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Abstract: Transfusion medicine is traditionally a strong/fundamental part of clinical practice, saving
hundreds of millions of lives. However, blood-borne or transmitted infections are a well-known and
feared possibility, a risk we relentlessly mitigate. Pathogens are continuously and rather quickly
changing, so during the last decade, many, sometimes exotic, new pathogens and diseases were
recorded and analyzed, and some of them were proved to be transmitted with transfusions. Blood
or blood component transfusions are carried out after cautious preparative screening and inactiva-
tion maneuvers, but in some instances, newly recognized agents might escape from standard screen-
ing and inactivation procedures. Here, we try to focus on some of these proven or potentially path-
ogenic transfusion-transmitted agents, especially in immunocompromised patients or bone marrow
transplantation settings. These pathogens are sometimes new challenges for preparative proce-
dures, and there is a need for more recent, occasionally advanced, screening and inactivation meth-
ods to recognize and eliminate the threat a new or well-known pathogen can pose. Pathogen trans-
mission is probably even more critical in hemophiliacs or bone marrow transplant recipients, who
receive plasma-derived factor preparations or blood component transfusions regularly and in large
quantities, sometimes in severely immunosuppressed conditions. Moreover, it may not be empha-
sized enough that transfusions and plasma-derived product administrations are essential to medi-
cal care. Therefore, blood-borne transmission needs continued alertness and efforts to attain optimal

benefits with minimized hazards.
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1. Introduction

Transfusion medicine and therapy with blood products are essential to clinical care
and are indispensable tools that save millions of lives worldwide. On the other hand, they
also carry the risk of blood-borne diseases and transfusion-transmitted infections, which
themselves are significant, aside from the immunological risk the transfusion can mean
[1,2].

This review, authored by a team of clinical hematologists, emphasizes the im-
portance of coordinated and continuously updated clinical transfusiology. The team
acknowledges the significance of various steps in preparative blood banking, such as do-
nor interviews, pathogen detection, and implementation of inactivation measures, to en-
sure high standards of vigilance and safety. However, the evolving landscape of known
and potential pathogens, influenced by travel and lifestyle changes, necessitates close co-
operation among all stakeholders in clinical transfusiology. Additionally, advancements
in preparative efforts, such as chilled platelets, pose significant challenges. The use of
cooled products to reduce the risk of platelet transfusion transmission alters the primary
hemostatic properties of the platelets. This review aims to provide a comprehensive
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summary of transmission data and emphasizes the need for vigilant monitoring of new
information and its application in national clinical transfusiology. It underscores the im-
portance of deepening the partnership between blood banking experts and clinicians, aim-
ing for effective collaboration and optimal outcomes. In particular, patients undergoing
bone marrow transplantation are at heightened risk and require a meticulous approach
when considering transfusion and donor cell transmittable diseases.

2. Bacterial Transmission

Bacterial transmission is much more common than well-recognized and documented
viral transmission [1-3]. The U.S. Food and Drug Administration (FDA) registered two to
three fatal cases per year, recently [1,4].

Traditionally, packed red blood cell concentrates are not extremely dangerous from
this aspect. The estimated number of blood-borne bacterial transmissions is around 1 per
38,000 transfusions. This seemingly marginal risk is achieved by careful donor screening,
high-standard preparative procedures, and precautionary storage conditions (low tem-
peratures of 4 + 2 °C) [5]. Also, closed collection systems and disposable equipment have
proven effective in preventing bacterial contamination of blood products.

The risk is much higher with platelet transfusions, a phenomenon especially im-
portant in oncohematology and bone marrow transplant patient care. The estimated trans-
mission rate of bacterial infections is 1 per 2-5000 units of platelet transfusions with
pooled, whole-blood-derived platelets and 1 per 15,000 units of platelet transfusions with
single-donor apheresis preparations [1,6-13]. This substantial difference is primarily due
to the storage of platelet products at room temperature (22 + 2 °C). Documented cases
involve four patients who developed bacterial sepsis following transfusion with single-
donor apheresis platelet compounds containing Acinetobacter calcoaceticus-baumannii com-
plex (ACBC) and Staphylococcus saprophyticus [12,14-16].

Recently, there have been attempts to utilize platelet cooling to mitigate the transmis-
sion of microbiological agents through platelet transfusions. However, despite some
promising results, there are still unresolved issues that require further investigation. One
concern is that chilled platelets have shown a propensity to clump more easily in labora-
tory settings, potentially affecting their function. Additionally, their aggregability appears
to be heightened, although they tend to be cleared from circulation at a faster rate, possibly
due to their enhanced binding to the vascular wall. Moreover, these cooled platelets ex-
hibit increased activity in primary hemostasis as they bind more intensely to the endothe-
lium. It is worth noting that the specific effects may vary depending on whether the plate-
lets are derived from whole blood or obtained through apheresis. Consequently, these
considerations highlight the importance of selecting the most appropriate platelet trans-
fusion preparation method based on the clinical context, such as acute bleeding, prophy-
laxis, or the patient’s immunocompromised status, in the future [1,13,17-19].

Treponema pallidum can also be transmitted by transfusions; however, it does not
cause manifest disease in the donor and seems to be extremely rare [3,20]. The transmis-
sion of Treponema pallidum through blood transfusion has become extremely rare due to
the utilization of stored and refrigerated blood. However, Treponema pallidum infection
continues to be a significant public health concern in many countries. Consequently, it is
not uncommon to detect positive results for Treopnema pallidum screening tests among
blood donors, which necessitates the implementation of preventive measures. In addition
to their primary task, screening protocols for infections among blood donors are an effec-
tive approach to control the spread of diseases.

Yersinia transmission needs particular attention, because the symptomology is fre-
quently non-characteristic, with moderate gastrointestinal discomfort. Moreover, Yersinia
enterocolitica tolerates lower temperatures well and is therefore resistant to extended stor-
age conditions [1,3,4,20].

There are significant geographical differences in the risk of bacterial transmissions
worldwide [1,3,4,17,20]. It is essential to know that bacterial transfusion might induce
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acute reactions, very similar to transfusion reactions [13,21,22]. These different syndromes
have practically identical symptoms, although they differ in terms of prevalence. The only
way to reliably distinguish between the different syndromes is through confirmatory la-
boratory tests (Table 1).

Table 1. Symptoms and laboratory changes in acute hemolytic transfusion reaction, severe acute
allergic reaction, and microbial contamination from transfusion.

Acute Severe Microbial
Hemolytic Acute Contamination
Transfusion Allergic from
Reaction Reaction Transfusion

Symptoms
Fever + + +
Chills + + +
Dyspnoea + + +
Tachycardia + + +
Hypotension + + +
Shock + + +
Nausea, vomiting + + +
Diarrhoea + + +

Laboratory Changes

Hemolysis + - -
IgA-antibodies - + -
Elevated inflammatory markers (CRP, ) i N

PCT, IL-6)

IgA —immunoglobulin A, CRP—C-reactive protein, PCT—procalcitonin, IL-6—interleukin-6.

3. Protozoal Infections
3.1. Malaria

Malaria is caused by five known species of Plasmodium that infect humans: Plasmo-
dium falciparum, Plasmodium vivax, Plasmodium malariae, Plasmodium ovale, and Plasmodium
knowlesi. Among these, Plasmodium falciparum is the most lethal, while Plasmodium vivax
and Plasmodium malarige are also commonly detected in transfusion-transmitted malaria
(TTM) [23,24].

Malaria parasites are naturally transmitted to humans through the bites of female
Anopheles mosquitoes. Upon infection, Plasmodium invades and multiplies within human
red blood cells, resulting in a potentially fatal acute febrile illness. The complex life cycle
of the parasites involves a period of asymptomatic infection, allowing time for the host’s
immune system to develop a protective response. TTM occurs when malaria parasites are
transmitted directly through infected blood transfusions. This route of infection bypasses
the initial asymptomatic phase observed in natural mosquito-transmitted malaria. TTM
poses a higher risk of severe complications and can be fatal, particularly in non-immune
individuals, such as young children and pregnant women in endemic areas or malaria-
naive adults in non-endemic regions [25].
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The viability of Plasmodium parasites in stored blood is notable, as they can remain
infectious for at least a week and potentially longer, depending on storage conditions.
Even after 28 days of storage at 4 °C, microscopically detectable malaria parasites can per-
sist, although their infectivity decreases after two weeks. The mean incubation period for
TTM is generally longer than that of mosquito-transmitted malaria for all Plasmodium spe-
cies [26]. Experimental evidence suggests that as few as 10 infected red blood cells can
transmit the infection through TTM, highlighting the potential infectiousness of even a
small inoculum [27]. Leukodepletion does not help in reducing malaria transmission rates
[3,28]. Hemovigilance criteria, defined by the World Health Organization (WHO) and
adapted to national guidelines, play a crucial role in monitoring and managing TTM risks
in blood transfusion practices.

3.2. Babesiosis

Babesiosis, primarily caused by Babesia microti, is a tick-borne zoonotic disease trans-
mitted through the bite of infected Ixodes species. However, it can also be transmitted
through blood transfusion and solid organ transplantation when the donor is infected with
Babesia [29]. Transfusion-transmitted cases of babesiosis are reported throughout the year,
with the United States having the highest prevalence, primarily driven by Babesia microti
infections in the Northeast and Upper Midwest regions. In certain western U.S. states, other
Babesia species and related organisms are also implicated in the transmission of Babesia [30].

