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The pathogen safety of blood/plasma-derived products has historically been a subject of significant concern to
the medical community. Measures such as donor selection and blood screening have contributed to increase
the safety of these products, but pathogen transmission does still occur. Reasons for this include lack of sensitiv-
ity/specificity of current screeningmethods, lack of reliable screening tests for some pathogens (e.g. prions) and
the fact that many potentially harmful infectious agents are not routinely screened for. Methods for the purifica-
tion/inactivation of blood/plasma-derived products have been developed in order to further reduce the residual
risk, but low concentrations of pathogens do not necessarily imply a low level of risk for the patient and so the
overall challenge of minimising risk remains. This review aims to discuss the variable level of pathogenic risk
and describes the current screening methods used to prevent/detect the presence of pathogens in blood/
plasma-derived products.

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acute bleeding episodes can arise either because of inherited bleed-
ing disorders (e.g. haemophilia, vonWillebrand disease), acquired defi-
ciency of haemostatic components (e.g. due to infection, malignancy or
autoimmune disease), trauma, surgery or as a result of infectionwith an
organism that causes haemorrhagic disease (e.g. Ebola or Marburg
virus) [1]. Various treatment options exist for preventing or treating
acute bleeding episodes, including fresh-frozen plasma/cryoprecipitate,
platelets and plasma-derived/recombinant clotting factor concentrates
[2,3]. The use of blood-derived and recombinant haemostatic products
has increased markedly over recent years, as exemplified by the global
use of factor VIII products (Fig. 1) [4]. This increased use has been driven
by improved availability of clotting factors, increased life expectancy of
people with bleeding disorders [5,6], increased use of prophylaxis for
severe bleeding disorders [7,8] and decreased risk of transmission of in-
fectious agents.

Historically, the risk of transmission of infectious agents via blood/
plasma-derived products has been of great concern to the medical
39 081 5466152.
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community. This risk has reduced dramatically since the implementa-
tion of stricter donation screening/donor selection procedures and im-
proved purification procedures, but cannot be fully eradicated.
Furthermore, the implementation of pathogen inactivation technology
for blood/plasma-derived products has further reduced the risk of trans-
mission of both known and emerging pathogens, although results can
be variable according to the methods used [9,10]. However, it is impor-
tant to note that patient risk is highly dependent on the circumstances
underwhich blood products are collected, handled and used. In general,
clinicians assess the level of risk associated with the use of blood/
plasma-derived products by evaluating factors such as patient charac-
teristics (e.g. age, immune status, geographical location, lifestyle) and
the nature of the pathogen (e.g. physical characteristics, level of viru-
lence, chronicity of infection, prevalence). The presence of a particular
pathogen within blood/plasma-derived products may pose a significant
threat to specific patient groups (e.g. the elderly or immunocompro-
mised), while being of low risk to the general population (e.g. HEV).

While the clinical assessment of risk is based on a variety of factors,
the virological assessment of risk is based solely on the presence or ab-
sence of pathogens. The presence of pathogens implies the possibility of
infection, so only pathogen-free products can be described as entirely
risk-free. Adopting the virological approach (i.e. discarding all products
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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whichmay contain infectious agents) is effective in reducing the rate of
pathogen transmission, but may result in the unnecessary wastage of
blood/plasma-derived products.

Since recombinant clotting factors are not derived from blood or
plasma, they present a minimal risk of pathogen transmission (particu-
larly third generation factors, which have no contact with blood/
plasma-derived components whatsoever) and can therefore be consid-
ered safer than using plasma-derived clotting factor concentrates [11].
However, there has been concern that the use of recombinant clotting
factors may be associated with an increased rate of inhibitor formation
in patients who regularly receive these products [12]; this is another
factor that may influence the overall clinical assessment of patient risk.

Recombinant clotting factors are available for the treatment of
haemophilia A (FVIII) and B (FIX) and factor VII/XIII deficiency, while
plasma-derived concentrates are available for most other clotting fac-
tors (including vonWillebrand factor, fibrinogen and the vitamin K de-
pendent clotting factors). In some cases only fresh frozen plasma and
cryoprecipitate are available for replacement therapy (e.g. factor V defi-
ciency). Ideally, plasma and plasma-derived products would be
completely replaced by recombinant products in order to minimise
the risk of pathogen transmission; however, this is not always possible.
A recent article comprehensively reviewed the pathogen safety of
plasma-derived and recombinant clotting factors [13].

This review examines the potential for transmission of infectious
agents that might be present in blood/plasma-derived products used
to treat haemostatic disorders. We focus on the identities of these
agents and the screening procedures used for their detection, as well
as the limitations of screening. Current unmet needs in the field of path-
ogen safety of blood/plasma-derived products are also discussed.

2. Methodology

The PubMed database was interrogated from 1 January 2000 to the
present using the search strings ‘bleeding disorders OR haemophilia’
Fig. 1. Use of plasma-derived and recombinant factor VIII products in selected countries.
Results are from Stonebraker et al. (1996–2006) [4] and WFH Annual Global Surveys
(2007–2012) [196].
and ‘pathogens AND blood safety’. The search terms ‘virus’, ‘bacteria’,
‘haemorrhagic disorders’, ‘von Willebrand disease’, ‘FVII deficiency’
and ‘FXIII deficiency’were added to this search but did not yield any ad-
ditional pertinent result. The bibliographies of reviewswere also used to
identify relevant references and individual searches were conducted for
information on specific pathogens. Information and opinions were also
provided by the authors.

3. Infectious agents present in blood/plasma-derived products:
lessons from the past and current concerns

A large number of pathogenic agents (including viruses, protozoan
parasites and prions) can be transmitted via blood/plasma-derived
products and are capable of causing disease in humans (Table 1). The
presence of viruses in plasma-derived products became a concern in
the 1980s, when 60–70% of patients with severe haemophilia became
infected with human immunodeficiency virus (HIV-1) [6]. This concern
continued with the discovery that 80% of patients treated with plasma-
derived products prior to 1992 had become infected with hepatitis C
virus (HCV) [5]. Current donor selection and screening practices have
improved our ability to detect or reduce the presence of pathogens in
blood/plasma-derived products; for example, the residual risk of
transfusion-transmitted infection (TTI) with HIV/HBV/HCV has fallen
to near or less than 1 per million transfused units [14,15]. Despite this
success, however, a residual risk still remains.

3.1. Potential risk

The pathogenic agents shown in Table 1 (and the Supplementary
Appendix) do not form an exhaustive list. Many microorganisms that
are normally non-pathogenic have the potential to cause disease
when responding to changes in the biological environment, or when
transfused to an immunosuppressed patient. In addition, there is still a
risk that new and emerging pathogens may enter the blood supply
(Table 2).

4. Screening for pathogens

The standard assays commonly used for blood screening are nucleic
acid amplification technology (NAT) and immunoassays for detection of
antibody and/or antigen. Immunoassays are frequently used for screen-
ing purposes as multiple samples can be processed together and they
may yield semi-quantitative results. NAT assays allow earlier pathogen
detection than with immunoassays, but they are also more costly and
complex. Assay selection is generally determined by the level of accura-
cy/speed required, but factors such as the resources available (e.g. staff,
infrastructure), assay complexity and cost considerations (e.g. consum-
ables) must also be considered. Most assays for blood donation screen-
ing are mandatory (particularly in Europe and North America) and the
World Health Organization (WHO) recommends that all whole blood
(and blood which has been processed by apheresis) should undergo
pathogen screening before it is used for clinical or manufacturing pur-
poses. Screening for HIV-1, HIV-2, HBV, HCV and Treponema pallidum
subspecies pallidum (T. pallidum; the causative agent of syphilis) is
strongly advised. The WHO and World Federation of Hemophilia
(WFH) suggest that countries should carry out individual routine
screening for further pathogens based on epidemiological information
for their region e.g. HTLV-1 and Trypanosoma cruzi [16]. The WFH also
acknowledges the positive impact of HIV, HBV and HCV screening on
global blood safety and recommends that these screening tests be im-
plementedwhenever possible [2]. Details of the serological tests carried
out on individual donor plasma and NAT testing of plasma mini-pools
are shown in Tables 3 and 4 [17].

It is recommended that theminimum evaluated sensitivity/specific-
ity level of any assay used for blood donation screening should be 99.5%
or higher [16]. However, not all assays fulfil these criteria as sensitivity/
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specificity levels vary according to assay type and type of micro-
organism being tested for (see Table 1 for details). Therefore, the gener-
al advice is to screen donated blood to as high a standard as possible
[16].

4.1. Blood donation screening: assays for key pathogens

4.1.1. HIV, HBV and HCV testing
In the early stages of infection with HIV, HBV or HCV, viraemia oc-

curs in the host's bloodstream at variable levels. Viral antigens may ap-
pear at the same time as DNA/RNA, but more often become detectable
several weeks later. Specific antibodies are measurable 2 to 6 weeks
after infection; the time between initial infection and the appearance
of detectable parameters of infection (e.g. viral nucleic acid/antigens/
antibodies) is known as the ‘window period’ [18–20].

4.1.1.1. HIV.When screening blood for the presence of HIV-1/HIV-2, the
use of a combined antigen/antibody assay is advised (combinedHIV p24
Ag and anti-HIV-1 + anti-HIV-2 antibodies) as it allows earlier detec-
tion of infection. The performance of NAT testing is mandatory in
many countries and further reduces the window period (from around
20 to 11 days) [20–22].

4.1.1.2. HBV. The majority of diagnostic laboratories focus on the detec-
tion of HBsAg, which is the first detectable serological marker of infec-
tion. However, there is a risk that the HBsAg concentration may
decline to undetectable levels during the course of infection, yielding a
false negative result [23]. Screening for antibodies to HBc is the most
conservative approach for identifying potentially exposed donors, as
this identifies all individuals who have ever immunologically experi-
enced any type of HBV infection (either current, chronic or resolved)
andwhomay experience viral reactivation during their lifetime (partic-
ularly under conditions of immunosuppression). However, assays to
measure HBc antibodies are relatively non-specific and do not always
correlate with the presence of HBV virus in plasma [18]. Also, we cannot
exclude the possibility that donorswho test positive for anti-HBc do not
have pulsed recurrences of virus replication, resulting in the presence of
low levels of HBV-DNA in plasma. For these reasons, national transfu-
sion services do not always routinely screen donations for anti-HBc.
NAT assays can be carried out, but their use is restricted by potentially
low levels of viral DNA [16,18]. The combined use of HBsAg screening
tests and NAT assays has reduced the window period for detection of
HBV infection from approximately 60 to 35.5 days [20,24]. Mutant
HBV strains (escape variants) should also be considered, as theymayoc-
casionally escape serological detection (although most can be detected
by NAT assays) [24,25]. These HBV-variants are rare, but therefore
more likely to enter and contaminate the blood supply as they are
more difficult to detect [25]. In summary, the screening of blood sup-
plies for the presence of HBV is effective, but an optimal screening sys-
tem has not yet been defined.

4.1.1.3. HCV.HCV (both recent and chronic infection) can be detected by
screening blood for the presence of both HCV antigen andHCV antibody
(anti-HCV). Seroconversion occurs at approximately 6–8 weeks post-
infection; however, steady improvements in screening technology (in-
cluding the adoption of NAT assays) have reduced the window period
to approximately 1–3 weeks [20,26]. As with HIV, NAT assays are
more useful for detecting early infection, although the issue of low
viral RNA concentration persists [27,28].

4.1.2. HTLV-1 testing
HTLV-1 and HTLV-2 are endemic in some regions, but very rare in

others, and therefore screenings are conducted on a geographical or
at-risk basis. The presence of virus is mostly inferred by the detection
of virus-specific antibodies, using sensitive immunoassays [16].
4.1.3. Syphilis testing
In this instance, screening involves detection of non-specific, non-

treponemal or specific treponemal antibodies. NAT assays are generally
not used [29]. Specific antibody tests identify all individuals who have
ever been exposed to this bacterium (andmay continue to yield positive
results for more than ten years following initial infection), while the
non-specific tests (e.g. VDRL or cardiolipin tests) are primarily of use
in identifying donors who may have an active infection. Since
T. pallidum is heat-sensitive and cannot readily withstand extended
storage at low temperatures, storage at 4 °C for more than three days
is sufficient to render the pathogen non-infectious. However, blood
components (e.g. platelets) that are stored at temperatures of around
20 °C do present a risk of T. pallidum persistence. Therefore screening
for antibodies of this organism is recommended [16].

4.2. Testing for emerging viral pathogens

4.2.1. West Nile virus
Blood can be screened for further pathogens as appropriate, accord-

ing to geographical location, seasonal activity of the vector and also pa-
tient risk factors. A current viral pathogen of interest is the mosquito-
borne flavivirus West Nile virus (WNV), which was confirmed to have
been transmitted via transfusion in 2002 [30]. An immediate screening
policy was put in place in the USA in order to reduce the risk of further
transmission. This policy included deferral of any individual displaying
symptoms of infection, quarantine of plasma collected during periods
of high mosquito activity (when WNV is most prevalent) and the
rapid development/use of WNV-specific NAT and serological assays.
Thesemeasureswere highly effective and caused a significant reduction
in the number of confirmed cases ofWNV transfusion-related transmis-
sion. However, WNV outbreaks still occur within the Americas, indicat-
ing a potential need for seasonal blood screening for WNV [31]. WNV
outbreaks have also occurred in Europe (including Italy and Greece),
prompting the implementation of seasonal blood screening procedures
in the affected regions of those countries [32].

4.2.2. Chikungunya virus
This is anothermosquito-bornepathogen that could potentially pose

a risk to transfusion safety, although to date reports of transfusion-
related transmission of this virus are rare [33]. A mutated form of the
Chikungunya virus has been responsible for several epidemics in the
past decade, spreading to the Reunion Islands in the Indian Ocean
(2005), Italy (2007) and the Caribbean area (2012/2013) [34–36]. The
virusmay bedetected in blood donors byNAT,whichwill help to reduce
the level of transmission risk [35].

