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PAST EFFORTS TO RESPOND TO
INFECTIOUS DISEASE THREATS TO
THE BLOOD SUPPLY

The introduction of blood donation screening for syphilis
in the 1940s, followed by hepatitis B surface antigen
(HBsAg) testing in the early 1970s and the subsequent
conversion in the United States to an all-volunteer blood
supply led most to believe that, with the exception of
residual posttransfusion non-A, non-B hepatitis, the
blood supply was relatively safe and would remain so for
the foreseeable future. However, with the recognition of
AIDS/human immunodeficiency virus (HIV) as a world-
wide threat to the safety of the blood supply in 1982 to
1983, times of complacency were over and there was a
critical need to increase vigilance and decrease the
response time to threats to recipient safety. Even before
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the current proactive focus on emerging infectious
disease (EID) agents, the blood industry’s progressive
response to HIV, hepatitis B virus (HBV), and hepatitis C
virus (HCV) was noteworthy. Our responses to established
and EID agents transmissible by labile blood components
continue to be based on two main interventions: donor
selection and questioning, to remove those with recog-
nized risk factors, and testing to deal with what remains.
It is important to recognize that the earliest “first-
generation” tests for HBsAg, viral lysate-based HIV anti-
body and single-antigen HCV antibody tests, albeit less
than optimal in sensitivity and specificity, successfully
removed more than 90% of the pretesting risk within 1 to
2 years of discovery of the etiologic agents. Subsequent
development of second- and third-generation assays
achieved our current expectations of test sensitivity of
more than 99.9%. The public expects an absence of infec-
tious disease transmissions, most notably for highly infec-
tious and pathogenic agents like HIV. Thus, we must
recognize and acknowledge the contributions of the test
manufacturing industry, which have enabled the incred-
ible gains in blood supply safety achieved over the past
three decades. As an example, Figures 1A and 1B display
the enormous effort and investment that industry has pro-
vided to the transfusion community with the release
worldwide of more than 50 versions of HIV serologic
assays since 1985. Together with nucleic acid testing (NAT)
in the United States and most of the industrialized world,
HIV residual risks (along with those of HBV and HCV) are
currently estimated at less than 1 per million transfused
units. Plasma-derived products have had the additional
benefit of pathogen reduction, which in combination with
the other two interventions, has nearly eliminated infec-
tious disease risks of plasma derivatives.

In August 2009, a group from the AABB Transfusion
Transmitted Diseases (TTD) committee published a
supplement to TRANSFUSION' (see also http://www
.aabb.org/resources/bct/eid/Pages/default.aspx) that re-
viewed the definition and background of EID agents that
pose a real or theoretical threat to transfusion safety, but
for which an existing effective intervention is lacking.
Emergence was recognized as due to multiple factors,
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Fig. 1. Successive versions of HIVimmunoassays: (A) Abbott Diagnostics; (B) Bio-Rad.

including an increase in the incidence of a new agent,
as occurred with HIV in the early 1980s and variant
Creutzfeldt-Jakob disease (vCJD) prions in the 1990s; rec-
ognition of a previously undetected agent or of an infec-
tion or clinical condition that is now linked to an
infectious agent; or due to an agent that now has
reemerged with pathogenic properties due to mutation,
drug resistance, or global population or environmental
changes. EIDs of concern represent numerous classes of
agents with well over 60% from zoonotic sources, involve
multiple transmission routes, result in chronic as well as
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acute infections, and derive from human activities in
which transportation has a critical role.!” Most notably,
emergence is unpredictable. This problem is highlighted
in Fig. 2 in which the transmission routes for “classical”
transfusion-transmissible agents are contrasted with
those for some recent EID agents that have threatened
blood safety. There are no consistent patterns to predict
emergence or magnitude of threat to blood safety. As
shown in Fig. 2 recent EID threats include vector-borne
agents such as those causing malaria, leishmaniasis,
Chagas disease, babesiosis, dengue, or West Nile fever or
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Fig. 2. Patterns of key characteristics of transfusion-transmissible (TT) EID agents.
Those listed to the left of the arrow are the traditional TT agents of concern up to the
year 2000, while those to the right are selected recent TT-EID agents.

neuroinvasive disease; respiratory agents such as the
severe acute respiratory syndrome (SARS) coronavirus
(CoV); those that may be transmitted sexually such as
human herpesvirus type 8 and cytomegalovirus; those
transmitted by, or originating from, food or water such as
hepatitis A virus (HAV), hepatitis E virus (HEV), and vC]D;
and those where infection results from direct contact with
an infected source such as simian foamy viruses.

