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COMMEN TAR Y

Alemtuzumab and autoimmune haemolytic anaemia:
Coincidence or causation?

Drug-induced haemolytic anaemia is a rare form of immune-mediated

haemolytic anaemia, though it has been suggested that its incidence is

much higher than the currently reported rate of 1 case per 1,000,000

persons [1]. More than 125 drugs have been implicated in mediating

haemolysis, and additional medications continue to be described as

potential causative agents [1]. However, many of these reports are

purely speculative, lacking sufficient blood bank and immunohaema-

tology testing to provide definitive, or even convincing, data to sup-

port the drug as the cause of haemolysis.

Reports have recently implicated alemtuzumab, a monoclonal

antibody that targets CD52 and is often used as a treatment for

both multiple sclerosis and chronic lymphocytic leukaemia, in the

development of autoimmune haemolytic anaemia (AIHA). Notably, a

recent review by Sharma et al. described a potential case of

alemtuzumab-induced AIHA encountered by them and focused on

nine additional reported cases in the literature [2]. While the refer-

enced case describes a patient with what seems compatible with the

development of warm AIHA (WAIHA), the absence of additional

testing—including indirect antiglobulin test (IAT) to assess for anti-

bodies in the plasma, and elution or adsorption studies to evaluate

the red blood cell (RBC)-bound IgG specificity—limits the ability to

definitively subclassify the AIHA. Additionally, the absence of data

regarding the strength of the DAT reactivity and the methodology

employed precludes further insight into the significance of the DAT.

The inclusion of these data is important, as positive DATs occur in

1:1000–1:14,000 healthy blood donors and up to 15% of hospital-

ized patients [3] and are known to be associated with a variety of

underlying conditions.

Unfortunately, the paucity of blood bank and immunohaematol-

ogy data results in an incomplete picture in many cases of purported

drug-induced haemolytic anaemia described in the literature, including

the most recent case of suspected alemtuzumab-induced AIHA.

Nevertheless, the clinical and laboratory parameters point to an epi-

sode of severe haemolytic anaemia, which had previously been identi-

fied as a potential adverse effect following alemtuzumab therapy [4].

However, ascribing the development of AIHA to a drug last adminis-

tered 11 months earlier, as the authors did in the most recent case, is

fraught with potential confounders. Traditionally, drug-induced anti-

bodies causing AIHA are classified as either drug-dependent and/or

drug-independent. Most commonly, drug-induced AIHA is associated

with drug-dependent antibodies, which will react in vitro only in the

presence of the drug, while drug-independent antibodies can react in

the absence of the drug. Both drug-dependent and drug-independent

antibodies may present with clinical and laboratory findings that

mirror AIHA, except remission is associated with discontinuation of

the drug. The half-life of alemtuzumab may be up to 2 weeks [4];

therefore, given the prolonged time-period between alemtuzumab

administration and development of AIHA (11 months in the most

recent case report and a median of 10 months among the cases

reported in the literature), classic drug-induced AIHA is insufficient to

explain this potential association.

Instead, it has been speculated that alemtuzumab may induce

AIHA via unbalanced immune reconstitution following immune down-

regulation by the drug [2]. This theory deserves further investigation,

as it would represent a paradoxical effect of alemtuzumab, a novel

therapeutic option for patients with refractory AIHA [5, 6]. Alas, the

medication proposed as an aetiology of AIHA is touted as a treatment

modality for the same condition. It should be noted that the incidence

of AIHA overall is 1–3 per 100,000 individuals and is significantly

more common among those with underlying autoimmune disorders

[6]. Further, pathological autoantibodies may exist for years prior to

the onset of clinical sequelae and, similarly, a positive DAT may occur

before the manifestation of AIHA [3]. Thus, the extent to which alem-

tuzumab may contribute to the development of AIHA is difficult to

assess, as it is possible that patients would have developed this disor-

der despite drug administration. Knowledge of historical blood bank

testing results, including IAT and DAT findings, in cases of suspected

alemtuzumab-induced AIHA prior to the administration of the drug

would have mitigated these confounders.

It is also important to note that the classification of AIHA is based

on the thermal reactivity of the autoantibody and can be separated

into warm, cold-reactive and mixed types, as well as paroxysmal cold

haemoglobinuria defined by an antibody with biphasic activity. Most

of the patients with alemtuzumab-induced haemolytic anaemia

described in the literature have evidence of both IgG and complement

(C3d) bound to RBCs in the DAT. However, further details are limited,

hindering complete understanding of AIHA following alemtuzumab

therapy. In our analysis of the immunohaematology findings in the

cohort of patients reported by Sharma and colleagues, we found a

paucity of results (Table 1). For example, while 9 of the 10 alemtuzu-

mab-induced cases reported a ‘positive’ DAT, the methodology was

reported in only one case and none reported the strength of reactiv-

ity. Further highlighting the potential inaccuracies in these cases is

that in the single case in which cold agglutinin (CA) testing was
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performed, the authors made the diagnosis of mixed-type AIHA based

on the presence of a CA with a titre of 1:8. However, this is most

likely an erroneous diagnosis, as low levels of CAs are common and

are generally pathologic only when their titre exceeds 1:64. More

importantly, the thermal amplitude of the CA, or the highest tempera-

ture at which the antibody reacts, is most predictive of its clinical sig-

nificance, yet the same authors did not perform thermal amplitude

testing. This distinction is important, as the pathophysiology, treat-

ment and prognosis differ based on AIHA type, and the mixed type

has been suggested to be more severe and treatment refractory [7].

A warm autoantibody is generally defined by panreactivity with

all RBCs at the anti-human globulin phase of testing in the setting of a

positive DAT, and evidence of panreactivity in IAT may strengthen

the support for WAIHA. To that end, warm autoantibodies occasion-

ally have specificity for a defined blood group, most commonly Rh,

though no further characterization is provided in this report, and these

data are infrequent among the reviewed cases. Thus, the incomplete

understanding and lack of immunohaematology data may bias the lit-

erature regarding the classification of and perhaps even the associa-

tion between AIHA and alemtuzumab.

Finally, Sharma et al. have stated that their patient ‘was immedi-

ately given matched blood transfusion with relief of symptoms’;
however, this statement is at odds with the difficulty blood banks

experience in procuring compatible units for patients with AIHA. In

patients with severe WAIHA, IgG autoantibodies not only bind to

endogenous RBCs but also circulate in patient plasma at high titres.

These antibodies preclude the ability to perform serological cross-

matching, as they react with all donor RBCs, resulting in incompatibil-

ity. The issue herein is that potential underlying alloantibodies cannot

be excluded in typical pre-transfusion testing without additional stud-

ies such as auto- or allo-adsorptions, which are often only available at

reference laboratories, placing the patient at risk for acute or delayed

haemolytic transfusion reactions when blood is transfused. Therefore,

it would have been informative for the authors to present how the

‘matched blood’ was selected: Was the patient’s RBC antigen profile

phenotyped (or genotyped) prior to transfusion? Were RBC units phe-

notypically matched to patient RBC antigens, and if so, to what

extent? Did the blood bank perform adsorption steps to remove the

antibody and permit an adsorbed-plasma cross-match? Or was the

warm autoantibody at sufficiently low titres to permit in vitro cross-

matching? These considerations are important to transfusion medicine

services for provision of the safest possible transfusions and also have

implications as to the classification of the AIHA.

In summary, we caution the practice of suggesting an association

between drug therapy and development of AIHA based on limited

data. These issues demonstrate ongoing challenges with the reporting

of immune-mediated haemolytic anaemia and highlight the shortcom-

ings in the medical literature. To draw immunohaematologic conclu-

sions, complete blood bank testing must be presented. Nevertheless,

further investigation into potentially novel mechanisms of drug-

induced and drug-independent AIHA is warranted.
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T AB L E 1 Systematic review of immunohaematology data of
reported cases of alemtuzumab-induced autoimmune haemolytic
anaemia reviewed by Sharma et al. [2]

Casea DATb IgGb C3b IAT

A Positive +

B Positive + +

C Positive + +

D Positive + +

E Positive + +

F Positive + +

G Positive +

Hc Positive + + +

I

J Positive

Abbreviations: DAT, direct antiglobulin test; IAT, indirect antiglobulin test.
aCases correspond to those listed by Sharma et al. [2].
bData for DAT (Cases B and D), IgG (Cases B and D) and C3 (Cases B, C

and D) were not available in original literature, but were reportedly

obtained from Sharma et al. via personal communication.
cThe reported details for Case H were more extensive and included the

testing modality (gel), panreactivity in the IAT and elution studies and a

cold agglutinin titre of eight. Adsorptions for Case H were performed to

assess for anti-aquaporin and anti-Colton antibodies, but not to assess for

potential underlying alloantibodies as part of a general blood bank

immunohaematology evaluation.
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COMMEN TAR Y

Haemovigilance: Giving it our best SHOT!

INTRODUCTION

In 2022, the United Kingdom’s Serious Hazards of Transfusion

(SHOT) programme celebrated its 25th anniversary [1]. SHOT is

not the first haemovigilance system internationally (the first

national programme was established in Japan in 1993), but it is one

of the best known and most influential. In this Commentary, we

summarize some of SHOT’s achievements and consider what

we can all learn from their experience and findings that will help us

into the future.

Different definitions of haemovigilance exist, but all capture its

broad scope (incorporating blood donor, product and transfusion

recipient issues), its centrality to quality management and the impor-

tance of the systematic collection, analysis and reporting of robust

data to improve blood systems, clinical practice and donor and patient

outcomes [2, 3].

Haemovigilance itself has evolved from an initial focus on

transfusion-transmitted infections (particularly HIV and hepatitis),

which was the impetus for establishment of haemovigilance pro-

grammes in many parts of the world, to a much broader approach, as

health systems have evolved over recent decades, and in response to

lessons learned from haemovigilance itself. Haemovigilance links

closely with national blood policy development, with patient blood

management and with changes in blood product manufacturing. It also

serves as a foundation for research efforts by identifying areas of

unmet need and as a mechanism to measure the effects of changes as

they are introduced [4].

Many gaps and challenges still exist. For example, evidence-

based or consensus definitions for some important complications

of donation or transfusion are still lacking or do not align well with

the clinical picture—such as for some post-transfusion cardiopul-

monary reactions. Frequently, data are incomplete or denomina-

tors unavailable, limiting analysis and comparison over time and

between systems. Most haemovigilance systems struggle with

availability of sufficient resources (people, tools and systems) to do

their work effectively. Recommendations are often not taken up

into policy or implemented into practice.

In this context, it is worth briefly examining some of SHOT’s

achievements, and what we can all learn, from SHOT’s experience.

Firstly, let us consider some key elements of governance and

structure.

INDEPENDENCE AND PROFESSIONAL
LEADERSHIP

SHOT’s professional independence enables it to conduct its

activities and provide its reports freely and impartially. There is a

demonstrated commitment to openness, transparency and reporting

of findings, while not identifying or blaming individuals or organiza-

tions. Participation is high (see below) and is now professionally

mandated. SHOT is affiliated to the UK Royal College of Pathologists

(RCPath) and has established links with the UK Health Security

Agency Epidemiology Unit (for transfusion-transmitted infection

reporting and analysis) and the Medicines and Healthcare products

Regulatory Agency (regarding product-focused safety issues). SHOT

is managed by a small multidisciplinary team and supported by a

wider expert group (see below). There are clear operational and

reporting lines, and the programme has recruited (and retained) staff

with relevant experience, including from both hospital and blood

centre backgrounds and with data management expertise. Sustained

funding from the four UK blood services (National Health Service

Blood and Transplant [NHSBT, England], Northern Ireland Blood

Transfusion Service, Scottish National Blood Transfusion Service

and the Welsh Blood Service) has been secured. Some administrative

functions are handled by NHSBT, permitting the SHOT team to

focus on core activities.

SHARING EXPERTISE AND VIEWS AROUND
A BIG TABLE

One of SHOT’s strengths is the close collaboration with, and broad

input from, across the professional spectrum (biomedical scientists,

nurses, clinicians who prescribe transfusions, representatives of

specialist colleges and societies) along with the UK blood services,

clinical and laboratory transfusion experts, regulators and health

safety experts. Very importantly, lay members, representing the
This article reflects the views of the author (BIW) and should not be construed to represent

FDA”s views or policies.
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voices of the broader community, have a seat at this table as mem-

bers of the SHOT Steering Group. Founding members and former

directors contribute corporate memory and ongoing advice in hon-

orary roles. SHOT’s Working Expert Group provides specialist

input to targeted analyses, such as events affecting specific patient

groups (e.g., paediatrics or patients with haemoglobin disorders) or

settings (such as the emergency department) or specific blood

products (such as the use of RhD immunoglobulin in pregnancy).

They also serve as liaison with their specialties to provide input

and disseminate messages from SHOT.

Next, let us consider some of SHOT’s activities and outputs.

HIGH LEVELS OF PARTICIPATION

From 169 reports in 1996, more than 4000 cases were reported

in 2021 from across the United Kingdom, both from the public

(all NHS Trusts/Health Boards submitted at least one report) and

private (non-NHS) sectors. Although participation has been very

high for years, and is now professionally mandated, this is the first

time that complete 100% national participation has been documen-

ted [1]. This is important because it gives confidence that SHOT’s

findings are truly representative of a national picture and that

participation is valued and recognized as contributing to practice

improvement.

A FOCUS ON THE BIG PICTURE, WHILE NOT
NEGLECTING THE DETAILS

As is clear from its name, SHOT analyses reports of serious hazards

of transfusion. There are different schools of thought on the ideal

scope of haemovigilance reporting, with some systems including all

cases of all severity, aiming to ensure a comprehensive picture of

all adverse reactions and incidents. This can certainly be helpful

in understanding the breadth and scale of potential clinical and

procedural complications, as well as ensuring that cases that other-

wise might have been missed are not. Many of the contributing

factors are similar too, of course, whether serious or minor in

consequence; however, this approach also creates a huge workload

of cases for investigation that can distract from other, more

clinically relevant events, which are SHOT’s priorities. ‘Near-miss’
events are also an opportunity to learn, as many of the same

factors contribute to these cases as those that result in patient

harm; near misses are reportable to SHOT and account for a

substantial proportion of cases.

UNDERSTANDING AND LEARNING FROM
HUMAN ERRORS

Transfusion is a complex process with many steps and interdepen-

dencies [1, 5]. SHOT has documented and analysed how human

errors and inadequate systems can contribute to both near-miss

events and actual incidents, with consequences ranging from

no harm to fatal outcomes for patients, and major impact (psycho-

logically and professionally) on staff and other participants. The

importance of a safety culture, and a learning culture, to identify

and address hazards, is emphasized.

PROMOTING A HOLISTIC APPROACH TO
TRANSFUSION SAFETY

SHOT promotes a combined Safety-I and Safety-II approach and

recently introduced SHOT-ACE: Acknowledging Continuing Excel-

lence in Transfusion. Recognizing errors and identifying improvement

actions to prevent recurrence is the primary focus when incidents are

investigated, typical of a Safety-I approach. Safety-II, a more proactive

approach, seeks to understand the ability of healthcare staff to adapt

to problems and pressures, and considers organizational resilience. It

focuses on productivity and ensuring the best possible outcomes.

Combining Safety-I and Safety-II approaches helps provide a more

holistic understanding of the underlying reasons for errors and proce-

dural violations. Reporting and studying success augment learning,

enhance patient outcomes and experience through quality improve-

ment work, and positively impact workplace resilience and culture.

SHARING THE FINDINGS—AND THE
LESSONS—FROM HAEMOVIGILANCE

The Annual SHOT Report is essential reading for those interested in

haemovigilance and the ‘gold standard’ for haemovigilance reports inter-

nationally [1]. The effort necessary to compile, analyse, draft, edit and

present the annual report—245 pages in 2021—cannot be underesti-

mated, but neither can the value of this rigorous and up-to-date

document, written for a broad readership and with concrete recommen-

dations for action to stakeholders. A series of chapters presents analyses

of incidents from the past year and relevant cumulative data. De-

identified clinical vignettes engage the reader and are highly useful for

teaching purposes. Donor haemovigilance data are provided by UK

blood service representatives. Sections focus on high-risk areas for

attention or topics of interest, and recommendations are framed in a

clear, positive and practical way, indicating parties responsible for action.

Annual SHOT symposia are open to all interested parties and

supported by multiple professional organizations. Some have been

collaborations with the International Haemovigilance Network, and

for these, International Society of Blood Transfusion (ISBT) has

provided ISBT Academy support to enable participants from low- and

middle-income countries to attend, resulting in even greater interna-

tional engagement. The symposia have an educational focus and

include reviews of SHOT data and key themes from the annual

reports, along with guest speakers and discussions. A communications

expert participates in the meeting and distils important points into

visual and written messages for wide distribution.
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SHOT regularly contributes to educational and professional activ-

ities, including through regional transfusion committee meetings,

RCPath and other collaborative events, and peer-reviewed publica-

tions. SHOT’s comprehensive website and social media presence help

raise awareness of activities and findings. SHOT contributed to the

ISBT-World Health Organization project to curate haemovigilance

tools and resources and make these readily available to facilitate

strengthening haemovigilance activities worldwide. These will be con-

tinuously updated and expanded to provide a comprehensive library

of resources [2].

So, in summary, important messages from SHOT’s 25-year experi-

ence are about being inclusive, collaborative and open to sharing

resources and findings, with a focus on learning and practice improve-

ment. It is also clear that haemovigilance takes time: SHOT is still

making many of the same recommendations it has been making since

the initial report in 1996, and many problems that prompted the

establishment of haemovigilance programmes are still with

us. However, much progress has been made in both understanding

and improving transfusion safety, and SHOT has been a major contrib-

utor to this effort, across the United Kingdom and around the world.

Congratulations to SHOT on this important anniversary—and to

everyone working in haemovigilance internationally. This work is vital

and must continue.
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Abstract

Background and Objectives: Implementation of automated steps in preparing blood

components for transfusion from whole blood collections has produced improve-

ments in multiple fields. The aim of this review is to summarize data from existing lit-

erature related to automation of whole blood processing systems.

Materials and Methods: We searched MEDLINE for studies comparing semi-

automated and fully automated whole blood processing systems published before

20 July 2021. Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines were followed. Additionally, we performed a man-

ual search.

Results: We identified 500 studies, of which 459 (92%) did not meet the eligibility

criteria, and finally 17 studies were included in the analysis. Manual search

included six additional studies. Publication year ranged from 2004 to 2021. Auto-

mation reduced the run-time (from 92 to 76 min), improved recovery of haemo-

globin in red cell concentrates (RCCs) and resulted in higher red blood cell and

platelet yields. Automation also reduced discard rates due to whole blood bag

ruptures (1.2%–0.1%), low volume of RCCs (<200 ml; 0.5%–0.03%) and haemoly-

tic plasma (2.1%–0.6%). Automation could reduce the number of full-time equiva-

lent (FTE) operators or maintain the number of FTE operators while performing

additional procedures, and it reduced to 1.13 m2 the space required for the

device.

Conclusion: Automation of whole blood processing resulted in continued improve-

ments in productivity, product quality and technical features. However, too few pub-

lications are available to reach strong conclusions. Therefore, it is necessary to

expand the scientific knowledge in this field.
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automation, human resources, product quality, productivity, wastage, whole blood processing
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Highlights
• In recent years, several automated methods have been developed for blood component

preparation from whole blood donations.

• Blood components prepared by those automated methods meet quality standards.

• Automation of the processing of whole blood donations improves productivity, product qual-

ity and technical features.

INTRODUCTION

The transfusion of blood components prepared from whole blood has

been considered the best practice during the past 50 years to accom-

modate the needs of different patient populations. Blood components

obtained are red blood cell (RBC) units, plasma and platelets. Several

methods are available to prepare blood components from whole blood

donations. All of them, whether manual, semi-automated or fully auto-

mated, are based on centrifugation and separation steps (Figure 1) [1].

Manual processing methods were the first to be introduced in mod-

ern laboratories preparing blood components. However, several caveats

must be considered when using these methods. First, they are time con-

suming and labour intensive [2]. Second, any manual separation step

must be carried out by highly skilled and qualified operators [2, 3]. Third,

regardless of the skill level and experience of the operator, the final

quality of blood components prepared by manual methods is variable

[4]. Fourth, each additional manual step introduces the potential for

processing errors and increases variance, for example, processing time

[5–8]. Finally, wastage of blood is more frequently reported with any

preparation method that includes manual separation steps [9].

Because of these caveats, semi-automated methods to prepare

blood components from whole blood collections were introduced.

They generally involve a series of automated steps, such as weighing,

balancing, centrifugation, expression and sealing, thus eventually

decreasing and/or eliminating errors and avoiding deviations associ-

ated with multiple manual steps, with manual processing required in

between [5]. Automation of several steps in the preparation of blood

components from whole blood donations was first introduced in 1985

with the aim of increasing the yield of platelets obtained from whole

blood [10]. Since then, there have been three generations of devices

for whole blood processing: first, the development of sterile connect-

ing devices and devices to automate the preparation of pooled plate-

let concentrates from buffy coat platelets; second, the development

of devices to automate all necessary steps for preparing RBC concen-

trates, plasma and platelets from whole blood collections and finally,

the ability to simultaneously process more than one whole blood unit

per run. The most recent device, manufactured by Terumo Blood and

Cell Technologies, Inc. and commercialized in the early 2010s, is the

Reveos Automated Blood Processing System, which is capable of pro-

cessing up to four whole blood units in one run [11].

Although whole blood processing has been implemented world-

wide for more than 50 years, and there are currently several devices

in the market for the semi-automated method and a single device

(Reveos) for the fully integrated automated method, the current

F I GU R E 1 Differences between manual or semi-automated methods and fully automated methods for preparing blood components for
transfusion purposes from whole-blood (WB) collections. IPU, interim platelet unit.
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knowledge found in blood banks on productivity capabilities, technical

features, processing efficiencies, product qualities and so forth, within

and between both methods is still low. Therefore, the aim of this

review was to summarize data from existing literature related to auto-

mation of whole blood processing systems, including a comparison of

the processing parameters for automated and semi-automated whole

blood processing methods, to enhance the scientific knowledge on

whole blood automation.

MATERIALS AND METHODS

Literature review

We followed guidelines provided by the National Institute for Health

and Care Excellence (NICE) and the Cochrane Handbook [12, 13].

Results of this review are reported as per the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-

lines [14].

Criteria for study inclusion

We included studies providing parameters for automated and semi-

automated whole blood processing methods.

Outcomes of interest were related to productivity and efficiency

(e.g., time, steps, procedures), product quality (e.g., haemolysis, hae-

moglobin [Hb], sO2), human resources and technical features

(e.g., operators, features), wastage (e.g., discards, ruptures) and space

requirements (e.g., dimensions, devices).

Search strategy

We carried out a comprehensive search (from inception to 20 July

2021) of MEDLINE for all relevant studies. The search strings used

are available in Figure 2.

Data collection and analysis

One author (N.I.) initially screened all search results for relevance

against the eligibility criteria and discarded all those that were clearly

irrelevant. Thereafter, another author (N.C.) independently reviewed

all remaining hits. We retrieved full text articles for all those refer-

ences where we were unable to decide on eligibility based on the title

and abstract alone. Full text articles were again independently

screened by one review author (N.I.), and the remaining hits were

independently reviewed by another author (N.C.) to ensure that they

met the eligibility criteria. In case of discrepancies between reviewing

authors, the publication was included.

The extracted data were compared with Terumo Blood and Cell

Technologies data on file from the Reveos Automated Blood Proces-

sing System.

Manual search

Additionally, we performed a manual search to find scientific publica-

tions not identified through the MEDLINE search strategy.

RESULTS

Literature review

Searches of MEDLINE identified 500 possible records (Figure 2). From

those, 459 did not meet the eligibility criteria for this study. Full arti-

cles were retrieved from the remaining 41 studies; 24 further studies

were excluded as they did not fulfil our eligibility criteria.

Figure 2 shows the search strings used in the literature review.

Figure 3 shows the flow diagram of study inclusion using a MED-

LINE search. A list of excluded studies can be found in Supporting

information S1. Overall, 17 studies were included in the analysis, with

publication years ranging from 2004 to 2021 [5–7, 9, 15–27]. Manual

search resulted in a further six publications for inclusion [8, 11, 28–31].

The included studies, distributed according to their publication date, are

shown in Figure 4.

Table 1 summarizes the key aspects reported in 17 publications

obtained from the literature search as well as the 6 additional publica-

tions from the manual search.

Productivity and efficiency

The removal of multiple time-consuming steps due to automation

reduced the overall processing time and enabled higher throughput

per operator. In the publication from Johnson et al. a 16-min proces-

sing time reduction per run was achieved with automation: 76 min

with the Reveos system versus 92 min with semi-automation. The

comparison accounted for the time for processing, filtering RBCs and

platelets by gravity and pooling interim platelet units (IPUs) with SSPF I GU R E 2 Search strings used in the literature review.
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+ platelet additive solution (PAS) [18]. Moreover, the increased pro-

ductivity and efficiency due to a reduction in time from 196 to

137 min from semi-automated to fully automated processing of

12 whole blood donations did not impact quality [23]. It is important

to highlight that the IPU obtained with the Reveos system is a highly

concentrated platelet product in approximately 30 ml plasma, which

can be pooled with plasma or PAS to create a platelet concentrate

without requiring any additional centrifugation. On the other side, all

semi-automated systems require a second centrifugation to obtain

platelets [18].

Furthermore, automation of whole blood processing has

increased the recovery of Hb in red cell concentrates (RCCs) [8] and

has shown a higher platelet yield and a smaller volume of plasma using

a three-component (3C) protocol, which comprised an RCC, a plasma

and a platelet unit, when compared with semi-automated processing

systems [20]. In addition, automation of whole blood processing can

use the same disposable bag for the two-component (2C) or three-

component (3C) protocols and process up to four whole blood units in

one run, which makes disposal management less complex and more

flexible compared to the semi-automated system [8].

Product quality

In an analysis by Jordan et al. pre-storage semi-automated processing

methods affected the stored RBC characteristics, such as the percent-

age of haemolysis in the units at day of expiry [19]. This was not seen

in blood components prepared using fully automated processing sys-

tems. Fresh or overnight-held whole blood units met the quality cri-

teria without any relevant difference between the two groups [21].

Pérez-Aliaga reported lower discard rates due to haemolysis for RBC

concentrates produced with a fully automated device as compared to

semi-automated processing [8].

Quality concerns have been reported for semi-automated pro-

cessing methods such as in the validation of a whole blood filtration

system, in which many quality aspects did not comply with the

recommended European and American standards [15]. Similarly,

analysis of quality trends from nine blood processing methods,

including leukoreduced whole blood-derived RCCs produced by

both buffy coat and whole blood filtration methods, as well as three

apheresis methods and non-leukoreduced RCCs, reported significant

differences by the end of storage. However, meaningful compari-

sons of these data are difficult to obtain given the existence of too

many uncontrolled variables across different processing facilities.