4.2.3. Parvovirus B19
There is also concern about the possibility of parvovirus B19 in the

blood supply. B19 is prevalent worldwide, with seroprevalence in
blood donors varying from between 0.2–1.3% in the USA, Europe and
Africa and 25–40% in Asia [37]. The risk of parvovirus transmission is
higher when units of blood are pooled (e.g. to create batches of clotting
factor concentrates, albumin etc.) and so individuals with bleeding dis-
orders are at a higher risk of infection. B19 DNA was detected in 26% of
clotting factor concentrates in a recent German study [38], and another
study found that populations receiving blood-derivedproductswere 1.7
times more likely to display antibodies to B19 than populations who
had not received blood products [39]. B19 lacks a lipid envelope,
which renders it highly resistant to somemethods of pathogen inactiva-
tion [40]. Screening of blood donations for B19DNA is not currently rou-
tine, but many manufacturers only process plasma that has been
screened for the absence of B19 DNA in order to reduce the risk of trans-
mission [41]. Given the prevalence of B19 in different populations, it is
difficult to define the residual TTI risk of this virus. However, it is clear
that a transmission risk does exist.



Table 1
Blood-transmissible pathogens.

Transmissible
agent

Geographic
distribution
(% of global
population
infected)

Testing procedure Detection level in
general clinical use

Minimum detection
level possible
(in development)

Testing sensitivity Testing specificity

Prions
vCJD Rare [94] Solid state binding

matrix/immuno-assay
[55,95]

N/A N/A ≥71% [55,95] ≥98% [55,95]

Viruses
Chikungunya virus Widespread

(prevalent in
Africa, Asia
and Latin--
America) [96]

Antibody/NAT [96] NAT: 40–350
copies/ml [97]

NAT: 10–100 copies/ml
[98]

Antibody: varies
according to disease stage
and test type.
Immuno-chromatographic
test: 1.9–3.9% (acute
infection)
ELISA: 3.9% (acute), 84.1%
(convalescent)
NAT: RT-PCR — 88.5%
(acute) [99]

Antibody: varies
according to disease stage
and test type.
Immuno-chromatographic
test: 92.5–95.0%
(acute infection)
ELISA: 92.5% (acute),
91.0% (convalescent)
NAT: RT-PCR — 100%
(acute) [99]

Cytomegalovirus
(CMV)

Widespread
[69]

Antigen/NAT NAT: 446 copies/ml
(whole blood) [100]

139 copies/ml
(NAT; qPCR) [101]

Not available Not available

Dengue virus Widespread;
50% of global
population at
risk [102]

Antibody/NAT NAT: 160–600
copies/ml (DENV-1, 3
and 4)
2000–6000
copies/ml (DENV-2)
[103] based on 1 PFU
= 1000–3000 RNA
copies [104]

N/A: current main
research focus is on
developing
serotype-specific tests

Antibody: 96–98% (IgM)
[105]
NAT: High for DENV-1, 3
and 4; lower for DENV-2
[103]

Antibody: 78–91% (IgM)
[105]
NAT: 100% [103]

Hepatitis B virus
(HBV)

Widespread;
29% infected,
5% chronically
infected [106]

Antibody/NAT NAT: Reliable (≥99%
detection) from 84
copies/ml [107]
based on 1 IU/ml =
5.6 copies/ml [108]

NAT: 42–52 copies/ml
(Ultrio); 4–10 copies/ml
(Ampliscreen/UltraQual)
[58]

Antibody: ≥90% (anti-HBc
assay), 98% (anti-HBsAg
assay) [109]
NAT: 99.3% (Procleix
Ultrio) [107]

Antibody: ≥78.9 (anti-HBc
assay), up to 100%
(anti-HBsAg assay) [109]
NAT: 99.8% (Procleix
Ultrio) [107]

Hepatitis C virus
(HCV)

Widespread;
3% [110]

Antibody/NAT NAT: 17 copies/ml
(4-reaction kit
format), 1664
copies/ml (primary
pool format), 8806
copies/ml (master
pool format), based
on 1 IU/ml = 2.5
copies/ml [111,112]

NAT: 6.1 copies/ml
(50% detection point,
individual samples)

Antibody: 99%
(anti-HCV-cAg) [113,114]
NAT: 70.7–90.2% [111],
99.9% (Procleix Ultrio)
[107]

Antibody: 99.2%
(anti-HCV-cAg) [113,114]
NAT: High [111], 98.1%
(Procleix Ultrio) [107]

Hepatitis E virus
(HEV)

Widespread
[115]

Antibody/NAT NAT: 5.9–114
copies/ml (MP-NAT),
47.3–226 copies/ml
(ID-NAT) [116] based
on 1 IU/ml = 1.25
copies/ml [117]

NAT: ≥5.8 copies/ml
[118] based on 1 IU/ml
= 1.25 copies/ml [117]

Antibody: 72-98% [119]
NAT: High. Varies from 5.9
copies/ml (Real-Star HEV
RT-PCR) to 114 copies/ml
(Ceeram) for MP-NAT and
from 47.3 copies/ml
(Real-Star HEV RT-PCR )
to 226 copies/ml
(ampliCube HEV RT-PCR)
for ID-NAT [116]

Antibody: 78-96% [119]
NAT: High [116]

Human
Herpesvirus-8
(KSHV)

Widespread,
with variable
prevalence
(≤5–50%);
endemic in
sub-Saharan
Africa, parts of
Asia and Ocea-
nia [120]

Antibody/NAT NAT: 63 copies/ml
(Viracor IBT) [121]

N/A Antibody: 65-100% [122]
NAT: High (63 copies/ml)
[121]

Antibody: 96-99% [122]
NAT: High — no cross
reactivity detected against
adenoviruses, BKV, CMV,
EBV, HSV-1, HSV-2, HHV-6
variant A, HHV-6 variant
B, HHV-7, JCV, parvovirus
B19, SV-40 or VZV. [121]

Human
immunodeficiency
virus
(HIV-1 and HIV-2)

Worldwide
(0.5%);
endemic in
sub-Saharan
Africa (5%)
[123]

Antibody/NAT NAT: 20-50
copies/ml [124]

N/A Antibody: ≥99.9% [125]
NAT: 99.9% (Procleix
Ultrio) [107]

Antibody: 99.5–99.9%
[125]
NAT: 99.8% (Procleix
Ultrio) [107]

Human
T-lymphotropic
virus 1 and 2
(HTLV-1/2)

HTLV-1:
Endemic in
Japan, Africa,
South America
and Caribbean

Antibody/NAT Not specified:
antibody detection
kits routinely used
[127,128]

NAT: HTLV-1–1.2
copies/reaction (i.e.
12–48 copies/ml, based
on a reaction volume of
10–50 μl); HTLV-2–19

Antibody: 100% [130]
NAT: 99.4% (HTLV-1 and
2) [131]

Antibody: ≥99.4% [130]
NAT: 98.5% (HTLV-1 and
2) [131]
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Table 1 (continued)

Transmissible
agent

Geographic
distribution
(% of global
population
infected)

Testing procedure Detection level in
general clinical use

Minimum detection
level possible
(in development)

Testing sensitivity Testing specificity

HTLV-2: Prev-
alent in
Central/West
Africa, the
Americas and
Europe [126]

copies/reaction (i.e.
76–191 copies/ml, based
on a reaction volume of
10–50 μl) [129]

Parvovirus B-19 Widespread,
variable
prevalence
(0.2–40% in
European and
Asian blood
donors) [37]

Antibody/NAT NAT: 668 copies/ml
(based on 1 IU/ml =
3.34 copies/ml)
[132,133]

NAT: 10 copies/reaction
(i.e. 100–500 copies/ml,
based on a reaction
volume of 10–50 μl)
[134]

Antibody: 89.1% [135]
NAT: ≥93% [132]

Antibody: 99.4% [135]
NAT: ≥97% [132]

Parvovirus 4 Widespread,
variable
prevalence
(2–35%)
[136–138]

NAT NAT: 200–500
copies/ml [139,140]

NAT: 10 copies/reaction
(i.e. 100–500 copies/ml,
based on a reaction
volume of 10–50 μl)
[134]

Not available Not available

Torque-tenovirus
(TTV)

Present
worldwide at
variable
prevalence
(higher in
developing
countries)
[141]

NAT NAT: no general test
— PCR used to
confirm presence.

NAT: ≥100
copies/reaction (i.e.
1000–5000 copies/ml,
based on a reaction
volume of 10–50 μl)
[142]

NAT: Up to 100% [142] NAT: ≥96% [142]

West Nile virus
(WNV)

Widespread
(Africa, West
Asia, Middle
East, Europe
and North and
South
America) [90]

Antibody/NAT NAT: 100 copies/ml
[143]

NAT: ≥9.8 copies/ml
[144]

Antibody: 50% (IgM), 86%
(IgG) [145]
NAT: High [144]

Antibody: 95% (IgM), 69%
(IgG) [145]
NAT: High [144]

Bacteria
Treponema pallidum
subspecies pallidum

Widespread;
(0.5% of global
population
infected)
[146]

Antibody/NAT/dark ground
microscopy DGM)

NAT: 32,000 copies/ml
[147]

NAT: 82% [148]
Antibody: 78–88%
(primary syphilis), 100%
(secondary), 95–100%
(latent), 71–96 (late)
[149]
DGM: 79–97% [147]

NAT: 95% [148]
Antibody: 96–99%
DGM: 77–100% [147,149]

Yersinia
enterocolitica,
Salmonella enterica,
Listeria
monocytogenes,
Coxiella burnetii
(only during
outbreaks)

Rare, donor
selection
dependent

Not done N/A N/A N/A

Protozoa
Babesia spp Widespread;

predominantly
in United
States and (less
frequently)
Europe [150]

Antibody/NAT Antibody:
10000–100000
parasites/ml (Giemsa
staining) [151]

NAT: 5000–10000
parasites/ml [151]

Antibody: ≥97% [152]
NAT: High [151]

Antibody: ≥97% [152]
NAT: 100% [151]

Leishmania spp Widespread;
1.3 million
new cases per
year [153]

Antibody/NAT NAT: ≥10
parasites/ml (PCR;
sensitivity varies
according to
method) [154]

NAT: ≥10 parasites/ml
[154]

Antibody: 75-95% [155]
NAT: 98.7% (kinetoplast
DNA PCR), 91% (ITS1 PCR),
53.8% (SLME PCR) [156]

Antibody: 70-98% [155]
NAT: 57.1% (kinetoplast
DNA PCR), 100% (ITS1 PCR
and SLME PCR) [156]

Plasmodium spp Widespread
(most
common in
sub-Saharan
Africa). 30% at
risk [157]

Antibody/NAT Microscopy: 50000
parasites/ml [158]

NAT: b10 parasites/ml
[158]

Antibody: ≥95% [159]
NAT: 76.1–100%
[158]

Antibody: ≥97.7% [159]
NAT: 89.6–100%
[158]

Trypanosoma brucei
gambiense/rhodiense

Regional in
Africa, 10% at
risk [160]

Direct microscopic
visualisation/Antibody/NAT

NAT: b100
trypanosomes/ml
[161]

NAT: 1–10
trypanosomes/ml
[162]

Antibody: CATT — 87–98%
[161]
NAT: 88% [163]

Antibody: CATT — 95%
[161]
NAT: 99.2% [163]

(continued on next page)
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Table 1 (continued)

Transmissible
agent

Geographic
distribution
(% of global
population
infected)

Testing procedure Detection level in
general clinical use

Minimum detection
level possible
(in development)

Testing sensitivity Testing specificity

Trypanosoma cruzi 0.1–0.2%
(mostly Latin
and South
America) [164]

Antibody/NAT NAT: ≥0.5
parasites/ml [165]

NAT: 0.05 parasites/ml
[165]

Antibody:75–100%
(majority N 90%) [166]
NAT: 83.3–94.4% [165]

Antibody: ≥97% [166]
NAT: 85–95% [165]

In cases where no overall figures are available, specificity/sensitivity has been described as low, medium or high (as appropriate).
CATT, card agglutination test for Trypanosomiasis; ID-NAT, individual donation NAT; MP-NAT, mini-pool NAT; NAT, nucleic acid testing; PCR, polymerase chain reaction; PFU, plaque-
forming unit.
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4.2.4. Hepatitis E virus
The potential presence of hepatitis E virus (HEV) in blood or blood-

derived products is relevant. Currently there seems to be a discrepancy
between the number of HEV-RNA positive blood donations in Europe
(ranging from 1 in 1240 in Germany to 1 in 1761 donations in the
Netherlands) [42], and the low number of confirmed cases of hepatitis
E in blood transfusion recipients (one confirmed case in the UK
[2006], one in France [2007] and two in Germany [2014]) [43–45].
This indicates that the subject of HEV infectivity and pathogenicity
needs to be investigated further [46–49]. There is also a debate over
the necessity of introducing screening blood for the presence of HEV;
the virus is not currently screened for in the UK and other European
countries, although one study of English donors found HEV to be wide-
spread (1 in 2848donations)within thedonor population [50]. Since in-
fection with this virus can be harmful to immunocompromised
individuals, the potential need for introducing HEV screening should
be considered [42].

The residual risk for TTI of HBV, HCV, HIV and HEV in selected coun-
tries is given in Table 5.
4.3. Prions

Despite recent advances in methods for the detection of prions, no
single method has been developed as a screening test for blood, al-
though several methods in animal models show great promise
[51–53]. In humans, a protocol for the evaluation of a blood-based test
for its suitability in the diagnosis of variant Creutzfeldt–Jakob disease
(vCJD) has been established, but no test yet appears to satisfy the re-
quirements of sensitivity and specificity [54]. The only report so far of
a blood-based diagnostic test for vCJD claimed an assay sensitivity of
71.4% and a specificity of 100% in symptomatic patients and its potential
applicability as a screening test to detect asymptomatic vCJD infection
has recently been investigated [55]. There is currently no strategy for
confirming a positive screening result, although the protein misfolding
cyclical amplification technique has recently been shown to yield
Table 2
Emerging blood-transmissible pathogens.

