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Abstract
Growing evidence suggests that ABO blood group may play a role in the
immunopathogenesis of SARS-CoV-2 infection, with group O individuals less
likely to test positive and group A conferring a higher susceptibility to infection
and propensity to severe disease. The level of evidence supporting an association
between ABO type and SARS-CoV-2/COVID-19 ranges from small observational
studies, to genome-wide-association-analyses and country-level meta-regression
analyses. ABO blood group antigens are oligosaccharides expressed on red cells
and other tissues (notably endothelium). There are several hypotheses to explain
the differences in SARS-CoV-2 infection by ABO type. For example, anti-A and/
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or anti-B antibodies (e.g. present in group O individuals) could bind to corre-
sponding antigens on the viral envelope and contribute to viral neutralization,
thereby preventing target cell infection. The SARS-CoV-2 virus and SARS-CoV
spike (S) proteins may be bound by anti-A isoagglutinins (e.g. present in group O
and group B individuals), which may block interactions between virus and angio-
tensin-converting-enzyme-2-receptor, thereby preventing entry into lung epithe-
lial cells. ABO type-associated variations in angiotensin-converting enzyme-1
activity and levels of von Willebrand factor (VWF) and factor VIII could also
influence adverse outcomes, notably in group A individuals who express high
VWF levels. In conclusion, group O may be associated with a lower risk of
SARS-CoV-2 infection and group A may be associated with a higher risk of
SARS-CoV-2 infection along with severe disease. However, prospective and
mechanistic studies are needed to verify several of the proposed associations.
Based on the strength of available studies, there are insufficient data for guiding
policy in this regard.

Key words: COVID-19, SARS-CoV-2, ABO blood groups, disease susceptibility,
disease severity.

Introduction

The COVID-19 pandemic spurred a crisis that is unprece-

dented in modern times [1]. The disease course varies

substantially among individuals, from mild or even sub-

clinical infection to severe disease [2]. Indeed, more than

1 million COVID-19-related deaths have been reported

globally. There is interest in potential risk factors that

affect susceptibility to infection and disease progression.

Multiple medical (e.g. diabetes, hypertension) and

sociodemographic (e.g. sex, age and race/ethnicity) risk

factors for severe outcomes were already established [2].

Growing evidence suggests that the ABO blood group

may also play a role in the immunopathogenesis of

SARS-CoV-2 infection, with group O being protective and

group A conferring risks of higher disease susceptibility

and severity [3–7].
An international group of experts in transfusion medi-

cine and haematology were assembled by the Interna-

tional Society of Blood Transfusion (ISBT) to review and

summarize the literature with a view of offering recom-

mendations pertaining to ABO type and COVID-19. To

this end, we provide an overview of the ABO blood group

system, ABO population frequencies and distributions, its

role as a histo-blood group antigen, not just a blood

group antigen, and the known associations between ABO

type and various infectious and non-infectious diseases.

Finally, we present a scoping review of the literature on

the associations of ABO type with COVID-19 and propose

mechanistic pathways that could potentially explain these

observations.

Search strategy and selection criteria

A combination of searching using Medline’s controlled

vocabulary/indexing, [Mesh]/[Supplemental Concept], and

keyword searching titles and abstracts [tiab] features was

used to search articles on ABO blood group and infectious

diseases and ABO blood group and COVID-19 or SARS-

CoV-2 to (a) pull articles either specifically indexed about

our topic/concept as well as (b) pull articles wherever our

topic/concept of interest was mentioned. Furthermore, we

also searched all the Web of Science (WOS) databases

using the same keyword searching as for PubMed/Med-

line. WOS in addition supports the NEAR operator

(searches for words that appear near one another in the

text without requiring an exact phrase match). The search

was confined to English-language articles that were pub-

lished prior to 10 November 2020. Pre-print articles were

also included on a case-by-case basis.

ABO blood group overview

Of the 39 blood group systems and 350 antigens recog-

nized by the ISBT [8], the ABO system is clinically the

most important [9]. The A and B antigens are inherited

co-dominantly over O [10]. The ABH antigens (H antigen

defines the O blood type) are oligosaccharides exposed on

RBCs and other cells; they are also found in body secre-

tions. The A and B antigens are determined by allelic

genes encoding glycosyltransferases that transfer

monosaccharides to the non-reducing ends of specific

glycans on glycoproteins and glycolipids. For A and B,

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021) 116, 849–861
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this monosaccharide is N-acetyl-D-galactosamine and D-

galactose, respectively. In group O individuals, the corre-

sponding A and B glycosyltransferases are either not pre-

sent or have been inactivated by one of various

polymorphisms, such that the non-reducing ends of the

corresponding glycans express the H antigen.

Antibodies in this system (i.e. anti-A and anti-B)

develop in the first few months of life; they are typically

‘naturally occurring’ antibodies produced after contact

with non-self A and/or B antigens, often found in food

and micro-organisms, notably the gut microbiota [11].

Anti-A and anti-B, typically of the IgM isotype, circulate

in almost all healthy individuals who lack the corre-

sponding antigen; IgG anti-A,B is often found in group O

individuals [12–14]. Transfusion of ABO-incompatible

RBCs can provoke acute haemolytic transfusion reactions

because the corresponding IgM antibodies bind comple-

ment efficiently, causing intravascular hemolysis of the

transfused RBCs and activation of coagulation. IgG anti-

bodies can also cause severe intravascular hemolysis in

this setting, because of the very high density of ABH

antigens on RBCs, leading to close proximity of anti-A

and/or anti-B IgG molecules on the RBC surface with

subsequent complement activation [15, 16]. If untreated,

this medical emergency can induce acute renal failure,

disseminated intravascular coagulation and death. There-

fore, always transfusing ABO-compatible RBCs is a cen-

tral focus of modern blood banking processes and

procedures.

Population frequency of ABO blood groups

ABO blood group frequencies vary among human popula-

tions, suggesting that migration and the selective advan-

tage of particular blood groups, perhaps relating to

exposure to specific pathogens, might have contributed to

these variations (Table 1). For example, group O is the

most common globally, followed by A, then B, and then

AB. Group O may have originated in Africa before early

human migration, because it may have provided a selec-

tive advantage against malaria [17]. In contrast, group O

individuals are at higher risk of developing severe cho-

lera, perhaps explaining the lower prevalence of group O

and higher prevalence of group B, in the Ganges Delta

region of Bangladesh [18].

Indigenous populations show widely divergent ABO

blood group distributions. For example, those in Australia

and North and South America almost completely lack

group B, whereas those in Asia show the highest rates of

group B. In addition, group A is almost non-existent in

indigenous populations of South and Central America,

but more prevalent (>30%) in Canada, Scandinavia and

Central Europe, perhaps due to selective pressure provided

by smallpox [18]. In contrast, ABO distributions of cur-

rent populations in these same countries demonstrate the

impact of migration; for example, although group A is

virtually absent in indigenous populations in Central and

South America, its current overall population frequency

is as high as 30% [18].

ABO is not just a blood group antigen

Each RBC expresses ~2 million copies of its genetically

encoded ABH blood group antigens on its surface,

although the density varies by antigen type. Other blood

cells (e.g. platelets and lymphocytes) also adsorb ABH-ex-

pressing glycosphingolipids from plasma, where they cir-

culate attached to lipoproteins. In addition, ABH antigens

are synthesized and expressed on endothelial cells and

certain epithelial cells. Thus, although some blood group

antigens are only on RBCs, ABH antigens are in various

cells, body fluids and secretions. Therefore, they are more

correctly denoted as ‘histo-blood group antigens’ (HBGA),

not solely as blood group antigens [11, 19–23].
In addition to serving as antigenic barriers during

transfusion, transplantation and pregnancy, ABH

oligosaccharides physiologically influence hemostasis

and, therefore, confer disease risks in this setting. For

example, A and B glycosyltransferases modify H-active

glycans on von Willebrand factor (VWF) [24]. Interest-

ingly, VWF in group O individuals has a shorter half-life,

accompanied by 25–30% reduced VWF and Factor VIII

levels, as compared to group A or B individuals. However,

independent of the ABO blood group, glycosyltransferase

activity was also decreased in patients with venous

thromboembolism, as compared to healthy controls [25].

In addition, higher VWF and factor VIII levels are associ-

ated with increased risks for coronary heart disease, arte-

rial thrombosis and venous thrombosis [26, 27].

Therefore, perhaps not surprisingly, recent genome-wide

association studies (GWAS) demonstrated that ABO locus

variants correlate with increased plasma lipid and inflam-

matory marker levels [25, 28].

ABO expression may also not be stable over time, with

lower levels in healthy children <2 years old [29] and

changes in various diseases (e.g. necrotizing infection,

thalassemia, malignancy) [20, 30]. In addition, as com-

pared to group O, group A individuals have a higher

prevalence of gastric cancer, and group A, AB or B indi-

viduals have a higher prevalence of pancreatic cancer;

possible mechanisms include ABO blood group influences

on regulating proinflammatory [31] and adhesion

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021) 116, 849–861
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molecules [32, 33], and the role of VWF in angiogenesis

and apoptosis [22, 25, 34, 35].

Associations between blood groups and
infectious diseases

HBGAs are implicated in the pathogenesis of multiple

infections. In particular, the ABO blood type has been

associated with, for example, tuberculosis, malaria, cho-

lera, norovirus, retrovirus, Chikungunya virus, Helicobac-

ter pylori (H. pylori) and Escherichia coli [36, 37]. The

underlying mechanisms range from simple (e.g. receptor-

ligand interactions) to complex and may be limited to a

specific pathogenic product, strain or disease state. For

ABO, possible explanations include ABH antigens as

receptors for pathogens, natural antibodies and lectins as

inhibitors, and molecular mimicry by blood group anti-

gens between pathogen and host.

One specific example involves the P antigen in the

Globoside blood group. This antigen is necessary, but not

sufficient [38], for parvovirus B19 entry into RBCs,

requiring a co-receptor for infection [39, 40]. The distri-

bution of P antigen, including relatively high expression

by RBCs and their precursors, is consistent with par-

vovirus B19 clinical syndromes, including aplastic anae-

mia [41]. Furthermore, individuals lacking the P antigen

(i.e. the p phenotype) are resistant to this infection [42].

For other infections, HBGAs can be receptors for tox-

ins, virulence factors or other pathogenic products with-

out directly binding the implicated pathogen itself. In

addition, HBGAs in secretions, body fluids or non-ery-

throid tissues can contribute to pathogenesis. For exam-

ple, adhesion and colonization by H. pylori, the

aetiologic agent of peptic ulcer disease and some forms

of gastric cancer, are facilitated by Leb/H oligosaccharides

on gastric epithelial mucins [43, 44] with certain strains

Table 1 Table of ABO Geographic Distributions for the native and contemporary populations

Region

Native population Current population

Type A % Type O % Type B % Type A % Type O % Type B %

North America Canada Up to 40 80–100 0–5 40+ 40+ 9

United States 0–15* 80–100 0–5 40+ 40+ ~10

Central and South America Absent 90–100 0–5 10–30 50–80 ~10

Greenland Up to 40+
Australia Up to 40+† 60–80 (North) 0–5 38 49 ~10

Africa 15–20 60–80 10–20 ~20–25¥ Up to 60 West > 20

Middle East 15–20 60–80 5–15 ~25 >40 >20
Europe Scandinavia 25–40‡ 50–70 0–10 40+ ~40 10

Western Europe 25–30 60–70 5–10 30–40 30–40 ~10

Eastern Europe 25–30 50–60 10–20 30–40 30–40 ~10

Russia 15–20 50–60 15–30 ~35 ~35 ~10

Asia China 20–25 60–70 15–25 ~30 ~50 ~20

Japan 15–25 50–70 10–15 40 30 20

Pacific 15–20 60–70 15–25 25–30 >40 ~30

India 15–20 56–60 Up to 30 22 29 38

*Blackfoot of Montana: 30–35%.
†Aboriginal Australians: 40–53%.
‡Lapp: 50–90%.
¥Cameroon 38, Uganda 39, South Africa 32%.

Table 2 Potential mechanisms for relationships between histo-blood group antigen (HBGA) and infection

Action as a receptor or co-receptor for a given pathogen

Functions as a receptor for a virulence factor, toxin, or other pathogenic product

Interaction with a pathogen that is limited to a specific strain, specific organ system or disease state

Modification of a key target cell surface glycoprotein or glycolipid, thereby affecting important cellular functions (e.g. endocytosis, phagocytosis, signal

transduction) in response to infection

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021) 116, 849–861
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having higher affinity for Leb/H [45]; in addition, group

O individuals, by expressing more H antigen, are more

likely to be infected [46].

In summary, the relationship between HBGAs and a

specific infection should ideally satisfy Koch’s postulates.

Nonetheless, this is often difficult to document fully in

human studies. Typically, one can only show that indi-

viduals expressing a specific blood group or HBGA are

more susceptible to infection, whereas individuals without

it are completely resistant or, at least, protected from sev-

ere disease. Multiple examples demonstrate that HBGAs

can interact with pathogens at initial infection, or alter

disease progression/severity, or affect clinical presentation

(Table 2).

ABO blood group and susceptibility to SARS-
CoV-2

During the severe acute respiratory syndrome coronavirus

(SARS-CoV-1) epidemic, several observations suggested

that ABO type may contribute to disease, with less sus-

ceptibility in group O individuals [47]. This was also

observed for SARS-CoV-2 (Table 3). Most studies identi-

fied a higher proportion of group A, and a lower propor-

tion of group O, among COVID-19 patients, as compared

to healthy controls [5, 7, 12, 48–52]. These studies

included patients with SARS-CoV-2 pneumonia ranging

in severity from mild to critically ill requiring mechanical

ventilation or intensive care unit admission [48, 51]. For

example, in one study, the proportion of group A infected

patients was significantly higher than in healthy controls

(38% vs. 32�2 %, P < 0�001), whereas group O was signif-

icantly lower (25�7% vs. 33�8%, P < 0�001); however,

group A patients had higher frequencies of underlying

comorbidities [7]. Another retrospective study had similar

findings, but did not describe comorbidities [52]. Another

study described a higher rate of infection in group AB

patients and a lower rate in group O patients [50]. In con-

trast, an additional study did not find any correlation

between group A status and COVID-19; nonetheless,

group O individuals had a lower risk of COVID-19 and

group B and AB individuals had a higher risk [6]. One

potential reason for these varying results is that many

such studies did not account for various confounders (e.g.

age), including comorbidities. Another potential con-

founder for some of the studies could be the use of ran-

domly selected volunteer blood donors as controls,

because of the risk of group O epidemiological predomi-

nance due to blood collectors selectively recruiting group

O donors. Importantly, volunteer blood donors are not

necessarily representative of general populations;

although convenient, their use as a control group is not

optimal [53, 54].

It has also been hypothesized that anti-A and anti-B

antibodies could interfere with virus–cell interactions. In
a secondary analysis of data from ~1900 patients with

COVID-19, subjects with circulating anti-A were signifi-

cantly less represented in the disease group as compared

to those lacking anti-A. In addition, anti-A in group O

individuals was more protective than anti-A in group B

individuals; this may relate to the increased presence of

IgG anti-A,B in group O plasma [13].

One study attempted a meta-regression analysis of 101

nations using their known blood group distributions,

including ~9-million COVID-19 cases and ~450 000

deaths in a total population of ~7 billion. Although there

was no association of group A or B with overall mortal-

ity, group O significantly correlated with lower mortality

(p = 0�02). The authors proposed that COVID-19 mortality

was lower in nations with higher group O prevalence

because overall population ABO blood group prevalence

was analysed as the control [55].

Studies have also examined the relationship between

the Rhesus blood group (e.g. Rh(D) type) and COVID-19.

One study suggested that Rh(D)-positive individuals were

more likely to test positive for SARS-CoV-2 [6]. Another

study found significant associations between Rh(D) blood

group status, group B, and SARS-CoV-2 [56].

In summary, these mixed findings may be ascribed to

the different populations, the controls that were used for

comparison, the geographical locations and the con-

founders that were considered. The latter include age,

comorbidities and using volunteer blood donors as con-

trols.

ABO and COVID-19 disease severity

The effect of ABO type on COVID-19 disease severity also

warrants analysis. As such, in one study, group A patients

had a higher risk of hospitalization for SARS-CoV-2

infection, whereas group O patients were at lower risk [7].

However, the group A patients had more comorbid risk

factors for severe disease, which were not adjusted for

using a multivariate analysis. Another group performed a

GWAS of COVID-19 patients with respiratory failure [57],

detecting a statistically significant cross-replicating asso-

ciation at 9q34. The 9q34 signal was located at the ABO

blood group locus and a blood type-specific analysis

showed a higher risk of severe COVID-19 with respiratory

failure for group A individuals and a protective effect for

group O.

As another example, in a nested prospective observa-

tional study of critically ill patients with COVID-19 in

Canada, using a multivariable adjustment of various risk

factors, patients with blood group A or AB had an

increased risk of requiring mechanical ventilation,

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021) 116, 849–861
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continuous renal replacement therapy and prolonged

intensive care unit admission, as compared to group O or

B patients [4]. Another recent retrospective cohort analy-

sis including nearly half a million Danish individuals

tested for SARS-CoV-2, also showed reduced prevalence

of SARS-CoV-2 infection in blood group O individuals.

This study identified ABO blood group as a risk factor for

SARS-CoV-2 infection but not for hospitalization or

death from COVID-19 [3].

Taken together, these studies suggest that the risk of

infection with SARS-CoV-2 and the risk of severe

COVID-19 disease may be lower in group O individuals

than non-group O individuals. Nonetheless, these results

are not definitive and further studies are warranted.

Mechanisms for associations between ABO
blood group and COVID-19

Several pathophysiological mechanisms were proposed to

explain the association between ABO type and SARS-CoV-

2 infection (Fig. 1, Table 4). Anti-A and/or anti-B antibod-

ies might bind to A and/or B antigens expressed on the

viral envelope, thereby preventing infection of target cells;

that is, these naturally occurring antibodies could function

as viral neutralizing antibodies. If true, this would help

explain differences in initial susceptibility for SARS-CoV-2

infection. For example, an anti-A viral neutralizing anti-

body in a potentially susceptible group O host would bind

the A antigen on virus produced by, and inhaled from, an

infected group A (or group AB) host [58]. Why this mecha-

nism would be relevant to disease severity per se is less

obvious, because subsequent rounds of viral proliferation

in a group O host would produce virus expressing the H

antigen on its envelope. However, assuming that disease

severity relates to the size of the infecting inoculum and

yielding the subsequent viral load, a neutralizing isoagglu-

tinin (e.g. anti-A) could attenuate infection, if not prevent-

ing infection altogether. Finally, the entry barrier for this

virus is the epithelium of the respiratory tract and, possibly,

the digestive tract. Thus, to prevent infection, circulating

antibodies may need to reach these cell surfaces; although,

presumably, the most effective antibodies for this purpose

are of the secretory IgA isotype, to date, no data are avail-

able about the IgA isotype for either anti-A and/or anti-B

in this regard.

Glycan structures at various N-glycosylation sites of

the SARS-CoV S protein were previously described [59–
61]. In addition, N-glycans of recombinant SARS-CoV-2

S protein were recently characterized [62]; although ABH

antigen structures were not described, this may be due to

the cell line used to produce the recombinant protein.

Interestingly, the receptor-binding domains of the SARS-

CoV-2 and SARS-CoV S proteins are structurally nearly

identical [63]; in addition, glycosylation yields S trimers

in which the receptor-binding domains are covered by N-

glycans. Thus, it is conceivable that SARS-CoV-2 S pro-

tein could be specifically bound by human anti-A anti-

bodies, which could then block the interaction between

the virus and the angiotensin-converting enzyme 2 recep-

tor (ACE2R), thereby preventing entry into the lung

epithelium. Relevant to this hypothesis, monoclonal or

naturally occurring anti-A antibodies dose-dependently

inhibited interaction between SARS-CoV S protein and

ACE2R, in a model where the A antigen was associated

with S protein [64]. Thus, if this is also true for SARS-

CoV-2, it would support the hypothesis that anti-A blocks

viral attachment and/or entry [65]. Although not defini-

tive, currently available data could support the above

mechanism. There is also emerging evidence that recep-

tor-binding domain (RBD) of SARS-CoV-2 may share

sequence similarity to an ancient lectin family known to

bind blood group antigens. SARS-CoV-2 RBD binds the

blood group A expressed on respiratory epithelial cells,

which could explain the linkage between blood group A

and SARS-CoV-2 [66].

Another potential mechanism for explaining an associ-

ation between group A and severe COVID-19 is an

increase in angiotensin-converting enzyme 1 (ACE-1)

activity, with a predisposition to cardiovascular complica-

tions. Severe outcomes could also be explained by higher

levels of VWF and factor VIII in group A individuals.

Furthermore, VWF is an acute phase reactant with infec-

tion inducing even higher levels in group A individuals.

Given that anti-A and anti-B antibody titres are highly

variable among individuals [67, 68], the potential neutral-

izing effect of such antibodies is also expected to be

highly variable [69], possibly obscuring the ‘signal’ in

large population studies. This variability may be further

compounded by the significantly higher binding affinity

of SARS-CoV-2 S protein for ACE2R, as compared to

SARS-CoV [70].

Studies to confirm this hypothesis in vitro would

involve producing recombinant SARS-CoV-2 S protein

in cell lines that can synthesize terminal ABH oligosac-

charides to determine whether these are, indeed, on the

recombinant protein. In addition, it is important to cul-

ture SARS-CoV-2 in cell lines capable of synthesizing

ABH oligosaccharides, isolate the virus and determine

whether anti-A and anti-B prevent infection of cell lines

that do not express the corresponding ABH antigen. If

successful, these experiments would also allow testing

whether IgM, IgA or IgG anti-A (or anti-B) antibodies

were equally effective [71]. To our knowledge, there are

no published studies to date that address this.

Other potential mechanisms may explain the epidemio-

logical results. For example, if ABH oligosaccharides are
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on SARS-CoV-2 S protein, they may modify the affinity

of SARS-CoV-2 for ACE2R, its cellular receptor. This

could be evaluated formally by producing recombinant S

protein in otherwise identical host cell lines (e.g. by

transfecting in the relevant glycosyltransferases) and then

quantifying the affinity of the purified proteins for their

receptor. Analogously, if the virus could be produced

in vitro in these ABH-expressing cell lines and purified,

the infectivity of a given target cell line could then be

quantified. Given the published human population data,

one might expect ‘group O virions’ to be less infectious in

these experiments, thereby correlating with decreased

COVID-19 disease severity.

A different, but not mutually exclusive, mechanism may

involve ACE2R, which is also a glycoprotein and may

express ABH glycans. It is possible that these glycans

affect SARS-CoV-2 viral binding to ACE2R, the number of

ACE2R proteins on a given cell surface, and/or the efficacy

of internalization of the virus: receptor complex. In this

case, ACE2R expressing H-antigen glycans may not be as

effective at binding and internalizing SARS-CoV-2 pro-

duced by any source, irrespective of ABO type. This could

also underlie COVID-19 disease severity.

It is also possible that the ABH glycans themselves

could serve as (alternative) lower-affinity receptors for

SARS-CoV-2 S protein or bind other viral envelope struc-

tures. Although current evidence suggests that this is

unlikely, if it were relevant, then ABH glycan levels on

cell surfaces, in plasma, and in secretions would be

important and could affect initial infection and disease

severity. For this purpose, determining the ‘secretor phe-

notype’ and Lewis blood group types would be helpful

[37, 72]. Moreover, secretor status and Lewis antigen fre-

quencies can affect host immunity [37, 72].

Because COVID-19 severity relates significantly to car-

diovascular [73], thromboembolic [74, 75] and inflamma-

tory complications, the patient’s ABO type may be a

surrogate for these effects and have nothing to do with

blood type per se, the presence of naturally occurring

anti-A and/or anti-B or viral-target cell interactions. For

example, as described above, ABO type influences circu-

lating VWF and factor VIII levels, which influence cardio-

vascular risk and hemostatic function, even in the

absence of infection [76].

Although an association between ABO blood group and

the risk of susceptibility to COVID-19 disease or disease

severity is compelling, the practical significance is uncer-

tain. COVID-19 convalescent plasma (i.e. plasma collected

from those who recover from COVID-19) is being

employed as an investigational therapy for treating

COVID-19 [77, 78]. One theoretical ramification of an

association with ABO type could affect such a therapy;

specifically, donors with higher titres of antibodies could

be recruited selectively based on blood type [79].

Fig. 1 Graphical summary of proposed mechanisms for association Between ABO blood groups and SARS-CoV-2 infection.
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Nonetheless, this would still require definitive proof of

differential titres by ABO type. Routine ABO testing of

COVID-19 patients could also guide decision-making, for

example, by lowering thresholds for escalating care with

higher risk blood groups. However, realistically, this is

unlikely to happen given that risk, if present, is not suffi-

ciently convincing to alter population-based care.

Conclusions

The role of ABO blood group in SARS-CoV-2 infectivity

and COVID-19 disease severity requires additional study;

however, accumulating evidence suggests that, at bio-

chemical and physiological levels, there may be a contri-

bution of ABO blood type to disease biology. It also must

be recognized that host factors already identified as con-

tributing to COVID-19 severity, play a dominant role,

coupled with timely access to appropriate medical care.

By contrast, the role of ABO type is likely secondary and

non-modifiable.
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Table 4 Proposed mechanisms, theoretical pathways and suggested experiments for studying the association Between ABO blood groups and SARS-CoV-

2 infection

Proposed mechanisms for association between ABO blood type and SARS-CoV-2 infection
Anti-A and/or anti-B antibodies serve as viral neutralizing antibodies by binding to A and/or B antigens expressed on the viral envelope, thereby

preventing infection of target cells

The SARS-CoV-2 S protein is bound by human anti-A antibodies, which may block the interaction between the virus and ACE2R, thereby preventing

entry into the lung epithelium

An increase in ACE-1 activity in group A individuals predisposes to cardiovascular complications, accounting for severe COVID-19

Variation of VWF and Factor VIII levels by ABO type with higher levels in group A individuals contributing to risk of thromboembolic disease and severe

COVID-19

ABH glycans, if present on SARS-CoV-2 S protein, may modify the affinity of SARS-CoV-2 for ACE2R, its cellular receptor.

ABH glycans on target cells could serve as alternative, lower-affinity receptors for SARS-CoV-2 S protein or bind other viral envelope structures.

Suggested experiments to confirm the proposed associations between ABO blood groups and SARS-CoV-2 infection
In vitro production of recombinant SARS-CoV-2 S protein in cell lines that can synthesize ABH glycans to determine whether these are, indeed, on the

recombinant protein.

Culturing SARS-CoV-2 in cell lines capable of synthesizing ABH glycans, isolating the virus and determining whether anti-A and anti-B prevent infection

of cell lines that do not express the corresponding ABH antigen. These experiments would also allow testing whether IgM and IgG anti-A (or anti-B)

antibodies were equally effective.

Producing recombinant SARS-CoV-2 S protein in identical host cell lines (e.g. by transfecting in the relevant glycosyltransferases) and then quantifying

the affinity of the purified proteins for their receptor. This can determine if ABH glycans are present on SARS-CoV-2 S protein and if they modify the

affinity of SARS-CoV-2 for ACE2R.

Produce SARS-CoV-2 in vitro in ABH-expressing cell lines; and quantify the infectivity of a given target cell line with purified virus.

Quantify IgA anti-A and/or anti-B and correlate with risk of susceptibility to infection by SARS-CoV-2 and severity COVID-19 illness.
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Background and objectives Blood donors, compared to non-donors, are more
likely to show a preference to help others either by sharing resources to directly
compensate those in need or indirectly by punishing those who act unfairly.
Knowing the dominant cooperative preference for blood donors will inform the
development of targeted interventions. We test which preference dominates and
an initial intervention based on these findings.

Materials and methods We report two studies. The first compares compensation
and punishment preferences in blood donors and non-donors (N = 372) using a
third-party-compensation-and-punishment game. Based on the results of Study
1, Study 2 (N = 151) is a feasibility experiment of an intervention based on
advantageous inequality aversion (‘As a healthy person, you can give blood and
help those less healthy than you’.).

Results Blood donors, compared to non-donors, have a preference for compensa-
tion. Organ donors have a preference for punishment. Those exposed to the
advantageous inequality aversion intervention, compared to control conditions,
show a greater behavioural propensity to donate blood (this was especially the
case for non-donors).

Conclusion Blood donors have a clear preference for direct helping through com-
pensation that can be translated into a simple effective intervention to enhance
blood donor recruitment and retention.

Key words: donor motivation, donor recruitment, donors.

Introduction

Cooperation within a society can be sustained either by

giving resources (e.g. time, money) to help someone in

need or by punishing those who act unfairly [1–3]. The
former offers direct help to an individual, signals compas-

sion and initiates reciprocity [1–4]. The later indirectly

helps individuals, in general, by enforcing wider societal

norms of fairness and dissuading selfishness [1–3]. Both
direct-cooperation and punishment are theorized to oper-

ate by reducing inequality and re-establishing fairness [5,

6]. While blood donors, compared to non-donors, are

more likely to show both direct-cooperation and punish-

ment [7–10], no study has compared donor’s preferences

for either direct-cooperation or punishment when both

options are simultaneously available. Thus, we ask for the

first time: ‘Are blood donors primarily motivated to care

for an individual or to ensure wider societal fairness?’

Knowing donors’ dominant preferences will indicate how

best to target interventions to recruit donors: ‘Do blood

donors donate to help individuals in need or to ensure

there is sufficient blood?’ This paper explores, for the first

time, which preference dominates for blood donors and

provides some initial data on translating this into an

intervention.
Correspondence: Eamonn Ferguson, School of Psychology, University of
Nottingham, Nottingham, NH7 2RD, UK.
E-mail: Eamonn.ferguson@nottingham.ac.uk

862
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License,

which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and
no modifications or adaptations are made.

https://orcid.org/0000-0002-7678-1451
https://orcid.org/0000-0002-7678-1451
https://orcid.org/0000-0002-7678-1451
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/


Inequality aversion and preferences to
compensate or punishment

A Third-Party-Punishment-and-Compensation (3PPC)

game [11, 12] can be used to explore preferences for

direct-cooperation and punishment simultaneously. In a

3PPC game, a third-party witnesses someone being trea-

ted unfairly by a perpetrator and can choose, to either:

(1) compensate the victim, (2) punish the perpetrator or

(3) both compensate and punish, all at a personal cost or

can choose to do nothing and incur no cost [6, 11, 12]. It

is argued that people cooperate or punish, partly because,

they are motivated to reduce inequality between them-

selves and others: they are inequality averse [5]. There are

two forms of inequality aversion. First, there is advanta-

geous inequality aversion [AIA] which occurs when a per-

son is relatively better-off than another, and guilt

motivates them to reduce this inequality [5]. Second,

there is disadvantageous inequality aversion [DIA] which

occurs when one person is relatively worse off than

another. Here, envy motivates them to find strategies to

reduce inequality [5]. In this third-party context, inequal-

ity aversion suggests that the third-party would increase

the victim’s resources to a fair level and not over-com-

pensate, and reduced the perpetrator’s resources to a fair

level and not be overly punitive [6, 13]. Indeed, being

overly punitive creates an inequality that can be viewed

as spiteful and may be counter-productive as the perpe-

trator may feel unjustly treated and subsequently not act

fairly [13].

Philanthropic choice space

People’s choice of a philanthropic act (blood donation,

organ donation, volunteering or donating money) are per-

sonal, specific and differentially motivated [10, 14, 15].

For example, blood donors are motivated by feelings of

warm-glow and compassion [7–10] both of which underlie

compensation in a 3PPC game [4]. Therefore, it is hypoth-

esized that compensation will be the dominant preferences

for blood donors. Those who sign on the organ donor reg-

ister are motivated by civic duty and solidarity to provide

resources for all [16–18]. As third party punishment is

linked to enforcing fairness norm [1–3], those who have

signed on the organ register, compared to those who have

not, should have a preference for punishment. No clear

preference emerges for non-health-based helping.

Clinical trials approach

It has been argued that a clinical trials approach is

needed when developing interventions to recruit blood

donors [10, 19, 20]. Behavioural interventions, like

pharmaceutical ones, contain active ingredients that can

have side-effects as well a benefits [20]. Therefore,

national campaigns (Phase IV trials) need to be developed

via phase I (modelling), II (exploratory) and III (RCT) trials

[19]. In phase I, information is gathered on the potential

components of an intervention, and phase II provides ini-

tial evidence on an interventions effectiveness and any

unforeseen consequences. Set within this approach the

first study (akin to phase I) reported here explores the

cooperative preference of donors and non-donors. Study

2 reports a small scale laboratory-based experiment (akin

to phase II) to explore the benefits and unforeseen conse-

quence of an intervention based on findings from Study1.

Study 1: Compensation and punishment in
blood donors

Materials and methods

The sample
As women, in general, are more prosocial then men [21]

a non-probability purposive convenience sampling strat-

egy was used to ensure an equal number of male and

female participants. We did not recruit participants who

were specifically involved in any philanthropy to avoid

bias [10]. The final sample consisted of 372 participants

(52% female, mean age 22�12 years, SD 4�05 years).

Measures
Third-Party-Punishment-and-Compensation (3PPC) game:

Participants played a standard one-shot 3PPC game [12].

There is evidence that exposure to repeated fairness leads

to more free-riding and repeated unfairness to increased

punishment and compensation in 3PPC games [11]. How-

ever, revealed altruism shows that initial allocations are

more likely to reflect the person’s underlying cooperative

preference and as such we use a one-shot game [22, 23].

Participants read the instructions to the game and were told

that the game involved three players (A, B & C) (File S1).

They were informed that player-A has been given £10 ($13

US, 11 Euro) and told that they can share some, none or all

of it with player-B. Player-B has £0. Player-B has to accept

Player-A’s decision. Player-C (the 3rd party) has £5 ($6�68
US, 5�57 Euro) and can choose to spend some of this to

either (1) compensate Player-B, (2) punish Player-A, (3) do

a mixture of compensation and punishment or (4) do noth-

ing and keep the money. The decision was made efficient as

every £1 Player-C spends to compensate increases Player-

B’s allocation by £2, and every £1 Player-C spends to pun-

ish reduces Player-A’s allocation by £2. Thus, the partici-

pants were indicated to spend in £1 units.

The game was played in private and decisions were

made anonymously. Participants were told that they

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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would be Player-C and faced a scenario where Player-A

had given £2 of their £10 to Player-B. The participant

then made a decision to either (1) punish Player-A (pun-

ish-only), (2) compensate Player-B (compensate-only), (3)

both punish and compensate or (4) to do nothing. They

could choose only one option. Participants were informed

that the game between A and B was hypothetical but that

they were playing for real money and the choice they

made would constitute their final pay-off. Participants

were told that a random number of participants would be

selected and paid based on the decision they had made.