Mean (Hb) ranged from 52 to 71 g/unit and mean haematocrit from

60% to 65%, with some units failing Canadian Standards Association

guidelines regarding Hb content and residual white blood cell

counts [17].

F I GU R E 4 Included articles distributed according to their publication date.

F I GU R E 3 Flow diagram of study inclusion using MEDLINE
search.
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T AB L E 1 Summary of included studies in this review.

Reference First author
Publication
year Summary

[5] Bontekoe IJ 2014 Retrospective comparison in a blood bank centre of the blood components processed with

two different separators (CompoMat G4 vs. CompoMat G5)

[6] Pasqualetti D 2004 Prospective comparison in a blood bank centre of the blood components processed with a

manual procedure versus using a semi-automated procedure with CompoMat G4

[7] Shih AW 2019 Retrospectic, multi-centre comparison among TAT, BAT and automated (Reveos) processing

methods

[8] Pérez Aliaga AI 2021 Retrospective comparison in a blood bank centre of the blood components processed with

the semi-automated (buffy coat) method versus using the automated (Reveos) system

[9] Morish M 2012 Retrospective study of the discarded blood and blood components from the National Blood

Center from Kuala Lumpur

[11] Cid J 2014 Literature review on the quality and characteristics of blood components obtained using

automated processing devices from the 2000s

[15] Das SS 2008 Retrospective study in a blood bank centre of the quality of the RCC and platelet

concentrates prepared with the semi-automated (TAT) processing method

[16] Gkoumassi E 2012 Prospective study in a blood bank centre on the cell injury and haemolysis from RBCs during

processing and storage

using a semi-automated (BAT) processing method

[17] Hansen AL 2015 Prospective study in a blood bank centre on the in vitro characteristics of RCCs produced by

different methods

(apheresis, LR and non-LR with buffy coat method)

[18] Johnson L 2013 Prospective assessment in a blood bank centre of the blood components processed with the

automated (Reveos) system and compared with data from the semi-automated method

[19] Jordan A 2016 Retrospective, multi-centre study on the quality control data from RCCs to assess the sources

of variability

(pre-storage, donor characteristics, buffy coat vs. TAT processing method)

[20] Jurado M 2012 Prospective assessment in a blood bank centre of the blood components processed with an

automated (Atreus 3C) system and compared with data from the Buffy coat method

[21] Lagerberg JW 2013 Prospective assessment in a blood bank centre of the blood components and operational

efficiencies obtained using the automated (Reveos) processing system

[22] Lotens A 2014 Prospective comparison in a blood bank centre of the blood components processed using an

apheresis (TACSI) method versus using a semi-automated (buffy coat) method

[23] Malvaux N 2021 Prospective comparison in a blood bank centre of the blood components processed with a

semi-automated (buffy coat) system versus. using the automated (Reveos) system

[24] Mastronardi C 2013 Prospective study in a blood bank centre on the impact that manual mixing of whole blood

has on the product quality before the first centrifugation using the buffy coat method

[25] McAteer MJ 2010 Prospective, multi-center analysis on RCCs’ haemolysis and assessment on the link with

donor characteristics and processing method used (manual, semi-automated and

automated)

[26] Sahlin A 2020 Prospective study in a blood bank centre on the quality and characteristics of granulocyte

concentrates processed using the automated (Reveos) system

[27] Bardyn M 2020 Prospective analysis on the wide distribution of haemoglobin oxygen saturation levels in RCC

due to donor characteristics and semi-automated processing methods (TAT and BAT)

[28] Pérez Aliaga AI 2013 Prospective comparison in a blood bank centre of the blood components processed with a

semi-automated system versus using the automated (Reveos) system

[29] Pérez Vaquero

MÁ

2013 Prospective analysis in a blood bank centre on the product quality and operational

improvements related to the use of the automated (Reveos) system

[30] Comasòlivas N 2021 Literature review on the semi-automated (buffy coat) and automated (Reveos) methods to

compare the operational and productivity features between them

[31] Veihola M 2006 Retrospective, multi-center study on the platelet production, discards and efficiencies using

semi-automated (buffy coat) and apheresis methods

Abbreviations: BAT, bottom-and-top; LR, leukcoreduced; RBC, red blood cell; RCC, red cell concentrate; TAT, top-and-top.
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Retrospective data from 10 blood centres in 9 countries, including

semi-automated top-and-top and bottom-and-top (buffy coat)

methods, along with automated processing systems, determined that

factors affecting variability in component quality included the length

of hold time before processing whole blood bags, time for leukoreduc-

tion, centrifugation speeds and types of extraction devices. In fact, in

this retrospective data analysis, a significantly lower level of residual

white blood cell contamination was observed in RBCs processed with

a fully automated device [7].

A unexpectedly wide distribution of Hb oxygen saturation (sO2)

has been reported in RCCs from whole blood processed by semi-

automated methods. Characterization of sO2 distribution in RCCs sep-

arated by both whole blood filtration and buffy coat methods in a

Swiss blood centre ascertained that sO2 was impacted by the waiting

time prior to processing whole blood bags, which varied with different

processing methods [27].

Overall, both automated and semi-automated methods had very

similar in vitro quality parameters, although platelet activation markers

(CD62P and cytokine levels) were higher in the units processed on

the automated Reveos system [18]. Moreover, blood components

prepared on Reveos showed higher yields and decreased variability

when a device-related software was used [23].

Human resources and technical features

The automation of blood bank centres could have an impact on their

workload. In the Blood and Tissue Bank of Aragon, Spain, the shift

from semi-automation to full automation with the Reveos system

released working capacity, which led to a reduction of 1 full-time

equivalent (FTE) operator and the implementation of additional

devices and procedures within the blood bank [8].

In the Luxembourg Red Cross Blood Bank, the implementation of

automation with the Reveos system allowed the centre to improve its

productivity and operations with additional procedures while main-

taining the same number of FTEs [23].

Moreover, the automation decreased workload and improved

operator satisfaction and the system’s usability was rated as ‘very
high’ by operators [28].

Automated processing enabled separation of additional cellular

fractions: the Reveos system additionally produced a residual leuko-

cyte unit containing granulocytes, which may be considered an alter-

native product to granulocyte concentrates obtained from stimulated

donors [26].

Higher RBC and platelet yields have also been reported in the

units prepared using the Reveos fully automated system compared to

the semi-automated, top-and-bottom (buffy coat) processing system.

Plasma units prepared on the Reveos system were similar to those

prepared with the top-and-bottom system. The only difference was

found in the levels of fibrinogen, factor V and factor VII, which were

20% higher in the units prepared with the Reveos system, which could

be due to differences in processing time from collection or donor vari-

ation [18].

Wastage

The National Blood Center of Kuala Lumpur reported that 2.3% of

whole blood units and blood components were discarded per year

because of inappropriate blood collection and processing. Whole

blood was processed using the semi-automated platelet-rich plasma

method. Platelet concentrates had a 6% discard rate, followed by

whole blood (3.7%), fresh frozen plasma (2.5%) and cryoprecipitate

(2%). The major cause of discarded components was RBC contamina-

tion (40%). Other causes included leakage and lipaemia (25%) [9]. A

large-scale study conducted in 10 European countries reported mean

platelet discard rates between 6.7% and 25% over the 3-year study

(mostly for platelets processed by the buffy coat method), with an

overall annual mean discard rate of 13% (including platelet units dam-

aged during processing, as well as those that expired) [31].

Data from a regional Spanish blood centre showed a reduction in

discard rates due to bag ruptures of whole blood units (1.2%–0.1%),

due to low volume of RCCs (<200 ml; 0.5%–0.03%) and due to hae-

molytic plasma (2.1%–0.6%) with the Reveos system compared to the

buffy coat method. Furthermore, 144 units were discarded because

of haemolysis after being processed with the buffy coat method,

whereas none was discarded because of haemolysis when processed

with the Reveos system. However, the percentage of units with low-

volume plasma (<200 ml) was higher with the Reveos system (0.5%)

compared to the buffy coat method (0.3%) [8].

Space requirements

Semi-automation requires multiple devices and consequently more

laboratory space than full automation to permit free movement of

operators among devices, including the careful transfer of blood bags

(back-and-forth traffic). The space required for the Reveos device is

1.13 m2, and even if a second device is placed as back-up, the space

needed for manual and/or semi-automated processing systems is still

substantially higher [30].

The implementation of automated processing systems in a Span-

ish blood centre resulted in the reduction of the number of devices

from 16—including 3 centrifuges, 8 expressors, 2 scales and 3 OrbiSac

Systems—to 3 Reveos systems and 2 scales [8].

DISCUSSION

We performed a comprehensive review of data from existing litera-

ture related to automation of whole blood processing systems, includ-

ing a comparison of the processing parameters for automated and

semi-automated whole blood processing methods. Several studies

comparing and validating aspects of semi-automated and automated

blood processing systems were found over the timespan covered by

this review (2004–2021). Blood components obtained from whole

blood donations (whole blood volume 450% ± 10% ml) using both

methods have generally been found to meet quality standards,
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although several parameters have been shown to improve through

the implementation of more automated procedures and automated

processing systems [5, 15, 22].

Over the past 40 years, substantial improvements have been

made in the quality and reliability of separated whole blood compo-

nents, mostly due to increased automation and more advanced pro-

cessing methods. We are now able to fully automate this process, and

it is therefore important to evaluate the impact on productivity and

efficiency, product quality, human resources and technical features,

wastage and space requirements.

Although 500 records were identified during the MEDLINE data-

base search, 483 did not meet eligibility criteria to be included in this

publication. Therefore, the number of included studies is low, suggest-

ing that the topic of whole blood automation has not received the sci-

entific assessment that it requires.

In addition, from the 17 publications that met the eligibility cri-

teria and the 6 additional publications from the manual search, only

7 were comparing the semi-automated system versus the fully auto-

mated system. These comparisons were done by assessing retrospec-

tively the data from two different time periods from the same blood

bank centre [8, 18] or among different centres [7], or using both pro-

cessing systems simultaneously in a single blood bank centre and

assessing the data afterwards [21, 23, 28, 29]. Considering the differ-

ent devices that can perform the semi-automated method, the multi-

ple protocols and technical features that can influence whole blood

processing (e.g., maximum rpm of the centrifuges, etc.), there is a clear

need to perform more comparisons to increase awareness on the dif-

ferences among devices, the optimal characteristics of protocols and

technical features and so forth.

The improvements in quality parameters observed with full auto-

mation compared to semi-automation are most likely due to a combi-

nation of factors largely reflected by reduced operator variability (due

to requiring only a single operator), fewer opportunities for potential

human mistakes such as handling errors and fewer manual processing

steps. In fact, only 9 manual operator interventions are required to

separate 4 whole blood units with the automated system, compared

to up to 26 manual operator interventions with semi-automated pro-

cessing systems [30].

Additionally, the improvements in quality parameters could be

due to the reduced processing time associated with full automation.

This is an added benefit because it not only increases the number of

blood units processed but also improves their quality, as processing

time has been shown to be a significant contributing variable to the

quality and yield of blood components [16, 17, 19, 25, 27]. Reducing

processing time through automation should therefore reduce variation

and improve standardization [27].

Other beneficial aspects of automating blood processing systems

include improved standardization of outputs, increased productivity,

operator satisfaction and system usability, reduced wastage and

reductions in required space and operator skill requirements, as well

as reduced potential for repetitive strain injury to operators [3, 5, 6,

9, 32]. In addition, reduction in the required space and the number of

operators also decreases the movement of operators around the

workspace, which could play a major role in preventing the spread of

diseases such as COVID-19.

Reduction of discarded blood components and wastage caused

by non-conformity will also reduce the cost of blood processing and

further increase yield and productivity [9].

Moreover, higher RBC and platelet yields have been observed

through process automation, which itself should bring further cost

savings. In addition, with a single click on the Reveos system

screen, the operator can choose a specific protocol that will pro-

cess whole blood units according to the desired end unit that the

blood bank requires, a feature that only full automation can pro-

vide. Furthermore, the Reveos system has a single software pro-

gram that gathers all the data related to the blood processing

(e.g., initial and end unit weight, time, protocol used, disposable

bag used, operator) and can be linked to the software program of

the blood bank centre and the healthcare centre to allow full pro-

cess tracking and management.

It is anticipated that further automation of blood processing

will continue to result in improvements in productivity, component

quality, technical capabilities and reduction of wastage already

observed through the implementation of semi-automated proce-

dures. In fact, the Reveos system is currently working with whole

blood collections containing a mean volume 450% ± 10% ml, which

is not the target volume in all countries. However, the release of

500-ml disposable kits is expected in the future. Other authors

have also reported that full automation may contribute to a bal-

ance between standardization and customization. Also, the

released resources would enable the effortless implementation of

other technologies in the blood component laboratory [3, 5, 32]. In

addition, standardization of semi-automated processing methods

remains highly variable among centres, with the remaining manual

steps continuing to impact wastage as well as the quality and

safety of blood products [3, 5].

In conclusion, the gradual increase in automation of whole blood

processing over the last four decades has resulted in continued

improvements in product quality, productivity and yield, processing

time and product safety, as well as reducing costs through reduced

wastage and resources. In addition, automation reduces the floor

space and the number of processing steps required, and subsequently

reduces the need for highly skilled and highly trained operators and

improves operator satisfaction. The development of a fully automated

system is therefore an important next step towards achieving further

improvements in the quality and reliability of blood components

obtained from whole blood collections.
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Abstract

Background and Objectives: Immunoglobulin (Ig) usage has ongoing shortage

concerns. Secondary immunodeficiencies (SIDs) account for a major proportion of usage

of Igs in Canada. We audited Ig usage in patients with SID at three British Columbia

hospitals to determine whether more stringent local guidelines are necessary.

Materials and Methods: A retrospective chart review was performed for patients

who had Ig ordered between 1 January 2018 and 31 December 2019 for any SID

indication. Cohorts were stratified into chronic and new users, and the Australian

BloodSTAR guidelines were used as the benchmark at the time of conception. Having

an eligible primary diagnosis, meeting SID criteria, an appropriate dosage and follow-

up immunoglobulin G (IgG) levels encompassed appropriate usage.

Results: There were no demographic differences between chronic (N = 81) and new

(N = 33) cohorts. The new cohort had a higher rate of appropriate usage (45.7%

vs. 66.7%, p = 0.06). The most common reason for inappropriate usage in both

groups was the lack of follow-up IgG level at 6 or 12 months. Factors, displayed by

relative risk (RR), associated with appropriateness included the dispensing hospital

(RR: 6.60), use of subcutaneous Ig (RR: 3.84), having an IgG level before starting ther-

apy (RR: 3.51) and documentation of clinical benefit (RR: 4.70).

Conclusion: There are high rates of inappropriate Ig usage in SID patients in both

new and chronically treated groups. More stringent local guidelines and processes

for assessing initial and ongoing Ig replacement are warranted.

Keywords
immunoglobulins, IVIg, quality management

Highlights
• Secondary immunodeficiencies requiring immunoglobulin replacement therapy (IRT) have

increased in recent years due to the use of immunomodulatory medications, leading to short-

age concerns.

• Many patients who were appropriately started on IRT lack appropriate immunoglobulin G

follow-up.

• Implementation of stringent local guidelines are needed to improve the utilization of IRT.
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INTRODUCTION

Immunoglobulin replacement therapy (IRT) is standard care for

patients with primary immunodeficiency disorders (PIDs) and can

reduce infections in acquired secondary immunodeficiencies (SIDs)

[1–3]. Haematological malignancies account for a large proportion of

SIDs but currently the U.S. Food and Drug Administration (FDA) lists

chronic lymphocytic leukaemia (CLL) as the only approved indication

for intravenous immunoglobulin (IVIg) [4]. Causes of SID are growing

with use of immunomodulatory medications for heterogeneous condi-

tions [5]. However, guidelines for IRT in SID including indications, dos-

ing, follow-up and use of alternative therapies vary on an international

and institutional scale. For example, the United Kingdom clearly sug-

gests trialling prophylactic antibiotics prior to IRT, the European Medi-

cines Agency (EMA) suggests a lower IRT dose than most others and

the Australian guidelines recommend baseline immunoglobulin A (IgA)

and immunoglobulin M (IgM) levels as a means to follow immunologi-

cal recovery [6–12]. Figure 1 summarizes some of these protocols,

including the local guidelines in British Columbia (BC), Canada.

Globally, immunoglobulin (Ig) use is increasing, with the

United States, Canada and Australia having among the highest utiliza-

tion rates; acquired hypogammaglobulinaemia accounts for a large

proportion of overall use in these countries [13–15]. In Canada, Ig

utilization is increasing by 6%–10% annually, with BC seeing an 8%

growth (in grams) from 2018/2019 to 2019/2020.

In late 2018/early 2019, the FDA announced shortages of

Gammagard and Cuvitru, intravenous and subcutaneous forms of

Ig, respectively [16]. These shortages reflect demand outpacing

supply, which was highlighted again as due to supply constraints

during the SARS-CoV-2 pandemic [17, 18]. This pandemic exposed

the vulnerability in accessing Ig products, revealing limitations in

manufacturing and source plasma collections as threats to the

global supply [18, 19]. From a Canadian perspective, local

manufacturing of plasma-derived products (PDPs) does not cur-

rently exist, and plasma is exported to international facilities for

fractionation. PDPs are then bought from international manufac-

turers; however, the Ig self-sufficiency rate, which reflects the

plasma volume collected for our population’s PDP use, has

decreased to below 14% in 2019 [17, 19].

All health jurisdictions within BC are mandated by the govern-

ment to safeguard appropriate Ig utilization, done in concert with the

BC Provincial Blood Coordinating Office. After PIDs, SIDs account for

a major proportion of Ig usage in BC. Therefore, an audit of IRT utiliza-

tion in SID at three BC hospitals was performed. The Australian

National Blood Authority/BloodSTAR Guidelines served as the bench-

mark because they were the most stringent guidelines identified at

F I GU R E 1 Comparison of recommendations for the indication, diagnosis, dosing and monitoring of immunoglobulin replacement therapy in
secondary immunodeficiency. BC PBCO, British Columbia Provincial Blood Coordinating Office; CAR-T, chimeric antigen receptor therapy; EMA,
European Medicines Agency; Ig, immunoglobulin; IgG, immunoglobulin G; IV, intravenous; IVIg, intravenous immunoglobulin; NHS, National
Health Service Commissioning Criteria Policy for the use of Therapeutic Immunoglobulin; NS, not specified
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time of review [7]. This was done as a proof-of-concept assessment

to determine whether more stringent local guidelines were needed.

MATERIALS AND METHODS

Study design

Our retrospective cohort study aim was to determine whether IRT in

adult patients with SID at three hospitals in BC was appropriate, using

the Australian National Blood Authority/BloodSTAR Guidelines as a

benchmark for appropriateness.

We included all patients who had any IRT order with SID as

indication between 1 January 2018 and 31 December 2019. Data

were collected until 31 December 2020, allowing for a minimum

1-year follow-up. Stratification into chronic and new cohorts was

based on whether patients were initially started on IRT before or

after 1 January 2018. This date was chosen as a convenient start

date because increasing awareness about Ig shortages occurred

during this time with official shortage notices appearing in late

2018 [16].

Hospital 1 is a tertiary referral hospital with 700 inpatient beds and

services including solid organ transplant (SOT) and bone marrow trans-

plant, inpatient and outpatient haematology care and apheresis. The

transfusion medicine laboratory (TML) at Hospital 1 also serves the larg-

est oncology centre for the provincial cancer agency with lymphoma

management. Hospital 2 is a tertiary hospital with 400 inpatient beds

and services including cardiac transplant, focused human immunodefi-

ciency virus care, inpatient and outpatient haematology and outpatient

immunodeficiencies. Hospital 3 is a community hospital with 268 inpa-

tient beds and provides outpatient oncology services.

Primary objective

Appropriateness was based on the Australian BloodSTAR Guidelines

(Figure 1). These guidelines were chosen as the benchmark at the time

of study design because they were the most updated, stringent and

centralized guidelines that could be adapted to our local area. Appro-

priateness was defined as having all the following to meet the primary

outcome (adaptations for our population are italicized):

1. Primary diagnosis

� Haematological malignancy: acute leukaemia, memory B-cell

deficiency secondary to haematopoietic stem cell transplanta-

tion (HSCT), plasma cell myeloma (PCM), non-Hodgkin lym-

phoma (NHL) and other haematological malignancies;

� Non-haematological malignancy diagnoses: hypogammaglobuli-

naemia following SOT, hypogammaglobulinaemia following

B-cell depletion therapy and thymoma-associated other hypo-

gammaglobulinaemia unrelated to haematological malignancies

or HSCT.

2. SID indication

� Significant hypogammaglobulinaemia with serum immunoglobu-

lin G (IgG) < 4 g/L* regardless of the frequency and severity of

infections;

� Serum IgG > 4 g/L* but less than the lower limit of the age-

related reference range with at least one life-threatening infec-

tion in the last 12 months;

� Serum IgG > 4 g/L* but less than the lower limit of the age-

related reference range with at least two serious infections;

� Evidence of impaired antibody production to vaccination in the

context of persistent infections affecting long-term function;

� Serum IgG >4 g/L* but less than the lower limit of the age-related

reference range with recurrent infections as per clinician

assessment;

� Hypogammaglobulinaemia from serum protein electrophoresis

(SPEP) investigations only and recurrent infections as per clinician

assessment.

*Excluding paraprotein

3. IRT dose

� Any (i) dose between 0.4 and 0.6 g/kg, (ii) dose to keep trough

IgG levels between 7 and 9 g/L or (iii) documented justification

from a specialist physician.

4. IgG follow-up at either 6 or 12 months after initiation.

Deviations were adjudicated by three authors (A.T.,

A.W.S. and K.M.).

Data collection

Electronic medical records (EMRs) and laboratory information systems

were used for data collection.

Data analysis

Patients with multiple diagnoses were categorized into what likely

preceded their SID. Three physicians adjudicated and combined

diagnosis categories. Descriptive statistics were completed. Com-

parison between chronic and new IRT cohorts was performed using

t-tests and Fisher’s exact tests for continuous and categorical vari-

ables, respectively. Multivariable logistic regression modelling was

used to identify factors associated with meeting the primary out-

come of appropriateness. A multivariable final model was obtained

via stepwise variable selection based on the Akaike information cri-

terion. Relative risks were computed using the effectsize package in

R [20]. A p-value of less than 0.05 was considered statistically signif-

icant. All statistical analyses were performed using the R statistical

software (version 4.1.1; R Foundation for Statistical Computing,

Vienna, Austria).

This study was approved by the University of British Columbia

research ethics board (H20-02762).
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RESULTS

Demographics and ordering practices

During the study period, 120 unique patients had IRT ordered for SID.

Six patients were excluded from analysis: five had only one dose of

IRT (three patients with indolent B-cell lymphoma and two with SOT)

and one patient did not have data available.

Thirty-three (28%) patients were newly started on IRT and

81 were chronically treated. There were no cohort differences in

patient sex, age at IRT initiation, primary diagnosis category, ordering

hospital, clinician specialty, type of IRT or dose (Table 1). Haematolo-

gists/oncologists accounted for most ordering clinicians (chronic 79%,

new 63.6%), and haematological malignancies (CLL, PCM and other

lymphomas) represented most primary diagnoses in both groups

(chronic 77.8%, new 60.6%). Non-haematological diagnoses included

autoimmune disorders, managed primarily by immunologists, and pul-

monary diseases such as chronic obstructive pulmonary disease, man-

aged primarily by internists. Most patients had IVIg only. The median

Ig dose in both cohorts was 0.4 g/kg/cycle. Both cohorts had limited

IgG subclasses ordered (chronic 3.7%, new 12.2%), use of prophylactic

antibiotics (chronic 7.4%, new 9.1%) and infection-related hospitaliza-

tions (median 0, interquartile range [IQR]: 0–1).

At initiation, approximately 60% of chronic patients and 70% of

new IRT patients had a panel of Igs ordered; 10% of patients in each

cohort had only IgG ordered prior to initiation. The median IgG, IgM

and IgA levels prior to initiation were comparable between groups

and were below the local age-related reference range (Table 2) [21].

Although the median IRT duration in the chronic cohort was signifi-

cantly longer than in the new cohort (66 months [IQR: 41–100]

vs. 14 months [IQR: 9–21], p < 0.001), there were no significant differ-

ences in the proportion of patients for whom had IRT was stopped (29.6%

vs. 42.4%, p = 0.20). Figure 2 shows that IRT was primarily stopped in the

chronic cohort following death, while for most patients in the new cohort

the rationale for cessation was not available in the documentation.

Table 1 also shows that approximately two thirds of patients on

IVIg had at least one break in their IRT (defined as ≥1 missed treat-

ment cycle) with a median break duration of 20 weeks (IQR: 12–32)

and 11 weeks (IQR: 8–14) in the chronic and new cohorts, respec-

tively (p = 0.09).

Appropriateness of IRT in SIDs

The primary objective required that the patient had an appropriate pri-

mary diagnosis, SID indication, dose of IRT and 6- or 12-month follow-up

IgG levels. There was a non-statistically significant higher rate of appropri-

ate utilization in the new cohort (66.7% vs. 45.7%, p = 0.06) (Table 3).

The most common reason for inappropriateness in both cohorts was the

lack of IgG follow-up at 6 or 12 months (chronic 37%, new 21.2%,

p = 0.13) (Table 3). When stratified by site, the most common reason for

inappropriateness at each hospital was lack of 6- or 12-month follow-up,

not meeting SID criteria, ineligible primary diagnosis and inappropriate

dose. Although the entire cohort was equally represented among the

three hospitals, cumulatively, Hospital 3 had the most reasons for inap-

propriate use compared to Hospital 1 or 2 (40 vs. 20 vs. 13).

Appropriateness per criterion

1. Primary diagnosis

As shown in Table 1, there was no significant difference between

the diagnosis categories between the chronic and new cohorts

(p = 0.09). Of those who did not meet the primary objective, having

an ineligible primary diagnosis was the third and second most com-

mon reason for IRT inappropriateness in the chronic (10.3%) and new

(33.3%) cohorts, respectively (Table 3). In the new cohort, these were

primarily respiratory diseases.

2. SID indication

Most patients in both cohorts met the criteria for SID (chronic 79%

vs. new 90.9%, p = 0.18). Indications for IRT in both cohorts were simi-

lar and in decreasing frequency included IgG levels <4 g/L (49.2%

vs. 43.3%), IgG levels >4 g/L but below the lower limit of normal and

with at least two recurrent infections (28.6% vs. 40%), hypogammaglo-

bulinaemia by SPEP and recurrent infections (14.3% vs. 13.3%) and IgG

levels >4 g/L but below the lower limit of normal with at least one

severe infection in the previous 12 months (7.9% vs. 3.3%). If patients

had both IgG levels <4 g/L and recurrent or severe infections, they

were included in the IgG levels <4 g/L indication alone. We could not

find documentation of immunization challenges.

3. IRT dose

Both cohorts had similar median Ig doses of 0.40 g/kg/cycle

(Table 1). Two patients in the chronic cohort did not have documen-

ted rationale for their out-of-range doses (0.18 and 1 g/kg/cycle).