The necessary attributes for transfusion transmission
were outlined in the TRANSFUSION supplement' and
elsewhere,? including the presence of the agent in blood
during an asymptomatic phase in the donor and the
agent’s survival or persistence in blood during processing
and/or storage; moreover, the agent must be recognized
as responsible for a clinically apparent disease outcome in
at least a proportion of recipients who become infected.
Without these attributes, agents were not considered as a
transfusion threat and were excluded. Sixty-eight agents
were initially identified by the AABB EID subgroup, each
with enough evidence or likelihood of transfusion trans-
mission (e.g., blood phase) and potential for clinical
disease to warrant further consideration. In the Supple-
ment, Fact Sheets were published providing information
on agent classification; background on the disease agent’s
importance; the clinical syndromes and/or diseases
caused; transmission modes (including vectors and/or
reservoirs); likelihood of transfusion transmission; and if

highest priority due to a known transfu-
sion transmission threat and severe or
fatal disease in recipients were the vCJD
prion, dengue viruses (DENV), and the
obligate red blood cell (RBC) parasite
that causes babesiosis (Babesia microti
and related species). Although the focus
of the Supplement was toward the
United States and Canada, many of the
agents (and the processes) are applicable worldwide.
Even now, 4 years later, much of the original process
and prioritization has not changed from both scientific
and public perception perspectives, including the listing
of the same three agents of greatest concern to recipient
safety. A different list of agents posing a threat to transfu-
sion safety would likely have been developed by other
groups, depending on different conditions and geo-
graphic areas. For example, authors from the European
Centres for Disease Control (ECDC) prioritized agents
based on climate change driving an increased threat from
certain agents to the blood supply in Europe; included in
the listing, in order of priority, were West Nile virus (WNV),
followed by DENV, Leishmania, chikungunya virus
(CHIKV), malaria parasites, tick-borne encephalitis virus,
and the agent of Lyme disease.® Of note, ECDC considered
two agents (CHIKV and the agent of Lyme disease) of
concern even though transfusion transmission of these
agents has never been documented. Of necessity, any list
of EID agents is not, and can never be, complete due to the
nature of emergence. For example, it is believed that the
number of recognized viral agents infecting humans in
1960 was 50, whereas in the year 2020 the number is pro-
jected to exceed 200.* Another estimate is that there have
been 5.3 new viruses discovered each year from 1940 to
2004, of which, as already mentioned, at least two-thirds
are zoonoses,’ with human activities forcing interactions

Volume 53, October 2013 TRANSFUSION 2377



STRAMER AND DODD

with agents that are in equilibrium with their natural hosts
but whose threat is new in humans.

Since the publication of the Supplement, five new
Fact Sheets (yellow fever viruses [including vaccine break-
through infections], miscellaneous arboviruses, XMRV
[including a comprehensive table of published literature],
and human parvoviruses and bocaviruses other than B19)
were added and 11 existing Fact Sheets updated (Babesia,
Bartonella, the chronic wasting disease prion, human
prions other than vCJD, the vCJD prion, Coxiella burnetii
[the agent of Q fever], DENV, HEV, Japanese encephalitis
[JE virus complex], tick-borne encephalitis viruses, and
human parvovirus B19 [B19V]). Updates are being made
to the Fact Sheets for the small, obligate-intracellular bac-
teria previously known as rickettsia including Anaplasma
and Erhlichia, the former now having reports of
seven transfusion transmissions from infected RBCs or
platelets (PLTs; with or without leukoreduction),®!' and
Ehrlichia ewingii, which was recently reported as linked to
transmission by contaminated, leukoreduced, and irradi-
ated PLTs.'? Also, tables were released to update the patho-
gen reduction sections of the Supplement, including
tabulations of pathogen reduction clinical trials and
results (with only published data included) for PLTs,
plasma, RBCs, and whole blood and the availability and
commercial routine use of such technologies by country
for PLTs and plasma.

