
and HHS as major transfusion-related complications
requiring specific management strategies [8].

Basic Immunology of Innocent Bystander Haemolysis
Red blood cell destruction may occur through
intravascular or extravascular pathways. Intravascular
haemolysis results from complement-mediated
membrane attack complex (MAC) formation.
Extravascular haemolysis occurs through macrophage-
mediated phagocytosis of opsonised RBCs in the spleen
and liver. In IBH, complement activation plays the
dominant role [9].
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Complement Activation Pathways

The classical pathway is initiated when Clq binds
to immunoglobulins (IgM or IgG) that have formed
immune complexes. This triggers C4 and C2 cleavage,
generating the C3 convertase (C4b2a), which cleaves
C3 into C3a (anaphylatoxin) and C3b. C3b covalently
binds to nearby cell membranes through a reactive
thioester bond, opsonising them and initiating C5
cleavage. C5b nucleates the terminal MAC (C5b-9),
which forms transmembrane pores causing osmotic
cell lysis. Critically, C3b deposition on bystander
RBC membranes is the key event linking systemic
complement activation to bystander cell destruction
[1,9,31].

Alternative Pathway Amplification

Free haem and RBC microvesicles released during
intravascular haemolysis activate the alternative
complement pathway, depositing additional C3b
on bystander RBCs. This self-amplifying cycle of
complement deposition, documented in the context
of DHTR in SCD, extends haemolysis well beyond
initially targeted cells and explains why IBH can
be disproportionate to the magnitude of the initial
immune stimulus [1, 29].

Complement Regulatory Failure

Host cells are normally protected from autologous
complement attack by decay-accelerating factor
(DAF/CDS55), which accelerates C3 convertase
dissociation, and CD59, which blocks MAC assembly.
In IBH, the intensity of local complement activation
overwhelms these regulatory mechanisms, particularly
when immune complexes adsorb in bulk onto the
RBC surface in DIIHA, or when the anamnestic
alloantibody response in HHS generates sustained
complement activation [1, 9].

Macrophage-Mediated Destruction

Beyond direct complement lysis, activated
macrophages recruited to clear complement-opsonised
donor RBCs also phagocytose autologous bystander
RBCs non-specifically in HHS. Histopathological
evidence confirms macrophage activation as a driver
of post-transfusion bystander haemolysis in SCD, and
interleukin-6 (IL-6) appears central to this process
[7, 10].

Mechanisms of Innocent Bystander Haemolysis
Drug-Induced Immune Haemolytic Anaemia - The

Immune Complex Mechanism

In DITHA via the immune complex mechanism, the drug
binds to plasma proteins to form soluble drug-protein
complexes. Antibodies (IgM or IgG) directed against
these complexes activate complement via the classical
pathway. Complement components - particularly C3b
and C5b-9 -deposit on nearby RBCs that bear no drug
antigen and are destroyed as innocent bystanders [3, 5].
Prototype drugs operating through this mechanism
include quinidine, quinine, phenacetin, stibophen, and
rifampicin. Cephalosporins (cefotetan, ceftriaxone) are
among the most frequently implicated, with ceftriaxone
reported to cause severe and sometimes fatal DITHA
via complement-mediated classical pathway activation
[28]. Beta-lactam combinations such as amoxicillin-
clavulanate, NSAIDs, diclofenac, and less commonly
recognised agents such as sildenafil have also been
reported to cause this form of DIIHA, sometimes
with severe renal complications [6, 20]. Unlike the
hapten mechanism (where drug covalently coats RBCs
and antibody targets the drug-RBC adduct), immune
complex-type DIIHA cannot be demonstrated using
drug-coated RBCs alone; the drug must be present
simultaneously with patient serum and normal RBCs
for antibody detection. DITHA accounts for 16 -18%
of all cases of acquired immune haemolytic anaemia,
with an incidence of approximately one to two cases
per million per year [3, 5].

Hyperhaemolysis Syndrome in Sickle Cell Disease
SCD is a prevalent hereditary haemoglobin disorder
characterised by chronic haemolysis, vaso-occlusion,
and end-organ damage [35]. HHS is a catastrophic
form of post-transfusion haemolysis, first described
occurring even during uncomplicated sickle cell painful
episodes and defined by destruction of both allogeneic
donor RBCs and autologous patient RBCs, resulting in
a post-transfusion haemoglobin nadir below the pre-
transfusion value [38]. It is the most clinically severe
manifestation of IBH in the transfusion setting [4, 11,
21].