Evidence shows that this payment procedure has no

effects on the pattern of results compared to paying all

participants [24, 25]. Thus, decisions made by the partici-

pant will affect their pay-off but not Players-A and -B.

Therefore, the participant’s decision signals their intent to

punish or compensate which is an important external-sig-

nal and self-signal about their reputation [26, 27]. Fur-

thermore, if participants were only concerned about the

actual direct effects of their actions on Players-A and -B,

rather than what their decisions signal, they would keep

the money and do nothing.

Assessments of Philanthropy: We assessed blood donor

status by asking participants if they have ever donated

blood (Yes, No). This question is a reliable and accurate

assessment of whether or not someone has donated blood

[28] and has been widely used to assess blood donor

behaviour [8–10]. We assessed other philanthropic acts as

follows: (1) volunteering (have you ever volunteered? Yes

or No), (2) financial helping (have you ever donate money

to charity? Yes or No), (3) organ donor registration (have

you registered to be an organ donor? Yes or No).

3PPC pay-offs, equality and fairness
The discussion below is represented in Fig. 1. The ‘Start

State’ has Player-A with £10 and Player-B with £0. As
the monetary allocation is unearned house-money a

50:50 share would be considered a ‘Fair Offer’ (=£5:£5)
[29, 30]. However, Player-A makes an ‘Actual Offer’ that

is 80:20 (=£8:£2), which is known to be perceived as

unfair [4]. Player-C can act selfishly and ‘Do Nothing’.

However, Player-C can restore a fair outcome to the vic-

tim (Player-B) by choosing the compensate-only option

and, on average, ‘Compensate-B’ by spending £1�5 to

raises their outcome to £5 (the £2 received by player-A

plus £1�5 9 2 from Player-C). This leaves Player-B with a

fair outcome [4]. Player-C can restore a fair outcome by

choosing the punish-only option and, on average, ‘Pun-

ishing-A’ by £1�5 decreasing their outcome to £5 (the £2
given away by Player-A plus £1�5 9 2 deducted). While

this leaves Player-B (the victim) with a less than fair out-

come it signals a wider socially orientated strategy to

enforce norms of fairness. Being overly punitive to

Player-A would be spiteful, and potentially counter-pro-

ductive as the transgressor may feel hard-done-by and

may act unfairly in future interactions [6, 13]. The most

equitable and fair strategy is to choose the ‘Compensate-

B and Punish-A’ option and spend £1�5 on each (£3 in

total) so that the transgressor and victim both have £5.
However, this is the most costly strategy to Player-C, thus

fairness can be restored more economically by choosing

to either the compensate-only or punish-only options.

Ethical approval
This study was approved following the ethical procedures

of the school of psychology University of Nottingham

(references codes: 534, 554 & 654).

Power Analysis
With respect to blood donor behaviour in economic

games, a medium effect size (Cohen’s d = 0�62; r = 0�28)
is reported for generosity in dictator games [8] and pun-

ishment (Cohen’s d = 0�67, r = 0�32) in an ultimatum

game [10]. To attain a power of 0�80, with an alpha of

0�05 this indicates that for compensation 41 blood donors

need to be compared 41 non-donor and for punishment

36 donors to 36 non-donors.

Results & discussion

Effects of sex and age on preferences
Preference choice did not vary by sex (v2(3) 0�757,
P = 0�860) or age (F (3, 367) = 0�448, P = 0�719). So there

is no evidence for bias by sex or age of participants.

3PPC preferences and payments
Consistent with the literature the majority of participants

chose compensation-only (n = 156, 41�9%) or kept the

money (n = 136, 36�6%) with punishment-only used the

least (n = 30, 8�1%) and ‘compensation and punishment’

chosen by 50 (13�4%) [11, 29].

Those who chose to ‘compensation-only’ spent on

average £1�63 (SD = 1�07) giving the victim £5�26 on

average. When ‘compensation and punishment’ was cho-

sen participants spent on average £1�45 (SD = 0�62) to

‘compensate’ (on average the victim’s outcome is £4�90)
and £1�50 (SD = 0�73) to ‘punish’ (on average the trans-

gressor’s outcome is £5). Those choosing the ‘punish-

only’ option spent £2�43 (SD = 1�04) to reduce the trans-

gressor’s outcome to £3�14. Thus, those choosing a prefer-

ence to ‘compensate’ or both ‘compensate and punish’

show unfairness and inequality aversion and those choos-

ing ‘punishment-only’ are more spiteful (Texts S2 and

Table S1 for more details).

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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Philanthropic behaviours
Of the participants 25�7% had donated blood at some

time (N = 95), 42�2% had registered as an organ donor

42�3% (N = 155), 82�6% had donated money (N = 304)

and 90�3% volunteered (334).

Predicting preferences to cooperate
A multinomial regression model examined if a specific

preference to either compensate-only, punish-only, or do

both, relative to doing nothing was observed for blood

donors, registered organ donors, having donated money

or volunteered. The results (Table 1: Panel A) showed that

blood donors are twice as likely to choose to compensate-

only compared to do nothing. Those on the organ donor

register are twice as likely to choose to punish-only com-

pared to do nothing. Thus, those who have donated blood

show a preference for direct helping, resulting in a more

equal allocation to the victim and those on the organ

donor register for indirect punishment-only. There was no

specific preference observed for donating time or money

(File S3, Table S2 for robustness checks).

The options to ‘compensate-only’ and to both ‘compen-

sate and punish’ produced average allocation patterns

that resulted in more equal/fair splits of resources. There-

fore, the choices to ‘compensate-only’ and both ‘compen-

sate and punish’ were collapsed into a single category

that reflected ‘fairness and equality’. A second multino-

mial regression (Table 1: Panel B) compared ‘fairness and

equality’ and ‘punish-only’, relative to doing-nothing.

The results show that blood donors were significantly

more likely to choose a ‘fairness and equality’ option and

organ donor’s punishment-only.

This suggests that for blood donation, interventions

that emphasize a fair direct sharing of personal resources

to minimize any difference between themselves and

others in need would be effective. Study 2 reports on a

feasibility study to explore this possibility.

Study 2: Inequality Aversion: Transferring the
Resource of Health Through Blood Donation

The theoretical basis of the intervention strategy sug-

gested by study 1 is inequality aversion [5]. Indeed, moti-

vations based on advantageous inequality aversion (AIA)

have been reported as part of blood donor motivations

[31]. Here, the healthier donor is motivated to donate to

help those less healthy [7, 31]. Furthermore, models of

AIA suggest that guilt motivates this desire to reduce

inequality [5] and indeed, guilt has been shown to be a

motivator for blood donation [32]. Thus, a message based

on AIA should be an effective motivator to donate blood.

However, manipulating guilt may be disadvantageous if it

is perceived as manipulative [33, 34]. Thus, a message

that highlights inequality and enacts guilt without engen-

dering feelings of manipulation is desirable. It has been

proposed that this can be achieved using massages such

as ‘As a healthy person, you can give blood and help

those less healthy than you’. [7, 31]. This experiment

Fig. 1 Payoff patterns for the 3PPC.

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
Vox Sanguinis (2021) 116, 862–871
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explores the effectiveness of this message against both an

anticipatory guilt message and a pure control (no mes-

sage) condition.

Materials and methods

Participants, design & power
A one-way between-groups design with 3-levels (antici-

patory guilt [AG], advantageous inequality aversion [AIA]

or pure control [PC]) was used. As there are no studies

comparing AIA messages, the association between guilt

and pro-sociality was used as the basis of the power cal-

culation, as the underlying mechanism for AIA. This is a

medium effect, with an r of 0�30 equating to a dcohen’s of

0�629 [35]. To achieve 80% power with an a of 0�05 this

requires 40 participants per condition. We oversampled to

allow for some exploratory analysis with 151 participants

recruited using a non-directive convenience sample

(Mage = 20�9, SDage = 2�019; 50�3% female). These were

randomly allocated to one of the three conditions, with

50 participants in the AG and AIA conditions and 51 in

the PC condition. Forty-nine participants described them-

selves as blood donors, with 28% in the AG, 32% in the

AIA and 35% in the PC conditions.

Messages
All participants were provided with an image depicting a

cartoon drop of blood followed by ‘Donate Blood. . .Save

Life’. Underneath the image, participants in the AG condi-

tion were presented with the slogan: ‘If people like you

do not donate blood, there will be continuing shortages

in the future’. [34]. The AIA appeal was as follows: ‘As a

healthy person, you can give blood and help those less

healthy than you’ [31] (File S4).

Table 1 Multi-nominal regression predicting specific cooperative preferences

Preference Predictor Coef (SE) P = OR

OR 95% CI

Lower Upper

Panel A: Comparison Across all Choices

Compensate only

Blood Donor 0�667 (0�306) 0�029 1�94 1�07 3�54
Organ Donor 0�246 (0�263) 0�349 1�28 0�76 2�14
Donated Money -0�184 (0�346) 0�596 0�83 0�42 1�64
Volunteered 0�830 (0�448) 0�073 2�23 0�83 5�67

Punish only

Blood Donor 0�231 (0�518) 0�655 1�26 0�46 3�47
Organ Donor 0�897 (0�451) 0�047 2�45 1�01 5�94
Donated Money -0�401 (0�563) 0�476 0�67 0�22 2�02
Volunteered -0�596 (0�555) 0�283 0�55 0�18 1�63

Both ‘Compensate and Punish’

Blood Donor 0�730 (0�410) 0�075 2�07 0�93 4�64
Organ Donor 0�192 (0�369) 0�603 1�21 0�59 2�50
Donated Money –0�734 (0�435) 0�091 0�48 0�20 1�12
Volunteered 0�678 (0�609) 0�265 1�97 0�59 6�50

R2 (Nagelkerke) 0�062
Panel B: Comparison of Inequality Averse vs Punishment Choices

‘Compensate only’ Plus ‘compensate and punish’ (‘Fairness and Equality’)

Blood Donor 0�682 (0�291) 0�019 1�98 1�18 3�50
Organ Donor 0�233 (0�248) 0�349 1�26 0�77 2�05
Donated Money -0�340 (0�320) 0�287 0�71 0�38 1�33
Volunteered 0�767 (0�405) 0�058 2�15 0�97 4�76

Punish only

Blood Donor 0�231 (0�518) 0�655 1�26 0�46 3�47
Organ Donor 0�897 (0�451) 0�047 2�45 1�01 5�94
Donated Money -0�401 (0�563) 0�476 0�67 0�22 2�02
Volunteered -0�596 (0�555) 0�283 0�55 0�18 1�63

R2 (Nagelkerke) Blood Donor 0�231 (0�518) 0�655 1�26 0�46 3�47

Reference category is a preference to do nothing.

Significant values are highlighted in bold.

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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Reactions to the messages
After reading the appeal participants rated ‘to what extent

the recruitment advert made them feel. . .’ (1) ‘Guilty for

not donating blood’ (‘Guilt’), (2) ‘Healthier than others’

(‘Healthier’) and (3) ‘Like you can donate blood in the

future to improve the lives of others’ (‘Future Donation’).

They also indicated the degree to which they felt manipu-

lated: ‘Did you find the recruitment advert was manipula-

tive?’ (‘Manipulative’). All questions were answered on a

seven-point scale (1 = not at all, 7 completely).

Behavioural proxy
To assess if any of the appeals increased the desire to

donate, participants could take, at end of the study, infor-

mation on how to become a donor and/or make a dona-

tion if already a donor.

Ethical approval
This study was approved following the ethical procedures

of the school of psychology University of Nottingham

(reference: 738R).

Results & discussion

Predicting behavioural proxy
The specific focus is on exploring any unforeseen conse-

quences of the intervention for donors and non-donors.

To do this it is necessary to compare, for donors and

non-donors, separately, variation in behaviour across

messages relative to the PC condition. Specifically, when

donors and non-donors are considered separately is one

of the messages more or less effective. A moderated logis-

tic regression predicting the behavioural proxy was speci-

fied (Table 2). Compared to the PC, this model showed,

that those in the AG and AIA conditions were signifi-

cantly more likely to take the information. The nature of

the significant interaction (Table 2 and Fig. 2), between

conditions and blood donor status, was explored using

Stata’s margins routines (Table 3). The margins analyses

(Panel A) shows that, compared to non-donors in the PC

condition, non-donors in the AG and AIA conditions are

more likely to take the leaflet. However, compared to

donors in the PC condition, donors exposed to the AG

condition were less likely to take information (Panel A).

For completeness donors, compared to non-donors, were

more likely to take the information under the PC condi-

tion only (Panel B). Thus, an AG intervention had poten-

tial detrimental effects on donors.

Evaluation of campaign appeals
A 3 (Intervention: AG vs AIA vs PC) by 2 (donors-status:

donated vs non-donor) between-groups MANOVA was

used to explore how the interventions were evaluated.

The overall model showed significant main effects for

intervention (F(8, 286) Pillia’s trace = 10�565. P = 0�000,
gp2 = 0�226), donor status (F(4, 142) Pillia’s trace = 4�565,
P = 0�002, gp2 = 0�114) and the interaction between

intervention and donor status (F(8, 284) Pillia’s trace = 2�189.
P = 0�028, gp2 = 0�058).

For the intervention, there were significant main effects

for all four evaluations: (1) ‘Guilt’ (F(2, 145) = 20�061.
P = 0�000, gp2 = 0�217); (2) ‘Healthier’ (F(2, 145) = 14�865.
P = 0�000, gp2 = 0�170), (3); ‘Future Donation’ (F(2,

145) = 10�636. P = 0�000, gp2 = 0�128) and (4); ‘Manipu-

lative’ (F(2, 145) = 15�190. P = 0�000, gp2 = 0�173). Such
that, guilt was significantly higher in the AIA condition

(mean 3�971, 95% CI 3�551, 4�392) compared to the AG

(mean 2�776, 95% CI 2�332, 3�220) and PC (mean 2�101,
95% CI 1�668, 2�514) conditions. Those in the AIA condi-

tion rated themselves as healthier (mean 4�547, 95% CI

4�005, 5�039) compared to the AG (mean 3�472, 95% CI

2�953 3�991) and PC (mean 2�649, 95% CI 2�166, 3�132)

Table 2 Logistic regression models predicting blood donor behaviour proxy

P = OR

OR 95% CI

Lower Upper

Condition 0�048
Anticipatory Guilt 0�026 3�120 1�147 8�487
Advantageous Inequality Aversion 0�049 2�760 1�005 7�580
Donor Status 0�006 9�600 1�896 48�599
Condition X Donor Status 0�009
Anticipatory Guilt X Donor 0�002 0�040 0�005 0�315
Advantageous Inequality Aversion X Donor 0�075 0�147 0�018 1�209
R2 (Nagelkerke) 0�073

Reference category for condition is the ‘pure control’ and for donor status it is non-donor (N = 151).

Significant values are highlighted in bold.

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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conditions. Those in the AIA (mean 5�390, 95% CI 4�865,
5�915) and AG (mean 4�796, 95% CI 4�242, 5�349) condi-
tions stated that they were significantly more likely to

donate in the future than those in the PC (mean 3�699
95% CI 3�184, 4�215) condition. Those in the AG (mean

3�571, 95% CI 3�086, 4�0571) and the AIA (mean 2�710,
95% CI 2�250, 3�171) conditions, rated feeling manipu-

lated significant more than those in the PC (mean 1�727,
95% CI 1�275, 2�179) conditions. A Bonferroni corrected

post hoc comparison showed that AG was rated as more

manipulative than AIA (P = 0�036: mean difference

0�861, 95% CI = 0�041, 1�681). Thus, the AIA was rated

as less manipulative than AG, as more likely to encourage

future donations and engenders a sense of health, with

guilt as a motivation. Thus, the AIA condition is one of

low-manipulative guilt, energizing donation intentions.

Donor status was significant for ‘Healthier’ only (F(1,

145) = 10�817. P = 0�001, gp2 = 0�069), with donors rat-

ing themselves as feeling healthier (mean 4�035, 95% CI

3�561, 5�509) than non-donors (mean 3�077, 95% CI

2�751, 3�404).
The intervention by donor-status interaction (Fig. 3)

was significant for: (1) ‘Guilt’ (F(2, 145) = 3�310.
P = 0�047, gp2 = 0�0410, (2) ‘Healthier’(2) F(2,

145) = 4�587. P = 0�012, gp2 = 0�060 and (3) ‘Future

donation’ (F(2, 145) = 4�809. P = 0�01, gp2 = 0�062).
Examining Fig. 3 shows that for ‘Healthier’ and ‘Future

donation’ donors, compared to non-donors, in the control

condition, felt both healthier and were more likely to

donate in the future, with this difference disappearing in

both the AIA and the AG conditions. Also ‘Healthier’ and

‘Future Donation’ increase for the non-donors, compared

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Non-Donor Donor

Control

An�cipatory Guilt

Advantageous Inequality
Aversion

gnikaT noitroporP
noita

mrofnI

p = .000

p = .040

Fig. 2 Blood donor status by condition on behavioural proxy (Error bars = Standard Errors).

Table 3 Margin effects for intervention by donor-status interaction

dy/dx (SE) P

95% CI

Lower Upper

Base: pure control

Anticipatory Guilt

Non-donor 0�268 (0�114) 0�019 0�043 0�491
Donor -0�389 (0�153) 0�011 -0�688 -0�089

Panel A: comparison across condition

Advantageous Inequality Aversion

Non-donor 0�242 (0�118) 0�040 0�011 0�474
Donor 0�124 (0�127) 0�327 -0�327 0�124

Panel B: comparison across donor status

Base: non-donor

Pure control 0�434 (0�114) 0�000 0�211 0�657
Anticipatory Guilt -0�222 (0�153) 0�147 -0�522 0�078
Advantageous Inequality Aversion 0�068 (0�130) 0�603 -0�188 0�323

Significant values are highlighted in bold.

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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to the PC, for both the AIA and the AG conditions. Thus,

the AIA and AG intervention encouraged non-donors to

respond more like donors. For guilt, compared to the PC,

both the AIA and AG conditions resulted in greater feel-

ings of guilt for non-donors and the AIA for donors.

There was not no significant difference between donors

and non-donors, however, non-donors in the PC had

lower guilt than donors in AIA.

General discussion

These studies show, for the first time, that inequality

aversion is a potential key determinant of donors cooper-

ative motivation and this is directed at a person in need

rather than considering the wider societal need [5]. We

also show, for the first time, that an intervention focusing

on advantageous inequality aversion with respect to

health between the donor and recipients is potentially a

successful intervention to recruit non-donors. The find-

ings and implications are discussed below.

Blood donors cooperative profile

Blood donors and organ donors (both examples of health-

based philanthropy) have distinct cooperative profiles.

Blood donors, compared to non-donors, have a stronger

preference to directly help an individual in need to reduce

their inequality [5]. Those registered as organ donors,

however, had a preference for punishment which is

consistent with their concern for societal solidarity [16–
18]. However, the level of punishment seen by organ

donors was overly punitive. This could be counter-produc-

tive if the person punished perceives this as unfairly dra-

conian and reacts against this by continuing to act

unfairly [13]. Finally, no specific preference was identified

for non-health-based philanthropy for those who either

volunteer time or donate money.

Implications for Practice: ‘I’m Healthy, I can Help’

The motivational pattern for blood donors was to help

a relatively disadvantaged individual rather than ensure

wider societal fairness. This motivation to reduce

inequality is the likely causal mechanism for this pref-

erence. This translates into interventions that focus on

reducing inequality in health between the donor and

the recipient, rather than focusing on ensuring suffi-

cient supply of blood. As such, transfusion services

should not just focus interventions on helping the

recipient but emphasize both the relative difference in

health between donor and recipient, as well as how the

healthy donor can improve the relative health of the

recipient. We show, for the first time, that campaigns

with a slogan that encompasses this idea (i.e. ‘As a

healthy person, you can give blood and help those less

healthy than you’.) are a simple technique transfusion

services can consider implementing to recruit non-

donors. It is certainly an intervention worthy of future
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consideration and development within a clinical trials

model.

Limitations

While behavioural willingness and behavioural proxies

are not perfect predictors of actual behaviour they are

good indicators [36], and a useful analogue within a clin-

ical trials approach to identify any potential detrimental

effects. Furthermore, it should be acknowledged that we

explored preferences in a one-shot game, and future

research may wish to explore any potential leaning

effects. For example, do donors compared to non-donors

start to express preferences for punishment with repeated

exposure to unfairness in a 3PPC game, or if their under-

lying preference for compassion raisins unaltered [11].
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Background The lack of definitive treatment or preventative options for COVID-
19 led many clinicians early on to consider convalescent plasma (CCP) as poten-
tially therapeutic. Regulators, blood centres and hospitals worldwide worked
quickly to get CCP to the bedside. Although response was admirable, several
areas have been identified to help improve future pandemic management.

Materials and methods A multidisciplinary, multinational subgroup from the
ISBT Working Group on COVID-19 was tasked with drafting a manuscript that
describes the lessons learned pertaining to procurement and administration of
CCP, derived from a comprehensive questionnaire within the subgroup.

Results While each country’s responses and preparedness for the pandemic var-
ied, there were shared challenges, spanning supply chain disruptions, staffing,
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impact of social distancing on the collection of regular blood and CCP products,
and the availability of screening and confirmatory SARS-CoV-2 testing for
donors and patients. The lack of a general framework to organize data gathering
across clinical trials and the desire to provide a potentially life-saving therapeutic
through compassionate use hampered the collection of much-needed safety and
outcome data worldwide. Communication across all stakeholders was identified
as being central to reducing confusion.

Conclusion The need for flexibility and adaptability remains paramount when
dealing with a pandemic. As the world approaches the first anniversary of the
COVID-19 pandemic with rising rates worldwide and over 115 million cases and
2�55 million deaths, respectively, it is important to reflect on how to better pre-
pare for future pandemics as we continue to combat the current one.

Key words: blood collection, blood component production, blood donation test-
ing, blood safety, plasma, transfusion medicine.

Introduction

Throughout human history, mankind has struggled with

and died from many pandemics. Various organizations,

including the World Health Organization (WHO), have

developed guides to help inform national and interna-

tional pandemic preparedness [1]. Echoes of past epi-

demics, including the flu pandemic of 1918, are seen

today as the world struggles with this new pandemic,

while waiting for a vaccine and a cure. The lack of

definitive treatment or preventative options for coron-

avirus disease 2019 (COVID-19) led many early on to

consider COVID-19 convalescent plasma (CCP) as poten-

tially therapeutic. Convalescent plasma (CP) had been

used for over a century on a smaller scale to treat a vari-

ety of infections (airborne, droplet or vectorially transmit-

ted), including SARS-CoV and MERS-CoV. However, the

COVID-19 pandemic marked the first time where CP was

deployed on a massive scale. Blood centres navigated the

obstacles successfully to bring CCP to patients, collecting

CCP even as regulators scrambled to provide a regulatory

framework for the collection, manufacturing, labelling,

transfusion and reimbursement, and while scientists tried

to address fundamental questions relating to the

immunopathogenesis and testing for a novel virus, with

the main goal of providing patients an effective and vali-

dated new therapy.

COVID-19 highlighted many areas for improvement in

pandemic management from the perspective of supply

and demand of both traditional blood products as well as

provision of novel therapeutics. The challenges (and con-

comitant lessons) span from donor qualification, to sup-

ply chain maintenance, staffing and safety and to the

testing and labelling of products. The current success is

largely due to the flexibility and open communication

between donor centres, hospitals, governmental adminis-

trators and regulators throughout the pandemic as new

information required ongoing development and refine-

ment of policies and practices. For many countries, coor-

dination of the response has been lacking or ineffective

contributing to disjointed efforts, hoarding of supplies

and public confusion. In others, coordinated messaging

facilitated donor education, encouraging testing and

donation.

Materials and methods

The International Society of Blood Transfusion (ISBT)

established a Working Group (WG) with members from

all 6 WHO regions, to address existing practices and pro-

vide recommendations on the collection and use of CCP.

A subgroup was assigned to draft a manuscript to docu-

ment the lessons learned pertaining to CCP with a view

to offer guidance for future pandemics. This manuscript

was drafted as a companion to earlier publications on

procurement and clinical use of CCP by the same group

[2, 3].

Clinical trials, compassionate use and support
from regulators

Consider convalescent plasma is still considered an inves-

tigational therapy, and in many countries, its use is

restricted to research (clinical trials). While not unique to

CCP, regulators actively encourage clinical trials for

unproven therapies to provide strong evidence of efficacy

[4–6]. By contrast, compassionate use treatment and

observational studies may facilitate access, but result in

slower scientific yield. The pandemic highlighted the ethi-

cal challenge of reconciling compassionate and research
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use of an investigational product. Compassionate use, by

diverting patients eligible for inclusion in clinical trials,

impeded trials and slowed quality data gathering. The

counterpoint is how to defer treatment in favour of

research when an investigational product has already

been shown to be safe, exhibits some signals of efficacy,

and where a viable alternative to treatment is not avail-

able [7]. Understandably, the lack of treatment options

for COVID-19 drove early enthusiasm for CCP and pres-

sure for easy access. In countries where both clinical tri-

als and compassionate use were allowed, trial enrolment

was hampered by ease of acquiring CCP through com-

passionate use which bypassed the risk of a patient

being randomized to a non-CCP arm. In future epi-

demics, clinicians, researchers, ethicists and policymakers

will likely continue to struggle balancing access to a

promising therapeutic (the need of the one) with gather-

ing quality data through trials that restrict access (the

needs of the many).

Health authorities and clinicians should work together

during pandemics to accelerate authorization of clinical

trials, especially for therapies like CP whose parent com-

ponent, plasma, is well-known to medicine and has a

well-understood safety profile. Clinical trials require a

major investment in time and resources, which is espe-

cially true during a global health crisis. Infection is often

waning by the time trials get underway using existing

authorization processes, leaving studies underpowered to

test their primary outcomes, as evidenced by the 2014-

2016 West African Ebola outbreak [8] and SARS-CoV-2

pandemic [9]. Too many trials may prove to be as detri-

mental as too few, tying resources to studies that are

unlikely to achieve targeted outcomes, while fewer proto-

cols across many collaborating sites might otherwise have

succeeded.

Failure to determine whether CP can be an effective

early phase therapeutic during pandemics would be a lost

opportunity, impacting future pandemics [10]. A proposal

for future pandemic management is to authorize a group

of internationally recognized experts, key regulators and

related professional organizations to oversee an emer-

gency pandemic clinical trial protocol. This protocol

would – ideally– be developed ahead of the next global

health crisis, thus enabling rapid, harmonized deployment

across multiple sites and countries. Such a protocol would

serve to standardize key questions that need to be

addressed, along with the data collection structure to fol-

low. This would encourage investigators to coordinate tri-

als more effectively, allowing rapid execution of large,

multi-site trials, and help standardize the collection of

key data elements spanning infectivity and recovery,

treatment and testing, safety, dosing and overall efficacy

of potential therapeutics.

Ongoing involvement of regulatory authorities would

be paramount. All key stakeholders, including biotechnol-

ogy companies, blood suppliers, researchers, healthcare

providers and international peers, would attend frequent

joint meetings with their respective regulatory agencies to

allow for quick, conclusive and prompt actions. The

framework must also include the provision for allocation

of national budgets to help early funding.

The pandemic has already spurred innovative

approaches to data gathering. These include pairing of

trials that were initiated independently of each other to

accelerate enrolment goals or pooling of data where inde-

pendent enrolment was suboptimal, such as the ‘COM-

PILE’ study to pool data from ongoing and discontinued

RCTs pertaining to CCP [11], and analysis from several

countries using Bayesian statistical methodologies to

determine the effect of CCP on clinical status as the pri-

mary outcome, including the effect of various covariates.

Similarly, some efforts have been made to coordinate

international clinical trials, including the REMAP CAP

study [12] of CCP efficacy in critically ill patients and the

involvement of hospitals in the US and Brazil in the

Canada-led CONCOR-1 trial [13] in moderately ill patients

treated within 24 h of hospital admission. Other ongoing,

multinational studies are underway. The expectation is

that more uniform data gathered globally will enable bet-

ter answers that will ultimately drive improved patient

outcomes.

Donor centre logistical challenges

SARS-CoV-2 highlighted areas for improvement in supply

chain management both of traditional blood products as

well as novel therapeutics. Blood centres, already strug-

gling with low blood inventories and declining commu-

nity interest in donation, embraced the challenges to

establishing a new blood product line with unique (and

often dynamic) donor qualification and product labelling

requirements.

CCP competes for the same limited resources as blood

components and products derived from plasma fractiona-

tion, impacting the supply of all. Donor centres rely on a

‘just in time’ delivery model for many consumables (e.g.

personal protective equipment – PPE, bags and test tubes),

so are susceptible to supply chain disruptions (shipment

delays); increased utilization of supplies; and increased

demand for supplies not routinely used in pre-pandemic

operations.

Blood centres must be considered as part of the critical

infrastructure, taking active part in coordination efforts,

especially at local levels. Clear and frequent communica-

tion is essential. They must be able to communicate criti-

cal changes in their supplies and availability of all blood
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products including CP to governmental organizers and

hear how hospitals will be adjusting their service levels

that might impact blood inventory requirements.

Managing frontline staff exposure and use of
personal protection equipment (PPE)

Frontline workers not only faced potential exposure to

COVID-19 in their personal lives, but also increased occu-

pational risk of exposure given interactions with each

other and the public (donors). Adequate staffing was

especially challenging during peak infectivity as staff

become infected, are quarantined following exposure and

miss work to care for affected family members or due to

fear of becoming infected. Feelings of stress, fatigue,

depression and helplessness are common for all staff

throughout the pandemic, especially when given new

tasks, extra shifts or redeployed. It is important for staff

to feel heard, protected and provided frequent, active

communications about any changes.

In most countries, the lack of a stable supply of PPE

was an ongoing challenge even as guidance on their

usage changed. The use of hand sanitizer, masks and

other PPE was ultimately adopted everywhere. However,

the lack of adequate supplies forced many to make their

own supplies and/or repurpose single-use PPE, particu-

larly in low- and middle-income countries (LMICs) where

challenges in finding sufficient PPE to protect staff

(let alone the public) were common, adding to staff and

donor stress. Referenced policies should be created to pro-

vide staff with the most up-to-date information on any

PPE workarounds, including how to make, clean or how

long to reuse them.

Collection space limits, access to apheresis
equipment and CCP donor room management

Social distancing forced the modification of the collection

environment, reducing significantly collection capacity,

as fewer whole blood beds and apheresis machines could

be placed within a given area to guarantee at least 2

metres (6 feet) between donors. Mobile drives were

severely limited as businesses closed, restricted outside

access or adopted remote workforce policies. Plasma col-

lection was especially challenging for LMICs as whole

blood was the primary mechanism to collect both regular

plasma and CCP and without or with limited apheresis

equipment, collecting sufficient plasma and CCP from the

limited donor pool was difficult.

Additional spacing was not necessary for CCP collec-

tion, although donors and staff occasionally expressed

concern about having potentially infectious ‘recovered

patients’ present. This was especially true initially when

data were lacking on the kinetics of infection. In

response, some centres allocated separate rooms or col-

lected CCP outside standard working hours.

Recruiting CP donors

Donor recruitment during a pandemic is challenging.

Studies on what motivates convalescent individuals to

donate CP are limited. Most likely they give out of altru-

ism, as relief or gratitude for surviving, as a directed

donation for a loved one, or for knowledge about their

immunity. Multiple pathways must be deployed to iden-

tify and maximally recruit CP donors. Hospitals, clinics,

clinicians, testing laboratories, government officials and

public health departments are valuable partners. Recov-

ered patients should be encouraged to donate several

times, especially at the beginning to help bolster the

inventory. If CP donors donate more frequently or have

modified suitability criteria (e.g. lower haemoglobin

requirements), additional medical oversight will be needed

to ensure donor safety.

In exchange for recruiting donors, partners may insist

that some or all collections be dedicated to a specific hos-

pital, physician’s group, geographic location, research

protocol and/or patient or patient group. While a great

source of donors, this adds much complexity and stress.

The overall management follows the high-touch model of

a specialized donation programme rather than the lower-

touch model of traditional allogeneic blood donation. To

scale collections and maximize resources, blood centres

need to apply as many routine blood collection policies

as possible. The high-touch model, however, likely will be

critical early on.

While Healthcare and public health authorities work to

recruit donors, it is important to maintain safeguards to

prevent unauthorized access to or improper use of pro-

tected information. Maintaining donor trust and attention

to donor safety and privacy concerns is key to convincing

the community to become regular CP donors. Weeks of

negotiation might be needed before recruitment begins,

with the development of additional questionnaires, poli-

cies, and talking points. Workflows should be created to

identify which parts of the recruitment process are han-

dled by which blood centre staff versus any potential

recruiting partners. A standardized check list of pre-req-

uisite information and approved testing is helpful. Once

qualified, the recruitment team must have the infrastruc-

ture and flexibility to work around donor’s schedules and

ability to travel to minimize delays.

As soon as reliable patient testing is available, recruit-

ment should focus to recovered individuals with docu-

mented presence of the infectious agent positive, such as

the nasopharyngeal swab real-time polymerase chain
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reaction (RT-PCR) test for COVID-19. Consistent and

ongoing education and messaging about the need to

donate across all media platforms is needed to drive

donors to self-recruit directly with the blood centre to

further increase the inventory. In the end, unique solu-

tions may be needed to optimize local opportunities and

demands.

Media partners and pressures

It is important to utilize all media platforms in recruiting

donors: social media, messaging applications, billboards,

national papers, news programmes and radio/TV. Each is

uniquely positioned to reach different groups. National

promotions with coordinated messaging can be very

effective particularly with use of national leaders and

prominent persons as spokespersons. A clear message

however is not always a nuanced message. CCP was often

touted as a ‘cure’ despite the lack of peer-reviewed evi-

dence, increasing general demand for CCP even as clinical

trials were struggling to enrol patients.

Donor/product qualification

COVID-19 is not considered transfusion-transmitted [14];

however, CCP must follow all the national requirements

to prevent infection common for all blood products. Dur-

ing future pandemics, where transmission mechanisms

might be unknown, pathogen reduction should be consid-

ered [15].

The definition of what constitutes clinical recovery

and, consequently, CP donor acceptance will evolve as

new tests and data become available. International soci-

eties/organizations (ISBT, AABB, WHO), scientists, pub-

lishers and the media are important in rapidly

disseminating and releasing policies and research results.

For example, over the course of the first few months of

the pandemic, WHO simplified the criteria for discharge

from isolation for COVID-19 [16] and acknowledged that

residual cough or loss of taste/smell could linger while

still waiting for results on residual live viral shedding,

roughly 20 days (range 6–59) [17–19] and after 28 days

[20] for SARS-CoV-2, respectively. Antigen-based rapid

diagnostic tests, while faster, cheaper and easier to per-

form than RT-PCR, are frequently less sensitive. Saliva

sampling for RT-PCR may be attractive alternatives to

nasopharyngeal swabs for respiratory viruses, although

are not without limitations [21].