4. Follow-up IgG

At 6 months, 40.7% of chronic patients and 51.5% of new patients

had a follow-up IgG level; these proportions increased to 51.9%

for chronic patients and 57.6% for new patients at 12 months. Median

6- and 12-month IgG levels in both cohorts were all greater than 8 g/L

(Table 2). During the treatment duration, 85.2% of chronic patients and

69.7% of new patients had an IgG level above 9 g/L at least once.

Associations with IRT appropriateness

Figure 3 shows that the dispensing hospital (Hospital 1 RR: 4.15, con-

fidence interval [CI]: 1.67–8.36; Hospital 2 RR: 6.60, CI: 2.62–11.52),
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use of subcutaneous immunoglobulin (SCIg) (RR: 3.84, CI: 0.93–

10.54), IgG ordering at initiation (RR: 3.51, CI: 1.23–8.07) and having

EMR documentation of clinical benefit (RR: 4.70; CI: 1.81–9.55) were

all factors that remained statistically significantly associated with the

T AB L E 1 Comparison of cohort demographics and immunoglobulin replacement therapy (IRT) ordering

Chronic (N = 81) New (N = 33) p-Value

Sex 0.30

F 34 (42%) 18 (54.5%)

M 47 (58%) 15 (45.5%)

Age at IRT start 0.32

Mean (SD) 64 (12) 62 (16)

Median (IQR) 65 (61–72) 66 (57–71)

Duration (months) <0.001

Median (IQR) 66 (41–100) 14 (9–21)

Hospital 0.97

Hospital 1 31 (38.3%) 12 (36.4%)

Hospital 2 23 (28.4%) 9 (27.3%)

Hospital 3 27 (33.3%) 12 (36.4%)

Diagnosis category 0.09

CLL/SLL 28 (34.6%) 7 (21.2%)

PCM 13 (16%) 7 (21.2%)

Other lymphoma 22 (27.2%) 6 (18.2%)

Stem cell transplant 8 (9.9%) 2 (6.1%)

Othera 10 (12.3%) 11 (33.3%)

Ordering clinicians 0.15

Haeme-Onc 64 (79%) 21 (63.6%)

Immunology 10 (12.3%) 5 (15.2%)

Internal medicine, other 7 (8.6%) 7 (21.2%)

Type of IRT 1.00

IVIg only 69 (85.2%) 29 (87.9%)

SCIg or both IVIg and SCIg 12 (14.8%) 4 (12.1%)

IRT dose (g/kg) 0.47

Mean (SD) 0.44 (0.14) 0.42 (0.07)

Median (IQR) 0.40 (0.39–0.43) 0.40 (0.39–0.42)

IgG subclasses at IRT start 0.19

Yes 3 (3.7%) 4 (12.1%)

Prophylactic antibiotics 0.72

Yes 6 (7.4%) 3 (9.1%)

Infection-related hospitalizations 0.78

Mean (SD) 1.1 (1.9) 1.0 (1.4)

Median (IQR) 0.0 (0.0–1.0) 0.0 (0.0–1.0)

Any IRT break (IVIg only)

Yes 45 (65.2%) 17 (58.6%) 0.65

Break >6 months 13 (18.8%) 1 (3.4%) 0.06

Break duration (weeks) 0.09

Mean (SD) 74.9 (43.8) 15.1 (8)

Median (IQR) 20 (12–32) 11 (8–14)

Abbreviations: CLL/SLL, chronic/small lymphocytic leukaemia/lymphoma; IQR, interquartile range; IVIg/SCIg, intravenous/subcutaneous immunoglobulin;

PCM, plasma cell myeloma.
aAutoimmune (chronic N = 5, new N = 6) and pulmonary (chronic N = 5, new N = 5) diseases.
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primary outcome after multivariable analysis. Longer IRT duration had

a lower association with appropriateness.

DISCUSSION

Igs are a scarce resource, with a limited number of countries meeting

the global demand. Our retrospective audit identified 120 patients

who had at least two doses of IRT at three BC hospitals. Although sta-

tistical significance was not reached, the newly initiated cohort had a

higher rate of appropriate IRT use in SID. This may be due to

increased awareness of Ig shortages globally and nationally after the

transient shortage of SCIg supply in 2018/2019 [16, 22]. However,

increased awareness alone may be insufficient to change ordering

practices, and stringent, protocolized guidelines helping both clinicians

and dispensing bodies manage IRT usage are necessary.

Similar to audits performed in Europe, Australia and

New Zealand, the primary diagnoses included CLL/small lymphocytic

leukaemia, PCM and other lymphomas [3, 13, 23]. In our study, hae-

matologists/oncologists comprised most ordering clinicians, followed

by immunologists and other internal medicine subspecialists. This is in

keeping with audits and international surveys in parts of Europe,

Australia and New Zealand, and differs from the United Kingdom and

Spain where immunologists primarily managed SID patients

[8, 11, 13, 23].

A 2018 international survey of clinicians managing SIDs due to

underlying haematologic malignancies showed that immunologists

had practices that mirrored recommendations more closely than non-

immunologists [11]. In our study, although the clinician’s speciality

was not significantly associated with appropriate IRT use by multivari-

able analysis, the hospital sites remained significant. These findings

may be multifaceted, including the clinician’s speciality and dispensing

TML’s experience as possible contributors. For example, Hospital

2 had the highest RR of 6.60 for appropriate usage. It is the only site

with both haematologists and immunologists managing immunodefi-

ciencies and a TML with single-discipline technologists. However, a

more objective review of the differences between the sites is beyond

the scope of this study.

Most patients in our study had at least one break in IRT, and

some patients were only on IRT seasonally with summer breaks.

Although evidence for treatment holidays is lacking, it is a practice

seen elsewhere [3, 10, 24]. This raises questions of how to strictly

define and assess ongoing IRT need and whether seasonal IRT is a

stewardship tactic.

Another utilization strategy is considering lower doses, including

reducing the dose for existing patients, starting patients at a minimally

effective dose or using a loading and then maintenance dosing strat-

egy. In our study, the average IRT dose was approximately 0.4 g/kg/

month. Most patients in each cohort reached an IgG level >9 g/L at

least once during their treatment period, with median IgG levels

>8 g/L at 6 and 12 months for those with data available. These PID

targets may not be translatable to SID management, and lower doses,

targets and more re-assessment of dose effectiveness may be benefi-

cial in managing Ig use in SID. In the SIGNS study, the average dose of

IRT in SID was 0.2 g/kg per 3–4-week cycle, which established a

trough of 6.1–6.5 g/L in most patients. Their newly treated cohort

had a pre-IRT infection rate of 82%, which decreased to 35% and

21% at 6 and 12 months, respectively [3]. A retrospective review in

an Italian cohort also noted a lower effective dose of 0.25 g/kg/

month of SCIg, which established a trough IgG level of 6.8 g/L and

reduced infections [25]. Congruently, the EMA recommends 0.2–

0.4 g/kg every 3–4 weeks in SID [9]. These are also consistent with

the suggested trough level of 5–7 g/L suggested by the interim 2020

Canadian National Plan for Management of Shortages of Immuno-

globulin Products [26].

Further, favouring more stringent re-assessment and documenta-

tion of IRT need in SID include the duration and cessation rates

observed in our study. Compared to patients who were kept on IRT

for approximately 12 months, as disclosed by the surveyed clinicians,

including Canadian respondents, our chronic cohort was on IRT for

over five times longer [11, 13]. Longer IRT durations in our study had

a lower association with appropriateness. This may represent patients

who were started on IRT when Ig shortages were less pronounced

and there was less emphasis on timely Ig follow-up. Additionally, most

patients in our cohort who ‘ceased’ IRT had died. Goddard et al. and

Patel et al. studied SID patients with haematological malignancies

T AB L E 2 Number of patients with immunoglobulins ordered and
their baseline and follow-up levels

Immunoglobulina Chronic (N = 81) New (N = 33)

Pre-IRT

IgG

No. of patients 59 (72.8%) 27 (81.8%)

Median, g/L (IQR) 3.7 (2.1–5) 4.1 (2.5–5.2)

IgA

No. of patients 49 (60.5%) 24 (72.7%)

Median, g/L (IQR) 0.4 (0.2–1) 0.5 (0.2–1.1)

IgM

No. of patients 49 (60.5%) 23 (69.7%)

Median, g/L (IQR) 0.2 (0.2–0.8) 0.2 (0.1–0.4)

Follow-up

IgG at 6 months

No. of patients 33 (40.7%) 17 (51.5%)

Median, g/L (IQR) 8.1 (6.6–9.4) 9.2 (7.9–10.2)

IgG at 12 months

No. of patients 42 (51.9%) 19 (57.6%)

Median, g/L (IQR) 8.4 (6.5–10) 8.6 (7.8–9.9)

IgG > 9 g/L any point on IRT

No. of patients 69 (85.2%) 23 (69.7%)

Abbreviations: IgA, immunoglobulin A; IgG, immunoglobulin G; IgM,

immunoglobulin M; IQR, interquartile range; IRT, immunoglobulin

replacement therapy.
aFor reference, local age-related reference ranges for IgG: 7–16 g/L; IgA:

0.7–4 g/L and IgM: 0.4–2.3 g/L.
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who discontinued IRT. Patients were followed for at least 12 months

and both cohorts did well from an infection standpoint. A confounder

in the prospective U.K. cohort is that prophylactic antibiotics were

started upon cessation [27, 28]. One recommendation from a

European expert consensus suggests IRT discontinuation if there is

evidence of immunological recovery and a 6-month infection-free

period [8].

The number of SCIg patients in our cohort was small but use of

SCIg was appropriate. This may reflect clinician experience managing

immunodeficiencies, as SCIg use is more common in PID. Although

SCIg in PID provides higher trough IgG levels at similar doses to IVIg,

in the SIGNS study and a prospective Australian study comparing IVIg

and SCIg patients with SID, patients had similar Ig doses, mean trough

IgG levels and annual infection rates [3, 29, 30]. However, the SCIg

cohorts were small, and larger studies in the SID population are

needed to assess whether SCIg could improve overall Ig utilization.

A strength of our study is the depth of information collected on

SID patients receiving IRT. Limitations include its retrospective nature

and small sample sizes. Only data available electronically were

accessed, and private clinic records were not available. Therefore,

documentation regarding primary diagnoses, clinical indications and

clinical effectiveness for a minority of patients could not be fully

ascertained. The limited sample sizes required us to combine our diag-

nostic categories to allow for appropriate statistical analysis. Because

the indolent and aggressive lymphomas were combined into ‘other
lymphoma’ and autoimmune disorders aggregated with ‘other diagno-
ses’, we felt that the new categories would have limited bias on the

results. Additionally, there were seven patients who were included in

the chronic cohort but started IRT within 6 months of 1 January

2018. We divided our cohort into chronic and new based on a date

instead of a timeline to highlight a period of Ig shortages rather than

focus on differences based on treatment duration. Furthermore, mean

IgG levels in the paraprotein patients (N = 7, 5.8%) may have inaccu-

racies due to method differences in Ig and SPEP quantification.

Finally, by using the Australian guidelines as the benchmark, we were

not assessing clinician compliance. Our provincial guidelines are not

sufficiently strict, therefore we used guidelines that we considered a

better benchmark to serve as a proof of concept to encourage imple-

mentation of more stringent guidelines locally. Once updated local

guidelines are disseminated, a pre/post study assessing the IRT man-

agement in SID patients would be valuable.

In conclusion, in both SID patients who have been maintained on

IRT for years and newly started patients, there are high rates of inap-

propriate IRT usage in our jurisdiction when compared to stringent

guidelines. Inadequacies included lack of follow-up IgG levels, ineligi-

ble primary diagnoses and unclear SID indications. Implementation of

documented, protocolized SID assessment and follow-up of IRT need

is required to better manage use of this scarce resource. Factors

F I GU R E 2 Rates and potential reasons for immunoglobulin replacement therapy (IRT) cessation in the chronic and new cohorts. Rates of
cessation were not statistically significantly different (chronic 29.6%, new 42.4%, p = 0.197). ‘Other’: patients who moved out of the treatment
jurisdiction. ‘Unknown’: documented reasons for cessation could not be elucidated. SID, secondary immunodeficiency.

T AB L E 3 Comparison of reasons for inappropriate
immunoglobulin replacement therapy (IRT)

Chronic
(N = 81)

New
(N = 33) p-Value

Met primary objective 0.06

Yes 37 (45.7%) 22 (66.7%)

Primary objective not met N = 44 N = 11

All reasonsa N = 58 N = 15

No follow-up at 6 or

12 months

30 (51.7%) 7 (46.7%)

SID criteria not met 20 (34.5%) 3 (20%)

Ineligible primary

diagnosis

6 (10.3%) 5 (33.3%)

Inappropriate dose 2 (3.4%) 0 (0%)

Abbreviation: SID, secondary immunodeficiency.
a27% of chronic and 36% of new patients who did not meet the primary

outcome had multiple reasons for inappropriate IRT.
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associated with improved appropriateness include hospital type, sug-

gesting that the hospital supplier, prescriber type (i.e., immunologists)

and/or the relationship between the two services may play a role in

effecting appropriate usage. However, further studies would be

required to evaluate reasons for appropriate usage.
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Abstract

Background and Objectives: Research in low-resource settings is inherently chal-

lenging. We sought to assess the factors that have impeded or facilitated transfusion

medicine (TM) research in various African settings.

Materials and Methods: A qualitative case study was conducted of selected investi-

gators in Africa; selection was based on productivity-spanning publication, leadership

and research in TM. We designed a questionnaire to explore the factors impeding or

facilitating TM research to understand the impact on the investigators’ careers. Writ-

ten responses were independently coded and double-checked for precision. Qualita-

tive analysis was conducted, whereby responses were grouped thematically and

clustered by relationship. The initial findings were discussed with respondents to vali-

date and refine the interpretations. The recorded transcript was analysed and incor-

porated into the final analysis.

Results: Six investigators participated in the study. Their responses yielded 471 coded

comments: 389 from the questionnaires and 82 from the ensuing discussion. The

most frequently cited factors described included knowledge and intellectual abilities

(n = 104), personal effectiveness (n = 99), research and governance structure

(n = 97), and engagement, influence and impact (n = 75). Four relationship clusters

emerged from the facilitators (n = 42), barriers (n = 28), and common approaches

(n = 26) to research, informing summary themes of adaptation, collaboration, perse-

verance, and resiliency.

Conclusion: Individual attributes were found to be central to a successful TM

research career in African settings. However, given other public health priorities and

constraints, interpersonal relationships, organizational structures and the broader

research context were important to TM researchers. Overcoming complexities

demands adaptation, collaboration, perseverance and resiliency.
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Highlights
• Transfusion medicine researchers, both clinical and non-clinical, in Africa do not publish as

frequently as their counterparts in other continents.

• This study showed personal effectiveness, knowledge and intellectual capability as attributes

of successful researchers in Africa.

• Creating a pipeline of researchers in Africa is vital to building research capacity, not only in

this continent but also in other low- and middle-income countries.

INTRODUCTION

Healthcare research is essential in low- and middle-income countries

(LMICs) where the burden of disease is high but the resources are lim-

ited, thus underscoring the need for locally relevant, innovative,

evidence-based and sustainable solutions to effect meaningful change

[1, 2]. Research in low-resource settings is inherently challenging for

local investigators [3]. Such is the case in large parts of Africa, where

the challenges span funding, infrastructure, education and training [4, 5].

The challenges are amplified in niche disciplines, such as transfusion

medicine (TM), that garner little attention.

TM researchers in Africa are grossly under-represented in the

published literature. On average, 38 papers were published annually

by researchers in sub-Saharan Africa (SSA) between 2008 and 2015,

almost half (41%) of which focused on transfusion-transmitted

infections [6]. Only a third (34%) of the publications were in

transfusion-specialist journals, and an overwhelming majority of

publications stemmed from collaborations outside of SSA. Conse-

quently, policy recommendations originating in high-income coun-

tries such as those in Europe and North America are advanced

where regional research might otherwise be used to guide practices

that would be more appropriate and successful in a local context [7].

Examples include optimal blood donor engagement and testing

strategies that increase the benefits of blood availability balanced

against the risk of transfusion-transmitted infections in austere

environments.

The tepid publication record may reflect a more systemic prob-

lem. Specifically, a framework for achieving success as a TM

researcher in various African countries is lacking. Such a framework or

roadmap could facilitate research careers for aspiring trainees and

junior investigators to navigate the obstacles and leverage learnings

from well-published TM researchers within the African context. The

Association for the Advancement of Blood and Biotherapies (AABB)

Global Transfusion Forum (GTF) Research Subcommittee undertook a

qualitative study of this issue. A sample of TM experts from different

regions in Africa were invited to share their perspectives to under-

stand better the opportunities and challenges faced by African

researchers. We sought to offer guidance to trainees and junior inves-

tigators, drawing on others’ first-hand regional knowledge and experi-

ence of the TM research environment in Africa.

STUDY DESIGN AND METHODS

We employed a methodology known as interpretative phenomenol-

ogy, whereby the lived experience of the research participant is incor-

porated into the research study in a participatory way [8]. Using a

qualitative approach and two-phase case study design, the AABB GTF

Research Subcommittee developed a questionnaire (Data S1) to

describe the attributes, facilitators and challenges that either favoured

or impeded the success of the participating investigators [8]. This

allowed for the ascertainment of self-described factors that favour or

impede the success of TM researchers. The questionnaire comprised

12 questions covering topics such as knowledge and intellectual abil-

ity, personal effectiveness, research governance and organization,

engagement, influence and impact [3]. Responses were entered as

free text.

The AABB GTF Research Subcommittee selected the invited

respondents (i.e., TM research investigators). Selection of participants

was based on an individual’s publication record, research funding,

engagement in leadership positions in the field of TM (e.g., Africa

Society for Blood Transfusion) and reputation in TM. By design, the

study was limited to a few notable investigators, with the intent to

represent each of the geographic regions of Africa (i.e., Central, East,

North, Southern and West Africa). The investigators were invited via

email to participate. The questionnaire was distributed electronically

to those who agreed to participate in the study. The responses were

received by email from February to December 2020.

Data analysis

The analysis was led by a researcher experienced in qualitative

methods. The respondents’ free-text responses were received as

Microsoft Office 365 Word (Microsoft, Seattle, WA, USA) files and

analysed using MAXQDA 2020 (VERBI Software, Berlin, Germany), a

software program that is designed for qualitative and mixed-methods

research. We chose to use a priori constructs as concepts compiled

from an existing framework to facilitate interpretation given the con-

textual nature of the study while allowing for emergent concepts. The

Vitae Research Development Framework (RDF) [9] was used to char-

acterize the concepts that emerged from the responses. The RDF was
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created by researchers in the United Kingdom who identified factors

associated with successful research careers, developed from empirical

data collected through interviews. The RDF recognizes four central

factors and subordinate considerations (i.e., behavioural characteris-

tics and environmental factors) that are important for success in

research (Table 1). The four prominent factors are (a) knowledge and

intellectual abilities, (b) personal effectiveness, (c) research gover-

nance and organization and (d) engagement, influence and impact. In

addition, there are 12 sub-constructs; definitions are provided in the

Codebook (Data S2). These factors informed an a priori coding

scheme and the associated definitions that were incorporated into the

Codebook.

Two independent coders coded at a paragraph level, initially

assigning parent codes, followed by sub-codes; the responses were

reviewed independently to improve inter-rater reliability. Construct

and sub-construct definitions were refined to enhance consistent

understanding of the application. Where appropriate, segments were

multi-coded to fully capture the meaning of the content, including

intersections. Emergent codes were added throughout the coding pro-

cess, informed by concurrent in-document memos.

The frequency of codes within and across the responses informed

patterns. Themes were developed by summarizing the coded content

within and across the questionnaire responses. These themes were

clustered by proximity to understand the relationships with facilitative

features and barriers described by the respondents. This approach

illustrates the relative emphasis of each of the features and their relat-

edness (i.e., intersections). Following the initial analysis of the ques-

tionnaire responses, the preliminary findings were reviewed and

discussed with two of the respondents in a recorded webinar. This

member-checking approach captured additional interpretive sugges-

tions and contextual nuance and incorporated additional insights. The

recording from the discussion was transcribed, coded and analysed

using the same codebook, repeating the same thematic approach to

enrich and enhance the findings. Results from both sets of data

(i.e., the questionnaires and the member-checking discussion) were

interpreted separately and together.

Human subjects

The study was approved by the institutional review boards (IRBs) at

the University of Arkansas for Medical Sciences and Johns Hopkins

University School of Medicine before initiation.

RESULTS

Of the 10 invited researchers, 6 (60%) agreed to participate and

responded to the questionnaire. All respondents described being actively

engaged in TM research. The respondents were from the following coun-

tries: Cameroon, Cote d’Ivoire, Egypt, Ghana, South Africa and

Zimbabwe. Three respondents were physicians (MBchB/MBBch/MD)

having between 10 and 30 years of experience in TM research. Two

respondents held the PhD degree with more than 15 years of experience

in TM-related fields. One respondent is a PhD candidate with more than

20 years of experience in senior technical/management roles including

TM research. All reported receiving grant funding and holding a consider-

able record of peer-reviewed literature in TM (median 35.5; range 6–57).

Questionnaire responses

A total of 389 codes were applied to written segments, covering 94%

(range 89%–96%) of the content of the questionnaires. The two coders

reached a significant inter-coder agreement (91%) through iterative com-

parisons and improvement of definitions. Across all questionnaire

responses (Figure 1), the most frequently referenced factors by the num-

ber of coded segments, in parentheses, were personal effectiveness

(n = 48; 12.3%) followed by knowledge and intellectual abilities (n = 46;

11.8%) and research governance and organization (n = 46; 11.8%). More

facilitators (n = 37; 9.5%) were described than barriers (n = 24; 6.2%).

The least commonly mentioned considerations included personal qualities

(n = 8; 2.1%), engagement and impact (n = 7; 1.8%), professional conduct

(n = 3; 0.8%), and communication and dissemination (n = 2; 0.5%).

T AB L E 1 A priori constructs, sub-constructs, and definitions applied to code questionnaires and the subsequent member-checking discussion
based on the Vitae Researcher Development Framework (Vitae, © 2010 Careers Research and Advisory Centre [CRAC] Limited) [5].

Construct (concept) Sub-construct (factors) Definition

Personal effectiveness Personal qualities

Self-management

Professional and career

development

Personal qualities and approach to be an effective researcher

Knowledge and intellectual

abilities

Knowledge base

Cognitive abilities

Creativity

Knowledge, intellectual abilities and techniques to do the research

Research governance and

organization

Professional conduct

Research management

Finance, funding and resources

Knowledge of the standards and requirements, and professionalism to do

the research

Engagement, influence and

impact

Working with others

Communication and

dissemination

Engagement and impact

Knowledge and skills to work with others and ensure wider impact of

research
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Member-checking discussion

A total of 82 segments were coded from the discussion with respon-

dents. The most frequently cited factor was knowledge and intellec-

tual abilities (n = 10; 12.2%), followed by personal effectiveness

(n = 8; 9.8%) and research governance organization (n = 8; 9.8%).

Creativity (n = 7; 8.5%) and engagement, influence and impact (n = 7;

8.5%) were also rated high. We observed that personal qualities

(n = 2; 2.4%) and professional conduct (n = 1; 1.2%) were less fre-

quently mentioned.

Combined data

Across the collective questionnaire responses and member-checking

discussion, we observed code intersections occurring when a

response reflected more than one construct, leading to multi-coding.

These intersections and co-occurrences were also examined. The

most frequent intersections occurred between personal effectiveness

and knowledge and intellectual abilities (n = 31 co-occurrences). We

also observed that facilitators co-occurred with research governance

and organization (n = 23), personal effectiveness (n = 20) and knowl-

edge and intellectual abilities (n = 20). However, we noted that

research and governance were most frequently identified as the high-

est ranking barriers (n = 18), followed by engagement, influence and

impact (n = 13). Using the code map intersection, we found four rela-

tionships, herein called clusters, by map position between pairs of

codes (Figure 2).

The clusters were further examined to identify the common

developmental approaches described by the researchers as they

advanced in their TM careers. Characterized as a Developing

Researcher Framework, Figure 3 captures key attributes that arose

from the study to facilitate advancement and overcome barriers to

achieve a successful career as a TM researcher. Derived from notable

quotes in the words of the researchers, these approaches are summa-

rized as an adaptation of the research agenda to make it practicable in

low-resource settings: international collaborations with other TM

researchers and resiliency to overcome barriers through joint efforts to

achieve the intended impact. We mapped the relationships of the

themes to a hierarchy from foundational features to the self-actualization

of the successful TM researcher. A set of recommendations compiled

from the researchers summarizes the advice given to those pursuing a

TM research career in the African context (Table 2).

DISCUSSION

Our study findings highlight themes from the self-described perspec-

tives of TM researchers who have had successful TM research careers

in parts of Africa. Key findings emphasize personal effectiveness com-

bined with knowledge and intellectual abilities. Research governance

F I GU R E 1 Code frequency by construct across the accumulated questionnaires received from African transfusion medicine researchers.

F I G U R E 2 Four clusters that were developed based on the
intersection of concepts after combining responses from the
questionnaires and the member-checking discussion.
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and organization, including funding, had a significant impact on indi-

viduals’ careers, favourable or otherwise. While not unique to an Afri-

can setting, adaptation, collaboration, perseverance and resiliency

notably contributed to positive outcomes. There was a perceived

need for local, innovative, evidence-based and sustainable solutions,

which have already been identified as deficient in the context of TM

research in Africa and other low-resource settings [4–6]. Additionally,

the respondents’ lesser emphasis on communication and dissemina-

tion was striking, potentially explaining under-representation in scien-

tific publication [2, 7].

A qualitative approach was better equipped to understand the

developmental trajectories of a sampling of research investigators in

Africa. By drawing on the researchers’ perspectives, a qualitative

approach affords a depth of context and insight, which is frequently

lacking in quantitative methods. Our study found intersecting patterns

in the questionnaire responses and discussion content supporting a

strong relationship of a researcher’s knowledge and abilities combined

with personal effectiveness; these were key factors in facilitating the

researchers’ successful career development. Personal effectiveness,

which encompassed unique personal qualities, self-management and

professional and career development, was the dominant quality attrib-

uted to successful TM researchers in Africa. In other words, the per-

sonal initiative to conduct and sustain their research goals was vital to

the researcher’s success. To develop their professional TM research

career, respondents shared that self-management was essential to

creating a robust knowledge base and cognitive abilities as a

researcher. Several respondents described the lack of training infra-

structure in their countries to learn research skills as an impediment.

Attendance in conferences, review courses or post-graduate educa-

tion (e.g., in the United States and Europe) was essential to obtain and

maintain valuable skills in research methodology and manuscript writ-

ing. There are successful examples, albeit few, where courses have

F I GU R E 3 Developing Research Framework, synthesized from the four clusters illustrating the how foundational individual attributes build
towards interpersonal and contextualized approaches, leveraging work with others and available financial resources, through personal
effectiveness, knowledge and abilities and engagement, influence and impact. Common themes for overcoming hurdles included adaptation,
collaboration, perseverance and resiliency.