The primary trigger is alloimmunisation to donor RBC
antigens, driven by antigen-profile differences between
SCD patients (predominantly of African ancestry) and
blood donors (predominantly of European ancestry).
Differences in the Rh (C, E, and e), Kell, Dufty, Kidd,
and MNS systems create a substrate for alloantibody
formation with repeated transfusion [23, 25].
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DHTR occurs in approximately 4% of SCD patients
receiving occasional transfusions and may escalate to
HHS [4, 8]. Autologous RBC destruction is mediated
by both complement activation from alloantibody
binding to donor RBCs and non-specific macrophage
phagocytosis of bystander cells [7, 11].

Passenger Lymphocyte Syndrome

PLS is adistinct form of bystander haemolysis occurring
1-3 weeks after solid organ or haematopoietic stem
cell transplantation. Donor-derived B lymphocytes
engrafted in the recipient produce alloantibodies
against recipient RBC antigens, lysing recipient
cells. PLS most commonly arises in ABO- or Rh-
incompatible transplants and is confirmed by positive
DAT, elution of donor-specific alloantibody from
recipient RBCs, and negative crossmatch with antigen-
negative (donor-phenotype) RBCs. The incidence in
minor ABO-incompatible liver transplantation may
reach 17-18% [12, 13].

Clinical Significance in Transfusion Medicine

e Diagnostic Challenge: Severe haemolysis
may occur despite a serologically compatible
crossmatch, mimicking other post-transfusion
anaemia causes. The DAT may show complement-
only reactivity, which can be misinterpreted or
dismissed [9].

* Severe Anaemia: By destroying both targeted
and untargeted RBCs, IBH produces anaemia
disproportionate to the primary immune reaction,
which is particularly dangerous in patients with
already limited haematopoietic reserve such as
those with SCD or bone marrow failure [4].

e Paradoxical Transfusion Harm: In HHS,
continued transfusion may worsen anaemia by
providing additional RBC substrates for bystander
complement deposition - a clinically dangerous
paradox that demands early recognition [4, 11].

e Organ Complications: Free haemoglobin
released during intravascular haemolysis
scavenges nitric oxide, impairs endothelial
function, and causes haem-mediated tubular
nephrotoxicity, leading to acute kidney injury,
jaundice, haemoglobinuria, and, in severe cases,
multi-organ failure [4, 11, 39].

e Alloimmunisation Burden: Repeated allogeneic
exposure perpetuates alloimmunisation in IBH-
prone patients, particularly those with SCD,
increasing the risk of future DHTR. The risk

escalates with cumulative transfusion exposure
[4, 8, 23].

* Drug safety: DIIHA via the immune complex
mechanism may be a fatal adverse drug reaction.
Its incidence is almost certainly underestimated,
as cases without a clear temporal association with
drug use are frequently missed [3, 5].

* Transplant outcomes: PLS contributes to
post-transplant anaemia, increased transfusion
requirements, and, rarely, acute kidney injury and
death [12, 13].

Laboratory Diagnosis

The laboratory diagnosis of IBH is inherently
challenging because the inciting antibody does not react
with the patient’s own RBCs under standard conditions,
routine antibody screening is frequently negative, and
the DAT pattern differs from classical autoimmune
haemolytic anaemia. A multiparameter approach is
therefore essential [9,15].

Direct Antiglobulin Test

The DAT is the cornerstone investigation. In IBH, it
characteristically detects complement components
(C3d) on the RBC surface with absent or minimal IgG
reactivity - a “complement-only” pattern distinguishing
IBH from warm autoimmune haemolytic anaemia
(typically IgG-positive) and hapten-mechanism DITHA
(typically IgG-positive). In HHS, the DAT may be
weakly reactive or negative if sensitised cells have
been preferentially lysed [9,15]. The positive C3d DAT
reflects surface complement deposition and is the only
immunohaematological test that directly targets the
complement system on the RBC membrane [31].