The US FDA currently recommends a nAb titre ≥1:160
and ≥1:80 for CCP as optimal and acceptable for use,

respectively, although it is still unclear which antibody

specificities provide the best neutralizing potential, what

minimal titre levels are optimal, how long nAbs titres in

donors remain at therapeutic levels, and which surrogate

assays provide the best answers to these questions. Test-

ing with live viruses – viral neutralization tests (VNT) or

plaque reduction neutralization tests (PRNT) – remains

the gold standard to detect and measure nAbs. However,

they require sophisticated containment facilities, highly

trained personnel, are time-consuming (4–7 days), pro-

duce live pathogenic virus and not available in many

parts of the world.

Another potential solution uses pseudotyped len-

tiviruses (lentivector plasmids) [22], which are extensively

modified to reduce pathogenicity and express a luciferase

reporter gene for easy detection. The method is sensitive,

reproducible, faster (1–2 days) and requires only a biosaf-

ety level 2 laboratory. Several studies have shown good

agreement between the various nAb methods [20, 23, 24];

however, no formal standardization exists, limiting result

comparisons across platforms.

Ab titres may quickly wane, increase as the immune

response matures or remain stable for months [25]. Test-

ing each donation via a quantitative assay as a release

test is the only way to provide quality assurance for CP

[26] and determining optimal CP dosing. While important

for dosing and outcomes analysis, large scale nAb testing

as a CP release test is not possible. Other assays must be

utilized, such as ELISA- and CLIA-based assays, com-

monly employed for blood centre testing. Several organi-

zations (ISBT, AABB, BEST, ASCP) are currently working

collaboratively to determine correlations. There is a good

agreement with some but not all nAb titres and ELISA or

CLIA tests [19, 27], with variation depending on antigen

source (spike or nucleocapsid antigens). SARS-CoV-2-

specific IgG titre >1:1000 and >1:640 has shown promise

in two early trials [28, 29].

Recently, the FDA issued new updates about the emer-

gency use authorization (EUA) to ‘limit the authorization

to the use of high titre COVID-19 convalescent plasma

for the treatment of hospitalized patients early in the dis-

ease course and to those hospitalized with impaired

humoral immunity and cannot produce an adequate anti-

body response’ defining a number of tests to be used for

CCP screening, with a minimum qualification test criteria

to be followed [30]. With this new FDA guidance, units

with low antibody titres should be reliably identified as

soon as possible and either relabelled as frozen plasma or

sent for plasma fractionation.

Triaging donors based on symptoms, recovery
time and test results

NAbs have a peak detection in severe patients 10–15 days

after infection, with higher titres seen in more severe than

mild or asymptomatic cases [19]; therefore, recently
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recovered symptomatic patients confirmed positive via a

validated nasopharyngeal RT-PCR are ideal CCP donors,

with higher detectable nAb estimates. Donors who are ‘pre-

sumed positive’ are the next best donors (had symptoms and

a strong epidemiologic link). In The Netherlands and South

Africa, approximately 40% and 16% of CCP collections,

respectively, have no SARS-CoV-2 antibody (Vrielink and

Vermeulen, personal communication). Donors who have had

no symptoms and who have not had a diagnostic test are

least likely to have high titre nAbs and require additional

testing with different methodologies for confirmation. These

donors have limited usefulness as CP donors (at great

expense) unless a significant percentage of the overall com-

munity has been infected. The lack of sensitive and specific

assays may result in providing products with unknown effi-

cacy, confounding outcomes analysis. It is important to

freeze samples until suitable tests are available for retrospec-

tive testing.

Qualifying donors and assessing donor suitability

CP donors are more likely to be first time donors, requiring

more assurances and education. They should meet the same

qualifications as regular plasma donors, including HLA and

possibly HNA antibody screening in multiparous women, to

ensure the greatest overall safety profile [31]. Exceptions to

allogeneic criteria may be necessary especially for early or

frequent donors and will require additional policies and

medical oversight. Symptoms like increased post-donation

fatigue, excessive vasovagal reactions, declining haemoglo-

bin levels and increased bruising may need to be monitored

to ensure donor safety.

Managing donor questions about immunity and
reinfection

Specific questions about CCP donor safety centre around

either the implications of donor testing regarding protec-

tion against future infection, or the adverse effect of

donation on a donor’s immunity. The relative roles of

humoral and cellular immunity in protection from recur-

rence of any infection are largely unknown as is any

definitive predictive statement linking antibody titre or

specificity with future infection or reinfections.

Recurrence risk is related to host factors, mutations in

the virus and therapies that have been received. While

COVID-19 persisted in patients with B-cell deficiency-re-

lated hypogammaglobulinaemia, despite a robust anti

SARS-CoV-2 T-cell response [32], and while high-fre-

quency plasma donation is associated with depletion of a

variety of plasma proteins including plasma immunoglob-

ulins [33, 34], there are no current data suggesting an

increased infectious risk or other negative health effect

relative to short term (2–6 months) increased apheresis

donations of any type.

Donors were also afraid donating CP would perma-

nently reduce the level of protective antibodies in their

body. Current US and European regulations require peri-

odic determination of IgG level in high-frequency plasma

donors to monitor loss, although it is unclear if such test-

ing is needed for CP donors who might donate at higher

frequency for a limited number of months. SCANDAT

may eventually provide an answer relative to short- and

long-term CCP donor health [35], as could haemovigi-

lance programmes. As we understand more about COVID-

19, it will help to update a common, readily accessible

repository where donors can be directed to answer their

questions and concerns.

Inventory management; how to provide units
with short supplies?

CP is a limited resource. The blood centre and the trans-

fusion service are ultimately guardians of the blood sup-

ply, distributing or issuing components, respectfully,

following common principles of patient care, transfusion

medicine best practice, distribution guidance by national

regulatory agencies and/or dosing regimens by study pro-

tocols and peer-reviewed literature. One must always be

consistent in ‘not treating physician’s anxiety but treating

patient’s needs’.

Some places will triage CP inventory with a limited

number of transfusion specialists especially when inven-

tory is low. Others will provide CCP only within the con-

text of a clinical trial or after ethics committee approval

to maximize the effectiveness signal and minimize

demand. Others – especially where compassionate use is

high – will try to ensure as many patients as possible

have access to at least one unit of CCP. Each solution has

its pros and cons. Concerns about restricting access to

minority groups should be considered, regardless of

which method is used. Good communication between

expert prescribing and BTS physicians is key to develop-

ing and updating clinical guidelines and order sets.

Exclusive use of group AB CP for all patients is not

possible; therefore, ABO isogroup units should be the first

choice for transfusion. When ABO compatible CP is

unavailable and transfusion is recommended, consider

using units with low titre ABO isoagglutinins (≤64–≤100)
or that are ‘least incompatible’ (i.e. B plasma to an AB

patient).

Therapeutic value

The therapeutic efficacy of CP can only be established in

well-controlled clinical trials with properly consented
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patients using products that are well-characterized. Early

reports have shown that very early administration (within

72 h after the onset of symptoms) in high-risk patients

reduce significantly the frequency of disease worsening

and hospitalization [36], or decrease in mortality when

high titre nAb CCP was transfused [37]. Data have also

shown that once patients start producing nAbs [38] or

developing end organ damage [39], CCP transfusion is

not beneficial, and several CCP trials in patients well into

their disease course have been stopped for futility. With-

out widespread access to reliable and correlated testing,

data collection on efficacy and dosage will be hampered.

Several clinical trials involve maintaining retention

samples from the donor or CCP hoping that analyses of

the samples mapped to specific patient outcomes may

allow the identification of all therapeutic molecules and

their optimal doses, whether it be anti-RBD (receptor

binding domain) or nAb titres, cytokines or other

immunomodulatory molecules. Preferred Ab classes and

epitope specificities promoting antibody-dependent cel-

lular cytotoxicity (ADCC) or other immune defence

mechanisms should also be investigated to optimally

characterize CP or hyperimmune globulin in the future.

Although previous experience with influenza [40] sug-

gests that hyperimmune globulin could eventually pro-

vide a more consistent and higher potency therapy

compared to CP, the additional manufacturing and qual-

ification required for hyperimmune globulin delays ini-

tial availability.

Conclusion

The pandemic is not over, and the response is still

evolving. Many questions remain unanswered that

must be addressed by the global scientific community,

such as the real therapeutic value of convalescent

plasma, the ideal dosage and timing for usage, and

whether CP still has a role after hyperimmune globu-

lins or therapeutic monoclonal blends are available.

How do the vaccines, CP, or other immune-bolstering

therapies alter the native immune response and how

do they impact CP donor suitability? As variant strains

emerge, will there be a need to characterize wild type

versus variant CP?

Some of what we believe now might prove to be

incorrect in future. Changes in supply chain manage-

ment, investment in infrastructure, staff safety and

coordination of data gathering to enhance our ability

to be flexible and adapt to novel and dangerous new

threats, whatever the transmission mechanism might

be, are just a few lessons hopefully learned during

this pandemic. Preparedness for pandemics outside of

pandemic situations must be taken seriously in the

future.
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Background We use massive transfusion in various clinical conditions and it is
associated with high mortality. Although some massive transfusion protocols
improve patient outcomes, the clinical circumstances requiring it are not well
defined.

Methods MATRA-A is a multicenter retrospective study. Six University and
Training Research Hospitals in Ankara participated in the study. We collected
clinical data on patients (>18 years) who received massive transfusions (≥10
units/24 h) from 2017 through 2019.

Results Overall, 167 (0�27% of transfused patients) received a massive transfusion
of 2586 units of red blood cells (1�5% of total RBCs transfused). The median
interquartile range values for RBCs, fresh frozen plasma (FFP) and platelets were 13
(11–176), 16 (9–33) and 4 (0–11), respectively. Surgical patients received 90% of
massive transfusions. The most common clinical indications for massive transfu-
sion were cardiovascular diseases (42�6%), trauma (20�3%) and malignancies (11%).
FFP: RBC: Platelets ratio was 1�9:1:0�5. The overall and trauma-related mortality
rates were 57�4% and 61�8%, respectively. The hospital mortality rates of trauma
patients that received high vs. low ratio (FFP: RBCs > 1:1�5 vs. ≤1:1�5) transfusions
were 47�6% and 86�6% and the difference was statistically significant (P = 0�03).
Conclusion Cardiovascular diseases and trauma occasion are the most common
causes of massive transfusion. It is infrequent in clinical settings and is associ-
ated with high mortality rates. Additionally, in massively transfused trauma
patients, a high FFP:RBCs ratio seems to be associated with increased survival.
Focused prospective studies are required to define the areas that need improve-
ment on a national scale.

Key words: indications, massive transfusion, mortality, Turkey.

Abbreviations CATES, Central Anatolia Trauma and Emergency Surgery; FFP, fresh frozen

plasma; IQR, interquartile range; LOS, length of stay; MATRA-A, massive transfusion
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Introduction

Critical bleeding can kill people [1,2]. Broadly, critical

bleeding is defined as high volume haemorrhage, likely to

require massive transfusion (MT) [3]. Although most MT

data comes from trauma studies [4–10], it is needed in

various clinical settings and incurs increased mortality

[9,11–15]. MT has various definitions based on RBC units

(red blood cells) transfused and the duration of transfu-

sion. The most commonly used definition is the loss of

one blood volume (approximately 7% of body weight) in

24 h and transfusion of ≥10 units of RBCs in 24 hours

[3,12,16].

Massive blood transfusions are not without complica-

tions: infection, organ failure and metabolic complica-

tions are all potential risks which need to be addressed

[16–18]. In the last decade, MT protocols (MTP) that com-

prise higher Fresh Frozen Plasma (FFP)/RBCs/Platelets

ratios have been reported to improve patient outcomes,

particularly in trauma patients.14

Although there is information on the indications for

MT, we know little about how often it is used in various

patient groups (including paediatric). During the Central

Anatolia Trauma and Emergency Surgery group meeting

on 2 March 2019, we emphasized the lack of national MT

and MTP data, and decided that it needed to be studied.

Initially, a literature search found no retrospective or

prospective studies in Turkey. Fortunately, during the

conduct of this study, the Technical Assistance Project for

Improving the Blood Transfusion Management System in

Turkey was started on 19 March 2019 [19]. Included in

the project’s essential aspects is the adoption of an MTP

[19] for the Turkish Health System. This has been accom-

plished and is currently under final review.

The current study variables resemble those of Halmin

et al. [20] for comparative purposes. We aimed to clarify

and document the epidemiology of MT in Ankara by a

retrospective descriptive study to define the clinical char-

acteristics of MT patients.

Methods

Initially, we carried out an extensive literature search on

PubMed. Publications between 1990 and 2020 were fil-

tered. Search phrases included ‘massive transfusion’,

‘massive bleeding’, ‘critical bleeding’, ‘Epidemiology’ and

‘Turkey’. Publications from Turkey consisted of case

reports, retrospective descriptive analyses of upper and

lower gastrointestinal bleeding, military trauma, case ser-

ies from various clinics and reviews written in Turkish.

International literature was dominated by trauma studies,

and we selected relevant articles.

The study was approved by the University of Health

Sciences Gulhane Non-Invasive Investigation Ethics Com-

mittee (2020-45/11.02.2020). Study comprises only medi-

cal institutes located in Ankara. Overall, three training

and research hospitals and hospitals affiliated with three

different universities participated. (Table 1) Our study’s

time frame included data from two consecutive years

between 1 January 2017 and 1 January 2018 (Period 1),

and 2 January 2018 and 1 January 2019 (Period 2). We

separated Tables 2 and 3 to enable future comparisons.

Summed values are analysed in the results section and in

Table 4.

We collected data from the laboratory information sys-

tem (LIS) of hospitals and local blood bank registries,

entering the formula: patients confirmed to receive ≥10
RBCs within 24 h. Data were cross-checked with the local

blood banks to avoid errors. Upon identifying an MT

patient’s identification number, we diligently checked the

clinical background as well as the data acquired from the

LIS.

All patients (age > 18 years) that received MT (≥10
Units of RBCs within 24 h) during their stay at the hospi-

tal were included. General hospital data referable to the

study included the total number of patient referrals, the

number of patients admitted to each participating hospi-

tal, the number of patients transfused and the total num-

ber of RBC units transfused during the study period.

Specific data comprised patient demographics, admitting

clinic, clinical diagnosis associated with MT, length of

stay (LOS), outcome (mortality) and the number of RBCs,

FFP and platelet units transfused during MT. A platelet

unit refers to one apheresis platelet unit or a pool of 4 to

6 whole blood-derived platelet concentrates. Mortality

was defined as death from any cause that occurred any

time during the hospital stay.

Peralta et al. [21] emphasized the lack of optimal cut-

off between high and low FFP:RBC ratios and compared

the outcomes of FFP: RBC ratios (≥1:1�5 vs. <1:1�5). Simi-

larly, they divided the clinical indications and FFP:RBCs

ratios into trauma/others and high/low (FFP: RBCs

© 2021 International Society of Blood Transfusion
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ratio > 1:1�5 vs. ≤ 1:1�5) ratio groups. They analysed the

associations between the high/low ratio and the mortal-

ity/no-mortality groups for both trauma and other causes

of MT.

We analysed our data using SPSS v.22 software (Statis-

tical Package for the Social Sciences (IBM Inc.; Armonk,

NY, USA). Statistical significance was set at <0�05. Ini-
tially, normality tests were run using SPSS, and results

showed that the assumption of normality was violated,

and the significance value was <0�05. Therefore, we pre-

sented continuous data as the median and interquartile

range (IQR) values. Categorical data were reported as fre-

quencies. We analysed associations between continuous

variables using Pearson’s test. The differences between

dichotomous and continuous variables that were not dis-

tributed normally were analysed using the Mann–Whitney

U-test. Fischer’s exact test was used to analyse the differ-

ences between the two dichotomous variables. Indepen-

dent samples t-test was used to analyse the differences

between the dichotomous and continuous variables. The

one-way MANCOVA test determined the age-adjusted

effect of surgery/no-surgery, mortality/no-mortality, and

gender groups on the amount of transfused total and MT

RBC units. Bonferroni corrections were used for pairwise

comparisons.

Results

The medical institutions hospital software systems

recorded a total of 18 512 768 patients between 2017

and 2019, and of those 603 879 (3�3%) were admitted as

inpatients. Some 61�157 (10%) of the admitted patients

received 173�088 units of RBCs. However, 167 (0�27%) of

those transfused patients had MT and received a total of

2586 units of RBCs (1�5% of total RBCs transfused)

(Tables 2 and 3). Hacettepe University, Diskapi Yildirim

Bayezit and Gazi University Hospitals had 26%, 23�4%
and 19�2% of cases, respectively. Cardiovascular surgery

(45�5%) and general surgery clinics (25%) were most

commonly involved in MT. The clinical indications for

MT are given in Table 4. Between 2017 and 2019, the

median number of RBCs transfused during an MT episode

was 13 units. During their full hospital stay, these

patients received a median of 18 units of RBCs.

There was a moderate, positive correlation between

these two data (r = 0�3, P < 0�001). Patients received 16

(9–33) units of plasma and its association with RBCs

transfusion was statistically significant (r = 0�2,
P = 0�002). The median platelet units transfused to these

MT patients were 4 (0–11), and we found no statistically

significant association between RBCs and platelet transfu-

sions. MT patients’ ratio of transfused FFP: RBCs: Plate-

lets was 2:1: 0�5.
The median age of patients who died was 61 (43–68),

73% of them male. Their LOS was 6 (2–17) days

(P = 0�003). Like the indications for MT, the ones most

commonly fatal were cardiovascular surgery (50%),

trauma (21�9%), cancer surgery (6�3%) and transplanta-

tion (5�2%). Median RBC units administered in fatal and

non-fatal cases were 14 (11–18) and 12 (10–15), respec-
tively. The difference between the groups was statistically

significant (P = 0�005). After adjusting for the age covari-

ate, there were no statistically significant differences

between the surgery/nonsurgery, and gender groups

regarding the amount of transfused total and MT RBC

units (P > 0�05).
Trauma was the second most common cause of MT.

Trauma patients’ median age was 31�5 (26–42) years, and
31 (91�2%) were male. These patients were administered

13 (10–15) units of RBCs, and 14 (6-2 7) FFP and 2 (0–6)
platelet units. The trauma patients’ FFP: RBCs: Platelets

ratio was also 2:1:0�5. Massively transfused trauma

patients’ mortality rate was 61�8%, and there was no sta-

tistically significant difference between the mortality and

no-mortality group and the amount of transfused RBCs

units (P > 0�05). Trauma was compared with other causes

of death, and there was no statistically significant differ-

ence between the variables (P > 0�05).
The dichotomized group (trauma and other) for MT

indications was analysed individually. The mortality rates

of trauma patients that received high and low ratio (FFP:

RBCs ratio > 1:1�5 vs. ≤ 1:1�5) transfusions were 47�6%
and 84�6%, respectively (P = 0�03). The other group’s

mortality rates between the high and low ratio groups

were 55�4% and 59�4%, not statistically different

(P = 0�7).
Hacettepe University Hospital’s MT data require special

attention. Six patients received 824 (62% of their total)

units of FFP. Their median (IQR) FFP, RBCs and Platelets

values were 105 (79–137), 41 (22–55), and 24 (12–27)
units, respectively. Retrospectively, those patients’ labora-

tory data showed that their prothrombin time and

Table 1 Medical institutions included in the study

• Ankara University Faculty of Medicine

(a) Ibni Sina and Cebeci Hospitals

• Gazi University Faculty of Medicine Hospital

• Hacettepe University Faculty of Medicine Hospital

• University of Health Sciences

(a) Diskapi Yildirim Bayezit Training and Research Hospital

(b) Gulhane Training and Research Hospital

(c) Kecioren Training and Research Hospital

© 2021 International Society of Blood Transfusion
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activated partial thromboplastin time values were >1�8
times the normal levels.

Discussion

Population-based MT studies are scant in the literature.

Halmin et al. [20], showed that the transfused patients’

MT incidence was between 0�25 and 0�45%. Doughty

et al. [22] reported that cardiac services (42�7%) and

trauma (17�6%) most often led to MT and 87�1% of epi-

sodes were surgical. Our MT criterion was ≥10 units of

RBC to enable comparison with the above studies. In our

study, 0�27% of transfused patients experienced MT, and

over 90% were surgical. Contrasting with the traditional

definition stated above, Mitra et al. [23] proposed using

≥5 RBC units in 4 h to define MT. Green et al. [24] used

both definitions of MT, and thus captured 701 episodes of

MT within a 3-year period, and the incidence rate was

1�7 per 1000 admissions.

Massive transfusion most commonly occurs in cardiac

surgery settings [15]. Koch et al. [25] demonstrated a

dose-dependent relationship between each unit of trans-

fused RBCs and the adjusted and unadjusted odds for

postoperative mortality. The unadjusted mortality rate

was >20% for those receiving ≥10 units of RBCs. Delaney

et al. [26] also showed that high ratio FFP: RBCs transfu-

sions were associated with less organ dysfunction and

lower mortality rates.

Approximately 3%–5% of civilian and 2�4%–10% of

military trauma patients are expected to require MT [27–
31]. Eksert et al. [29] showed that torso injuries consti-

tuted 93�3% of MT in military settings and 71�4% of MT

were due to thoracic and thoraco-abdominal injuries. Out-

come studies of trauma patients focus on the FFP: RBCs:

Platelet ratios and established MTPs. Holcomb et al. [7]

demonstrated in their PROPPR study that more trauma

patients in the 1:1:1 group achieved haemostasis and

fewer experienced exsanguination-related death. Our

trauma patients’ FFP: RBCs: Platelets ratio is 2:1:0�5.
Studies [21,32,33] that compared high vs. low ratio FFP/

RBCs (≥1/1�5 vs. <1/1�5) transfusions demonstrated signifi-

cantly lower mortality in trauma patients. Likewise, the

trauma patients’ mortality rate was approximately 1�8
times lower than the low ratio group in the current study.

The optimal FFP: RBCs: platelet ratio remains contro-

versial [10]. Halmin et al. [20] reported that the plasma to

RBCs ratio slightly increased from 0�36 (1996–2006) to

0�6 (2006–2010). Doughty et al. [22] showed a more bal-

anced use of the haemostatic components; the reported

FFP: RBC: platelet ratio was 0�79:1:0�85 during 2008–
2015. The FFP:RBCs:platelet ratio was 2:1:0�5 in this

study. Platelet supply is usually maintained in-near-equi-

librium to the routine demand and supply [31], which

may also cause the low platelet ratio reported in this

study. Nevertheless, Turkey’s ongoing technical assistance

programme may significantly improve goal-directed

transfusion practices and blood resource management.

The overall hospital mortality rate of MT patients was

57�5% in this study, which was associated with higher

RBCs transfusions. Cardiovascular surgery (66�7%) and

trauma (61�8%) were the most common causes. Halmin

Table 4 Characteristics of MT patients (2017-2019)

Total number of MT patients 167

Number of MT patients per Institution, n (%)

Ankara University Hospitals 24 (14�3%)

Gazi University Hospital 32 (19�2%)

Hacettepe University Hospital 45 (26�9%)

Diskapi Yildirim Bayezit TR Hospital 39 (23�4%)

Gulhane TR Hospital 23 (13�8%)

Kecioren TR Hospital 4 (2�4%)

Age, (median, IQR) years 59 (37–66)

Sex, n (%)

Female 51 (30�5%)

Male 116 (69�5%)

LOS, (median, IQR) days 10 (3–20)

Setting of MT, n (%)

Surgical 152 (91%)

Non-surgical 15 (9%)

Mortality, n (%)

Present 96 (57�5%)

Absent 71 (42�5%)

Admission Clinic, n (%)

Cardiovascular Surgery 76 (45�5%)

General Surgery 42 (25%)

Gynecology and obstetrics 8 (5%)

Orthopedics and traumatology 5 (3%)

Anesthesiology ICU 13 (8%)

Emergency Medicine 5(3%)

Cardiology 4 (2%)

Urological Surgery 3 (2%)

Other 11 (6�5%)

Indications, n (%)

Cardiovascular surgery 72 (42�6%)

Trauma 34 (20�3%)

Cancer Surgery 18 (11%)

Transplantation Surgery 12 (7�2%)

Gastrointestinal Bleeding 14 (8�4%)

Obstetric care 6 (3�9%)

Hematologic disease 1 (0�6%)

Other 10 (6%)

Total RBC units transfused (median, IQR) 18 (14–26)

RBC units transfused during MT (median, IQR) 13 (11-17)
Fresh Frozen Plasma units received by MT

patients (median, IQR)

16 (9–33)

Platelet units received by MT patients (median, IQR) 4 (0–11)

IQR, interquartile range; LOS, length of stay; MT, massive transfusion;

RBC, red blood cell; TR, training and research.
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et al. [20] showed that their 30-day mortality was 24�8%;

however, they also emphasized that their 5-year mortality

rate was high (54�6%). Using different definitions for MT,

two other studies [12,24] reported 23% and 32% overall

mortality rates. Green et al. [24] reported that mortality

was higher for patients who required 10–14 RBCs (36%)

and ≥15 RBCs (66%), compared with the patients that

were transfused 5–9 units (23%).

Fresh frozen plasma (FFP) contains >70% of the normal

levels of clotting factors and has been used as a source of

coagulation factors worldwide [10]. MT data from Hacet-

tepe University Hospital revealed six actively bleeding

patients with severe sepsis/septic shock. Besides the RBCs

and platelets, they were transfused a total of 824 units of

FFP. Despite the lack of any demonstrated benefit, the

transfusion of FFP has been recommended for those

actively bleeding patients with severe sepsis/septic shock

who have increased PT (INR), APTT [10,34–36].
Clinicians in Turkey promote the use of component

therapy for all transfusion indications, including massive

transfusion. Turkish Red Cross, Turkey’s leading blood

supplier, does not have any organization to meet demand

regarding whole blood use. Our country needs to improve

the new blood transfusions concepts that involve whole

blood supply at least for some exceptional circumstances

like massive transfusion indication.

Our study has significant limitations that are inherent

to its design. We depict available occurrences, with their

frequencies, associations and differences. Stages and

types of cancers, injury-severity scores of trauma cases,

associated morbidities of patients with cardiovascular

diseases, postoperative infections and sepsis rates, trans-

fusion-related complications and other possible causes of

transfusions and mortalities are not included in the

study. Our data do not include 24–48 h or 30-day mor-

tality rates.

Conclusion

To our knowledge, this is the first large scale multicenter

study that describes the clinical indications of MT in Tur-

key. We found that cardiovascular disease, trauma and

cancer are the three most frequent, and the setting was

almost invariably surgical. MT is uncommon but not neg-

ligible and leads to significant numbers of blood transfu-

sions, and a high mortality rate. High FFP: RBCs ratio

transfusion may be associated with increased survival.

Now we know the most frequent factors leading to mas-

sive transfusion, but larger studies on specific patient

groups are required to fill the knowledge gap.
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Background and Objectives Iron overload in thalassaemia is a crucial prognostic
factor and a major cause of death due to heart failure or arrhythmia. Therefore,
previous research has recommended amlodipine as an auxiliary treatment to cur-
rent chelating agents for reducing iron overload in thalassaemia patients.

Materials and Methods A systematic review and meta-analysis of the results of
three randomized clinical trials evaluating the use of amlodipine in thalassaemia
patients through 12 databases were carried out.

Results Our final cohort included 130 patients. Insignificant difference in
decreasing liver iron concentrations was found between amlodipine and control
groups {weighted mean difference = �0�2, [95% confidence interval = (�0�55–
0�15), P = 0�26]}. As regards serum ferritin, our analysis also showed no signifi-
cant difference in serum ferritin between amlodipine and control groups
{weighted mean difference [95% confidence interval = �0�16 (�0�51–0�19),
P = 0�36]}. Similarly, there was insignificant difference in cardiac T2* between
amlodipine and control groups {weighted mean difference [95% confidence
interval = 0�34 (�0�01–0�69), P = 0�06]}.
Conclusions Despite the growing evidence supporting the role of amlodipine in
reducing iron overload in thalassaemia patients, our meta-analysis did not find
that evidence collectively significant. The results of our simulation suggest that
when more data are available, a meta-analysis with more randomized clinical tri-
als could provide more conclusive insights.
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Introduction

Thalassaemia is caused by inherited autosomal recessive

abnormalities in haemoglobin synthesis [1]. These abnor-

malities result in an imbalanced production of whole

alpha- or beta-globin chains, leading to the formation of

defective haemoglobin molecules in both alpha- and

beta-thalassaemia, respectively [2]. Depending on the

clinical severity and haemoglobin levels, thalassaemia

patients may require regular packed red blood cell trans-

fusions with iron chelation therapy, splenectomy or bone

marrow transplantation in selected cases.

Iron overload occurs frequently along the course of

treatment of transfusion-dependent chronic anaemia and

contributes to mortality in thalassaemia patients [3]. For

example, the heart lacks a negative feedback mechanism

to protect cardiomyocytes from surges in systemic iron,

rendering it more susceptible to iron deposition, serious

cardiac arrhythmia and sudden death [4]. Thus, iron-

chelating agents were devised to lower total body iron,

minimize the production of reactive oxygen species and

avoid end-organ damage in thalassaemia patients with a

long history of blood transfusion, leading to lower mor-

bidity and improved survival [5]. Yet, iron chelators

demonstrate a wide array of adverse side effects. For

instance, deferoxamine is associated with visual loss and

ototoxicity [6], whereas, deferasirox gives rise to renal

impairment [7].

Previous research has shown that iron uses high-capac-

ity calcium channels to pass into body organs, and that it

is reasonable to believe that blocking these channels may

potentially aid in preventing the accumulation of tissue

iron and curbing its long-term complications [8].

Recently, growing evidence from randomized clinical tri-

als (RCTs) has recommended administering amlodipine as

a calcium-channel blocker (CCB), to be utilized as an

adjuvant remedy to current iron-chelating agents

although these conclusions have been drawn out from

small study cohorts [9–11]. Therefore, we aimed to pool

the findings from all published trials to assess the clinical

effectiveness of amlodipine in addition to iron- chelation

therapy in reducing the iron overload in patients with

thalassaemia.

Methods

Search strategy and selection criteria

Under the recommendations of Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines [12], we conducted our systematic review and

meta-analysis (Table S1). Our protocol has been recorded

within the prospective international register of systematic

reviews (PROSPERO) with a registration number

CRD42018085424. On 10 January 2018, we performed

electronic searching through twelve databases including;

PubMed, Scopus, Web of Science (ISI), POPLINE, Virtual

Health Library (VHL), (System for Information on Grey

Literature in Europe) SIGLE, Global Health Library (GHL),

The New York Academy of Medicine (NYAM), Controlled

Trials (mRCT), WHO International Clinical Trials Registry

Platform (ICTRP), ClinicalTrials.com, and Google Scholar.

The following integrated search terms were used to

assemble all related articles: (calcium-channel blocker OR

Norvasc OR amlodipine) AND thalassaemia major. No

search filters were applied to language, year or study

design. Identified studies were grouped into Endnote to

remove duplicates. Three independent reviewers screened

titles and abstracts of Endnote-imported articles for eligi-

bility against inclusion and exclusion criteria. Inclusion

criteria were; (a) RCTs reporting the use of amlodipine or

any other CCBs in thalassaemia major, (b) reporting data

from humans, (c) with no restriction concerning language,

sex, age, and area. Exclusion criteria were; (a) study

design other than RCTs, (b) non-extractable data, (c) over-

lapping data sets, (d) where only abstract is available, (e)

animal or in vitro studies, (f) duplicated and irrelevant

data. Finally, a manual search was conducted using refer-

ences of the included studies, and looking for similar

studies in PubMed and Google Scholar, and contacting

authors and research groups. Conflicts regarding includ-

ing or excluding articles were solved after consulting a

senior study member.

Data extraction

Three independent reviewers performed the data extrac-

tion task. A template in Microsoft Excel was used to

report baseline study characteristics and expected out-

comes. Conflict resolution about any issues related to data

extraction was finalized after reviewers’ discussion and

consensus with a senior author, whenever needed. All

data have been re-checked by more than one reviewer.

The liver-iron concentration (LIC) of one study was

extracted from an included graph [11]. Also, we have

contacted one author to get the raw data to include it

with accuracy in the analysis [10].

Statistical analysis

All data were analysed using R statistical software version

3.4.3. First, we prepared the data by using a uniform for-

mat for the expression of liver iron loads. For that, LIC

was used as the standard, and T2* data were converted
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into iron concentration data (1�5T) using the appropriate

conversion equations [13,14]. Second, the standardized

mean difference, its variance and standard error (SE) were

calculated using the pre- and post-intervention data for

drug versus control groups [15,16]. After that, all data

were pooled using the ‘meta’ package.

A fixed-effect model, according to the method of Man-

tel–Haenszel, was used if there were no evidence of

heterogeneity between studies. Otherwise, a random-ef-

fects model using the method of Der Siomonian and Laird

was employed [17]. Heterogeneity between studies was

assessed using the Q statistic and I2 test which describe

the percentage of variability in the effect estimates, con-

sidering it significant with I2 value >50% or P-value

<0�05 [17,18]. The publication bias assessment, using

Egger’s regression, was not a possible test due to the

small number of included studies (less than 10) [19,20].

Using Stata software (version 14.2, StataCorp, College

Station, TX, USA), simulation methods were used to cre-

ate graphs demonstrating the power achieved by an addi-

tional randomized trial to change the results of the meta-

analysis at different sample sizes up to a maximum of

1000 patients [21,22]. This process was literally described

by Crowther et al. as follows, [23] ‘from a meta-analysis

of the existing studies, a distribution for the chosen out-

come measures in a new clinical trial or diagnostic test

accuracy study is derived. An estimate for the outcome

measure from this distribution is then sampled, represent-

ing the underlying effect in the new (simulated) study.

Data representing the new study are generated stochasti-

cally according to the estimate sampled in step 1 for a

specified sample size. These simulated study data are then

added to the existing meta-analysis, which is then re-

meta-analysed’.

Results

Literature search and patient characteristics

The electronic search yielded 95 studies from the 12 data-

bases. After excluding duplicates through title/abstract

screening, we were left with 46 relevant studies for full-

text screening. Of those, only three studies fulfilled our

inclusion criteria. The manual search did not result in

any additional studies (Fig. 1). Our analysis included 130

participants (64 from treatment groups and 66 controls),

the mean age (�standard deviation) for the treatment and

control groups was 23�51 (�8�09) and 23�67 (�10�72),

Fig. 1 PRISMA flow diagram of the study selection and screening.
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respectively. 46�2% of the included participants were

males. In the Fernandes studies, [10,11] 22 Hepatitis C

patients were included whereas Eghbali et al. [9] excluded

them. Dr. Fernandes was contacted to provide the raw

data of his two studies, which eliminated any possibility

of duplicate patients. Patients’ characteristics are included

in Table 1. Iron-chelating agents used included deferi-

prone, deferoxamine and deferasirox. Their side effects

were mild and were limited to gastrointestinal tract (GIT)

complaints, mild enema, skin allergies and dizziness. All

administered iron-chelating medications and their associ-

ated adverse effects are reported in Table 2.