Recently emerging
pathogen

Pathogen
structure/classification

Year of
emergence

Mode of transmission

Bas Congo virus Enveloped; rhabdovirus 2009 Direct contact (human
Huaiyangshan
Bunyavirus

Enveloped; bunyavirus 2010 Direct contact (human

Influenza H5N1 Enveloped; orthomyxovirus 2005 Airborne, direct contac
Influenza H7N9 Enveloped; orthomyxovirus 2012 Direct contact (zoonot
Lujo virus Enveloped; arenavirus 2008 Airborne, direct contac
Marseillevirusa Marseillevirus 2010 Blood-borne, faecal–or
MERS coronavirus Enveloped; coronavirus 2013 Airborne, direct contac
SARS coronavirus Enveloped; coronavirus 2003 Faecal/oral, airborne, d
NJ polyomavirus Non-enveloped polyomavirus 2014 Direct contact, saliva, b

a Unconfirmed— may have been the result of laboratory contamination [184].
positive results in buffy coat/white blood cell samples from a small
number of patients with vCJD [56].
4.4. Interpretation of test results and practicalities of screening

4.4.1. Assay specificity and sensitivity
Extensive use of blood donor selection and testing does not always

guarantee a safe product. If the test is insufficiently sensitive, then
false negatives may occur. Alternatively, tests which are not sufficiently
specific (e.g. anti-HBc assay for HBV) may cause false positive results,
leading to an unnecessary decrease in the number of clotting products
available [16]. Torque Tenovirus (TTV) is an example where testing
specificity has been an issue, as this virus exists in various divergent
forms (23 distinct genotypes have been identified thus far) [57]. Since
TTV is often detected in healthy individuals and is not associated with
any particular disease, routine screening for this virus is not considered
to be necessary; even a test with excellent sensitivity/specificity would
not contribute to increase the level of safety of blood/plasma-derived
products with regard to TTV.

Insufficient assay sensitivity remains a rare but potential problem
when blood donations are screened during thewindow period of initial
HBV, HCV or HIV infection. An increase in testing sensitivity threshold is
needed to prevent HBV transmission via blood/plasma-derived prod-
ucts and by blood transfusion, as extremely low concentrations of HBV
(e.g. 1.6 copies/ml) is capable of viral transmission (see above section
on anti-HBc positive patients) [58]. In the case of HIV and HCV, even
NAT testing may not always be sufficient to ensure sufficiently high
levels of safety as virus transmission has previously occurred after trans-
fusion of blood with undetectable levels of viraemia [59].

Recent reports have highlighted concerns about the inability of NAT
assays to detect different variants of HIV. There have been at least four
cases in which the presence of HIV-1 RNA was undetected by NAT
assay screening, potentially putting transfusion recipients at risk [21].
Two of these false-negative results occurred due to genetic mutation
in the viral RNA regions targeted by NAT assay primers (although in
References

–human and zoonotic), nosocomial [167]
–human), vector-borne, blood-borne, airborne (potentially) [168,169]

t (human–human and zoonotic) [170–172]
ic and potentially human–human),airborne [172,173]
t (human–human and zoonotic), nosocomial, blood-borne (potentially) [174,175]
al (?) [176,177]
t (human–human and zoonotic), nosocomial [178,179]
irect contact (human–human and zoonotic), nosocomial [180–182]
lood? [183]



Table 3
Summarised table of serologic tests on individual donor plasma (WFH 2012) [17].

Plasma source Serologic tests performed on individual
donor plasmaa,b

US paid apheresis (Talecris, Grifols,
others)

Syphilis, HIV-1/2, HBsAg, HCVAb, ALT

United States, recovered,
unpaid

Syphilis, HIV-1/2, HTLV-1&2, HBcAb,
HBsAg, HCVAb, ALT

Baxter BioScience: United States,
Austria, Germany, Sweden, Czech
Republic, Switzerland, Norway

Syphilis, HIV-1/2, HBsAg, HCVAb

CSL Behring: Austria, Denmark,
Germany, United States

Syphilis (US), HIV-1/2, HBsAg, HCVAb

Biotest: Austria, Belgium, Germany,
United States, Switzerland

HIV-1/2, HBsAg, HCVAb

Intersero: Austria, Belgium,
Germany

Syphilis, HIV-1/2, HBsAg, HCVAb, ALT

Germany unpaid Syphilis, HIV-1/2, HbsAg, HCVAb, ALT
Octapharma: Sweden, Austria,
Germany

Syphilis, HIV-1/2, HBcAb, HBsAg, HBcAb,
HCVAb

American Community Blood Centers,
unpaid (Octapharma)

Syphilis, HIV-1/2, HTLV-1&2, HBcAb =
anti-HBc, HBsAg, HCVAb

Finnish Red Cross BS: Finland, unpaid Syphilis, HIV-1/2, HBsAg, HCVAb.
HTLV-1&2 1st donation.

Sanquin: The Netherlands Syphilis, HIV-1/2, HTLV-1&2, HBsAg,
HBcAb, HCVAb

LFB: France Syphilis, HIV-1/2, HTLV-1&2, HBcAb,
HBsAb, HBsAg, HCVAb

Grifols: Spain, Czech Republic,
Slovakia

Syphilis, HIV-1/2, HBsAg, HCVAb

Kedrion: Italy Syphilis, HIV-1/2, HBsAg, HCVAb, ALT
National Bioproducts Institute:
South Africa

Syphilis, HIV-1/2, HBsAg, HCVAb

Australian Red Cross Blood Service Syphilis, HIV-1/2, HTLV-1&2, HBsAg,
HCVAb

New Zealand Blood Service Syphilis, HIV-1/2, HBsAg, HCVAb.
HTLV-1&2 (1st donation only)

Centre for Transfusion Medicine,
Singapore

Syphilis, HIV-1/2, HBsAg, HCVAb

National Blood Center, Malaysia Syphilis, HIV-1/2, HBsAg, HCVAb
Hong Kong Red Cross BTS Syphilis, HIV-1/2, HTLV-1&2, HBsAb,

HBsAg, HCVAb
Taiwan Blood Services Foundation Syphilis, HIV-1/2, HTLV-1&2, HBsAb,

HBsAg, HCVAb, ALT
Japan Syphilis, HIV-1/2, HTLV-1, HBcAb, HBsAb,

HBsAg, HCVAb, ALT, B-19 parvovirus
Korean Red Cross: South Korea Syphilis, HIV-1/2, p-24 antigen, HBsAg,

HCVAb, ALT
Shanghai RAAS Blood Products Co:
China

Syphilis, HIV-1/2, HBsAg, HCVAb, ALT

Bio Products Laboratory, UK: US paid
apheresis

Syphilis, HIV-1/2, HBsAg, HCVAb.
HTLV-1&2, HBcAb (recovered only)

a Serological targets for HIV detection include p24 antigen and anti-HIV-1/2 antibodies
[185,186].

b Nontreponemal tests are routinely used to screen blood for the presence of Treponema
pallidum subspecies pallidum (T. pallidum, the causative agent of syphilis). These tests
measure both proteins from the Treponema cell surface and IgG/IgM antiphospholipid
antibodieswhich are produced by the host in response to cell damage in the early stages
of infection [150].
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the majority of cases serology yielded a positive result) [60,61]. False-
negative results can be avoided by designing NAT assays that target a
minimum of two amplification regions; such testing will be mandatory
in Germany from 2015 [21,62]. It is hoped that as the sensitivity and
specificity of NAT tests continue to improve, cases of undetected infec-
tion may become less of an issue in the future.

4.4.2. The need for multiple methods of screening
A recent report suggests that it is not necessary to carry out serolog-

ical screening for multiple HBV markers, and that NAT based screening
is preferred [58]. However, there is a risk that the practice of relying
upon a single method of screening may lead to a higher incidence of
false-negative results. In one case of transfusion-associated parvovirus
B19 transmission, donated blood was screened for the presence of B19
antigen and deemed to be safe since no antigen was detected. Since
the recipient subsequently developed B19 infection, the donation was
re-analysed and found to contain B19 DNA [63]. Reports such as this
support the argument for multiple parameter testing.

The localisation of pathogens within blood may also influence ease
of detection. For example, WNV is present at 10-fold higher levels in
whole blood than in plasma in viraemic seropositive donors. The situa-
tion is reversed in viraemic seronegative donors, who display higher
WNV levels (4-fold) in plasma than in whole blood [64]. Also, cell-
associated viruses such as CMV and HTLV-1 are less frequently trans-
mitted with the use of leukoreduced products [65,66], indicating that
these viruses are less likely to be found in blood/plasma-derived prod-
ucts. The minimum infective dose (MID: the lowest number of patho-
genic particles required to successfully infect a host) of a particular
pathogen is more likely to be reached in whole blood or blood-derived
components, making the use of plasma-derived or recombinant clotting
factors the safest option.
4.4.3. Infective dose
To date, studies attempting to measure human MID values have

generally determined the viral concentration needed to infect a particu-
lar percentage of the exposed population (e.g. 50%). This value (the
human infective dose for 50% of the population) is referred to as HID50

and is often described as the human MID [67]. The HID50 value varies
greatly between pathogens (even if they are physically similar) [68]
and also varies depending upon the immune status of the recipient, as
immunocompromised individuals, neonates and the elderly are at
greater risk of infection than healthy individuals [67].When this finding
and the prevalence of immunocompromised patients receiving blood
products are both taken into account, it implies a need for screening
tests to have the highest sensitivity possible.
4.4.4. Patient characteristics
The impact of transmission onmorbidity andmortality is dependent

on patient characteristics. For example, although the vast majority of
cases of CMV infection are not clinically important, influencing factors
such as genetic predisposition, malnutrition and pre-existing infection
can lead to the development of severe disease [69]. National screening
programmes do not currently screen for CMV as standard, but NAT as-
says exist and may be carried out if required, e.g. if blood is specifically
intended for vulnerable recipients, such as pregnant women or trans-
plant patients [70]. It is the opinion of the authors that both serological
assays and NAT tests should be used in order to reach the highest level
of safety possible, particularly when in the case of immunosuppressed
patients.
5. Other means of reducing and managing pathogen risk

As well as blood donation testing, a range of other measures are
used to increase the pathogen safety of blood- and plasma-derived
products. These include donor selection and screening, recipient
vaccination and the use of blood product purification/inactivation
methods. The choice of inactivation method also impacts upon the
level of risk.
5.1. Selection and screening of donors

Questionnaires are often used to attempt to assess donors' health
status and their potential exposure to various risks. Donors can be ac-
cepted or rejected on the basis of these answered questionnaires, or al-
ternatively their bloodmay be put through additional screening tests as
appropriate [16,31].



Table 4
Plasma inventory hold and NAT testing of mini-pools (WFH 2012) [17].

Company or Fractionator Mini-Pool NAT Testsa Manufacturing Pool NAT
Testsb

NAT on Final Productc Inventory
Holdd

Mini-Pool
Sizee

CSL Behring: United States, Germany HAV, HBV, HCV, HIV-1, B-19 parvovirus HAV, HBV, HCV, HIV, B-19
parvovirus

No 60+ days 512 or
fewer

Baxter BioScience: United States, Austria,
Italy

HAV, HBV, HCV, HIV-1, B-19 parvovirus HAV, HBV, HCV, HIV-1/2,
B-19 parvovirus

No 60+ days 512 or
fewer

Talecris: United States HBV, HCV, HIV-1, B-19 parvovirus HBV, HCV, HIV-1, B-19
parvovirus

No 60+ days 96 or 480

Grifols: United States, Spain, Czech Republic,
Slovakia

HAV, HBV, HCV, HIV, B-19 parvovirus HBV, HCV, HIV, B-19
parvovirus

60+ days 512 or
fewer

Bio Products Laboratory, UK HAV, HBV, HCV, HIV-1/2, B-19 parvovirus HCV 60 days 512 or
fewer

Biotest: Germany HAV, HBV, HCV, HIV-1/2, B-19 parvovirus HBV, HCV, HIV No 60 days 960
Intersero, Germany HAV, HBV, HCV, HIV 1, B-19 parvovirus HBV, HCV, HIV 60+ days 960
German Red Cross BSO NSTOB HAV, HBV, HCV, HIV 1, B-19 parvovirus HCV 2 months 48
Octapharma: Sweden, Austria, Germany, USA HBV, B-19 parvovirus, HAV, HCV, HIV-1 HCV No 2 months 16-512
Finnish Red Cross BS: Finland HBV, HCV, HIV (individual)

HAV, B-19 parvovirus (mini-pool)
FRC BS does not make plasma
pools

1 or 96

Sanquin: The Netherlands HCV (6), HIV (6), HBV (6), B-19
parvovirus (480), HAV (480)

HBV, HCV, HIV, B-19
parvovirus

No 480 or 6

LFB: France 1: B-19 parvovirus 2: HAV, HCV HAV, HBV, HCV, HIV-1, B-19
parvovirus

80+ days 1: 300
2: 1000

Kedrion: Italy HBV, HCV, HIV 1, B-19 parvovirus (HAV if
required)

HCV 60+ days 480 or
fewer

National Bioproducts Institute: South Africa HAV, HCV, HIV, B-19 parvovirus HAV, HCV, HIV 1 and 216
CSL Biotherapies: Australia HCV, HIV HCV, HIV, B-19 parvovirus 480
Australian Red Cross Blood Service
Fractionated at CSL Biotherapies