Indirect Antiglobulin Test and Drug-Dependent
Antibody Testing

In immune complex-type DIIHA, the indirect
antiglobulin test (IAT) is typically negative without the
offending drug. Definitive confirmation requires testing
patient serum against normal RBCs in the simultaneous
presence of the suspected drug (or its metabolites) and
fresh serum as a complement source. A positive result
in the drug-containing system with a negative control
confirms drug-dependent antibody activity. This testing
requires specialist immunohaematology laboratory
expertise [3,5].

Biochemical Markers of Haemolysis
Elevated lactate dehydrogenase (LDH), depleted or
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undetectable haptoglobin, and raised unconjugated
bilirubin confirm active haemolysis. In intravascular
haemolysis, haemoglobinaemia (red/pink serum) and
haemoglobinuria (dark/red urine) are characteristic.
Urinary haemosiderin may be detected in subacute
cases. Reticulocytopenia may paradoxically occur
in HHS due to bone marrow suppression [11, 15].
These biochemical markers collectively constitute the
standard laboratory panel for confirming and grading
immune-mediated haemolysis [40].

Post-Transfusion Haemoglobin Monitoring

The hallmark of HHS is a post-transfusion
haemoglobin nadir below the pre-transfusion value.
This finding, alongside accelerated decline in HbA
fraction, distinguishes HHS from DHTR without
hyperhemolysis [24]. A DHTR prediction scoring
system incorporating transfusion history and
persistence of HbA has been proposed for identifying
high-risk SCD patients prospectively [16].

Alloantibody Screening and Molecular Blood
Group Typing

Routine alloantibody screening is negative in many
IBH cases. Expanded antibody investigations
using enzyme-treated RBCs and adsorption-elution
studies may reveal antibodies below standard
detection thresholds. Extended RBC genotyping
is now recommended for SCD patients to enable
comprehensive antigen matching, reducing DHTR
risk. The ASH 2020 guidelines recommend genotyping
as the preferred approach for alloimmunised SCD
patients [8]. Molecular genotyping also identifies
RH variants prevalent in patients of African ancestry,
which can give rise to antibodies against epitopes they
lack [23, 25].

Passenger Lymphocyte Syndrome Serology

PLS diagnosis requires: positive DAT (IgG £+ C3d);
elution of donor-specific alloantibody from patient
RBCs; detectable serum alloantibody of the expected
specificity; and negative crossmatch with antigen-
negative (donor-phenotype) RBCs. Differential
diagnosis must exclude autoimmune haemolytic
anaemia and drug-induced haemolysis in the post-
transplant setting [12, 13].

Therapeutic Management
The management of IBH is guided by the underlying
mechanism and haemolysis severity. No randomised

trial evidence exists; treatment recommendations
derive from case series, observational data, and expert
consensus. The overarching goals are to halt haemolysis,
reverse anaemia, prevent organ damage, and remove
the precipitating cause [4, 11].

Immediate Measures

In DITHA, the offending drug must be immediately and
permanently discontinued. In HHS, further transfusion
must be withheld if haemolysis is ongoing. Supportive
care includes intravenous fluid hydration to protect renal
function, oxygen supplementation, and haemodynamic
monitoring in severe cases [4,15].

Corticosteroids and IVIG

High-dose corticosteroids (prednisolone 1-2 mg/kg/
day) suppress antibody production, inhibit macrophage
Fc-receptor-mediated phagocytosis, and reduce pro-
inflammatory cytokine synthesis. IVIG (1-2 g/kg
total) blocks macrophage Fc receptors and neutralises
circulating alloantibodies. Both are first-line agents in
moderate-to-severe HHS and severe DITHA [4, 11, 22].

Rituximab

Rituximab, an anti-CD20 monoclonal antibody, depletes
alloantibody-producing B cells in refractory HHS. It has
been used prophylactically in high-risk SCD patients
prior to planned transfusion. Response time is measured
in weeks, limiting utility in acute severe haemolysis
[4, 11].

Eculizumab

Eculizumab blocks C5 cleavage, preventing MAC
formation and providing the most mechanistically
targeted interruption of terminal complement-mediated
RBC lysis, an approach supported by a growing body of
evidence in complement-mediated haemolytic anaemias
[32]. reported its successful use in paediatric SCD
patients with HHS refractory to standard therapy, a
finding consistent with successful outcomes reported
in adult SCD patients with HHS managed with
complement inhibition as part of a multi-agent approach
[37]. The effectiveness of complement inhibition at the
C5 level in SCD-related DHTR is further supported by
experimental data demonstrating alternative pathway
amplification in bystander haemolysis [29]. Cost,
availability, and meningococcal infection risk are
important considerations.
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Tocilizumab

Tocilizumab (anti-IL-6R) targets macrophage
activation in HHS. Given histopathological evidence
that IL-6 drives macrophage-mediated bystander RBC
phagocytosis, tocilizumab addresses the effector arm
that eculizumab does not [10, 18].