The majority of B. microti infections are asymptomatic and often go undiagnosed,
while acute infection may induce hemolysis or thrombocytopenia, severe symptoms that
can contribute to severe or even fatal cases. Individuals with asymptomatic infections can
still have a period of parasitemia lasting from two to seven months, and in some cases, it
can persist for over two years. Transmission of the infection and subsequent potentially
fatal clinical illness can occur through the transfusion of blood products collected from
asymptomatic donors [31]. Awareness of transfusion-transmitted babesiosis has increased
in recent decades. The clinical presentation and severity of transfusion-transmitted
babesiosis can vary, and babesiosis can lead to fatal consequences. An algorithm combin-
ing immunofluorescence assay (IFA) and polymerase chain reaction (PCR) has shown ef-
fectiveness in screening blood donations [32,33]. However, there is still an incomplete un-
derstanding of Babesia biology, and as the geographic range of Babesia and tick vectors
expands, risk mitigation strategies may need to evolve.

3.3. Trypanosoma cruzi

Trypanosoma cruzi (T.cruzi) infection (Chagas disease) causes lymph node enlarge-
ment and irreversible organ damage, particularly affecting the heart and gastrointestinal
tract. T. cruzi persists for a lifetime within host cells. However, it remains undiagnosed in
most cases, with only 1% of patients receiving treatment in the acute or chronic phases. T.
cruzi infection is endemic in some parts of Latin America. The transmission of T.cruzi
through blood transfusion is a risk recognized by the Centers for Disease Control and
Prevention (CDC), and screening tests have been approved by the U.S. Food and Drug
Administration (FDA) [34]. Due to international migration, an increasing number of peo-
ple infected with T. cruzi live worldwide, where seroprevalence studies have not been
conducted yet. The WHO strongly recommends implementing preventive measures to
avoid transmission in the European region [35]. Not all patients who receive infected
blood components will become infected, due to reduced parasitemia or antibodies in the
recipient [36]. A unique ELISA is needed to detect this agent [37]. Trypanosoma brucei gam-
biense, which is endemic in Africa, causes a disease known as sleeping sickness that exhib-
its similarities to the Chagas disease caused by T. cruzii. The transmission of sleeping sick-
ness occurs primarily through the bite of the tsetse fly. While theoretically possible, cases
of transmission through blood transfusion are rare and have rarely been documented.
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4. Viral Transmission
4.1. HIV, Hepatitis B and C

Infections with HIV and hepatitis B and C viruses (HBV, HCV) can be transmitted
via blood and cause severe acute or chronic liver infections. To ensure the safety of blood
donations and protect recipients from virus transmissions, blood donations should be
tested for viral genomes using nucleic acid amplification techniques (NATs) as well as for
viral antigens and antibodies by serological testing. Pathogen inactivation seems to be a
powerful tool with hepatitis B and C. Transfusion transmission of these pathogens is un-
derstood and thoroughly discussed in the literature [38—43]. Therefore, further evaluation
is beyond the scope of this overview.

4.2. Hepatitis A and E

More recent data are available on hepatitis A and E viral transmissions [14,44—47].
Both viruses spread mainly via the fecal-oral route, but E virus infection develops from
raw or cooked pork food exposure or even within a transfusion setting if the donor had
hepatitis A or E viremia at donation. Hepatitis E viruses G1 and G2 are typical fecal-oral
transmission agents, especially in developing countries. G3 and G4 strains of the hepatitis
E virus can be considered as a zoonosis spread by foods of pork origin [46,47]. These vi-
ruses are resistant to two plasma component fractionation or solvent detergent inactiva-
tion. The hepatitis E virus issue seems to be more critical since health care personnel usu-
ally are less vigilant with this virus in general and its transmission by transfusion proce-
dures. It became apparent during the last couple of years that E virus-induced hepatitis is
pretty common in the U.K. and other European countries, and as a consequence, this virus
can be transmitted with the transfusion or blood components outside of endemic areas
[46,48,49]. Therefore, it is essential to screen the donors and, in the meanwhile, further
identify screening methods for hepatitis virus safety. Hepatitis E virus serology is a rela-
tively simple way to search antibody response; probably IgM positivity indicates acute
infection and viremia, so this person cannot be a donor until this positivity ends. IgG pos-
itivity indicates previous infections. In this case, viral persistence (lymphocytes, hepato-
cytes) might sometimes be present. Therefore, direct E virus PCR would be desired to
provide reliable data on transfusion safety. This PCR is still not easily and readily availa-
ble, but proteinuria, chronic liver disease markers, splenomegaly, and blood count abnor-
malities (hemolysis, cytopenia) might also call attention to E virus persistence [44—46,48].
The success of the recent introduction of mandatory HEV NAT testing in 2020 have to be
summarized in the upcoming years.

4.3. Zika

Zika, a flavivirus, is primarily transmitted by Aedes mosquitoes, particularly Aedes
aegypti, which is also responsible for transmitting dengue (another flavivirus) and
chikungunya (an alphavirus). Other modes of Zika virus transmission include intrauter-
ine, perinatal, and sexual routes. The contribution of sexual transmission to the overall
Zika virus risk is unknown. Zika virus was initially identified in Africa and has subse-
quently spread to Asia [50].

The risk of Zika virus transmission through the blood supply remains unclear, but
evidence suggesting the potential for transfusion transmission emerged during the French
Polynesian outbreak when 2.8 percent of asymptomatic blood donors tested positive for
Zika viral RNA [51]. The exact duration of viremia is unknown but is believed to last 1-2
weeks. Although early data on definitive proof of transfusion transmission were lacking,
there have been credible cases reported from Brazil and Indochina [52,53]. Later, in a meta-
analysis, the prevalence of Zika infection in blood donations was found to be at a high-
risk level of 1.02%, with significant variations across different regions [51].

Preventive measures against the transfusion-transmitted Zika virus include temporar-
ily deferring blood donors in epidemic areas, encouraging donors to report Zika virus
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symptoms after donation with or without quarantine of blood components, supplying
blood collected from non-endemic regions to epidemic regions, implementing nucleic acid
testing of blood donations, and employing pathogen inactivation methods for blood prod-
ucts. In endemic areas, all blood donors are at risk of infection, making it impractical to
import blood from low-risk regions to supply most endemic areas due to logistical chal-
lenges and the large volume of blood required. Donor deferral and post-donation reporting
are limited by the high rate of asymptomatic infections. Pathogen inactivation methods ca-
pable of adequately reducing flavivirus levels are only available for plasma and platelets,
while red blood cells constitute the majority of transfused blood components [54].

NAT blood screening tests and post-donation surveillance are recommended in Zika
virus-endemic regions, and appropriate strategies should be implemented based on specific
conditions. Further research is needed to conduct more detailed studies in the future. The
combination of detecting Zika virus RNA through polymerase chain reaction and post-do-
nation surveillance may help reduce the risk of transmission through blood transfusions.

4.4. Dengue and Chikunguya Viruses

These viruses are primarily endemic in Africa and Asia; however, they are becoming
an increasing concern in the Caribbean and the United States [55]. Similar to malaria and
Zika viruses, they are transmitted through the bite of infected Aedes species mosquitoes.
While the dengue virus and the chikungunya virus are not prevalent in Europe or the
continental United States, outbreaks in Asia, Pacific countries, South and Central America,
and Caribbean islands have raised concerns about transfusion transmission in those re-
gions and among returning travellers [56,57].

Dengue and chikungunya fevers are generally considered less severe than other mos-
quito-transmitted diseases, as fatalities are rare and mainly occur among the elderly and
infants. The approximate rate of transfusion transmission from dengue virus RNA-posi-
tive transfusions is 33% [58]. However, the incidence of dengue-virus-related symptoms
in hospitalized patients infected through transfusion or other routes was similar to that in
non-infected control patients, leading to the discontinuation of prospective NAT screen-
ing in several countries.

4.5. Ebola

To date, there have been no reported cases of Ebola virus transmission through do-
nated blood, tissues, or organs [59]. However, asymptomatic infections with replicating
Ebola virus have been documented [60,61]. As a precautionary measure, individuals who
have traveled from Ebola-virus-affected countries are deferred from donating blood, as
there is an overlap between countries at risk for malaria and those currently at risk for
Ebola virus disease in Africa. Nevertheless, specific guidelines are necessary to ensure the
safety of blood donation by individuals exposed to Ebola virus, particularly considering
the potential for an Ebola virus disease outbreak to occur in regions without malaria risk.

4.6. West Nile Virus

West Nile virus (WNV), a flavivirus transmitted by mosquitoes, was first detected in
the United States in 1999, initially infecting birds and horses and later causing human cases.
Initially, it was believed that WNV transmission to humans occurred solely through infected
mosquitoes. However, in 2002, it was discovered that transfusion transmission had resulted
in WNV infection in more than 20 individuals [62]. Considering the widespread outbreaks
that have occurred in the past two decades, WNV can no longer be regarded as a minor risk
to human health but rather a global threat. Since 80 percent of WNV-infected individuals
do not show symptoms, the only way to identify infected blood donors is by screening a
blood sample using nucleic acid amplification technology-based tests [63].

Following the introduction of a nucleic-acid-based assay in the United States, the
Centers for Disease Control and Prevention (CDC) conducted a screening program for
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WNYV infection among blood donors [64]. Among approximately 1 million donations
screened, a total of 163 donations repeatedly tested positive for West Nile virus, and these
units were excluded from the blood supply. These findings indicate that investigational
screening tests are successful in identifying donations containing the virus and preventing
the introduction of implicated blood components into the blood supply [65]. In the ab-
sence of a NAT test, a 28-day deferral period may be an acceptable method.