HCV, HIV, B-19 parvovirus (optional) HCV, HIV, B-19 parvovirus 480/512

New Zealand Blood Service Fractionated at
CSL Biotherapies

HCV, HIV, B-19 parvovirus (optional) HCV, HIV, B-19 parvovirus 480/512

Hong Kong Red Cross BTS Fractionated at CSL
Biotherapies

HCV, HIV

Blood Services Group, Singapore Fractionated
at CSL Biotherapies

HCV, HIV HCV, HIV 480/512

National Blood Centre of Malaysia
Fractionated at CSL Biotherapies

HCV, HIV HCV, HIV 480/512

Taiwan Blood Services Foundation
Fractionated at CSL Biotherapies

HAV, HBV, HCV, HIV, B-19 parvovirus HCV, HIV (optional HBV,
HAV, B-19 parvovirus)

480/512

GreenCross: South Korea HAV, HCV HAV, HBV, HCV, HIV HAV, HBV, HCV, HIV 45 days b450
Japanese Red Cross: Japan HBV, HCV, HIV-1 HBV, HCV, HIV-1 HAV, HBV, HCV, HIV-1,

B-19 parvovirus
6 months 20

Kaketsuken: Japan 1: HBV, HCV, HIV-1 2: HAV, B-19
parvovirus

HAV, HBV, HCV, HIV-1, B-19
parvovirus

HAV, HBV, HCV, HIV-1,
B-19 parvovirus

6 months 1: 50 2: 500

Benesis: Japan HBV, HCV, HIV-1 HBV, HCV, HIV-1 HAV, HBV, HCV, HIV-1,
B-19 parvovirus

6 months 50

Shanghai RAAS Blood Products: China HBV, HCV, HIV-1 HBV, HCV, HIV-1 HBV, HCV, HIV-1 60+ days 48

HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV-1, human immunodeficiency virus-1; NAT, nucleic acid testing.
a The viruses which are screened for by the company or fractionator using NAT at mini-pool stage. Numbers in brackets indicate the mini-pool sizes for each NAT type (if applicable).
b The viruses which are screened for by the company or fractionator using NAT at manufacturing pool stage.
c The viruses which are screened for by the company or fractionator using NAT within the final product (if any).
d Length of time that plasma is retained between donation and processing stages for donor information gathering.
e Amini-pool is a pool of donor samples, formedby directly pooling samples from individual donors or by pooling of samples from subpools. The numbers in the table indicate the number

of samples present in the pool [187].
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5.2. Vaccination

Patients with bleeding disorders should be vaccinated against
HAV and HBV. European studies have reported that universal HBV
vaccination of blood donors could be cost-effective as this measure
would reduce the risk of HBV transmission in general and might
even remove the necessity for general HBV NAT testing; however,
this would not reduce the risk posed by HBV escape variants (as
described earlier) [71,72].

5.3. Purification and inactivation techniques

Blood/plasma-derived products typically undergo various proce-
dures designed to reduce the pathogen level, although these proce-
dures are not effective against all pathogens. Plasma donations
undergo quarantine (approximately 4–6 months) prior to fraction-
ation and when the donor is again screened negative FFP can then
be subjected to chromatographic fractionation, solvent-detergent
treatment, nanofiltration and/or heat inactivation [73,74]. Prolonga-
tion of product storage time can be effective in reducing the infectiv-
ity of temperature-sensitive pathogens (such as T. pallidum).
Production of recombinant products also follows strict protocols to
remove and inactivate any viruses that might be present, even
though the risk of viral presence is minimal.

Although current purification/inactivation techniques (such as
solvent-detergent treatment, nanofiltration and heat activation) do re-
duce the risk of pathogen transmission, they are not always sufficient
to render blood/plasma-derived products safe [75]. Small non-
enveloped viruses (e.g. HAV, B19 and picornavirus) are often highly re-
sistant to inactivation procedures and may still be infectious in some
plasma-derived concentrates [75,76].

The presence of prions is also a concern. Attempts to remove prions
from plasma-derived products have involved several techniques, in-
cluding ion-exchange chromatography and nanofiltration [77,78].



Table 5
Approximate residual risk of HBV, HCV, HIV and HEV TTI in selected countries.

Virus Country Residual risk, or prevalence in blood
donations (dependent on testing) per
100,000

Reference

HBV Congo-Kinshasa 390 [188]
Brazil 289 [189]
USA 5.9–7.5 [58]

England/North Wales b3.7 [190]
Australia 2 [191]
Germany 0.4 [192]
Portugal 0.2 [193]

HCV Brazil 191 [189]
Germany 0.9 [192]
Portugal 0.03 [193]

HIV Congo-Kinshasa 22 [188]
Germany 0.9–2.4 [21,192]

HEV Germany 81 [42]
Netherlands 57 [42]
England 35 [50]
Scotland 6.9 [194]
Portugal 0.6 [193]
USA b2 [195]

HBV, hepatitis B virus; HCV, hepatitis C virus; HIV-1, human immunodeficiency virus-1;
TTI, transfusion-transmitted infection.
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Several problems exist with these approaches, in particular the use of
exogenous “spikes” derived from prion-infected brain homogenates to
measure prion clearance, which may result in an overestimation of the
amount of prion removal, and the methods used for the estimation of
the reduction in prion load, which ideally should involve bioassay to
measure infectivity [79]. Further developments in this field are required
to address these issues.

A recently proposed approach for the inactivation of infectious
agents in blood is whole-blood treatment with ultraviolet (UV)
light in combination with a photosensitiser such as riboflavin or
amotosalen [80,81]. The main disadvantage of this approach is that
UV treatment has been linked to the formation of neoantigens,
which may be generated via modification of the surface antigens of
platelets. The presence of neoantigens may provoke a recipient
immune response during transfusion of UV-treated platelets, caus-
ing them to be rapidly cleared from the circulation [81]. While this
approach to pathogen inactivation is currently used for platelets
and is effective, it needs further refinement for the inactivation of
whole blood [81,82].
5.4. Product choice

The WFH strongly recommends the use of plasma-derived or
recombinant products in preference to cryoprecipitate or fresh fro-
zen plasma, as the infectious load of any infectious human pathogen
is lower in plasma-derived products than in cryoprecipitate, and
even lower in recombinant products [2].In some European countries,
recombinant products have almost completely replaced plasma-
derived products [12]. The use of recombinant products, which
have been manufactured and formulated with minimal addition of
human/animal-derived materials, greatly reduces the risk of recipi-
ent exposure to plasma-derived infectious agents and after they
have undergone virus removal/inactivation processes, recombinant
products can be considered to be as safe as currently possible [83].
Despite these benefits, the use of recombinant products may be lim-
ited by higher costs and perceived problems of inhibitor formation
[83]. For indications where no recombinant factor concentrates are
available, the use of inactivated plasma-derived concentrates is
safer than fresh frozen plasma and will reduce the risk of other ad-
verse effects such as hypervolemia, transfusion-related lung injury
(TRALI) and hypersensitivity [84].
6. Barriers to a minimal risk approach

Aminimal risk approachwould ensure that patients receive effective
treatmentwith the lowest possible risk, but this is difficult to achieve in
practical terms. Regulatory needs in different European countries are
usually based on recommendations from the medical community, so
in order to achieve minimal risk, it would be ideal for these regulations
to be standardised and mandatory in all countries. Directives issued
by the European Union Commission describe the regulatory require-
ments for the safety of whole blood and plasma, stating that “all pre-
cautionary measures during their collection, processing, distribution
and use need to be taken making appropriate use of scientific prog-
ress in the detection and inactivation and elimination of transfusion
transmissible pathogenic agents” [85]. However, the relative safety
of different screening tests, products and processing methods is not
discussed and so individual countries may adopt different ap-
proaches towards minimising risk. Although recombinant products
are associated with the highest level of pathogen safety, higher
costs for development and production may make them too expen-
sive for some healthcare systems [86]. Inhibitor formation also re-
mains an important element of concern with both plasma-derived
and recombinant products, particularly with regard to FVIII in
haemophilia A [87]. The risk of inhibitor formation was shown to
be greater with recombinant versus plasma-derived factor VIII con-
centrates in some cohort studies [88], but similar in others [89].

In light of these considerations (availability, adverse reactions and
cost), it appears that the issue of pathogen safety of blood/plasma-
derived products is highly important but may not be the limiting factor
with respect to overall patient safety. The benefits of treatment with a
hypothetically ‘unsafe’ plasma-derived product may outweigh the risk
of a negative outcome (e.g. bleeding, inhibitor formation), although
we suggest that itmay be clinically simpler to dealwith inhibitor forma-
tion than to combat an infection from an unknown or untreatable
pathogen.
7. Current knowledge gaps and areas of unmet need

There are still significant knowledge gaps and areas of unmet
need with respect to the pathogen safety of blood/plasma-derived
and recombinant products. The incidence of HBV, HCV and HIV TTI
has fallen to near or below 1 per million transfused units in the
industrialised world, indicating that current donor selection and
blood screening strategies have had a positive impact on blood safety
[14]. However, it is clear that screening both donors and donated
blood cannot exclude all known pathogens or eliminate all risks
from emerging pathogens [63,90]. Historical precedent indicates
that the blood supply is always vulnerable to contamination by hith-
erto non-prevalent/unknown pathogens, and that this risk cannot be
accurately gauged [91]. As we identify new infectious agents of con-
cern and develop new tests for their detection, it will also be neces-
sary to clearly define the infectious dose range for each agent and
use appropriately sensitive tests for their identification. For example,
in suspected cases of vCJD infection, considerable challenges remain
in the development of screening and confirmatory tests that have
sufficient sensitivity and specificity to be of use in both a clinical set-
ting and within blood banks [92].

Surveillance of peoplewith haemophilia is required tomonitor path-
ogen safety issues related to blood and plasma products. The European
Haemophilia Safety Surveillance system (EUHASS), which began in
2008, is a pharmacovigilance programme which spans 25 European
countries and is designed to detect, monitor and investigate adverse
drug reactions. Reports of adverse events (such as acute/allergic events,
TTIs and inhibitors) are submitted to EUHASS by participating centres
and cumulative patient and clotting factor data are recorded annually
[93].
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A formal coordinated risk-assessment andmanagement action plan,
in addition to a task force, should be developed to respond quickly to
any emerging infections. Such a plan should include long-term storage
of samples fromproduced batches (for retesting in the case of outbreaks
with known or recently emerged infectious agents) and guidance on re-
sponsibility for developing/performing tests for emerging pathogens
(industry vs. regulatory agencies). Guidance on approaching patients
who have potentially been infected and surveillance strategies for pa-
tients at high risk would also be beneficial.

8. Conclusions

The majority of evidence indicates that the concept of clinical safety
of blood/plasma derivatives does not necessarily correspond to the con-
cept of pathogen safety; blood can only be classed as microbially safe in
reference to the infectious agents that are known and have been
screened for. Establishingwhether the presence of undetectedmicrobes
in the blood is clinically relevantwill require further long-term, detailed
studies. It should also be noted that even though the risk of transmission
of key detectable viruses (such as HIV, HBV and HCV) via transfusion
has fallen significantly, transmission does still occur.

In general, balancing safety, efficacy and practicalities is a difficult
goal to achieve — patient safety is typically the key driver, but striv-
ing for near-complete safety at the expense of the patient's health or
quality of life may not be the best course of action for patients or cli-
nicians. The lack of a cohesive international strategy for blood dona-
tion and screening is a pressing concern that needs to be addressed.
Furthermore, a formal coordinated continuous risk-assessment and
management action plan needs to be developed to deal with the con-
stant potential risk of emerging infections. Establishing an interna-
tional registry (or harmonising data collection in National
Registries) and dedicated task force may help to identify newly
emerging pathogens more rapidly than in the past and to further im-
prove pathogen safety of blood/plasma-derived products and the
blood supply in general.

Practice points

• The use of blood/plasma-derived products for the treatment of bleed-
ing disorders carries a risk of pathogen transmission.

• Blood donations are screened for key pathogens such as HBV, HCV,
HIV and the causative agent of syphilis, but other screening tests
should be conducted as required according to geographical location
and patient risk factors.

• Screening tests for pathogens may lack sensitivity/specificity and so
false negatives may occur, resulting in a residual pathogen risk to
patients.

• In terms of pathogen safety, recombinant products (products which
have hadminimal exposure to blood/plasma-derived proteins) are con-
sidered to pose the lowest level of risk to patients.

Research agenda

• Regional and international rates of transfusion-transmitted infection
for key pathogens and emerging pathogens

• Safety and efficacy of blood/plasma-derived products and recombi-
nant products for treatment of bleeding disorders.

Conflict of interest statement

A.T. has received grants and personal fees from Bayer, grants and
personal fees from Baxter, grants and personal fees from Biotest, grants
and personal fees fromCSL Behring, grants and personal fees fromNovo
Nordisk, grants and personal fees from Pfizer, and grants and personal
fees from Octapharma, during the conduct of the study.

C.F.P. has received grants as bureau speaker, consultant, or advi-
sor, from Gilead, Merck Sharp and Dohme, Roche, Pfizer, Abbott,
Bristol-Myers Squibb, VIIV, and Boehringer-Ingelheim. None of
these personal activities is in conflict with the opinions he expressed
in this manuscript.

D.N. has received honoraria for conferences from Pfizer, Roche
Pharma, Roche Diagnostics, Abbott, MSD, and Astellas.

G.D.M. has disclosed the following financial relationships — speaker
or a member of a speaker bureau for: Boehringer-Ingelheim, Sanofi-
Aventis, Bayer, Novo Nordisk, Pfizer,

Biotest, and Grifols. Consultant or ad hoc speaker/consultant for:
Boehringer-Ingelheim, Eli-Lilly, Sanofi-Aventis, Bayer, CSL Behring,
Novo Nordisk, Pfizer, Biotest, and Grifols.

J.W.I. has received personal fees from Piramal and grants from the
Department of Health, UK, outside the submitted work.

L.G. reports no potential conflicts of interest.
M.C. has received research grants, lecture fees, and honoraria for

consultancy from Baxter, Bayer, and Pfizer.

