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Abstract
Improved blood banking practices and the development and implementation of increasingly
sensitive serological and nucleic acid amplification technology (NAT) assays for screening donors
for HCV over the past few decades have helped minimize the residual risk from transfusion-
transmitted HCV in the developed world. Furthermore, studies of transfusion-transmitted
infections and of donors identified as infected by routine screening have provided significant
insights into HCV transmission, epidemiology and pathogenesis. However, transfusion-
transmission of HCV is still a significant route of infection in the developing world. Key
preventive mechanisms to ensure safe blood include elimination of paid donors and development
of national donor pools comprised of volunteer repeat blood donors, combined with
implementation of standardized and maximally sensitive screening assays for HCV. There is also
a need to develop up-to-date data on HCV disease burden on a global scale, in part derived from
systematic screening of donors for HCV. We suggest the creation of blood donor databases and
specimen repositories, both at national and international levels, to facilitate epidemiological
surveillance and pathogenesis and treatment studies in the future.

Declining risk of transfusion-transmitted HCV in developed countries
The discovery of HCV in 1989 and the implementation of HCV antibody (Ab) screening in
1990 allowed for a major breakthrough in the prevention of transfusion-transmitted (TT)
HCV [1]. Retrospective studies of blood donor and recipient repositories from the mid
1960’s and early 1970’s demonstrated that almost 25% of recipients in the US were infected
with HCV [2, 3] (Figure 1). Several key events in the 70’s, such as moving to a 100%
volunteer blood donation as opposed to paid donors and implementation of screening and
exclusion of Hepatitis B surface antigen (HBsAg) positive blood, allowed for a reduction in
TT HCV to about 7% of recipients [4-6]. In addition, in the early 1980’s the recognition of
TT HIV led to more stringent exclusion criteria for blood donations and a reduction in TT
HCV. However, it was the discovery of HCV as the causative agent of non-A/non-B
(NANB) hepatitis that facilitated the development of specific enzyme-immunoassays (EIA)
for blood screening [7]. Throughout the 1990’s, the development of EIAs with improved
performance along with supplemental recombinant immunoblot assays (RIBA) allowed for
the rapid reduction in TT HCV to 0.01% (per unit transfused) in the latter part of the decade
[8].
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Although the serological tests were able to reduce the number of cases of TT HCV, the
window period from viremia before seroconversion and detection of anti-HCV antibodies
with third-geenration EIA remained around 7-8 weeks, but also may be delayed to 13 weeks
(90 days). This long window period prior to detection of anti-HCV antibodies was an
impetus to adopt nucleic acid amplification technology (NAT) by blood banks in the late
90’s [9]. The residual infectious window period for a 16-unit mini-pool NAT (MP-NAT) is
6 days and individual donation NAT (ID-NAT) is less than 3 days [10]. Routine MP-NAT
screening (using Chiron/GenProbe’s TMA assay on 16-unit pools) was implemented in the
US in 1999. A large number of additional countries adopted NAT testing over the
subsequent decade [11]. As of 2010, 33 countries in the world reported that they had
introduced NAT for HCV testing. The early implementation of NAT testing was based on
in-house assays and semi-automated systems; however, currently most countries use the
fully automated and commercially available NAT platforms either from Novartis/Gen-Probe
or Roche.

Over the years the data collected from blood donor screening has led to refined testing
platforms including the development of multi-virus assays that simultaneously detect HIV
and HBV in addition to HCV nucleic acids, and to improved screening and confirmatory
algorithms. Figure 2 presents the algorithm that is currently used in US blood centers for
serological and NAT screening and confirmatory testing for HCV [12]. The algorithms
followed in different countries for screening blood donations vary from those followed in
the US and are based on infectious disease prevalence and incidence rates in the respective
countries. However, in almost all cases, serological assays are performed in parallel to NAT
testing that allows discernment of the “stage” of HCV infected donors as acute (RNA-
positive/Ab-negative), chronic (RNA-positive/Ab-positive) or presumptive resolved (RNA-
negative/Ab-positive) infections.

The current risk of TT HCV in the US is 1 in a million (0.0001%) per unit transfused, and
the risk is similarly low in most regions of the developed world. The residual infectious
window period prior to HCV RNA detection by current donor NAT screening assays
appears to be very brief (3-5 days). Of relevance to transfusion safety, it appears that blood
transfusions from donors in the early stage of acute HCV infection can be infectious prior to
the time of RNA detection by routinely performed NAT screening, including the most
sensitive ID-NAT test currently available, which has a 50% limit of detection of 12.1 copies/
mL (95% CI 11.1-13.2). For example, data from our study which transfused 50 mL of
plasma from donors in the immediate pre-ID-NAT positive window period into
chimpanzees, and from other chimpanzee experimental studies using serially diluted ramp-
up phase plasma infusions, as well as rare clinical case reports of “breakthrough” HCV
transmission by NAT screened transfusions, demonstrate that ID-NAT cannot completely
eliminate the risk of TT of HCV due to the high level infectivity of early ramp-up phase
virus [13-16]. Hence, improving the sensitivity of the currently employed MP-NAT or even
transitioning to ID-NAT screening may not close the infectious window period completely
and may not be warranted given very low incremental yield and poor cost-effectiveness.
Continuing to screen blood donations using the current serological assays and NAT
platforms is considered to be sufficiently powerful to minimize residual risk of TT HCV.