ILLUSTRATIVE EID RESEARCH ARTICLES
IN THIS THEMED ISSUE

Within this first “themed issue” of TRANSFUSION some of
these agents have been the focus of original research
studies related to methods of detection, incidence, preva-
lence, clinical outcomes, removal, or need for an interven-
tion. These include HEV, B19V, and related parvovirus 4
(PARV4), and CHIKYV, all of which have associated Fact
Sheets."®!7 HEV is a small, nonenveloped, single-
stranded RNA virus in the Hepevirus genus consisting of
four genotypes and a single serotype. Globally HEV repre-
sents the most common cause of acute viral hepatitis. Of
the four genotypes, Genotypes 1 and 2 are transmitted by
food or water (similar to HAV) whereas Genotypes 3 and 4
are more commonly associated with transmission from
animals, especially swine, including by consumption of
raw or undercooked food products primarily containing
pork liver. It is these genotypes (3 and 4) that have been
associated with transfusion and transplant transmis-
sions.! HEV infection in the immunocompromised host
(such as solid organ transplant recipients) leads fre-
quently to chronic infection (>60%) and eventually to cir-
rhosis in approximately 14% of those with chronic HEV
infection;'® persistent viremia (RNA in plasma) can be
recovered in approximately 1% of cases.!® The frequency
of HEV as assessed by antibody (immunoglobulin [Ig]G)
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testing varies widely because of varying viral prevalence
geographically (1% to >50%) and variable test perfor-
mance characteristics. In the study by Xu and colleagues™
in this issue of TRANSFUSION, a Chinese-manufactured
antibody test was used that is recognized as having supe-
rior performance compared to other tests. In this study, of
1939 volunteer US blood donors, anti-HEV IgG prevalence
was 18.8% (95% confidence interval [CI], 17.0%-20.5%)
and IgM prevalence was 0.4%. The presence of antibody
increased linearly with age representing a cohort effect or
cumulative exposure. Testing for RNA was done in pools of
seven to eight donor samples by real-time reverse
transcription-polymerase chain reaction (PCR) and
nested PCR with 95% lower limits of detection of 400 and
200 IU/mL, respectively; no donor tested positive for HEV
RNA. In addition, the study examined a separate reposi-
tory of 362 recipients where samples from the linked
donors of transfused products were available. Although
there were two possible anti-HEV IgG recipient
seroconversions, neither was believed due to transfusion
transmission. In one IgG-positive recipient, no HEV RNA
or IgM was detected in pretransfusion or posttransfusion
samples. The source of IgG was determined to be one
high-titer, anti-HEV-positive donor whose unit was trans-
fused just before the recipient’s positive I1gG finding, and
thus the IgG was likely acquired passively by transfusion
and not as the result of HEV infection in the recipient.
Although this recipient also received a different IgM- and
RNA-positive donor unit, the recipient died 4 days later
and hence could not be evaluated further. Of note, the
linked donor sample traced as part of this recipient’s
lookback was the only RNA-positive donor identified
among all donor samples tested in this study. The second
recipient had a low-level reactive IgG response after
transfusion; however, the pretransfusion sample also had
low-level IgG reactivity (slightly below the cutoff). No
donor sample received by this second recipient tested
positive for IgM anti-HEV or HEV RNA. Again, the anti-
HEV IgG could not be attributable to transfusion-
transmitted HEV. Thus, no transfusion transmissions were
observed among the 362 recipients (95% CI, 0.0%-0.8%).
A study on the use of a new detection method for the
B19V, a DNA-containing, nonenveloped Erythrovirus
trophic for erythroid progenitor cells, is also reported in
this issue of TRANSFUSION.* B19V is resistant to
inactivation; thus plasma for further manufacture is
screened by NAT at a cutoff below which transmission has
not been documented. Susceptible hosts for more severe
disease include those who are immune compromised,
patients with shortened RBC survival, and pregnant
women (due to associated fetal damage). However, most
adults are immune. Acute infection results in high viral
loads, frequently at or above 10> DNA IU/mL.! Viremia
precedes symptoms and has been associated with trans-
fusion transmission; at least 12 cases are documented in
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the literature with eight from Japan (10%-10% IU/mL), some
of which were from antibody-positive units."** DNA
prevalence in donors varies (<1% in most studies).? High-
titer B19V, DNA-positive RBCs from antibody-negative
donors are well known to be infectious.?* There is a con-
sensus that pooled plasma products should be prepared
from donations that have been screened to minimize the
titer of B19V to fewer than 10* DNA copies/mL, an
approach generally achieved by NAT.! However, in this
issue of TRANSFUSION, Sakata and colleagues' suggest
that this outcome may be achieved by the use of an immu-
noassay designed to detect viral antigens. The chemilumi-
nescent antigen assay has sensitivity comparable to 6.4
logIU/mL B19V DNA, can detect all three B19V genotypes,
and thus is suitable for testing plasma intended for further
manufacture. The need for more sensitive testing to
protect recipients of labile blood components, however,
remains controversial.