T AB L E 2 Consolidated recommendations for future transfusion
medicine (TM) researchers, compiled from the questionnaire
responses and discussion.

• Define your research interest in TM.

� Always start your research by asking a question.

� Perform a thorough literature review.

� Define your aim of research.

� Study options for funding your research.

� Get trained on how to write a proper manuscript to publish the

results of your research.

• Consider research as a career. There will be initial hurdles and

disappointments, but there are high rewards to be gained if efforts

are sustained quite well.

� Identify mentors in your line of research interest.

� Pursue publication of your research work.

� Advance your education and embark on operational research.

� Develop relevant skills for research. Aim to embark on ethical

conduct of research always.

� Utilize available free educational opportunities.

� Endeavour to attend to scientific congresses as an active

participant (present some scientific work).

� Join allied associations such as Africa Society for Blood

Transfusion (AfSBT), International Society of Blood Transfusion

(ISBT), Association for the Advancement of Blood and

Biotherapies (AABB), etc.

• Explore research networking opportunities in Africa Society for

Blood Transfusion, International Society for Blood Transfusion and

the Association for the Advancement of Blood and Biotherapies to

enhance research interests and collaborations with other TM

researchers.
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been devised to impart foundational skills in either clinical TM or

related research [3, 10–13].

Self-discipline was key to generating manuscripts and publica-

tions, where research tasks were often undertaken outside work

hours. The researchers were relentless in their research pursuits, some

describing self-funding of their research. Creativity was apparent, with

one respondent sharing how they acted on the opportunity to

become a ‘research officer’, which enabled them to further develop

their research expertise as part of a formal professional role. However,

another respondent succinctly stated, ‘You will need to have perse-

verance and manage your time to be able to be successful in this area.

You need to want to do it’.
The respondents observed that their personal attributes and mas-

tery alone were insufficient to ensure a successful research career in

TM. These researchers described being effective because they forged

collaborations with industry sponsors, in-country and international

TM clinicians and other researchers. They relied on mentors to help

them network and establish relationships with other TM researchers.

They also encouraged their research staff to advance their research

through participating in local, national and international TM research.

Notably, the most impactful research topics were locally and/or

regionally relevant, often informed by challenges specific to the popu-

lation and settings where they worked [14–19].

Even when motivated and collaborating on important works, the

researchers described being sometimes constrained by their respec-

tive regions’ research, governance and organizational structures. For

example, their local environments were not conducive to research

because of poor access to technology such as the Internet, lack of

adequately trained research staff and the lack of internal (state, gov-

ernmental or institutional) funding. The lack of administrative and

technology support sometimes impaired their ability to coordinate

research projects or even meet sponsors’ deadlines for those projects.

This hampered their ability to engage with or influence the national

and international TM community. However, the respondents

described adaptive ways to move beyond these challenges through

collaboration and engagement with professional societies.

Surprisingly, the respondents did not refer to the regulatory

review process as a notable obstacle to research. This was not stated

explicitly; rather, the omission was conspicuous. Communication and

the ability to disseminate research findings were not mentioned

explicitly as research and career obstacles. Of note, none of the

researchers spoke about the professional conduct of their colleagues

or their own as being either a facilitator or barrier to conducting

research.

During the member-checking discussion, the investigators

emphasized self-management as a critical characteristic of a success-

ful individual in LMICs. However, the foundational features of the

Developing Research Framework (Figure 3) built a pathway towards

self-actualization built upon the innovative approaches described by

accomplished TM researchers [20]. These approaches included the

adaptation of research specific to the local context, collaborations

with local and international researchers, perseverance marked by

courage and persistence to communicate unpopular findings and

resiliency to overcome barriers to research. This approach allowed

them to address locally pertinent research questions having a more

significant bearing on policymakers, administrators, clinicians and pub-

lic health collaborations. Examples of local research capacity building

in Africa include the Francophone Africa Transfusion Medicine

Research Training network, T-REC, and the NIH REDS-III and Fogarty

South Africa progammes [13]. These research programmes have

enrolled trainees at all levels, from short-term course participants in

epidemiology to Masters and PhD candidates. It has increased the

number of TM research publications originating from Africa, with at

least 60 new manuscripts in the past several years. These programmes

noted shortages of mentors and grant-writing skills as challenges

faced by trainees. While these contextually rich insights are poorly

described in the peer-reviewed literature, they may support advancing

TM researchers in the African context and beyond.

This study has several limitations. First, the small sample size

(i.e., small number of participants and skewed geographic representa-

tion) warrants highlighting. Although our sampling plan was broad, not

all African regions were represented. However, this was deemed suffi-

cient for a qualitative analysis given the narrow scope of the study

and thematic saturation. We acknowledge that our definitions of ‘suc-
cess’ and ‘productivity’ in research, as defined by publications, contri-

butions to professional societies and grant funding, may not be the

only measures of a successful career or impactful contribution. We

did not solicit opinions of those who attempted a TM research career

but did not meet our definitions. While such information may serve as

an important comparison, this was not the focus of our study. We

appreciate that the respondents’ experience varied by individual and

their context, representing a limitation in transferability to other set-

tings. We applied reflexivity and member-checking to validate the

observed patterns and found the thematic similarities striking.

Although this study focused on experiences in African settings, its

findings may be relevant to TM researchers with similar backgrounds

and other comparable LMIC contexts.

The findings of this study point to the remarkable ability of a sub-

set of African TM investigators to navigate a range of impediments

and obstacles in conducting research in Africa. These accomplished

TM researchers exercised personal effectiveness combined with

knowledge and abilities. Their successes were further enhanced

through adaptation, collaboration, perseverance and resiliency. A

pipeline of future researchers is critical to increase the capacity of

research in LMICs, enticing aspiring trainees. These findings warrant

further exploration, mainly to understand how to teach, mentor and

expand TM research specific to Africa.
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Abstract

Background and Objectives: Calculation of blood volume (BV) to be processed to

achieve the target number of CD34+ cells can be accomplished by using collection

efficiency 2 (CE2) formula. Our aim was to develop a BV web formula.

Materials and Methods: We calculated CE2 from aphereses performed between

January 2015 andMarch 2020 in allogeneic donors and patients. FromMay 2020 toMay

2021, we validated a formula: BV = ((Target CD34+ cells in the product)/(CD34+ pre-

apheresis cells � CE2)) � 100. Subsequently, we compared the outcome of the proce-

dures carried out before formula implementation (pre-formula), when standard three total

BV collectionwas performed.

Results: CE2 was assessed in 384 apheresis procedures before formula implementa-

tion. CE2 was higher in allogeneic donors than in patients (53% ± 17% vs. 48% ± 15%,

p = 0.008). CE2 was higher in multiple myeloma and non-Hodgkin lymphoma than

Hodgkin’s lymphoma (48% ± 15%, 48% ± 15% and 42% ± 13%, respectively;

p = 0.008). Our formula (available on a website: Publisheet) was prospectively used in

54 individuals. The formula was very accurate: predicted versus observed

CD34 + cells/kg collected had an r-value of 0.89 (p < 0.0001). We compared their

results with 78 pre-formula individuals. In the post-formula group, a greater BV was

processed in patients and less BV in allogeneic donors. Among individuals under

60 years of age, it was significantly less frequent than the need for more than one

apheresis in the post-formula group.

Conclusion: Formula calculations were accurate. Formula implementation allowed

the optimization of the procedures and reduced the rate of individuals in need of

apheresis for more than 1 day.

Keywords
allogeneic, apheresis, autologous, CD34+ collection, total blood volume

Highlights
• We developed a formula, accessible through a web page, to calculate blood volume to be

processed to achieve a target number of CD34+ cells in stem cell collections by apheresis.
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• The formula has the added value of a tailored calculation depending on previous known

apheresis outcome modifiers such as haematological underlying disease.

• With the implementation of the formula, we evidenced better resource optimization by reduc-

ing the number of apheresis procedures needed to reach a target number of CD34+ cells.

INTRODUCTION

Haematopoietic cell transplantation (HCT) requires an adequate

number of CD34+ cells to be infused [1]. In autologous HCT, a lin-

ear relationship has been observed between the quantity of

CD34+ cells and the time to engraftment of platelets [2] and

neutrophils [3, 4].

Collection of haematopoietic cells from peripheral blood using an

apheresis device is the main source of CD34+ cells. Each individual

has specific total blood volumes (TBVs). In each apheresis procedure,

it is necessary to process several TBVs to reach the target number of

CD34+/kg. The total amount of blood that is processed in each pro-

cedure is the blood volume (BV) processed.

Several factors have been associated with an appropriate number

of CD34+ cells collected: circulating CD34+ cells in peripheral blood

before starting, recipient weight, BV processed and collection effi-

ciency (CE) [5, 6]. However, no standard prediction algorithm has

been established yet.

Calculation of the BV to be processed applies to the CE of our

procedure. CE refers to the number of CD34+ cells collected from

the total number of CD34+ cells processed by the apheresis

device.

Two ways to calculate CE are attainable: CE1 and CE2. With

regard to CE1, it is necessary to know the quantity of CD34+ cells

before starting the procedures and the quantity of CD34+ cells in

peripheral blood after finishing the apheresis. Concerning CE2, only

the quantity of CD34+ cells in peripheral blood before starting the

apheresis procedure is needed.

Using the CE2 value, we can calculate the BV to be processed to

reach the target number of CD34+ cells: BV to be processed =

((Target CD34+ cells in the product)/(CD34+ pre-apheresis

cells � CE2)) � 100. Still and all, CE2 values may differ in the proce-

dures [7].

We aimed to study which variables can alter CE2. Previous stud-

ies have reported distinct CE2 values depending on certain variables:

age, gender, plerixafor use, haematological disease, allogeneic donor,

day of apheresis, radiotherapy, lines of chemotherapy and used drug

(alkylating drugs or lenalidomide) [7–10].

Once we understood which variables affected CE2, we were able

to contrive a formula accessible through a website and adjustable with

a different specific CE2 in each individual, considering the results of

the variables that can affect CE2. Along with this, we also performed

an internal validation of its usefulness in a real-world cohort of indi-

viduals (patients and allogeneic donors), and we compared several

outcomes before and after its implementation to show its potential

benefit on apheresis procedures optimization.

MATERIALS AND METHODS

Prior approval was requested from the Ethics Committee for Drug

Research of Ram�on y Cajal Hospital. The committee gave a favourable

response to carry out the study. All the individuals involved (patients

and allogeneic donors) signed an informed consent before mobiliza-

tion and apheresis protocol.

Formula development

To create a formula that would allow calculating the amount of BV to

process, we retrospectively identified consecutive CD34+ cell collec-

tions in allogeneic donors and patients performed from January 2015

to March 2020.

The following data were collected: quantity of CD34+ cells before

starting apheresis (on the morning of the fifth day after starting Granu-

locyte-Colony Stimulating Factor (G-CSF), CD34 + cells/kg recipient

in collected products and the quantity of BV processed. With these

variables, it was possible to calculate CE2 in all procedures:

CE2 = ((CD34+ total cells in product)/(CD34+ pre-apheresis

cells � BV processed)) � 100.

To optimize and assure the procedure’s success, we studied

whether there were variables that could significantly influence CE2. In

line with this, we were able to make various groups of individuals with

different CE2 values. We used a different CE2 value in the BV formula

to be processed in each group.

After CE2 calculation, we created a formula to calculate the BV to

be processed:

BV to be processed = ((Target CD34+ cells in the product)/

(CD34+ pre-apheresis cells � CE2)) � 100.

In this formula, a distinct value of CE2 was used depending on

the group to which each individual belonged to.

To minimize the odds of under-collection, BV formula was calcu-

lated with the 16th percentile of the CE2. Using the 16th percentile,

we only assume ≤16% of cases whose usage was a lower CE2 than

expected (the mean - one SD approximately).

To make this formula accessible, a web page was created.

Apheresis-related parameters

All individuals (allogeneic donors and patients) were mobilized with

5 μg/kg/12 h of G-CSF. No individual was mobilized with chemother-

apy. The first determination of pre-apheresis CD34+ cells/μL was

obtained on day +4 of mobilization with G-CSF. Depending on the
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result, some individuals required administration of plerixafor as well.

The protocol was as follows:

1. If CD34+ cells ≥17/μL: apheresis was performed on day +4.

2. If CD34+ cells >10/μL and <17/μL: we calculated whether the

individual would reach the target number of CD34+ cells/kg using a

predictive calculation. If the prediction was favourable for achieving

this target, apheresis was started that day, if not, 240 μg/kg of pler-

ixafor was administered and apheresis was started the following day

(day +5).

3. If CD34+ cells <10/μL, 240 μg/kg of plerixafor was administered

and apheresis was started the following day (day +5).

The target number of CD34+/kg was different regarding the indi-

vidual: 2 � 106 in patients who were undergoing just one autologous

HCT, 4 � 106 in patients who were going to undergo two autologous

HCTs, 4 � 106 in related Human Leukocyte Antigen (HLA) identical allo-

geneic donors and 5 � 106 in related haploidentical allogeneic donors or

unrelated allogeneic donors.

Complete blood count was carried out on allogeneic donors and

patients in blood samples drawn at two moments: immediately before

starting apheresis and just after finishing the procedure. CD34+ cell

counts in peripheral blood and collected products were measured

by flow cytometry, using single-platform fluorescence analysis

(International Society for Haematotherapy and Graft Engineering pro-

tocol) [5] on a flow cytometer (BD FACS Canto II).

All apheresis procedures were performed with Spectra Optia

(Terumo BCT) with cMNC protocol.

Before formula implementation, three TBVs were processed with-

out performing individualized previous calculations. After formula

development, BV to be processed was calculated in each individual. A

maximum of four and minimum two TBVs were established in each

procedure. If >4 TBVs were estimated, it was considered necessary to

divide it into two procedures. Therefore, carrying out the calculation

of BV divided in each procedure was essential. For example, if the for-

mula calculated that it was necessary to process six TBVs to reach the

target number of CD34+/kg on a patient, four TBVs were processed

on the first day. On the second day, taking into account the remaining

number of CD34+/kg required, it was necessary to calculate the BV

to be processed again.

In those collections where more than 3 TBVs were processed,

calcium chloride 10% and magnesium sulphate 150 mg/mL

were started in the middle of the procedure according to the fol-

lowing formulas: Calcium chloride 10% (mL) = ((Volume to be pro-

cessed in mL � 0.06) � 0.5)/18.3. Magnesium sulphate 150 mg/mL

(mL) = ((Volume to be processed in mL � 0.15) � 0.5)/15.

All the adverse events presented by the individuals during the

apheresis procedures were recorded.

Formula internal validation and implementation

We implemented the formula in the apheresis procedures in our cen-

tre from May 2020 to May 2021.

To test the hypothesis of the predictive ability of our for-

mula, we evaluated the following variables: number of days

needed for apheresis, TBVs needed to process and prediction of

more than 1-day apheresis collection. In addition, to analyse the

ability of the formula to reduce the days needed for apheresis,

we compiled the results and details of the procedures performed

in our centre from January 2019 to December 2019 (before the

implementation of the formula, when a standard three TBVs col-

lection was carried out in all individuals) to perform a compara-

tive analysis of results, before and after implementation of our

formula (pre-formula vs. post-formula).

Statistical analysis

Categorical variables were reported as frequency and percentage.

Continuous and discrete quantitative variables were described as

mean ± standard deviation (SD) and median (range), respectively.

For the correlations between categorical variables, we used

chi-square test.

Comparison of two or more groups of quantitative variables

with normal distribution was performed with Student’s t-test and

T AB L E 1 Collection efficiency 2 (CE2) results according to the variables studied.

Individuals
Number of apheresis
procedures

Gender
(male:female)

Age median
(range)

CE2
(mean ± SD)

CE2 16th
percentile (%)

Allogeneic donors 161 1:1 42 (32–54) 53% ± 17% 38

Day +4 76 1:1 38 (32–51) 58% ± 15% 43

Day >4 85 1:1 47 (34–55) 48% ± 13% 35

Patients 223 1:1 58 (49–65) 48% ± 15% 34

Multiple myeloma without plerixafor 107 1:1 59 (52–75) 50% ± 13% 37

Multiple myeloma with plerixafor 28 1:2 65 (62–67) 41% ± 17% 24

Non-Hodgkin lymphoma 71 1:1 57 (48–65) 48% ± 15% 33

Hodgkin lymphoma 17 2:1 36 (24–51) 42% ± 13% 29

Abbreviation: SD, standard deviation.
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analysis of variance test, respectively. When quantitative vari-

ables were not normally distributed, Mann–Whitney U test and

the Kruskal–Wallis test were used. To analyse the relationship

between the CD34+ cells obtained and the CD34+ cells pre-

dicted by the formula, we used the Spearman correlation coeffi-

cient. A p-value of <0.05 was statistically significant. Statistical

F I GU R E 1 Correlation between CD34+ cells/kg obtained (y-axis) and predicted CD34+ cells/kg (x-axis) using the described collection
efficiency 2-based formula. Correlation coefficient (ρ) is 0.89, p < 0.0001.

T AB L E 2 Characteristics of individuals analysed.

Pre-formula (2019),
N = 78

Post-formula (2020–2021),
N = 54

Gender Male 38 (48.7%) 34 (63%)

Female 40 (51.3%) 20 (37%)

Agea 50.5 (36.5–61.75) 53.5 (38–62)

Underlying pathologyb Allogeneic donor 23 (29.5) 17 (31.5)

Multiple myeloma 24 (30.8) 17 (31.5)

Non-Hodgkin lymphoma 13 (16.7) 14 (26)

Hodgkin lymphoma 7 (9) 5 (9.1)

Others 3 (3.8) 1 (1.9)

Factors of poor mobilizationc 39 (50) 36 (48)

Chemotherapyd 4 (5.1) 0 (0)

Plerixafore 16 (20.5) 13 (24)

Apheresis onset day +4 67 (85.9) 41 (76)

+5 9 (11.5) 13 (24)

+6 2 (2.6) 0 (0)

TBV millilitres (mean ± SD) 4584 ± 951 4596 ± 794

CD34+ cells/μL pre-apheresis (mean ± SD) 45.66 ± 39.97 54.32 ± 53.35

Abbreviation: SD, standard deviation.
aYears: Median (interquartile range).
bNumber of individuals (percentage).
cPoor mobilization factors: treatment with three or more lines of chemotherapy, radiotherapy, alkylating drugs, lenalidomide or being 60 years or older.

Values are expressed as number of individuals (percentage).
dIndividuals who received chemotherapy as part of the mobilization.
eIndividuals who received plerixafor as part of the mobilization.

FORMULA TO PREDICT BV TO BE PROCESSED 291

 14230410, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vox.13410 by C

ornell U
niversity E

-R
esources &

 Serials D
epartm

ent, W
iley O

nline L
ibrary on [23/02/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



analysis and figures were accomplished using IBM SPSS Statistics

25 (IBM Corporation, Armonk, New York).

RESULTS

Formula development

CE2 calculation was performed using data from 384 consecutive

apheresis procedures in 240 individuals (116 allogeneic donors and

124 patients). CE2 was statistically significantly higher in healthy

donors than in patients (53% ± 17% vs. 48% ± 15%, p = 0.008).

In healthy donors, CE2 was higher on day +4 versus >4 (58% ± 15%

vs. 48% ± 13%, p < 0.001). Likewise, we found differences in CE2

according to patients’ diagnoses. CE2 values were higher in multiple

myeloma (MM) and non-Hodgkin lymphoma than Hodgkin’s lym-

phoma (48% ± 15%, 48% ± 15% and 42% ± 13%, respectively;

p = 0.008). A lower CE2 was found in MM patients mobilized with

plerixafor than those without (41% ± 17% vs. 50% ± 13%, p = 0.002).

No differences in CE2 were observed in patients depending on the

day of apheresis +4 versus >4. The following analysed variables did

not influence CE2 values significantly: age, sex, radiotherapy, lines of

chemotherapy and used drug (alkylating drugs or lenalidomide). The

results of CE2 that presented statistically significant differences and

that were later used to carry out the prediction formula are collected

in Table 1.

With these results of the CE2 for each group of individuals, the

BV formula could be generated. To make this formula accessible, we

created a web page that can be freely accessed through the following

link: Publisheet.

Formula implementation and internal validation

BV to be processed was calculated using 16th percentile of CE2

(Table 1) in 68 apheresis procedures, performed on 54 individuals

(17 allogeneic donors and 37 patients).

In 60 procedures (88%), because of the prediction of our formula,

sufficient volume was processed to reach the target number of

CD34+ cells collected. Only in the remaining 12%, the volume to

reach the target number of CD34+ cells was insufficient. We ana-

lysed the predictive capacity of the formula. Predicted versus

observed data showed that the number of CD34+ cells/kg collected

had an r-value of 0.89 (p < 0.0001), demonstrating a linear correlation

(Figure 1).

In 11 (20%) of 54 individuals (2 allogeneic donors, 5 MMs and

4 non-Hodgkin lymphomas), the formula predicted more than one

apheresis procedure from the beginning. Two apheresis procedures

were performed on these individuals given that if only one was per-

formed, it would be necessary to process a large volume (>4 TBV).

Each day, BV needed to be processed was calculated using the for-

mula, processing a maximum of four TBVs on the first day and the

remaining amount needed to reach the desired target of CD34+ cells

on the second day. T
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We identified data from 78 individuals (23 allogeneic donors and

55 patients) pre-formula implementation (aphereses performed at our

centre between January and December 2019, when a standard three

TBVs collection was performed in all individuals) to compare the

results of the aphereses with the results of the formula implementa-

tion. Both groups were well balanced (Table 2).

Table 3 shows the results of BV, TBVs and duration of the aphere-

sis procedures in pre-formula and post-formula groups. The table shows

the mean of the results of the first day of apheresis and the mean of the

results of the total number of days of apheresis. With the formula imple-

mentation, a greater number of TBVs was processed, with the conse-

quent greater amount of BV and the time required in all groups of

patients except in MMs mobilized with plerixafor. These results were

statistically significant (p < 0.05) in all groups except in patients with

Hodgkin lymphoma. In allogeneic donors, with the implementation of

the calculator occurred the opposite, less BV and were processed in less

time, although these results were not statistically significant (p > 0.05).

Whereas before the implementation of the formula, three TBVs

were processed in all individuals, with the implementation of the for-

mula, >3 TBVs, 3 TBVs or <3 TBVs were processed in 31 (52%),

9 (15%) and 20 (33%) apheresis procedures, respectively. Even though

in a high percentage of individuals it was necessary to process >3

TBVs, none of the individuals in the study presented adverse events

derived from the apheresis procedure [11].

The results of the necessary days of apheresis to reach the target

number of CD34+/kg in the individuals pre-formula and post-formula

by groups are included in Table 4. We analysed differences between

both groups in terms of rate of individuals who require more than

1 day of apheresis to reach the target number of CD34+/kg (Table 5).

Amidst individuals under 60 years of age, even more, if they started

apheresis on day +4, it was significantly less frequent to need more

than one procedure in the post-formula group than in the pre-formula

group (6.9% vs. 33.3%, p = 0.007). We determined to make this dif-

ferentiation by age because when we performed the statistical analy-

sis of the individuals in the retrospective cohort in which we

performed the CE2 calculation (individuals included in Table 1), we

noticed that the incidence of needing more than one apheresis proce-

dure was significantly higher in individuals >60 years of age than

among individuals <60 years (37% vs. 21%, p = 0.006).

DISCUSSION

We developed, validated and implemented a formula to calculate the

BV to be processed to achieve a target number of CD34+/kg cells

using an apheresis device. We were able to develop the formula by a

retrospective calculation of CE2 from previous procedures.

Our study provides a useful BV formula (accessible on:

Publisheet) with an added value of a tailored calculation depending on

previous known apheresis outcome modifiers such as haematological

underlying disease. We can make this statement because, to create

the formula, a retrospective study of CE2 was carried out with a large

number of individuals, and it was seen what factors could influence it.

The predicted number of CD34+ cells collected by the formula

and the actual number of CD34+ cells collected showed a strong cor-

relation (Figure 1).

Several strategies have been studied to improve CD34+ cell col-

lection, including the use of CE formula [12–16]. Some of these

T AB L E 4 Results of necessary days of apheresis to reach the target number of CD34+/kg in pre-formula and post-formula groups.

Individuals

Days of apheresis

1 day 2 days 3 days

Prea Postb Prea Postb Prea Postb

Allogeneic donors 15/23 (65%) 15/17 (88%) 5/23 (22%) 2/17(12%) 3/23 (13%) 0/17 (0%)

Patients 31/47 (66%) 25/37 (68%) 16/47 (34%) 11/37 (30%) 0/47 (0%) 1/37 (2%)

Multiple myeloma without plerixafor 12/19 (63%) 10/13 (77%) 7/19 (37%) 3/13 (23%) 0/19 (0%) 0/13 (0%)

Multiple myeloma with plerixafor 2/5 (40%) 2/4 (50%) 3/5 (60%) 1/4 (25%) 0/5 (0%) 1/4(25%)

Non-Hodgkin lymphoma 10/13 (77%) 8/14 (57%) 3/13 (23%) 6/14 (43%) 0/13 (0%) 0/14 (0%)

Hodgkin lymphoma 6/7 (86%) 5/5 (100%) 1/7 (14%) 0/5 (0%) 0/7 (0%) 0/5 (0%)

Others 1/3 (33%) 0/1 (0%) 2/3 (67%) 1/1 (100%) 0/3 (0%) 0/1 (0%)

aPre-formula implementation.
bPost-formula implementation.

T AB L E 5 Individuals who required more than 1-day apheresis to
obtain the target number of CD34+ cells.

Individuals Pre-formulaa Post-formulaa
Statistical
significance (p)

Total individuals 27/78 (37.2%) 15/54 (27.8%) 0.26

Individuals under

the age of

60 years

22/61 (36%) 6/36 (16.7%) 0.042

Individuals under

60 years of age

who started

apheresis on

day +4

18/54 (33.3%) 2/29 (6.9%) 0.007

aValues expressed in number of individuals over the total of each analysed

subgroup (percentage).
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studies have been carried out in allogeneic donors [15, 16] while

others also included patients as well [14, 13].

Although similar strategies for predicting BV to be processed

have been previously studied, with this analysis, we also provide a for-

mula accessible through a web page to allow these calculations to be

carried out in other centres. Our formula includes the possibility of

adjusting the value of CE2 to minimize the possible error. The design

of our study allowed us to analyse which variables affected CE2 and

to make a mathematical correction to the formula depending on their

influence (underlying disease, allogeneic or autologous donor, day of

apheresis and use of plerixafor) (Table 1).