HCV prevalence, demographics and genotypes in infected blood donors in
the US

The American Red Cross (ARC) analyzed HCV prevalence and NAT yield rates from 66
million donations in the US tested during the period of 1999 to 2008 in order to understand
the benefits of adopting NAT testing in the US in the last decade. While over 30,000 HCV
antibody positive donations were detected and interdicted prior to transfusion, only 244 (1
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per 270,000) donations were “NAT yield” units (HCV RNA detection prior to
seroconversion) over the ten-year study period [17, 18]. The NAT yield rate among first
time donors was 0.872 (1 per 115,000) and for repeat donors was 0.038 (1 per 2,660,000).
Males and females were equally represented among the HCV NAT yield donors, and the
highest yield occurred in donors between the ages of 16-29 years and those who lived in the
Southern portion of the US. Analyses such as the one performed by ARC on HCV positive
blood donor datasets are essential to help understand the residual risk of TT HCV as well as
the demographics of HCV in the screened populations.

Our research group has performed several epidemiologic investigations of HCV among
blood donors. We used the Retrovirus Epidemiology Donor Study (REDS) database of
blood donor demographic and virologic test data to report on the demographic correlates of
HCV infection at blood banks in five large U.S. cities as well as the relationship of gender
and race/ethnicity on spontaneous viral clearance [19, 20]. Recently, as part of REDS II, we
characterized rates of HCV among 34 million allogeneic donations collected in the US
between 2006 and 2009 to understand HCV infection rates relative to donor status (first-time
or repeat donors) and donor demographic characteristics such as gender, race/ethnicity,
geographic region and age (Table 1 [21]). In addition, by sequencing 196 prevalent (number
of positive donations over the total number of donations tested) and 124 incident (number of
observed new infections over the total number of persons-years observed) HCV viremic
donations, we found eight subtypes of HCV, with 1a the predominant subtype in both
incident and prevalent cases. The subtype distribution was 55% 1a, 15% 1b, 13% 3a, 11%
2b, 3% 2a, 2% 4a, and less than 1% 6d or 6e. Incident donors had significantly more subtype
3a strains (21% versus 9%) but significantly fewer subtype 1b strains (8% versus 18%) as
compared to prevalent donors (p=0.04). The HCV genotype distribution among blood
donors in the US is similar to what has been previously reported for intravenous drug users
(IDU), even though the HCV prevalence and incidence rates vary between these two groups
[22], indicating the relevance of infectious disease molecular surveillance data derived from
donors to broader public health surveillance efforts [23].

Need to prevent HCV risk by transfusion-transmission in the developing
world

HCV has an estimated prevalence of 2.5% globally, with ~170 million people infected [24,
25]. However, epidemiological studies pertaining to HCV prevalence and risk factors in
countries around the world is patchy. A similar conclusion was derived through systematic
analyses of the literature on the epidemiology of global HCV infections as reported in a
recent supplement of Liver International [26-29]. There is an urgent need to better
understand HCV prevalence and incidence rates in different countries around the world to
help curb transmission from preventable causes, and especially through blood transfusion.
Blood transfusion and other parenteral exposures in health care settings are still major routes
of HCV transmission among individuals in developing countries compared to the rest of the
world where the major route of transmission is currently IDU. As discussed above safe
donor selection and screening can almost completely prevent TT HCV. However, basic
methods used for ensuring safe blood are not up to par in some parts of the world.

There are several reasons for the high residual risk of TT HCV in parts of the developing
world, such as Indian-subcontinent, China, South-East Asia and Africa. One reason is that
policies and systems that encourage repeat blood donation by volunteers have not been
successfully implemented in many developing countries, where the majority of blood donors
are first time donors, often including replacement donors, either family or paid. Second,
although based on WHO studies the EIA kits that are available at lower cost in less affluent
countries are able to perform with similar sensitivity to assays used in developed countries,
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blood banks in developing countries are poorly regulated and lack systems to assure that
standardized testing is performed [30]. Third, the long window period before EIA reactivity
for HCV would be reduced with the addition of NAT testing as discussed above, but NAT
testing is less amenable than EIA screening in countries with reduced resources to support
technical training and reagent costs. Fully automated and commercialized NAT platforms
requiring minimal technical expertise is a possibility but that too is limited due to increased
equipment and reagent costs and infrastructure issues.