4.7. Torque teno Virus

Torque teno virus (TTV) was initially identified in 1997 among Japanese patients who
acquired hepatitis through blood transfusion [66]. TTV DNA has been detected in human
plasma exosomes, leading to speculation that TTV may have the ability to spread inter-
cellularly via these exosomes and be transmitted from one individual to another through
blood transfusion [67]. Consistent with this finding, an observational study reported a
high prevalence of TTV among healthy blood donors in the Brazilian population [68].
High incidence does not necessarily equate to the presence of infectivity. This caution is
supported by the observation that recurrent blood transfusions did not increase TTV prev-
alence in beta thalassemia patients [69].

4.8. Sen Virus

A surprisingly large proportion of healthy donors are SEN-V (Sen virus) positive (ap-
proximately 10%) [70]. Ribavirin-based anti-hepatitis C virus therapies may be less effec-
tive with SEN-V positivity. The clinical importance of SEN-V virus transmission needs
further exploration.

4.9. Parvovirus B19

Human parvovirus B19, also referred to as erythrovirus B19, is a small, non-envel-
oped single-stranded DNA virus [71]. It has a high resistance to commonly used inactiva-
tion methods, such as heat and solvent/detergent treatment [72]. Additionally, its small
size makes it challenging to remove through filtration. Parvovirus B19 can be transmitted
through blood components and certain plasma derivatives, posing a risk of morbidity to
susceptible recipients, including pregnant women, individuals with hematological malig-
nancies or hemolytic diseases, and immunocompromised individuals [73]. Approxi-
mately 30% of potential blood donors lack antibodies against parvovirus B19, rendering
them susceptible to new infections. Since infections often go unnoticed, parvovirus B19-
infected donors cannot be identified based on clinical symptoms or abnormalities in the
blood count, allowing them to donate blood [74]. Consequently, the detection of parvovi-
rus B19 DNA in blood donations is not uncommon. Following acute infection, parvovirus
B19 viremia can persist for months to years in healthy blood donors. However, DNA con-
centrations decline rapidly after the acute phase and peak viremia, accompanied by the
production of potentially neutralizing IgG antibodies. The most effective approach to pre-
vent transfusion-transmitted parvovirus B19 infections is to implement routine screening
of blood donors for parvovirus B19 DNA using NAT.

4.10. Cytomegalovirus

Transfusion-transmitted cytomegalovirus (CMV) is often asymptomatic; however,
certain patient populations, such as pregnant women, patients with primary immunode-
ficiencies, transplant recipients, and patients undergoing chemotherapy or transplanta-
tion for malignant disease, may be at risk of life-threatening CMV infection [75,76].

Acute CMV infection in these high-risk populations can have severe consequences,
highlighting the need for measures to reduce the risk of transfusion-transmitted CMV in-
fection. Implementing universal leukoreduction significantly reduces the residual risk of
CMV transmission through blood products [77,78].
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Studies examining CMYV infections in donors have revealed that newly seropositive
donors have a higher prevalence and concentration of CMV DNA in both leukocytes and
plasma compared to window-phase donations or donations from long-term seropositive
donors. Furthermore, antibodies in the early seropositive stage of primary CMV infections
do not exhibit neutralizing effects in vitro. Therefore, blood from donors during serocon-
version may pose the highest risk of transfusion-transmitted CMV. This understanding
can aid in designing additional strategies to further mitigate the risk of transmission in
conjunction with leukoreduction. However, after a comprehensive review, the AABB did
not issue clinical practice guidelines regarding the appropriate usage of leukoreduced
and/or CMV seronegative blood products [79].

Transfusion of unselected blood components can lead to intermittent CMV IgG levels
in previously seronegative patients due to the transfer of CMV IgG from seropositive leu-
coreduced blood products. This should be considered as a potential cause for the detection
of new CMV IgG levels in transfused patients. Importantly, acquired CMV IgG levels
should not lead to the misinterpretation of a CMV-positive hematopoietic stem cell trans-
plant in an actually CMV-naive recipient [80].

4.11. Ebstein—Barr Virus

Ebstein-Barr Virus (EBV), also known as human herpesvirus 4 (HHV-4), is a linear,
double-stranded DNA virus, which infects up to 95% of the population by 40 years of age
[81]. EBV persists lifelong in B-lymphocytes, with clinically relevant risk of reactivation in
immunocompromised individuals. EBV spreads most commonly through bodily fluids,
especially saliva. However, EBV can also spread through blood and semen during sexual
contact, blood transfusions, and organ transplantations. EBV genomes are detectable in
viable B-cells for the duration of RBC storage [82]. Although studies have identified viral
nucleic acids in donor blood, the risk of transfusion transmission is controversial. There is
limited evidence demonstrating its ability to cause transfusion-transmitted infection in
recipients, particularly since many individuals already possess latent infections that are
effectively controlled by their immune systems [83]. The B-cell-associated nature of EBV
and the implementation of universal leukocyte reduction methods significantly reduced
the risk of transfusion transmission of the virus [84].

4.12. Human herpesvirus 8

Human herpesvirus 8 (HHV-8) is also a double-stranded DNA virus, sharing several
similarities with EBV. While the seroprevalence is lower than that of EBV (1-5% in non-
endemic regions), its clinical significance stems from the fact that HHV-8 is etiologically
associated with various types of Kaposi's sarcoma (KS) and other uncommon neoplastic
conditions such as primary effusion lymphoma (PEL), solid organ variants of KS, and
Castleman disease (MCD) [85].

HHV-8 can be found in peripheral blood mononuclear cells. However, the presence
of free HHV-8 in plasma is extremely rare, except in immunosuppressed HIV-infected
patients [82,86]. With the use of universal leukocyte reduction methods, the risk of trans-
fusion transmission is negligible.

4.13. Human T-lymphotropic Virus I and Il

Human T-lymphotropic virus (HTLV) types I and II are retroviral infections that pri-
marily target T-cells. These viruses exhibit a strong association with lymphocytes, leading
to persistent infections that often remain asymptomatic. Although most HTLV-infected
individuals do not develop any symptoms, around 2% to 5% of those infected with HTLV-
I may experience the onset of adult T-cell leukemia/lymphoma after a latency period of 20
to 30 years [87].

In the United States, the seroprevalence rates of HTLV-I/II among volunteer blood
donors average around 0.016% [88]. Transmission of HTLV-I through blood transfusion
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is primarily associated with the transfusion of cellular blood components, including
whole blood, red blood cells, and platelets, while transmission via plasma fractions or
derivatives from HTLV-I-infected blood is rare [89]. The likelihood of transmission
through whole blood or packed red blood cells appears to decrease with longer storage
durations and the implementation of leukoreduction techniques.

4.14. SARS-CoV-2

Shallow transmission risk might be due to no binding site for COVID-19. Some anec-
dotic data are available of practically no transmission with convalescent donors [90]. The
more significant problem was fewer donations with the pandemic events. However, pre-
cautionary measures are still recommended, such as deferral from blood donation for 21
days after any possible exposure to patients with confirmed infection, and those recover-
ing from COVID-19 should avoid donating blood for at least 28 days after the resolution
of their symptoms. Also, the importance of plasma collection from convalescent donors
must be emphasized, since convalescent plasma is a safe and effective treatment for
COVID-19 in immunocompromised patients [91].

4.15. Monkeypox Virus

While transfusion transmission of monkeypox virus (MPXV) has not been reported,
the potential of transfusion transmission seems to be supported by evidence [92-94].
However, it is currently not recommended for blood banks to ask donors specific ques-
tions about possible exposure to the monkeypox virus or to use diagnostic tests to screen
patients and blood products for monkeypox virus [95].

5. Areas of Particular Interest
5.1. Hemophilia

There was a long debate about whether gene synthetic coagulation factors (somehow
slightly foreign proteins) induce more or fewer factor VIII inhibitors than plasma-derived
concentrates. However, it was clear from the beginning that gene synthetic molecule con-
centrates are free of transfusion-transmitted pathogens. At the same time, plasma-derived
factor concentrates were gained from many donors, carrying some risk of transmittable
pathogens, even with high-quality screening and inactivation [1,3,4,96]. However, with
the more and more prevalent use of procoagulant agents factor mimetics, like desmopres-
sin, recombinant, activated factor VIla, emicizumab, or fitusiran, the so-called aptamers,
serine protease tissue factor modifiers are probably primarily free of human plasma pro-
tein or derivatives, so disease transmission in hemophiliacs (a significant problem some
decades before) probably will no longer be a major issue, of course mostly in prophylactic
therapeutic modalities. However, acute bleedings still need plasma-derived factor admin-
istration. The same is true for therapeutic gene efforts [2].

5.2. Bone Marrow Transplantation

Organ and bone marrow transplantation is a particular area of interest, as these pa-
tients are heavily immunocompromised, immunosuppressed, and at a high risk of typical
or atypical, unusual infections [17,97,98]. Furthermore, an additional risk may appear in the
case of bone marrow transplantation, with donor-derived or contaminated pathogen trans-
mission originating from or during the stem cell harvesting or preparing process [99-102].