Role of funding source

Funding for medical writing assistance and two author meetings
were provided by Pfizer. Pfizer had no editorial influence regarding
the contents of this manuscript and did not comment on the outline
or any drafts prior to journal submission.

Acknowledgements

Wewish to thank Professor Hermann Eichler for his appraisal of this
manuscript and helpful suggestions. Medical writing assistance was
provided by Hanna Mourad-Agha of inScience Communications,
Springer Healthcare. This assistance was funded by Pfizer.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.blre.2015.07.004.

References

[1] Paessler S, Walker DH. Pathogenesis of the viral hemorrhagic fevers. Annu Rev
Pathol 2013;8:411–40.

[2] Srivastava A, Brewer AK, Mauser-Bunschoten EP, Key NS, Kitchen S, Llinas A, et al.
Guidelines for the management of hemophilia. Haemophilia 2013;19:e1-47.

[3] Benjamin RJ, McLaughlin LS. Plasma components: properties, differences, and uses.
Transfusion 2012;52(Suppl. 1):9S–19S.

[4] Stonebraker JS, Brooker M, Amand RE, Farrugia A, Srivastava A. A study of reported
factor VIII use around the world. Haemophilia 2010;16:33–46.

[5] Plug I, Van Der Bom JG, Peters M, Mauser-Bunschoten EP, De Goede-Bolder A,
Heijnen L, et al. Mortality and causes of death in patients with hemophilia, 1992-
2001: a prospective cohort study. J Thromb Haemost 2006;4:510–6.

[6] Franchini M, Mannucci PM. Past, present and future of hemophilia: a narrative re-
view. Orphanet J Rare Dis 2012;7:24.

[7] Franchini M, Tagliaferri A, Mannucci PM. Themanagement of hemophilia in elderly
patients. Clin Interv Aging 2007;2:361–8.

[8] Trimble SR, Parker CS, Grant AM, Soucie JM, Reyes N. Assessing emerging infectious
threats to blood safety for the blood disorders community. Am J PrevMed 2010;38:
S468–74.

[9] Hardwick J. Blood processing. ISBT Sci Ser 2008;3:148–76.
[10] World Health Organisation (WHO). WHO Technical Report: Guidelines on viral

inactivation and removal procedures intended to assure the viral safety of
human blood plasma products. 2004. Accessible from: http://www.who.int/
bloodproducts/publications/WHO_TRS_924_A4.pdf.

[11] Di Minno G, Canaro M, Ironside JW, Navarro D, Perno CF, Tiede A, et al. Pathogen
safety of long-term treatments for bleeding disorders: still relevant to current prac-
tice. Haematologica 2013;98:1495–8.

[12] Gringeri A. Factor VIII safety: plasma-derived versus recombinant products. Blood
Transfus 2011;9:366–70.

[13] Di Minno G, Canaro M, Ironside JW, Navarro D, Perno CF, Tiede A, et al. Pathogen
safety of long-term treatments for bleeding disorders: (un)predictable risks and
evolving threats. Semin Thromb Hemost 2013;39:973.

http://dx.doi.org/10.1016/j.blre.2015.07.004
http://dx.doi.org/10.1016/j.blre.2015.07.004
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0005
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0005
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0010
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0010
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0015
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0015
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0020
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0020
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0025
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0025
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0025
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0030
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0030
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0035
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0035
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0040
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0040
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0040
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0045
http://www.who.int/bloodproducts/publications/WHO_TRS_924_A4.pdf
http://www.who.int/bloodproducts/publications/WHO_TRS_924_A4.pdf
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0055
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0055
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0055
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0060
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0060
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0065
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0065
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0065


45G. Di Minno et al. / Blood Reviews 30 (2016) 35–48
[14] Stramer SL, Dodd RY. Transfusion-transmitted emerging infectious diseases:
30 years of challenges and progress. Transfusion 2013;53:2375–83.

[15] Hourfar MK, Jork C, Schottstedt V, Weber-Schehl M, Brixner V, Busch MP, et al.
Experience of German Red Cross blood donor services with nucleic acid testing:
results of screening more than 30 million blood donations for human immunode-
ficiency virus-1, hepatitis C virus, and hepatitis B virus. Transfusion 2008;48:
1558–66.

[16] World Health Organisation (WHO). Recommendations: Screening Donated Blood
for Transfusion-Transmissible Infections. 2009. Accessible from: http://www.who.
int/bloodsafety/ScreeningTTI.pdf.

[17] World Federation of Hemophilia (WFH). Registry of Clotting Factor Concen-
trates. 2012. Accessible from: http://www1.wfh.org/publications/files/pdf-
1227.pdf.

[18] Gerlich WH. Medical virology of hepatitis B: how it began and where we are now.
Virol J 2013;10:239.

[19] Ananworanich J, Fletcher JL, Pinyakorn S, van Griensven F, Vandergeeten C, Schuetz
A, et al. A novel acute HIV infection staging system based on 4th generation immu-
noassay. Retrovirology 2013;10:56.

[20] Klamroth R, Groner A, Simon TL. Pathogen inactivation and removal methods for
plasma-derived clotting factor concentrates. Transfusion 2014;54:1406–17.

[21] Muller B, Nubling CM, Kress J, Roth WK, De Zolt S, Pichl L. How safe is safe: new
human immunodeficiency virus Type 1 variants missed by nucleic acid testing.
Transfusion 2013;53(Suppl. 3):2422–30.

[22] Bruhn R, Lelie N, Custer B, BuschM, Kleinman S, International NATSG. Prevalence of
human immunodeficiency virus RNA and antibody in first-time, lapsed, and repeat
blood donations across five international regions and relative efficacy of alternative
screening scenarios. Transfusion 2013;53:2399–412.

[23] Datta S, Chatterjee S, Veer V. Recent advances in molecular diagnostics of hepatitis
B virus. World J Gastroenterol 2014;20:14615–25.

[24] Lieshout-Krikke RW, Molenaar-de Backer MW, van Swieten P, Zaaijer HL. Surface
antigen-negative hepatitis B virus infection in Dutch blood donors. Eur J Clin
Microbiol 2014;33:69–77.

[25] Teo CG, Locarnini SA. Potential threat of drug-resistant and vaccine-escape HBV
mutants to public health. Antivir Ther 2010;15:445–9.

[26] Gupta E, Bajpai M, Choudhary A. Hepatitis C virus: Screening, diagnosis, and inter-
pretation of laboratory assays. Asian J Transfus Sci 2014;8:19–25.

[27] Kleinman S, Busch MP, Korelitz JJ, Schreiber GB. The incidence/window period
model and its use to assess the risk of transfusion-transmitted human immuno-
deficiency virus and hepatitis C virus infection. Transfus Med Rev 1997;11:
155–72.

[28] Stramer SL, Krysztof DE, Brodsky JP, Fickett TA, Reynolds B, Dodd RY, et al. Compar-
ative analysis of triplex nucleic acid test assays in United States blood donors.
Transfusion 2013;53(Suppl. 3):2525–37.

[29] Sena AC, White BL, Sparling PF. Novel Treponema pallidum serologic tests: a
paradigm shift in syphilis screening for the 21st century. Clin Infect Dis 2010;
51:700–8.

[30] Pealer LN, Marfin AA, Petersen LR, Lanciotti RS, Page PL, Stramer SL, et al. Transmis-
sion of West Nile virus through blood transfusion in the United States in 2002. N
Engl J Med 2003;349:1236–45.

[31] Glynn SA, BuschMP, Dodd RY, Katz LM, Stramer SL, Klein HG, et al. Emerging infec-
tious agents and the nation's blood supply: responding to potential threats in the
21st century. Transfusion 2013;53:438–54.

[32] Pupella S, Pisani G, Cristiano K, Catalano L, Grazzini G. West Nile virus in the
transfusion setting with a special focus on Italian preventive measures adopted
in 2008-2012 and their impact on blood safety. Blood Transfus 2013;11:
563–74.

[33] Parola P, de Lamballerie X, Jourdan J, Rovery C, Vaillant V, Minodier P, et al. Novel
chikungunya virus variant in travelers returning from Indian Ocean islands.
Emerg Infect Dis 2006;12:1493–9.

[34] Liumbruno GM, Calteri D, Petropulacos K, Mattivi A, Po C, Macini P, et al. The
Chikungunya epidemic in Italy and its repercussion on the blood system. Blood
Transfus 2008;6:199–210.

[35] Petersen LR, Epstein JS. Chikungunya virus: new risk to transfusion safety in the
Americas. Transfusion 2014;54:1911–5.

[36] Tsetsarkin KA, Vanlandingham DL, McGee CE, Higgs S. A single mutation in
chikungunya virus affects vector specificity and epidemic potential. PLoS Pathog
2007;3:e201.

[37] Norja P, Lassila R, Makris M. Parvovirus transmission by blood products - a cause
for concern? Br J Haematol 2012;159:385–93.

[38] Modrow S, Wenzel JJ, Schimanski S, Schwarzbeck J, Rothe U, Oldenburg J, et al.
Prevalence of nucleic acid sequences specific for human parvoviruses, hepatitis A
and hepatitis E viruses in coagulation factor concentrates. Vox Sang 2011;100:
351–8.

[39] Soucie JM, Monahan PE, Kulkarni R, De Staercke C, Recht M, Chitlur MB, et al. Evi-
dence for the continued transmission of parvovirus B19 in patients with bleeding
disorders treated with plasma-derived factor concentrates. Transfusion 2013;53:
1143–4.

[40] Heegaard ED, Brown KE. Human parvovirus B19. Clin Microbiol Rev 2002;15:
485–505.

[41] Ragni MV, Sherman KE, Jordan JA. Viral pathogens. Haemophilia 2010;16(Suppl.
5):40–6.

[42] Pawlotsky JM. Hepatitis E screening for blood donations: an urgent need? Lancet
2014;384:1729–30.

[43] Boxall E, Herborn A, Kochethu G, Pratt G, Adams D, Ijaz S, et al. Transfusion-
transmitted hepatitis E in a 'nonhyperendemic' country. Transfus Med 2006;
16:79–83.
[44] Colson P, Coze C, Gallian P, HenryM, DeMicco P, Tamalet C. Transfusion-associated
hepatitis E, France. Emerg Infect Dis 2007;13:648–9.

[45] Huzly D, Umhau M, Bettinger D, Cathomen T, Emmerich F, Hasselblatt P, et al.
Transfusion-transmitted hepatitis E in Germany, 2013. Euro Surveill 2014;19.

[46] Xu C, Wang RY, Schechterly CA, Ge S, Shih JW, Xia NS, et al. An assessment of hep-
atitis E virus (HEV) in US blood donors and recipients: no detectable HEV RNA in
1939 donors tested and no evidence for HEV transmission to 362 prospectively
followed recipients. Transfusion 2013;53(Suppl. 3):2505–11.

[47] Dreier J, Juhl D. Autochthonous Hepatitis E Virus Infections: A New
Transfusion-Associated Risk? Transfus Med Hemother 2014;41:29–39.

[48] Takeda H, Matsubayashi K, Sakata H, Sato S, Kato T, Hino S, et al. A nationwide sur-
vey for prevalence of hepatitis E virus antibody in qualified blood donors in Japan.
Vox Sang 2010;99:307–13.

[49] Mansuy JM, Bendall R, Legrand-Abravanel F, Saune K, Miedouge M, Ellis V, et al.
Hepatitis E virus antibodies in blood donors, France. Emerg Infect Dis 2011;17:
2309–12.

[50] Hewitt PE, Ijaz S, Brailsford SR, Brett R, Dicks S, Haywood B, et al. Hepatitis E virus in
blood components: a prevalence and transmission study in southeast England.
Lancet 2014;384:1766–73.

[51] Orru CD, Wilham JM, Vascellari S, Hughson AG, Caughey B. New generation QuIC
assays for prion seeding activity. Prion 2012;6:147–52.

[52] Morales R, Duran-Aniotz C, Diaz-Espinoza R, Camacho MV, Soto C. Protein
misfolding cyclic amplification of infectious prions. Nat Protoc 2012;7:
1397–409.

[53] Segarra C, Bougard D, MoudjouM, Laude H, Beringue V, Coste J. Plasminogen-based
capture combined with amplification technology for the detection of PrP(TSE) in
the pre-clinical phase of infection. PLoS One 2013;8:e69632.

[54] Cooper JK, Andrews N, Ladhani K, Bujaki E, Minor PD. Evaluation of a test for its
suitability in the diagnosis of variant Creutzfeldt-Jakob disease. Vox Sang 2013;
105:196–204.

[55] Jackson GS, Burk-Rafel J, Edgeworth JA, Sicilia A, Abdilahi S, Korteweg J, et al.
Population Screening for Variant Creutzfeldt-Jakob Disease Using a Novel
Blood Test: Diagnostic Accuracy and Feasibility Study. JAMA Neurol 2014;71:
421–8.

[56] Lacroux C, Comoy E, Moudjou M, Perret-Liaudet A, Lugan S, Litaise C, et al. Preclin-
ical detection of variant CJD and BSE prions in blood. PLoS Pathog 2014;10:
e1004202.

[57] Irshad M, Joshi YK, Sharma Y, Dhar I. Transfusion transmitted virus: A review on its
molecular characteristics and role in medicine. World J Gastroenterol 2006;12:
5122–34.

[58] Stramer SL, Notari EP, Krysztof DE, Dodd RY. Hepatitis B virus testing by minipool
nucleic acid testing: does it improve blood safety? Transfusion 2013;53(Suppl.
3):2449–58.

[59] Salles NA, Levi JE, Barreto CC, Sampaio LP, Romano CM, Sabino EC, et al. Human im-
munodeficiency virus transfusion transmission despite nucleic acid testing. Trans-
fusion 2013;53(Suppl. 3):2593–5.