The events that led to the reduction of TT HCV in the developed world are good
benchmarks and warrant consideration by governments and public health and blood banking
officials in developing countries. Moving towards an all-volunteer and repeat blood donor
pool can have a major impact, as well as stringent assessment, adoption and performance of
anti-HCV EIA screening assays. In addition, improved basic blood banking practices, such
as accurate record keeping, are integral to maintaining blood safety, preventing release of
contaminated blood components and allowing for effective deferral of infected donors. At
the time of identification and deferral, blood donors may be notified of their HCV status,
including RNA and antibody confirmatory test results that may help HCV infected
individuals to receive timely therapy to deter disease progression. In the era of new and
potent antiviral agents against HCV, timely intervention can help prevent future public
health burden associated with HCV-related liver diseases.

Creation of blood donor specimen and data repositories to help understand
HCV epidemiology globally

Much of what is known about very early events in HCV infection was learned from studies
of archived samples from recipients who acquired transfusion-associated infections prior to
the discovery of HCV, and from experimentally infected chimpanzees [31-34]. For example,
the Transfusion-Transmitted Viruses Study (TTVS) was designed in the 1970’s to
prospectively identify cases of NANB hepatitis in a cohort of transfused patients and to
create a repository of linked donor and recipient samples which was later tested to establish
the rate and correlates of virus transmission through blood transfusion as well as the course
and outcomes of infections in recipients [33-37]. The TTVS repository is an outstanding
example of how NHLBI Biologic Specimen Repositories have played a significant role over
the years in improving our understanding of infectious risks of transfusions as well as
NANB/Hepatitis C virus biology [38]. Similarly, the, ARC, REDS and International Society
for Blood Transfusion (ISBT) databases have been used successfully to demonstrate rates
and correlates of HCV infections in donors and residual risk and consequences of TT HCV.

There is potential for public and private sector funding to help create databases with blood
donor screening results and repositories of samples from HCV infected donors, and
particularly NAT yield donations, on a global scale. Data from such databases and
repositories can help understand the global burden of the disease and possible methods of
intervention. In addition, individuals identified by donor screening as having persistent or
resolved HCV infections represent an immense subject pool from which to obtain the
sample sizes necessary to identify and subsequently confirm immune and genetic correlates
of spontaneous clearance and disease progression, while minimizing selection bias [12].
Blood and plasma centers in the US collect approximately 2.5 million units of whole blood
and apheresis components every year. Given the current seroprevalence of HCV among
donors, there are approximately 5,000 newly diagnosed HCV infections detected in the US
blood donor setting annually, and over 50,000 globally. The blood donation system therefore
represents the largest systematic screening program for TT infectious diseases. The blood
donor specimen and data repositories within a region or country could thus be an important
source for studying the evolving epidemiology of HCV.
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Conclusion
Stringent blood bank practices as well as serological assays and NAT in the developed
world have successfully minimized the residual risk from TT HCV. Continuing to screen
blood for HCV and other TT infectious diseases is a priority and safe blood is considered an
individual right. However, a similar situation in the developing world will require a
concerted effort both at national and international levels with support from public and
private funds.
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Figure 1.
Events that led to the decline in transfusion-transmitted HCV in the US. Adapted from
Tobler and Busch, 1997.
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Figure 2.
Flow chart summarizing routine screening and confirmatory testing for HCV at US blood
centers, which enables classification of donors into disease outcome categories. NAT-
Nucleic acid amplification testing; EIA-Enzyme immunoassay; RIBA-Recombinant
immunoblot assay. Adapted from Selvarajah et al., 2010.
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Table 1

Numbers and rates of total allogeneic donations from HCV confirmed-positive donors by donor status (first-
time, repeat) and donor demographic characteristics (gender, race-ethnicity, geographic region, and age)
collected from January 2, 2006 through December 31, 2009. [21]

Total
Allogeneic
Donations

All
HCV

Positive

Rate per
100,000

Donations

Total Total 33947146 8015 23.6

Donor Status 
1 First time

donors
5968986 6741 112.9

Repeat
donors

27950520 1274 4.6

Gender 
1 Female 15850421 3047 19.2

Male 18054540 4968 27.5

Race/Ethnicity 
1 White 27112643 4399 16.2

Asian 510633 81 15.9

Black 1242416 916 73.7

Hispanic 1354391 668 49.3

Other 628302 211 33.6

Not
Available

3071121 1740 56.7

CDC Regions 
1 Midwest 10523749 900 8.6

Northeast 8226559 1957 23.8

South 8911822 3327 37.3

West 5901802 1760 29.8

Other 353635 66 18.7

Age

Categories 
1

<20 4782307 422 8.8

20-29 4547134 779 17.1

30-39 4367417 1023 23.4

40-49 7080519 2486 35.1

50-59 7730474 2696 34.9

60-69 3927177 478 12.2

70+ 1482979 131 8.8

1
Donations that did not have information for donor status, gender, race/ethnicity, CDC region, or age were excluded.

Antivir Ther. Author manuscript; available in PMC 2013 July 29.