Transfusion need is generally large, but we should avoid more than necessary transfu-
sions and provide platelet transfusions only for non-bleeding (non-febrile) patients with
platelet counts of 10 G/L or less or under 20 g/L in patients with fever according to interna-
tional guidelines [103]. The new data of cooled platelet transfusion options (see previously)
with less infection transmission risk might need new considerations whether we encounter
a bleeding episode or recommend a prophylactic measure. The same is true for the
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hemoglobin 70 g/L threshold in most instances. In addition, try to reduce synchronous par-
enteral nutrition (if possible) in patients with excellent transfusion needs [17,65,98,104-109].

The infection risk is generally higher with horse or rabbit anti-human thymocyte im-
munoglobulins (ATG) [1,41,110,111]. Viral reactivation in CMV, BK, and EBV is somewhat
higher in ATG-conditioned or treated patients. Probably, there is a slight increase in post-
transplant lymphoproliferative disease as well. However, the production process of these
products ensures proper bacterial and viral inactivation steps, so disease transmission risk
is minimal with these products.

The administration of allogenic grafts to the recipients confers the risk of infectious
and non-infectious disease transmission [48,98,99,108]. This risk can be minimized by
thorough donor testing. The donor testing for the presence of infectious diseases should
be done by serology and combined NATs. Also, the window period from the donor testing
to the actual cell procurement ensures safety as diseases tested negative initially may be-
come detectable during this window period. Therefore, a minimum of two weeks is ad-
visable for stem cell donors [37,96,98,99,107,112].

Donors are routinely tested for hepatitis A, B, and C viruses, HIV, EBV, CMV, Toxo-
plasma, and Treponema infections, minimizing the risk of these transmissions
[37,78,80,99,102].

Cytomegalovirus has a unique aspect as the population carries this virus in their lym-
phatic cells, and thus very often, the transmission cannot be avoided in transplant settings.
However, proper screening and prophylaxis with new drugs, such as letermovir, can re-
duce the risk of severe reactivation and infection in these patients [65].

Some transmission hazards need even more careful attention in bone marrow trans-
plant patients. West Nile fever is a single strain RNA flavivirus of particular interest, as
the disease can be transmitted with blood products. The disease is usually asymptomatic
in 75% of cases. Thus, the donor is not aware of any deferring condition. NAT testing for
the presence of this virus is mandatory in areas where the occurrence is expected or if the
donors visited these areas three months before donation. The importance is that the severe
neuroinvasive form of this disease is present in 1% of all cases but is more common in
immunosuppressed (transplant) patients [18,65,102,112].

Endemic areas for special arboviruses should test for the presence of chikungunya,
Zika, and dengue viruses, causing fewer problems. Also, donors who visited these areas
before donation should be tested or temporarily deferred until incubation time has
elapsed. Zika-virus-positive donors should be deferred for a minimum of 120 days from
stem cell donation, as the viral clearance is slow even in asymptomatic patients. A retest
is compulsory with sensitive NAT to confirm donor availability. Chikungunya virus in-
fection is a flu-like self-limited disease. Therefore, donors should be deferred for at least
30 days before procurement. Dengue virus tests are cross-reacting with Zika tests, so a
specific NAT test is always preferred, and positive donors should be deferred for a mini-
mum of 60 days or until the NAT test is negative [102,113-115].

Transplantation-associated monkeypox transmission [92], malaria-falciparum-in-
duced hemophagocytic syndrome [23], Cache Valley virus transmission in kidney trans-
plant patients, severe fever thrombocytopenia syndrome [19], and non-BK reactivation-
induced hemorrhagic cystitis [116], even if rare, are also essential observations in these
cohorts of patients.

Furthermore, a few recently published cases have described potential blood-borne
transmission risks that often receive less attention outside of transplant and heavily im-
munosuppressed settings [117]. These cases highlight the need for new efforts to explore
donor selection from different perspectives. The conditions of concern include rabies, bru-
cellosis, melioidosis (Whitmore disease), and leptospirosis.

Rabies is well known and easily identifiable based on clinical signs and medical history.
Brucellosis, initially associated with cows and dairy products, can also spread to dogs with
mild clinical signs. Dog owners can become infected, and transmission through cell therapy
raises concerns about inducing disease in recipients, necessitating further clarification.
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Interestingly, leptospirosis can be associated with uncommon donor behaviors, such
as participation in adventurous recreational activities like rafting and rock-climbing. If
transmitted, this disease can provoke severe illness in the recipient. On the other hand,
melioidosis poses a lesser threat but still carries transmission potential. It is not limited to
tropical areas, as cases have been reported in the southern part of the United States.

Pathogen reduction efforts and blood product irradiation are essential in reducing
transfusion-induced graft versus host disease in general and in transplant settings [118].

5.3. Changes in Screening and Inactivation Methods

The importance of donor selection and interview cannot be emphasized enough
[1,3,5,9,20,112]. A careful look at the patient’s lifestyle and travel, anamnesis, sexual attitudes,
social backgrounds, and previous or present disorders remain standard elements of donor
selection to identify safe donors who should wait before donation and be quarantined for a
while. The inventory of traditional microbiological screening methods and high-tech analysis
like NAT, PCR, and genetics should always be performed and refreshed in due time.

New-generation inactivation methods became standard elements of European pre-
parative transfusiology standards, in which chemical intervention combined with ultra-
violet light became a widely applied method in many European countries
[1,4,22,41,42,94,96,102].

The increasing prevalence of diverse pathogens and their emergence in unforeseen
circumstances, such as travel and climate changes, necessitates ongoing endeavors to en-
hance pathogen inactivation methods. These efforts primarily focus on impeding the rep-
lication of various bacteria, viruses, and other pathogens through the utilization of con-
ventional techniques as well as newer approaches, such as INTERCEPT, MIRASOL,
THERAFLEX-platelets, and 5-303, among others [119]. These methods establish a robust
and vital foundation for fostering collaboration between blood banking personnel and
clinicians within the realm of clinical transfusiology.

5.4. Climate Change

The dynamics of pathogen transmission in transfusion medicine have been notably
altered by climate change, with mechanisms including population dynamics and extreme
weather events, among others [120]. However, our understanding of these mechanisms is
still incomplete. The emergence of previously unexpected infections necessitates the ex-
pansion and refinement of donor interviews and laboratory screening processes. These
steps are crucial due to the potential for these infections to be asymptomatic or present
atypical symptoms, such as in the case of the hepatitis E virus and Zika. It is important to
note that the pathogen inactivation methods employed in stem cell preparation proce-
dures may differ from those used in blood banking, highlighting the need for careful con-
sideration and adaptation in these contexts.

6. Conclusions

The continuous evolution of data and changes in the geographical distribution of
transfusion-transmissible pathogens require coordinated efforts in the field of clinical
transfusiology. It is essential for clinicians to regularly update and gather important and
relevant information related to this topic. The evolving challenges in donor selection for
different bone marrow transplant strategies, constrained by limited time frames and shift-
ing geographical patterns of well-known pathogens, as well as the emergence of unex-
pected pathogens or disease entities that may be transmitted through stem cell infusions,
necessitate ongoing vigilance and regularly updated knowledge and skills in these areas.

This review aims to draw attention to the dynamic nature of this scenario and pro-
mote an individualized medicine approach in the field. Promising advancements can be
seen in the application of individualized platelet support within transplant settings.



Pathogens 2023, 12, 901 12 of 17

Author Contributions: All authors contributed to the research, processing, and interpretation of
data. M.U. wrote the initial manuscript. All authors contributed to manuscript writing and review
of the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Farrugia, A. The Evolution of the Safety of Plasma Products from Pathogen Transmission-A Continuing Narrative. Pathogens
2023, 12, 318. https://doi.org/10.3390/pathogens12020318.

Udvardy, M. A new era of transfusion-transmitted pathogens, infections. Renewed need for updating standards for clinicans
along with blood banking. Orv. Hetil. 2018, 159, 1495-1500. https://doi.org/10.1556/650.2018.31183.

Allain, J.P.; Stramer, S.L.; Carneiro-Proietti, A.B.F.; Martins, M.L.; Lopes da Silva, S.N.; Ribeiro, M.; Proietti, F.A.; Reesink, H.W.
Transfusion-transmitted infectious diseases. Biologicals 2009, 37, 71-77. https://doi.org/10.1016/j.biologicals.2009.01.002.
Niederhauser, C.; Tinguely, C.; Stolz, M.; Vock, M.; El Dusouqui, S.A.; Gowland, P. Evolution of Blood Safety in Switzerland
over the Last 25 Years for HIV, HCV, HBV and Treponema pallidum. Viruses 2022, 14, 2611. https://doi.org/10.3390/v14122611.
Juhl, D.; Hennig, H. Parvovirus B19: What Is the Relevance in Transfusion Medicine? Front. Med. 2018, 5, 4.
https://doi.org/10.3389/FMED.2018.00004.

Haass, K.A.; Sapiano, M.R.P.; Savinkina, A.; Kuehnert, M.].; Basavaraju, S.V. Transfusion-Transmitted Infections Reported to
the National Healthcare Safety Network Hemovigilance Module. Transfus. Med. Rev. 2019, 33, 84-91.
https://doi.org/10.1016/].TMRV.2019.01.001.

He, M.; Wang, J.; Chen, L.; Liu, J.; Zeng, P. The Impact of Emerging Infectious Diseases on Chinese Blood Safety. Transfus. Med.
Rev. 2017, 31, 94-101. https://doi.org/10.1016/j.tmrv.2016.10.002.