[60] Schmidt M, Korn K, Nubling CM, Chudy M, Kress J, Horst HA, et al. First trans-
mission of human immunodeficiency virus Type 1 by a cellular blood product
after mandatory nucleic acid screening in Germany. Transfusion 2009;49:
1836–44.

[61] Chudy M, Weber-Schehl M, Pichl L, Jork C, Kress J, Heiden M, et al. Blood screening
nucleic acid amplification tests for human immunodeficiency virus Type 1 may re-
quire two different amplification targets. Transfusion 2012;52:431–9.

[62] Paul-Ehrlich-Institut. Instruction to implement measures for risk minimisation
in using HIV-1 NAT test systems. 2012. Available from: http://www.pei.de/
SharedDocs/Downloads/vigilanz/haemovigilanz/bescheide/2012-06-15-imple-
mentation-hiv-1-nat-test-systems-dual-target.pdf?__blob=publicationFile&v=3.

[63] Tsukada Y, Yokoyama K, Ishida A, Handa M, Mori T, Kizaki M, et al. Erythroid crisis
caused by parvovirus B19 transmitted via red blood cell transfusion. Intern Med
2011;50:2379–82.

[64] Lai L, Lee TH, Tobler L, Wen L, Shi P, Alexander J, et al. Relative distribution of West
Nile virus RNA in blood compartments: implications for blood donor nucleic acid
amplification technology screening. Transfusion 2012;52:447–54.

[65] Goncalves DU, Proietti FA, Ribas JG, Araujo MG, Pinheiro SR, Guedes AC, et al. Epi-
demiology, treatment, and prevention of human T-cell leukemia virus type 1-asso-
ciated diseases. Clin Microbiol Rev 2010;23:577–89.

[66] Lindholm PF, Annen K, Ramsey G. Approaches to minimize infection risk in
blood banking and transfusion practice. Infect Disord Drug Targets 2011;11:
45–56.

[67] Yezli SaJAO. Minimum Infective Dose of the Major Human Respiratory and Enteric
Viruses Transmitted Through Food and the Environment. Food Environ Virol 2011;
3:1–30.

[68] Leggett HC, Cornwallis CK, West SA. Mechanisms of pathogenesis, infective dose
and virulence in human parasites. PLoS Pathol 2012;8:e1002512.

[69] Boeckh M, Geballe AP. Cytomegalovirus: pathogen, paradigm, and puzzle. J Clin In-
vest 2011;121:1673–80.

[70] SouzaMA, Passos AM, Treitinger A, Spada C. Seroprevalence of cytomegalovirus an-
tibodies in blood donors in southern, Brazil. Rev Soc Bras Med Trop 2010;43:
359–61.

[71] Ringwald J, Mertz I, Zimmermann R, Weisbach V, Strasser E, Achenbach S, et al.
Hepatitis B virus vaccination of blood donors–what costs may be expected?
Transfus Med 2005;15:83–92.

[72] Fischinger JM, Stephan B, Wasserscheid K, Eichler H, Gartner BC. A cost-benefit
analysis of blood donor vaccination as an alternative to additional DNA testing
for reducing transfusion transmission of hepatitis B virus. Vaccine 2010;28:
7797–802.

http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0070
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0070
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0075
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0075
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0075
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0075
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0075
http://www.who.int/bloodsafety/ScreeningTTI.pdf
http://www.who.int/bloodsafety/ScreeningTTI.pdf
http://www1.wfh.org/publications/files/pdf-1227.pdf
http://www1.wfh.org/publications/files/pdf-1227.pdf
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0090
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0090
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0095
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0095
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0095
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0100
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0100
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0105
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0105
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0105
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0110
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0110
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0110
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0110
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0115
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0115
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0120
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0120
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0120
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0125
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0125
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0130
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0130
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0135
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0135
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0135
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0135
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0140
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0140
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0140
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0145
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0145
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0145
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0150
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0150
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0150
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0155
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0155
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0155
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0160
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0160
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0160
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0160
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0165
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0165
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0165
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0170
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0170
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0170
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0175
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0175
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0180
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0180
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0180
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0185
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0185
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0190
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0190
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0190
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0190
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0195
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0195
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0195
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0195
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0200
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0200
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0205
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0205
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0210
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0210
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0215
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0215
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0215
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0220
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0220
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0225
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0225
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0230
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0230
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0230
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0230
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0235
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0235
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0240
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0240
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0240
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0245
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0245
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0245
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0250
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0250
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0250
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0255
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0255
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0260
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0260
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0260
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0265
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0265
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0265
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0270
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0270
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0270
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0275
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0275
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0275
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0275
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0280
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0280
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0280
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0285
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0285
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0285
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0290
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0290
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0290
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0295
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0295
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0295
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0300
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0300
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0300
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0300
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0305
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0305
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0305
http://www.pei.de/SharedDocs/Downloads/vigilanz/haemovigilanz/bescheide/2012-06-15-implementation-hiv-1-nat-test-systems-dual-target.pdf?__blob=publicationFile&v=3
http://www.pei.de/SharedDocs/Downloads/vigilanz/haemovigilanz/bescheide/2012-06-15-implementation-hiv-1-nat-test-systems-dual-target.pdf?__blob=publicationFile&v=3
http://www.pei.de/SharedDocs/Downloads/vigilanz/haemovigilanz/bescheide/2012-06-15-implementation-hiv-1-nat-test-systems-dual-target.pdf?__blob=publicationFile&v=3
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0315
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0315
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0315
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0320
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0320
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0320
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0325
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0325
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0325
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0330
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0330
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0330
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0335
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0335
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0335
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0340
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0340
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0345
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0345
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0350
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0350
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0350
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0355
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0355
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0355
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0360
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0360
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0360
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0360


46 G. Di Minno et al. / Blood Reviews 30 (2016) 35–48
[73] World Health Organisation (WHO). WHO Technical Report, Series No. 924, 2004.
Guidelines on viral inactivation and removal procedures intended to assure the
viral safety of human blood plasma products. Accessible from: http://www.who.
int/bloodproducts/publications/WHO_TRS_924_A4.pdf.

[74] Roth WK. Quarantine Plasma: Quo vadis? Transfus Med Hemother 2010;37:
118–22.

[75] Klein HG. Pathogen inactivation technology: cleansing the blood supply. J Intern
Med 2005;257:224–37.

[76] Schneider B, Becker M, Brackmann HH, Eis-Hubinger AM. Contamination of coagu-
lation factor concentrates with human parvovirus B19 genotype 1 and 2. Thromb
Haemost 2004;92:838–45.

[77] Roberts PL, Dalton J, Evans D, Harrison P, Li Z, Ternouth K, et al. Removal of TSE
agent from plasma products manufactured in the United Kingdom. Vox Sang
2013;104:299–308.

[78] Cai K, Osheroff WP, Buczynski G, Hotta J, Lang J, Elliott E, et al. Characterization of
Thrombate III(R), a pasteurized and nanofiltered therapeutic human antithrombin
concentrate. Biologicals 2014;42:133–8.

[79] Cardone F, Simoneau S, Arzel A, Puopolo M, Berardi VA, Abdel-Haq H, et al. Com-
parison of nanofiltration efficacy in reducing infectivity of centrifuged versus
ultracentrifuged 263 K scrapie-infected brain homogenates in "spiked" albumin so-
lutions. Transfusion 2012;52:953–62.

[80] Marschner S, Goodrich R. Pathogen Reduction Technology Treatment of Platelets,
Plasma and Whole Blood Using Riboflavin and UV Light. Transfus Med Hemother
2011;38:8–18.

[81] Seltsam A, Muller TH. UVC Irradiation for Pathogen Reduction of Platelet Concen-
trates and Plasma. Transfus Med Hemother 2011;38:43–54.

[82] Reddy HL, Doane SK, Keil SD, Marschner S, Goodrich RP. Development of a ribofla-
vin and ultraviolet light-based device to treat whole blood. Transfusion 2013;
53(Suppl. 1):131S–6S.

[83] Keeling D, Tait C, Makris M. Guideline on the selection and use of therapeutic prod-
ucts to treat haemophilia and other hereditary bleeding disorders. A United King-
dom Haemophilia Center Doctors' Organisation (UKHCDO) guideline approved
by the British Committee for Standards in Haematology. Haemophilia 2008;14:
671–84.

[84] Kato H, Uruma M, Okuyama Y, Fujita H, Handa M, Tomiyama Y, et al. Incidence of
transfusion-related adverse reactions per patient reflects the potential risk of trans-
fusion therapy in Japan. Am J Clin Pathol 2013;140:219–24.

[85] Directive 2002/98/EC of the European Parliament and of the Council of 27 January
2003 setting standards of quality and safety for the collection, testing, processing,
storage and distribution of human blood and blood components and amending Di-
rective 2001/83/EC. Available from: http://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX:32002L0098. [accessed Feb 2015].

[86] Grillberger L, Kreil TR, Nasr S, Reiter M. Emerging trends in plasma-free
manufacturing of recombinant protein therapeutics expressed in mammalian
cells. Biotechnol J 2009;4:186–201.

[87] Aledort LM. Is the incidence and prevalence of inhibitors greater with recombinant
products? Yes. J Thromb Haemost 2004;2:861–2.

[88] Goudemand J, Rothschild C, Demiguel V, Vinciguerrat C, Lambert T, Chambost H,
et al. Influence of the type of factor VIII concentrate on the incidence of factor
VIII inhibitors in previously untreated patients with severe hemophilia A. Blood
2006;107:46–51.

[89] Gouw SC, van den Berg HM, Fischer K, Auerswald G, Carcao M, Chalmers E, et al.
Intensity of factor VIII treatment and inhibitor development in childrenwith severe
hemophilia A: the RODIN study. Blood 2013;121:4046–55.

[90] Ludlam CA, Powderly WG, Bozzette S, Diamond M, Koerper MA, Kulkarni R, et al.
Clinical perspectives of emerging pathogens in bleeding disorders. Lancet 2006;
367:252–61.

[91] Knight R, Stanley S, Wong M, Dolan G. Hemophilia therapy and blood-borne path-
ogen risk. Semin Thromb Hemost 2006;32(Suppl. 2):3–9.

[92] Brown P. Creutzfeldt-Jakob disease: reflections on the risk from blood product
therapy. Haemophilia 2007;13(Suppl. 5):33–40.

[93] Makris M, Calizzani G, Fischer K, Gilman EA, Hay CR, Lassila R, et al. EUHASS: The
European Haemophilia Safety Surveillance system. Thromb Res 2011;127(Suppl.
2):S22–5.

[94] Peden A, McCardle L, Head MW, Love S, Ward HJ, Cousens SN, et al. Variant CJD in-
fection in the spleen of a neurologically asymptomatic UK adult patient with
haemophilia. Haemophilia 2010;16:296–304.

[95] Edgeworth JA, Farmer M, Sicilia A, Tavares P, Beck J, Campbell T, et al. Detection of
prion infection in variant Creutzfeldt-Jakob disease: a blood-based assay. Lancet
2011;377:487–93.

[96] World Health Organisation (WHO). Factsheet No 327 - Chikungunya. 2014. Acces-
sible from: http://www.who.int/mediacentre/factsheets/fs327/en/.

[97] Laurent P, Le Roux K, Grivard P, Bertil G, Naze F, Picard M, et al. Develop-
ment of a sensitive real-time reverse transcriptase PCR assay with an inter-
nal control to detect and quantify chikungunya virus. Clin Chem 2007;53:
1408–14.

[98] Santhosh SR, Parida MM, Dash PK, Pateriya A, Pattnaik B, Pradhan HK, et al. De-
velopment and evaluation of SYBR Green I-based one-step real-time RT-PCR
assay for detection and quantification of Chikungunya virus. J Clin Virol 2007;
39:188–93.

[99] Blacksell SD, Tanganuchitcharnchai A, Jarman RG, Gibbons RV, Paris DH, Bailey
MS, et al. Poor diagnostic accuracy of commercial antibody-based assays for the
diagnosis of acute Chikungunya infection. Clin Vaccine Immunol 2011;18:
1773–5.

[100] CMV HHV6,7,8 R-gene® Real-Time PCR Kit Technicial Specifications. 2015. Avail-
able from: http://www.biomerieux-diagnostics.com/cmv-hhv678-r-gener.
[101] Michelin BD, Hadzisejdic I, Bozic M, Grahovac M, Hess M, Grahovac B, et al. Detec-
tion of cytomegalovirus (CMV) DNA in EDTA whole-blood samples: evaluation of
the quantitative artus CMV LightCycler PCR kit in conjunction with automated
sample preparation. J Clin Microbiol 2008;46:1241–5.

[102] Teoh BT, Sam SS, Tan KK, Johari J, Danlami MB, Hooi PS, et al. Detection of dengue
viruses using reverse transcription-loop-mediated isothermal amplification. BMC
Infect Dis 2013;13:387.

[103] Simplexa™Dengue Kit Technical Specifications. 2015. Available from: http://www.
focusdx.com/product/MOL3100/ous.

[104] Chao DY, Davis BS, Chang GJ. Development of multiplex real-time reverse tran-
scriptase PCR assays for detecting eight medically important flaviviruses in mos-
quitoes. J Clin Microbiol 2007;45:584–9.

[105] Hunsperger EA, Yoksan S, Buchy P, Nguyen VC, Sekaran SD, Enria DA, et al. Evalu-
ation of commercially available diagnostic tests for the detection of dengue virus
NS1 antigen and anti-dengue virus IgM antibody. PLoS Negl Trop Dis 2014;8:
e3171.

[106] World Health Organisation (WHO). Factsheet No 360 - HIV/AIDS. Accessible from:
http://www.who.int/mediacentre/factsheets/fs360/en/.

[107] Procleix® Ultrio® Assay. 2015. Available from: http://www.fda.gov/ucm/groups/
fdagov-public/@fdagov-bio-gen/documents/document/ucm335285.pdf.