Transfusion Decisions in HHS

Transfusion in HHS is potentially harmful and should
be withheld unless anaemia is life-threatening. When
unavoidable, extended antigen-matched RBCs should
be used. Exchange transfusion may be preferable to
simple transfusion [34]. Haemoglobin-based oxygen
carriers have been used as temporising bridges in
extreme cases [ 14]. Therapeutic plasma exchange has
also been reported as a rescue strategy in refractory
HHS [19].

Passenger Lymphocyte Syndrome Management
First-line treatment for PLS is transfusion with
donor-type (antigen-negative) RBCs combined with
escalation of immunosuppressive therapy. Refractory
cases may require plasmapheresis, rituximab, or IVIG
[12, 13].

Prevention

In SCD, extended RBC matching at minimum for Rh
(C, ¢, E, e) and Kell (K) antigens is recommended by
the ASH 2020 guidelines. Molecular genotyping offers
more comprehensive matching across all clinically
relevant antigens [8, 25]. Prevention of DHTR in
SCD also requires careful transfusion decision-
making: withholding transfusion in stable patients
and selecting antigen-matched units where indicated,
reserving transfusion for haemoglobin levels or
complications that clearly justify the immunological
risk [30, 36]. Minimising unnecessary transfusion
and post-transplant DAT monitoring further reduce
IBH risk [8, 12].

Emerging Therapeutics

Sutimlimab (BIVV009), a selective Cls inhibitor
blocking the classical complement pathway, has
been shown in the Phase 3 CADENZA randomised
controlled trial to rapidly halt haemolysis, improve
haemoglobin, and reduce fatigue in patients with cold
agglutinin disease [26]. Its mechanism of classical
pathway blockade offers particular promise for
IBH driven by immune complex activation. In vitro

data further support the concept of C1 inhibition as a
therapeutic strategy in DIIHA, with PIC1, an early-
stage C1 inhibitor, reversing ceftriaxone-induced
complement-mediated haemolysis ex vivo [33].
Iptacopan, a factor B inhibitor targeting the alternative
pathway amplification loop, represents another potential
tool [1].

Strengths and Limitations

This review consolidates the three major clinical
manifestations of IBH under a unified pathophysiological
framework for the first time, drawing on the most current
evidence including the 2024 systematic review on
complement in bystander haemolysis and the 2020 ASH
guidelines for SCD transfusion [1,8]. By addressing
DIIHA, HHS, and PLS within a single narrative, it
provides a clinically actionable overview for transfusion
medicine practitioners, haematologists, and transplant
clinicians.

However, the review is subject to the inherent limitations
of the narrative approach. Comprehensive systematic
searching of all databases was not performed, and the
selection of studies was not independently duplicated in
full. Evidence for many IBH management interventions
derives from case series and observational data rather
than randomised controlled trials, which reflects the
rarity of the condition rather than methodological
limitations of this review. The management landscape,
particularly for complement inhibitors, is evolving
rapidly and new evidence may have emerged after the
search date of January 2025.

Conclusions

IBH represents a unifying pathophysiological concept
spanning multiple haematological and transplant
settings. Whether triggered by drug-antibody immune
complexes in DITHA, alloantibody-driven complement
activation in DHTR/HHS in SCD, or donor-derived
alloimmunity in PLS, the defining feature is the
destruction of antigen-negative erythrocytes that
are innocent of provoking the immune response that
destroys them. A high clinical index of suspicion is
essential, particularly when haemolysis occurs despite
a compatible crossmatch, in temporal association
with drug exposure, or in the post-transplant period.
Management is largely empirical, with corticosteroids
and IVIG as first-line agents, and mechanistically
targeted complement inhibitors and biologic therapies
for refractory cases. Expanding access to extended RBC
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genotyping, standardised diagnostic algorithms, and
prospective trials of complement inhibitor therapies
will be central to improving outcomes for this
diagnostically elusive and potentially life-threatening
condition.
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