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THE BLOOD SUPPLY IN THE UNITED

States and other developed coun-
tries has never been as safe as it

is now. During the past several de-
cades, there have been dramatic pro-
gressive reductions in the risk of trans-
fusion-transmitted clinically significant
blood-borne infections. This has been
accomplished as a result of extensive
research to characterize transfusion-
transmitted pathogens, development of
strategies to measure infection rates in
blood donor and recipient popula-
tions, characterization of the dynam-
ics of early viremia, and implementa-
tion of progressively more restrictive
donor eligibility criteria and increas-
ingly sensitive laboratory screening
methods.

In addition, regulatory oversight by
the US Food and Drug Administration
(FDA) has been strengthened, result-
ing in enhanced quality assurance pro-
grams in blood collection and transfu-
sion facilities. Pathogen reduction
methods, already successfully applied
to pooled plasma derivatives (eg, albu-
min, clotting factor concentrates,
immunoglobulin preparations) are
now in development for cellular blood
components and fresh-frozen plasma.
If these methods are approved by the
FDA and widely implemented, they
could virtually eliminate the risk
of transmission by transfusions of
both known and emerging infectious
agents in technologically advanced
countries. This progress needs to be
balanced against the continued emer-
gence of potential new transfusion-
transmissible pathogens and the dis-
parity in blood safety in developing

countries where resources are insuffi-
cient to enable basic infectious disease
donor screening.

Major Viral Infections and
Impact of Nucleic Acid Testing
The FIGURE summarizes progress dur-
ing the past 2 decades resulting in vir-
tual elimination of transfusion-
transmitted major viral infections.1

Blood is now so safe that classic ap-
proaches to measure transfusion risk
(eg, prospective follow-up and retro-
spective look-back studies of recipi-
ents, or studies that determine the fre-
quency of missed infections in screened
donors using culture or molecular
methods) are now virtually unable to
document transmission events or even
quantitate risk.1 Risk estimates for hu-
man immunodeficiency virus (HIV),
hepatitis B virus (HBV), and hepatitis
C virus (HCV) are now based on math-
ematical models that integrate data from
4 potential sources of risk: marker-
negative window-phase donations, im-
munovariant viral strains not reliably
detected by current serological assays,
persistent antibody-negative (immu-
nosilent) carriers, or procedural test-
ing errors.2 These model-based esti-
mates (2000-2001) indicate current per
unit risks of 1 in 1800000 for HIV and
1 in 1600000 for HCV following re-
cent introduction of nucleic acid tech-
nology (NAT) screening. The risk of
HBV, for which NAT screening is not
currently performed, is approxi-
mately 1 in 220000 per unit.1-3

Nucleic acid technology was intro-
duced in the United States in 1998 to
screen all volunteer blood donors for
HCV and HIV type 1 (HIV-1) RNA.4,5

Nucleic acid technology detects these
agents earlier in the window period (pe-
riod of time between infection and the
first appearance of a detectable viral or

antibody marker) than currently used
HCV antibody, HIV-1 antibody, and an-
tigen assays. The window period for
HIV-1, using antibody assays, is ap-
proximately 22 days. The HIV-1 p24 an-
tigen assay, which was introduced into
donor screening in 1995, reduced the
window period to approximately 16
days. Current HIV-1 RNA minipool
NAT assays (for logistical and cost rea-
sons NAT testing is currently per-
formed on minipools of plasma from
16-24 donations) reduce the window
period even further to 11 days. The re-
duction of the window period for HCV
RNA is even more dramatic. The win-
dow period for HCV, which was ap-
proximately 70 days using the HCV an-
tibody assay, has been reduced to 8 to
10 days using HCV NAT assays.2

In the 3 years since minipool NAT
screening was implemented, more than
30 million blood donations have been
screened in the United States with de-
tection of more than 120 HCV-
infected, antibody-negative donations
(rate of detection of 1 in 260000 units)
and 9 seronegative HIV-viremic dona-
tions (1 in 3 million units).5 Fol-
low-up studies of these cases have con-
firmed that the primary reason these
donations were missed by serologic
methods was that the donations oc-
curred during the preseroconversion
window period, with a small number
of cases due to serological test errors
and immunosilent carriers.5
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Emerging Infections
Despite this dramatic progress, there
continues to be pressure from legisla-
tors, regulatory authorities, and the pub-
lic to further enhance transfusion safety.6