Recently, another human parvovirus has been
described, somewhat confusingly named PARV4. It has
been tentatively placed in a genus named Partetravirus.
PARV4 DNA and antibody have been identified at varying
frequencies among blood donors and plasma pools
undergoing further manufacture, but at higher levels in
injection drug users and usually in association with HCV.
PARV4, like B19V, is resistant to conventional viral inacti-
vation procedures.! In this issue of TRANSFUSION, Maple
and coworkers'® describe the development and evaluation
of an IgG test for PARV4 and document a 4.8%
seroprevalence among a small sample of blood donors
from the United Kingdom, but with little evidence of
increased prevalence between 1999 and 2009. Prevalence
in 184 injection drug users was 20.7%, with 68% of the
PARV4 IgG-positive samples also anti-HCV positive. In
contrast, B19V seroprevalence was 65.5% in injection drug
users and 76.3% in blood donors." Also in this issue, Baylis
and colleagues'® used a novel approach to show that
PARV4 is somewhat less sensitive to heat inactivation than
B19V. Currently, PARV4 has not been clearly associated
with any disease state. Thus, the concern expressed in
these articles for further research to protect the blood
supply from risks posed by this virus may be overstated. As
pointed out elsewhere in this commentary, disease causa-
tion is a critical characteristic of emerging infections that
are of concern to transfusion safety.

CHIKV is a mosquito-borne alphavirus that is
endemic with sporadic outbreaks in Africa, India, South-
east Asia, and the Philippines. Several recent explosive
outbreaks have spread from east Africa to the Indian
Ocean islands of Comoros, Madagascar, Mayotte, Mauri-
tius, Seychelles, and la Réunion Island, then spreading to
several states in India.! In la Réunion during the 2005 to
2007 outbreak it was estimated that 34% of the 766,000
residents were infected and another 1.3 million cases esti-
mated to have occurred in India.” Local transmission was

identified in Italy in the summer of 2007."% It appears that
a simple mutation event in the virus, derived from the
southern and eastern African lineage of CHIKV, has
emerged during these outbreaks; this mutation favors
Aedes albopictus as the vector over A.aegypti, thus
expanding the area at risk.'*” Experience with WNV and
DENV suggests that CHIKV might offer a threat to blood
safety and thus precautions were implemented during the
outbreak in la Réunion. Local collections of whole blood
were canceled and supplies were shipped from the French
mainland. Apheresis PLTs were tested for viral nucleic
acids and pathogen reduction was rapidly implemented.?
These precautions remained in force until the risk was
judged to be no greater than that for HBV transfusion
transmission. In this issue of TRANSFUSION, Appassakij
and colleagues'” have provided relevant information
about viral levels in symptomatic and asymptomatic cases
from an epidemic of chikungunya in Songkhla, Thailand,
in 2009. Symptomatic individuals were viremic for up to
8 days, at levels of 1.3 x 10! to 2.9 x 10® pfu/mL (median,
5.6 x 10° pfu/mL), whereas the asymptomatic cases had
a range of 8.4x10' to 2.9x10°pfu/mL (median,
3.4 x 10° pfu/mL); due to small numbers of individuals
studied, no significant difference was observed (1 pfu was
equivalent to approx. 100 copies of RNA). The ratio of
symptomatic to asymptomatic cases studied was 10:1. The
authors concluded that, despite the absence of reported
cases of transfusion-transmitted chikungunya, likely due
to the difficulty in differentiating mosquito-borne illness
from transfusion transmission in the setting of large out-
breaks, there is significant risk of such transmission in
outbreak areas."”