Internal formula validation in our centre evidenced several bene-

fits. Despite the fact that using the formula resulted in an increase of

TBVs processed in most groups of patients, as a consequence, it was

possible to reduce the number of aphereses in individuals younger

than 60 years; this led to a lower use of G-CSF and plerixafor with the

consequent lower exposure to adverse effects of these

drugs [17–21].

The apheresis procedures were well tolerated, both the shorter

ones (2–3 TBVs) and the longer ones (4 TBVs), without finding

adverse events derived from hypocalcaemia and hypomagnesaemia.

Finally, individuals who will need more than 1-day apheresis to

obtain the target number of CD34+ cells were identified from the

beginning with the formula calculations. Taken together, the use of

the formula was associated with a better organization of the apheresis

unit in terms of resources and health professionals.

Our study has some limitations. Because of its retrospective

design, several caveats must be taken into consideration. Selection

biases apply to our study: individuals who were part of clinical trials

in which the trial protocol specified a specific number of TBVs to be

processed were excluded. However, compared with other similar

published studies, we included a larger number of individ-

uals [12–16].

Another limitation is that all the procedures were performed with

the same device: Spectra Optia. Although it is a device with high CE

[15, 22–26], it would be useful in the future to carry out a similar

study using CE2 and BV calculations in other devices. We foster other

authors to follow our methodology to calculate their own CE2 with a

retrospective collection of data and then use the calculated CE2 to

optimize future CD34+ cell collections.

To conclude, the implementation of a formula to calculate the BV

to be processed adjusted by individual’s characteristics allowed a tai-

lored strategy in our apheresis unit. Our experience proved a decrease

in the number of aphereses needed to collect a target number of

CD34+/kg cells. These results suggest a potential benefit in decreas-

ing the expenditure of resources and potential benefits for individuals

(less drugs used and fewer days of apheresis) that should be con-

firmed in future prospective studies.
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Abstract

Background and Objectives: There is a concern about a possible deleterious

effect of pathogen reduction (PR) with methylene blue (MB) on the function of

immunoglobulins of COVID-19 convalescent plasma (CCP). We have evaluated

whether MB-treated CCP is associated with a poorer clinical response compared

to other inactivation systems at the ConPlas-19 clinical trial.

Materials and Methods: This was an ad hoc sub-study of the ConPlas-19 clinical

trial comparing the proportion of patients transfused with MB-treated CCP who

had a worsening of respiration versus those treated with amotosalen (AM) or

riboflavin (RB).

Results: One-hundred and seventy-five inpatients with SARS-CoV-2 pneumonia

were transfused with a single CCP unit. The inactivation system of the CCP units

transfused was MB in 90 patients (51.4%), RB in 60 (34.3%) and AM in

25 (14.3%). Five out of 90 patients (5.6%) transfused with MB-treated CCP had

worsening respiration compared to 9 out of 85 patients (10.6%) treated with

alternative PR methods (p = 0.220). Of note, MB showed a trend towards a lower

rate of respiratory progressions at 28 days (risk ratio, 0.52; 95% confidence inter-

val, 0.18–1.50).

Conclusion: Our data suggest that MB-treated CCP does not provide a worse

clinical outcome compared to the other PR methods for the treatment of

COVID-19.

Keywords
convalescent plasma, COVID-19, methylene blue, passive immunotherapy, pathogen
inactivation

Highlights
• Rates of respiratory deterioration and death were comparable between patients treated

with methylene blue (MB)-treated COVID-19 convalescent plasma (CCP) and those trea-

ted with the other inactivation methods.

• MB-treated CCP is at least as clinically effective as CCP inactivated with the other inacti-

vation systems.

• The hypothesis that MB has a deleterious clinical impact on the effectiveness of CCP

compared to other pathogen reduction systems is not sustained by our clinical results.

INTRODUCTION

Pathogen reduction (PR) enhances the safety of fresh frozen plasma

(FFP) regarding transfusion-transmitted infections. There are three vali-

dated photochemical PR methods: amotosalen (AM)/UVA, riboflavin

(RB)/UVB and methylene blue (MB)/visible light. MB intercalates into

viral nucleic acid and subsequent illumination generates reactive oxy-

gen species (ROS), leading to the destruction of the viral nucleic acids

[1]. It has been suggested that MB impairs immunoglobulins’ properties;

thus, it could potentially affect the efficacy of convalescent plasma

(CP) employed for the treatment of emergent infectious diseases [2–4].

This therapeutic approach has demonstrated its effectiveness in the

treatment of early stages of COVID-19 [5, 6]. Recently, in vitro studies

have suggested that treatment of COVID-19 convalescent plasma

(CCP) with MB does not affect the titres of SARS-CoV-2-neutralizing

antibodies [6–8]. Although the efficacy of CCP is mainly based on the

presence of neutralizing antibodies, there are other antiviral activities

of antibodies that depend on the integrity of the Fc region, such as

complement-dependent cytotoxicity, antibody-dependent cell phago-

cytosis and antibody-dependent cell cytotoxicity, which could be

potentially affected by MB [4, 5, 9]. However, so far, the limited evi-

dence available comes mainly from pre-clinical studies.

ConPlas-19 is a randomized clinical trial (RCT) which showed that

CCP transfused early in the course of COVID-19 has a significant benefit

in preventing progression to non-invasive ventilation or high-flow

oxygen, invasive mechanical ventilation or extracorporeal membrane
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oxygenation (ECMO), or death at 28 days [8]. CCP used in this RCT was

inactivated using the three PR inactivation systems available. Here, our

aimwas to analysewhetherMBhad any impact on the clinical efficacy of

the CCP used in this RCT compared to other PRmethods.

MATERIALS AND METHODS

Study design

This was an ad hoc sub-study of the multi-centre, open-label, random-

ized ConPlas-19 clinical trial (NCT04345523) [8]. The trial was

approved by the Research Ethics Committee of the Hospital Universi-

tario Puerta de Hierro Majadahonda in Madrid, Spain (PI57-20 from

23 March 2020). Informed consent was obtained from all patients and

donors. Forty-four blood transfusion centres and hospital transfusion

services in Spain collected, processed and inactivated the CCP units

used in the study between April 2020 and February 2021.

Patients and CP donors

Patients admitted to the hospital with confirmed SARS-CoV-2 infec-

tion and pneumonia received a single unit of CCP (250–300 mL) in

addition to standard of care (SOC) within the first 7 days of symp-

toms. Patients with high-flow oxygen devices or mechanical ventila-

tion were excluded. We performed an Euroimmun anti-SARS-CoV-2

ELISA IgG assay (Euroimmun, Luebeck, Germany) to all screened

donors before donation to confirm the presence of anti-SARS-CoV-2

antibodies. A Euroimmun ratio ≥1.1 was considered a positive result.

Of note, antibody testing was not performed after PR. Further details

of the trial design, results as well as patients and CCP donors have

already been reported [8, 10].

CP production

Convalescent donors underwent an apheresis process using any aphe-

resis machine validated to collect plasma. We obtained 540–600 mL

of leuko-depleted plasma (<1 � 106 leukocytes per bag) and sepa-

rated them into two 300-mL bags. PR was performed to all bags using

one of the systems validated for transfusional plasma: AM/UVA

(Intercept Blood System, Cerus, Concord, CA, USA), RB/UVB (Mirasol

PRT, Terumo BCT Europe N.V., Leuven, Belgium) and MB/visible light

(Theraflex-MB; Macopharma, Mouvaux, France), all according to the

respective manufacturer’s instructions. The choice of the method for

PR followed local practice and procedures of each transfusion centre.

Statistics

Quantitative variables are summarized as medians and interquartile

range (IQR). Categorical traits are presented as absolute and relative

frequencies. First, we evaluated with, a logistic multivariate analysis,

whether there was any difference regarding the PR method that

would affect the comparability of the groups (MB vs. RB and AM). We

analysed the following variables: age of the patients and donors,

patients’ sex, low-flow oxygen requirements and the antibody titre of

the CCP unit transfused to patients. Afterwards, we analysed with a

chi-square test the proportion of patients treated with MB CCP units

who progressed to categories 5–7 of the 7-point ordinal WHO scale

(non-invasive ventilation or high-flow oxygen, invasive mechanical

ventilation or ECMO or death) at Day 28 versus those treated with

AM or RB. We also compared the proportion of deaths at 28 days

between the two groups using the exact Fisher’s test. Finally, we per-

formed an exact Fisher’s test to analyse differences in the proportion

of patients progressing to categories 5–7 depending on the inactiva-

tion system that CCP units were treated with (AM, RB or MB).

p-values <0.05 were considered statistically significant. The statistical

analysis was conducted with STATA/IC 16.1 version (StataCorp,

College Station, TX, USA).

RESULTS

One-hundred and seventy-five inpatients with confirmed SARS-

CoV-2 infection and pneumonia received a single CCP unit in addition

to SOC in the setting of the ConPlas-19 clinical trial. The 175 CCP

units transfused were obtained from 116 different donors. The

median age of patients was 63.5 years (IQR, 50.5–75.5), and

117 (66.9%) were men. Most of them (137; 78.3%) required supple-

mental oxygen through masks or nasal prongs. The median SARS-

CoV-2 IgG titres of the CCP units by ELISA was 3.4 (IQR, 1.9–5.9).

The inactivation system of the CCP units transfused was MB in

90 patients (51.4%), RB in 60 (34.3%) and AM in 25 (14.3%). There

were more men in the group of patients transfused with MB-treated

CCP compared to those transfused with RB- or AM-treated CCP

(76.7% vs. 56.5%; odds ratio [OR] 2.55; 95% confidence interval [CI],

1.29–5.03). In addition, MB-treated CCP units had lower antibody

titres (3.1 vs. 4.2; OR 0.85; 95% CI, 0.72–1.00). These two groups

were comparable in terms of the age of the patients and donors and

of the proportion of patients requiring low-flow oxygen support

(Table 1).

Fourteen patients (i.e., 8; 95% CI, 4.8%–13.0%) of the

175 transfused patients presented respiratory worsening towards cat-

egories 5–7 of the 7-point ordinal WHO scale (non-invasive ventila-

tion or high-flow oxygen, invasive mechanical ventilation or ECMO or

death) at 28 days. Seven deaths occurred after CCP transfusion within

this timeframe (4.0%, 95% CI, 3.3%–4.7%). Nonetheless, they were

considered to be related to the underlying disease or other complica-

tions, but not CCP transfusion. The rates of respiratory deterioration

were comparable in patients treated with MB-treated CCP and with

the other inactivation methods. Specifically, 5 of the 90 patients

(5.6%; 95% CI, 2.4%–12.4%) transfused with MB-treated CCP had

worsening respiration at 28 days, while 9 of 85 patients (10.6%; 95%

CI, 5.7%–18.9%) of the formed group of AM and RB presented this
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clinical deterioration (p = 0.220). Thus, MB shows a trend towards a

lower rate of respiratory progressions at 28 days (RR, 0.52; 95% CI,

0.18–1.50; p = 0.220). Mortality rates among the two groups were

similar. We found no difference when comparing the outcome among

the three independent groups (Table 2).

DISCUSSION

This is, to our knowledge, the first clinical study comparing the poten-

tial impact in clinical effectiveness of MB treatment of CCP compared

with CCP inactivation with other PR methods. In our trial, MB-treated

CCP showed a trend towards a lower rate of respiratory deterioration

at 28 days in a cohort of patients who were transfused CCP units with

lower antibody titres. These findings suggest that MB treatment does

not lead to any worse clinical results than the other PR methods.

MB is a phenothiazine dye, which intercalates into nucleic acids.

Its excitation with visible light leads to the formation of ROS that

oxidize guanosine. These block the viral DNA replication and RNA

transcription; but the formation of ROS can alter other proteins. RB

acts as a photosensitizer and also induces the formation of ROS. The

action of AM, on the other hand, is independent of oxygen [1].

Gupta et al. found that UV irradiation of MB could also modify

immunoglobulins’ structure, leading to a decreased stability and

requiring lower temperatures to melt as compared to native immu-

noglobulins [3]. During the recent pandemic, a review of PR proce-

dures raised concern about the possible deleterious effect of MB on

the immunoglobulins of CCP used to treat patients with COVID-19

[2, 4, 5, 9].

Evidence comes mainly from pre-clinical in vitro studies. In addi-

tion, there are hardly any reports that analyse the effect of MB on the

functioning of immunoglobulins with the usual clinical conditions

applied for the inactivation of FFP. The ConVert trial by Alemany

et al. showed negative results using MB-treated CCP. However, it was

stopped early with a large under-recruitment of over 20% of the origi-

nal expected sample size, and the control arm was saline solution, not

CCP treated with other PR methods, which made it impossible to

assign negative results to the use of MB [11]. Raster et al. showed

that MB did not affect the capacity of immunoglobulins to bind their

epitopes or Fc receptors [2]. Subsequently, Kostin et al. found that

there was a decrease in the neutralizing antibody titres against SARS-

CoV-2 after the PR processes, which was more pronounced in the

RB-treated FFP group. MB-treated FFP was the least affected, with

81% of samples whose neutralizing titres remained unchanged [12].

These results were confirmed by Larrea et al. who found that there

was no significant reduction in the neutralization capacity of circulat-

ing antibodies against SARS-CoV-2 after MB inactivation [7]. One of

the limitations of our retrospective study is that we could not exclude

whether MB inactivation affected Fc functions, as we did not perform

pre- and post-inactivation tests or included an arm with untreated

CCP. The ConPlas-19 trial was not designed for comparing PR

methods. Nonetheless, PR is the most common method employed in

our setting to enhance transfusion safety, and studying the clinical

efficacy is a more powerful endpoint than results from pre-clinical

studies.

For the time being, these in vitro studies have only examined

whether MB affects the immunological properties of CCP. Our results,

coming from patients enrolled in an RCT, show for the first time that

T AB L E 1 Descriptive and multivariate analysis of the characteristics between groups (MB vs. RB and AM).

Descriptive analysis Multivariate analysis

MB (n = 90)
AM and RB (n = 85),
reference group Total (n = 175) OR (95% CI) p-value

Median patient age (IQR) 62.5 (49.5–75.5) 64.5 (56.5–76.5) 63.5 (50.5–75.5) 0.98 (0.96–1.00) 0.126

Patient sex, n (%)

Male 69 (76.7%) 48 (56.5%) 117 (66.9%) 2.55 (1.29–5.03) 0.007

Female 21 (23.3%) 37 (43.5%) 58 (33.1%)

Median donor age (IQR) 38.5 (29.5–51.5) 43.5 (32.5–53.5) 42.5 (31.5–52.5) 0.98 (0.96–1.01) 0.244

Low-flow oxygen requirement, n (%) 76 (84.4%) 61 (71.8%) 137(78.3%) 2.13 (0.98–4.63) 0.057

Median antibody titre of the CP unit

transfused (IQR)

3.1 (1.8–4.3) 4.2 (2.0–6.3) 3.4 (1.9–5.9) 0.85 (0.72–1.00) 0.043

Abbreviations: AM, amotosalen; CI, confidence interval; CP, convalescent plasma; IQR, interquartile range; MB, methylene blue; OR, odds ratio; RB,

riboflavin.

T AB L E 2 Comparison of respiratory progressions at 28th day between methylene blue (MB), amotosalen (AM) and riboflavin (RB).

Method MB (n = 90) AM (n = 25) RB (n = 60)

Respiratory progression 5 (5.6%) 3 (12.0%) 6 (10.0%)

(95% CI, 2.3%–12.4%) (95% CI, 4.2%–30.0%) (95% CI, 4.7%–20.1%)

Note: The differences between groups were not statistically significant.

Abbreviation: CI, confidence interval.
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the clinical effectiveness of CCP does not change depending on

whether or not MB has been used for PR. Results from previous

in vitro studies can guide clinicians, but they cannot be extrapolated

to the clinical practice. The hypothesis of MB having a deleterious

impact on the effectiveness of CCP compared to other PR systems is

not sustained by our clinical results. Despite the fact that MB-treated

CCP units had lower antibody titres, we found a trend towards a bet-

ter respiratory outcome in this group. MB-treated CCP is at least as

clinically effective as CCP inactivated with the other inactivation sys-

tems. These results could be useful for guiding real-word practice in

future outbreaks.

In conclusion, our data coming from the ConPlas-19 clinical trial

suggest that MB-treated CCP is at least as clinically effective as CCP

inactivated with the other PR methods. The concern of MB having a

deleterious clinical impact on the effectiveness of CCP is not sus-

tained by our clinical results.
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Abstract

Background and Objectives: Serum eye drops (SEDs) are used to treat ocular surface

disease (OSD) and to promote ocular surface renewal. However, their use and pro-

duction are not standardized, and several new forms of human eye drops have been

developed.

Materials and Methods: The International Society for Blood Transfusion Working

Party (ISBT WP) for Cellular Therapies held a workshop to review the current

types of eye drops of human origin (EDHO) status and provide guidance.

Results: The ISBT WP for Cellular Therapies introduced the new terminology ‘EDHO’
to emphasize that these products are analogous to ‘medical products of human origin’.
This concept encompasses their source (serum, platelet lysate, and cord blood) and the

increasingly diverse spectrum of clinical usage in ophthalmology and the need for

traceability. The workshop identified the wide variability in EDHO manufacturing, lack

of harmonized quality and production standards, distribution issues, reimbursement

schemes and regulations. EDHO use and efficacy is established for the treatment of

OSD, especially for those refractory to conventional treatments.

Conclusion: Production and distribution of single-donor donations are cumbersome

and complex. The workshop participants agreed that allogeneic EDHO have
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advantages over autologous EDHO although more data on clinical efficacy and safety

are needed. Allogeneic EDHOs enable more efficient production and, when pooled,

can provide enhanced standardization for clinical consistency, provided optimal mar-

gin of virus safety is ensured. Newer products, including platelet-lysate- and cord-

blood-derived EDHO, show promise and benefits over SED, but their safety and effi-

cacy are yet to be fully established. This workshop highlighted the need for harmoni-

zation of EDHO standards and guidelines.

Keywords
eye drops of human origin, ocular surface disease, serum eye drops

Highlights
• All eye drops of human origin (EDHO) are classified as medical products of human origin and

therefore should have strict oversight with regards to donor eligibility, infectious disease

transmission prevention, consistent labelling and traceability. Currently, production, quality

indicators and regulatory oversight for EDHO differ among jurisdictions.

• Allogeneic EDHO should be explored as an alternative to autologous EDHO due to greater

standardization and consistency.

• High-level evidence (randomized clinical trials) for the use of EDHO remains a priority, espe-

cially for allogeneic EDHOs, while reasonable evidence for efficacy of autologous EDHO in

the treatment of ocular surface disease refractory to conventional treatment exists.

INTRODUCTION

A 3-day workshop on eye drops of human origin (EDHO), organized

by the International Society for Blood Transfusion Working Party

(ISBT WP) for Cellular Therapies, was held in Vienna in May 2022.

The intention was to provide a discussion forum on the current use of

EDHO. The meeting included all major stakeholders in the field includ-

ing researchers, scientists, clinicians, blood bankers and regulatory

authorities. The workshop covered all relevant aspects of EDHO

including basic science of the anterior eye, diseases that would benefit

from EDHO, autologous versus allogeneic donation, production, qual-

ity and safety indicators and regulatory oversight.

BASICS OF THE ANTERIOR EYE, SERUM AND
PLATELETS

In the opening lecture, Denese Marks (Sydney, Australia) presented an

overview of a BEST survey on serum eye drops (SEDs) [1]. Responses

were received from 12 countries and from 21 centres producing SED in

countries with a high development index, with the majority from the

United States and Europe. At the time of the survey, the majority of cen-

tres were producing autologous SED (70%), and this has likely changed.

The survey also highlighted the wide inter-centre variations in blood col-

lection volumes, serum dilution ratios, frozen and thawed shelf-life and

infectious disease screening of donors. There is a high level of variation

from the resources and established methods in each centre.

Friedrich Paulsen (Erlangen, Germany) described the anatomy,

functional interplay of lacrimal glands, meibomian glands and the

cornea [2]. Tears developed more than 300 million years ago in first

terrestrial organisms leaving the aquatic environment and contain

more than 1500 antimicrobial proteins, including lactoferrin, IgA and

lipocalin [3]. The human tear film has three layers serving different

functions [4]. Aside from the main lacrimal glands, there are many

smaller glands in the eyelid producing lipids and mucous components.

Of particular importance are meibomian glands, which produce highly

hydrophobic waxes or steryl-ester lipids in the outermost layer of the

tear film, reducing evaporation of tears, retarding tear overflow and

enhancing stability of the tear film [5].

Sonja Mertsch (Oldenburg, Germany) discussed the current

research to produce and regenerate lacrimal glands. Murine epithelial

progenitor cells can be expanded to small aggregates of acinar and

ductal components [6]. When transplanted, these tissue-engineered

products reduce inflammation and improve tear production in animal

models. Different types of mesenchymal stromal cells (MSCs) have

also been tested for lacrimal gland regeneration [7]. It appears that

bone-marrow- and adipose-derived MSC showed better regenerative

capacity than MSC from lacrimal glands [8, 9]. Bio-engineered lacrimal

glands, in which MSC, primary epithelial cells and endothelial cells are

co-cultivated to form spheres in a vascularized scaffold are showing

initial promising results, although the road remains long for translation

into clinical practice.

Reinhard Henschler (Leipzig, Germany) reported on the content

of human serum and plasma, with a focus on differences to healthy

human tears. Serum or plasma have a water content of up to 95 and a

specific density of 1.022–1.026, and its pH and osmolarity similar to

human tears [10]. Specific differences between serum and plasma are

few, with serotonin, a higher nucleoside content and absence of
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fibrinogen in serum being hallmarks. Circadian rhythms influence serum

and plasma content of some factors including hormones (e.g., cortisol),

tumour necrosis factor-α and interleukin-6. About 600 different lipids

are found in serum, some of which have immunoregulatory properties

and thus are likely to be important for EDHO activity [11]. Microbicidal

proteins and peptides in serum include β-defensins, cathelicidin (LL-37),

lysozyme, neutrophil peptides, lactoferrin and thrombin fragments, all

of interest for EDHO [12, 13]. Among cytokines, the concentration

of epidermal growth factor (EGF), transforming growth factor-α and

-β, platelet-derived growth factor, nerve growth factor, insulin-like

growth factor and hepatocyte growth factor are in a comparable order

of magnitude equal in serum and in tears. Extracellular vesicles (EVs) are

also found in serum and may play a role in transferring micro-RNAs

even in tears [14]. Cell-free DNA in serum may be a relevant constitu-

ent of EDHO since it encodes pro-inflammatory signals [15]. In conclu-

sion, EDHO are complex and have only been partially characterized,

with some candidate effectors mirroring that of human tear.

Thierry Burnouf (Taipei, Taiwan) showed that platelets contain

approximately 5000 proteins derived from megakaryocytes or inter-

nalized from the blood circulation through their open canalicular sys-

tem. α-granules are particularly rich in growth and other trophic

factors [16]. Platelets can release regenerative growth factors through

degranulation or within extracellular vesicles (EVs), which may be

internalized via receptors from other cells. Platelet concentrates can

be subjected to freeze–thaw cycles to produce a lysate containing

plasma and platelet components [17]. Fibrinogen from the plasma

fraction can be depleted by sero-conversion to generate EDHO. As

platelet lysate is rich in growth factors and antioxidants, it can protect

corneal epithelial cells from oxidative stress and apoptosis, enhancing

their viability [18].

Take-home points:

1. Significant inter-centre variations exist in blood collection volumes,

serum dilution ratios, frozen and thawed shelf-life and infectious

disease screening of donors in the production of SEDs

2. Plasma, serum and platelet lysates contain trophic factors, (protec-

tive) lipids and several microbicidal peptides similar to human tears.

The factors most critical for determining the efficacy of EDHO and

at what therapeutic levels are yet to be fully characterized.

3. There is promise and ongoing research looking at regeneration of

lacrimal glands including the early use of MSCs in murine models.

OCULAR SURFACE DISEASE

Dry eye disease (DED) and Sjögren’s syndrome (SS) with ocular involve-

ment are examples of ocular surface disease (OSD) treated with SED.

Jutta Horwath Winter (Graz, Austria) revealed that up to 35% of the

population might be affected, depending on the definition of DED, diag-

nostic testing and awareness. The prevalence of DED rises above the

age of 50, and more recently, the prevalence in younger populations

has increased due to the use of smartphones and computers [19]. In

DED, visual acuity is impacted by the reduction of tear production,

whereby the instability of the tear film leads to surface alterations and

scarring [20, 21]. Diagnostic tear film testing allows the classification

into decreased lacrimal gland production (with or without Sjögren’s syn-

drome) and increased evaporation [22, 23]. SS is characterized by DED

and dry mouth (with severe deficiency of the lacrimal glands and sec-

ondary detrimental effects of the meibomian glands). It requires a

staged management, in which SED are recommended [24, 25].

Treatment of ocular graft-versus-host disease (GVHD), a systemic

disease occurring after stem cell transplantation, is the second most com-

mon condition for which SED are prescribed [26]. Tina Dietrich-Ntoukas

(Berlin, Germany) stressed that the incidence of GVHD rises with age,

and ocular GVHD is driven by inflammation, affecting the lacrimal gland,

subsequently leading to atrophy and loss of tear film production. This

leads to conjunctivitis, fibrosis of eyelids, keratitis and defects of the cor-

nea. Guidelines have been published in Germany for ocular GVHD and

proposals for a new grading scale for GVHD were developed [27]. Robust

evidence for the use of SED is not high, with mainly anecdotal experience

of good reported clinical outcomes. In GVHD patients who need cataract

surgery, the use of SED prior to surgery has been recommended [28].

Philipp Roberts (Vienna, Austria) reported on neurotrophic kerato-

pathy, which is characterized by damage of the trigeminal nerve down

to the corneal sensory nerves [29]. Decreased corneal sensitivity leads

to decreased blink rates, reduced tear production and subsequently

epithelial breakdown with lesions and secondary ulceration. Neuro-

trophic keratopathy has three clinical stages: minor punctuated lesions

on the surface of the cornea, followed by ulceration and finally perfora-

tion of the cornea. In stage 1, the use of artificial tears is recommended,

preservatives should be avoided and at least in stage 2, SED are

indicated [30]. Treatment is conservative and focuses on the avoidance

of corneal transplantation.

Saaeha Rauz (Birmingham, Great Britain) described a UK registry

for OSD and a diagnostic classification that has allowed the use of

autologous and allogeneic SED for patients [31]. Of interest was the

use of allogeneic SED for frail patients or those who are not fit for

apheresis. Allogeneic SED are classified as an unlicensed hospital spe-

cial medicinal product in the United Kingdom. Data from the registry

and outcomes were reviewed using a Delphi process [32]. Eight

groups of indications for patients who might benefit from SED were

generated. Importantly, reimbursement by the UK National Health

System (NHS) has enabled much easier and earlier usage of SED.

Although many OSD are amenable to treatment by EDHO, robust

efficacy data and clear indications for use are still lacking. Systematic

reviews do support the use of EDHO in these diseases [33, 34].