Quality assessment of included studies

To assess the risk of bias within the included RCTs, we

made use of the Cochrane Collaboration’s quality assess-

ment tool [24]. Three independent reviewers carried out

that assessment and resolved conflicts by discussing them

with a senior author. The three included RCTs displayed a

low risk of bias as regards selective reporting and attri-

tion. Random sequence generation and allocation con-

cealment were unclear in two studies [9,11]. Results of

the quality assessment are summarized in Fig. 2.

Liver iron concentration

Three studies (130 patients) have reported changes in liver

iron concentration (LIC) among the amlodipine and con-

trol groups. Pooling these data, the results showed a

weighted MD of �0�20 with a null value of zero lying

within the 95% CI (�0�55–0�15). This implies there is no

statistically significant difference between the amlodipine

and control groups (P = 0�26) ( Fig. 3a). No significant

heterogeneity was found between the included studies

[I2 = 0%, P = 0�87]. A simulation, with 100 replications

in each arm, was done and yielded a power estimate of

21% with 95% CI between 13�94 and 30�29, indicating

that the P-value was below 0�05 in 21 of the 100 itera-

tions. Moreover, a power curve for a future meta-analysis

was generated, specifying that a future trial with a sample

size of 900 patients with 450 in each arm will establish a

meta-analysis with an adequate power that is close to

60% (Fig. 3b). To reach a more acceptable power of 80%,

a future trial with a total sample size of 2000 subjects,

1000 for each arm will be required, which may not be

totally feasible to fulfil.

Serum ferritin (SF)

As regards the serum ferritin fluctuations (pre- and post-

treatment), the results showed no statistically significant

difference between the amlodipine and control groups Ta
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[weighted MD (95% CI) = �0�16 (�0�51–0�19), P = 0�36].
(Fig. 4a). There was no significant heterogeneity between

the included studies [I2 = 0%, P = 0�62]. A simulation,

with 100 replications in each arm, was done and pro-

duced a power estimate of 45% with 95% CI between

35�03 and 55�27, indicating that the p-value was below

0�05 in 45 of 100 iterations. Moreover, a power curve for

a future meta-analysis was generated, recommending that

a future trial with a total sample size of 1000 patients

with 500 in each arm be conducted to provide a meta-

analysis with an adequate power that is close to 70%

(Fig. 4b). To reach a more acceptable power of 80%, a

future trial with a total sample size of 1500 subjects with

750 in each arm will be required, which may not be so

feasible to conduct.

Heart T2*

Monitoring the effects of amlodipine using changes in

heart T2* (pre- and post-treatment), the pooled data

showed no significant difference in increasing the heart

T2* between the amlodipine and control groups [weighted

MD (95% CI) = 0�34 (�0�01–0�69), P = 0�06] (Fig. 5a).

The significant heterogeneity was absent among the

included studies [I2 = 44 %, P = 0�17]. A simulation, with

100 replications in each arm, was done and gave a power

estimate of 77% with 95% CI between 67�51 and 84�83,
indicating that the P-value was below 0�05 in 77 of 100

iterations. Moreover, a power curve for a future meta-

analysis was generated; specifying that a future trial with

a total sample size of 500 patients (250 in each arm) and

1000 patients (500 in each arm) will ensure a meta-analy-

sis with an adequate power that is close to 80% and 90%,

respectively (Fig. 5b). These numbers are feasible with

adequate recruitment since the condition is rare.

Quality of the evidence

Only three small trials were included in the review so, the

overall quality of the evidence for all outcomes reported

was moderate to low in quality, due to risks of bias and

indirectness (not applicable to wider population). We tried

to improve the quality of evidence by our access to the

individual patients’ data of two studies. Two of the three

included trials were conducted by the same investigators

with the multicentre study having a larger follow-up. To

verify results, further trials with wider follow-up duration,

more patients and different investigators are required.

Discussion

Worldwide, iron overload constitutes a major health prob-

lem. In the context of patients with thalassaemia, ironTa
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overload most commonly occur after regular blood trans-

fusions. In this study, we shed some light on the effec-

tiveness of amlodipine in providing an additional iron-

lowering potential to commonly used iron-chelating

agents through its effect on changes in LIC, SF, and heart

T2* pre- and post-treatment. Although we found a benefi-

cial effect of using amlodipine, however, due to the lim-

ited number of included patients, we were unable to draw

definitive conclusions.

The initial investigation questioning the role of CCBs

in reducing iron uptake by heart and liver cells started in

2003, when scientists suggested that L- and T-type cal-

cium channels were the main portal of entry of iron into

cardiomyocytes of iron-overloaded transgenic mice and

that CCBs, by reducing iron entry into heart and liver

cells, improved cardiac muscle function and survival in

thalassaemic mice [8,25,26]. The choice of amlodipine in

our included studies was explained by its safety, low cost

and prolonged half-life [27,28]. There were no serious

side effects exhibited in included patients, however, it is

noteworthy, being a member of the dihydropyridine fam-

ily of CCBs, which exert most of their anti-hypertensive

Fig. 2 Summary of quality assessment among included RCTs.
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effect through reducing peripheral vascular resistance,

that amlodipine may increase the odds of experiencing

hypotension and reflex tachycardia [29]. In contrast, it

may be not recommended to replace it by the non-dihy-

dropyridine group members like verapamil and diltiazem,

since their long-term use might be associated with

increased risk of heart failure, bradycardia, ventricular

fibrillation and sudden death [27].

Our meta-analysis found no significant difference

between the amlodipine and control groups in changing

the cardiac T2*. However, in the 2013 pilot study by Fer-

nandes et al., a significant difference in cardiac T2* (pre-

and post-treatment) was observed at 6 months, yet

became non-significant at 12 months after treatment [11].

Moreover, in the 2016 trial conducted by the same

author, which employed a larger sample size, it was

Fig. 3 (a) Forest plot meta-analysis comparing changes in LIC between amlodipine and control group. (b) Simulation of the power of the study in LIC

changes for a future trial and meta-analysis using a fixed-effect model. seTE, standard error of treatment effect; TE, treatment effect.
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shown that a significant decrease in Myocardial Iron Con-

centration (MIC) after 12 months occurred only between

the amlodipine and control groups whose baseline MIC

was initially above the normal mean threshold

(MIC > 0�59 mg/g dry weight or T2* ≤ 35 ms) [10]. These

results were similar to those of a study by Sadaf et al. in

which, although non-significant changes in heart T2*

were shown, other changes in MIC were significant,

suggesting a possible role for baseline MIC in the

response of thalassaemia patients to CCBs [30]. Although

Fernandes et al. attributed the differences in cardiac T2*

and MIC to the larger sample size in their 2016 study, we

propose an additional hypothesis that needs to be con-

firmed with future studies. It has been largely established

that the iron chelator deferiprone unloaded cardiac iron

faster than deferoxamine [31,32]. In the Fernandes’s 2013

Fig. 4 (a) Forest plot meta-analysis comparing changes in SF between amlodipine and control group. (b) Simulation of the power of the study in SF for

a future trial and meta-analysis using a fixed-effect model. seTE, standard error of treatment effect; TE, treatment effect.
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trial, since only one (20%) of the amlodipine group, while

four (40%) of the control group, was on deferiprone, this

may have been responsible for the reported significant

difference after 6 months of treatment between the

amlodipine and control groups, which eventually waned

with the continuity of treatment. Due to the differences in

the unloading potentials of various iron chelators, future

studies should focus on comparing treatment and control

groups using only one iron-chelating agent.

In our study, none of included RCTs reported a signifi-

cant decrease in LIC after treatment. Their explanation for

that observation leaned on data from animal studies,

where iron uptake into liver cells was less dependent on

calcium channels as compared with myocardial cells

[26,33]. Yet, we find it unlikely that this was the only

explanation for such a phenomenon. In 2007, it was pro-

posed by Ludwiczek et al. that CCBs mobilized iron from

the livers of iron-overloaded mice and enhanced urinary

Fig. 5 (a) Forest plot meta-analysis comparing changes in heart T2* between amlodipine and control group. (b) Simulation of the power of the study in

heart T2* changes for a future trial and meta-analysis using a fixed-effect model. seTE, standard error of treatment effect; TE, treatment effect.
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iron excretion through modulation of the divalent metal

transporter-1 (DMT-1) [34]. However, later on, McKenzie

et al. refuted the alleged DMT-1 mechanism, suggesting

another unknown mechanism to be in effect [35]. We

believe that other factors may have influenced the liver’s

capability to uptake iron. This has been disclosed in a

later experimental study inspecting the harmful effects of

obesity on the autophagic mechanisms in human hep-

atoma cell lines or HepG2 cells [36]. It was found that

verapamil was effective in preventing chronic rising of

cytosolic calcium inside those cells, leading to restoration

of autophagosome and lysosome linkages. We, therefore,

hypothesize that the metabolic state of the liver cells has

an impact on its ability to uptake or unload iron. The LIC

level was not measured as an outcome in the aforemen-

tioned experiment, however, future studies are warranted

to confirm whether the metabolic state of liver cells can

affect its ability to utilize iron and in which of those

metabolic states can CCBs be better applied to reduce iron

uptake in thalassaemia patients.

As regards the effect of amlodipine on SF, our meta-

analysis showed no significant difference before and after

treatment. However, Eghbali et al. were the only research-

ers to demonstrate a significant reduction in SF from

baseline to 12 months after treatment in both the

amlodipine and the control groups [9]. In our opinion, a

possible explanation for this effect might have been the

more sound selection of study subjects. Eghbali et al.

specifically excluded subjects who were known to have

inflammatory or infectious hepatic diseases, thus eliminat-

ing the possibility of an increased SF as an inflammatory

marker in such subjects. Furthermore, a significant rise in

SF might have been an inevitable consequence of the fact

that the Eghbali study had a greater number of splenec-

tomized patients. Previous research has shown signifi-

cantly higher SF levels in splenectomized patients with b-
thalassaemia than in non-splenectomized ones [37,38].

Further randomized controlled trials should consider this

effect during patients’ enrolment to get a better efficacy

measurement. Otherwise, the effect of amlodipine on the

renal excretion of iron through renal DMT-1 receptors was

not consistent and therefore need more evidence [35].

A notable strength within our research was the novelty

of its idea. The notion that an oral, relatively inexpensive

CCB with a long half-life, such as amlodipine, could aid

current iron chelators in unloading and preventing excess

iron accumulation into target organs was an idea worthy

of consideration. Another strong point was emphasizing

the importance of selection criteria for subjects in simi-

larly focused studies, and its possible influence on study

outcomes. Nevertheless, a major limitation of our study

was that we could not draw a decisive conclusion because

of the small number of included patients. In addition, the

lack of well-thought inclusion and exclusion criteria for

similar study subjects imposed a threat to the generaliz-

ability of the results. Comparing amlodipine to control

groups comprising heterogeneous iron chelators instead of

making the comparison with only one type can yield mis-

leading information since it has been shown that certain

iron chelators were more efficient than others were. Future

studies overcoming the above limitations are warranted.

In conclusion, our study investigating the effect of

amlodipine on changes in LIC, SF and heart T2* before

and after treatment of thalassaemia patients showed

favourable differences that were yet statistically non-sig-

nificant. Due to the small number of eligible studies

within our analysis, and the presence of some confound-

ing factors that would otherwise explain the demon-

strated results, we conclude that future studies with larger

and more homogenous study cohorts are warranted.

Moreover, similar studies involving solely children, speci-

fic iron-chelating agents, or investigating the potential

roles of baseline MIC, splenectomy and other relevant

patient-specific factors are highly recommended.
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Abstract

Background/objectives Transfusion reactions (TRs) may cause or contribute to
death. Cardiopulmonary TRs are distressing, and collectively account for most
transfusion fatalities, though the degree to which they alter survival more
broadly is unclear. Deaths (and their timing) after TRs may provide further
insights.

Materials/Methods Adult (tri-hospital network) haemovigilance data (2013–2016)
recorded referrals with conclusions ranging from unrelated to transfusion (UTR)
to entities such as: septic TRs, serologic/haemolytic reactions, transfusion-associ-
ated circulatory overload (TACO), transfusion-associated dyspnoea (TAD), transfu-
sion-related acute lung injury (TRALI), allergic transfusion reaction (ATR), and
others. For (in- or out-patient) visits involving suspected TRs (VISTRs), all-cause
mortalities (% [95% confidence interval]) and associated time-to-death (TTD)
(median days, [interquartile range]) were compared. Diagnoses were defined
inclusively (possible-to-definite) or strictly (probable-to-definite).

Results Of 1144 events, rank order VISTR mortality following (possible-to-defi-
nite) TRs, and associated TTDs, were led by: DHTR 33% [6–19], 1 death at 123d;
TRALI 32% [15–54], 6 deaths: 3d [2–20]; BaCon 21% [14–31], 17 deaths: 10d [3–
28]; TACO 18% [12–26], 23 deaths: 16d [6–28]; TAD 17% [11–26]: 18 deaths, 6d
[3–12]. Higher-certainty TRs ranked similarly (DHTR 50% [9–91]; BaCon 29%
[12–55], 4 deaths: 12d [3–22]; and TACO 25% [16–38], 15 deaths: 21d [6–28]).
VISTR mortality after TACO or TRALI significantly exceeded ATR (3�3% [2�4–
5�8], P < 0�00001) but was not different from UTR events (P = 0�3).
Conclusions Only half of cardiopulmonary TRs constituted high certainty diag-
noses. Nevertheless, cardiopulmonary TRs and suspected BaCon marked higher
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VISTR mortality with shorter TTDs. Short (<1 week) TTDs in TAD, BaCon or
TRALI imply either contributing roles in death, treatment refractoriness and/or
applicable TR susceptibilities in the dying.

Key words: transfusion reactions, hemovigilance, TRALI, haemolytic transfusion
reaction, blood safety, bacterial contamination.

Introduction

Transfusions, though generally safe, may be associated

with adverse effects leading to death [1]. Respiratory

transfusion reactions such as transfusion-related acute

lung injury (TRALI) and transfusion-associated circulatory

overload (TACO) predominate among transfusion-related

deaths and associate with in-hospital mortality (IHM) [2–
6]. While preclinical models of TRALI (and its mecha-

nisms of inflammation, endothelial leak and respiratory

failure) have been shown to cause death [7,8], comparable

models of fatal TACO are not yet described [9]. The

degree to which the association of TACO with IHM

reflects causality or a disproportionate susceptibility in

those already dying is, therefore, unclear.

Explorations of transfusion reaction (TR) associations

with mortality have yielded heterogeneous results [4,10–
20]. Explanations for variability include differences in

patient populations, reporting mechanisms and adopted

definitions [10,15]. Incidences can vary significantly with

age, as shown by TR incidences in paediatric, obstetric

and other adult populations [21–23]. Case ascertainment

may vary by orders of magnitude between passive (vol-

untary) to more active (mandatory or electronic) systems

[24–26]. Available case information and the diagnostic

criteria for a given definition may also yield different

classification outputs. Diagnostic ‘gating’ – the inclusion

of possible cases for the sake of sensitivity, versus strin-

gent qualification (for only the most certain cases) for

specificity will also shape apparent incidences [27–29].
Improvements in documentation and standardization with

revised definitions [29,30] are desirable for data compara-

bility and aggregate measures of incidence and outcomes.

In studies of TACO describing IHM, few report on the

time to death (TTD) from the reaction [4,10–20], a poten-

tially revealing indicator for a role in fatalities. High IHM

with narrow TTDs may together suggest direct roles, even

if not considered by clinicians witnessing and/or docu-

menting events in real-time. Conversely, high IHM with

longer TTDs may simply reflect recipient susceptibility to

certain reactions, with deaths due to other causes.

This study primarily examines in- and out-patient hos-

pital visits involving TRs, for the associated rank-order

visit mortalities and TTD. Inclusive (sensitive) counts

featured possible-to-definite TRs; whereas, strict (specific)

counts were limited to TR diagnoses that were more cer-

tain (probable-to-definite). Secondarily, we assessed the

impact that inclusive or strict coding had on TR counts

and mortalities, given the particular challenge of defini-

tively meeting criteria for cardiopulmonary TRs, when

contrasted with other TRs (such as allergic or serologic)

with less mistakable features. How stringency affected

counts in TRALI or TACO was, therefore, also of interest.

Methods

Study setting

The Research Ethics Board approved the retrospective

study of haemovigilance data for the 4 years (2013–2016)
period (CAPCR-ID 17-5235�0 [108180�0]) [31]. From the

recorded dates of registration, reaction, post-reaction dis-

charge and status (living/deceased) at discharge, mortali-

ties and intervals (TTD) were calculated.

The tri-hospital setting of the University Health Net-

work (UHN) consists of Princess Margaret Cancer Centre,

Toronto General Hospital and Toronto Western Hospital

in Toronto, Canada. Each hospital blood transfusion labo-

ratory (BTL) dispenses blood products, defined either as

components (red-blood-cell units [RBC], adult platelet

dose concentrates [PLT: pools from four whole blood-

derived buffy coats, or single donor apheresis platelets),

frozen plasma [FP], cryoprecipitates [CPP]); or derivatives

(purified protein products such as albumin, IVIG, pro-

thrombin complex concentrates and fibrinogen concen-

trates). Reaction reporting rates surpass other hospitals

across the province [31,32]. All suspected TRs are referred

to the BTL for investigation by the transfusion safety offi-

cer (TSO [AE, FT]). TRs are reviewed by on-service trai-

nees and transfusion medicine physicians (TM MD [JP,

LL, YL, JC, CC]), and log in a BTL database with final dig-

ital medical record signout [CC]. Internally, the Hospital

Transfusion Committee receives TR summary reports, and

externally, applicable TRs are reported in accordance with

the tools, contracts and regulations of the haemovigilance

system (the Transfusion Transmitted Injuries Surveillance

System [TTISS] and the Public Health Agency of Canada/

Canada Vigilance Programme) [33].
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Event counts

Referrals to evaluate for suspected TRs reflected ≥ 1 (clin-

ical, radiologic and/or laboratory) disturbance(s) associ-

ated with ≥1 blood product administrations, as

experienced on a given encounter date. Acute reportable

disturbances in policy include fevers, mucocutaneous

changes (eg urticarial rash), cardiopulmonary events (eg

hypoxic desaturation and/or dyspnoea) and/or other con-

cerns (pain and changes in level of consciousness). Impli-

cated products in a referral may encompass ≥ 1 products

on an encounter-date (eg 1 PLT and 2 u RBC). The

referred event may, therefore, follow several implicated

products and manifest with ≥1 disturbance, thereby gen-

erating a number of potential TR conclusions, each with a

respective degree of certainty and product imputability.

Visits involving suspected transfusion reactions
(VISTRs)

Registrations consisted of all length of stay (LOS) options,

ie- either outpatient visits (LOS 0) or LOS ≥ 1 (inpatient

admissions, and ambulatory or emergency visits escalat-

ing to admission) for the given TR referral.

Transfusion reactions and comparators

TR categories included: allergic – all varieties (ATR),

allergic-bronchospasm (ABSTR as a respiratory subset of

ATR), acute haemolytic transfusion reaction (AHTR), sep-

tic transfusion reactions/bacterial contamination (BaCon),

delayed haemolytic transfusion reaction (DHTR), delayed

serologic transfusion reaction (DSTR), febrile non-haemo-

lytic transfusion reaction (FNHTR), intravenous

immunoglobulin (IVIG)-related headache (IVIG headache),

passive haemolytic transfusion reaction (PHTR), passive

serologic transfusion reaction (PSTR), transfusion-associ-

ated circulatory overload (TACO), transfusion-associated

dyspnoea (TAD) and transfusion-related acute lung injury

(TRALI). The significance of a category was explored

against ATRs and ‘reaction’ unrelated to transfusion (UTR)

events as a pragmatic, multi-severity control. In UTRs,

the transfusion was deemed less imputable than the

patient’s underlying condition (Table 1) [34].

Stringency of TR definitions

The reviewer’s certainty on any given TR diagnosis had

been classified at the time of reporting (Table 2, with

examples of suspected TACO). Probable-to-definite cer-

tainties reflected TRs with high confidence (and valued

for their specificity), while the inclusion of possible cases

was to gain sensitivity for events that may have been

undercounted due to limits in information. (Suspected

TRALI was important to report to the producer [ie-Cana-

dian Blood Services for components, or to Health Canada

and derivative manufacturers], while suspected TACO held

value as a risk or quality indicator if clustering in specific

care areas.)

VISTR mortality

TR-associated mortality reflected status at discharge

among VISTRs (or among inpatients), expressed as pro-

portions with 95% confidence intervals (95% CI) (http://

vassarstats.net/prop1.html), while TR-specific TTDs were

expressed as medians with interquartile ranges (IQR).

Results

General information and demographics

University Health Network transfused 250 978 compo-

nents over 4 years, with 1144 referrals (0�5%) to investi-

gate suspected TRs (in a cohort of 902 unique reactors,

55% male: 45% female [P < 0�0001]), expanding into

2425 possible-to-definite TRs of interest, and a smaller

(56%) subset of TRs with greater confidence/certainty in

the conclusion (1358 probable-to-definite) (Fig. 1). For

TRs occurring among inpatients (62% of possible-to-defi-

nite TRs [or 53% of probable-to-definite TRs]), discharge

vital status was recorded in 100%.

Frequency of reported TRs

The commonest possible-to-definite conclusion was UTR

(Fig. 1B), reflecting the ubiquity of attributable comor-

bidities. The commonest possible-to-definite TR was

FNHTR, while ATR led among the more certain (probable-

to-definite) diagnoses. TACO placed 3rd (whether inclu-

sively or strictly defined), with TAD 4th-5th. There were

43% (to 53%) fewer TACO cases after eliminating merely

possible events; whereas, uncertainty-related losses were

rare in TRs with definitive features (IVIG headache, ATR

and/or laboratory-defined DSTR/DHTR).

VISTR mortality

In this 4-year period, 113 of 902 individuals investigated

for TR died (13% [11–15]). Though no reactions were

judged as directly fatal, two DHTRs (of 9 hyperhaemolysis

cases) and 3 cardiopulmonary TRs were thought to have

contributed to later deaths. In TR-associated all-cause

deaths, mortalities (Figure 2) ranged as widely as 0–33%,

with confidence intervals widest on infrequently reported

and more serious TRs. Among the most commonly

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021)

Deaths after transfusion reactions 3

http://vassarstats.net/prop1.html
http://vassarstats.net/prop1.html


reported possible-to-definite TRs (all registrations [2A]),

ATRs associated with the lowest mortality (3�8% [2�5–
5�9]), followed by FNHTR (14% [11–17]) and UTR (18%

[15–21]). VISTR mortalities appeared highest in DHTR,

TRALI and BaCon [2A,2C], or DHTR, BaCon and higher-

certainty TACO [2B,2D]. VISTR mortalities after car-

diopulmonary reactions (TRALI or TACO) were not differ-

ent from UTR (P = 0�3) but were significantly higher than

ATR (P < 0�00001).

Time to death (TTD)

Time to death [IQR] varied among the TRs and with diag-

nostic confidence (Fig. 3). The TTD (in days) was shorter

in possible-to-definite cardiopulmonary TRs such as

TRALI (3 [2–30]) and TAD (6 [3–12]), followed by the

cluster of TACO, ABSTR and FNHTR (16 [6–28], [3–24],
[10–59]) and ATR (24 [7–57]). TRs in the ≥15% VISTR

mortality range with a median TTD of ≤10 days were lim-

ited to TRALI, TAD and BaCon, whereas, those with <20%
mortality and TTD > 15 days included TACO, FNHTR and

ATR/ABSTR (3C).

Discussion

In this TR cohort, the proportions (and certainties) of

specific TRs varied widely, as did their ensuing (all-cause)

mortalities and TTD. Common minor disturbances (aller-

gic TRs and FNHTRs) were more confidently concluded,

and presented in visits exhibiting low mortality and long

TTD. Serologic TRs (DSTR/DHTR) occurred in higher mor-

tality admissions but had long TTDs. By contrast, sus-

pected cardiopulmonary or bacterial contamination

events were more often uncertain, and occurred in higher

mortality visits with the shortest TTDs. These hypothesis-

generating data suggest that cardiopulmonary (and con-

tamination) events are either contributing to death and/or

are effects in those whose morbidities are priming or

already terminal.

Comparisons of these results with other studies are chal-

lenged by differences in patient populations and the

haemovigilance system (from definitions used, to mandates

that may either favour sensitivity [inclusivity to prevent

underestimates], or specificity [exclusivity to reduce over-

estimates and unnecessary donor deferrals]) [10,21,22,24–

Table 1 Definitions.

TR Definition

ABSTR Acute-onset mucocutaneous signs/symptoms of allergy (pruritis, angioedema, urticaria, erythema) with respiratory involvement, ie-

upper airway (hoarseness, stridor) and/or lower bronchopulmonary (dyspnea, cough, wheezing/bronchospasm, hypoxemia).

AHTR Hemolytic transfusion reaction manifesting within 24 h of transfusion (host vs. product).

ATR Skin reaction (transient urticaria or other skin rash with pruritus associated with transfusion – angioedema without respiratory

dysfunction or distress); anaphylactic reactions with hypotension – loss of consciousness, circulatory collapse requiring vasopressors.

BaCon Suspected bacterial contamination event, with culture-positive findings after applicable febrile/hemodynamic disturbances; deemed

definite if the same organism is seen in both product and patient; probable if the product is culture positive with a non-

contaminant (and the patient is either untested or construed as falsely negative); possible if the implicated product is not retrieved

for culture or construed as falsely negative, whereas patient is culture-positive for an organism that is likeliest product-attributable

after clinical review.

DHTR Hemolytic transfusion reaction >24 h and <1 month after transfusion.

DSTR Emergence of new alloantibodies < 28 days following transfusion.

FNHTR Either fever ≥ 38°C by D ≥ 1°C from baseline, or chills/rigors, not attributable to other drivers.

I/PTR Inflammatory/pain reaction.

IVIG Headache Headache during or shortly after IVIG administration.

PHTR Hemolysis attributed to passively infused antibodies (product vs. host, eg- IVIG isoagglutinin-mediated anemia).

PSTR Serologic change attributed to passive antibodies (eg- minor mismatched platelets with eluted isoagglutinin).

TACO Within 12 h of transfusion: respiratory distress (tachypnea, dyspnea, cyanosis, hypoxia) and/or pulmonary edema (crackles, cardiac

wheeze, cough, S3, transudative sputum, congestive changes on radiography), supported by cardiovascular features (tachycardia, JVP

rise, BP change, peripheral edema), fluid status (positive balance, diuretic response), or natriuretic peptide findings.

TAD Respiratory distress within 24 h of transfusion not meeting criteria for TRALI, TACO, ABSTR, or underlying condition.

TRALI New acute onset ALI (during or within 6 h of transfusion), hypoxemia (PaO2/FiO2 ≤ 300 or oxygen saturation < 90% on room air),

bilateral lung infiltrates on chest radiography, and absence (or non-accountable stability) of left atrial hypertension; definite (type 1)

if lacking alternative ARDS risk factors; or possible (type 2) if underlying (direct or indirect) lung injuries existed just prior (but were

stable in the pre-transfusion period).

UTR “Transfusion reaction” was most likely unrelated to the product, but rather due to underlying condition(s) and temporally-coincidental

progression.

Definitions adapted from Canada Public Health Agency Transfusion Transmitted Injuries Surveillance System (TTISS) User’s Manual Version 3.0 (2007).
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27,35]. We examined the effects of definitional stringency

on TRs to discern shifts in representation and outcomes.

These TRs occurred in an adult population evaluated

within a single haemovigilance system marked by robust

reporting, diverse settings, experienced BTL staff and uni-

form TTISS definitions [31,32]. By including possible cases,

the number of diagnoses exceeded the number of referrals.

While we often concluded that referrals were UTR, these

assignments were uncertain one-third of the time. Gaps in

information and consequential uncertainty were most pro-

nounced in complex (multi-source evidence-dependent)

cardiopulmonary TRs, which were reported often, with

TACO and TAD following FNHTR and allergic TR frequen-

cies. By this unorthodox approach (given that ‘possible’

cardiopulmonary TRs other than TRALI are not formally

recognized), many cases were merely ‘possible’ (with TACO,

TAD and TRALI being uncertain 50, 80 and 100% of the

time, respectively). This flexibility was as much to offset

known reporting underestimates as to be sensitive to

potential safety (or documentation quality) issues. Indeed,

suspected cases of TRALI, BaCon and TAD were among the

hardest to verify, with near-elimination by rigid inquiry.

Others have also exposed the tensions of strict definitions,

which may capture homogeneous states for study, but at

the expense of diminishing measures [26,36].

A wide range of IHM has been reported for different

TRs, with cardiopulmonary TRs among the deadliest [2–6].
In suspected TRALI, nearly 1/3rd of affected visits ended

in death, though there were no evaluable high-probability

cases, reflecting its vanishingly low incidence with mitiga-

tion and strict definitions for definite (type 1) cases. TACO,

conversely, had its 1-in-5 deaths/visit (among inclusive

cases) rise to 1-in-4 when strictly defined. Mortalities in

possible-to-definite TAD resembled possible-to-definite

TACO, though like ABSTR, TAD had lower mortalities (akin

to ATR) when defined strictly. TACO outcomes in this

cohort align with the uppermost frequencies of death (up

to 27%) across other studies (Table 3) [4,9–17,19,20].
Non-respiratory TRs with comparably high mortalities

were BaCon and DHTR (in the range of 1 in 3 to 1 in 2).

However, when re-sorting TRs by TTD, DSTR/DHTR

exhibited long durations in a small (underpowered) sam-

ple, arguing against causality and instead for ascertain-

ment bias, as discoveries are more likely in those with

admissions long enough to involve multiple transfusions

and tests. Suspected and more definitive BaCon cases

exhibited indistinguishably high mortality rates and short

TTDs, suggesting that suspected cases were either legiti-

mate or as serious.

Though definite TRALI was not captured, nearly 20

possible cases were seen, and these showed the highest

mortality and shortest TTD, transcending either BaCon or

UTR. UTR is an important category, as underlying illnessTa
bl
e
2
Ce
rt
ai
nt
y
in

TR
.

De
fi
ni
te

Li
ke
ly

M
os
t
lik
el
y

Pr
ob

ab
le

Po
ss
ib
le

–
ca
n
ne

it
he

r
ru
le

in
no

r
ru
le

ou
t

Do
ub

tf
ul
,

bu
t

ca
nn

ot
fu
lly

ru
le

ou
t

Ru
le
d
ou

t

Ru
br
ic
:

M
os
t
or

al
lr
el
ev
an
t

ex
am

in
at
io
ns

w
er
e

co
nd

uc
te
d
an
d
do
cu
m
en
te
d

to
ob
je
ct
iv
el
y
sa
tis
fy

re
qu

ire
d
cr
ite

ria
in

th
e

fo
rm

al
di
ag
no

si
s

Cr
ite

ria
ar
e
m
et
,b

ut

ev
id
en
ce

in
a
gi
ve
n

cr
ite

rio
n
m
ay

be
eq
ui
vo
ca
l,

or
re
as
on

ab
ly

im
pu

te
d
(if

ab
se
nt
)

M
os
t
(b
ut

no
t
al
l)
cr
ite

ria

ar
e
m
et
,b

ut
th
e
TR

re
m
ai
ns

lik
el
ie
r
th
an

th
e

un
de
rly

in
g
co
nd

iti
on

(s
)

Th
e
“m

is
si
ng

lin
k”

cr
ite

rio
n

is
ei
th
er

m
is
si
ng

or
m
ay

be

ex
pl
ai
ne
d
by

th
e

un
de
rly

in
g
co
nd

iti
on

.

M
an
y
fe
at
ur
es

ar
e
co
ns
is
te
nt

w
ith

th
e
TR
,b

ut
th
e
TR

an
d

un
de
rly

in
g
co
nd

iti
on

(s
)
ar
e

eq
ua
lly

lik
el
y

Cr
ite

ria
ar
e
no

t
sa
tis
fi
ed

be
ca
us
e
of

in
fo
rm

at
io
n
ga
ps

or
no

n-
sp
ec
ifi
ci
ty

D
oc
um

en
ta
tio

n
of

re
le
va
nt

fe
at
ur
es

m
ay

ha
ve

be
en

lim
ite

d;
w
hi
le

fe
w

fe
at
ur
es

co
nc
ur
,

al
te
rn
at
iv
es

ar
e
m
or
e

lik
el
y

M
os
t
or

al
lf
ea
tu
re
s
es
ta
bl
is
h
th
e

al
te
rn
at
iv
e
di
ag
no

si
s,
w
hi
le

an
y

fe
at
ur
es

un
iq
ue
/s
pe
ci
fi
c
to

th
e

TR
(if

th
ey

ex
is
t)
ar
e
te
ch
ni
ca
lly

ab
se
nt

Sa
m
pl
e
qu

er
y

TA
CO

ca
se
s:

Re
ac
tio

n

af
te
r
1
u

RB
C
gi
ve
n

ov
er

2
h:

N
ew

dy
sp
ne
a/
hy
po
xi
a,

cr
ac
kl
es

+
S3
,r
ad
io
lo
gi
c

ov
er
lo
ad
,h

yp
er
te
ns
io
n,

ch
ar
te
d
w
ei
gh

t
ga
in
s,
BN

P

el
ev
at
io
n

N
ew

dy
sp
ne
a/
hy
po
xi
a,

cr
ac
kl
es
,m

ild
CX

R
ed
em

a

w
ith

ou
t
ca
rd
ia
c
si
lh
ou

et
te

en
la
rg
em

en
t,
ta
ch
yc
ar
di
a,

pe
da
le

de
m
a
(p
re

=
po
st
)

U
nd

er
ly
in
g
pn

eu
m
on

ia
,b

ut

w
or
se
ne
d
dy
sp
ne
a
w
ith

ne
w

ef
fu
si
on

s,
w
or
se
ne
d

hy
pe
rt
en
si
on

,+
di
ur
et
ic

re
sp
on

se
(n
o
BN

P
te
st
in
g)

N
ew

dy
sp
ne
a/
hy
po
xi
a,

no
tin

g

po
st
-o
p
at
el
ec
ta
si
s,

ta
ch
yc
ar
di
a
(w
ith

ba
ck
gr
ou

nd

pa
ni
c
di
so
rd
er
),
an
d
no

rm
ox
ia

af
te
r
in
de
pe
nd

en
t
eu
vo
le
m
ia

W
or
se
ni
ng

dy
sp
ne
a
w
ith

ris
k
fa
ct
or
s,
bu

t
al
l

fe
at
ur
es

ar
e

pr
e-
ex
is
tin

g

(O
2
sa
tu
ra
tio

n,
vi
ta
ls
ig
ns
,

CX
R
CH

F)
;
BN

P
is

el
ev
at
ed

bu
t
w
ith

ou
t

co
m
pa
ra
to
rs

W
or
se
ni
ng

dy
sp
ne
a
bu

t
CX

R

sh
ow

s
as
pi
ra
tio

n
pn

eu
m
on

iti
s

w
ith

un
ch
an
ge
d
ca
rd
io
va
sc
ul
ar
/

vo
lu
m
e
in
di
ca
to
rs

(in
cl
ud

in
g

si
m
ila
rly

el
ev
at
ed

pr
e/
po
st

BN
P)

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021)

Deaths after transfusion reactions 5



Denominators

Number of Diagnoses.  