A single recent case of HIV transmis-
sion involving a unit of red blood cells
that had screened negative for HIV RNA
by current minipool NAT screening has
led to renewed pressure to implement
even more sensitive individual dona-
tion NAT screening methods.7 It is likely
that NAT testing for HBV, hepatitis A vi-
rus, and Parvovirus B19 nucleic acids
will be added to blood donor screening
requirements during the next several
years.8,9 The 2002 epidemic of West Nile
virus transmission, which included the
first documented cases of transfusion
and transplant transmission, has led to
a major effort to develop and imple-
ment West Nile virus NAT assays by the
summer of 2003.10

Nonviral complications that were pre-
viously considered relatively minor, such
as bacterial contamination of blood com-
ponents, transfusion-associated acute

lung injury, and transfusion-induced im-
munomodulation, have received increas-
ing attention as the risks of HIV and
HCV transmission have dimin-
ished.11-14 Nonviral issues are now the
focus of intense efforts toward develop-
ment of donor screening and preven-
tion strategies (eg, implementation of
universal leukocyte reduction of all
blood components and bacterial cul-
tures of all platelet components).

The concept of a global village has
also emerged, reflecting the fact that a
potential blood-borne infectious agent
present in any region of the world
could travel to the United States over-
night. This has led to increased con-
cern with transfusion risk of parasitic
agents such as malaria, Trypanosoma
cruzi (agent of Chagas disease), and
other tick-borne agents.15,16 There
have been an average of 2 to 3 cases
per year of transfusion-transmitted
malaria in the United States during the
past 40 years, a rate of 0.25 cases per
million donated units. Policies for pre-
venting malaria transmission by blood

transfusion rely on donor questioning
regarding travel. Since 1982, all evalu-
able transfusion-transmitted cases
have resulted from donors who were
emigrants from or residents of
endemic areas; in the majority of
cases, the donor did not reveal the
proper information during the donor
interview.17 There are currently no
FDA-approved assays for screening
blood donors for malaria.

From the mid-1980s, 6 cases of ful-
minant transfusion-transmitted Cha-
gas disease have been reported in North
America.15 However, increased immi-
gration to the United States from coun-
tries where T cruzi is endemic has led
to the concern that transfusion-
transmitted Chagas disease may be-
come more common in the United
States. Estimates of T cruzi seropreva-
lence in US blood donors range from
0.01% to 0.20% and are higher in geo-
graphic regions with higher rates of His-
panic donors.15,16 As with malaria, there
are no currently approved screening as-
says. These and other parasitic agents
are susceptible to inactivation by patho-
gen reduction methods now under de-
velopment.

Variant Creutzfeldt-Jakob disease
(vCJD) is a fatal degenerative neuro-
logical disease first discovered in En-
gland in 1996. As of December 2002,
129 definite or probable cases had been
reported in England, with 3 reported
cases elsewhere but assumed to be ac-
quired in England, and an additional 6
cases originating in France and 1 in
Italy.18 The etiologic agent of vCJD
(probably a prion) is the same agent that
causes bovine spongiform encepha-
lopathy, which has become a major
global animal health problem during the
last decade, although no cases have been
reported in the United States to date.

The spread of the bovine spongi-
form encephalopathy agent from cattle
to humans and the detection of the
vCJD prion in human lymphoid tissue
have established a biological basis for
the possibility that vCJD may be trans-
mitted by blood transfusion.19 Trans-
mission of related prion diseases by
blood transfusions has been reported

Figure. Decline in Human Immunodeficiency Virus (HIV) and Hepatitis B (HBV) and Hepatitis
C (HCV) Risks of Transmission Through Transfusion
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in several animal models.20 No cases of
transfusion-transmitted vCJD in hu-
mans have been reported anywhere in
the world to date. Because vCJD is a
new disease and other transmissible
spongiform encephalopathies are
known to have long incubation peri-
ods, the 6-year observation period from
the discovery of the disease is too short
to draw any firm conclusions about
transfusion-related transmission.