[108] Shah SMSS. Hepatitis B virus serology: Use and interpretation. Hep B Annual 2007;
4:39–54.

[109] Ba Alawi F, Robertson PW, LePage AK, Jayamaha J, Baleriola C, Rawlinson WD. The
reliability of HBV core antibody in serological screening for hepatitis B virus. Pa-
thology 2013;45:501–5.

[110] World Health Organisation (WHO). Factsheet No 164 - Hepatitis C. 2013. Accessi-
ble from: http://www.who.int/mediacentre/factsheets/fs164/en/.

[111] NGI UltraQualTM HCV RT-PCR assay. 2015. Available from: http://www.fda.gov/
downloads/biologicsbloodvaccines/ucm148271.pdf.

[112] Kamili S, Drobeniuc J, Araujo AC, Hayden TM. Laboratory diagnostics for hepatitis C
virus infection. Clin Infect Dis 2012;55(Suppl. 1):S43–8.

[113] Tillmann HL. Hepatitis C virus core antigen testing: role in diagnosis, disease mon-
itoring and treatment. World J Gastroenterol 2014;20:6701–6.

[114] van Helden J,Weiskirchen R. Hepatitis C diagnostics: clinical evaluation of the HCV-
core antigen determination. Z Gastroenterol 2014;52:1164–70.

[115] Bajpai M, Gupta E. Transfusion-transmitted hepatitis E: is screening warranted?
Indian J Med Microbiol 2011;29:353–8.

[116] Vollmer T, Knabbe C, Dreier J. Comparison of real-time PCR and antigen assays
for detection of hepatitis E virus in blood donors. J Clin Microbiol 2014;52:
2150–6.

[117] Abravanel F, Sandres-Saune K, Lhomme S, DuboisM,Mansuy JM, Izopet J. Genotype
3 diversity and quantification of hepatitis E virus RNA. J Clin Microbiol 2012;50:
897–902.

[118] Vollmer T, Diekmann J, Johne R, Eberhardt M, Knabbe C, Dreier J. Novel approach
for detection of hepatitis E virus infection in German blood donors. J Clin Microbiol
2012;50:2708–13.

[119] Drobeniuc J,Meng J, Reuter G, Greene-Montfort T, KhudyakovaN, Dimitrova Z, et al.
Serologic assays specific to immunoglobulin M antibodies against hepatitis E virus:
pangenotypic evaluation of performances. Clin Infect Dis 2010;51:e24–7.

[120] Henke-Gendo C, Schulz TF. Transmission and disease association of Kaposi's sarco-
ma-associated herpesvirus: recent developments. Curr Opin Infect Dis 2004;17:
53–7.

[121] HHV-8 Quantitative Real-time PCR. 2015. Available from: http://www.
viracoribt.com/Test-Catalog/Detail/Human-Herpes-Virus-8-HHV-8-Quantita-
tive-PCR-8000.

[122] Mbisa GL, MileyW, Gamache CJ, GilletteWK, Esposito D, Hopkins R, et al. Detection
of antibodies to Kaposi's sarcoma-associated herpesvirus: a new approach using
K8.1 ELISA and a newly developed recombinant LANA ELISA. J Immunol Methods
2010;356:39–46.

[123] United Nations (UN). Global report: UNAIDS report on the global AIDS epidemic.
2013. Accessible from http://www.unaids.org/en/resources/publications/2013/
name,85053,en.asp.

[124] Naeth G, Ehret R,Wiesmann F, Braun P, Knechten H, Berger A. Comparison of HIV-1
viral load assay performance in immunological stable patients with low or unde-
tectable viremia. Med Microbiol Immunol 2013;202:67–75.

[125] Butto S, Suligoi B, Fanales-Belasio E, Raimondo M. Laboratory diagnostics for HIV
infection. Ann Ist Super Sanita 2010;46:24–33.

[126] Lairmore MD, Anupam R, Bowden N, Haines R, Haynes 2nd RA, Ratner L, et al. Mo-
lecular determinants of human T-lymphotropic virus type 1 transmission and
spread. Viruses 2011;3:1131–65.

[127] Abbott Prism Human T-Lymphotrophic Virus Types I and II assay. Available from:
http://www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/
ApprovedProducts/LicensedProductsBLAs/BloodDonorScreening/
InfectiousDisease/UCM298517.pdf.

[128] Avioq HTLV-I/II Microelisa system. Available from: http://www.fda.gov/down-
loads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/
LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/UCM298517.pdf.

[129] Rocha-Junior MH R, Wagatsuma V, Takayanagui O, Slavov S, Otaguiri K, Rodrigues
E, et al. Development and validation of a Multiplex Real-Time PCR for HTLV-1/2
confirmatory diagnosis. Retrovirology 2014;11:105.

[130] Malm K, Kjerstadius T, Andersson S. Evaluation of a new screening assay for HTLV-
1 and -2 antibodies for large-scale use. J Med Virol 2010;82:1606–11.

[131] Andrade RG, Ribeiro MA, Namen-Lopes MS, Silva SM, Basques FV, Ribas JG, et al.
Evaluation of the use of real-time PCR for human T cell lymphotropic virus 1 and
2 as a confirmatory test in screening for blood donors. Rev Soc Bras Med Trop
2010;43:111–5.

http://www.who.int/bloodproducts/publications/WHO_TRS_924_A4.pdf
http://www.who.int/bloodproducts/publications/WHO_TRS_924_A4.pdf
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0370
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0370
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0375
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0375
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0380
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0380
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0380
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0385
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0385
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0385
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0390
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0390
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0390
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0395
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0395
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0395
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0395
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0400
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0400
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0400
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0405
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0405
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0410
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0410
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0410
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0415
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0415
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0415
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0415
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0415
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0420
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0420
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0420
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32002L0098
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32002L0098
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0430
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0430
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0430
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0435
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0435
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0440
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0440
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0440
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0440
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0445
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0445
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0445
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0450
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0450
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0450
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0455
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0455
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0460
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0460
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0465
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0465
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0465
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0470
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0470
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0470
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0475
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0475
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0475
http://www.who.int/mediacentre/factsheets/fs327/en/
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0485
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0485
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0485
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0485
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0490
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0490
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0490
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0490
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0495
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0495
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0495
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0495
http://www.biomerieux-diagnostics.com/cmv-hhv678-r-gener
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0505
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0505
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0505
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0505
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0510
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0510
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0510
http://www.focusdx.com/product/MOL3100/ous
http://www.focusdx.com/product/MOL3100/ous
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0520
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0520
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0520
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0525
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0525
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0525
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0525
http://www.who.int/mediacentre/factsheets/fs360/en/
http://www.fda.gov/ucm/groups/fdagov-public/@fdagov-bio-gen/documents/document/ucm335285.pdf
http://www.fda.gov/ucm/groups/fdagov-public/@fdagov-bio-gen/documents/document/ucm335285.pdf
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0540
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0540
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf5545
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf5545
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf5545
http://www.who.int/mediacentre/factsheets/fs164/en/
http://www.fda.gov/downloads/biologicsbloodvaccines/ucm148271.pdf
http://www.fda.gov/downloads/biologicsbloodvaccines/ucm148271.pdf
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0560
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0560
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0565
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0565
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0570
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0570
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0575
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0575
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0580
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0580
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0580
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0585
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0585
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0585
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0590
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0590
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0590
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0595
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0595
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0595
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0600
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0600
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0600
http://www.viracoribt.com/Test-Catalog/Detail/Human-Herpes-Virus-8-HHV-8-Quantitative-PCR-8000
http://www.viracoribt.com/Test-Catalog/Detail/Human-Herpes-Virus-8-HHV-8-Quantitative-PCR-8000
http://www.viracoribt.com/Test-Catalog/Detail/Human-Herpes-Virus-8-HHV-8-Quantitative-PCR-8000
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0610
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0610
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0610
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0610
http://www.unaids.org/en/resources/publications/2013/name,85053,en.asp
http://www.unaids.org/en/resources/publications/2013/name,85053,en.asp
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0620
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0620
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0620
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0625
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0625
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0630
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0630
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0630
http://www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/UCM298517.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/UCM298517.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/UCM298517.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/UCM298517.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/UCM298517.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/UCM298517.pdf
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0645
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0645
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0645
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0650
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0650
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0655
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0655
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0655
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0655


47G. Di Minno et al. / Blood Reviews 30 (2016) 35–48
[132] Bonvicini F, Manaresi E, Bua G, Venturoli S, Gallinella G. Keeping pace with Parvo-
virus B19 Genetic Variability: a Multiplex Genotype-Specific qPCR Assay. J Clin
Microbiol 2013.

[133] Koppelman MH, Cuypers HT, Emrich T, Zaaijer HL. Quantitative real-time detection
of parvovirus B19 DNA in plasma. Transfusion 2004;44:97–103.

[134] Tong R, Zhou WM, Liu XJ, Wang Y, Lou YL, Tan WJ. Detection of human parvovirus
B19, human bocavirus and human parvovirus 4 infections in blood samples among
95 patients with liver disease in Nanjing by nested PCR. Zhonghua Shi Yan He Lin
Chuang Bing Du Xue Za Zhi 2013;27:135–7.

[135] Doyle S, Kerr S, O'Keeffe G, O'Carroll D, Daly P, Kilty C. Detection of parvovirus B19
IgM by antibody capture enzyme immunoassay: receiver operating characteristic
analysis. J Virol Methods 2000;90:143–52.

[136] Chen MY, Yang SJ, Hung CC. Placental transmission of human parvovirus 4 in new-
borns with hydrops, Taiwan. Emerg Infect Dis 2011;17:1954–6.

[137] Lahtinen A, Kivela P, Hedman L, Kumar A, Kantele A, Lappalainen M, et al.
Serodiagnosis of primary infections with human parvovirus 4, Finland. Emerg In-
fect Dis 2011;17:79–82.

[138] Lavoie M, Sharp CP, Pepin J, Pennington C, Foupouapouognigni Y, Pybus OG,
et al. Human parvovirus 4 infection, Cameroon. Emerg Infect Dis 2012;18:
680–3.

[139] May J, Drexler JF, Reber U, Sarpong N, Adjei O, Panning M, et al. Human parvovirus
4 viremia in young children, Ghana. Emerg Infect Dis 2012;18:1690–2.

[140] Fryer JF, Kapoor A, Minor PD, Delwart E, Baylis SA. Novel parvovirus and related
variant in human plasma. Emerg Infect Dis 2006;12:151–4.

[141] Simmonds P, Davidson F, Lycett C, Prescott LE, MacDonald DM, Ellender J, et al. De-
tection of a novel DNA virus (TTV) in blood donors and blood products. Lancet
1998;352:191–5.

[142] Tyagi AK, Pradier A, Baumer O, Uppugunduri CR, Huezo-Diaz P, Posfay-Barbe KM,
et al. Validation of SYBR Green based quantification assay for the detection of
human Torque Teno virus titers from plasma. Virol J 2013;10:191.

[143] West Nile Virus: Detection with Serologic and Real-time PCR Assays. Quest Diag-
nostics. 2015. Available from: http://www.questdiagnostics.com/testcenter/
testguide.action?dc=CF_WestNileVirus.

[144] Sambri V, Capobianchi MR, Cavrini F, Charrel R, Donoso-Mantke O, Escadafal C,
et al. Diagnosis of west nile virus human infections: overview and proposal of diag-
nostic protocols considering the results of external quality assessment studies. Vi-
ruses 2013;5:2329–48.

[145] Sanchini A, Donoso-Mantke O, Papa A, Sambri V, Teichmann A, Niedrig M. Second
international diagnostic accuracy study for the serological detection of West Nile
virus infection. PLoS Negl Trop Dis 2013;7:e2184.

[146] World Health Organisation (WHO). Global incidence and prevalence of selected
curable sexually transmitted infections. 2008. Accessible from: http://apps.who.
int/iris/bitstream/10665/75181/1/9789241503839_eng.pdf.

[147] Palmer HM, Higgins SP, Herring AJ, Kingston MA. Use of PCR in the diagnosis of
early syphilis in the United Kingdom. Sex Transm Infect 2003;79:479–83.

[148] Grange PA, Gressier L, Dion PL, Farhi D, Benhaddou N, Gerhardt P, et al. Evaluation
of a PCR test for detection of treponema pallidum in swabs and blood. J Clin
Microbiol 2012;50:546–52.

[149] Ratnam S. The laboratory diagnosis of syphilis. Can J Infect Dis MedMicrobiol 2005;
16:45–51.

[150] Mosqueda J, Olvera-Ramirez A, Aguilar-Tipacamu G, Canto GJ. Current advances in
detection and treatment of babesiosis. Curr Med Chem 2012;19:1504–18.

[151] Teal AE, Habura A, Ennis J, Keithly JS, Madison-Antenucci S. A new real-time PCR
assay for improved detection of the parasite Babesia microti. J Clin Microbiol
2012;50:903–8.

[152] Priest JW, Moss DM,Won K, Todd CW, Henderson L, Jones CC, et al. Multiplex assay
detection of immunoglobulin G antibodies that recognize Babesia microti antigens.
Clin Vaccine Immunol 2012;19:1539–48.

[153] World Health Organisation (WHO). Factsheet No 375 - Leishmaniasis. 2014. Acces-
sible from: http://www.who.int/mediacentre/factsheets/fs375/en/.

[154] Kobets T, Grekov I, Lipoldova M. Leishmaniasis: prevention, parasite detection and
treatment. Curr Med Chem 2012;19:1443–74.

[155] Abbasi I, Aramin S, Hailu A, Shiferaw W, Kassahun A, Belay S, et al. Evaluation of
PCR procedures for detecting and quantifying Leishmania donovani DNA in large
numbers of dried human blood samples from a visceral leishmaniasis focus in
Northern Ethiopia. BMC Infect Dis 2013;13:153.