Kuehnert, M.J.; Roth, V.R.; Haley, N.R.; Gregory, K.R.; Elder, K.V.; Schreiber, G.B.; Arduino, M.]J.; Holt, 5.C.; Carson, L.A,;
Banerjee, S.N.; et al. Transfusion-transmitted bacterial infection in the United States, 1998 through 2000. Transfusion 2001, 41,
1493-1499. https://doi.org/10.1046/j.1537-2995.2001.41121493 ..

O’Brien, S.F.; Yi, Q.L.; Fan, W.; Scalia, V.; Kleinman, S.H.; Vamvakas, E.C. Current incidence and estimated residual risk of
transfusion-transmitted infections in donations made to Canadian Blood Services. Transfusion 2007, 47, 316-325.
https://doi.org/10.1111/j.1537-2995.2007.01108.x.

Perez, P.; Rachid Salmi, L.; Folléa, G.; Schmit, J.L.; De Barbeyrac, B.; Sudre, P.; Salamon, R. Determinants of transfusion-associ-
ated bacterial contamination: Results of the French BACTHEM case-control study. Transfusion 2001, 41, 862-872.
https://doi.org/10.1046/j.1537-2995.2001.41070862.x.

Shander, A.; Lobel, G.P.; Javidroozi, M. Transfusion practices and infectious risks. Expert Rev. Hematol. 2016, 9, 597-605.
https://doi.org/10.1586/17474086.2016.1164593.

Szczepiorkowski, Z.M.; Pagano, M.B. Platelet components and bacterial contamination: Hospital perspective 2022. Hematology
2022, 2022, 430-436. https://doi.org/10.1182/hematology.2022000402.

Candotti, D. Viruses Special Issue “Transfusion-Transmitted Viral Infections”. Viruses 2022, 15,  86.
https://doi.org/10.3390/v15010086.

Al-Sadeq, D.W.; Majdalawieh, A.F.; Mesleh, A.G.; Abdalla, O.M.; Nasrallah, G.K. Laboratory challenges in the diagnosis of
hepatitis E virus. ]. Med. Microbiol. 2018, 67, 466—480. https://doi.org/10.1099/JMM.0.000706.

Savinkina, A.A.; Haass, K.A.; Sapiano, M.R.P.; Henry, R.A.; Berger, ].J.; Basavaraju, S.V.; Jones, ].M. Transfusion-associated
adverse events and implementation of blood safety measures-findings from the 2017 National Blood Collection and Utilization
Survey. Transfusion 2020, 60, S10-5S16. https://doi.org/10.1111/trf.15654.

Schmidt, M.; Ramirez-Arcos, S.; Stiller, L.; McDonald, C. Current status of rapid bacterial detection methods for platelet com-
ponents: A 20-year review by the ISBT Transfusion-Transmitted Infectious Diseases Working Party Subgroup on Bacteria. Vox
Sang. 2022, 117, 983-988. https://doi.org/10.1111/vox.13283.

Ainley, L.I.; Hewitt, P.E. Haematology patients and the risk of transfusion transmitted infection. Br. ]. Haematol. 2018, 180, 473—
483. https://doi.org/10.1111/BJH.15030.

Hayes, C.; Stephens, L.; Fridey, J.L.; Snyder, R.E.; Groves, ].A.; Stramer, S.L.; Klapper, E. Probable transfusion transmission of
West Nile virus from an apheresis platelet that screened non-reactive by individual donor-nucleic acid testing. Transfusion 2020,
60, 424-429. https://doi.org/10.1111/trf.15568.

Mekata, H.; Kawaguchi, T.; Iwao, K.; Umeki, K.; Yamada, K.; Umekita, K.; Okabayashi, T. Possible transmission of severe fever
with thrombocytopenia syndrome virus (SFTSV) to a person who buried the corpus of a dead cat, which died of SFTSV infec-
tion. Jpn. J. Infect. Dis. 2023, advance online publication. https://doi.org/10.7883/yoken.JJID.2022.425.

Ceccherini-Nelli, L.; Filipponi, F.; Mosca, F.; Campa, M. The risk of contracting an infectious disease from blood transfusion.
Transplant. Proc. 2004, 36, 680-682. https://doi.org/10.1016/j.transproceed.2004.03.009.

Vamvakas, E.C.; Blajchman, M. A. Blood Still Kills: Six Strategies to Further Reduce Allogeneic Blood Transfusion-Related Mor-
tality. Transfus. Med. Rev. 2010, 24, 77-124. https://doi.org/10.1016/j.tmrv.2009.11.001.



Pathogens 2023, 12, 901 13 of 17

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Vasconcelos, E.; Seghatchian, J. Bacterial contamination in blood components and preventative strategies: An overview. Trans-
fus. Apher. Sci. 2004, 31, 155-163. https://doi.org/10.1016/j.transci.2004.05.005.

Abdelkefi, A.; Othman, T.B.; Torjman, L.; Ladeb, S.; Lakhal, A.; Belhadj, S.; Ayari, S.; Cherif, N.; Achour, O. Ben; Chaker, E.; et
al. Plasmodium falciparum causing hemophagocytic syndrome after allogeneic blood stem cell transplantation. Hematol. ]. Off.
J. Eur. Haematol. Assoc. 2004, 5, 449-450. https://doi.org/10.1038/S].TH]J.6200531.

Tetteh, A.K.; Arthur, S.; Bram, P.; Baffe, C.; Aglagoh, G. Prevalence of Asymptomatic Malaria Parasitemia among Blood Donors
in Cape Coast, Ghana: A Cross-Sectional Study. J. Trop. Med. 2023, 2023, 8685482. https://doi.org/10.1155/2023/8685482.
Kitchen, A.D.; Barbara, J.A.].; Hewitt, P.E. Documented cases of post-transfusion malaria occurring in England: A review in
relation to current and proposed donor-selection guidelines. Vox Sang. 2005, 89, 77-80. https://doi.org/10.1111/j.1423-
0410.2005.00661 .x.

Chattopadhyay, R.; Majam, V.F.; Kumar, S. Survival of Plasmodium falciparum in human blood during refrigeration. Transfu-
sion 2011, 51, 630-635. https://doi.org/10.1111/j.1537-2995.2010.02872.x.

Verra, F.; Angheben, A.; Martello, E.; Giorli, G.; Perandin, F.; Bisoffi, Z. A systematic review of transfusion-transmitted malaria
in non-endemic areas. Malar. ]. 2018, 17, 36. https://doi.org/10.1186/s12936-018-2181-0.

Velasco, E.; Gomez-Barroso, D.; Varela, C.; Diaz, O.; Cano, R. Non-imported malaria in non-endemic countries: A review of
cases in Spain. Malar. ]. 2017, 16, 260. https://doi.org/10.1186/s12936-017-1915-8.

Tang, T.T.M.; Tran, M.H. Transfusion transmitted babesiosis: A systematic review of reported cases. Transfus. Apher. Sci. 2020,
59, 102843. https://doi.org/10.1016/j.transci.2020.102843.

Vannier, E.; Krause, P.J. Human babesiosis. N. Engl. . Med. 2012, 366, 2397-2407. https://doi.org/10.1056/NEJMRA1202018.
Bloch, E.M.; Krause, P.J; Tonnetti L. Preventing transfusion-transmitted babesiosis. Pathogens 2021, 10, 1176.
https://doi.org/10.3390/pathogens10091176.

Levin, A.E.; Krause, P.J. Transfusion-transmitted babesiosis: Is it time to screen the blood supply? Curr. Opin. Hematol. 2016, 23,
573-580. https://doi.org/10.1097/MOH.0000000000000287 .

Villatoro, T.; Karp, J.K. Transfusion-Transmitted Babesiosis. Arch. Pathol. Lab. Med. 2019, 143, 130-134.
https://doi.org/10.5858/ ARPA.2017-0250-RS.

Cantey, P.T.; Stramer, S.L.; Townsend, R.L.; Kamel, H.; Ofafa, K.; Todd, C.W.; Currier, M.; Hand, S.; Varnado, W.; Dotson, E.;
et al. The United States Trypanosoma cruzi Infection Study: Evidence for vector-borne transmission of the parasite that causes
Chagas disease among United States blood donors. Transfusion 2012, 52, 1922-1930. https://doi.org/10.1111/j.1537-
2995.2012.03581.x.

Wirth, M.; Gélvez, R.L; Jochum, J.; Strauss, R.; Kristensen, K.; Stich, A.; Stegemann, M.; Stahl, P.; Puchner, K.P.; Strasen, J.; et al.
Knowledge, attitudes, behaviors, and serological status related to Chagas disease among Latin American migrants in Germany:
A cross-sectional study in six German cities. Front. Cell. Infect.  Microbiol. 2023, 12, 1047281.
https://doi.org/10.3389/fcimb.2022.1047281.

Goémez, L.A.; Gutierrez, F.R.S.; Pefiuela, O.A. Trypanosoma cruzi infection in transfusion medicine. Hematol. Transfus. Cell Ther.
2019, 41, 262-267. https://doi.org/10.1016/j.htct.2018.12.001.

Theodoropoulos, N.M.; Greenwald, M.A.; Chin-Hong, P.; Ison, M.G. Testing deceased organ donors for infections: An organ
procurement organization survey. Am. J. Transplant. 2021, 21, 1924-1930. https://doi.org/10.1111/ajt.16552.

Blaney, H.; Khalid, M.; Heller, T.; Koh, C. Epidemiology, presentation, and therapeutic approaches for hepatitis D infections.
Expert Rev. Anti. Infect. Ther. 2023, 21, 127-142. https://doi.org/10.1080/14787210.2023.2159379.