(a)

(b)

Fig. 1 Referral volumes, reaction counts, and certainty. (A) Denominators. (B) Number of diagnoses.
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#: Non-significance for 3-way comparison of UTR, TRALI, TACO; 

*: P<0.00001 for TRALI or TACO vs ATR

All VISTRs, Possible-to-Definite TRs and Deaths

All VISTRs, Probable-to-Definite TRs and Deaths

 Inpatients,Possible-to-Definite TRs and Deaths

Inpatients, Probable-to-Definite TRs and Deaths

Variation: 95% CI.  

(a)

(b)

(c)

(d)

Fig. 2 Post-reaction mortality. (A) All VISTRs, possible-to-definite TRs and deaths. #Non-significance for 3-way comparison of UTR, TRALI, TACO;

*P < 0�00001 for TRALI or TACO vs. ATR. (B) All VISTRs, probable-to-definite TRs and deaths. (C) Inpatients, possible-to-definite TRs and deaths. (D) Inpa-

tients, probable-to-definite TRs and deaths. Variation: 95% CI.

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021)

Deaths after transfusion reactions 7



is most often blamed when ‘transfused ARDS’ or possible

[type 2] TRALI are considered. However, the pattern of

death in possible TRALI did not exactly overlap with

UTR. AHTR, on the other hand, did so in the 2 9 2 mor-

tality/TTD construct.

TRALI and TACO share in preying upon at-risk or

‘primed’ patients in a 2-hit process [37]. TACO had a sim-

ilarly high IHM but a longer TTD, challenging the notion

that its deadliness was on par with TRALI or BaCon. As

such, TACO may select for moribund patients but not

necessarily hasten death, the rate of which can already

exceed 30% in ICU patients, irrespective of transfusion

status [38]. Alternatively, diuretics (which are less helpful

to TRALI) may temporarily delay but not prevent death in

TACO, which may, therefore, be less reversible than

assumed. More research must establish the extent to

which TACO incurs or merely associates with death.

Establishing causation heightens the mandate for (and

may grant insights on) prevention and treatment. At a

minimum, these data caution on transfusion harms in

patients already contending with advanced diseases.

Applying Bradford Hill criteria for causation [39] to the

association of death with TACO yields mixed results

(Table 4) [4,6,9–20]. Physical examination and laboratory

markers of congestion [40] are shared between TACO and

congestive heart failure (CHF), the latter of which may be

terminal [5,18,41]. The one reported rat model of TACO

did not characterize experimental lethality [9]. Dose

responsiveness (biological gradient) is also unpredictable

in TACO. Whereas, some report volume dependency;

[12,14,42] others describe severe TACO after a single unit;

most often, RBCs are invoked [43]. In previous studies,

intervals between TACO and death are either unavailable

[11,14,16,18,19], or reported as occurring within-admis-

sion [15,20] or as 1 [4,12], 2 [17] or 3 [10,12,13] month

mortalities.

While a strength of this study was its inclusion of vari-

ous TRs and their probabilities, with minor reactions (or

the UTR) as comparators, the analysis nevertheless lacked

a cohort of matched untransfused or disturbance-free

transfused controls by which to best infer TR contribu-

tions to death. Subgroup analyses by service, underlying

Possible-to-definite TRs, all VISTRs.   Probable-to-definite TRs, all 
VISTRs.
Variation in interquartile ranges. 

Mortality and TTD In Possible-to-Definite TRs (all VISTRs).
Variances shown for TRALI, TAD, TACO, and ATR.

(a)

(c)

(b)

Fig. 3 TTD (in days) in non-survivors with TR. (A) Possible-to-definite TRs, all VISTRs. (B) Probable-to-definite TRs, all VISTRs. Variation in interquartile

ranges. (C) Mortality and TTD in possible-to-definite TRs (all VISTRs). Variances shown for TRALI, TAD, TACO, and ATR.
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diagnosis or severities were not performed. Conclusion

multiplicities and uncertainties were enriched among car-

diopulmonary cases, reflecting classification challenges.

Despite how high the highest mortalities were, true mor-

tality rates were likely still underestimated, as they

reflected the given visit’s outcome, rather than ongoing

outcomes in a longer predefined surveillance period.

This database is also used prior TACO and TRALI defi-

nitions rather than the latest revisions [29,30], though it

is unlikely that these revised criteria would have signifi-

cantly changed the assessments of the cases reported

here. The inclusion of ‘possible’ TACO led to a rough dou-

bling in counts, which may either have over-estimated,

‘caught up to’, or still underestimated true frequencies.

This cohort also predated the COVID-19 pandemic, the

impacts of which remain unknown in relation to TR sus-

ceptibility or severity. By analogy with COVID-19, true

TR incidences are undercounted, and while roles in indi-

vidual deaths may not always be clear-cut, exposure-

specific changes in population death rates infer impacts

by degrees [44,45].

The relationships observed in this study underscore the

difficulty (or technical impossibility) of disentangling

causes and effects, despite some evidence on independent

effects of transfusion on mortality [46–49]. Each of our

observations can be explained by well-accepted interde-

pendencies: Patients with cardiomyopathy are likelier to

die, and to experience TACO, which may hasten demise.

Patients with sepsis may be primed for TRALI or progress

coincidentally with transfusions. Patients with immunod-

eficiency may be more susceptible to (or suffer more

severely from) a range of septic TRs.

Alongside information gaps is the challenge of under-

lying morbidities and the possibility of multiple (or mul-

ti-feature) TRs occurring (eg FNHTR and TACO or ‘hot

TACO’) [50]. In an active prospective study applying a

more rigorous and agnostic investigative approach to car-

diopulmonary and/or febrile TRs aims include improving

capacity to reach definitive conclusions and measuring

real-life case complexity (TADPOL, NCT04267029).

In summary, the occurrence of a TR in a hospital visit

reflects a range of odds that the visit will not be survived.

In cardiopulmonary or septic TRs, this may be owing to

directly injurious effects, whereas, serologic events may

be surrogates of serious and protracted comorbidities.

While global haemovigilance data underscore the pre-

dominance of cardiopulmonary TRs among transfusion-

related deaths, these infrequent calamities remain a call

to improve practice. However, the extent to which TRs

intersect with the ‘expected’ rates of death in hospitals

(by selection or contribution) is unknown. Despite not

having a large sample of transfusion-induced deaths in

this dataset, the distribution of mortalities and TTD rein-

forced minor categories as benign and laid out a rough

hierarchy (for higher mortality, shorter TTD) in TRs

known among leading causes of transfusion-related

death.
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Table 4 Bradford-Hill criteria in TACO and death [4,6,9–20].

Criteria Evidence Supportive

Effect size Changes in IHM with TACO [6,14] YES

Consistency Effects variable across studies [4,10–20] NO

Specificity “Sick selection” vs. causality [15] NO

Temporality Reactions are acute, but deaths are delayed (TTD > 16 days) NO

Gradient In contributing cases, severity/death is proportional to the volume transfused [13,15,20] YES

Plausibility Acute cardiopulmonary edema, CFR > 30% YES

Coherence Laboratory correlates with mortal outcomes are unknown [18] NYD

Experiment Not ethical in humans; the only existing animal model does not assess TACO-induced death (beyond examination after

sacrifice) [9]

NO

Analogy Non-cardiogenic pulmonary edema (TRALI) has CFR of 5–24% YES

Reversibility Diuretic and/or volume-conserving measures NYD

CFR, case fatality rate; IHM, in-hospital mortality; NYD, not yet determined.
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Abstract

Background and objectives Reports on the association of the ABO phenotypes
with infection by the SARS-CoV-2 virus have mostly come from countries with
high infection rates. This study examined the possible association between
SARS-CoV-2 infection and the ABO phenotype in Black Africa.

Materials and methods This report is from a single centre where both asymp-
tomatic and symptomatic patients were quarantined. At the time of this report,
Oyo State, Nigeria had carried out 15 733 tests of which 3119 were positive for
the virus with 1952 recoveries and 37 deaths. The ABO distribution of patients
was compared with that of a blood donor population.

Results Of the 302 participants, 297 (98%) had their blood group determined,
asymptomatic and symptomatic individuals were 123 (40�7%) and 179 (59�3%)
respectively. Blood group O was significantly less represented among the patients
(P < 0�01) while blood groups B and AB were significantly more represented
(P < 0�01, P = 0�03 respectively). Patients with anti-B (groups A and O) were sig-
nificantly less represented than those without anti-B (B and/or AB): B and AB
(P < 0�001), B (P = 0�002), AB (P = 0�01). There was no difference in the blood
group distribution of symptomatic and asymptomatic patients (v2 (3,
N = 302) = 2�29; P = 0�51), but symptomatic patients with anti-A (groups B and
O) were more represented than asymptomatic patients with anti-A (v2 4�89;
P = 0�03).
Conclusion The higher prevalence of blood group O and more potent beta hae-
molysins (anti-B antibodies) are likely reasons for the lower infectivity by the
SARS-CoV-2 virus and severity of COVID-19 disease in the community.

Key words: antibodies, blood group, COVID-19, haemolysin, isoagglutinins, serol-
ogy.

Introduction

The ABO blood group antigens are present on cellular ele-

ments in the blood and body secretions. This could

explain why it has been associated with some diseases

especially those of the respiratory and gastrointestinal

tracts [1]. COVID-19, a disease resulting from SARS-CoV-

2 viral infection, reportedly affects most systems of the

body; it is also linked to the ABO blood group pheno-

types [2]. Most studies have reported protection from

blood group O but susceptibility of group A [2–5]. GWAS

confirmed these findings and an association signal which
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coincides with the ABO blood group locus. [6] There is

evidence to suggest that the anti-A antibodies present in

the serum rather than the blood group itself could be

responsible for the association [7, 8]. Infection rates and

fatality from COVID-19 have been low in most African

countries [9] where blood group O is more prevalent than

other ABO blood group phenotypes in the population

[10–12]. We therefore explore the likelihood that the low

infection rates may be deduced from this.

Methods

This study was conducted at an Infectious Diseases Centre

situated in Ibadan, the capital of Oyo state, Nigeria. The

estimated population of Ibadan, the capital of Oyo State,

is about six million. At the time of compilation of this

report, Oyo State in South Western Nigeria had carried

out 15 733 tests and of this number, 3119 were con-

firmed positive for the SARS-CoV-2 virus with 1952

recoveries and 37 deaths. Asymptomatic individuals were

identified contacts of confirmed positive cases who also

tested positive to the virus. In accordance to the guideli-

nes of the Nigeria Centre for Disease Control (NCDC),

asymptomatic individuals who tested positive for SARS-

CoV2 and considered unable to appropriately self-isolate

because of poor living conditions were quarantined and

observed in the isolation centres until negative. This is to

prevent the spread of the disease. This prospective data

were therefore obtained from both asymptomatic and

symptomatic individuals, and the study was carried out

between 27th April 2020 and 30th August 2020, and the

positivity rate was 19�8%.

COVID-19 testing was performed by Real-Time Poly-

merase Chain Reaction on nasopharyngeal and oropharyn-

geal swabs collected into Viral Transport Media. Briefly,

within 2 h of collection, viral RNA was extracted from the

nasopharyngeal and throat swabs using QIAamp viral RNA

mini kit (Qiagen, Hilden, Germany) according to manufac-

turer’s instructions. A commercial real-time RT-PCR kit

(BGI, Europe) which detects the open reading frame 1ab

(ORF1ab) was used for the real-time RT-PCR assay. The

total reaction volume was 30µL, and the reaction was set

up according to manufacturer’s protocol. The reaction pro-

cedure was 50°C for 20 min, 95°C for 10 min, followed by

40 cycles of 95°C for 15 s and 60°C for 30 s. Threshold

cycle (Ct value) greater than 38 indicated a positive sample.

Each run cycle included known positive and negative con-

trol as well as the internal control.

Information obtained from all patients managed at the

centre included demographics, presenting symptoms and

premorbid ailments. The blood group was obtained as

part of the laboratory work up for all patients. The ABO

phenotype was carried out by tile grouping, the method

used during emergency for ABO blood group determina-

tion in our setting. The tile grouping done during emer-

gency situations are thereafter confirmed by tube

grouping in the hospital setting. Confirmation by tube

grouping was not done in this instance because the blood

group determination was for record purpose and not for

blood transfusion. Blood donors of a teaching hospital in

a neighbouring state in South Western Nigeria, a city

about 140km from the study centre, served as controls

[13].

Statistical analysis

The ABO frequencies of the patients were compared with

that of the blood donors. The presenting symptoms were

coded as respiratory, gastrointestinal and various combi-

nations including respiratory and gastrointestinal. In

addition, the participants were categorized into symp-

tomatic and asymptomatic cases. A cross tabulation of

the coded symptoms was carried out with the four ABO

phenotypes and with the blood group coded as ‘O’ and

‘non-O’ blood group. The coded symptoms were also

compared with the blood group coded as presence of

anti-A antibody in the serum (blood groups O and B) and

absence of these antibodies (blood groups A and AB).

Chi-squared test was used to compare the association of

the frequencies of the ABO of the participants with that

of the blood donors and also to test for association

between the coded blood groups and symptoms. Logistic

regression was used in a model to test if age, gender or

the different coded blood groups could predict the likeli-

hood of an infected person developing symptoms. The

level of significance for all the tests was set at 5%. Data

were entered and analysed using STATA version 13 (Sta-

taCorp, College Station, Texas, USA).

Results

A total of 302 participants were analysed, of which 179

(59�3%) were symptomatic and 123 (40�7%) were asymp-

tomatic. There were 202 (66�9%) males and 100 (33�1%)

females with a mean age of 38�8 – 16�1 years. Five of

the participants did not have their blood group recorded

and were excluded from the analyses. Respiratory symp-

toms were experienced by 70 (39�1%) participants, gas-

trointestinal symptoms by 21 (11�7%) participants while 6

(3�4%) experienced both. Blood group O was significantly

less represented among the patients (P < 0�01) compared

with donor controls while blood groups B and AB were

significantly more represented (P < 0�01, P = 0�03 respec-

tively). There was no significant difference between the A

phenotype among the COVID-19 patients and the donor

population (P = 0�28). (Table 1). A comparison of those
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with or without corresponding antibodies (A or B) in their

sera showed that, patients with anti-B (groups A and O)

were significantly less represented than those without

anti-B (B and/or AB): A and AB (P < 0�001), B

(P = 0�002), AB (P = 0�01). However, patients with anti-A

showed no significant difference compared with those

without anti-A except for the AB population which

showed more infection rate (P = 0�04) (Table 2). The ABO

distribution of symptomatic and asymptomatic patients is

shown in the Figure 1. There was no significant differ-

ence between the blood group distribution between symp-

tomatic and asymptomatic patients (v2 (3,

N = 302) = 2�29; P = 0�51) but symptomatic patients with

anti-A (groups B and O) were more represented than

asymptomatic patients with anti-A (v2 4�89; P = 0�03).
There was no difference between symptomatic and

asymptomatic patients with anti-B (Table 3). Blood group

was not associated with whether the patients had respira-

tory (v2 (1, N = 302) = 1�03; P = 0�31) or gastrointestinal
symptoms (v2 (1, N = 302) = 1�6; P = 0�2). Age modestly

predicted if a patient infected with SARS-CoV-2 would

become symptomatic (OR 0�98 (95%CI 0�96, 0�99;
P = 0�01). Gender, blood group or blood group recoded

as ‘O’ and ‘non-O’ showed no association in the model

(P = 0�98; P = 0�96; P = 0�61 respectively).

Discussion

The findings of this study showed that blood group O is

protective against COVID-19 infection while blood groups

B and AB are risk factors. Expectedly, we also noted that

patients with anti-B (Blood groups O and A) in their

serum were less likely to be infected by the virus and that

patients with anti-A (blood groups O and B) were more

likely to become symptomatic from the infection. Unlike

other studies, we did not find susceptibility of group A to

the infection but rather an underrepresentation suggesting

a possible protection, though this did not reach a signifi-

cant level. The male gender was twice more susceptible to

infection by the virus than the female gender, similar to

the finding of male susceptibility by other studies [14,

15]. Contrary to other studies, the mean age for our

patients was 39 years, which is at least a decade younger

than found in most studies [14, 15].

The protection conferred by the group O phenotype was

reported by studies which compared ABO blood group fre-

quencies in COVID-19 patients with the community blood

donor population, and these studies at the same time

observed susceptibility to the infection by blood group A

[2, 3]. A study which compared ABO frequencies between

COVID-19 patients and other hospitalized patients found

no significant difference between both groups [16]. The

findings of our study differed from other studies by the

observation of susceptibility in both groups B and AB

rather than in group A only. This observed difference is

more likely to be region specific and therefore could be

genetic or influenced by environmental factors. We opined

that these findings might be similar in other African or

Black populations where blood group O is in the majority

[10–12]. The findings of no difference between the

observed and expected ABO distribution in Blacks and His-

panics (with high blood group O prevalence) compared

with Whites where the observed frequency was signifi-

cantly different from the expected [17] supports this

hypothesis. This shows that infection by the virus differed

between Blacks and Hispanics with high frequencies of the

O phenotype compared with Whites with low O phenotype.

Analysis of the association between ABO distribution

and COVID-19 infection by looking at the presence or

absence of the corresponding antibodies confirms the dif-

ference between our studies and previous published data.

Our study found the prevalence in those with anti-B to be

significantly different from those without which again is

at variance with previous studies which found such a dif-

ference between those with and without anti-A [7]. The

protection conferred by blood group O has been attribu-

ted to circulating anti-A antibodies of the IgG type which

could interfere with the virus-cell adhesion process [18].

Similarly, anti-B from group O is often IgG in contrast to

Table 1 ABO Phenotypes of COVID-19 patients in an Isolation Centre in

Nigeria compared with a Blood Donor Population Distribution

ABO
blood
group

COVID-19
patients
(N = 302)

Donor
population
(N = 9138) v2 P

A 58 (19�1%) 2098 (23%) 1�19 0�28
AB 17 (5�6%) 307 (3�3%) 4�85 0�03
B 77 (25�3%) 1771 (19�4%) 19�72 <0�01
0 145 (47�7%) 4962 (54�3%) 23�61 <0�01

Five COVID-19 patients did not have their blood groups recorded.

Table 2 Comparisons of the presence/absence of antibodies (anti-A, anti-

B) in the serum of patients and donors

ABO
Blood
Group

Donor
Control,
n (%)

COVID-19
Patients,
n (%) v2 P

With anti-B O and A 7060 (77�3) 203 (68�4)
B and AB 2078 (22�7) 94 (31�6) 12�88 <0�001

Without anti-B B 1771 (19�4) 77 (25�9) 9�3 0�002
AB 307 (3�4) 17 (5�7) 6�6 0�01

With anti-A O and B 6733 (73�7%) 222 (74�7)
A and AB 2405 (26�3) 75 (25�3) 0�17 0�68

Without anti-A A 2098 (23) 58 (19�5) 1�39 0�24
AB 307 (3�4) 17 (5�7) 4�11 0�04
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antibodies from group A or B which are mostly IgM. It is

thus likely that as suggested for anti-A, the anti-B from

blood group O is more potent against the virus than anti-

B from blood group A [7, 19]. Hence, the protection

accorded to patients with blood group O would differ

from that from blood group A since the anti-B is mostly

of the IgM type. This could be an explanation for the

non-significant level of protection attributable to patients

with blood group A, though it could also be argued that

the reason for the non-significant difference is that the

study was not sufficiently powered to detect a difference.

Another peculiarity of our study is that it clearly shows

that blood group AB is a risk factor for COVID-19 infec-

tion, and this difference compared with the blood donor

population is statistically significant (P = 0�03). It is not

surprising that the AB phenotype is susceptible to

infection by the virus since individuals who have the AB

blood group lack either anti-A and anti-B. This is also

supported by the difference in the level of significance

shown to blood group AB by those with anti-A (P = 0�04)
and those with anti-B (P = 0�01) (Table 2). Though other

studies showed increased risk of blood group AB to infec-

tion and severity of the disease, but these did not reach a

statistically significant level [5, 19]. In the review of 28-

day mortality which included the different races in the

USA, Leaf RK et al reported similar mortality rate across

the races but the graph showed a clear increased mortal-

ity in Blacks with the AB phenotype [17]. This would fur-

ther support our hypothesis of the ABO phenotype

showing a different trend in the response of Blacks to

COVID-19 infection. A response which is likely linked to

the higher prevalence of the O blood group and possibly

more potent anti-B (haemolysin).

The strength of this study is that 98% of the partici-

pants had their blood group documented as well as the

availability of information for individuals who were

infected by the virus but were asymptomatic. The limita-

tion of the study is the relatively smaller study size, and

that it is a study from a single centre in comparison with

other related studies. Though the choice of the donor

population for this study was from a study carried out in

another city which could be a limitation, the city is how-

ever in the same geographical location and of the same

tribe as our community. The results also are similar to

that of another donor population in the eastern part of

the country [20] and that of a well-baby clinic from our

institution [21] suggesting that the ABO prevalence is

Table 3 Comparisons of the presence/absence of antibodies (anti-A, anti-

B) in the serum of symptomatic and asymptomatic patients

ABO
Blood
Group

Symptomatic
Patients,
n (%)

Asymptomatic
Patients,
n (%) v2 P

With anti-A O and B 136 (77�3%) 86 (71�1)
A and AB 40 (22�7) 35 (28�9) 4�89 0�03

Without

anti-A

A 31 (17�6) 27 (22�3) 1�17 0�28
AB 9 (5�1) 8 (6�6) 0�46 0�5

With anti-B O and A 123 (69�9) 80 (66�1)
B and AB 53 (30�1) 41 (33�9) 0�47 0�49

Without

anti-B

B 44 (25) 33 (27�3) 0�28 0�60
AB 9 (5�1) 8 (6�6) 0�38 0�54

10·4

3·0
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Fig. 1 A comparison of ABO phenotypes between symptomatic and asymptomatic patients with SARS-CoV-2.
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more representative of that of the general population.

Furthermore, the selective choice of blood group O as

donors, done elsewhere, [16] is not practiced in Nigeria. It

is therefore unlikely that the donor population was

enriched by group O blood donors.

Conclusion

This study confirmed the association between ABO phe-

notypes and COVID-19 infection and the severity of

infection. It also confirms the protection of blood group

O from infection. However, contrary to other studies, we

found that individuals with blood groups B and AB were

more susceptible to the disease. The higher prevalence of

blood group O and the presence of beta haemolysins

which are very potent are possible reasons for a lower

infectivity by the SARS-CoV-2 virus and severity of the

COVID-19 disease in communities like ours.
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Background and objectives Citrate-based anticoagulation reduces plasma potas-
sium and free magnesium in patients undergoing peripheral stem cell collections.
Whether the effects may be mitigated by pre-procedure oral electrolyte supple-
ments has not been previously assessed.

Materials and methods Results from a historic cohort (2010–2013) guided a sys-
tematic prospective intervention in subjects deemed at risk for clinically mean-
ingful hypokalaemia and hypomagnesaemia. From 2015 to 2019, 136 patients
were enrolled in the study. Pre- and post-apheresis electrolyte levels were mea-
sured, and oral potassium and magnesium supplements were systematically
administered based on the pre- electrolyte levels.

Results We saw a 37% absolute reduction in severe hypokalaemia and 39%
absolute reduction in hypomagnesaemia in the prospective intervention cohort
when compared to the historic cohort. Multivariate analyses indicated that part
of the effect was due to the electrolyte intervention, while part of the effect likely
stemmed from other procedure-related changes implemented during the study
period.

Conclusion Oral potassium and magnesium prophylaxis appear to reduce hypo-
kalaemia and hypomagnesaemia following peripheral stem cell collection.
Whether the effect size is sufficient to motivate the intervention warrants further
investigation, preferably in a prospective randomized trial setting.

Key words: apheresis, haematopoietic stem cell, haemovigilance.

Introduction

Transplantation of haematopoietic stem cells is an essen-

tial part of treatment in several haematological malignan-

cies. Autologous haematopoietic stem cells are collected

to ensure haematopoietic recovery following myeloabla-

tive regimens, and are preferentially acquired by periph-

eral stem cell collection (PSCC). PSCC is the method of

choice in >99% [1] of collections, partly due to conve-

nience, but also given the fact that this leads to higher

stem cell yields enabling quicker transplant engraftment.

In PSCC, the stem cells are mobilized to peripheral blood

by granulocyte colony-stimulating factor (G-CSF) and

collected by centrifuge based apheresis.

In general, PSCC is regarded as a safe procedure and

non-transient complications are rare [2, 3]. However, the

safety is dependent on proper preparation and surveil-

lance as large volumes of blood are processed and contin-

uous anticoagulation (AC) is administered during the

apheresis procedure.
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Citrate-based solutions are a common option to prevent

extracorporeal clotting and act by lowering free calcium,

thereby inhibiting the coagulation cascade. Citrate effects

are transient, but can cause symptoms, not only from

Ca2+ reduction, but also from concomitant effects on

potassium and magnesium.

Symptoms of hypocalcaemia are common, and aphere-

sis centres seek to reduce these by administering oral or

intravenous calcium, or by reducing citrate load. Adverse

effects of hypomagnesaemia or hypokalaemia are less

evident, and science-based strategies to mitigate these are

lacking. Thus, we here firstly conducted a retrospective

analysis of our clinic’s latest PSCCs. Post-PSCC hypoka-

laemia and hypomagnesaemia were found to be common,

and that paved way for a subsequent oral potassium and

magnesium intervention. We here present the findings

from the retrospective data set and from the prophylactic

intervention cohort.

Methods

Background of the intervention

Patients eligible for autologous bone marrow transplanta-

tion in northern Sweden are all admitted to the Hematol-

ogy Department, University Hospital of Ume�a, Sweden,

and PSCC are performed at the Transfusion Medicine

Department at the same hospital. As part of our quality

and safety assurance programme, we, in 2014, conducted

a look back at electronic health records of 103 individuals

who had undergone PSCC from 2010 to 2013.

Among other blood tests, pre- and post-venous elec-

trolyte levels were assessed, revealing a high prevalence

of post-PSCC hypokalemia and hypomagnesaemia (re-

sults). Given the lower prevalence in patients having

received oral potassium and/or magnesium pre-PSCC (re-

sults), a systematic intervention guided by the pre-PSCC

figures was established. A pre-PSCC concentration of

<4�0 mmol/l and <0�70 mmol/l of potassium and magne-

sium, respectively, triggered oral supplementation of the

equivalent electrolyte. Potassium chloride (1500 mg, slow

release 6–8 h) and/or magnesium hydroxide (500 mg)

was given orally approximately 12 and 2 h prior to PSCC

initiation. A potassium of <3�1 mmol/l elicited continuous

3-lead ECG monitoring during the PSCC.

Albumin-corrected calcium was elevated in most sub-

jects (results) potentially causing clinicians to overesti-

mate the clinically relevant ionized calcium

concentration. Ionized calcium measurements were there-

fore added to the prospective cohort and analysed in rela-

tion to the calcium infusion speed.

The prospective evaluation cohort

From 2015 to 2019, a total of 136 patients underwent

PSCC and were part of the new potassium and magne-

sium supplementation routine. Identically to the 2010–
2013 cohort, most patients were treated with a

chemotherapy-based priming regimens and all patients

received subcutaneous administration of a granulocyte

colony-stimulating factor (G-CSF) 5 µg/kg/day for 4–7
consecutive days prior to PSCC. The patients arrived at

the hospital the day before their scheduled PSCC, and

pre-PSCC venous samples were drawn upon arrival.

Electrolyte analyses and anthropometric
measurements

Venous blood was collected in heparinized BD Vacu-

tainer� plasma tubes and was treated as clinical routine

samples. The samples were analysed at Clinical Chemistry

Laboratory, University Hospital of Ume�a, Sweden, within

one hour. Apart from ionized calcium, all samples were

analysed on the Cobas� 8000 (Roche, Mannheim, Ger-

many). The ISE, c701 and c502 modules were used for

analyses of potassium, calcium and magnesium as well as

albumin, respectively. Ionized calcium was assessed using

the 9180 Electrolyte Analyzer (Roche, Mannheim, Ger-

many). Albumin correction of calcium was calculated by

adding (39-albumin (g/l)) 90�01 to the original calcium

value.

The lab-specific reference for potassium was 3�5–
4�4 mmol/l, magnesium 0�70–0�95 mmol/l, albumin-cor-

rected calcium 2�15–2�50 mmol/l and ionized calcium

1�08–1�29 mmol/l.

Body weight and length were measured at the patients’

regular hospital facility at the start of the priming regi-

men.

Apheresis

All PSCCs were initiated in the morning, commonly

between 8 and 9 am, and the patients were instructed to

eat a calcium-rich breakfast before the procedure. A

peripheral venous access was used in the majority of

patients. Until 2014, a Cobe Spectra (Terumo BCT, Japan)

was used for cell separation, and citrate–phosphate–dex-
trose 50 (CPD50, 4�4% citrate) for AC. The AC to whole

blood ratio was increased in a stepwise manner during

the procedure: 1:18 for the first 1�5 blood volume, 1:20

for the following 0�5 blood volume and from thereon

1:22. For most patients, the processing target was 4 blood

volumes. From 2014 and onwards, a Spectra Optia

© 2021 The Authors.
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(Terumo BCT, Japan) was used for cell separation and the

AC was switched to anticoagulant–citrate–dextrose solu-

tion A (ACD-A, 3�0% citrate). From 2014, the AC ratio for

the first blood volume was 1:13, for the following 0�5
blood volume 1:15 and thereafter 1:17. From 2015, the

processing goal was lowered to 3�2 blood volumes and

some runs were terminated earlier based on calculations

of sufficient CD34+ yields. During the entire study period,

the processing speed was governed by the calculated

safety limit of the citrate infusion speed. All patients

received a continuous calcium infusion (calcium glu-

conate 10%) through the return line at the infusion speed

prescribed by the apheresis medical doctor. The speed of

infusion was occasionally adjusted based on reports of

symptoms deemed attributable to hypocalcaemia. Venous

samples for post-PSCC electrolyte assessment were drawn

immediately after completion of the apheresis. The

patients were generally discharged on the same day.

Statistics

Descriptive data are presented as means – standard devia-

tions (SD). Approximate normal distribution of continu-

ous variables was verified visually on Q-Q plots,

supported by skewness and kurtosis estimations. In

repeated measures (i.e. pre- and post-PSCC electrolytes),

mean differences were assessed using paired sample t-test.

The Students’ t-test for independent samples was used for

evaluation of mean group differences. Chi-squared test

served to evaluate differences in distribution between cat-

egorical variables and linear regression for assessing the

post-PSCC electrolyte levels. The linear regression models

included the following covariates: age, sex, blood volume

(estimated from Nadler’s formula), amount of citrate

infused, cohort (where applicable) and the pre-PSCC elec-

trolyte level. The reported b-values refer to the unstan-

dardized measure and correspond to change per relevant

unit. The effect of potassium and magnesium substitution

in the prospective cohort was assessed on a per protocol

basis. Calculations were performed using SPSS version 27

(IBM, United States). All statistical test were 2-sided, and

a P-value of <0�05 was considered statistically signifi-

cant.

Ethics

The study was considered part of the clinics’ safety and

quality process and was therefore not reviewed by an

external ethics review board. The patients in the two

cohorts received treatment according to the normal clini-

cal practice at the time of participation. The patients

signed informed consent for sharing anonymized data for

quality improvements and research purposes.

Results

Historic cohort (2010–2013)

Baseline characteristics of the historic cohort (n = 103)

are shown in Table 1.

Potassium
Potassium declined significantly (D -0�76 mmol/l,

P < 0�001) during the PSCC and the greatest absolute

decline was in patients with high pre-PSCC potassium

(Fig. 1). In the multivariate linear regression model, male

patients declined slightly more (b = 0�16, P = 0�04),
whereas age, infused citrate or the patients’ blood volume

was not independently associated with the potassium

decline (P > 0�05 for all). Patients having received oral

potassium prophylaxis (n = 8) declined by 0�33 mmol/l

compared to 0�80 mmol/L in non-prophylaxis recipients

(n = 95), but the effect was not significant in the multi-

variate model (b = 0�18, P = 0�07).
There was a significant correlation between potassium

and magnesium change (partial correlation 0�37,
P < 0�001), but magnesium prophylaxis was not associ-

ated with potassium change (P = 0�7) in the covariate

adjusted model. The same was true for PSCC calcium

infusion speed (P = 0�19).
93% of subjects had a post-PSCC potassium lower than

the reference boundary of 3�5 mmol/L, and 38% were

below 3�0 mmol/L (Table 2). One patient was accidently

discharged with potassium at 2�1 mmol/L, but luckily

recovered without reported adverse effects.

Based upon expert advice, it was decided to aim for a

post-PSCC-potassium level of ≥3�0 mmol/L. The pre-PSCC

potassium was the strongest determinant of post-PSCC

potassium ≥3 mmol/L (area under curve (AUC) 0�8,
P < 0�001). Based on the receiver operating characteristic

(ROC) curve, it was determined that a pre-PSCC potassium

of <4�0 mmol/L would be an appropriate cut-off for oral

prophylactic potassium administration. This cut-off

resulted in sensitivity of 78%, specificity 53%, positive

predictive value 50% and a negative predictive value of

79% for post-PSCC potassium <3�0 mmol/l.

The cut-off was subsequently used to guide potassium

administration in the prospective cohort.

Magnesium
Plasma magnesium remained static in prophylaxis recipi-

ents (n = 7, D 0�00 mmol/l, P = 0�98) and declined sig-

nificantly in subjects not receiving magnesium (n = 96, D
-0�13 mmol/l, P < 0�001). The apparent prophylaxis

effect was significant also in the multivariate regression

model (b = 0�09, P = 0�03). The decline was more

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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pronounced in patients with higher pre-PSCC magnesium

concentration (b = 0�22, P = 0�03), whereas the other

covariates were non-predictive of magnesium decline.

The pre-PSCC magnesium was a strong predictor of

post-PSCC magnesium ≥0�7 mmol/l (AUC 0�82,
P < 0�001). A cut-off of pre-PSCC magnesium of

<0�7 mmol/l was set to guide prophylactic magnesium

administration in the prospective cohort.