[156] Bensoussan E, Nasereddin A, Jonas F, Schnur LF, Jaffe CL. Comparison of PCR assays
for diagnosis of cutaneous leishmaniasis. J Clin Microbiol 2006;44:1435–9.

[157] World Health Organisation (WHO). Factsheet No 94 - Malaria. 2014. Accessible
from: http://www.who.int/mediacentre/factsheets/fs094/en/.

[158] Cordray MS, Richards-Kortum RR. Emerging nucleic acid-based tests for point-of-
care detection of malaria. Am J Trop Med Hyg 2012;87:223–30.

[159] RodriguesMH, CunhaMG,Machado RL, Ferreira Jr OC, Rodrigues MM, Soares IS. Se-
rological detection of Plasmodium vivax malaria using recombinant proteins corre-
sponding to the 19-kDa C-terminal region of the merozoite surface protein-1.
Malar J 2003;2:39.

[160] World Health Organisation (WHO). Factsheet No 259 -Trypanosomiasis. 2014. Ac-
cessible from: http://www.who.int/mediacentre/factsheets/fs259/en/.

[161] Chappuis F, Loutan L, Simarro P, Lejon V, Buscher P. Options for field diagnosis of
human african trypanosomiasis. Clin Microbiol Rev 2005;18:133–46.

[162] Mugasa CM, Laurent T, Schoone GJ, Kager PA, Lubega GW, Schallig HD.
Nucleic acid sequence-based amplification with oligochromatography for de-
tection of Trypanosoma brucei in clinical samples. J Clin Microbiol 2009;47:
630–5.

[163] Deborggraeve S, Lejon V, Ekangu RA, Mumba Ngoyi D, Pati Pyana P, Ilunga M, et al.
Diagnostic accuracy of PCR in gambiense sleeping sickness diagnosis, staging and
post-treatment follow-up: a 2-year longitudinal study. PLoS Negl Trop Dis 2011;
5:e972.

[164] World Health Organisation (WHO). Factsheet No 340 - Chagas Disease. 2014. Ac-
cessible from: http://www.who.int/mediacentre/factsheets/fs340/en/.

[165] Schijman AG, Bisio M, Orellana L, Sued M, Duffy T, Mejia Jaramillo AM, et al. In-
ternational study to evaluate PCR methods for detection of Trypanosoma cruzi
DNA in blood samples from Chagas disease patients. PLoS Negl Trop Dis 2011;5:
e931.

[166] Caballero ZC, Sousa OE, Marques WP, Saez-Alquezar A, Umezawa ES. Evaluation of
serological tests to identify Trypanosoma cruzi infection in humans and determine
cross-reactivity with Trypanosoma rangeli and Leishmania spp. Clin Vaccine
Immunol 2007;14:1045–9.

[167] Grard G, Fair JN, Lee D, Slikas E, Steffen I, Muyembe JJ, et al. A novel rhabdovirus as-
sociated with acute hemorrhagic fever in central Africa. PLoS Pathog 2012;8:
e1002924.

[168] Bao CJ, Qi X, Wang H. A novel bunyavirus in China. N Engl J Med 2011;365:862–3
[author reply 864–865].

[169] Zhang YZ, He YW, Dai YA, Xiong Y, Zheng H, Zhou DJ, et al. Hemorrhagic fever
caused by a novel Bunyavirus in China: pathogenesis and correlates of fatal out-
come. Clin Infect Dis 2012;54:527–33.

[170] Christian KA, Ijaz K, Dowell SF, Chow CC, Chitale RA, Bresee JS, et al. What we are
watching–five top global infectious disease threats, 2012: a perspective from
CDC's Global Disease Detection Operations Center. Emerg Health Threats J 2013;
6:20632.

[171] El-Zoghby EF, Aly MM, Nasef SA, Hassan MK, Arafa AS, Selim AA, et al. Surveil-
lance on A/H5N1 virus in domestic poultry and wild birds in Egypt. Virol J 2013;
10:203.

[172] Cowling BJ, Jin L, Lau EH, Liao Q, Wu P, Jiang H, et al. Comparative epidemiology of
human infections with avian influenza A H7N9 and H5N1 viruses in China: a pop-
ulation-based study of laboratory-confirmed cases. Lancet 2013;382:129–37.

[173] To KK, Chan JF, Yuen KY. Viral lung infections: Epidemiology, virology, clinical fea-
tures, andmanagement of avian influenza A(H7N9). Curr Opin PulmMed 2014;20:
225–32.

[174] Briese T, Paweska JT, McMullan LK, Hutchison SK, Street C, Palacios G, et al. Genetic
detection and characterization of Lujo virus, a new hemorrhagic fever-associated
arenavirus from southern Africa. PLoS Pathog 2009;5:e1000455.

[175] Paweska JT, Sewlall NH, Ksiazek TG, Blumberg LH, Hale MJ, Lipkin WI, et al. Noso-
comial outbreak of novel arenavirus infection, southern Africa. Emerg Infect Dis
2009;15:1598–602.

[176] Popgeorgiev N, Boyer M, Fancello L, Monteil S, Robert C, Rivet R, et al.
Marseillevirus-like virus recovered from blood donated by asymptomatic humans.
J Infect Dis 2013;208:1042–50.

[177] Popgeorgiev N, Colson P, Thuret I, Chiarioni J, Gallian P, Raoult D, et al.
Marseillevirus prevalence in multitransfused patients suggests blood transmission.
J Clin Virol 2013;58:722–5.

[178] Cotten M, Watson SJ, Kellam P, Al-Rabeeah AA, Makhdoom HQ, Assiri A, et al.
Transmission and evolution of the Middle East respiratory syndrome coronavirus
in Saudi Arabia: a descriptive genomic study. Lancet 2013.

[179] Breban R, Riou J, Fontanet A. Interhuman transmissibility of Middle East respiratory
syndrome coronavirus: estimation of pandemic risk. Lancet 2013;382:694–9.

[180] Centers for Disease Control and Prevention (CDC). Severe Acute Respiratory Syn-
drome (SARS) - frequently asked questions. Accessible from: http://www.cdc.
gov/sars/about/faq.html.

[181] Nie QH, Luo XD, Zhang JZ, Su Q. Current status of severe acute respiratory syn-
drome in China. World J Gastroenterol 2003;9:1635–45.

[182] Peiris JS, Guan Y. Confronting SARS: a view from Hong Kong. Philos Trans R Soc
Lond B Biol Sci 2004;359:1075–9.

[183] Mishra N, Pereira M, Rhodes RH, An P, Pipas JM, Jain K, et al. Identification of a
novel polyomavirus in a pancreatic transplant recipient with retinal blindness
and vasculitic myopathy. J Infect Dis 2014;210:1595–9.

[184] Sauvage V, Livartowski A, Boizeau L, Servant-Delmas A, Lionnet F, Lefrere JJ, et al.
No evidence of Marseillevirus-like virus presence in blood donors and recipients
of multiple blood transfusions. J Infect Dis 2014;210:2017–8.

[185] Cohen MS, Gay CL, Busch MP, Hecht FM. The detection of acute HIV infection. J In-
fect Dis 2010;202(Suppl. 2):S270–7.

[186] Ciccaglione AR, Miceli M, Pisani G, Bruni R, Iudicone P, Costantino A, et al. Improv-
ing HIV-2 detection by a combination of serological and nucleic acid amplification
test assays. J Clin Microbiol 2010;48:2902–8.

[187] Food and Drug Administration (FDA) Guidance for Industry: Use of Nucleic Acid
Tests on Pooled and Individual Samples from Donors of Whole Blood and Blood
Components, Including Source Plasma, to Reduce the Risk of Transmission of Hep-
atitis B Virus. Accessible from: http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm327850.htm;
Jan 2015.

[188] Namululi BA, Guerrieri C, Dramaix MW. Prevalence and incidence of HIV and hep-
atitis B among blood donors and estimated residual risk of transmission of HIV and
HBV virus by blood transfusion. A study at the Provincial General Referee Hospital
Bukavu, Democratic Republic of the Congo. Rev Epidemiol Sante Publique 2013;61:
139–44.

[189] de Almeida-Neto C, Goncalez TT, Birch RJ, de Carvalho SM, Capuani L, Leao SC, et al.
Risk factors for human immunodeficiency virus infection among Brazilian blood
donors: a multicentre case-control study using audio computer-assisted structured
interviews. Vox Sang 2013;105:91–9.

[190] Rosenberg GK, Lattimore S, Brailsford SR, Hewitt PE, Tettmar KI, Kitchen AD, et al.
The diversity of chronic hepatitis B virus infections within blood donors in England
and North Wales 2005 through 2010. Transfusion 2013;53:2467–76.

http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0660
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0660
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0660
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0665
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0665
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0670
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0670
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0670
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0670
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0675
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0675
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0675
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0680
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0680
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0685
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0685
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0685
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0690
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0690
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0690
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0695
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0695
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0700
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0700
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0705
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0705
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0705
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0710
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0710
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0710
http://www.questdiagnostics.com/testcenter/testguide.action?dc=CF_WestNileVirus
http://www.questdiagnostics.com/testcenter/testguide.action?dc=CF_WestNileVirus
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0720
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0720
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0720
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0720
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0725
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0725
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0725
http://apps.who.int/iris/bitstream/10665/75181/1/9789241503839_eng.pdf
http://apps.who.int/iris/bitstream/10665/75181/1/9789241503839_eng.pdf
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0735
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0735
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0740
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0740
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0740
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0745
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0745
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0750
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0750
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0755
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0755
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0755
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0760
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0760
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0760
http://www.who.int/mediacentre/factsheets/fs375/en/
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0770
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0770
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0775
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0775
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0775
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0775
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0780
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0780
http://www.who.int/mediacentre/factsheets/fs094/en/
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0790
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0790
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0795
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0795
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0795
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0795
http://www.who.int/mediacentre/factsheets/fs259/en/
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0805
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0805
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0810
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0810
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0810
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0810
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0815
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0815
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0815
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0815
http://www.who.int/mediacentre/factsheets/fs340/en/
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0825
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0825
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0825
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0825
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0830
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0830
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0830
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0830
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0835
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0835
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0835
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0840
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0840
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0845
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0845
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0845
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0850
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0850
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0850
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0850
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0855
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0855
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0855
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0860
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0860
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0860
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0865
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0865
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0865
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0870
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0870
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0870
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0875
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0875
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0875
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0880
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0880
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0880
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0885
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0885
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0885
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0890
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0890
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0890
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0895
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0895
http://www.cdc.gov/sars/about/faq.html
http://www.cdc.gov/sars/about/faq.html
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0905
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0905
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0910
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0910
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0915
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0915
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0915
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0920
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0920
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0920
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0925
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0925
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0930
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0930
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0930
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm327850.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm327850.htm
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0940
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0940
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0940
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0940
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0940
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0945
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0945
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0945
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0945
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0950
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0950
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0950


48 G. Di Minno et al. / Blood Reviews 30 (2016) 35–48
[191] Seed CR, Kiely P. A method for estimating the residual risk of transfusion-transmit-
ted HBV infection associated with occult hepatitis B virus infection in a donor pop-
ulation without universal anti-HBc screening. Vox Sang 2013;105:290–8.

[192] Offergeld R, Ritter S, Hamouda O. [HIV, HCV, HBV and syphilis surveillance
among blood donors in Germany 2008-2010]. Bundesgesundheitsblatt,
Gesundheitsforschung. Gesundheitsschutz 2012;55:907–13.

[193] Koch C, Araujo F. Evolution of residual risk for HIV, HCV and HBV, from 1999 to
2010, in blood donations of the Centro Hospitalar S. Joao, EPE, Porto, Portugal.
Acta Med Port 2013;26:371–6.
[194] Cleland A, Smith L, Crossan C, Blatchford O, Dalton HR, Scobie L, et al. Hepatitis E
virus in Scottish blood donors. Vox Sang 2013;105:283–9.

[195] Baylis SA, Gartner T, Nick S, Ovemyr J, Blumel J. Occurrence of hepatitis E virus RNA
in plasma donations from Sweden, Germany and the United States. Vox Sang 2012;
103:89–90.

[196] World Federation of Hemophilia (WFH) Annual Global Surveys. Accessible from:
http://www.wfh.org/en/page.aspx?pid=878.

http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0955
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0955
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0955
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0960
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0960
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0960
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0965
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0965
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0965
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0970
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0970
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0975
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0975
http://refhub.elsevier.com/S0268-960X(15)00059-4/rf0975
http://www.wfh.org/en/page.aspx?pid=878

	Current concepts in the prevention of pathogen transmission via blood/plasma-�derived products for bleeding disorders
	1. Introduction
	2. Methodology
	3. Infectious agents present in blood/plasma-derived products: lessons from the past and current concerns
	3.1. Potential risk

	4. Screening for pathogens
	4.1. Blood donation screening: assays for key pathogens
	4.1.1. HIV, HBV and HCV testing
	4.1.1.1. HIV
	4.1.1.2. HBV
	4.1.1.3. HCV

	4.1.2. HTLV-1 testing
	4.1.3. Syphilis testing

	4.2. Testing for emerging viral pathogens
	4.2.1. West Nile virus
	4.2.2. Chikungunya virus
	4.2.3. Parvovirus B19
	4.2.4. Hepatitis E virus

	4.3. Prions
	4.4. Interpretation of test results and practicalities of screening
	4.4.1. Assay specificity and sensitivity
	4.4.2. The need for multiple methods of screening
	4.4.3. Infective dose
	4.4.4. Patient characteristics


	5. Other means of reducing and managing pathogen risk
	5.1. Selection and screening of donors
	5.2. Vaccination
	5.3. Purification and inactivation techniques
	5.4. Product choice

	6. Barriers to a minimal risk approach
	7. Current knowledge gaps and areas of unmet need
	8. Conclusions
	Practice points
	Research agenda
	Conflict of interest statement
	Role of funding source
	Acknowledgements
	Appendix A. Supplementary data
	References