CURRENT PHARMACEUTICALS AND
OUTCOMES

Christian Gabriel (Graz, Austria) described other pharmaceutical prod-

ucts for the treatment of DED and pharmacological requirements for

eye drops. The European Pharmacopoeia stipulates a pH of 7.1–7.5, an

isotonic level of 250–300 mosm/kg. Additional preservatives are com-

mon, especially in aqueous eye drops. Specific viscosity ensures the
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even spread of the pharmaceutical substance but can contribute to blur-

ring of vision. Application includes warming the eye drops to 34�C and

pressing the lacrimal duct while keeping eyes shut for some minutes.

Hyaluronic acids are a mainstay of pharmaceutical eye drops in DED as

they increase the excretion of water and mucins on the ocular surface

and consequentially contribute to better tear film stability. The superior-

ity in comparison to aqueous eye drops or saline is evident [35].

Piera Versura (Bologna, Italy) indicated that currently a consensus is

needed for the use of various blood-based treatments for severe DED

and the criteria for selection in each individual patient [36]. Clinical

experience shows that most EDHO are chosen too late in the algorithm

of therapeutic options for patients. Moreover, in most studies done on

DED, the inclusion criteria were too diverse and prevent direct compari-

sons between the studies [37]. In addition, subjective criteria like the

Ocular Surface Disease Index (OSDI) score may not correlate with the

quantitative measurements of damage to the corneal surface [38].

Take-home points:

1. Various OSD are amenable to treatment with EDHOs and system-

atic reviews support their use. Further well-designed randomized

clinical trials and robust data would be useful to define their role in

treatment guidelines.

2. Reimbursement in health systems has enabled improved access

and usage of EDHO and promoted their use in earlier disease

stages.

DONATION OF STARTING
MATERIALS AND MANUFACTURING

Birgit Gathof (Cologne, Germany) described the increase in use of

allogeneic SED due to the reduction in autologous SED use in

Cologne due to patient’s health issues or frailty. Blood for allogeneic

SED is collected from male repeat donors with preselected blood

groups. The blood group is matched to minimize the use of ‘universal’
donors with blood group AB. Allogeneic SED have, however, not

reached the required level of evidence and efficiency to persuade

insurers to finance this new product.

Christian Gabriel discussed the use of autologous donations for

EDHO, which are the most common form of donation but require care-

ful donor management: Many donors may not be eligible for autologous

blood donation. Donor criteria in autologous SED are not well-

established and donor eligibility is usually determined on an individual

basis with considerations for medication, blood pressure, chronic infec-

tions and cardiac function.

Production of SED

Denese Marks described manufacturing SED in a large blood estab-

lishment. The process requires a number of steps, including donor

screening, blood collection, blood processing and SED packaging.

Product stability and storage are also important considerations. The

preparation of autologous SED begins with a review of prescriptions

from a patient’s ophthalmologist as well as fitness for a blood dona-

tion. Additionally, not all patients are able to give a full-volume dona-

tion, making it harder to standardize the production process.

Whole blood is collected in a dry pack without anticoagulant and

sent to a regional blood processing centre where the serum is sepa-

rated and diluted to 20% with 0.9% saline. The serum is then dis-

pensed into the individual ready to use dispensing vials. A sample

from each diluted batch is retained for bacterial contamination screen-

ing. The final product is frozen and distributed to the patients via their

nearest hospital. Up to 12 month’s supply can be provided, where it

can be stored in a domestic freezer in the patient’s home. Stability

studies have confirmed that SED can be stored in vials up to

12 months [39].

Given the constraints associated with producing autologous SED

and increasing demand for this product, allogeneic SED are more

cost-effective; and allow for simplification of the manufacturing pro-

cess. Transition from autologous to allogeneic SED requires further

process standardization and development of specifications to guide

manufacturing.

Dirk de Korte (Amsterdam, The Netherlands) represented another

large European facility producing allogeneic EDHO. In the Netherlands,

only a limited number of patients use autologous SED due to concur-

rent medical conditions and only a limited number of hospitals are capa-

ble of preparing SED. Allogeneic male donors are tested for the absence

of infectious diseases markers as required for blood donation, and

serum is quarantined for 4 months. Testing for herpes simplex virus

1 and 2, cytomegalovirus (CMV) and varicella zoster virus may be added

after consultation with ophthalmologists. To avoid putative side effects

of isoagglutinins, only blood group AB donations are used for SED and

up to eight donations are pooled for more homogeneous composition.

Sterile filtration and further processing in closed systems are performed

to minimize the microbial contamination. Pools are separated into

240-mL aliquots and stored at ≤�25�C. Retention samples from each

batch are also frozen. Selected growth factors and cytokines are mea-

sured. Depending on the pack system, the serum may be used undiluted

or diluted 1:1 with 0.9% saline, the drop volume may be about 7 μL or

conventional 50 μL. Vials are labelled and packaged for transport as

required. The shelf life is 2 years at ≤ �25�C or 18 months at ≤�25�C,

with an additional 6 months at ≤�18�C in hospitals and at the patient’s

home. After thawing, the shelf life is 24 h at 4�C or 8 h at room temper-

ature [40].

Embedded into this process is the automation of production pre-

sented by Eddy Hilbrink (Mu Drop, Apeldoorn, The Netherlands). A

production system was presented, which enables application of SED

in very small volumes of 7 μL. This reportedly minimizes the systemic

side effects, such as reflex tear production, wash-out and subsequent

over-usage. This reduces serum use due to reduced wastage, lower

product thawing time and avoidance of sticky eyelids.

In comparison to big institutions, Gerda Leitner (Vienna, Austria)

showed her concept of a small-scale workflow for autologous SED,

modified from a published protocol [41]. In brief, 230 mL of whole

blood is collected from the patients. After coagulation at room
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temperature and centrifugation, the serum is collected and diluted to

20% with balanced salt solution prepared in a sterile environment

(Meise). After sterile filtration, aliquots are stored at 4�C for quaran-

tine until the sterility is confirmed. It takes 4 weeks from the produc-

tion to the release of autologous SED. In the allogeneic setting, a

volume of 350 mL of whole blood is drawn from donors. Allogeneic

blood group AB SED are produced in a closed bag system to provide

an inventory for emergencies. The SED are tested for sterility, and

active substances are stable at �20�C for 6 months [42].

Pathogen reduction (PR) may be needed for allogeneic SED pro-

duction. Thierry Burnouf indicated that bacterial safety can be pro-

vided by implementing good manufacturing practices and sterile

filtration and can be controlled by bacterial sterility testing of the final

batch of EDHO [43]. Viral safety, in contrast, cannot be ascertained

by final product testing and is, therefore, a concern of relevance for

the safety and quality, especially of pooled allogeneic EDHO. The viral

safety of allogeneic EDHO relies on the safety nets already in place at

blood establishments to produce blood components for transfusion.

Such safety nets encompass epidemiological control of the donor

population, screening of blood donors for transfusion-transmitted dis-

eases, testing of donations by serological and/or nucleic acid testing

for relevant blood-borne viruses, and traceability. Platelet concen-

trates as potential starting material to produce EDHO may undergo

PR with licensed amotosalen/UVA or vitamin B2/UVB illumination

[44, 45]. Possible impacts of these PR procedures on EDHO safety

and function are still lacking. PR procedures used for clinical plasma

products and for human platelet lysate (hPL) used for clinical cell

manufacturing are not licensed for EDHO. Technologies for the

potential PR of EDHO exist and may theoretically be implemented,

considering their respective efficacy against viruses affecting the eyes,

allogeneic donor-associated risk factors and lack of toxicity for ocular

administration.

Mickey Koh (London, Great Britain/Singapore) stressed the

importance of consistent and harmonized labelling of EDHO by the

use of ISBT128, the worldwide standard for coding of medical prod-

ucts of human origin (MPHO), coordinated and managed by the Inter-

national Council for Commonality in Blood Banking Automation

(ICCBBA). Its product code terminology enables a more accurate defi-

nition of EDHO and provides the ability to precisely define its various

attributes, which will include different parameters like pooling, proces-

sing steps, source, donor classification and storage conditions. Impor-

tantly, the use of ISBT128 labelling would underline the need for

EDHO to comply with the guidance and regulatory frameworks that

apply to all MPHO [46].

QUALITY CONTROL

Dirk de Korte presented an approach for the quality control of SED.

CMV is the most prominent virus found in serum, leading to discard in

less than 1% of donations. Release of aliquoted sera is based on bio-

burden measurement, filter integrity and endotoxin testing. Every

batch is tested for functionality of the containers, especially the re-

closure of vials. Storage at temperatures less than �25�C has little

effect on growth factors [47]. Extensive in vitro studies using kerati-

nocyte cultures and human umbilical vein endothelial cell cultures

have demonstrated proliferation in response to serum that had been

frozen for 6 months. Scratch assays indicated good wound healing of

serum stored over 2 years. Serum stored for 6 months at 4�C showed

a significant decrease in growth factors, but the cell culture responses

were only minimally reduced [48].

Katharina Schallmoser (Salzburg, Austria), presented established

standards for hPL in the use as ancillary materials [49]. Microbiological

control (sterility, endotoxins and mycoplasma) and analyses of haemo-

globin, osmolality, total protein and cellular impurities are performed

as required by the European Pharmacopoeia 9.0 (chapter 5.2.12). For

platelet concentrates and hPL used as EDHO, currently there are only

few guidelines available. In 2013, the Italian Society for Transfusion

Medicine published recommendations for blood components for

non-transfusional use [50]. They recommended the preparation in

transfusion centres by using specific medical devices, ensuring steril-

ity, identity and traceability, resuspension in plasma and maximum

storage duration for 24 months below �25�C. Further guidelines for

‘Blood components for topical use or injection’ are available in chap-

ter 35 of the European Directorate for the Quality of Medicines

(EDQM). Due to lack of standardized production protocols, there is a

huge variability in platelet-derived products with different composi-

tions and efficacies. Therefore, EDQM guidelines recommend at least

the evaluation of platelet recovery and essential growth factor con-

centration as quality control. In addition, for allogeneic products, bio-

chemical analyses (pH, total protein, albumin, lipids, glucose and

ferritin), isoagglutinin titration and performance testing in reference

cells may be considered.

Take-home points:

1. Autologous EDHO have the most data, can be produced in the

outpatient setting and require no matching. However, its vari-

ability, exclusion criteria and certain pathologies hampering

autologous collection may mean a substantial benefit for the

use of allogeneic EDHO, ensuring a more consistent and stan-

dardized process and a more traditional ‘pharmaceutical’
product.

2. PR strategies are of particular interest for allogeneic EDHO pro-

duction depending on the number of donations pooled. Potential

PR technologies for EDHO exist and could be evaluated consider-

ing their respective efficacy against viruses affecting the eyes.

However, these are currently not licensed for EDHO.

3. Consistency with the use of ISBT128 labelling allows for a more

accurate definition of EDHO and provides the ability to precisely

define its various attributes. Labelling is also central for traceability

of EDHO, an essential component of all MPHO.

4. Robust quality control and standards in the production of EDHO

are needed. A similar strategy like that used for the production of

hPL could be adopted for EDHO. Such quality controls need to be

extended into each step of production including length of storage

and functionality of the vials or containers.
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NEW DEVELOPMENTS

Amniotic membrane extract eye drops (AMEEDs) are a promising new

treatment for OSD. Most of the beneficial effects of AMEED are

attributed to growth factors such as fibronectin, EGF and basic fibro-

blast growth factor, which are potent sources for corneal regeneration

[51]. Following collection, the AM is frozen in liquid nitrogen, pulver-

ized, aliquoted into vials and lyophilised, facilitating storage at room

temperature. The product is reconstituted in sterile water and has a

shelf life of 15 days. The results of phase I and II clinical trials were

reported by Rita Piteira (Barcelona, Spain). In both trials, treatment

with AMEED led to improvement in ocular surface symptoms, such as

ocular pain, hyperaemia, eye stinging and burning [52, 53]. A phase III

trial is now underway. The cost of preparing AMEED may be less

expensive than the current SED.

Paolo Rebulla (Milano, Italy) described eye drops that can be pro-

duced from CB and cord blood platelet lysate (CB-PL). Preparation of

CB-PL eye drops involves collection of the cord, removal of the CB

and manufacturing platelet lysates. As with SED, the lysate is frozen

in applicator vials and can be thawed by the patient as required. This

process is more complex than collection for SED. However, platelet

lysate is rich in a variety of growth factors and has demonstrated effi-

cacy in many wound healing applications [54]. In a clinical evaluation

of CB-PL eye drops, 33 patients with corneal lesions received eye

drops four to six times per day for 19 days. Of these, 78% showed full

or partial recovery and healing of ulcers following treatment, support-

ing further development and clinical studies [55]. The number of CB

transplants is decreasing worldwide, and this product could utilize

otherwise discarded biological starting material [56].

Marina Buzzi (Bologna, Italy) also found that CB is a ready-made

source, as more than 80% of the CB units collected are not suitable

for transplantation. The levels of many growth factors are higher in

CB-serum (compared to peripheral blood serum) [57]. In a first study

of 30 patients with corneal damage, all subjective parameters were

significantly improved after using CB eye drops for 14 days. A second

randomized clinical trial was designed to compare allogeneic SED to

CB-derived eye drops. A reduction of corneal damage was observed

in both arms and there was an improvement in the CB arm (higher

OSDI score and secondary endpoints), possibly due to the higher

growth factor content of CB [58].

The primary objective of the AmuSED trial (Dirk de Korte) was to

determine whether allogeneic micro-sized SED (muDrop applicator)

were non-inferior to conventional sized SED (Meise applicator) in

patients with severe DED [59]. Overall, the study demonstrated that

serum muDrops are non-inferior in terms of OSDI score and tear

break-up time.

Neera Jagirdar (Atlanta, GA, USA) indicated that the disadvan-

tages of autologous SED led to the development of a proprietary

fibrinogen-depleted platelet lysate. This product was used in 10% and

30% solution in a prospective, randomized controlled double-blind

study for the treatment of ocular GVHD. The products were com-

pared to a control substance for 7 weeks in 64 patients. The new

platelet lysate product was safe and well-tolerated with an

improvement in patient-reported parameters although larger studies

are needed to confirm these effects [60].

Friedrich Paulsen performed the experiments with gold particles

for the enhancement of secretion of growth factors and cytokines in

the serum [61]. Gold particles have anti-inflammatory effects and pro-

mote cytokines and growth factors thereby serum treated with gold

particles are improving regeneration [62].

Take-home points:

1. There is promise in novel EDHO compared to traditional SEDs

with small clinical trials demonstrating efficacy.

2. Such novel EDHO includes using starting materials with a different

cocktail of growth factors and substances present compared to

serum.

3. Novel EDHO have explored the advantages of allogeneic over

autologous production.

4. Micro-sized eye drops have been found to be non-inferior to con-

ventional sized drops.

REGULATION OF EDHO

Verena Plattner (Vienna, Austria) highlighted the variation of regula-

tions in Europe. Three countries regulate EDHO as advanced thera-

peutical medicinal products (ATMPs), two as non-ATMP medicinal

products, seven as blood products and eight without any regulation.

In a statement by the European Commission, there is the notion that

EDHO may fall under the blood directive. But currently member

states are responsible for the classification of EDHO. In Austria, blood

donation for SED is regulated by the Austrian blood law; production

and distribution are regulated similar to pharmaceuticals. This cumber-

some process to gain any licence hampers the manufacture of EDHO

for blood centres. To circumvent this, all SED in Austria can be pro-

duced as magistral formulations by prescription of a physician and

may be issued to the patient by a pharmacy.

Johannes Blümel (Paul Ehrlich Institute [PEI], Langen, Germany)

explained that blood is exempt from pharmaceutical regulation, but in

Germany, SEDs are classified as pharmaceuticals. Regional authorities

grant manufacturing licences under the guidance of PEI. It focuses on

infectious disease testing as in the eye, the infectious dose may differ

from that of blood transfusion; and neurotrophic viruses might be of

relevance. For example, CMV can replicate on corneal epithelia, but

flavi- and adenoviruses should also be considered. As such, viral inac-

tivation should be considered, especially in pooled products. Two

“orthogonal” viral inactivation steps are preferred in larger

pools reduce risks from enveloped and non-enveloped viruses. The

risk for transmissible spongiform encephalopathy should also be con-

sidered, so younger donors should be selected to minimize this risk.

Simonella Pupella (Rome, Italy) introduced the different regula-

tory approach in Italy. The European Blood Directive 2004/33/EC

allows the member states to regulate new blood products such that

national competent authorities should notify the European Commis-

sion with a view on Community action. In 2015, this enabled Italy to
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regulate EDHO under the blood regulations, and collection, testing

and production of EDHO are only allowed in blood establishments.

Only autologous products may be collected and processed under

supervision of the blood establishment, and the starting material may

not exceed 60 mL.

Take-home point:

1. EDHO regulation varies among jurisdictions, including classifica-

tion as a blood product, a pharmaceutical or an ATMP. Harmoniza-

tion in this area is needed as it can also fall under both blood and

medicinal product guidance.

CONCLUSION

1. The beneficial effects of EDHO are well-documented, but the

effectors of EDHO are not fully known. Effects may be dependent

on the content of lipids, growth factors, anti-inflammatory factors

as well as pH, viscosity and osmolality.

2. A minimum set of quality parameters for SED is yet to be estab-

lished. Also, the production process is not standardized.

3. Packaging and application issues of SED may reduce wastage and

costs by leveraging clinical effectiveness.

4. Allogeneic SED are preferred due to higher manufacturing consis-

tency, lower costs, ease of collection and use, especially in patients

unsuitable for blood donation.

5. EDHO is being used in OSD and currently, is more often used in

later treatment pathways of OSD when frontline therapies have

failed. Robust efficacy data and clear indications for use are still

needed and more studies should be undertaken to confirm its

place role in treatment algorithms including frontline use.

6. Lack of reimbursement for EDHO is a major obstacle to earlier or

broader use for treatment of OSD.

7. Variability in autologous SED usage, production and clinical criteria

have hampered direct comparison of outcomes in clinical studies.

8. Regulations for EDHO are heterogeneous. The majority of

European countries selected national blood regulations in this field.

EDHO are part of MPHO and the essential requirements for all

MPHO should apply.
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INTRODUCTION

Blood transfusion remains an essential component of patient manage-

ment in medical and surgical patients. The transfusion process is com-

plex and involves a diverse group of healthcare professionals.

Incidents and/or errors associated with transfusion can lead to serious

adverse events and death [1]. Transfusion safety relies on systems

and human factors that include the knowledge and skills of everyone

involved in the transfusion chain. The Serious Hazards of Transfusion

2021 report highlighted the importance of providing training and reg-

ular education for healthcare professionals involved in the transfusion

process to achieve safe transfusion [1]. Regular education and effec-

tive training are required to deliver evidence-based, high-quality and

safe practices.

Nurses play a key role in transfusion safety and need adequate

training to support a safe transfusion procedure. The current litera-

ture documents gaps in knowledge of transfusion medicine among

nurses [2–7]. Areas where knowledge gaps exist include transfusion

reactions and required precautions or interventions to prevent or

manage them [2, 3], ABO compatibility [3], storage conditions of

blood components [3] and bedside sampling procedures [7]. Designing

educational programmes to update nurses’ knowledge and ensure

their competence is paramount. However, transfusion education may

encounter barriers that can compromise access and effectiveness,

such as conflicting priorities, staff shortages and insufficient informa-

tion technology skills [8]. It is important to effectively evaluate and

assess the impact of educational programmes on nurses and other

healthcare professionals.

Education of staff involved in the transfusion chain can be diffi-

cult due to the large number of staff and varying background knowl-

edge. E-learning offers convenience of access, control over learning

pace, use of interactive multimedia and tailored learning based on per-

sonal objectives. It can be used solely or as part of blended learning,

or in combination with traditional instructor-led training [9]. However,

development of such learning platforms requires time, resources and

involvement of a range of experts such as transfusion professionals,

educators, software specialists and professionals from other disci-

plines [10]. The emergence of the COVID-19 pandemic has demon-

strated the usefulness of this method in medical education [11]. A

recent survey confirmed widespread use of e-learning courses in

transfusion education, with a proportion of these having been devel-

oped since the pandemic [12].

This International Forum (IF) explores different approaches of

transfusion education provided for healthcare professionals who

administer blood and blood components in hospitals and health

services worldwide. Questions were asked to seek information on

who administers transfusions, the type/s of education provided,

topic/s covered, their frequency and how compliance is mandated

and tracked. We also aimed to assess whether e-learning/online

education platforms are utilized, their source, whether they are

accessible to external learners and their cost. Moreover, we aimed

to assess what forms of assessment are used (if any), outcomes of

learnings and whether the transfusion education programme is

accredited. Finally, we explored existing challenges in developing,

implementing and maintaining/sustaining transfusion education

programmes.
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SUMMARY OF RESPONSES

Respondent demographics

A total of 25 sites were invited to participate in the forum, and of

these, 15 responded. Responses to the survey were received from

countries representing a wide geographical distribution including

South America, North America, Australia, Asia, Africa and Europe. The

response received from Pakistan was from a blood centre that does

not educate individuals involved in bedside blood transfusion, and

hence was not included in the summary. All other responses represent

hospitals/health services. Northern Ireland replied on behalf of a

group of five National Health Service (NHS) trusts (hospitals/health

services) within the Health & Social Care Services Northern Ireland

(HSCSNI) and was counted as one response. All 14 hospitals/health

services are in urban locations, and all describe themselves as teaching

and/or university affiliated.

The number of nurses employed within individual hospitals/

health services varies from 175 (India) to 2500 (Australia) (Table 1).

HSCSNI employs a total of 16,628 nurses within the five trusts. Blood

is administered by a number of different staff groups, and although a

number of different job titles are involved in blood administration,

they could be grouped as nurses, midwives, physicians, technicians

and allied healthcare professionals (e.g., perfusionists). The number of

red blood cells transfused per year varies from 552 (Argentina) to

20,000 (South Korea), while the five trusts in Northern Ireland trans-

fuse 40,000 units a year.

Transfusion education for personnel who administer
transfusions

The majority of the hospitals/health services require mandatory

transfusion education for personnel who administer transfusions,

while four hospitals/health services have optional education (Table 2).

The number of different topics included in the education ranges from

3 to 9. The most common topics covered include principles of blood

component administration (n = 14), adverse events of transfusion/

haemovigilance (n = 14), specimen collection and labelling (n = 13),

blood components and transfusion indications (n = 11). Ten pro-

grammes include basics of blood grouping, compatibility testing, blood

component storage and transportation. Management of bleeding and

massive haemorrhage is covered in six programmes, while patient

blood management is included in five.

The most common modes of delivery of education were

e-learning (n = 12) and in-person lecture style (n = 12) (Table 3). The

time taken to complete the transfusion education varies from 30 min

to 6 h, and the frequency it is required to be completed is variable,

ranging from annually up to every 5 years. For three hospital/health

services, there is no requirement to repeat the education once com-

pleted (Argentina, New Zealand and South Africa). Participants were

asked how the completed mandatory education is tracked and

enforced. Not all those with mandated education provided a response.

Tracking occurs in the form of administrative records, staff/personnel

files, databases, learning management systems (LMSs)/platforms and

an electronic compliance module. With regard to enforcement, one

participant reported that recording completion is not performed well

(New Zealand), one replied that the LMS provides a reminder to staff

when education is due (Canada), one reported they are able to gener-

ate reports from the management platform with compliance moni-

tored by senior and executive teams (Australia), and another utilizes

audits to monitor compliance (Northern Ireland).

Those responding to the survey reported that a multiple-choice

exam to assess knowledge (n = 10) is the most common type of

assessment used (Table 3). This is followed by competency assess-

ment to assess practice and direct observation of application of learn-

ing in actual practice (four each). A practical exam to assess skills is

used in two institutions, while one participant reported that no

assessment occurs. Learners receive certification (n = 8), a pass/fail

report (n = 8) and continuing education credits (n = 4). In Norway,

personnel who have completed the e-learning education are allowed

to administer blood products.

When asked whether the transfusion education is accredited,

eight reported accreditation through societies, blood services, univer-

sities and international accrediting bodies (Table 3). There are six who

reported the education as not being accredited. In Australia, the

national e-learning education programme is endorsed, where local

content is approved within the institution.

E-learning/online transfusion education

A total of 12 of 14 respondents confirmed the use of e-learning plat-

forms in their hospitals/health services for transfusion education

(Table 4). The duration of use ranged between 3 months and 20 years.

An online short learning programme on patient blood management is

under development by the University of the Free State and

South Africa National Blood Service (SANBS). Content will be accessi-

ble to external learners from Africa for a cost. In Argentina, a tempo-

rary e-learning education programme was developed during the

COVID-19 pandemic. Half of the participants indicated that the mod-

ule has been developed in-house in their institutions, while the rest

implemented a nationally available module. Seven participants indi-

cated that e-learning is used as part of a package for professional

training and ongoing development for the learners, while five indi-

cated that it is used stand-alone. Four participants indicated that their

modules are available commercially, while six stated that they are also

available free of cost for learners from outside their institutions/

health services.

Challenges

All countries except one reported at least one challenge related to

developing, implementing and maintaining/sustaining the transfusion

education programme for personnel who administer transfusions.
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Challenges in countries where education is not mandated are

related to the lack of support in enforcing attendance, providing edu-

cation that covers the scope required considering the diversity of the

learners, and the lack of the required human resources, skills and tools

to support the education and training.

Where education is mandated, common challenges include time

demand and resources both human and financial to develop, imple-

ment and maintain education programmes and update their content

and assessments. These are related to all forms of education. Other

challenges described included the number of staff to be trained, the

scope and the diversity of the learners, scheduling time for staff to

attend, and issues related to compliance, documentation of training

and maintaining up-to-date databases of trained staff.

The challenge of implementing a programme during COVID-19

was also described. Some countries reported switching training to a

virtual format during COVID-19, which added challenges of convert-

ing to suitable platforms to support learner access and shortening the

curriculum to facilitate the high turnover of nurses during the pan-

demic. Support from top management to implement the training pro-

gramme was necessary.

Where education was reported as e-learning, other challenges

include the technical expertise and the technical support to develop

and maintain the programme, and the provision of required software

and technology.

CONCLUSIONS

Blood transfusion is a common medical intervention. This interna-

tional survey showed a large diversity in individuals who are involved

in bedside transfusion practices worldwide. This has a significant

implication for educating and assessing the competency of health pro-

fessionals who can be involved in blood administration. While transfu-

sion education is mandated by the majority of institutions involved in

this IF, the number of topics covered and the time required to com-

plete training are highly variable.

Topics of massive transfusion and patient blood management are

the least covered in the surveyed programmes. Previous publications

demonstrated the importance of provider-related factors and compli-

ance of the massive transfusion protocols in improving patients’ out-

comes [13, 14]. Use of simulation and other educational initiatives

have been documented to improve adherence and application of mas-

sive transfusion protocols [15–17]. There is a need to span such edu-

cational initiatives on a broad range of healthcare providers,

considering the multidisciplinary nature of the teams involved in

managing a bleeding patient. Educational activities on patient blood

management principles are an important component of any implemen-

tation programmes, and these should target physicians, nurses, phar-

macists and other healthcare providers [18]. The role of transfusion

nurse coordinators/safety officers in such educational activities has

been highlighted in many reports [19–21].