Goodnough, L.T.; Marques, M.B. Zika Virus and Patient Blood Management. Anesth. Analg. 2017, 124, 282-289.
https://doi.org/10.1213/ANE.0000000000001770.

Jones, ].M.; Gurbaxani, B.M.; Asher, A.; Sansom, S.; Annambhotla, P.; Moorman, A.C.; Kamili, S.; Brooks, J.T.; Basavaraju, S.V.
Quantifying the risk of undetected HIV, hepatitis B virus, or hepatitis C virus infection in Public Health Service increased risk
donors. Am. |. Transplant. 2019, 19, 2583-2593. https://doi.org/10.1111/ajt.15393.

Lubiniecki, A.S. Evolution of approaches to viral safety issues for biological products. PDA ]. Pharm. Sci. Technol. 2011, 65, 547—
556. https://doi.org/10.5731/pdajpst.2011.00818.

Neuberger, J.; Brailsford, S.R.; Mallinson, G.; Murphy, M.F.; Simmonds, P. Challenges for the maintaining the microbiological
safety of the UK blood supply. Clin. Med. (Northfield. II). 2023, online ahead of print. https://doi.org/10.7861/clinmed.2022-0401.
Victer, T.N.d.F.; dos Santos, C.S.R.; Bao, S.N.; Sampaio, T.L. Deceased tissue donor serology and molecular testing for HIV,
hepatitis B and hepatitis C viruses: A lack of cadaveric validated tests. Cell Tissue Bank. 2016, 17, 543-553.
https://doi.org/10.1007/s10561-016-9564-7.

Ankcorn, M..; Tedder, R.S. Hepatitis E: The current state of play. Transfus. Med. 2017, 27, 84-95.
https://doi.org/10.1111/TME.12405.

Annambhotla, P.D.; Gurbaxani, B.M.; Kuehnert, M.].; Basavaraju, S.V. A model to estimate the probability of human immuno-
deficiency virus and hepatitis C infection despite negative nucleic acid testing among increased-risk organ donors. Transpl.
Infect. Dis. 2017, 19, €12676. https://doi.org/10.1111/TID.12676.

Dalton, H.R.; Kamar, N.; Baylis, S.A.; Moradpour, D.; Wedemeyer, H.; Negro, F. EASL Clinical Practice Guidelines on hepatitis
E virus infection. |. Hepatol. 2018, 68, 1256—1271. https://doi.org/10.1016/j.jhep.2018.03.005.

Gorski, I.; Babi¢, 1.; Bingulac-Popovic, J.; Topic’—éestan, P.; Jagnji¢, S.; Jemersi¢, L.; Prpi¢, J.; Jukié, 1. Prevalence of HEV RNA in
Croatian blood donors. Transfus. Clin. Biol. 2023, in press. https://doi.org/10.1016/j.tracli.2023.01.005.



Pathogens 2023, 12, 901 14 of 17

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

Nemes, B.; Gelley, F.; Dabasi, E.; Gadman, G.; Fehérvari, I.; Gorog, D.; Kébori, L.; Fazakas, J.; Vitdlis, E.; Doros, A.; et al. Bacterial
infection after orthotopic liver transplantation. Orv. Hetil. 2015, 156, 1366—1382. https://doi.org/10.1556/650.2015.30204.

Von Felden, J.; Alric, L.; Pischke, S.; Aitken, C.; Schlabe, S.; Spengler, U.; Giordani, M.T.; Schnitzler, P.; Bettinger, D.; Thimme,
R.; et al. The burden of hepatitis E among patients with haematological malignancies: A retrospective European cohort study.
J. Hepatol. 2019, 71, 465—472. https://doi.org/10.1016/j.jhep.2019.04.022.

Pierson, T.C.; Diamond, M.S. The emergence of Zika virus and its new clinical syndromes. Nature 2018, 560, 573-581.
https://doi.org/10.1038/s41586-018-0446-y.

Liu, R.; Wang, X.; Ma, Y.; Wu, J.; Mao, C.; Yuan, L.; Ly, J. Prevalence of Zika virus in blood donations: A systematic review and
meta-analysis. BMC Infect. Dis. 2019, 19, 590. https://doi.org/10.1186/512879-019-4226-6/FIGURES/2.

Magnus, M.M.; Espdsito, D.L.A.; de Costa, V.A.; de Melo, P.S.; Costa-Lima, C.; da Fonseca, B.A.L.; Addas-Carvalho, M. Risk of
Zika virus transmission by blood donations in Brazil. Hematol. Transfus. Cell Ther. 2018, 40, 250-254.
https://doi.org/10.1016/j.htct.2018.01.011.

Joob, B.; Wiwanitkit, V. Zika virus, blood donation and transfusion transmission risk. Hematol. Transfus. Cell Ther. 2019, 41, 278.
https://doi.org/10.1016/j.htct.2018.11.001.

Musso, D.; Stramer, S.L.; Busch, M.P. Zika virus: A new challenge for blood transfusion. Lancet 2016, 387, 1993-1994.
https://doi.org/10.1016/50140-6736(16)30428-7.

Centers for Disease Control and Prevention (U.S.); National Center for Emerging and Zoonotic Infectious Diseases (U.S.) Pan
American Health Organization. Preparedness and Response for Chikungunya Virus: Introduction in the Americas; PAHO: Washing-
ton, DC, USA, 2011; ISBN 978-92-75-11632-6.

Giménez-Richarte, A.; Ortiz de Salazar, M.L; Giménez-Richarte, M.-P.; Larrea, L.; Arbona, C.; Marco, P.; Ramos-Rincén, J.-M.
Pathogen inactivation methods to prevent transfusion-transmissible arboviruses: A systematic review and meta-analysis. Trop.
Med. Int. Health 2023, early view. https://doi.org/10.1111/tmi.13863.

Pollak, N.M.; Olsson, M.; Ahmed, M,; Tan, J.; Lim, G.; Setoh, Y.X.; Wong, J.C.C,; Lai, Y.L.; Hobson-Peters, ]J.; Macdonald, J.; et
al. Rapid Diagnostic Tests for the Detection of the Four Dengue Virus Serotypes in Clinically Relevant Matrices. Microbiol. Spectr.
2023, 11, e0279622. https://doi.org/10.1128/spectrum.02796-22.

Sabino, E.C.; Loureiro, P.; Esther Lopes, M.; Capuani, L.; McClure, C.; Chowdhury, D.; Di-Lorenzo-Oliveira, C.; Oliveira, L.C.;
Linnen, ].M.; Lee, T.H.; et al. Transfusion-Transmitted Dengue and Associated Clinical Symptoms During the 2012 Epidemic in
Brazil. ]. Infect. Dis. 2016, 213, 694-702. https://doi.org/10.1093/INFDIS/JIV326.

Feldmann, H.; Sprecher, A.; Geisbert, T.W. Ebola. N. Engl. ]. Med. 2020, 382, 1832-1842. https://doi.org/10.1056/NEJMRA1901594.
Leroy, EM.; Baize, S.; Volchkov, V.E.; Fisher-Hoch, S.P.; Georges-Courbot, M.C.; Lansoud-Soukate, J.; Capron, M.; Debré, P.;
McCormick, J.B.; Georges, A.]. Human asymptomatic Ebola infection and strong inflammatory response. Lancet 2000, 355, 2210—
2215. https://doi.org/10.1016/S0140-6736(00)02405-3.

Leroy, E.M.; Baize, S.; Debre, P.; Lansoud-Soukate, J.; Mavoungou, E. Early immune responses accompanying human asymp-
tomatic Ebola infections. Clin. Exp. Immunol. 2001, 124, 453—460. https://doi.org/10.1046/j.1365-2249.2001.01517 ..

Pealer, L.N.; Marfin, A.A.; Petersen, L.R.; Lanciotti, R.S.; Page, P.L.; Stramer, S.L.; Stobierski, M.G.; Signs, K.; Newman, B.; Ka-
poor, H.; et al. Transmission of West Nile Virus through Blood Transfusion in the United States in 2002. N. Engl. J. Med. 2003,
349, 1236-1245. https://doi.org/10.1056/nejmoa030969.

Pisani, G.; Cristiano, K.; Pupella, S.; Liumbruno, G.M. West Nile Virus in Europe and Safety of Blood Transfusion. Transfus.
Med. Hemotherapy 2016, 43, 158-167. https://doi.org/10.1159/000446219.

Centres of Disease Control and Prevention (CDC). Detection of West Nile virus in blood donations--United States, 2003. MMWR
Morb. Mortal. Wkly. Rep. 2003, 52, 769-772.

Soto, R.A.; McDonald, E.; Annambhotla, P.; Velez, ].O.; Laven, J.; Panella, A.]J.; Machesky, K.D.; White, ].L.; Hyun, J.; Freuck, E.;
et al. West Nile Virus Transmission by Solid Organ Transplantation and Considerations for Organ Donor Screening Practices,
United States. Emerg. Infect. Dis. 2022, 28, 403—-406. https://doi.org/10.3201/eid2802.211697.

Nishizawa, T.; Okamoto, H.; Konishi, K.; Yoshizawa, H.; Miyakawa, Y.; Mayumi, M. A novel DNA virus (TTV) associated with
elevated transaminase levels in posttransfusion hepatitis of unknown etiology. Biochem. Biophys. Res. Commun. 1997, 241, 92-97.
https://doi.org/10.1006/bbrc.1997.7765.