Although the risk of transfusion-
transmitted vCJD is theoretical, increas-
ingly stringent donor deferral policies
(based on length of stay in England or
Europe) have been implemented and
are undergoing revision in the United
States. These revised donor policies are
expected to lead to the deferral of a sig-
nificant number of blood donors (3%-
5%) and will therefore have an ad-
verse impact on the availability of blood
for transfusion. No tests have as yet
been developed that are capable of de-
tecting abnormal prions in the blood of
asymptomatic carriers. Pathogen re-
duction methods under development,
which target the nucleic acids and en-
velopes of viruses and cells, are not ef-
fective against prions.

Variant CJD represents an example
of transspecies (zoonotic) transmis-
sion of an infectious agent, with the po-
tential for adaptation in humans and
subsequent spread to blood donors and
recipients. Salient other examples in-
clude the origins of HIV-1 and HIV type
2 from chimpanzee and simian immu-
nodeficiency viruses, and of human T-
lymphotropic virus type 1 and type 2
from primate T-lymphotropic viruses.
Proactive surveillance for such events
is important.21,22 There is research to
identify new blood-borne agents us-
ing novel molecular discovery strate-
gies. Although recent examples of pu-
tative agents of concern have proven to
be nonpathogenic (eg, hepatitis G [also
known as GBV-C] virus and TT-
virus) or not transmitted by transfu-
sions (eg, human herpesvirus type
8),21,23,24 every newly discovered agent
requires serious investigation to as-
sess its relevance to transfusion safety.
To meet this challenge, investigations

of putative transfusion-transmissible
agents must be accomplished in a rapid
and rigorous fashion.22

Impact of Safety Measures
Every discovery of a new infectious
agent in humans leads to consider-
ation of potential blood safety impli-
cations, often resulting in expanded
deferral or screening recommenda-
tions. On the other hand, the contin-
ued exclusion of donors is threatening
the adequacy of the blood supply. The
recent increase in potential donors
after September 11, 2001, was unfor-
tunately short-lived, and blood short-
ages are again occurring on a regular
basis. There is particular concern in
New York City and other major met-
ropolitan areas where the European
travel deferrals for vCJD risk first
implemented in 2002 have had a
major impact on the blood supply.

There is also growing pressure to con-
trol the escalating costs of medical care
in general and of blood transfusions in
particular. The ability to close the infec-
tious window periods through new as-
says has resulted in enhanced safety at a
very high cost. Although serological
screening of donors for HBV, HIV, and
HCV was essentially cost-neutral (ie, the
cost of testing was offset by the savings
in prevented infections or disease), the
costs for NAT testing exceeds $1 mil-
lion per infection prevented or per qual-
ity-adjusted life-year saved.2,3,25 Al-
though blood safety has had a relatively
high level of political and financial sup-
port during the past decade, there are
signs that limits on additional funding
for blood safety initiatives are under con-
sideration.6,25,26 This reinforces the need
to accurately define the value of new
safety initiatives and to reassess the use
of old procedures as new measures are
introduced. Decisions regarding blood
screening policies must be based on ac-
curate estimates of the incremental safety
benefit balanced against cost, both mon-
etary and the loss of potential donors.26

Conclusions
The virtual elimination of serious in-
fectious consequences of transfusions

reflects an effective partnership be-
tween medical scientists, test manufac-
turers, and government regulators.
However, chasing ultimate safety (a
zero-risk blood supply) has conse-
quences. The regulatory and medical-
legal environment in the United States
and other developed countries has re-
sulted in implementation of very ex-
pensive measures that offer little incre-
mental safety benefit, such as minipool
NAT, NAT for other pathogens, and do-
nor deferral of persons who have spent
time in Europe. Further high-cost safety
initiatives are under consideration, such
as individual donation NAT and patho-
gen reduction treatment of cellular
blood components. Stringent donor de-
ferral policies are also being imple-
mented to reduce risks of sometimes
theoretical emerging infectious agents.
These measures may be necessary to re-
gain the trust of the public in the safety
and stewardship of the blood supply.
However, it is important to balance
safety with the need to maintain an ad-
equate and affordable blood supply.

Finally, it is critical that resources be
directed to assist developing coun-
tries to establish sustainable blood col-
lection, processing, and transfusion sys-
tems.27,28 This will safeguard recipients
who require transfusions in these coun-
tries, and in the long term enhance
transfusion safety in the developed
world. In light of global travel, new and
emerging infectious agents can spread
from any region of the world. Proac-
tive surveillance through collabora-
tions with blood collection programs in
developing countries is a critical bar-
rier to such events.
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