E-learning is widely used by the surveyed institutions, commonly

within a package of staff education. The source of e-learning is

national in half of the responding institutions, and those used in

Australia, England, Japan and Northern Ireland are commercially

available. The COVID-19 pandemic led to an increased application of

e-learning even in low- to middle-income countries, due to the need

for adherence to social distancing measures [22, 23]. Considering the

required expertise, resources and budget for the development and

maintaining e-learning programmes [10, 24], it is exciting to see

that 6 out of 12 institutions with e-learning have their programmes

freely accessible to external learners. This can assist low-resource

countries that lack the required resources to develop e-learning pro-

grammes [25].

There are a vast range of methods used for the assessment of

learners in the surveyed institutions. The majority of the institu-

tions utilize knowledge assessment through multiple-choice ques-

tions, and seven perform practical evaluations, direct observations

and competency assessments, which assess higher order skills and

the application of acquired knowledge [26, 27]. Moreover, repeat

training is required by almost half of responding institutions, and

outcomes of learning vary with the majority providing either a cer-

tification or pass/fail reports. This reflects high variation in training

among participating countries. The United Kingdom National

Blood Transfusion Committee (NBTC) mandates a minimum train-

ing and knowledge assessment requirement of all staff involved in

transfusion process every 3 years (2 years for blood collection).

This may take any form including e-learning [28]. The source of

accreditation of the training to assure the stakeholders as to the

quality of the training also varies with responses ranging from the

blood centres themselves, relevant clinical societies to accredita-

tion agencies.

The challenges described in this forum highlight the difficul-

ties in establishing and maintaining transfusion education pro-

grammes. Healthcare environments are complex and demanding,

with continuous scientific, technological and research develop-

ments. Development and update of educational content for a

number of multidisciplinary professionals requires time, personnel,

expertise and financial resources. For hospitals/healthcare

services where learning is optional, attending these educational

activities depends on the learner’s will and motivation, but can be

further challenged by a competing workload. A considerable num-

ber of learning modules are freely available; however, in-depth

assessment of their content and adaptability to local settings is

needed.

In conclusion, there are a vast number of educational opportuni-

ties that are available for healthcare professionals who administer

blood transfusion. However, the development and sustainability of

these educational programmes include many challenges to overcome.

This suggests a need for collaboration between educational institu-

tions, transfusion societies and accreditation bodies that can develop

high-quality standardized resources that can be adapted when

needed, particularly in countries that lack the required resources for

the development of such programmes. E-learning holds a promise par-

ticularly that it can provide access for many learners through web-

based content.
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ISRAEL

Naomi Rahimi-Levene

Section 1

a. The Shamir (Assaf Harofeh) Medical Center is located in an urban

area and treats urban and rural population of approximately 1.5

million people.

b. Our hospital is a university-affiliated medical centre.

c. Blood is ordered by physicians and is administered by nurses and

physicians.

d. We transfuse approximately 7500–8000 units of red blood cells

(RBCs) every year.

e. The medical centre has a total of approximately 1300 nurses

including academic, registered nurses and midwives.

Section 2

a. Types of transfusion education available for personnel who admin-

ister transfusions in our hospital/health service:

Independent e-learning.

In-person lecture-style learning.

b. Topics covered:

Specimen collection and labelling.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Other: there is an e-learning system in the hospital. Every new

physician and nurse undergoes an e-learning module on how to

take type and screen samples, and how to administer blood com-

ponents including management of transfusion reactions. Interns

receive a 1-h lecture on the first day of their internship.

c. The module takes 30–60 min and includes an exam, which has to

be passed with a 100% score.

d. The Ministry of Health requires personnel who take type and

screen samples and administer blood components to complete the

module and the exam every 2 years.

e. Yes, transfusion education is mandatory for personnel who admin-

ister transfusions in our hospital/health service. The personnel

who administer transfusions have to complete an e-learning mod-

ule and an exam, which has to be passed with a score of 100%.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. The e-learning module for specimen collection and labelling and

blood component administration has been in use for approximately

20 years.
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b. The module was developed and implemented by the Ministry of

Health originally. We developed our own module, which is in

use now.

c. No, it is not a commercially available e-learning/online transfusion

education product/software.

d. No, it is not part of a package, it is a stand-alone.

e. No, the content is not accessible to external learners from outside

our hospital/health service. There is no cost for the learner acces-

sing the programme.

Section 4

a. Type of assessment administered at the end of the programme:

Multiple choice exam to assess knowledge.

b. The following are provided for learners following successful com-

pletion of this education:

Pass/fail report.

Certification.

c. No, the transfusion education is not accredited by any

organization.

Section 5

The e-learning we have today is how to take type and screen

samples and how to administer blood components. There is a

central module available from the Ministry of Health. We devel-

oped our own module, which has been adapted to our hospital.

Unfortunately, we do not yet have a transfusion medicine educa-

tion programme. I envision a central education programme for

Israel and the challenge will be developing, implementing and

maintaining the platform for the programme and updating the

content.

Naomi Rahimi-Levene

Shamir, Assaf Harofeh Medical Center, Zerifin, Israel

Email: nrlevene@shamir.gov.il

UNITED KINGDOM—NORTHERN IRELAND

Aine O’Kane

Section 1

a. The Health and Social Care Service Northern Ireland (HSCNI) has

hospitals within five Trusts throughout urban areas in Northern

Ireland.

b. All Northern Ireland Trusts have university-affiliated teaching

hospitals.

c. Blood administration is carried out by registered and regulated

healthcare support workers. These groups include medical staff,

nursing staff, midwifery staff and operation department

practitioners.

d. Approximately 40,000 units of red cells are transfused annually in

the HSCNI.

e. In June 2022, Northern Ireland Department of Health statistics

show that there were 16,628 nursing and midwifery staff in North-

ern Ireland [1].

Section 2

a. Types of transfusion education that are available for personnel

who administer transfusions in our hospital/health service:

Independent e-learning.

In-person lecture-style learning.

b. Topics covered:

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Management of bleeding/massive transfusion.

c. The mandatory safe transfusion practice education takes 1–3 h

(depending on if new staff or if face to face/e-learning). Additional

talks may be done for specific topics, for example, massive transfu-

sion, good manufacturing practice and blood component traceabil-

ity (each ca. 30–60 min).

d. Every 3 years for administration of blood components.

e. Yes, transfusion education is mandatory for personnel who admin-

ister transfusions in our hospital/health service. Each ward main-

tains a database of transfusion theory education and Right Patient

Right Blood (RPRB) practical competency for nursing and mid-

wifery staff. Staff cannot do their RPRB competency without a

valid theory education certificate. Any sample or administration

error or incident has an automatic check of the staff transfusion

education and competency. This also includes agency, bank and

locum staff. The agencies are required to maintain their own data-

bases, which are open to checking by Trusts Haemovigilance staff.

On occasions, Trust-wide audits are carried out on transfusion

education/competencies—or a request for copies of databases that

are not electronically held to be sent to the Haemovigilance

Department.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.
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a. e-learning has been an option for transfusion theory for staff who

administer blood approximately since 2005 in Northern Ireland.

b. The National LearnPro LearnBloodTransfusion programme has

always been the one in use [2]. The Northern Ireland Regional

Haemovigilance Coordinator is a member of the LearnBloodTrans-

fusion Editorial Board.

c. Yes, it is a commercially available e-learning/online transfusion

education product/software: LearnBloodTransfusion Landing Page.

d. It is stand-alone.

e. Yes, the content is accessible to external learners from outside our

hospital/health service. There is no cost for the learner accessing

the programme.

Section 4

a. Types of assessment that are administered at the end of the

programme:

Multiple choice exam to assess knowledge.

Competency assessment to assess practice.

b. The following are provided for learners following successful com-

pletion of this education:

Pass/fail report.

Certification.

c. Yes, the transfusion education is accredited by the Northern

Ireland Transfusion Committee has approved the transfusion edu-

cation programme—and has submitted details to be included in

British Standards of Haematology—Administration of a blood com-

ponent in tab. 1 [3].

The e-learning programme is accredited by Napier university—as

arranged by the editorial board.

Section 5

Maintenance of up-to-date transfusion training databases is difficult,

particularly for staff who rotate through Northern Ireland region. A

regional database for medical staff would be preferable. Trust executive

teams and the Department of Health are supportive of the programme.

Extension into the nursing and medical universities of a transfu-

sion programme has been established by the regional haemovigilance

team—with face-to-face sessions for second- (Introduction to Clinical

Transfusion) and third-year nursing students (preparation for prac-

tice). This is challenging for the haemovigilance staff workload.

REFERENCES

1. Northern Ireland Health and Social Care Key Facts Workforce Bulle-

tin. (health-ni.gov.uk). 2022. Available from: https://www.health-ni.

gov.uk/sites/default/files/publications/health/hscwb-key-facts-june-

2022.pdf.

2. LearnBloodTransfusion Landing Page. Available from: https://www.

learnbloodtransfusion.org.uk/.

3. Robinson S, Harris A, Atkinson S, Atterbury C, Bolton-Maggs P,

Elliott C, et al. The administration of blood components: a Brit-

ish Society for Haematology Guideline. Transfus Med. 2018;28:

3–21.

Aine O’Kane

Belfast Health and Social Care Trust, Belfast, UK

Email: ainex.okane@belfasttrust.hscni.net

UNITED STATES

John Hess

Section 1

a. Harborview is located in central Seattle, in the middle of a 4 million

population metropolitan area and a 10 million population four-

state catchment area.

b. We are a teaching hospital, part of University of Washington

Medicine.

c. Nurses and anaesthesiologists are authorized to administer blood.

d. We transfuse 9000 units of RBCs annually.

e. We employ 1400 nurses, although some, such as those who work

in psychiatry or the occupational health service, would be unlikely

to give blood.

Section 2

a. The following types of transfusion education are available for

personnel who administer transfusions in our hospital/health

service:

Independent electronic learning.

In-person lecture-style learning.

Bed-side simulation or skills-based learning.

b. Topics covered:

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Patient blood management.

Management of bleeding/massive transfusion.

c. The full blood school course ran 6 h, since COVID this has been

reduced to 2 h.

d. Nurses are trained in the first months after hiring. There is an

annual competency marathon each year.
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e. Yes, transfusion education is mandatory for personnel who admin-

ister transfusions in our hospital/health service.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. We have had e-learning on our institutional intranet for 5 years.

b. Developed specifically by the hospital/health service.

c. No, it is not a commercially available e-learning/online transfusion

education product/software.

d. Our current training is part of a larger programme of professional

development but individually accessible for specific transfusion

education.

e. No, the content is not accessible to external learners from outside

our hospital/health service.

Section 4

a. The following type of assessment is administered at the end of the

programme:

Competency assessment to assess practice.

b. The following is provided for learners following successful comple-

tion of this education:

Continuing education credits.

c. Yes, our continuing education for nurses is accredited by the Uni-

versity School of Nursing.

Section 5

COVID and the elimination of face-to-face teaching stopped the

lecture and laboratory aspects of blood school. We have rebuilt

the curriculum online and shortened it to facilitate training

in the face of a high turnover of nurses during the pan-

demic [1–3].

REFERENCES

1. Riveira MC, Louzon MJ, Tuott EE, Monoski TJ, Cruz-Cody VG,

Tesfamariam A, et al. Blood school. Am J Clin Pathol. 2020;153:

524–9.
2. Riveira MC, Fredrickson TA, Iha BR, Mitchell SH, White NJ, Arbabi S,

et al. Improving emergency department blood product use through

nursing education. Transfusion. 2020;60:1227–30.
3. Tuott EE, Tadina EC, Monoski TJ, Natividad LM, Riveira MC,

Hess JR. Mass casualty drill with paper blood products. Transfusion.

2019;59:3054–5.

John R. Hess

University of Washington School of Medicine, Seattle, WA, USA

Email: hessj3@uw.edu

PAKISTAN

Noor e Saba

Section 1

a. Regional Blood Center Peshawar is located in an urban area.

b. Regional Blood Center Peshawar is not a teaching facility and is

not university-affiliated.

c. Blood is collected, screened and processed at Regional Blood Cen-

ter Peshawar and not administered here, it is supplied to the near-

est hospitals for administration. The doctor/nurse on duty

administers the blood to the patients.

d. Around 55,000–60,000 RBCs are transfused annually.

e. We have three registered nurses at Regional Blood Center, Pesha-

war, who are involved in blood collection/donor management

department.

Section 2

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

We conduct continuous medical education sessions in the centre and

in collaboration with the hospitals where we supply blood products.

b. Topics covered:

Blood donation and component manufacturing.

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Patient blood management.

Management of bleeding/massive transfusion.

Other: quality control of blood processing, vein-to-vein manage-

ment, supply chain of blood components, and so forth.

c. Every 2–3 months a session of 6–8 h is conducted. Apart from

that, a 1-h session is conducted every month.

d. The technical team is required to attend every session conducted

as mentioned above.

e. Yes, transfusion education is mandatory for personnel who admin-

ister transfusions in our hospital/health service. Attendance for

every session is followed by a certificate distribution.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.
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a. For the last 2 years.

b. Developed specifically by our centre.

c. No, it is not a commercially available e-learning/online transfusion

education product/software.

d. It is an overall package.

e. No, the content is not accessible to external learners from outside

our hospital/health service. Yes, there is a cost for the learner

accessing the programme.

Section 4

a. The following types of assessment are administered at the end of

the programme:

Practical exam to assess skills.

Competency assessment to assess practice.

Direct observation of application of learning in actual

practice.

b. The following is provided for learners following successful comple-

tion of this education:

Certification.

c. No, the transfusion education is not accredited by any

organization.

Section 5

Finding an external expert on the subject is usually a challenge. Finan-

cial resources to conduct such sessions regularly is also a challenge

we face.

Noor e Saba

Regional Blood Center, Peshawar, Pakistan

Email: dr.nooresaba@gmail.com

SOUTH KOREA

Kyeong-Hee Kim

Section 1

a. My hospital is located in an urban area.

b. My hospital is a teaching hospital and university-affiliated.

c. Two health professionals work together to administer blood to a

patient. The health professionals who can administer blood are

nurses and physicians, and medical technologists cannot administer

blood.

d. About 20,000 units of RBCs were transfused in 2021.

e. About 1200 nurses are employed.

Section 2

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

In-person lecture-style learning.

Other: additionally, there is a national online transfusion educa-

tion since 2020.

b. Topics covered:

Blood donation and component manufacturing.

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

c. The transfusion education takes 30 min.

d. The transfusion education is provided when employed.

e. No, transfusion education is not mandatory for personnel who

administer transfusions in our hospital/health service.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. Online transfusion education has become possible since the

COVID-19 pandemic. Online transfusion education is available for

viewing for approximately 3 months.

b. The educational programme is national.

c. No it is not a commercially available e-learning/online transfusion

education product/software.

d. It is a stand-alone education programme for transfusion safety.

e. No, the content is not accessible to external learners from outside

our hospital/health service.

Section 4

a. The following types of assessment are administered at the end of

the programme:

None.

b. The following are provided for learners following successful com-

pletion of this education:

Certification.

Other: in case of national online transfusion education, the cer-

tificate is provided. But in my hospital, nothing is given for suc-

cessful completion.

c. No, the transfusion education is not accredited by any

organization.
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Section 5

Safe transfusion is difficult because it consists of multiple steps from

blood collection to blood administration. The number of physicians

(e.g., interns) capable of administering transfusion is declining. Cur-

rently, all nurses can practice blood component administration, so

there are many subjects that need to be educated. However, transfu-

sion education would become easier if only a small number of nurses

are able to perform high-risk practices such as transfusion and chemo-

therapy.

Kyeong-Hee Kim

Department of Laboratory Medicine, Dong-A University Hospital,

Busan, South Korea

Email: progreen@dau.ac.kr

INDIA

Satyam Arora and Seema Dua

Section 1

a. Urban.

b. Teaching paediatric hospital.

c. Nurses.

d. 5000–7000.

e. 175.

Section 2

a. The following types of transfusion education are available for

personnel who administer transfusions in our hospital/health

service:

In-person lecture-style learning.

Bed-side simulation or skills-based learning.

b. Topics covered:

Blood donation and component manufacturing.

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

c. 30–45 min.

d. Once a year.

e. No, transfusion education is not mandatory for personnel who

administer transfusions in our hospital/health service.

Section 3

No, e-learning/online transfusion education is not used for personnel

who administer transfusions in our hospital/health service.

Section 4

a. The following types of assessment are administered at the end of

the programme:

Multiple choice exam to assess knowledge.

Direct observation of application of learning in actual practice.

b. The following is provided for learners following successful comple-

tion of this education:

Certification.

c. No, the transfusion education is not accredited by any

organization.

Section 5

Managing the availability of the adequate number of nursing staff for

training; usually the staff is not available for training as they are busy

with clinical work.

Satyam Arora

Post Graduate Institute of Child Health, Noida, India

Email: satyamarora83@gmail.com

Seema Dua

Post Graduate Institute of Child Health, Noida, India

Email: seemadua06@gmail.com

SOUTH AFRICA

Claire L. Barrett

Section 1

a. The hospital that I am affiliated with is located in an urban area.

b. The hospital that I am affiliated with is a university-affiliated teaching

hospital, which is the training platform for undergraduate medical

students, as well as dietetics, occupational therapy, physiotherapy

and nursing students. There is also a laboratory on site for training of

laboratory professionals. In addition, our hospital is a training site for

medical specialists in most clinical and diagnostic domains.

c. In most cases, blood is prescribed by doctors and administered by

nurses. Nurses never initiate a transfusion without a doctor pre-

scribing the transfusion.
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d. Approximately 5000 units of blood are issued to the one hospital

that I am affiliated with. Our hospital is one of four training sites

that form part of an academic complex, so the number for the aca-

demic complex is larger.

e. I am unsure.

Section 2

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

In-person lecture-style learning.

Other: informal bed-side teaching.

b. Topics covered:

Specimen collection and labelling.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

At this stage, transfusion training is mainly informal. Usually provided

by the local blood service (the South African National Blood Service

[SANBS]). There is no requirement for staff to attend the training. In

my opinion, while the training is offered, the penetrance is inade-

quate. We are very grateful for the support offered by the SANBS,

who has dedicated hospital liaison officers (HLOs), who are involved

with the training of both doctors and nurses in the hospitals in

South Africa. SANBS is active in our hospital and forms an active role

in our hospital transfusion committee.

When the hospital transfusion committee identifies a training need,

the HLO is informed which group requires training, and a training

intervention is then arranged. This is over and above the regular train-

ing that the HLO provides at the hospital.

c. Due to workload, the training sessions are short, approximately

30 min.

Staff shortages are often cited as a reason why staff do not attend

training.

d. There is currently no requirement for any staff member to com-

plete transfusion training.

e. No, transfusion education is not mandatory for personnel who

administer transfusions in our hospital/health service.

Section 3

No, e-learning/online transfusion education is not used for personnel

who administer transfusions in our hospital/health service.

a. We do not currently have an e-learning or online programme. In

collaboration with SANBS, we are developing a series of short

learning programmes (SLPs). The SLPs are patient blood manage-

ment for doctors, nurses and laboratory professionals. These cover

some practical transfusion practice also. The programmes are

100% online and run over 17 weeks. There will also be formative,

continuous and summative assessments. As the need arises, we

plan to add other SLPs that may be shorter (e.g., administering a

safe blood transfusion, administering intravenous iron, etc.)

We cannot prescribe to the hospital to use the SLP; however, we

hope that they will make funds available to register for the appropri-

ate SLPs. We also plan to develop a bursary scheme to make the SLPs

available to as many persons as possible.

It remains to be seen whether the Department of Health will make it

a requirement for their staff to complete the SLPs that are in develop-

ment. We hope to be able to take our first intake of students for the

Patient Blood Management SLPs (PBM SLPs) in the middle of next

year. We hope that this will improve transfusion practice locally, and

with time nationally and internationally.

b. Not relevant currently.

The PBM SLPs that are under development are university based, and

any person who meets the requirements of the programme may regis-

ter. The PBM SLPs are designed for the African context.

We are purposely keeping costs low to accommodate as many

learners as possible.

c. Yes, it is a commercially available e-learning/online transfusion

education product/software. This can be shared when our devel-

opment is completed. However, the page is still ‘under
development’.

d. Stand-alone.

e. Yes, the content is accessible to external learners from outside our

hospital/health service. Yes, there is a cost for the learner acces-

sing the programme.

Section 4

a. The following types of assessment are administered at the end of

the programme:

Multiple choice exam to assess knowledge.

Other.

Note that these answers refer to our PBM programme that is in devel-

opment.

Continuous, formative and summative assessment.

We have built a number of interactive relevant assessment strate-

gies, relevant to the online platform. These include analyses of
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concepts, articulate storylines, short answer questions, multiple choice

questions, topic-specific online discussion forums and reflective

essays. Our focus is to develop a community of learning, so the ‘hid-
den curriculum’ is to develop networks of skilled persons who can

share what they have learned in their workplace.

b. The following are provided for learners following successful com-

pletion of this education:

Pass/fail report.

Continuing education credits.

There is no national need for certification in South Africa. However,

the student will get a certificate upon passing the SLP. The hours

spent will be accredited for continuing professional education, which

is required by some certification bodies.

c. Yes, the transfusion education is accredited. The certification

will be from the University and co-certified by the blood bank.

The learning aims, outcomes, critical alignment and assessment

strategy are accredited via the university. The course content

and assessment are developed in collaboration between the uni-

versity and the blood bank. This is unique in our situation,

where the university has some subject matter experts, but

acknowledges the strength of collaborating with an organization

like SANBS who are subject matter experts in the field of trans-

fusion. To ensure quality, we have built an internal quality con-

trol, with our development team, our institution, as well as local

and international peer review.

Section 5

As long as institutions do not insist that staff who transfuse blood

must have adequate transfusion training or certification the pene-

trance of transfusion education may remain poor. This is reflected in

the poor numbers of persons attending training offered by the

blood bank.

In our institution (hospital), there is inadequate training available. No

dedicated in-house hospital training, but the local blood service sup-

ports in hospital and provides excellent training, for which we are

grateful. Our hospital needs to develop in-house skills to ensure sus-

tainability of transfusion training.

In general, nursing knowledge regarding basic transfusion practices is

lacking at our institution, and even nurses who consider themselves

knowledgeable about transfusion do not have adequate transfusion

knowledge [1]. Almost 30% (29.9%) of doctors working at our hospital

have never had transfusion training and lack basic transfusion or PBM

knowledge [2]. This highlights an urgent need for transfusion educa-

tion.

We are in the process of developing three fully online SLPs in

patient blood management: one for medical doctors, another for labo-

ratory professionals and the third for professional nurses. We hope to

have this accredited with the university by the end of 2022 so that

we can start marketing, enrolling students and teaching. There have

been some challenges with regard to the interdisciplinarities of these

programmes within the university, mainly questions about whether

medical doctors may teach laboratory professionals and nurses. We

are in the process of ironing this out.

The University of the Free State—South African National Blood

Service Patient Blood Management SLPs have been designed for

South Africa, but are appropriate for the African continent.

REFERENCES
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et al. Management of blood products: nursing knowledge and prac-

tices at an academic hospital. Transfus Apher Sci. 2021;60:102971.
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Mabine M, et al. The knowledge of transfusion and related practices
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University of the Free State, Bloemfontein, South Africa
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ARGENTINA

Carlos A. Gonzalez, David Martin Ferrari and Paula V. Cini

Section 1

a. The Hemotherapy Service of the Hospital de Infecciosas Francisco

Javier Muñiz is located in an urban area.

b. The Hospital de Infecciosas Francisco Javier Muñiz is a university-

affiliated institution with Universidad de Buenos Aires.

c. The preparation and administration of the requested blood

components are carried out by haemotherapy technicians in

compliance with everything established by the correspond-

ing SOPs.

If a health institution performs less than 20 transfusions per month, it

may administer the blood components with a team made up of a doc-

tor and nursing staff. This task is fulfilled according to Resolution

797/2013 of the Ministry of Health [1].

d. The Hospital de Infecciosas Francisco Javier Muñiz Infectious Diseases

is a specialized institution, with large annual variations in the number

of transfusions depending on the prevalence of infections in the
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patients treated. This variation in quantity and quality of components

shows us a median in the last 20 years of 522 units of RBCs per year.

e. The Hospital de Infecciosas Francisco Javier Muñiz Infectious Dis-

eases has 584 nurses.

Section 2

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

Independent e-learning.

In-person lecture-style learning.

In Argentina there is a broad academic offer. There are courses mostly

carried out by private institutions and a few available with state

financing. During the pandemic, our hospital gave an online course

totally free.

b. Topics covered:

Blood donation and component manufacturing.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Our hospital taught the online course ‘transfusion medicine in

COVID-19 patients’. The most important topics of the specialty with

the greatest impact at that time of the pandemic were covered.

Among them, blood donation, elaboration of blood components,

immunohematology, the transfusion process including administration

and haemovigilance.

c. The course was carried out for 116 h for 3 months, with topics

taught online in real time (synchronous) and activities to be devel-

oped between classes (asynchronous). Each synchronous meeting

had a duration of 3 h.

d. In Argentina, medical and other postgraduate training for health

professionals, at all levels, is not mandatory.

e. No, transfusion education is not mandatory for personnel who

administer transfusions in our hospital/health service.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. In our hospital, online education began in 2021 and it is the first

experience dealing with these topics, specifically administration of

blood components, their control, adverse effects and

haemovigilance.

b. The educational programme is specifically developed by the hae-

motherapy service of the Francisco Javier Muñiz Hospital for

Infectious Diseases. Not available at this moment.

c. No, it is not a commercially available e-learning/online transfusion

education product/software?

d. The course ‘Transfusion medicine in patients with COVID-19’ is
independent of other educational proposals.

e. Yes, the content is accessible to external learners from outside our

hospital/health service? No, there is no cost for the learner acces-

sing the programme?

Section 4

a. The following types of assessment are administered at the end of

the programme:

Practical exam to assess skills.

Direct observation of application of learning in actual practice.

b. The following is provided for learners following successful comple-

tion of this education:

Certification.

c. Yes, the transfusion education is accredited by DIRECCIÓN GEN-

ERAL DE DOCENCIA, INVESTIGACIÓN Y DESARROLLO PROFE-

SIONAL del Ministerio de Salud del Gobierno de la Ciudad

Autonoma de Buenos Aires.

Section 5

The challenges in transfusion education are as follows:

i. Training health personnel integrating concepts from various

disciplines—such as haematology, immunology, pathophysiology,

clinical medicine, epidemiology, molecular biology and

microbiology—in the collection, processing and administration of

blood components.

ii. Training professionals by providing them with the necessary

tools and knowledge to evaluate and prevent the adverse effects

of transfusions.