Albumin-corrected calcium
Calcium gluconate 10% (94 mg/ml) was prescribed at a

rate of 15�6 – 3�4 (range 7–25) ml/h resulting in a total

dose of 70�9 – 16�7 ml. As to be expected, there was a

significant positive correlation between both the speed

(Pearson correlation 0�28, P < 0�01) and total volume

(Pearson correlation 0�38, P < 0�001) of infused calcium

gluconate in relation to the change in albumin-corrected

calcium. 96% of patients had a post-PSCC albumin-cor-

rected calcium above the reference of 2�5 mmol/l.

Prospective cohort (2015-2019)

As shown in Table 1, apart from a slightly higher baseline

magnesium, there were no major differences in the

underlying characteristics of the prospective and the his-

toric cohort. With regard to the apheresis procedure, the

changes made during the study period (see method)

resulted in less average citrate and calcium gluconate

load, and less blood was processed (P < 0�001 for all) in

the prospective cohort. There was also a small difference

in the average apheresis duration (P < 0�05).

Potassium
90% (81/90) of patients at a pre-PSCC potassium

<4�0 mmol/l received potassium prophylaxis as stipulated

by the study protocol. In these patients, the medium

potassium decline was significantly smaller than in the

non-recipients (D-0�1 versus D-0�5 mmol/l, P < 0�01). In
the total cohort, 99% of the patients displayed a post-

PSCC potassium above the predefined target (≥3�0 mmol/

l) as compared to 60% in the historic cohort (P < 0�001).
The lowest observed post-PSCC potassium in the prospec-

tive cohort was 2�8 mmol/l as compared to 2�1 mmol/l in

the historic cohort.

In a multivariate regression model, including both the

historic cohort and the prospective cohort, there was a

significant positive effect of potassium prophylaxis

(b = 0�13, P < 0�01). There was also a cohort-specific

Table 1 Baseline characteristics of the study cohorts

Historic cohort (2010–2013) Prospective cohort (2015–2019) P for difference between groups

Demographics

n 103 136

Age (years) 58 – 10 59 – 10 0�37
Men/women (%) 64/36 61/39 0�63
Height (cm) 174 – 10 172 – 10 0�27
Weight (kg) 83 – 15 80 – 16 0�12

Diagnosis 0�89
Plasma cell disorder (%) 63 63

Lymphoma (%) 33 32

Other disease (%) 4 5

Electrolyte levels

Potassium (mmol/l) 3�8 – 0�4 3�8 – 0�3 0�70
Magnesium (mmol/l) 0�73 – 0�10 0�76 – 0�09 <0�05
Calcium, albumin corrected (mmol/l) 2�32 – 0�09 2�31 – 0�08 0�36
Calcium, ionized (mmol/l) Not measured 1�22 – 0�04 -

Prophylaxis

Potassium 8% 65% <0�001
Magnesium 7% 27% <0�001

Apheresis data

Peripheral access/femoral access (%) 77/23 78/22 0�82
Blood volume (l) 5�0 – 0�9 4�8 – 0�9 0�16
Apheresis duration, h:mm 4:33 – 0:30 4:20 – 0:52 <0�05
Processed volume (l) 20�3 – 4�6 13�8 – 4�0 <0�001
Citrate infused (g) 48 – 10 30 – 8 <0�001
Calcium gluconate (10%) infused (ml) 71 – 17 40 – 11 <0�001

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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effect (b = 0�34, P < 0�001), potentially indicating that

changes in the apheresis procedure, not fully captured by

the citrate adjustment, may have contributed to the

reduction in potassium decline.

Magnesium
93% (26/28) of patients at a pre-PSCC magnesium

<0�7 mmol/l received magnesium prophylaxis as stipu-

lated by the study protocol. These patients had an

increase in plasma magnesium (D0�02 mmol/l) whereas

non-magnesium recipients instead declined (n = 99, D-
0�05).

In a multivariate regression model, including both the

historic cohort and the prospective cohort, there was bor-

derline significant effect of magnesium prophylaxis

(b = 0�03, P = 0�05). As with potassium, the reduced

decline in magnesium was also partly explained by a

cohort-specific effect (b = 0�05, P < 0�001).

Calcium
Although the calcium infusion speed tended to be lower

in the prospective cohort (Table 1), the prevalence of

albumin-corrected hypercalcaemia remained high (87%).

In addition, ionized calcium was measured, and there was

a moderate correlation between albumin-corrected and

ionized calcium both pre- and post-PSCC (Pearson

correlation 0�65, respectively, 0�52, P < 0�001 for both).

Unlike the post-PSCC albumin-corrected figures, ionized

calcium remained within the reference range in the

majority of patients (90%) and only 9% had plasma levels

below 1�08 mmol/l.

There was no significant relationship between calcium

infusion speed (ml/h) and change in ionized calcium

(b = 0�007, P = 0�08) in the multivariate model.

3-lead ECG monitoring
In total, two patients were monitored by continuous 3-

lead ECG due to pre-PSCC-potassium of <3�1 mmol/l.

Neither of these patients experienced cardiac-related

symptoms or ECG alterations during the PSCC.

Discussion

In the present study, we consistently saw declines in

plasma potassium and magnesium following PSCC and

many patients ended up at levels known to cause symp-

toms and increase arrhythmia risk. After adjusting for

potential confounders, the PSCC-associated declines

appeared to be moderately mitigated by oral prophylaxis.

The results are in line with Schlenke et. al. reporting

from 200 PSCC procedures [4]. They not only noted a sig-

nificant potassium decline, but also reported a need for

Fig. 1 Relation between pre- and post-PSCC plasma potassium concentration in the historic cohort. PSCC, peripheral stem cell collection.

© 2021 The Authors.
Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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potassium replacement in 52% of their procedures. Decli-

nes in plasma potassium have also been noted in platelet-

[5, 6] as well as allogenic peripheral stem cell donation

[7], supporting a citrate effect that was procedure and

patient/donor independent.

Also for magnesium, a decline across both procedure

types and patient groups has been reported. The ionized

magnesium dropped by 30–56% [5, 8–12], whereas the

effect on total magnesium was significantly smaller

(<12%) [5, 8, 9, 12]. In the present study, only plasma

total magnesium was measured, and an approximate 16%

decline was seen in subjects not receiving magnesium

prophylaxis. Magnesium prophylaxis appeared to have a

significant, but rather modest, mitigative effect. Hypothet-

ically, the magnesium prophylaxis may have had a larger

impact on ionized magnesium, but we were regrettably

unable to assess this in the present trial.

Citrate-based anticoagulant solutions not only exert

direct effects through the binding of divalent cations, but

also have metabolic consequences upon conversion to

bicarbonate. Given that the overwhelming majority of

both magnesium and potassium is located intracellularly

[13], small absolute shifts can have a profound impact on

plasma concentration.

It is believed that citrate decreases plasma potassium

concentration in three ways, all sharing the common path

of increased intracellular Na+ resulting in enhanced Na+
K–ATPase activity [14]. The pathways are as follows: Na+
shifted intracellularly by HCO3- induced co-transport, alka-

losis induced H+ efflux and Na+ influx through the Na+ H+
antiporter, and lastly insulin activation of the same anti-

porter. The net result, increase in Na+ K—ATPase activity,

causes intracellular potassium uptake and thus a corre-

sponding decrease in plasma potassium [14–16].
Unlike for potassium, the citrate primarily exerts its

effect on magnesium by chelation of the free (ionized)

portion [15]. As such, the relatively small reduction in

total magnesium, seen in this study, and others [5, 8, 9,

12] do not fully reflect the impact of the biologically

active form.

Hypokalaemia and hypomagnesaemia have clinical

implications as they may adversely impact both neuro-

muscular, cardiovascular and metabolic function. Symp-

toms may range from mild to life threatening. The

perhaps most significant impact is the effect on the con-

duction system on the heart, increasing arrhythmia risk.

Pronounced hypokalaemia may manifest as U waves, T-

wave flattening, prolongation of QT interval and ST-seg-

ment depression [17]. The hypokalaemia induced hyper-

excitability is exhibited by an increase in

supraventricular and ventricular ectopy, resulting from

intracellular Ca2+ overload [18]. Hypokalaemia is well

known to increase the risk of ventricular fibrillation in

acute myocardial infarction [19], and similar effects have

been shown also in normal canine heart [20].

Hypomagnesaemia may aggravate hypokalaemia effects

trough blockage of calcium channels, thereby increasing

arrhythmia risk. Magnesium administration may prevent

triggered action potentials and is an efficient treatment in

torsades de pointes [18]. Further, hypomagnesaemia may

aggravate hypocalcaemia by inhibiting PTH secretion [13,

21], thus causing common symptoms as tingling, paraes-

thesia, headache and tetany [15]. The same symptoms

may also be caused by hypomagnesaemia itself, poten-

tially leading to unnecessary calcium administration in

the absence of laboratory data support [15].

Despite citrate induced electrolyte shifts, severe adverse

events in PSCC are fortunately rare. Reports from the World

Apheresis Registry estimate that approximately 0�1% of

autologous PSCC has had to be terminated prematurely due

to complications [2]. Given the rarity of severe arrhythmia,

it is inherently difficult to assess the effects of electrolyte

surveillance and prophylaxis using hard end-points. There

is however some indirect support of risk mitigation. Las-

pina et al. noted consistent citrate induced QTc time pro-

longation during platelet donation [22], corresponding to a

well-described increase in arrhythmia risk [23, 24]. Further,

hypokalaemia associates with arrhythmia in a dose–re-
sponse manner [19, 24]. Both arrhythmias and cardiac

Table 2 Pre- and post-PSCC plasma concentration within the two

cohorts

Historic cohorta Prospective cohortb

Mean pre-PSCC K+ (mmol/l) 3�8 – 0�4 3�8 – 0�3
Mean post-PSCC K+ (mmol/l) 3�0 – 0�3 3�5 – 0�3
D K+ (mmol/l) 0�8 – 0�3 0�3 – 0�4
Distribution of post-PSCC K+
<2�5 mmol/l 2% 0%

2�5–2�9 mmol/l 36% 1%

3�0–3�4 mmol/l 55% 39%

≥3�5 mmol/l 7% 60%

Mean pre-PSCC Mg (mmol/l) 0�78 – 0�05 0�76 – 0�09
Mean post-PSCC Mg (mmol/l) 0�65 – 0�8 0�72 – 0�09
D Mg (mmol/l) -0�13 – 0�07 -0�04 – 0�07

Distribution of post-PSCC Mg

<0�7 mmol/l 76% 37%

≥0�7 mmol/l 24% 63%

Mean pre-PSCC Ca2+ (mmol/l) - 1�22 – 0�04
Mean post-PSCC Ca2+ (mmol/l) - 1�16 – 0�07
D Ca2+ (mmol/l) - -0�07 – 0�07

Distribution of post-PSCC Ca2+

<1�08 mmol/l - 9%

≥1�08 mmol/l - 91%

Abbreviation: PSCC, peripheral stem cell collection.
a

Subjects receiving prophylaxis excluded.
b

Subjects in violation of the study protocol excluded.
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arrest have been reported in PSCC donors [3, 20, 25],

whereas reports in PSCC patients are lacking.

In the present study, we saw significant but rather

modest effects of oral potassium and magnesium prophy-

laxis. Although there were no reports of adverse prophy-

laxis effects, the number needed to treat to prevent one

serious event is likely to be very large, and risk–benefit
ratios are uncertain. There may however be other positive

effects such as decreased need for interruptions and

reduced apheresis speeds and a reduction of more com-

monly reported symptoms such as fatigue, muscle weak-

ness and tingling. Also, a reduction in significant

hypokalaemia may lessen the need for post-PSCC medical

surveillance. We suggest that the effect of prophylaxis on

PSCC-associated symptoms and other medical aspects

should be assessed in a blinded prospective trial.

With regard to calcium, we saw consistent elevation of

albumin-adjusted figures, whereas ionized calcium

remained within normal reference range in most patients.

This is a natural reflection of the continuous calcium

infusion in conjunction with citrate induced chelation.

The rather weak correlation between the total and the

ionized fraction suggests that the total calcium would

serve as a poor guide for calcium administration. Interest-

ingly, there was no significant association between cal-

cium infusion speed and the post-PSCC ionized plasma

calcium. Speculatively, the long apheresis duration pro-

vides sufficient time for PTH to mobilize endogenous cal-

cium. If confirmed, clinicians may consider reducing the

calcium infusion speed throughout the procedure.

The present study comprised two well-defined cohorts,

both representative of real-world conditions in haemato-

logical and apheresis clinics. Data from the historic

cohort guided a prospective systematic intervention, serv-

ing to validate the historic cohort results. Blood analyses

were performed in a consistent way, and the overwhelm-

ing majority of patients received intervention as stipu-

lated by the study protocol. The underlying

characteristics of the cohorts were similar, but potentially

important alterations of parameters (equipment, AC and

AC ratio, calcium infusion speed and processed volumes)

took place during the study period that was beyond the

control of the study. In multivariate analysis, these

changes appeared to reduce the potassium and magne-

sium decline, resulting in an overestimation of the pro-

phylaxis effect in unadjusted models. After adjustments,

the prophylaxis effect appeared modest and we acknowl-

edge that assessments of effect size are quite sensitive to

model assumptions.

Conclusion

In conclusion, changes in the apheresis procedure

throughout the study appeared to have a material impact

on electrolyte change, limiting the ability to draw firm

conclusions on the intervention itself. The data were

indicative of a moderate positive effect of potassium and

magnesium prophylaxis, but whether the effect sizes were

large enough to motivate the intervention remains

unclear. Future randomized trials are needed to reliably

quantify the laboratory and clinical effects of oral potas-

sium and magnesium prophylaxis.
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Introduction

Blood products remain the pivotal non-surgical tool in

the management of massive haemorrhage, which results

in the majority of preventable death following traumatic

injury [1]. The management of massive haemorrhage in

trauma has evolved significantly over the last two dec-

ades, resulting in new standards of care. First, blood

products should be transfused as soon as possible follow-

ing injury [2]. Second, plasma transfusion is superior to

crystalloid [3]. Third, platelet transfusion should not be

delayed [4]. Finally, the ratio between red blood cells,

plasma, and platelets should be close to 1:1:1 [5].

Blood supply is a challenge wherever you are in the

world. Aiming to follow the latest evidence, blood prod-

ucts are required as early as possible in the patient path-

way. Logistical and regulatory constraints make

implementing massive transfusion safely extremely com-

plex, especially in austere or military settings, where the

majority of casualties die. This is one reason why walking

blood bank (WBB) programmes have been implemented.

The term WBB describes a setting where fresh whole

blood is drawn from a pre-tested ‘walking’ donor pool for

immediate use in bleeding casualties. A WBB programme

allows for the availability of blood products even in very

degraded situations such as mass casualty events, war

zones, or following compromise of the blood supply

chain. First practiced during World War I, fresh whole

blood represents a promising solution [6].

Given the increasing interest in whole blood transfu-

sion, the time is propitious to conduct a Vox Sanguinis

International Forum on current WBB programme prac-

tices. The main aim of this International Forum is to

assess the variability and the similarity in current WBB

programmes around the world. The insight gained from

this survey can be used as a basis to implement guideli-

nes, developed from the best available evidence, and for

benchmarking between comparable countries.

The participants in the survey were selected from

diverse parts of the world to study a wide variety of

practices. From January to September 2020, an invita-

tion was sent by email to blood bankers around the

world, selected according to their membership in recog-

nized organizations such as the NATO Blood Panel,

ISBT, African Blood Association or the Asian Blood

Association. A total of 28 invitations were transmitted.

The questionnaire was composed of 8 sections, embrac-

ing the whole chain: from the WBB programme struc-

ture to haemovigilance and training, including a focus

on pre-screening and blood collection. We received 15

(54%) completed questionnaires. A summary of findings

is reported:

Structure of WBB programme

Questions: Does a WBB programme exist in your country?

Is the WBB programme Military or civilian? How many

personnel are required to run the WBB programme? When

did the WBB programme commence? What is the legal

framework under which the WBB programme is regu-

lated/governed?

Ten countries report an existing WBB programme;

one country is currently planning to develop such a

programme (Belgium), whereas the remaining four coun-

tries have neither an existing nor a planned programme

(Brazil, Cameroon, Luxembourg and Malaysia). Eight

countries report that their WBB programme is a military

programme, while one country reports a civilian pro-

gramme (Mali) and another reports both military and

civilian WBB programmes (Norway). Even though WBBs

are not a new concept, the oldest programme only

started in the late 1980s, with seven (70%) respondents

with active WBB programmes reporting establishment

the programme in the last 15 years (Fig. 1). With

respect to the legal framework under which the pro-

gramme is regulated, the majority (70%) of programmes

follow civilian regulations for their country, where

applicable. Those specifications that fall outside of

this regulatory framework are governed by military

regulations.

1
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Personnel/command and control

Questions: What are the situations in which you expect to

activate the walking blood bank programme? Who will be

responsible for activation of the WBB? Who will organize/

co-ordinate donor collection? What are the qualifications

of individuals performing donor selection, whole blood

collection, donor testing, recipient testing, confirming

compatibility between donor and recipient and transfusion

of whole blood to recipient?

One of the principal questions regarding WBB pro-

gramme relates to the circumstances leading to activation

of the WBB. In military settings, WBB activation is based

on the need of a blood product for an emergency associ-

ated with a shortage of (re) supply. This included mass

casualty situations, or when platelets are required and not

carried by the deployed blood bank. Six (60%) respon-

dents have developed WBB programmes to support

deployed troops with no blood supply including special

operations forces or troops working in remote locations

with a low occurrence of haemorrhage where a full-time

blood bank would lead to a high rate of blood product

wastage. The activation of the programme is under the

responsibility of a chief/senior medical officer for all

countries except one, which authorizes paramedics to

activate it during special operations. Regarding the orga-

nization of the blood collection, phlebotomy is performed

by appropriately trained personnel, rather than requiring

a specific level of education (e.g. doctor). Donor selection

remains a doctor’s prerogative in three (30%) countries.

Pre-screening of potential donors

Questions: Are potential WBB blood donors pre-screened?

What are the tests performed? Which tests are mandated?

Where and by whom are the tests performed? How are the

test results reported and who is responsible for dissemina-

tion of results and donor care? How long is the TTI pre-

screening valid?

All countries base their strategy on pre-screening

donors for the WBB. This pre-screening fulfils local blood

donation control criteria and is performed in a blood

bank laboratory, often co-ordinated at a single-central-

ized site. Results are forwarded to the physician by vari-

ous methods and recorded in the donor’s medical file in

two (20%) countries. The validity of pre-screening ranges

from 30 days to one year (Table 1).

Pre-transfusion point of care testing

Questions: What are the rules used to determine compat-

ibility of blood transfusion? Is a point of care (POC) test

used to confirm compatibility of donated whole blood and

recipient prior to the transfusion? What is the name of

the device? Are additional POC tests (e.g. transfusion-

transmitted infection (TTI) screen) performed on the

recipient pre-transfusion? Which POC test(s) and device

(s) are used? Are repeat TTI tests performed on the

donor prior to transfusion? What tests are performed?

Which device is used? Are donor/recipient samples also

taken for testing at a later date? What tests are per-

formed? Who/where performs the testing? Who is

responsible for these tests?

The key points of safety during the activation of a

WBB programme are ensuring immune-haematologic (IH)

ABO blood group compatibility and minimizing the risk

of transfusion-transmitted infection. Regarding IH com-

patibility, four (40%) countries collect only blood from

low-titre O donors, preventing the risk of an ABO mis-

match. Despite this, eight (80%) countries still require

Fig. 1 International Forum responding Countries with Walking Blood Bank Programs and their date of implementation.
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rapid ABO testing of donor and recipient prior the trans-

fusion. Tests used for ABO grouping are either the

EldonCard (Eldon Biologicals A/S) or the ABTest Card

(Diagast). Regarding testing of donors for donor for

infectious disease, rapid blood born virus (HIV, HBV

(HBs Ag) and HCV) testing is required by five (50%)

countries, with the UK also performing syphilis (VDRL)

assay and malaria testing when required. Finally, eight

(80%) countries obtain samples from donors at the time

of donation and send to a reference laboratory to per-

form deferred infectious screening.

WB specifications

Questions: What type of bag is the whole blood collected

into (manufacturer and model)? Does the whole blood

undergo leukodepletion? Which device is used? Is a

pathogen inactivation technology used? Which device is

used? What type of administration set is used? Does the

administration set incorporate a filter? What type of fil-

ter is used?

Whole blood is collected in single bag without leuko-

reduction in all but one country. The latter uses a plate-

let sparing leucodepletion developed to filter whole

blood for civilian uses, in these situations, while leuko-

reduction is feasible when the WBB programme is acti-

vated in non-emergency situations. In terms of storage

solutions, CPD and CPDA1 are equally used, with some

using both. There are differences regarding the use of

the whole blood: some devote the collected whole blood

to a specific recipient and no blood banking is allowed,

whereas some collect the whole blood and can store the

units in a blood bank for up to 28–35 days, depending

on the storage solution. For the first hours post collec-

tion, whole blood is maintained at room temperature (up

to 24 h) before storage at 4°C (Table 2).

Haemovigilance

Questions: Is there a haemovigilance reporting system

implemented for the WBB programme? Describe the

organization/structure/process of reporting? How are

incidents reported? Who is responsible for reporting?

Have there been any incidents/near misses reported?

What is the nature of these incidents? What is the pro-

cess for managing incidents/near misses if they have

occurred? Where incidents/near misses have been

reported has corrective action been taken? Where inci-

dents/near misses have been reported, have changes

occurred to prevent future incidents?

Haemovigilance is the process by which transfusion

related adverse effects and near misses are reported.

Reporting is mandatory, from blood collection to Ta
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post-transfusion, and includes blood processing steps.

Haemovigilance helps ensure the highest level of blood

transfusion safety. The set-up of a haemovigilance sys-

tem for a WBB programme is highly desirable but faces

difficulties in the austere, remote and battlefield settings

in which the WBB programme is activated. Half of the

countries report using a haemovigilance system merged

with the civilian system in their country. The responsible

physician in the field is in charge of reporting adverse

events. Only one country declared the availability of an

online reporting system, which may be more efficient.

No adverse events were reported. Data regarding overall

WBB activity is shared/available from a few countries

and highlights the fact that the activation of the WBB is

an exceptional event.

Training

Questions: How is training delivered to implement and

maintain the WBB programme? Who is responsible for

overseeing this training? Who performs the training?

Who is trained? How long does the training take? How

long is the training valid?

As highlighted previously, the activation of the WBB

is a rare event, occurring mainly in austere settings in

response to an emergency. Therefore, comprehensive

training is required for all personnel involved in the

activation of the WBB programme. All countries have

well-developed training programmes under the coordi-

nation of their national authority. Some have developed

specific courses on the topic. One country reports remote

training, close to the place of WBB programme activa-

tion under the supervision of the blood programme offi-

cer. Personnel who are trained include nurses, laboratory

technologists, paramedics and physicians. The duration

of the training and frequency is variable from one coun-

try to another (Table 3).

Summary

WBB programmes were developed to address blood sup-

ply shortages and ensure optimal care of bleeding

patients by providing blood transfusion as early as pos-

sible. However, safety requirements in transfusion medi-

cine are some of the most stringent in medical care. The

implementation of a WBB programme has to address

these constraints, ensuring the highest safety in the most

austere and emergency situations. This challenge was

reported by all 10 responders in this forum. Interest-

ingly, all protocols for WBB programmes include meth-

ods for pre-screening and activating donors but the use

of collected blood and the monitoring for adverse reac-

tions reveal several different approaches. The approach Ta
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to mitigating transfusion-transmitted infections at the

point of collection differs between countries and no con-

sensual guidelines exist regarding the fate of non-trans-

fused blood products. This forum also highlights the

infrequent activation of WBB programmes, making train-

ing and skill maintenance a key priority. Currently, civil-

ian WBB programmes must plan for mass casualty events

where the local blood supply could become exhausted or

(re) supply disrupted due to terror attacks or natural dis-

aster. These reflections around WBB programmes are

highly interesting. Such programmes may even have rele-

vance for space exploration [7]!
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United Kingdom

Section A – Structure of WBB programme

Question 1
Not within the UK but there is a Military equivalent WBB

programme for use overseas deployments.

The UK has a well-established National Blood Service

which can provide blood and blood components at very

short notice to fulfil a requirement.

1.1 Military.

1.2 Each deployment will have a minimum of 2 people

to manage the WBB. Pre-screening and administra-

tion within the UK require an additional 4 people.

1.3 Pre 1990.

1.4 Pre-screening of volunteer donors is regulated by

the UK Medicines and Healthcare Products Regula-

tory Agency (MHRA) following EU Directives. Dona-

tion in the field follows as closely as possible to the

above regulations an urgent requirement and envi-

ronmental considerations may be waived in emer-

gencies.

Section B – Personnel/Command and Control

Question 2
In order to satisfy clinical need for whole blood or plate-

lets. In the event of components being unavailable due to

logistical difficulties.

Question 3
Senior Clinician in the area.

Question 4
Biomedical Scientist (BMS) / suitably trained healthcare

professional.

Question 5
Information on Qualifications.

5.1 UK DMS delivered Blood Donation Storage and Sup-

ply Course (BDSS).

5.2 UK DMS delivered Blood Donation Storage and Sup-

ply Course (BDSS).

5.3 Health and Care Professions Council (HCPC) Regis-

tration as Biomedical Scientist.

5.4 Health and Care Professions Council (HCPC) Regis-

tration as Biomedical Scientist.

5.5 Health and Care Professions Council (HCPC) Regis-

tration as Biomedical Scientist.

5.6 Registered medical professional (Drs, Nurse, Operat-

ing Department Practitioner (ODP)).

Section C - Pre-screening of potential donors

Question 6
Yes, in the UK.

6.1 Blood Group 9 2, Allo-antibody Screen, HIV 1 + 2,

HCV, HBV, HeV, HTLV 1 + 2, Syphilis, High Titre

Anti A and B.

6.2 All above.

6.3 National Health Service Blood and Transplant

(NHSBT) Filton.

6.4 Results are electronically transferred by NHSBT to

UK DMS. Donor care is part of the NHSBT service.

6.5 7 Months.

Section D – Pre-transfusion point of care (POC)
testing

Question 7
BMS managed WBB = Compatibility testing, Blood group,

POCT prior to transfusion.

Question 8
Yes, if BMS managing WBB, No, if not:

8.1. Diamed Gel ID system.

1
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Question 9
No.

9.1. NA.

Question 10
Yes.

10.1. Abbott Determine HIV 1 + 2, Abbott Determine

HbsAg, Abbott Determine Syphilis, SD Bioline

HCV, (Binax Now Malaria).

10.2 RDT.

Question 11
Yes.

11.1 HIV, HIV, HCV, Syphilis.

11.2 NHSBT Filton.

11.3 Defence Medical Services (Centre of Defence

Pathology).

Section E – Whole blood specifications

Question 12
Fresenius Kabi Compo Flex Single System.

Question 13
No.

13.1. NA.

Question 14
No.

14.1. NA.

Question 15
NA.

15.1. Yes.

15.2. In-line leukodepletion filter.

Section F – Fate of whole blood unit

Question 16
No.

16.1 NA.

16.2 24 h at RT + 48 h @ 4°C, or 28 days @ 4°C.

Question 17
Yes.

17.1 In Blood Bank.

17.2 Validated cool box.

17.3 Up to 28 days @ 4°C.

Section G – Current WBB programme activity

Question 18
Data for WWB Program.

18.1 552.

18.2 No comment.

18.3 No comment.

18.4 No comment.

18.5 No comment.

18.6 No comment.

18.7 No comment.

18.8 No comment.

Section H – Haemovigilance

Question 19
Yes, UK National SABRE/SHOT programs.

19.1 Online reporting to MHRA.

19.2 Via web page.

19.3 Responsible Person (Blood) via Centre of Defence

Pathology.

Question 20
No.

20.1 NA.

Question 21
Notification made to Defence Medical Service Blood Sup-

ply Organisation (Centre of Defence Pathology), who then

progress to clinical and/or regulatory authorities as

required.

Question 22
NA.

Question 23
NA.

Section I – Training

Question 24
Information on training to implement and maintain the

WBB programme:

24.1 The UK Defence Academy.

24.2 HCPC Registered BMS, Registered Nurses.

24.3 Healthcare Professionals required to undertake

WBB.

24.4 5 days.

24.5 2 years.

Question 25
None [1].

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021)

2 International Forum



References
1 Guidelines for the Blood Transfusion Sciences https://www.

transfusionguidelines.org/red-book.

Gary Fitchett

Royal Centre for Defence Medicine, Centre of Defence Pathology,

Birmingham, United Kingdom

Email: Gary.Fitchett317@mod.gov.uk

Andy Miles

Royal Centre for Defence Medicine, Centre of Defence Pathology,

Birmingham, United Kingdom

Email: Andrew.miles788@mod.gov.uk

Alhassane Ba

Mali

Section A – Structure of WBB programme

Question 1
Yes, a WBB program exists in my country. The program

is included in the activities of the Centre National de

Transfusion Sanguine (CNTS) of Bamako (National Blood

Transfusion Center).

1.1 The WBB program is civilian.

1.2 Fifty persons are required to run the WBB program.

1.3 The WBB program started in 2000.

1.4 The CNTS is a Public Scientific and Technological

Establishment created by Ordinance No. 00-041/P-

RM of September 20, 2000, ratified by Law No. 01-

027 of June 01, 2001. It is headed by a Director

General, under the responsibility of the Ministry of

Health.

Section B – Personnel/Command and Control

Question 2
The situations in which we expect to activate the WBB

program: situations of wounded wars in the context of

insecurity in our country, traffic accidents resulting in

several wounded, other disasters necessitating transfu-

sions, in Bamako or outside, and during the rainy season

(June to October) when malaria endemic peaks.

Question 3
The Director General of CNTS will be responsible for acti-

vation of the WBB.

Question 4
The head of the department of promotion and blood col-

lection will organize/co-ordinate donor collection.

Question 5
The qualifications of individuals performing the following

are:

5.1 Doctors, medical assistants, transfusion-trained med-

ical interns.

5.2 Nurses, health technicians.

5.3 Laboratory technicians, biologists.

5.4 Laboratory technicians, biologists.

5.5 Laboratory technicians, biologists.

5.6 Doctors, nurses.

Section C – Pre-screening of potential donors

Question 6
Yes, potential WBB blood donors are pre-screened.

6.1 The tests performed are haemoglobin pre-donation.

6.2 Hemoglobin pre-donation is the only test mandated.

6.3 The tests are performed by laboratory technicians or

nurses.

6.4 The results are communicated confidentially by the

doctor in charge of the medical selection or the doc-

tor in charge of the collections.

6.5 The TTI pre-screening is valid until next blood

donation.

Section D – Pre-transfusion point of care (POC)
testing

Question 7
Generally the compatibility of blood transfusion is used

for sickle cell patients, women of childbearing age, and

pediatric patients.

Question 8
The compatibility is made in indirect test with antiglobu-

lin gel filtration technique.

8.1 The device used is a gel card centrifuge of the brand

Diamed.

Question 9
No other test is performed on the recipient pre-transfu-

sion.

Question 10
Yes, TTI tests are performed on the donor prior to trans-

fusion.

10.1 Tests performed are: HIV antibodies, HBs antigen,

HCV antibody, syphilis.

10.2 The device used is ARCHITECT ABBOTT.
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Question 11
Yes, donor/recipient samples are also taken for testing at

a later date.

11.1 Tests performed are: blood group antigens.

11.2 The tests are done at the CNTS by the technicians

and the biologists.

11.3 The responsible for these tests is responsible for

the laboratory.

Section E – Whole blood specifications

Question 12
The bags used are dual bags containing CPDA-1 antico-

agulant.

Question 13
No, the whole blood does not undergo leukodepletion.

Question 14
No, a pathogen inactivation technology is not used.

Question 15
The type of administration set is not used.

15.1 No, the administration set does not incorporate a

filter.

Section F – Fate of whole blood unit

Question 16
No, the unit can be kept.

Question 17
Yes, the whole blood can be stored.

17.1 It can be stored in a refrigerated container.

17.2 The logistical chain from donor to storage is trans-

port in coolers.

17.3 They can be stored at the right temperature (2–6°)
for a month.

Section G – Current WBB programme activity

Question 18
Data are available in the CNTS activity report (reference:

Rapport d’activit�es, 30�eme session du Conseil

d’Administration du CNTS 2018).

18.1 The number of donations collected is 55 935, of

which 27% volunteers and 73% from the compen-

sation.

18.2 The number of deferrals for infectious disease was

8960, of which 1�9% HIV, 10�17% hepatitis B,

3�9% hepatitis C and 0�03% syphilis.

18.3 The number of deferrals for immuno-haematologi-

cal markers was 32 for grouping errors and 180

for cases of transfusion incompatibilities.

18.4 All donations were collected in total blood.

18.5 Only 12% of donations have been in a WBB.

18.6 The number of patients is not known for whom the

WBB was activated.

18.7 The number of whole blood units collected was

6473.

18.8 The number of blood units transfused is not

known.

Section H – Haemovigilance

Question 19
There is no haemovigilance reporting system implemented

for the WBB programme.

Question 20
No incidents/near misses have been reported.

Question 21
There is no process for managing incidents/near misses if

they occur.

Question 22
Not applicable.

Question 23
Not applicable.

Section I – Training

Question 24
The training delivered to implement and maintain the

WBB programme, is provided in the CNTS compound.

24.1 The Director and head of training are responsible

for overseeing this training.

24.2 Doctors and pharmacists specialized in blood

transfusion perform the training.

24.3 Nurses and technicians are trained.

24.4 The training lasts a week with different modules.

24.5 The training validity is not determined.

Alhassane Ba
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Agneta Wikman, Patrik Nimberger-Hansson & Stefan

Enbuske

Sweden

Section A – Structure of WBB programme

Question 1
In the Swedish Armed Forces (SAF), a WBB program is

recently implemented. The program is currently intro-

duced for designated deployed forces.

1.1 The WBB is a military program, initially aimed for

deployed forces but the plan is to have also a

national program in crisis and catastrophe prepared-

ness. The pre-screening and approval of WBB

donors are done by a civilian blood establishment,

according to the regulations for civilian blood

donors.

1.2 In the planning and start-up phase only a few per-

sonnel have been involved; a specialist in Transfu-

sion Medicine, two anesthesiologists in the SAF, the

education dept.in SAF. The organisation is not

finally set yet.

1.3 The program is implemented in the autumn 2019,

for forces deployed to Mali.

1.4 The program follows the national regulations, as

close as possible. Standard operation procedures

(SOPs) regulating exceptions, necessary in austere

environment, are approved by medical and organi-

sational authorities in SAF.

Section B – Personnel/Command and Control

Question 2
The WBB program is primarily aimed for deployed forces

where we have challenges with transportation of blood

components. The program will be activated in urgent and

critical situations when blood component therapy is not

available in time to save lives.

Question 3
The Surgeon General in the SAF is over-all responsible

for the program. At site activation will be done by the

senior medical officer (SMO) or by a medical person in

lead.