Martelli, F.; Macera, L.; Spezia, P.G.; Medici, C.; Pistello, M.; Guasti, D.; Romagnoli, P.; Maggi, F.; Giannecchini, S. Torqueteno-
virus detection in exosomes enriched vesicles circulating in human plasma samples. Virol. ]. 2018, 15, 145.
https://doi.org/10.1186/s12985-018-1055-y.

Mazzola, J.C.; Saito, P.K.; Yamakawa, R.H.; Watanabe, M.A.E.; da Silva Junior, W.V.; Matta, A.C.G.; Borelli, S.D. Prevalence of
Torque teno virus in healthy donors of Parana State, southern Brazil. Rev. Bras. Hematol. Hemoter. 2015, 37, 336-340.
https://doi.org/10.1016/j.bjhh.2015.07.005.

Jalali, H.; Mahdavi, M.R.; Zaeromali, N. Torque Teno virus (TTV) among -thalassemia and haemodialysis patients in Ma-
zandaran province (North of Iran). Int. ]. Mol. Cell. Med. 2017, 6, 56—60. https://doi.org/10.22088/acadpub.BUMS.6.1.56.

Akiba, J.; Umemura, T.; Alter, H.J.; Kojiro, M.; Tabor, E. SEN virus: Epidemiology and characteristics of a transfusion-transmit-
ted virus. Transfusion 2005, 45, 1084-1088. https://doi.org/10.1111/].1537-2995.2004.00209.X.

Young, N.S.; Brown, K.E. Parvovirus B19. N. Engl. ]. Med. 2004, 350, 586-597. https://doi.org/10.5005/jp/books/13087_5.

Bliimel, J.; Stiihler, A.; Dichtelmdiller, H. Kinetics of inactivating human parvovirus B19 and porcine parvovirus by dry-heat
treatment. Transfusion 2008, 48, 790. https://doi.org/10.1111/].1537-2995.2008.01677 .X.



Pathogens 2023, 12, 901 15 of 17

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Brown, K.E.; Young, N.S.; Alving, B.M.; Barbosa, L.H. Parvovirus B19: Implications for transfusion medicine. Summary of a
workshop. Transfusion 2001, 41, 130-135. https://doi.org/10.1046/j.1537-2995.2001.41010130.x.

Lefrére, J.J.; Servant-Delmas, A.; Candotti, D.; Mariotti, M.; Thomas, I.; Brossard, Y.; Lefrére, F.; Girot, R.; Allain, J.P.; Laperche,
S. Persistent B19 infection in immunocompetent individuals: Implications for transfusion safety. Blood 2005, 106, 2890-2895.
https://doi.org/10.1182/blood-2005-03-1053.

Ziemann, M.; Thiele, T. Transfusion-transmitted CMV infection—current knowledge and future perspectives. Transfus. Med.
2017, 27, 238-248. https://doi.org/10.1111/tme.12437.

Griffiths, P.; Reeves, M. Pathogenesis of human cytomegalovirus in the immunocompromised host. Nat. Rev. Microbiol. 2021,
19, 759-773. https://doi.org/10.1038/s41579-021-00582-z.

Pamphilon, D.H.; Rider, ].R.; Barbara, J.A.]J.; Williamson, L.M. Prevention of transfusion-transmitted cytomegalovirus infection.
Transfus. Med. 1999, 9, 115-123. https://doi.org/10.1046/].1365-3148.1999.00193.X.

Thiele, T.; Kriiger, W.; Zimmermann, K.; Ittermann, T.; Wessel, A.; Steinmetz, I.; Délken, G.; Greinacher, A. Transmission of
cytomegalovirus (CMV) infection by leukoreduced blood products not tested for CMV antibodies: A single-center prospective
study in high-risk patients undergoing allogeneic hematopoietic stem cell transplantation (CME). Transfusion 2011, 51, 2620—
2626. https://doi.org/10.1111/j.1537-2995.2011.03203.x.

Heddle, N.M.; Boeckh, M.; Grossman, B.; Jacobson, J.; Kleinman, S.; Tobian, A.A.R.; Webert, K.; Wong, E.C.C.; Roback, ].D.
AABB Committee Report: Reducing transfusion-transmitted cytomegalovirus infections. Transfusion 2016, 56, 1581-1587.
https://doi.org/10.1111/TRF.13503.

Hall, S.; Danby, R.; Osman, H.; Peniket, A ; Rocha, V.; Craddock, C.; Murphy, M.; Chaganti, S. Transfusion in CMV seronegative
T-depleted allogeneic stem cell transplant recipients with CMV-unselected blood components results in zero CMV transmis-
sions in the era of universal leukocyte reduction: A UK dual centre experience. Transfus. Med. 2015, 25, 418-423.
https://doi.org/10.1111/tme.12219.

Frappier, L. Epstein-Barr virus: Current questions and challenges. Tumour Virus Res. 2021, 12, 200218.
https://doi.org/10.1016/j.tvr.2021.200218.

Hudnall, S.D.; Chen, T.; Allison, P.; Tyring, S.K.; Heath, A. Herpesvirus prevalence and viral load in healthy blood donors by
quantitative real-time polymerase chain reaction. Transfusion 2008, 48, 1180-1187. hittps://doi.org/10.1111/j.1537-
2995.2008.01685.x.

Trottier, H.; Buteau, C.; Robitaille, N.; Duval, M.; Tucci, M.; Lacroix, J.; Alfieri, C. Transfusion-related Epstein-Barr virus infec-
tion among stem cell transplant recipients: A retrospective cohort study in children. Transfusion 2012, 52, 2653-2663.
https://doi.org/10.1111/].1537-2995.2012.03611.X.

Trottier, H.; Delage, G.; Hu, J.; Robitaille, N.; Buteau, C.; Tucci, M.; Lacroix, J.; Alfieri, C. Detection of Epstein-Barr virus in
leucoreduced blood products. Vox Sang. 2016, 110, 199-201. https://doi.org/10.1111/VOX.12330.

Edelman, D.C. Human herpesvirus 8-A novel human pathogen. Virol. J. 2005, 2, 78. https://doi.org/10.1186/1743-422X-2-78.
Compston, L.L; Sarkobie, F.; Li, C.; Candotti, D.; Opare-Sem, O.; Allain, ].P. Multiplex real-time PCR for the detection and
quantification of latent and persistent viral genomes in cellular or plasma blood fractions. J. Virol. Methods 2008, 151, 47-54.
https://doi.org/10.1016/j.jviromet.2008.03.023.

Biswas, H.H.; Kaidarova, Z.; Garratty, G.; Gibble, ].W.; Newman, B.H.; Smith, ].W.; Ziman, A.; Fridey, J.L.; Sacher, R.A.; Mur-
phy, E.L. Increased All-Cause and Cancer Mortality in HTLV-II Infection. ]. Acquir. Immune Defic. Syndr. 2010, 54, 290-296.
Hijelle, B.; Torrez-Martinez, N.; Mills, R.; Appenzeller, O.; Jahnke, R.; Alexander, S.; Ross, G.; Hjelle, B. Chronic neurodegener-
ative disease associated with HTLV-II infection. Lancet 1992, 339, 645-646. https://doi.org/10.1016/0140-6736(92)90797-7.

Kwok, S.; Lipka, J.J.; McKinney, N.; Kellogg, D.E.; Poiesz, B.; Foung, S.K.H.; Sninsky, J.J. Low incidence of HTLV infections in
random blood donors with indeterminate Western blot patterns. Transfusion 1990, 30, 491-494. https://doi.org/10.1046/j.1537-
2995.1990.30690333477 .x.

Goldman, J.D.; Pouch, S.M.; Woolley, A.E.; Booker, S.E; Jett, C.T.; Fox, C.; Berry, G.J.; Dunn, K.E.; Ho, C,; Kittleson, M.; et al.
Transplant of organs from donors with positive SARS-CoV-2 nucleic acid testing: A report from the organ procurement and
transplantation network ad hoc disease transmission advisory committee. Transpl. Infect. Dis. 2023, 25, e14013.
https://doi.org/10.1111/tid.14013.

Bloch, E.M.; Focosi, D.; Shoham, S.; Senefeld, J.; Tobian, A.A.R.; Baden, L.R.; Tiberghien, P.; Sullivan, D.J.; Cohn, C.; Dioverti,
V.; et al. Guidance on the Use of Convalescent Plasma to Treat Inmunocompromised Patients With Coronavirus Disease 2019
(COVID-19). Clin. Infect. Dis. 2023, corrected proof. https://doi.org/10.1093/CID/CIADO066.

Harvala, H.; Simmonds, P. Evaluating the risk of transfusion and transplant-transmitted monkeypox infections. Transfus. Med.
2022, 32, 460-466. https://doi.org/10.1111/tme.12918.

Patel, M.; Adnan, M.; Aldarhami, A.; Bazaid, A.S.; Saeedi, N.H.; Alkayyal, A.A.; Saleh, F.M.; Awadh, I.B.; Saeed, A.; Alshaghdali,
K. Current Insights into Diagnosis, Prevention Strategies, Treatment, Therapeutic Targets, and Challenges of Monkeypox
(Mpox) Infections in Human Populations. Life 2023, 13, 249. https://doi.org/10.3390/1ife13010249.

Ragan, I.K.; Hartson, L.M.; Sullivan, E.J.; Bowen, R.A.; Goodrich, R.P. Pathogen reduction of monkeypox virus in plasma and
whole blood using riboflavin and UV light. PLoS ONE 2023, 18, e0278862. https://doi.org/10.1371/journal.pone.0278862.