REFERENCE
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Email: d.ferrari@buenosaires.gob.ar

Paula V. Cini

Hospital de Infecciosas Francisco Javier Muñiz, Buenos Aires,

Argentina

Email: p.cini@buenosaires.gob.ar

JAPAN

Midori Kumagawa

Section 1

a. Fukuoka University Hospital (FUH) is located 20 min (by subway)

from downtown Fukuoka city of about 1.6 million people.

b. FUH is a university-affiliated hospital.

c. Doctors as well as nurses administer blood to patients.

d. Approximately 9000 units of RBC are transfused every year

in FUH.

e. FUH employs approximately 1000 nurses.

Section 2

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

In-person lecture-style learning.

b. Topics covered:

Blood component storage, handling and transportation.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

c. Transfusion education is part of a larger medical curriculum for doc-

tors; therefore, we have a 30-min refresher course when they

become residents. As for nurses, there is no formal training in their

school days, we require 1-h training session when they join the FUH.

d. Our training courses are only given when doctors or nurses initially

join the FUF.

e. Yes, transfusion education is mandatory for personnel who administer

transfusions in our hospital/health service. FUH keeps track of atten-

dance to require education classes through the administration office.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. e-learning/online education has been used for approximately

5 years in our nursing department. Doctors are given no additional

e-learning education.

b. Our e-learning programme is developed by a third-party company

that markets the system nationwide.

c. Yes, it is a commercially available e-learning/online transfusion

education product/software. The following URL is the link for the

company that provides our programme: https://www.

nursingskills.jp

d. Our programme is part of a larger group of e-learning programmes

sold as a package.

e. No, the content is not accessible to external learners from outside

our hospital/health service?

Section 4

a. The following types of assessment are administered at the end of

the programme:

None. However, all participants are supervised when administer-

ing their first several transfusions.

b. The following are provided for learners following successful com-

pletion of this education:

Other.

Because it is only part of our transfusion programme, no credit or cer-

tification is given to this part of the education.

c. No, the transfusion education is not accredited by any

organization.

Midori Kumagawa

Division of Blood Transfusion, Fukuoka University Hospital, Fukuoka,

Japan

Email: kasumi@fukuoka-u.ac.jp

UNITED KINGDOM—ENGLAND

Rachel Moss

Section 1

a. Urban.

b. Teaching hospital.

c. Nurses and anaesthetists.

d. 5000.

e. 1500.
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Section 2

a. The following types of transfusion education are available for

personnel who administer transfusions in our hospital/health

service:

Independent electronic learning.

In-person lecture-style learning.

Bed-side simulation or skills-based learning.

b. Topics covered:

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Management of bleeding/massive transfusion.

c. 30 min of e-learning.

d. e-learning every 3 years. Competency assessment is a one-off

assessment, but is usually required to be repeated if someone

moves to a different institution.

e. Yes, transfusion education is mandatory for personnel who

administer transfusions in our hospital/health service. It is

tracked through the hospital web-based learning management

system.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. 10 years.

b. National.

c. Yes, it is a commercially available e-learning/online transfusion

education product/software. LearnBloodTransfusion Landing Page.

d. Transfusion training is part of the mandatory learning require-

ment for clinical staff. This programme is within a suite of others

(e.g., fire safety, information governance) that must be

completed.

e. No, the content is not accessible to external learners from outside

our hospital/health service.

Section 4

a. The following types of assessment are administered at the end of

the programme:

Multiple choice exam to assess knowledge.

b. The following are provided for learners following successful com-

pletion of this education:

Pass/fail report.

Certification.

c. Yes, the transfusion education is accredited by UK Blood Services,

SHOT and NHS Quality Improvement Scotland.

Section 5

Compliance—staff have to take a number of mandatory e-learning

packages and it is challenging for them all to be completed, especially

as they are not always given the time away from clinical work to com-

plete them. This has an impact on the overall compliance rate for

blood transfusion e-learning.

Rachel Moss

Great Ormond Street Hospital for Children NHS Foundation Trust,

London, UK

Email: rachel.moss@gosh.nhs.uk

CANADA

Claire O’Reilly

Section 1

a. Urban.

b. Yes.

c. Registered nurses, registered midwives, nurse practitioners, perfu-

sionists, anaesthesia assistants.

d. No response.

e. 2000.

Section 2

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

Independent e-learning.

In-person lecture-style learning.

Bed-side simulation or skills-based learning.

Other: Skills Days, EduQuick (very brief education sessions).

b. Topics covered:

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Management of bleeding/massive transfusion.

c. The question is rather broad and consequently challenging to

answer. Variables are as follows:
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The completion time varies by designation, area of practice and

experience level.

A new hire Registered Nurse (RN) completes 2 h 30 min of

required mandatory transfusion practice education.

Our Pre-Transfusion Sample Collection module is required yearly

and takes 20 min.

Our Administration of Blood Module is required every 2 years

and takes 1–2 h depending on skill level/years at the site, that is,

it will take a new hire 2 h, but a repeated and experienced RN

could complete the module faster (45–60 min).

In-person sessions range from 30 min to 4 h.

Our operating room nurses complete 1–1.5 h of additional edu-

cation every 2 years.

Our Emergency Room (ER) department has simulations every

month; however, staff will not attend every month.

Our porters complete a 30-min module every year.

d. For RNs: The Pre-Transfusion Sample Collection, yearly; Admin-

istration of Blood Module, every 2 years. For Operating room

staff (RNs, anaesthesia assistants and aides): Daily Temperature

Reading for Satellite Fridges yearly Satellite Fridge Use at Chil-

dren’s Hospital, every 2 years; How to Pack a Blood Box,

yearly. For Porters: Safe Transport of Blood for Porters and

Aides, yearly. For Phlebotomists: Pre-Transfusion Sample Collec-

tion, yearly.

e. Yes, transfusion education is mandatory for personnel who admin-

ister transfusions in our hospital/health service.

Education modules are housed on a learning system that tracks

completion and informs learners when they need to repeat a

course (yearly or every second year). New hires must complete

relevant content during their orientation period. The Transfusion

Safety Nurse Clinician sends reminders periodically. Unit man-

agers track mandatory education completion for their

department.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. 6 years.

b. Hospital specific

We have three blood administration modules:

Administration of blood neonatal.

Administration of blood paediatric.

Administration of blood adult.

We have a regional education module; however, it does not have pae-

diatric or neonatal content.

When we created our site-specific modules, the regional module was out-

dated and did not contain neonatal or paediatric content. The provincial

module was revised recently, and sadly, it still lacks paediatric or neonatal

content, so we continue to use our site-specific modules [1–5].

c. No it is not a commercially available e-learning/online transfusion

education product/software.

I can provide a link to some modules that are in draft mode. Learners

need to register on our Learning Hub Site to complete modules once

they go live. The links do not work when I paste them here.

d. Both. Learners complete modules at time of hire and then yearly

or every second year thereafter.

e. Yes, the content is accessible to external learners from outside our

hospital/health service. No there is no cost for the learner acces-

sing the programme.

Section 4

a. The following types of assessment are administered at the end of

the programme:

Multiple choice exam to assess knowledge.

Other (please describe).

The Administration of Blood Modules have a quiz.

b. The following are provided for learners following successful com-

pletion of this education:

Certification.

c. No, the transfusion education is not accredited by any

organization.

Section 5

There are challenges in every step listed, and the foremost challenge

is resources.

Resources include:

Financial: cover wage for the content experts, education development

experts, technical experts, promotional costs, software and other

technology.

High-quality software is needed. PowerPoint capability is limited and

more advanced technology is an absolute for creating engaging online

education modules.

Time, time and more time: time to develop, collaborate, implement,

disseminate/advertise/promote, revise/maintain/sustain content for

in-person/online/simulation education.

Technical equipment and technical expertise are necessary for

simulation.

The sustainment phase is as resource heavy as the development

phase; sustainment requires time (a paid content/educational expert)

to ensure content is up-to-date and analyse learner feedback, quizzes,

and so forth, impact on practice and retention of knowledge

over time.
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Technical maintenance is required to ensure links work, and so

forth.
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NEW ZEALAND

Liz Thrift

Section 1

a. MidCentral: Palmerston North hospital is in an urban area.

b. Palmerston North hospital is a teaching hospital, it is not affiliated

to one university but provides placements from a number of differ-

ent disciplines and universities.

c. Blood is administered by registered nurses, registered midwives

and theatre technicians.

d. Approximately 3500 units are transfused.

e. There are approximately 2800 staff employed in this hospital.

Section 2

a. The following types of transfusion education are available for

personnel who administer transfusions in our hospital/health

service:

Independent e-learning.

In-person lecture-style learning.

Bed-side simulation or skills-based learning.

b. Topics covered:

Blood donation and component manufacturing.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Patient blood management.

Management of bleeding/massive transfusion.

c. Face-to-face education is given to new employees for 1 h. They are

then expected to undertake an e-learn test, which takes about 30 min.

d. Once the initial education is undertaken, there are no further

requirements. Ad hoc education can be given to any wards or

departments on request.

e. Yes, transfusion education is mandatory for personnel who admin-

ister transfusions in our hospital/health service. This is not per-

formed well in all wards and departments. Education is registered

in the staff files.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. This is a new concept for MidCentral, a paper-based workbook

was utilized previously.

b. The e-learn has been developed by the New Zealand Blood Service

and is available on all platforms used in New Zealand, that is, Ko

Awatea.

c. No, it is not a commercially available e-learning/online transfusion

education product/software.

d. This is a stand-alone process undertaken within MidCentral.

e. Yes, the content is accessible to external learners from outside our

hospital/health service. No, there is no cost for the learner acces-

sing the programme.

Section 4

a. The following type of assessment is administered at the end of the

programme:

Multiple choice exam to assess knowledge.

b. The following are provided for learners following successful com-

pletion of this education:

Pass/fail report.

Continuing education credits.

c. Yes, the transfusion education is accredited by the New Zealand

Blood Service.

Section 5

Providing education to many disciplines and a number of hospitals

nationally.

Liz Thrift

New Zealand Blood Service, Palmerston North, New Zealand

Email: liz.thrift@nzblood.co.nz
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BRAZIL

Silvano Wendel, Roberta Fachini and Lara Faria Souza Dias

Section 1

a. Our blood bank is located in a hospital in the city of São Paulo,

Brazil. We are in the centre region of the city, in an urban area. São

Paulo is the biggest and the most populous city in Brazil, with an

estimated population 2021 of 12,396,371 people [1].

b. Our hospital is a teaching hospital and we have residency programmes

here. We are not yet affiliated to a university; however, we have a

programme named ‘Sírio-Libanês Experience’, which enables univer-

sity students to do observerships for a period of time in our institution.

This programme creates opportunities for constructive and stimulating

experiences with the clinical staff, employees and patients, through

online and presential activities at our hospital facilities.

c. In our institution, nurses and nurse technicians under the supervi-

sion of a nurse administer blood to patients. The Federal Nursing

Council (COFEN) of Brazil published in 2016 a technical standard

that establishes guidelines for the practice of nurses and nurses

technicians in haemotherapy, in order to ensure safe nursing care.

The Resolution 511/2016 establishes that, in Brazil, only nurses

and nurse technicians properly trained in haemotherapy services

can administer blood to patients. The Resolution prohibits nurse

assistants from performing actions related to haemotherapy,

except for hygiene care and patient comfort, due to the high com-

plexity of therapy [2].

d. From 2016 to 2021, we had an average of 6484 ± 443 RBCs

transfused per year in our hospital.

e. In our blood bank, we have 10 nurses and 11 nurse technicians

exclusively dedicated to the blood transfusion practice. Addition-

ally, throughout our hospital, there are 1300 nurses and 2400

nurse technicians trained in sample collection, blood administra-

tion, recognition and management of transfusion reactions. All of

our staff are properly trained in blood bank transfusion.

Section 2

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

Independent electronic learning.

In-person lecture-style learning.

Other.

The types of transfusion education available for personnel who

administer transfusions in our service are as follows: independent

electronic learning through an online platform, in-person lecture-style

learning and simulations with machines. Since many nursing and medi-

cal graduation courses in Brazil do not have haemotherapy as a part

of the curriculum, Brazilian’s National Health Surveillance Agency

(Anvisa) and the General Coordination of Blood and Blood products

from the Ministry of Health developed a Project called ‘Qualification

of the transfusion act’. The objective of this programme is to provide

a pedagogical instrument as a basic reference for the training of health

professionals involved with the transfusion act in Brazil, in order to

ensure transfusion safety and actions on haemovigilance, guiding

Brazilian’s transfusion education training [3].

b. Topics covered:

Blood donation and component manufacturing.

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Patient blood management.

The topics covered in our transfusion education training are as fol-

lows: blood donation and blood component manufacturing, storage,

handling and transportation; specimen collection and labelling; blood

grouping and compatibility testing; transfusion indications and, addi-

tionally, patient blood management concepts and blood component

administration and haemovigilance principles. Our patient blood man-

agement programme is based on the World Health Organization Edu-

cational Modules on Clinical use of Blood, which is a guide to improve

the correct use of blood, minimizing transfusion complications and

improving health [4].

c. It takes 1 month to complete the initial transfusion education pro-

gramme. The topics covered are as follows: pre-transfusion investi-

gation conference and transfusion care, surgical map conference

and release/return of blood components, sample collection, instal-

lation of blood components and care for transfusion reactions. The

duration is not the same for all. The employee needs to execute

five procedures of each step in order to be validated, except for

sample collection, which is necessary to execute three procedures.

d. We are required to complete a transfusion education programme

annually.

e. Yes, transfusion education is mandatory for personnel who

administer transfusions in our hospital/health service. Transfusion

education is mandatory for personnel who administer transfu-

sions in our service. There is a capacitation programme after a

new employee is admitted, which involves a minimum follow-up

of procedures, execution and evaluation of difficulties, in addition

to the evaluation by a supervisor. Furthermore, we have presen-

tial classes for transfusion education annually throughout a con-

tinuous education programme. If the person was not able to

attend the presential, the class is available online. After seeing

the class, it is necessary to answer a quiz about the topic. The
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quiz must be done by everybody who administer transfusions in

our blood bank.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. e-learning/online transfusion education has been used for person-

nel who administer transfusions in our hospital/health service for

approximately 1 year.

b. The educational programme is developed specifically by our hospi-

tal. The e-learning/online transfusion education software is avail-

able only for the employees of our blood bank, but it is not

available commercially.

c. No, it is not a commercially available e-learning/online transfusion

education product/software.

d. The e-learning/online transfusion education is a part of an overall

package needed for personnel training and the content is not

accessible to external learners from outside our hospital/health

service.

e. No, the content is not accessible to external learners from outside

our hospital/health service.

Section 4

a. The following types of assessment are administered at the end of

the programme:

Multiple choice exam to assess knowledge.

Practical exam to assess skills.

Competency assessment to assess practice.

Direct observation of application of learning in actual practice.

The types of assessment administered at the end of the educational

programme are as follows: multiple choice exam to assess knowledge,

competency assessment to assess practice and direct observation of

application of learning in actual practice.

b. The following are provided for learners following successful com-

pletion of this education:

Pass/fail report.

Other.

The learners following successful completion of the education pro-

gramme receive a pass/fail report. If the learner fails, it will be neces-

sary to restart the education training until the person is ready to pass

and administer blood transfusion safely.

c. Yes, the transfusion education is accredited by the Joint Commis-

sion International (JCI). JCI enables improving healthcare quality

and safety through an accreditation programme [5].

Section 5

The main challenge in maintaining a transfusion education programme

for personnel who administer transfusions in our hospital is organizing

the schedule of the staff to attend the transfusion education.
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AUSTRALIA

Dung Tran

Section 1

a. Liverpool Hospital [1] is located in the south-western Sydney sub-

urb of Liverpool, New South Wales (NSW). It is one of the largest

hospitals in NSW and is a tertiary referring hospital providing

highly specialized services (such as critical care and major trauma,

interventional radiology, cardiothoracic surgery and brain injury

rehabilitation) for south-western Sydney residents.

b. Liverpool hospital has principal tertiary affiliations to the universi-

ties such as University of NSW, University of Western Sydney and

provides an active education programme for medical practitioners,

nurses and health professionals and a range of clinical placements

for students from universities around Australia.
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c. The people who administer blood products to patients are usually

nurses and midwives, and in some departments, the physicians are

also involved—for example, intensive care unit, operating theatres

and emergency department.

d. Liverpool Hospital transfuses approximately 13,000 units of RBCs

per year.

e. There are approximately 2500 nurses employed at Liverpool

Hospital.

Section 2: Transfusion education for personnel who
administer transfusions

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

Independent e-learning.

In-person lecture-style learning.

Bed-side simulation or skills-based learning.

Other.

Due to the pandemic, we have expanded our medium of education

delivery to clinicians via web-based programmes such as Skype and

Microsoft Teams.

b. Topics covered:

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Patient blood management.

Management of bleeding/massive transfusion.

Other: we also cover topics relating to consenting for blood and

blood products, management of bleeding and/or anaemia in

patients who refuse blood products.

c. Depending on the topic of the education session, the time varies

between 30 min and an hour, and is given throughout the year

depending on the needs of the organization and in relation to

emerging themes or issues.

The time it takes to undertake the practical competency assessment for

administration of blood products, using mock simulation and/or real

patient and products, varies depending on the individual staff.

d. The mandatory training required for administration of blood com-

ponents consists of two components—the e-learning module and

practical competency assessment. The e-learning component is

required as a once off; however, the practical competency requires

reassessment every 5 years. Depending on their scope of practice,

it is expected that all staff at the beginning of their employment at

the hospital is accredited prior to administration of blood products.

Nursing, midwifery and technical staff become accredited to col-

lect pre-transfusion samples following clinical competency assess-

ment once accredited for venepuncture and cannulation or central

venous access devices sampling. Some specialty areas, critical care

and maternity are required to undertake extra training and educa-

tion on management of critical bleeding.

e. Yes, transfusion education is mandatory for personnel who administer

transfusions in our hospital/health service. In NSW, mandatory train-

ing is completed on BloodSafe e-Learning Australia via a statewide-

based e-learning platform called My Health Learning. Reports can be

generated from this system by managers at the ward/clinical area

level to enforce and track completion. The senior leadership team and

hospital executive team also monitor compliance through the reports

generated from this system and enforce this through communications

at the peak committee meetings and forums.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.

a. Our e-learning transfusion education is delivered through Blood-

Safe eLearning Australia. This education platform was released in

2007 and has been in use at Liverpool hospital for approximately

15 years.

b. Although this education programme started out as a proof of con-

cept in 2006 for Southern Australia, it is now available for all

Australian states and territories, and is part of the national educa-

tion and training strategy.

c. Yes, it is a commercially available e-learning/online transfusion

education product/software: https://bloodsafelearning.org.au/. [2]

d. Only the Clinical Transfusion Practice course on BloodSafe is man-

datory. Staff are encouraged to access the extensive variety of

courses also available through BloodSafe for their professional

development in transfusion practice and patient blood

management.

e. Yes, the content is accessible to external learners from outside our

hospital/health service. No, there is no cost for the learner acces-

sing the programme?

Section 4

a. The following types of assessment are administered at the end of

the programme:

Multiple choice exam to assess knowledge.

Competency assessment to assess practice.

b. The following are provided for learners following successful com-

pletion of this education:

Pass/fail report.

Certification.

Continuing education credits.
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c. BloodSafe (e-learning Australia) as the national e-learning pro-

gramme is funded by the NBA and has a contract with the

Australian Red Cross LifeBlood for medical editing and writing ser-

vices. It is endorsed by the Australian and New Zealand Society of

Blood Transfusion (ANZSBT), the International Society of Blood

Transfusion (ISBT) and a range of professional societies and colleges.

As to the facility-based competency assessment, there is no formal

accreditation by any external organization. The assessment tool used in

the competency assessment is based on published national guidelines

from the Australian & New Zealand Society of Blood Transfusion and is

specifically for use within the Local Health District. This tool was devel-

oped by the District Subject Matter Expert in consultation with the

local Centre for Education and Workforce Development team.

Section 5

One of the challenges with developing, implementing and sustaining

transfusion education is the need to align new assessments to reflect

updates to standards and best practice, and implementing training

evaluation systems so that it addresses all the learning needs and

areas of interest of the personnel. Although there is option for compli-

ance reports to be generated, this process at the moment is cumber-

some and data inaccurate.

Another challenge to implementing a successful transfusion pro-

gramme, with results that show great compliance/completion rate, is

competing for education priorities and programmes about other topics

or areas of discipline.
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NORWAY

Christine T. Steinsvåg

Section 1

a. My health service institution (Sørlandet Hospital) consists of three

hospitals, two medium size and one quite small, all located in urban

areas in the southern part of Norway.

b. Sørlandet Hospital is a teaching hospital. The hospital works

closely with the University of Agder but is not formally a university

hospital.

c. In Norway, only nurses and physicians are allowed to administer

blood to patients (nurses include midwives). In Sørlandet Hospital,

most transfusions are administered by nurses.

d. In Sørlandet Hospital, approximately 6000 units of RBCs are trans-

fused per year.

e. Approximately 1750 nurses and 770 physicians are employed in

Sørlandet Hospital. Among these, approximately 1300 nurses and

540 physicians work in wards (hospital departments) that may

administer blood.

Section 2

a. The following types of transfusion education are available for per-

sonnel who administer transfusions in our hospital/health service:

Independent e-learning.

Bed-side simulation or skills-based learning.

Other.

Our hospital has prepared a transfusion manual with SOPs for the

administration of blood and blood components.

b. Topics covered:

Blood component storage, handling and transportation.

Specimen collection and labelling.

Blood grouping and compatibility testing.

Blood components and transfusion indications.

Blood component administration (including verification of recipi-

ent and product).

Adverse events/transfusion reaction reporting/haemovigilance.

Patient blood management.

Management of bleeding/massive transfusion.

c. It usually takes from a few days up to several weeks to complete

the transfusion education, depending on what other training is car-

ried out in parallel.

d. Personnel are required to complete transfusion education every

2 years.

e. Yes, transfusion education is mandatory for personnel who admin-

ister transfusions in our hospital/health service. Each head of a

department must keep a record of personnel who are approved to

administer blood components. The hospital has recently intro-

duced an electronic competence module, which will make this

follow-up easier.

Section 3

Yes, e-learning/online transfusion education is used for personnel

who administer transfusions in our hospital/health service.
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a. e-learning/online transfusion education has been used for 9 years

in our hospital.

b. The educational programme is developed specifically by our hospi-

tal, but other hospitals in our region are invited to use our educa-

tional programme.

c. No, it is not a commercially available e-learning/online transfusion

education product/software.

d. It is part of an overall package needed for personnel training and

ongoing professional development. However, the overall package

will be different for different personnel groups.

e. Yes, the content is accessible to external learners from outside our

hospital/health service. No, there is no cost for the learner acces-

sing the programme.

Section 4

a. The following types of assessment are administered at the end of

the programme:

Multiple choice exam to assess knowledge.

b. The following are provided for learners following successful com-

pletion of this education:

Pass/fail report.

Other.

Personnel who have completed this education are allowed to adminis-

ter blood products. However, managers at the hospital have declined

to call this approval a certification.

c. No, the transfusion education is not accredited by any

organization.

Section 5

The training package was created in collaboration between nurses,

a specialist in transfusion medicine and personnel from the

hospital blood bank units. The hospital management decided that

the training programme should be mandatory for personnel who

administer blood components. The main challenge has been to get

department leaders to take responsibility for the implementation

of the training programme and to document the education. This

follow-up has apparently varied from department to department.

The hospital management has followed this up only to a very

small extent. However, the hospital transfusion practice has been

audited by the national board of health supervision twice in

recent years, and this has contributed to increased awareness of

this training. The hospital has recently introduced an electronic

competence module, which will make documentation and follow-

up of the training, both for the individual head of department and

at hospital level, easier.

Christine T. Steinsvåg

Sørlandet Hospital, Kristiansand, Norway

Email: christine.steinsvag@sshf.no
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Investigation of the intronic variant RHD:c.1154-31C>T
designated as RHD*01EL.37

The RHD blood group alleles were updated in 2022 by Red Cell Immu-

nogenetics and Blood Group Terminology International society of

blood transfusion (ISBT) Working Party [1]. Among the 48 alleles

responsible for Del phenotypes, the intronic variant RHD:

c.1154-31C>T was designated as RHD*01EL.37. Based on the experi-

ments and literature, we obtained different results for this intron

polymorphism.

A blood donor was identified with the genotype RHD(c.845G>A)/

RHD(c.149-29G>C, c.1154-31T>C) by Sanger sequencing. Red

blood cells were 4+ reactive by gel with human monoclonal anti-D and

3+ reactive by tube method. That genotype was confirmed by family

study and PacBio sequencing of RHD gene. The intronic variant RHD:

c.149-29G>C designated as RHD*01EL.32 before was discussed and

proved to be not associated with the Del phenotype [2]. The intronic

polymorphism c.1154-31T>C(rs28669938) does not lead to a Del phe-

notype, either. For this case, the allele RHD(c.845G>A) encoded weak D

antigen, while another allele RHD(c.149-29G>C, c.1154-31T>C) encoded

normal D antigen. Eventually, the agglutination level was 3+ or 4+.

By the locus reference genomic (LRG) sequence NG_007494.1

for RHD blood group alleles [1], we find T for the locus c.1154-31,

rather than C as listed in the table. Some authors also presented this

variation as c.1154-31T>C [3, 4].

Secondly, the c.1154-31T>C or the wild-type c.1154-31T alone

does not correspond to the Del phenotype. The variations c.1154G>C,

c.1154-8T>A and c.1154-31T>C together were associated with weak D

expression [3]. Extensive functional analyses and bioinformatics predic-

tions of RHD splice site variants showed that c.1154-31T>C alone had

no functional impact on splicing and the phenotype was not documented

[4]. By next generation sequencing (NGS) analysis of known patients’

genotypes, the variant c.1154-31C>T was found to be always associated

in cis with the missense mutation c.1154G>C on the allele RHD weak

type 2. The c.1154-31C>T is in linkage disequilibrium with c.1154G>C

and could be found alone on the RHD gene as a neutral polymorphism

[5]. The reference sequence was not given and the c.1154-31C was

regarded as wild type. However, the study pointed out that the indepen-

dent site c.1154-31 demonstrated neutral effect for phenotypes, no mat-

ter whether it is C or T.

Besides, by the LOVD3 platform, we got the frequency of

c.1154-31T>C as 2577/11562, that is, 22.3% [6]. Apparently, this rate

is not proportional to the percentage of Del phenotype in any known

ethnic population. For example, the Del phenotype accounts for

around 0.15% in the East Asian population.

In conclusion, according to the LRG sequence NG_007494.1, the

representation of intronic mutation c.1154-31T>C in RHD gene is pre-

ferred, instead of c.1154-31C>T. This variation has high frequency in

different populations and is not associated with the Del phenotype by

itself. More studies are needed for this intronic polymorphism and the

determination of phenotype should be carried out based on a large

volume of samples.
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