NEW AABB “TOOLKIT” INITIATIVE

The AABB EID subgroup recognized that a system of
assessing the risk or threat of EIDs and their potential
impact on blood safety and availability should be formal-
ized so that the process may be applied by the next gen-
eration of experts. This system must include a process for
monitoring, identifying, evaluating, estimating severity,
assessing risk quantitatively, and developing interven-
tions. Thus, we are now developing a “toolkit” containing
the necessary “tools” for EID monitoring (horizon scan-
ning) and for validating and evaluating the effectiveness of
proposed interventions. Our goal is to develop a system-
atic approach to risk assessment and intervention devel-
opment for the impact of emerging infections on blood
safety in North America. The system is primarily intended
to educate and advise AABB members about risks and
interventions in a timely and accurate fashion. Secondary
audiences include North American blood systems, blood
services, and transfusion services. Certainly this toolkit
may be adapted to the needs of blood services and gov-
ernments or regulatory agencies responsible for blood
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Fig. 3. Outline of AABB EID subgroup’s toolkit including the framework for recognition, assessment, and management of EID

agents for risk of transfusion-associated transmission and disease. SOP = standard operating procedure.

safety internationally. The process and final product
(toolkit), including methods to monitor EID agent emer-
gence, identify and recognize a transfusion transmission
threat, processes to quantify risk, and the appropriate
management of such threats, should be considered for
implementation by all blood systems. Figure 3 provides a
flow diagram outlining the scheme as envisioned cur-
rently. It starts with consideration of where threats arise
and with monitoring those threats: horizon scanning. List
servers such as ProMed (http://www.promedmail.org/)
are likely the most useful source of current and accurate
information and responsible commentary. Much of what
is known globally regarding each new agent, whether
transfusion transmitted or not, is posted routinely in
ProMed.

One recent example is the information provided by
ProMed (and via the ECDC and World Health Organization
[WHOI) on the newly described Middle Eastern respira-
tory syndrome (MERS), which was quickly linked to a
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novel CoV. CoV’s are a family of viruses that cause illnesses
ranging from the common cold to SARS, which sickened
more than 8000 people and killed 774 in 2002 and 2003,
according to the WHO. Thus far it is believed the MERS
CoV, which was first recognized in Jordan in April 2012
although the first published case was from Saudi Arabia,*
is far less transmissible than the SARS CoV. While most
laboratory-confirmed cases have been identified in the
Arabian peninsula including Saudi Arabia, Qatar, and the
United Arab Emirates, cases have occurred due to travel of
infected individuals in North Africa (Tunisia) and in
Europe (the United Kingdom, France, Germany, and Italy).
Globally, from September 2012 to July 27, 2013, WHO has
been informed of a total of 91 laboratory-confirmed cases
of infection with MERS CoV, including 46 deaths (http://
www.promedmail.org/direct.php?id=20130626.1793072;
http://www.promedmail.org/direct.php?id=20130727
.1848186); the vast majority of cases identified to date
are in individuals with severe disease and hence
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asymptomatic cases are likely underrecognized. Cases
outside of the Middle East are believed to be in individuals
transferred to those countries for care of their disease or
returned from the Middle East and who subsequently
became ill. In France, Italy, Tunisia, and the United
Kingdom, there has been limited local transmission
among patients who had not been to the Middle East but
had been in close contact with the laboratory-confirmed
or probable cases (http://www.ecdc.europa.eu/en/
publications/Publications/MERS-CoV-novel-coronavirus
-risk-assessment.pdf). Based on the current situation
and available information, WHO encourages all Member
States to continue their surveillance for severe acute respi-
ratory infections and to carefully review any unusual pat-
terns, including potential for transmission by transfusion
or transplantation. These actions are consistent with
those shown in Fig. 3 when little is known about an agent
and surveillance remains the most appropriate action.
The AABB EID subgroup is also developing a Fact Sheet for
MERS CoV.