Question 4
The senior medical officer (SMO) is responsible to activate

the program locally. Blood donors are pre-screened and

approved before deployment and results are documented

in a blood donor register at site. The medical staff have a

one-day education in collection, testing and transfusion

of whole blood.

Question 5
The staff qualified are licensed doctors and nurses who

are trained to perform collection and testing. The compe-

tence will be documented and annual retraining will be

required.

5.1 Donor selection, whole blood (WB) collection and

testing are done by licensed doctors and nurses

qualified for the assignment

5.2 See 5.1.

5.3 See 5.1.

5.4 If recipient testing is required it is done by licensed

doctors and nurses qualified for the assignment.

5.5 Confirming compatibility between donor and recipi-

ent is done by licensed doctors and nurses qualified

for this.

5.6 Transfusion of WB is done by licensed doctors and

nurses qualified for this.

Section C – Pre-screening of potential donors

Question 6
Yes potential WBB blood donors are pre-screened and

health questionnaires approved according to the same

regulations as for civilian blood donors.

6.1 The routine tests for donor approval in Sweden are

blood type, erythrocyte antibody screening and

virus tests (HBsAg, anti-HIV, -HCV,-HTLV I/II, Lues),

In addition NAT (HBV, HCV, HIV) and titer anti-A/B

in blood type O blood donors are performed in the

WBB donors.

6.2 See above.

6.3 The tests are performed at the Blood Bank at

Karolinska University Hospital.

6.4 The test results are reported electronically in the

blood bank system at Karolinska. The individual

donors are approved by a Transfusion Medicine spe-

cialist and the results are sent to the appointed

responsible medical person in the SAF.

6.5 The TTI pre-screening (HBsAg, anti-HCV,-HIV) is

repeated before deployment if the results are more

than 3 months old and valid for 6 months.

Section D – Pre-transfusion point of care (POC)
testing

Question 7
In urgent situations, priority is to use low-titer anti-A/B

blood group O donors. If the recipient is a known blood

group O, low-titer is not necessary. If the recipient is

known RhD negative O RhD negative donors are priori-

tized, but not mandatory.
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Question 8
In a situation when it is decided to use ABO identical

blood confirmatory blood typing is required.

7.1 The device used is “One-man-kit Eldon card”.

Question 9
We plan to test available blood donors at site once a

month.

9.1 The tests performed are HBsAg (Vikia) anti-HIV,

HCV, HBc (Medmira). The Medmira kit is not CE

approved and will be changed.

Question 10
See above.

Question 11
Tests are taken if the donors have not been tested within

the last month. Tests will be done at site with the avail-

able device. At the moment virus tests are not sent to

Sweden for confirmatory tests but this may be added.

11.1 The tests performed are HBsAg (Vikia) anti-HIV,

HCV, HBc (Medmira).

11.2 Trained nurses and doctors do the testing.

11.3 The senior medical officer (SMO) is the main

responsible person.

Section E – Whole blood specifications

Question 12
The whole blood is collected in CDPA-1 Blood Bag (Ter-

umo).

Question 13
The whole blood does not undergo leukodepletion.

Question 14
Pathogen inactivation technology is not used.

Question 15
The transfusion is administered in the collection bag.

15.1 A transfusion filter for blood products is used.

Section F – Fate of whole blood unit

Question 16
The unit is immediately transfused or put in a blood

fridge.

16.1 The unit must be transfused in two hours or put in

a blood fridge, temperature +2–6°C.
16.2 See above.

Question 17
Yes.

17.1 The whole blood unit should be stored in a temper-

ature-controlled blood fridge.

17.2 The donated unit is either transfused or put in a

temperature-controlled blood fridge.

17.3 The whole blood unit can be stored in a tempera-

ture-controlled blood fridge up to 35 days.

Section G – Current WBB programme activity

Question 18
A WBB program was implemented in autumn 2019.

18.1 Until now approximately 200 donors are pre-

screened and approved.

18.2 None of the prescreened donors are deferred for

infectious disease.

18.3 One donor is deferred because of detected erythro-

cyte antibodies.

18.4 Until now, no whole blood collection procedures

have been performed (November 2019).

18.5 A WBB has not been activated, until November

2019.

18.6 No patients have been transfused with a unit from

a WBB until November 2019.

18.7 No whole blood units have been collected until

November 2019.

18.8 No whole blood units have been transfused until

November 2019.

Section H – Haemovigilance

Question 19
Yes.

19.1 All units and all transfusions will be documented

and reported.

19.2 In the medical records and to the responsible

transfusion specialist.

19.3 SMO or a medical person in lead is responsible for

reporting.

Question 20
We have not really started and have not experience yet.

Guidelines will be in place how to manage and report

incidents and make corrective actions.

20.1 All incidents/near misses will be documented and

reported.

Question 21
See above.
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Question 22
See above.

Question 23
See above.

Section I – Training

Question 24
The information is provided below:

24.1 The transfusion specialist in collaboration with the

Military medical training department in SAF has

done the education. Retraining will be done by

appointed medical persons. The details are not

implemented.

24.2 The transfusion specialist in collaboration with the

Military medical training department in SAF has

performed the training.

24.3 Until now doctors and nurses for deployed forces

have been trained.

24.4 The initial training is one day. The retraining is

not designed in detail.

24.5 Details are not in place but at least annual retrain-

ing will be required.

Question 25
The Senior medical officer will have a one day exercise

in blood tactical training and there is a blood tactical

memo for guidance and planning.

Agneta Wikman

Karolinska University Hospital, Stockholm, Sweden

Email: agneta.wikman@sll.se

Patrik Nimberger-Hansson

Swedish Armed Forces Headquarters Medical Services,

Stockholm, Sweden

Email: patrik.hansson@mil.se

Stefan Enbuske

Swedish Armed Forces Headquarters Medical Services,

Stockholm, Sweden

Email: stefan.enbuske@mil.se

Milo�s Bohon�ek

Czech Republic

Section A – Structure of WBB programme

Question 1
Yes.

1.1 Military only.

1.2 Depends on situation:

a . In ROLE 1 or 2 (types of field hospital/facility) 1

physician + min. 2 nurses + 2 next personnel.

b . In special task force combat operation 1 medic +
1 CLS (Combat Life Supporter).

1.3 In special forces 2015, it will expand to other armies

from 2020.

1.4 The legal framework is in process as military pre-

scription, for military operation only (not issued

yet).

Section B – Personnel / Command and Control

Question 2
1/ in ROLE.

Chief doctor.

Based on information about casualties and transport

options to a higher level determines:

• number of donors

• donor selection

2/ in special task force combat operation.

Chief medic (SOCM 18D etc.) or commander SOST

(after assessment of the injury) and determine appropriate

donors and expected amount of needed blood.

Question 3
See above.

Question 4
See above.

Question 5
Qualifications of individuals:

5.1 See above.

5.2 Combat medic, CLS, nurses.

5.3 Combat medic, nurses, physicians.

5.4 Combat medic, nurses, physicians.

5.5 Combat medic, nurses, physicians.

5.6 Combat medic, nurses, physicians.

Section C – Pre-screening of potential donors

Question 6
Potential WBB blood donors pre-screened before deploy-

ment.

6.1 Blood type (check), blood-borne infections (VHB,

VHC, HIV, syphilis), anti-erythrocytes irregular anti-

bodies, titre anti-A/B (IgM).

6.2 See above.

6.3 Military University Hospital Prague.
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6.4 Reported to commander or head of medical support.

6.5 For one deployment.

Section D – Pre-transfusion point of care (POC)
testing

Question 7
1/ Check dog tag, 2/ check personal card 3/ perform anti-

A / anti-B bed-side test.

Question 8
Yes.

8.1 Rapid ABO test (ABTest Card�, Diagast).

Question 9
Additional tests are optional.

9.1 Not yet determined.

Question 10
Repeat TTI tests are optional.

10.1 Optional - VHB, VHC, HIV.

10.2 The device is not yet determined.

Question 11
Yes.

11.1 Blood type ABO Rh, Anti-erythrocytes irregular

antibodies, TTI – VHB, VHC, HIV.

11.2 Military University Hospital Prague.

11.3 Commander for transportation, Military University

Hospital Prague for tests.

Section E – Whole blood specifications

Question 12
The Blood collection single bag with CPD (CompoFlex�

Single System, Fresenius Kabi).

Question 13
No.

Question 14
No.

Question 15
Transfusion set (SANGOFIX� B, B.BRAUN).

15.1 Yes.

15.2 Mesh.

Section F – Fate of whole blood unit

Question 16
Yes.

16.1 As soon as possible / immediately.

16.2 No.

Question 17
Yes.

17.1 In active cooling boxes, in ROLE only.

17.2 If not transfused, blood is stored.

17.3 Not defined yet, probably 2–3 weeks.

Section G – Current WBB programme activity

Question 18
The data is provided below:

18.1 60 (in 2019).

18.2 None.

18.3 None.

18.4 There is no information.

18.5 There is no information.

18.6 There is no information.

18.7 There is no information.

18.8 There is no information.

Section H – Haemovigilance

Question 19
There is no hemovigilance reporting system implemented

for the WBB programme as yet:

Question 20
There is no reporting system in place.

Question 21, 22, 23
Not applicable as there is no reporting system in place.

Section I – Training

Question 24
The detailed training program is in preparation, so far

only operatively.

24.1 Not defined yet.

24.2 Department of Hematology and Blood Transfusion,

Military University Hospital Prague.

24.3 Selected combat medics/nurses/CLS.

24.4 5 days.

24.5 Not defined yet.

Milo�s Bohon�ek

Military University Hospital Prague, Prague, Czech Republic

Email: milos.bohonek@uvn.cz
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Dana Devine & Andrew Beckett

Canada

Section A – Structure of WBB programme

Question 1
Yes, a WBB program does exist in Canada.

1.1 The program is Military.

1.2 There is one full time program coordinator (Critical

Care or General Duty Nursing Officer) in Canada

and 3 additional staff to run the program overseas

(2 nurses and 1 laboratory technologists). A medical

specialist physician or surgeon acts as senior advisor

to the program.

1.3 The current version of the program has been in

operation since early 2015, but other versions have

been in operation for some time. For example, a

WBB program was in place to support Canadian

Forces Health Services (CFHS) Operations when

Canada had responsibility for the hospital on the

Kandahar base (2006–2009). During this period, the

WBB screening and testing program was done by

CBS under a memorandum of understanding. Since

2006, the WBB program in support of the Canadian

Forces has been operated jointly between Canadian

Blood Services and the Canadian Forces.

1.4 The relevant federal regulatory authority, Health

Canada, provides Blood Regulations which include

specific requirements for pre-assessed donor pro-

grams (i.e. walking donor programs), notably in sec-

tions 86-91. Section 4(4) states that an

establishment cannot transfuse allogeneic blood that

is collected from a pre-assessed donor unless the

establishment has complied with requirements out-

lined in those sections. These include ensuring that

the program is carried out under the supervision of

a medical director; and it is used only when no

other alternative source of blood appropriate for the

recipient is available, and the recipient’s physician

requests the blood for use in the emergency treat-

ment of their patient. Donors in pre-assessed donor

programs must have a donor identification code at

the time of acceptance into the program and have

their suitability assessed every three months against

the establishment’s authorized criteria including

assessment of medical and social history to deter-

mine infectious disease risk (questionnaire and test-

ing), and provision of information to donors

concerning donation risk, obtaining the ABO/Rh

type and testing for any clinically significant anti-

bodies, and a mechanism to acquire post-donation

information. In addition, blood components from a

pre-assessed donor program shall not be placed in

the regular inventory or used in settings other than

emergency use.

Section B – Personnel / Command and Control

Question 2
The WBB program is activated by CFHS in deployed set-

tings when blood stocks are depleted, platelets are

required, or in settings where blood is unavailable. The

program should not be triggered unless a physician has

requested blood for a recipient. The mission must be des-

ignated for WBB activation by CFHS Director of Health

Services Operations (DHSO).

Question 3
The Director of Health Services Operations of the Cana-

dian Armed Forces is responsible for the existence, regu-

lation and monitoring of the program. In the field

hospital setting, a senior medical authority is responsible

for activation of the WBB when there is an exhausted

supply of component product and/or when platelets are

required in the deployed setting.

Question 4
The senior medical authority has responsibility for orga-

nization and coordination of donor collection. Once the

WBB has been activated, nurses to the screening, and

technologists perform any point of care testing that is

required. See Annex A.

Question 5
The qualifications of individuals are provided below.

5.1 The recruitment of donors is the responsibility of

the walking donor program in the Canadian Forces.

Once identified donors, are screened and tested by

Canadian Blood Services staff.

5.2 Whole blood is collected by individuals with appro-

priate training, either phlebotomists, nurses, physi-

cians, or special operations medical technicians.

5.3 Donor testing prior to deployment is conducted by

Canadian Blood Services in their consolidated test-

ing laboratories. Staff in those laboratories are full

time testing staff, either laboratory assistants or reg-

istered medical laboratory technologists. Results are

reviewed by a certified medical laboratory technolo-

gist.

5.4 Testing of recipients is controlled by the clinical

care team and may be performed by registered med-

ical technologists or other trained laboratory staff.

Members who have received Fresh Whole Blood are

screened for HIV, hepatitis B and hepatitis C at 3, 6
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and 12 months after transfusion to monitor for

seroconversion.

5.5 To confirm compatibility between donor and recipi-

ent, a crossmatch is performed by a laboratory tech-

nologist with appropriate training. In austere

environments, an EldonCard may be utilized.

5.6 In deployment settings, the transfusion of whole

blood to recipients may be performed by a medic

who is generally a family practice or specialist

physician or surgeon.

Section C – Pre-screening of potential donors

Question 6
Yes, WBB blood donors are pre-screened.

6.1 Potential donors undergo standard blood donor

screening used for all donors at Canadian Blood

Services. This includes a blood pressure check prior

to donation. All donations are tested for blood

group, syphilis, hepatitis B, hepatitis C, HIV, HTLV-

1/2, and West Nile virus. Depending on the answers

to the screening questions, a donor may also be

tested for Chagas disease. Anti-A and anti-B titers

are also determined in ABO group O donors.

6.2 All tests performed are mandated.

6.3 Tests are performed by Canadian Blood Services

donor testing laboratory staff in the consolidated

testing laboratories of Canadian Blood Services

located in either Calgary, AB, or Brampton, ON.

6.4 Test results are reported back to the Canadian

Armed Forced blood program coordinator indicating

which donors are suitable for the program as well

as any deferrals along with the reason and the dura-

tion of the deferral.

6.5 Screening is valid for a period of 3 months; how-

ever, a possible extension to 12 months is under

consideration.

Section D – Pre-transfusion point of care (POC)
testing

Question 7
The donor’s blood type and any titres are determined by

Canadian Blood Services at the time of donation. The

recipient is blood typed by a technologist who also per-

forms a crossmatch.

Question 8
Yes, a point of care test is used to confirm compatibility

of donated whole blood and recipient prior to the transfu-

sion.

8.1 Compatibility is confirmed using a gel card or Eldon

Card.

Question 9
Yes, additional POC tests are performed on the recipient

pre-transfusion.

9.1 Additional testing is performed for hepatitis B, HIV,

hepatitis C, syphilis and malaria.

Question 10
Yes, repeat TTI tests are performed on the donor prior to

transfusion.

10.1 Tests are performed for hepatitis B, hepatitis C,

HIV, syphilis and malaria.

10.2 See Annex B for information on what device is

used.

Question 11
Protocols dictate that samples should be taken for testing

at a later date, however, protocol violations are not

uncommon.

11.1 Tests for hepatitis B, hepatitis C, syphilis, HIV and

HTLV-1/2 are performed.

11.2 Testing is performed in public sector laboratories

in Canada.

11.3 The staff of the Canadian Armed Forces blood pro-

gram are responsible for ensuring these tests are

performed and results managed.

Section E – Whole blood specifications

Question 12
Blood is collected into a Fenwal CPD bag; product code

is: 4R0012MC.

Question 13
No, the blood is not leukodepleted.

13.1 N/A.

Question 14
No, pathogen inactivation technology is not used.

14.1 N/A.

Question 15
See Annex B.

15.1 See Annex B.

15.2 See Annex B.

Section F – Fate of whole blood unit

Question 16
Yes, immediate transfusion is required.

16.1 Blood must be transfused within 24 h of collection

and can only be used to support the specific

patient for whom it was collected.
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16.2 Blood from WBB donors must be maintained at

4°C.

Question 17
Yes, blood may be stored for a brief period of time.

17.1 Whole blood may be stored in a dedicated blood

refrigerator that is under the control of the labora-

tory.

17.2 Blood goes from collection to laboratory to donor,

or from collection to laboratory to storage.

17.3 Storage cannot exceed 24 h.

Section G – Current WBB programme activity

Question 18
Data (per annum) is provided below.

18.1 The number of pre-screened donors has varied

greatly depending on the activities of the Canadian

military. During the period of Canadian involve-

ment in the Afghanistan conflict, between 360 and

845 donors were screened each year. Since the

program was re-established in 2016, annual

screening numbers have ranged from 176 to 315.

18.2 There have been 0 deferrals for infectious disease.

18.3 There have been 2 deferrals for immuno-haemato-

logical markers.

18.4 Less than 30 whole blood collection procedures

have been performed.

18.5 A WBB has been activated 6 times.

18.6 Unknown.

18.7 25 whole blood units were collected.

18.8 All 25 units that were collected were transfused.

Section H – Haemovigilance

Question 19
No, a hemovigilance reporting system has not been

implemented for the WBB programme.

Question 20
Yes, there have been incidents/near misses reported.

20.1 Protocol violations have been reported that would

be considered incidents or near misses.

Question 21
A review is undertaken by the Health Services Operations

of the Canadian Armed Forces.

Question 22
Yes, corrective actions were identified and applied.

Question 23
Yes, administrative and organizational, and operating

procedural improvements have taken place.

Section I – Training

Question 24
Training information is provided below.

2.1 Training of Canadian Blood Services personnel

involved in donor screening and donor testing is the

responsibility of Canadian Blood Services. The

responsibility for training of Canadian Forces per-

sonnel resides with the Director of Health Services

Operations (DHSO).

24.2 For Canadian Blood Services staff, training occurs

through formal staff training programs in an envi-

ronment that is regulated by Health Canada. Cana-

dian Blood Services also trains crown personnel

(Canadian military personnel) in phlebotomy and

donor screening. Other training of Canadian Forces

personnel is the responsibility of the Blood Pro-

gram officer under supervision of DHSO.

24.3 Trainees include registered nurses, laboratory tech-

nologists, special forces medics, family physicians,

specialist physicians and surgeons in the Canadian

Forces. At Canadian Blood Services, trainees

include all screening and laboratory staff.

24.4 Training takes two days at the Canadian Forces.

Training of Canadian Blood Services staff takes

variable lengths of time depending on the exact

type of training involved.

24.5 Some aspects of Canadian Blood Services training

require annual renewal, other assessments are

made by supervisors on a regular basis and

retraining offered to any staff who require it. For

Canadian Forces personnel, training is good for

3 years. Additionally, this group receives deploy-

ment training and mission-specific training.

Dana Devine

University of British Columbia, Centre for Blood Research,

Vancouver, BC, Canada

Email: dana.devine@blood.ca

Andrew N. Beckett

Royal Canadian Medical Service of the Canadian Armed Forces,

Toronto, ON, Canada

Email: Andrew.Beckett@unityhealth.to
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Dora Mbanya

Cameroon

Section A – Structure of WBB programme

Question 1
No, a WBB program does not exist in Cameroon.

1.1 No plans are in place and there are no discussions

about the issue to the best of my knowledge.

1.2 N/A.

1.3 N/A.

1.4 N/A.

Dora Mbanya

Yaoundé University Teaching Hospital, Yaoundé, Cameroon

Email: dmbanya1@yahoo.co.uk

France T’Sas & Julie Degueldre

Belgium

Section A – Structure of WBB programme

Question 1
The Belgian Defence has not yet established a WBB pro-

gram, but has developed a research program for the

proper implementation of this concept, in order to meet

Belgian needs and to allow collaboration with our NATO

allies.

We plan to use the WBB in two different cases: In the

first case, it will be used for small teams isolated from

medical support. The second case is that of a supply chain

disruption or overload.

The WBB concept when implemented cannot meet all

the requirements of both the Belgian legal framework and

the European directives.

1.1 Belgian Defence is currently considering developing

a WBB program for military implementation only.

There are certainly possible civilian applications but

further discussion between both medical worlds are

needed. The concept has to be first fully developed

beforehand.

1.2 At this time, the research team has not assessed that

part of the concept.

1.3 There is no precise planning for the implementation

of the WBB, but a research project is in progress in

order to take advantage of the WBB in a near

future.

1.4 In Belgium, there is no specific legal framework for

the WBB. Therefore, the national legal framework

and the European directives for blood establish-

ments and transfusion apply.

Section B – Personnel/Command and Control

Question 2
We plan to activate the WBB for small isolated teams

deployed without nearby medical support or when the

usual supply chain is disrupted or overloaded.

Question 3
The research team has not yet addressed this point, but

the activation of the WBB will always be a medical

responsibility.

Question 4
The organisation of blood collection will be under the

responsibility of the physician in charge of the medical

support on the field. This task can be delegated but the

final responsibility will remain with the physician.

Question 5
The qualifications are planned as follows:

5.1 The selection of the donors is a medical responsibil-

ity but can be delegated to a properly trained

medic.

5.2 The Whole Blood collection is a medical responsibil-

ity but can be delegated to a properly trained

medic.

5.3 A properly trained and educated medic can perform

donor testing.

5.4 A properly trained and educated medic can perform

recipient testing.

5.5 The confirmation of the compatibility between

donor and recipient is a medical responsibility but

can be delegated to a properly trained medic.

5.6 The transfusion process is a medical responsibility

but can be delegated to a properly trained medic in

remote conditions. Assistance of a physician must

be offered IOT advise the medic.

Section C – Pre-screening of potential donors

Question 6
Yes, we plan to pre-screen the blood donors.

6.1 The following tests will be performed: serological

screening tests (HIV, HBV, HCV and syphilis) and

viral genome detection tests (HIV, HBV, HCV) in

accordance with the Belgian legal framework and

the European directives.

6.2 The tests that we plan to perform are the mandatory

tests.
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6.3 The Military Medical Laboratory Capacity, the clini-

cal biology laboratory of the Belgian Military

Hospital, will perform these tests. These tests will be

added to the mandatory pre-deployment tests.

6.4 The field detachment physician will receive the

results so that he can manage a WBB if necessary.

However, the unit physician will also receive the

information so that he can ensure the dissemination

of results and the medical follow-up of the troops

under his responsibility.

6.5 For one year and/or before each deployment (in

accordance to the NATO Blood Panel).

Section D – Pre-transfusion point of care (POC)
testing

Question 7
A blood-grouping test will be performed on both the

donor and the recipient to verify compatibility.

Question 8
Yes, we are planning for a point of care test to confirm

compatibility of donated WB and recipient prior to the

transfusion.

8.1 We plan to use the ELDON CARD as a POC test to

confirm compatibility.

Question 9
At the current stage of the study, we do not plan to per-

form any further TTI tests on the recipient.

Question 10
Yes we plan to repeat TTI tests prior to transfusion.

10.1 We plan to carry out rapid tests for the serological

screening of HIV, HBV and HCV.

10.2 The choice of the device remains to be determined

in our study.

Question 11
We plan to organize a systematic return of samples taken

from both donor and recipient, but we anticipate that

they will not be systematically usable due to poor preser-

vation.

11.1 This step is not yet implemented. We plan to per-

form serological screening tests for HIV, HBV, HCV

and syphilis and viral genome detection tests for

HIV, HBV, HCV in accordance with the applicable

Belgian legal framework and the European direc-

tives.

11.2 The Military Medical Laboratory Capacity, the clin-

ical biology laboratory of the Belgian Military

Hospital, will perform these tests.

11.3 The Military Medical Laboratory Capacity, the clin-

ical biology laboratory of the Belgian Military

Hospital, will be responsible for carrying out the

tests.

Section E – Whole blood specifications

Question 12
We plan to evaluate blood collection bags distributed by

Fresenius Kabi and Terumo BCT with anticoagulant

CPDA-1 type.

Question 13
Still to be determined but will probably not be carried.

Indeed, in case of an emergency transfusion, the transfu-

sion needs to be performed rapidly. The choice is based

on the rapidity of transfusion in case of emergency col-

lection. However, filtration time would delay the transfu-

sion and decrease the chance of survival. Thus, filtration

in the case of an emergency protocol does not seem to be

of enough benefit [1].

Question 14
Still to be determined. The pathogen inactivation will

probably not be carried out [2].

Question 15
The type is still to be determined.

15.1 The choice of the set will be discussed with anaes-

thesiologists.

Section F – Fate of whole blood unit

Question 16
The primary goal of Belgian Defence is to activate the

WBB only when a transfusion is needed. However, we do

plan to collect blood and store it in case there is an inter-

ruption or an overload of the resupply chain.

16.1 In this case, immediately means that the blood will

be collected the moment the need arises.

16.2 These aspects have not yet been evaluated and will

be addressed through the ongoing study [1, 3].

Question 17
We plan to store whole blood.

17.1 These aspects have not yet been evaluated and will

be addressed through the ongoing study.

17.2 These aspects have not yet been evaluated and will

be addressed through the ongoing study.

17.3 The shelf life of whole blood will depend on the

duration of effectiveness of the platelets and

according to the literature [2, 4].
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Section G – Current WBB programme activity

Question 18
The Belgian WBB program is under development.

Section H – Haemovigilance

Question 19
Haemovigilance is an aspect that has not yet been stud-

ied. A feasibility study should enable us to highlight the

key stages of a field haemovigilance process. This is

essential to guarantee the safety of both the donor and

the recipient.

19.1 To be determined.

19.2 To be determined.

19.3 A properly trained medic under the final responsi-

bility of a physician could execute this task.

Question 20
N/A, as our program is under development.

Question 21
N/A, as our program is under development.

Question 22
N/A, as our program is under development.

Question 23
N/A, as our program is under development.

Section I – Training

Question 24
We would like to offer a training approach tailored to the

staff as well as to the missions. As this is an exceptional

programme and not a routine one, we insist on the

importance of regular reminders and practical trainings.

24.1 The study team in close coordination with the team

of the operational part of the Military Medical Lab-

oratory Capacity will be responsible of the educa-

tion and training of the key personnel.

24.2 The team of the operational part of the Military

Medical Laboratory Capacity will be responsible

for the training. Collaborations with key partners

are to be expected.

24.3 Personnel who may not always have access to

medical support and personnel responsible for

transfusion processes in the field.

24.4 Still to be determined.

24.5 Depending on the level of qualification of the tar-

get personnel, the duration and frequency of the

training will be adapted but regular reminders are

needed for the reasons mentioned above.
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Christophe Martinaud, Marine Chueca & Emmanuel

Dedome

France

Section A – Structure of WBB programme

Question 1
In France, the WBB program is under the responsibility of

the French Armed Forces Health Service, under the lead-

ership of the French Military Blood Institute (Centre de

Transfusion Sanguine des Arm�ees) [1]. Up to now, there is

no civilian WBB program. The program is led by the

Department of Clinical Operations, the director of the

CTSA is responsible for all the process in the institute,

included the WBB program. The program is embedded in

the routine, no specific people is strictly devoted to it.

The program started in 2006. The legal framework is a

Ministerial Direction [2].
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Section B – Personnel / Command and Control

Question 2, 3, 4, 5
The activation of the WBB is limited to overseas opera-

tions or high-risk mission of Armed Forces included

counter-terrorist actions. The indications are restricted to

the management of life-threatening emergencies due to

haemorrhage: (1) in case of massive transfusion situation

after the first 3 red-blood cells and lyophilized plasma

transfusions in order to provide platelets to the patients,

as no platelets are available for French Armed Forces

physicians in austere settings and that it was showed that

early transfusions of platelets are associated with survival

benefit for trauma-related massive haemorrhage [3], (2)

when haemostasis procedures failed to stop the bleeding

or when platelets are required as assessed by laboratory

testing, (3) in case of mass-casualties when the resources

of the blood bank will be obviously overwhelmed or in

case of shortage of the blood bank, whatever the reasons

are. The activation of the WBB is under the responsibility

of the intensivist (role 2) or, in remote situation (role 1),

of the physician (general practitioner). The organization

of the blood collection follows a well-described process

under the responsibility of a physician and involved

nurses and auxiliaries. Blood donor selection is preferen-

tially done by a physician and could be delegated to a

trained nurse. Whole blood collection is performed by a

nurse or a physician. Donor testing is performed by a

nurse, a lab technician or a physician. Recipient testing is

performed by the nurse under the responsibility of the

physician in charge of the management of the patient.

Section C – Pre-screening of potential donors

Question 6
Blood donors are preferentially selected among French

servicemen who underwent a blood screening prior the

deployment. Volunteers are informed during the pre-de-

ployment medical consultation about the WBB program.

If they agree, they undergo a medical selection for blood

donors, according to the French regulation [4]. The pur-

pose of this interview is to detect permanent deferral. If

the volunteer fits the criteria then he will be tested as

every blood donor [5]. All the analysis will be performed

at the French Military Blood Institute (blood donation

control laboratory): blood-typing, haemolysins (threshold

1/64), anti-erythrocytes irregular antibodies, antibodies

against HIV1+2, HCV, HBc, HTLV1+2, syphilis, HBs anti-

gen and nucleic acid testing for HIV1+2, HBV, HCV and

HEV. Antibodies against malaria and Chagas disease are

performed according to past medical history. Results are

reported to the military physician who did the interview

and are responsible to register this information in the

medical form. This screening is valid up to 12 months.

Section D – Pre-transfusion point of care (POC)
testing

Question 7, 8, 9, 10
Warm whole blood (wWB) is iso-group transfused when

the recipient is blood typed according to the French regu-

lation [6]. If the recipient is not blood-typed according to

this regulation, then the wWB will be collected from an

O-type donor without haemolysins. If such a donor is

unavailable, the blood-type of the recipient will be

assessed by rapid testing and transfused with a iso-group

wWB. In any case, the blood type of the recipient and the

donor will be checked by rapid testing (ABTest Card�,

Diagast, France). Prior to transfusion blood samples are

retrieved from the recipients to test infectious markers, as

previously described, as well from the donor and tested

according to the regulation in our blood donation lab. All

the samples are forwarded to the CTSA for analysis. On

the field, infectious rapid tests are performed on blood

donors: HIV1+2 (INSTITM, Nephrotek), Ag HBs (VIKIA�

HBsAg, BioM�erieux, France until June 2020, replaced by

Determine HBsAg2, Abbott), HCV (OraQuick� HCV, Ora-

Sure Technologies).

Section E – Whole blood specifications

Question 12, 13, 14, 15
Whole blood bags are purchased from Fresenius (COMPO-

FLEX, 600 ml, CPD1-1 63 ml). Neither leukodepletion,

nor pathogen inactivation is performed. The wWB is

transfused with a transfusion set (filter between 170 and

260 µm).

Section F – Fate of whole blood unit

Question 16, 17
Units have to be transfused within the first 6 h of collec-

tion and store at room temperature. If required, for medi-

cal evacuation for instance, units can be stored 24–48 h

between 2 and 6°C. It must be specified that units col-

lected are strictly devoted to a patient. It is not allowed

to transfuse wWB unit to anticipate the blood collection

if the recipient is unknown as well to transfuse a col-

lected unit to another recipient. Each blood collection is

initiated for a unique patient.
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Section G – Current WBB programme activity

Question 18
The data regarding blood screening are not yet available.

Around 20–50 procedures are performed each year, for

the same number of recipients with an average of 4 units

collected per process. From 2006 to 2019, no infectious

markers (HIV, HCV or HBsAg) were identified in a proce-

dure.

Section H – Haemovigilance

Question 19, 20, 21, 22, 23
The WBB program is integrated in the regular hemovigi-

lance reporting system. On the field, the Chief Medical

Officer is responsible for hemovigilance. He is responsible

for the reporting of any adverse effects occurring during

the whole procedure: from the selection of the donors to

the safety of the transfusion to the patient. Every critical

stages of the procedure are recorded on files that are for-

warded to the CTSA: blood donation initiation (indica-

tions, circumstances, recipient), medical interview of the

donors, rapid testing of the units and identity of the

recipient. At our institute, those data are recorded into

our transfusion software under the responsibility of the

chief of the blood donation control lab. From 2006 to

2019, no infectious markers (HIV, HCV or HBsAg) were

identified in any procedure.

Section I – Training

Question 24
Training is organized by the Val-de-Grâce Military Acad-

emy and all the training are delivered by the CTSA. The

Chief of Clinical Operations is responsible for the design

of the training in collaboration with Blood Donation

Department and Blood donation control laboratory.

Physician and nurses that are potentially deployed or are

about to be deployed must follow the training. The train-

ing lasts 8 h on two consecutive half-days: a lecture is

provided to teach the WBB program and practical exer-

cises are done. Attendees do a simulation of a WBB dona-

tion under the supervision of a trained physician of the

CTSA. A debrief is subsequently done. A written test eval-

uating every steps of the program ends the training. This

training is valid for 2 years.
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Torunn Apelseth & Geir Strandenes

Norway

Section A – Structure of WBB programme

Question 1
Yes, Norway has a WBB program.

1.1 Both Military (Norwegian Armed Forces Medical

Services) and Civilian (on Civilian oil installations,

and in the Department of Immunology and Transfu-

sion Medicine (Blood Bank) at Haukeland University

Hospital, Bergen, Norway).

1.2 To activate the program, only 1 person is required

like in Military Far Forward operations and for the

nurses at our oil installations. At the Blood Bank

the physician on call will activate the WBB in col-

laboration with the Head of Department. To estab-

lish a WBB program, you need a collaborative effort

between an adequately trained Blood Banker and

the clinical and military personnel involved. We

have training courses both for military and civilian

WBBs run by the Blood Far Forward Group.
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1.3 2009 (military special forces), 2015 (first civilian oil

installation), 2017 the Blood Bank at Haukeland

University Hospital.

1.4 Health Authorities and Norwegian Armed Forces.

Section B – Personnel/Command and Control

Question 2
Ongoing bleeding, and (1) no blood available, or (2) pla-

telet containing blood product not available so that bal-

anced blood transfusion cannot be given, or (3) blood

component therapy do not satisfyingly provide hemo-

static control.

Question 3
Military: Head of surgical team, if prehospital/far for-

ward: trained medic. On civilian oil installations: Respon-

sible nurse in collaboration with physician. In Blood

Bank: Physician on Call and/or Head of the Department

for the Blood Bank.

Question 4
Trained personnel (military and civilian oil installations);

for military services: can be performed by specially

trained non-authorised health personnel (medics); Trained

personnel at the Donor Collection Centre (the Blood

Bank).

Question 5
It is mandatory to have proper training and education to

be allowed to performed WBB actions and procedures.