Rubin, R. Blood Donors Need Not Be Screened for Monkeypox. JAMA 2022, 328, 1030. https://doi.org/10.1001/JAMA.2022.14715.



Pathogens 2023, 12, 901 16 of 17

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Humar, A.; Morris, M.; Blumberg, E.; Freeman, R.; Preiksaitis, J.; Kiberd, B.; Schweitzer, E.; Ganz, S.; Caliendo, A.; Orlowski,
J.P; et al. Nucleic acid testing (NAT) of organ donors: Is the “best” test the right test? a consensus conference report. Am. J.
Transplant. 2010, 10, 889-899. https://doi.org/10.1111/j.1600-6143.2009.02992.x.

Bade, N.A.; Yared, J.A. Unexpected babesiosis in a patient with worsening anemia after allogeneic hematopoietic stem cell
transplantation. Blood 2016, 128, 1019. https://doi.org/10.1182/BLOOD-2016-05-717900.

Blaha, M.; M&ficka, P.; Stépanova, V.; Splitio, M.; Maly, J.; Jebavy, L.; Zak, P.; Cermanové, M.; Filip, S.; Blazek, M.; et al. Preven-
tion of infection transmission during stem cell transplantation. Folia Microbiol. (Praha) 2006, 51, 609-613.
https://doi.org/10.1007/BF02931627.

Blaha, M.; Méricka, P.; étépémové, V.; Maly, J.; Vavra, L.; Jebavy, L. Potential risk of infection transmission during storage and
transplantation of hematological progenitor cells. Safety assurance. Folia Microbiol. (Praha) 2003, 48, 399-402.
https://doi.org/10.1007/BF02931374.

Caner, A.; Donmez, A.; Déskaya, M.; Degirmenci, A.; Tombuloglu, M.; Cagirgan, S.; Guy, E.; Francis, J.; Soyer, N.A,; Giiriiz, Y.
Determining Toxoplasma high-risk autologous and allogeneic hematopoietic stem cell transplantation patients by systematic
pre-transplant PCR screening of stem cell originated buffy coat. Parasitol. Int. 2012, 61, 565-571.
https://doi.org/10.1016/].PARINT.2012.05.005.

Fernandez Garcia, O.A.; Singh, A.E.; Gratrix, J.; Smyczek, P.; Doucette, K. Serologic follow-up of solid organ transplant recipi-
ents who received organs from donors with reactive syphilis tests: A retrospective cohort study. Clin. Transplant. 2023, 37,
€14896. https://doi.org/10.1111/ctr.14896.

Grossi, P.A.; Dalla Gasperina, D.; Lombardi, D.; Ricci, A.; Piccolo, G.; Nanni Costa, A. Organ transplantation from “increased
infectious risk donors”: The experience of the Nord Italia Transplant program—A retrospective study. Transpl. Int. 2018, 31,
212-219. https://doi.org/10.1111/tri.13086.

Shan, Y. Platelet Transfusion: Indications, Ordering, and Associated Risks. Available online: https://www.uptodate.com/con-
tents/platelet-transfusion-indications-ordering-and-associated-risks (accessed on 28 May 2023).

Al-Heeti, O.; Wu, E.L.; Ison, M.G.; Saluja, R.K; Ramsey, G.; Matkovic, E.; Ha, K.; Hall, S.; Banach, B.; Wilson, M.R; et al. Trans-
fusion-Transmitted Cache Valley Virus Infection in a Kidney Transplant Recipient With Meningoencephalitis. Clin. Infect. Dis.
2023, 76, €1320-e1327. https://doi.org/10.1093/CID/CIAC566.

Holterhus, M.; Hennies, M.; Hillmann, H.; Thorer, H.; Rossig, C.; Burkhardt, B.; Groll, A.H. Parvovirus B19 infection in pediatric
allogeneic hematopoietic cell transplantation-Single-center experience and review. Transpl. Infect. Dis. 2023, 25, e14028.
https://doi.org/10.1111/tid.14028.

Ju, S.; Lee, C.; Jung, ].; Jeong, J. Transition from secondary blood test to nucleic acid amplification for safe allograft transplanta-
tion. Clin. Orthop. Surg. 2021, 13, 564-568. https://doi.org/10.4055/cios21031.

Kohmer, N.; Kortenbusch, M.; Berger, A.; Riihl, C.; Ciesek, S.; Salla, S.; Rabenau, H.F. Suitability of Different Diagnostic Plat-
forms for Virological Testing of Blood Samples from Cornea Donors. Transfus. Med. Hemotherapy 2022, 49, 379-387.
https://doi.org/10.1159/000524250.

Morton, S.; Peniket, A.; Malladi, R.; Murphy, M.F. Provision of cellular blood components to CMV-seronegative patients un-
dergoing allogeneic stem cell transplantation in the UK: Survey of UK transplant centres. Transfus. Med. 2017, 27, 444-450.
https://doi.org/10.1111/tme.12461.

Speicher, D.J.; Fryk, ].].; Kashchuk, V.; Faddy, H.M.; Johnson, N.W. Human Herpesvirus 8 in Australia: DNAemia and Cumu-
lative Exposure in Blood Donors. Viruses 2022, 14, 2185. https://doi.org/10.3390/v14102185.

White, S.L.; Rawlinson, W.; Boan, P.; Sheppeard, V.; Wong, G.; Waller, K.; Opdam, H.; Kaldor, J.; Fink, M.; Verran, D.; et al.
Infectious disease transmission in solid organ transplantation: Donor evaluation, recipient risk, and outcomes of transmission.
Transplant. Direct 2019, 5, e416. https://doi.org/10.1097/TXD.0000000000000852.

Winston, D.J.; Vikram, H.R.; Rabe, 1.B.; Dhillon, G.; Mulligan, D.; Hong, ].C.; Busuttil, R W.; Nowicki, M.].; Mone, T.; Civen, R.;
et al. Donor-derived West Nile virus infection in solid organ transplant recipients: Report of four additional cases and review
of clinical, diagnostic, and therapeutic features. Transplantation 2014, 97, 881-889. https://doi.org/10.1097/TP.0000000000000024.
Fishman, J.A.; Grossi, P.A. Donor-derived infection-The challenge for transplant safety. Nat. Rev. Nephrol. 2014, 10, 663—672.
https://doi.org/10.1038/nrneph.2014.159.

Cadar, D.; Maier, P.; Miiller, S.; Kress, J.; Chudy, M.; Bialonski, A.; Schlaphof, A.; Jansen, S.; Jost, H.; Tannich, E.; et al. Blood
donor screening for west nile virus (WNV) revealed acute usutu virus (USUV) infection, Germany, September 2016. Eurosur-
veillance 2017, 22, 30501. https://doi.org/10.2807/1560-7917.ES.2017.22.14.30501.

Darrigo, L.G.; de Sant’ Anna Carvalho, A.M.; Machado, C.M. Chikungunya, Dengue, and Zika in Immunocompromised Hosts.
Curr. Infect. Dis. Rep. 2018, 20, 5. https://doi.org/10.1007/s11908-018-0612-2.

Gimenez-Richarte, A.; De Salazar, M.O.; Arbona, C.; Gimenez-Richarte, M.P.; Collado, M.; Fernandez, P.L.; Quiles, F.; Clavijo,
C.; Marco, P.; Ramos-Rincon, ].M. Prevalence of Chikungunya, Dengue and Zika viruses in blood donors: A systematic litera-
ture review and meta-analysis. Blood Transfus. 2022, 20, 267-280. https://doi.org/10.2450/2021.0106-21.

Onda, Y.; Kanda, J.; Hanaoka, N.; Watanabe, M.; Arai, Y.; Hishizawa, M.; Kondo, T.; Yamashita, K.; Nagao, M.; Fujimoto, T.; et
al. Possible nosocomial transmission of virus-associated hemorrhagic cystitis after allogeneic hematopoietic stem cell transplan-
tation. Ann. Hematol. 2021, 100, 753-761. https://doi.org/10.1007/s00277-021-04414-1.



Pathogens 2023, 12, 901 17 of 17

117.

118.

119.

120.

Mubhsen, IN.; Galeano, S.; Niederwieser, D.; Koh, M.B.C; Ljungman, P.; Machado, C.M.; Kharfan-Dabaja, M.A; de la Camara,
R.; Kodera, Y.; Szer, ].; et al. Endemic or regionally limited bacterial and viral infections in haematopoietic stem-cell transplan-
tation recipients: A Worldwide Network for Blood and Marrow Transplantation (WBMT) Review. Lancet Haematol. 2023, 10,
€284-e294. https://doi.org/10.1016/S2352-3026(23)00032-7.

Li, M.; Irsch, J.; Corash, L.; Benjamin, R.J. Is pathogen reduction an acceptable alternative to irradiation for risk mitigation of
transfusion-associated graft versus host disease? Tramsfus. Apher. Sci. 2022, 61, 103404. https://doi.org/10.1016/j.tran-
$¢i.2022.103404.

Seltsam, A. Pathogen inactivation of cellular blood products-An additional safety layer in transfusion medicine. Front. Med.
2017, 4, 219. https://doi.org/10.3389/fmed.2017.00219.

Cegolon, L.; Heymann, W.C,; Lange, J.H. Climate change, emerging infections and blood donations. ]. Travel Med. 2017, 24,
taw098. https://doi.org/10.1093/JTM/TAW098.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