Once a disease has been characterized as a potential
threat to human health, the toolkit in Fig. 3 continues with
asking the question of whether (or not) an etiologic agent
can be identified. Characterization of the agent is critical
to understand the likely risk and actions moving forward,;
however, even in the absence of the identification of a
definitive agent, we continue by asking the question of
whether the disease threat is a risk to blood recipient
safety. In the example of MERS CoV, the appropriate
action at present is surveillance with no further action
required to protect recipient safety, but those conditions
may change. If a potential threat for recipient safety is
identified, further actions would be recommended to
assess the severity of the agent or disease threat. Tools are
being developed to quantify risk, including research to
develop models for quantitative risk assessments: for
example, ECDC’s EUFRAT tool (http://eufrattool.ecdc
.europa.eu/). If the threat is perceived to be real and
exceed a critical threshold, then the next phase of action
would be triggered, which is development and evaluation
of interventions. This scenario developed in 2002 when
WNV caused the largest arboviral outbreak in the United
States, with 4156 cases of disease according to the US
Centers for Disease and Prevention (CDC) including
2946 cases of WNV neuroinvasive disease and 284
deaths  (http://www.cdc.gov/westnile/resources/pdfs/
cummulative/99_2012_CasesAndDeathsClinicalPresenta
tionHumanCases.pdf). Also in 2002, WNV was shown to
be transfusion transmitted with 23 cases of recipient
infection linked to blood products from WNV-infected
donors.*® Although transfusion-transmitted cases repre-
sent only approximately 5% of the total relative to
mosquito-transmitted cases, the large WNV outbreak,
severity of disease, and documentation of transfusion
transmission resulted in the rapid development and

implementation of WNV RNA screening, which was in
place within 8 months of recognition of transfusion trans-
mission. The 2003 WNV season was comparable in size to
that of 2002 but increased in geographic reach to the
Rockies in the West.*"* Through the 2012 WNV transmis-
sion season in the United States (now covering nearly the
entire United States), there have been 37,088 cases of
WNV-related disease of which 16,196 cases were
neuroinvasive disease including 1549 deaths. In addition,
3725 WNV-positive blood donors have been identified
from 2003 to 2012 (according to the CDC through 2006 and
since then via the AABB WNV Biovigilance website®).
Blood centers first use minipool NAT for such screening,
but soon recognized that increased testing sensitivity was
needed during outbreak periods and thus convert to
individual-donation NAT,*' which is required to identify
approximately 50% of infected donors.*® Before refine-
ments in WNV testing policies from 2003 to 2008, a total of
11 breakthrough cases of WNV transfusion transmissions
were recognized from screened blood.* Subsequently, one
transmission in 2010 from untested granulocytes later
found to be WNV RNA positive was identified.** At the time
of this writing, one WNV transfusion transmission that
occurred during the 2012 season, which was comparable to
the large outbreaks in 2002 and 2003, is being investigated.

DENV are flaviviruses related to WNV, and hence one
would predict a similar situation with respect to transfu-
sion risk as that of WNV before the implementation of a
testing intervention. Unexpectedly, however, relative to
the expanse of dengue-endemic areas and magnitude of
annual outbreaks (in 2010, the estimated worldwide
burden of dengue was approximately 400 million cases®),
only three clusters of transfusion transmissions have been
reported.®® Investigational testing has documented rates
of DENV RNA positivity in donors of 0.03% to 0.31% in
several endemic areas;*” however, few affected countries
have implemented DENV RNA testing. In northern
Queensland in Australia, another intervention is used that
includes discard of RBCs from donors in geographic
regions having localized outbreaks, but allows their
cocomponent plasma to be used for fractionation;*® a
similar policy has been in effect for many years in Australia
for donors who have malaria risk.*® Thus, for many
arthropod-borne viruses including DENV and CHIKYV, and
other agents with varying transmission patterns, the cycle
of ongoing surveillance and risk assessment described in
Fig. 3 remains in effect.

CONCLUSIONS

As we have shown, the risk to public health by EIDs is
applicable to considerations of blood safety. Indeed,
the success in managing the traditional transfusion-
transmissible infections means that, in the absence of
interventions, at least some EID agents (notably WNV?3!32
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and Babesia') offer significantly more risk to blood recipi-
ents than currently exists for the classic transfusion-
transmitted viruses HIV, HCV, or HBV. Nevertheless, not all
EID agents represent a threat, and it is important to have
an effective approach to assess and manage potential risk.
We believe that it is possible to formalize such an
approach by examining the properties of EID agents with
respect to their transmissibility and quantitative risk,
along with the urgency (or otherwise) of need for action.
Less tangible is the issue of public perception and fear,
which may generate considerations beyond those that are
quantifiable. Finally, we wish to point out that the con-
tinuing development of rapid viral discovery techniques,
while critical to advancing our understanding of the eti-
ologies of disease, also leads to the recognition of many
commensal or incidental agents that pose no discernible
threat to human health; these should not divert us from
our mission to assure recipient safety.
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