For military services: can be performed by specially

trained non-authorised health personnel (medics);

5.1 Trained personnel (military and civilian oil installa-

tions); Trained personnel at the Donor Collection

Centre (the Blood Bank).

5.2 Trained personnel (military and civilian oil installa-

tions); Trained personnel at the Donor Collection

Centre (the Blood Bank).

5.3 Trained personnel (military and civilian oil installa-

tions); Trained personnel at the Immunohematology

section (the Blood Bank).

5.4 Trained personnel (military and civilian oil installa-

tions). Trained personnel at the Immunohematology

section (the Blood Bank).

5.5 We use only low titre group O whole blood for our

WBBs.

5.6 Trained personnel (military and civilian oil installa-

tions), Trained personnel at the Immunohematology

section (the Blood Bank).

Section C – Pre-screening of potential donors

Question 6
Yes, potential WBB blood donors are pre-screened.

6.1 ABO type, titre anti-A and anti-B, Virus (HIV and

hepatitis) testing. NAT testing for viral infections is

not mandatory in Norway.

6.2 All above.

6.3 As close to the operations as possible and during

mission (i.e. ABO-typing) for military and oil instal-

lations. Before donation and at the donation in the

Blood Bank.

6.4 Tests taken before operations is performed and

reported by approved laboratories and by the civil-

ian Blood Bank with which the Norwegian Armed

Forces and the oil company has established collabo-

ration. Overall responsibility for the Military opera-

tions is Senior Medical officer. During missions,

personnel with appropriate training (military and

civilian oil installations) are responsible for the test-

ing, reporting of results and donor care. In the

Blood Bank the Head of the Department has the

overall responsibility for all activity.

6.5 New testing at the time of donation.

Section D – Pre-transfusion point of care (POC)
testing

Question 7
Only low titre group O blood is used.

Question 8
If time. But presently, only pretested and approved blood

donors are used.

8.1 Eldon card.

Question 9
No additional POC tests are performed on the recipient

pre-transfusion.

9.1 Not applicable.

Question 10
No repeat TTI tests are performed on the donor prior to

transfusion.

10.1 Not applicable.

10.2 Not applicable.

Question 11
Yes. Samples are taken from donor at time of donation

and 3 months afterwards.
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11.1 Sent to laboratory by with which the Norwegian

Armed Forces and the oil company has established

collaboration.

11.2 See above.

11.3 See above.

Section E – Whole blood specifications

Question 12
In military operations and for civilian oil installations:

Terumo CPDA-1 blood bags. For WBB at the Blood Bag,

also Terumo CPD with Imuflex leukoreduction filter is

used.

Question 13
Partly.

13.1 Terumo CPD with Imuflex leukoreduction.

Question 14
No, pathogen inactivation technology is not used.

14.1 Not applicable.

Question 15
Single spiked 200 micro.

15.1 Yes.

15.2 200 micro.

Section F – Fate of whole blood unit

Question 16
No.

Question 17
Yes, the whole blood can be stored.

17.1 Approved temperature monitored blood fridge.

17.2 Must be moved to cold storage (2-6 degrees Cel-

sius) within 8 hours.

17.3 CPDA 35 days if stored under continuous tempera-

ture control during storage and transport.

Section G – Current WBB programme activity

Question 18
Apologize, we cannot provide data for this section.

Section H – Haemovigilance

Question 19
Yes.

19.1 Norwegian Hemovigilance Network, Norwegian

Health Directorate. For military operations outside

Norway, the Armed Forces Medical Services is

responsible for hemovigilance reporting.

19.2 To the responsible Blood Bank which forward

report electronically to the Norwegian Health

Directorate.

19.3 Health personnel responsible for the medical treat-

ment of the patient and performing the blood

transfusion.

Question 20
No.

Question 21
Local action.

Question 22
Not applicable.

Question 23
Not applicable.

Section I – Training

Question 24
Please see below:

24.1 Norwegian Armed Forces Medical Services and in

the Department of Immunology and Transfusion

Medicine (Blood Bank) at Haukeland University

Hospital, Bergen, Norway.

24.2 Norwegian Armed Forces Medical Services and in

the Department of Immunology and Transfusion

Medicine (Blood Bank) at Haukeland University

Hospital, Bergen, Norway.

24.3 Personnel expected to perform WBB procedures.

24.4 Military and oil installations: 3–5 days education

courses with follow-up training according to writ-

ten requirements for the Military Medical Services

or the Oil Company. Blood Bank personnel is

trained according to Norwegian Health Authorities

requirements and local procedures.

24.5 As for today, no time limit defined.
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Silvano Wendel & Roberta Fachini

Brazil

Section A – Structure of WBB programme

Question 1
No, a WBB program does not exist. Brazil is a very

peaceful country, whose participation in conflicts or pre-

vious war is very uncommon. Although it has a great sur-

face (actually, is the fifth largest country in the world),

with military personnel scattered all over the country, no

WBB program has been planned at this moment, as far as

we are aware.

Mandatory tests are carried out for each donation cov-

ering the following agents/markers: Syphilis, Chagas Dis-

ease, Hepatitis B (HBsAg, anti-HBc and HBV-DNA),

Hepatitis C (anti-HCV and HCV-RNA), Acquired Immun-

odeficiency Syndrome (AIDS – anti HIV1/2 and subtype

O; HIV-RNA) and T-Lymphocyte Human Virus (HTLV)

type I and II. These tests must be performed on a sample

taken at the time of donation, with diagnostic kits

licensed by the Brazilian Ministry of Health. The whole

blood and its components cannot be transfused before the

final non-reactive results are obtained.

1.1 Not applicable.

1.2 Not applicable.

1.3 Not applicable.

1.4 If planned one day in our country, it certainly shall

be regulated by the Brazilian Ministry of Health

Agency (ANVISA) norms and guidelines.

Section B – Personnel/Command and Control

Question 2
We think that natural disasters (although there are no

hurricanes, tornadoes or earthquakes reported in the

country), or a potential military conflict (either internal

or external) might be a reason for establishing a provi-

sional/permanent WBB in the future.

Question 3
Probably governmental authorities.

Question 4
This is unknown at the moment, but most likely the mili-

tary forces will take an important role in this action.

Question 5
According to the current Brazilian Guidelines [1], all per-

taining activities must be carried out under medical

supervision, even though one can employ the working

capacity of nurses, medical technologists, etc. Thus, there

is no reason to consider a different procedure from the

civil counterpart if a WBB is organized in Brazil.

Section C – Pre-screening of potential donors

Question 6
No, and at this moment it is not legally accepted in the

country to have blood units transfused without a non-re-

active result from a blood sample derived from the same

donation.

Section D – Pre-transfusion point of care (POC)
testing

Question 7, 8, 9, 10, 11
POC testing is not legally accepted in Brazil. Therefore,

all questions from this section are not applicable in our

country.

Section E – Whole blood specifications

Question 12, 13, 14, 15
There are several whole blood bags licensed in the coun-

try, although none is intended for WBB, at the moment.

We consider that all questions below shall not be applica-

ble, even though leukodepletion and pathogen inactiva-

tion (amotosalen) are currently licensed and utilized by

several civilian blood services, where blood components

are normally screened and stored.

Section F – Fate of WB unit

Question 16, 17
All questions are not applicable for Brazil.

Section G – Current WBB programme activity

Question 18
Not applicable.

Section H – Haemovigilance

Question 19, 20, 21, 22, 23
Not applicable, although there is a national hemovigi-

lance program for civilian purposes.

Section I – Training

Question 24
Not applicable.
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Question 25
Unless a major military conflict (highly unexpected for

Brazil) affects our peaceful life, we consider that the pos-

sibility of WBB in our country is quite remote.
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Adam Olszewski

Poland

Section A – Structure of WBB programme

Question 1
Yes, but only during abroad military missions (the first

time in Afghanistan in 2011) but one year ago the Minis-

ter of Defense issued a regulation ordering the training of

a walking blood bank as well as regulation ordering and

authorizing paramedics (not only doctors and nurses as

before) to collect and transfuse blood and blood compo-

nents during crisis situations and to support military units

(national and NATO units) - (Act: Dz.U. 2019, poz. 564 -

published 26 Mar 2019).

1.1 At this moment only military.

1.2 Data are collected but I think we need about 100

medical persons and minimum 10 000 soldiers

included to WBBP (dedicated for about 1 500 000

soldiers).

1.3 See above (2011 Afghanistan – ISAF).

1.4 At present only special forces use WBB procedure

and training, we are still in the phase of preparation

to introduce the pledge to WBB for use, a detailed

program and procedures. We have legal bases for

the army (see above) but not in civil applications.

Section B – Personnel / Command and Control

Question 2
Especially MASCAL, special operations e.g. SOST, abroad

missions, regular military operations – level 1–2.

Question 3
Medical officer only (doctor) in regular operations, doctor

or paramedic - in special operations and in level 1 during

regular operations.

Question 4
Nurses, paramedics, sometimes doctors.

Question 5
Information on qualifications:

5.1 Doctors (in special operations paramedics under

doctor supervision – e.g. mobile).

5.2 Nurses, paramedics, only in need doctors.

5.3 Lab technicians (before deploy and in level 2–3),
nurses, paramedics (level 1 and in SOF).

5.4 None.

5.5 Only blood group checking (in level 2 and 3 possi-

ble retrospective or in time cross matching).

5.6 Paramedics, nurses, doctors (medics in SOF in some

situations).

Section C – Pre-screening of potential donors

Question 6
Yes, potential WBB blood donors are pre-screened.

6.1 HCV, HIV, HBV (elisa and molecular biology TMA

method – single donation), in addition TP/Syphilis

(elisa) – at beginning and before deploy, every

3 months after deploy and probably will be mini-

mum every one year in WBBP in country. Addi-

tional tests according area of operation (eg. Malaria,

WNV).

6.2 HCV, HIV, HBV (elisa and molecular biology TMA

method – single donation).

6.3 All WBBP members.

6.4 All results and archive probes must be sent to our

facility and keep and store 30 years.

6.5 3 month for predeploy and 12 months will be or

shorter for WBBP members in Poland.

Section D – Pre-transfusion point of care (POC)
testing

Question 7, 8, 9, 10, 11
Not applicable.
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Section E – Whole blood specifications

Question 12
Terumo blood bags (single with CPD-A).

Question 13
No, but it is possible.

Question 14
Only for blood components (Mirasol, Methylene Blue).

Question 15
We use also special device e.g. Belmont 2000.

15.1 Yes.

15.2 Different.

Section F – Fate of whole blood unit

Question 16
No, the unit is not required to be transfused immediately.

16.1 As soon as possible, but if no 72 h from collection

– we will change it to longer time.

16.2 Yes, temperature 2–6°C.

Question 17
Yes, the WB can be stored.

17.1 In a dedicated medical cooler (2–6°C).
17.2 Collection in dedicated place (e.g. Container, Tent)

or in the field then must be store in hand bag and

transferred immediately to trauma room or stored

in fridge (72 h 2–6°C).
17.3 See above.

Section G – Current WBB programme activity

Question 18
We collected about 100 units of WB and transfused about

70 units in Afghanistan only. Present we will started.

Section H – Haemovigilance

Question 19, 20, 21, 22, 23
All blood reports must be sent to us (Warsaw – Military

Blood Center) and must be stored in a special database

(dedicated system called Military Blood Bank System –
present providing by ASSECO Company but we will

preparing a new system).

Section I – Training

Question 24
See above, we will be responsible in near future.

Question 25
See above.

Adam Olszewski
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Cyrille Dupont

Luxembourg

Section A – Structure of WBB programme

Question 1
No, a WBB program does not exist in our country.

The need for a civilian WBB is currently not publicly

established/evaluated. Considerations are made for a mili-

tary WBB in a deployed setting, but no short-term imple-

mentation is planned. The developments and evolutions

of WBB programs in our main partner nations are closely

followed.

Cyrille Dupont

Centre Militaire Army Medical Department, Diekirch,

Luxembourg

Email: cyrille.dupont@armee.etat.lu

Elon Glassberg & Eilat Shinar

Israel

Section A – Structure of WBB programme

Question 1
Partially. Our WBB program is only implemented in

extreme and rare cases, when a military unit will need

blood but may be completely disconnected for any sup-

ply. To achieve that all combatants in that unit are tested

in Magen David Adom National Blood Services

(MDANBS) laboratories for TTD and blood type, to iden-

tify those with O blood group. Suitable blood bags are

supplied and the paramedics and/or a military surgeon

are trained to collect blood according to SOPs.

1.1 Military.

1.2 Two: one in the military and one in the national

Blood Services. None of them as FTE.

1.3 1997, in the described format.

1.4 MDANBS and Medical Corps regulations.
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Section B – Personnel/Command and Control

Question 2
Specific military scenarios (e.g., remote and isolated loca-

tions.

Question 3
Military surgeons.

Question 4
Military surgeons.

Question 5
Information on qualifications:

5.1 Donor selection pre-screened and selected by

MDANBS phlebotomists and the IDF military sur-

geons.

5.2 Military surgeons and paramedics.

5.3 Donor testing is performed only as pretesting by

MDANBS qualified laboratory technicians. No test-

ing is performed at the time of donation.

5.4 We do not do recipient testing.

5.5 None.

5.6 Military surgeons.

Section C – Pre-screening of potential donors

Question 6
Yes.

6.1 ABO, Rh typing. In the coming year we plan that all

type O male donors will be titered for anti A & anti

B titers in order to identic compatible donors for

LTOWB.

6.2 ABO, Rh, RBC Antibody screening and TTD detec-

tion (HIV, HBV HCV and HTLV using Chlia, and ID-

NAT for HIV, HBV, HCV and seasonal WNV).

6.3 By MDANBS qualified laboratory technicians.

6.4 The responsible medical doctor in MDABS reports to

the military surgeon who are the O type suitable

donors.

6.5 For 30 days, as per the national SOPS.

Section D – Pre-transfusion point of care (POC)
testing

Question 7
Pre-identification of the O type donors, as described.

Question 8
No.

Question 9
No.

Question 10
No.

Question 11
No. The recipient blood type will be determined in the

Hospital Blood Bank, to which he is evacuated and data

regarding the transfusion from O type WBB reported.

Section E – Whole blood specifications

Question 12
Field Blood Transfusion Kit (TMM-FBTK) by Chinook

Medical Gear, Inc.

Question 13
No.

Question 14
No.

Question 15
Not applicable.

15.1 No. only filter for RBC aggregates, which is a part

of the transfusion set.

Section F – Fate of whole blood unit

Question 16
Yes, units are meant only to be collected and used at

times of urgent need.

16.1 As soon as the completion of the donation.

Question 17
No. MDANBS SOPs allow storing whole blood at RT for

up to 8 hours. However, as the temperature in the austere

conditions is not monitored, whole blood should be used

immediately after the collection from the WBB.

Section G – Current WBB programme activity

Question 18
Data provided for 2019.

18.1 70, 32 donors were O type (46%), 12 of them were

defined as Low Titer (<50).
18.2 None.

18.3 None.

18.4 None.
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18.5 None.

18.6 None.

18.7 None.

18.8 None.

Section H – Haemovigilance

Question 19
No.

Question 20
As applying WBB in the battlefield is extremely rare, we

have no data of such incidents.

Question 21
As applying WBB in the battlefield is extremely rare we

have no data on incidents/near misses.

Question 22
As applying WBB in the battlefield is extremely rare we

have no data on incidents/near misses.

Question 23
As applying WBB in the battlefield is extremely rare we

have no data on incidents/near misses.

Section I – Training

Question 24
Information on training:

24.1 The military in cooperation with the medical doc-

tor from the MDANBS.

24.2 Senior phlebotomists from the MDANBS.

24.3 Military Paramedics and Surgeons.

24.4 Few hours.

24.5 As long as they are in position.

Question 25
In general WBB is not encouraged in Israel. Both military

and civilian paramedics are authorized to use TXA and

FDP in cases of massively bleeding patients during

ground transportation to the Medical facilities. In case of

air-evacuation the military helicopters carry cold stored

LTOWB, and the team is qualified to transfuse them dur-

ing the flight. We believe that only in rare incidents,

where Special Forces, need to transfuse a massively

bleeding patient in a remote or austere location, and have

no cold stored LTOWB or blood components (FDP), the

WBB program can be exercised. This can be done on pre-

viously screened volunteer blood donors, by trained para-

medics and physicians.

Elon Glassberg

Israel Defence Forces, Ramat Gan, Israel

Email: Elon.Glassberg@gmail.com

Eilat Shinar

Magen David Adom National Blood Services, Ramat Gan, Israel

Email: eilats@mda.org.il

Audra L. Taylor, Jason B. Corley

United States

Section A – Structure of WBB programme

2 Does a WBB program exist in your country? No.

There is not an official WBB program in the US. There

is currently a WBB program for the Military that we

are currently working to formalize into an official

program.

If there is not a WBB program established but is

planned, what is the expected structure? If no WBB pro-

gram is in place or planned, please outline reasons for

this.

2.1 Is the WBB program Military or civilian? Military

2.2 How many personnel are required to run the WBB

program? Size depends on medical unit deployed

and capabilities. Can be done with as few as 1–2
staff or much larger at R3 or R2 with up to 8–12
staff members.

2.3 When did the WBB program commence? WBB has

been used by the US Military since WWI. Current

concept that is practiced today was initiated during

OIF/OEF in early to mid-2000’s. Clinical Practice

Guideline provided by the Joint Trauma System

(JTS) provides an SOP for deploying units to use for

WBB setup and execution.

2.4 What is the legal framework under which the WBB

program is regulated/governed? US DoD and Health

Affairs policies acknowledge deployed forces may

need to execute a WBB for use of non-FDA

approved blood products. JTC CPG provides guid-

ance.

Section B – personnel/command and control

3 What are the situations in which you expect to acti-

vate the walking blood bank program? The goal is to

always provide FDA Licensed Blood Products (to

include Low Titer Group O Whole Blood) to support

patients as well as to provide those products as far
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forward and as close to the Point-Of-Injury as possi-

ble. Based on the current inventory levels and avail-

able re-supply, a decision will be made to activate the

WBB.

4 Who will be responsible for activation of the WBB?

Senior Medical Officer overseeing patient care.

5 Who will organize/co-ordinate donor collection? Med-

ical Team/Unit Leadership to include Medical Officer

and NCOs.

6 What are the qualifications of individuals performing

the following? Individuals may be any medical series

provider properly trained on WBB tasks. Individuals

do not have to be credentialed providers for collection

of WB. The order to transfuse a unit of collected WB

is under the oversight of a credentialed medical provi-

der.

6.1 Donor selection

6.2 Whole Blood (WB) collection

6.3 Donor testing

6.4 Recipient testing

Confirming compatibility between donor and recipient

- same as noted above, can be a properly trained medical

staff member.

6.5 Transfusion of WB to recipient - transfusion must

be ordered under the oversight of a credentialed

medical provider but may be performed by medic or

credentialed provider.

Section C – Pre-screening of potential donors

7 Are potential WBB blood donors pre-screened? If yes:

7.1 What are the tests performed? FDA required

tests: ABO/Rh; ABS; all required infectious dis-

ease screening tests (HIV-1 NAT, HBV NAT, HCV

NAT, anti-HIV ½, anti-HBc, HBsAg, anti-HCV,

Zika NAT, Babesia NAT, anti-HTLV I/II, anti-T.

cruzi, Babesia NAT, syphilis; anti-A/anti-B for

type O donors

7.2 Which tests are mandated? Same as above.

7.3 Where and by whom are the tests performed?

Performed at ASBP blood donor centers prior to

military unit deployment or within a theatre after

unit has deployed.

7.4 How are the test results reported and who is

responsible for dissemination of results and

donor care? Results recorded in Theater Medical

Data Store/TMDS and communicated as needed

to unit senior Medical Officer for donor care.

7.5 How long is the TTI pre-screening valid? 1 Year.

Section D – Pre-transfusion point of care (POC)
testing

8 What are the rules used to determine compatibility of

blood transfusion? Low titer type O donors are uni-

versal / type specific for all other

9 Is a point of care test used to confirm compatibility of

donated WB and recipient prior to the transfusion? If

yes:

9.1 What is the name of the device? Eldon Card or

saline tube testing (R3 only)

10 Are additional POC tests (e.g. TTI screen) performed

on the recipient pre-transfusion? If yes:

10.1 Which POC test(s) and device(s) are used? Ora-

Quick Advance HIV ½ antibody & OraQuick

HCV antibody and CTK Test Onsite HBsAg

Rapid Test

11 Are repeat TTI tests performed on the donor prior to

transfusion? If yes:

11.1 What tests are performed?

11.2 Which device is used?

12 Are donor/recipient samples also taken for testing at

a later date? If yes:

12.1 What tests are performed? Sample are drawn,

plasma/serum frozen and then shipped back to

US for testing at military donor testing labora-

tory. All FDA required testing performed minus

ABO/Rh

12.2 Who/where performs the testing? Lackland AFB

Donor Testing Lab

12.3 Who is responsible for these tests? Donor Test-

ing Lab emails test results to COCOM Joint

Blood Program Officer for entry into TMDS and

notification of donors as needed.

Section E – Whole blood specifications

13 What type of bag is the whole blood collected into

(manufacturer and model)? Typically CPD or CPDA1

bags manufactured by Fenwal/it depends on type of

supply system used by the deploying medical unit.

14 Does the whole blood undergo leukodepletion? If

yes:

14.1 Which device is used?

15 Is a pathogen inactivation technology used? If yes:

15.1 Which device is used?

16 What type of administration set is used? Standard

infusion/transfusion set.
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16.1 Does the administration set incorporate a filter?

If yes: Standard blood administration set with

170–260 micron filter.

16.2 What type of filter is used? 170–260 micron fil-

ter.

Section F – Fate of whole blood unit

17 Must the unit be transfused immediately? If yes:

17.1 How immediately define?

17.2 Are there any other limits set (i.e. Temperature).

18 Can the wholeblood be stored? If yes:

18.1 Where can it be stored? Units must be stored at

1–6°C in an approved storage container

18.2 What is the logistical chain from donor to stor-

age?

18.3 How long can it be stored? CPDA-1 units have

a 35 day expiration and CPD units have a

21 day expiration. Units must be stored at 1–
6°C.

Section G – Current WBB programme activity

19 If a WBB program is currently active, please provide

the following data (per annum).

19.1 Number of pre-screened donors: Will require

additional research.

19.2 Number of deferrals for infectious disease: Will

require additional research.

19.3 Number of deferrals for immuno-haematologi-

cal markers: Will require additional research.

19.4 Number of whole blood collection procedures

performed: Will require additional research.

19.5 Number of times a WBB has been activated:

Will require additional research.

19.6 If known the number of patients for whom the

WBB was activated: Will require additional

research.

19.7 The number of WB units collected: Over 10 000

units of WB have been collected as of 31

August 2020.

19.8 Number of blood units transfused: Over 10 000

units of WB have been collected as of 31

August 2020.

Section H – Haemovigilance

NOTE: Information in current version of the Clinical
Practice Guideline is provided
Guidelines for the Walking Blood Bank (WBB) for Fresh

Whole Blood (FWB) are found in the Clinical Practice

Guidelines (JTS CPG). This Whole Blood Transfusion (CPG

ID:21) provides the most current rationale and guidelines

for WB transfusion, including but not limited to product

definitions, indications, collection, storage, testing, trans-

fusion, and documentation. The first associated CPG was

published on 1 October 2006 and then updated on 24

October 2012. This most recent version of the CPG was

published on 15 May 2018.

The decision to use FWB is a medical decision that

must be made by a physician who has full knowledge of

both the clinical situation and the availability of compati-

ble blood products. A WBB Program should be estab-

lished based on a risk assessment and the potential for

casualties.

In general, the use of FWB should be limited to casu-

alties who are anticipated to require a transfusion when

the physician determines that SWB or optimal component

therapy is unavailable or in limited supply, or in patients

that are not responding to SWB or component therapy.

The decision to initiate a FWB drive should be made in

consultation with the appropriate treatment facility medi-

cal authority and Laboratory/Blood Bank Officer-In-

Charge. At smaller facilities, the lead surgeons and/or

facility Officer-In-Charge should be consulted on the

decision to initiate the WBB.

Pre-screened donors in the WBB Program determined

to be suitable should be utilized, to the greatest extent

possible, before using personnel who: (1) have been pre-

screened or donated in the past but do not have current

(within 90 days) screening and infectious disease testing;

(2) have no pre-screen or donation history. All donors

must be rescreened at the time of donation.

All donors should have their ABO/Rh verified (i.e.

Eldon card or laboratory testing) at the time of donation.

Before any FWB is transfused, rapid infectious disease

testing (i.e. HIV, HBV, HCV) of donor specimens shall be

performed, to the greatest extent possible. Retrospective

samples must be sent to a licensed laboratory for FDA-

approved testing, regardless of whether the rapid infec-

tious disease testing is performed pre- or post-transfusion,

as these tests are not licensed for donor testing.

Upon the notification of confirmed positive infectious

disease results, a medical provider or preventive medicine

personnel will be notified by the Area Joint Blood Pro-

gram Officer to ensure that the donor is notified and

counseled. Donors and unit commanders must understand

the importance of donor tracing.

If a patient receives a confirmed positive infectious dis-

ease unit, the Area Joint Blood Program Officer will

notify the Armed Services Blood Program Division imme-

diately to initiate patient notification and an evaluation

of both the donor and patient.

In accordance with Health Affairs Policy on the Use of

Non-U.S. Food and Drug Administration, recipients of

FWB shall receive follow-up advice and infectious disease
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testing as soon as possible, and at 3-, 6-, and 12-months

post-transfusion.

The Theater Medical Data Stores (TMDS) is currently

utilized to record FWB donations and infectious disease

testing results.

While there is currently no defined hemovigilance pro-

gram established, there are reporting requirements and

frequency for reporting established. Data sources include

the patient’s record, DoD Trauma Registry and associated

blood collection and transfusion databases (currently

TMDS).

20 Is there a hemovigilance reporting system imple-

mented for the WBB programme? If yes:

20.1 Describe the organisation/structure/process of

reporting? The AJBPO and Joint Blood Program

Officer (JBPO) are responsible for all reporting

associated with the WBB program (overall), the

collection process, processing of the donor

units, rapid testing, infectious disease testing

and required lookback procedures. Medical per-

sonnel are required for all patient reporting.

20.2 How are incidents reported? If the incident

occurs during the donor screening and collec-

tion process, it should be reported by personnel

involved in that process and documented on

the donor screening form. If the incident occurs

during the unit processing and testing, it should

be reported by those personnel and documented

on the appropriate form. If the incident occurs

during the blood administration process it

should be reported by those personnel and doc-

umented appropriated.

20.3 Who is responsible for reporting? Personnel

who are directly involved in the incident or dis-

cover the error/incident are responsible for doc-

umenting and reporting. The JBPO has the

overall responsibility to follow-up on any inci-

dents to ensure that any related policy or train-

ing issues are addressed.

21 Have there been any incidents/near misses reported?

If yes:

21.1 What is the nature of these incidents? While the

ASBP Division would be made aware, there is

currently no formalized process to track this

incidents at this level.

22 What is the process for managing incidents/near

misses if they have occurred? Process would be

defined locally at the Medical Treatment Facility and

involve the JBPO.

23 Where incidents/near misses have been reported has

corrective action been taken? Would require addi-

tional research.

24 Where incidents/near misses have been reported,

have changes occurred to prevent future incidents?

Would require additional research.

Section I – Training

NOTE: Information in current version of the Clinical
Practice Guideline is provided
In practice, all forward-deployed Medical Treatment

Facilities should establish a WBB. Coordination with the

Area Joint Blood Program Officer (AJBPO) is required to

establish a WBB Program. Training involves the following

SOPs: Blood Donor Screening SOP and the Emergency

Whole Blood Drive SOP. Both are contained in the CPG.

Since the need for FWB cannot be predicted, a robust

contingency operational plan should be developed by the

Medical Treatment Facility staff to include the Labora-

tory/Blood Bank and surgical and anesthesia providers in

coordination with the Area Joint Blood Program Officer.

The plan should be reviewed and rehearsed regularly.

Equipment and consumables should be inspected with

due attention paid to storage conditions and expiration

dates.

A contingency plan should be developed for activating

the WBB, collecting, storing, and transfusing FWB in

MASCAL situations or when it may be deemed that the

current blood inventory will be exhausted prior to re-sup-

ply.

The physical donation site will vary by location and

should be organized in such a way as to maintain the

integrity of the screening and donation process, and to

minimize the possibility of clerical errors. This is espe-

cially important in emergency situations involving more

than one casualty.

Every effort should be made to adhere to the same

screening, drawing, labeling, and issuing standards

required for U.S. FDA-approved blood products.

25 How is training delivered to implement and maintain

the WBB programme?

25.1 Who is responsible for overseeing this training?

The AJBPO is area/location.

25.2 Who performs the training? Training will be

performed by designated personnel and may

vary based on location. Training personnel can

include the Area Joint Blood Program Officer,

laboratory personnel or other assigned medical

personnel.

25.3 Who is trained? Designated assigned personnel

will be trained on the WBB program. These per-

sonnel should be identified ahead of time and

participate in all required training events. It

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021)

26 International Forum



may be necessary to use other specialty

assigned personnel to assist with the WBB so

that laboratory personnel can complete the

required labelling, rapid testing and associated

paperwork.

25.4 How long does the training take? This is

defined locally by the AJBPO with oversight by

the Joint Blood Program Officer.

25.5 How long is the training valid for? This is also

defined locally by the AJBPO with oversight by

the Joint Blood Program Officer. The length of

deployment will also be considered when estab-

lishing a local program.

Audra L. Taylor

United States Army, Medical Service Corps, Falls Church, VA,

United States

Email: Altaylor1994@yahoo.com

Jason B. Corley

United States Army, Medical Service Corps, Falls Church, VA,

United States

Email: jsncrly@yahoo.com

Veera Sekaran Nadarajan

Malaysia

Section A – Structure of WBB programme

Question 1
No, a WBB program does not exist in Cameroon.

1.1 No plans are in place and there are no discussions

about the issue to the best of my knowledge.

1.2 N/A.

1.3 N/A.

1.4 N/A.

Veera Sekaran Nadarajan

University Malaya Medical Centre, Kuala Lumpur, Malaysia

Email: veera@ummc.edu.my

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

AnnexA

AnnexB
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High‐titre anti‐SARS‐CoV‐2 convalescent
plasma donation after donors’ vaccination

I~nigo Romon,1 Jose L. Arroyo,2 Teresa D�ıaz,2

Juan J Dominguez-Garcia1 & Montserrat Briz1
1Hospital Universitario Marqu�es de Valdecilla. Torre B, -1., Servicio
de Hematolog�ıa, Santander, Spain
2Banco de Sangre y Tejidos de Cantabria, Liencres, Spain

Dear Editor:

Early treatment of COVID-19 patients with convales-

cent plasma (CP) with high anti-SARS-CoV-2 IgG anti-

body levels is associated with a significantly reduced

mortality [1–3]. The FDA established that units of CP with

a signal-to-cut-off ratio of ≥12 in the Ortho VITROS

SARS-CoV-2 IgG test could be qualified as high titre, but

cut-off ratio has been recently lowered to ≥ 9.5 [4]. Find-

ing donors with adequate titre of antibodies can be diffi-

cult, especially among younger donors with mild disease.

We tried to explore whether the arrival of vaccines

against COVID could help find optimal CP donors.

Sixteen CP donors were tested for anti-SARS-CoV-2

IgG after COVID-19 vaccination. Women comprised

68.8% of the patients, with a mean age of 41.1 years (SD:

10.46). Fourteen had received the Pfizer� vaccine (4 a

single dose and 10 two doses) and two one dose of Mod-

erna� vaccine. Importantly, most of them had previously

been excluded as donors because of low antibody levels.

Donor serum antibodies were assessed with the Ortho

VITROS IgG assay (Ortho Clinical Diagnostics, NJ, USA),

according to manufacturer’s instructions. Signal-to-cut-

off ratios for anti-SARS-CoV-2 IgG antibody levels were

categorized as low (<9.5) or high (≥9.5).
The last measurement of antibody levels before the

administration of the first dose of the vaccine was taken

as a baseline determination (mean months: 3.3, SD: 1.98):

4 donors (25%) showed high levels and 12 (75%) showed

low levels (median ratio: 3.0, IQR: 6.8). Post-vaccination

anti-SARS-CoV-2 IgG antibody test was performed 7 to

29 days after the first dose (mean: 20.8, SD: 1.93). All

donors presented high levels of antibodies (median ratio:

19.9, IQR: 1.9) significantly superior from their baseline

antibody levels (Mann–Whitney test: z = -3.92, p-value:
0.000). There were no differences between donors who

had received two doses or a single dose (median ratio:

20.1 vs. 19.3 respectively, p-value: 0.945). (Table 1 and

Fig. 1)

The use of CP can still play an important role in the

treatment of patients suffering from COVID-19 infection,

before vaccines become widely available or in immuno-

suppressed patients. FDA has recently clarified that the

authorization for administration of CP under EUA is lim-

ited to high-titre plasma units [4] and that individuals

who received a vaccine after diagnosis of COVID-19 are

allowed as CP donors [5]. Our study shows that convales-

cent donors have a rapid and significant increase in anti-

SARS-CoV-2 antibody levels within a few weeks of vacci-

nation. Additional studies are needed to confirm antibody

response with different kinds of vaccines, clinical efficacy

Fig. 1 Evolution of SARS-CoV-2 IgG antibodies. Cut-off is set at 9.5 S/C.

Table 1 Ortho VITROS IgG assay ratio Signal-to-Cut-off (S/C) of SARS-

CoV-2 antibodies in plasma donor pre- and post-vaccination

Baseline
ratio S/C

Post-vaccination
ratio S/C P-value

Mean (standard

deviation)

6.7 (7.79) 19.5 (1.37) 0.000

Median (interquartile

range)

3.0 (2.0–8.8) 19.9 (18.8–20.6)

Antibody titres

High level (%) 4 (25%) 16 (100%) 0.000

Low level (%) 12 (75%) 0 (0%)
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of this CP, and follow-up to discern whether long-term

responses are achieved.
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See also http://www.isbtweb.org/congresses/

4.5.2021 IPFA/PEI – The International Workshop on Surveillance and Screening of Blood-borne Pathogens

13–15.5.2021 The Canadian Society for Transfusion Medicine (CSTM) are holding their annual scientific conference virtually in 2021.

26–27.05.21 21st Congress of the European Society for Hemapheresis

5–9.6.2021 ISBT In Focus, the 31st regional congress of the ISBT, will be a virtual event in 2021

17.9.2021 11th BIC International Conference – Advances in Haemostasis and Bleeding Disorders

22–24.9.2021 Deutsche Gesellschaft f€ur Transfusionsmedizin und Immunh€amatologie e.V.

23–26.9.2021 16th International Congress on Myelodysplastic Syndromes (MDS 2021)

13–16.11.2021 32nd Regional congress of ISBT, Brisbane, Australia
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