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ABSTRACT

BACKGROUND

Testing of blood donors for human immunodeficiency virus type 1 (HIV-1) and hepa-
titis C virus (HCV) RNA by means of nucleic acid amplification was introduced in the
United States as an investigational screening test in mid-1999 to identify donations
made during the window period before seroconversion.

METHODS

We analyzed all antibody-nonreactive donations that were confirmed to be positive for
HIV-1and HCV RNA on nucleic acid—amplification testing of “minipools” (pools of 16
to 24 donations) by the main blood-collection programs in the United States during
the first three years of nucleic acid screening.

RESULTS

Among 37,164,054 units screened, 12 were confirmed to be positive for HIV-1 RNA —
or 1 in 3.1 million donations — only 2 of which were detected by HIV-1 p24 antigen
testing. For HCV, of 39,721,404 units screened, 170 were confirmed to be positive for
HCV RNA, or 1 in 230,000 donations (or 1 in 270,000 on the basis of 139 donations
confirmed to be positive for HCV RNA with the use of a more sensitive HCV-antibody
test). The respective rates of positive HCV and HIV-1 nucleic acid—amplification tests
were 3.3 and 4.1 times as high among first-time donors as among donors who gave
blood repeatedly. Follow-up studies of 67 HCV RNA—positive donors demonstrated
that seroconversion occurred a median of 35 days after the index donation, followed by
a low rate of resolution of viremia; three cases of long-term immunologically silent
HCV infection were documented.

CONCLUSIONS
Minipool nucleic acid—amplification testing has helped prevent the transmission of
approximately 5 HIV-1 infections and 56 HCV infections annually and has reduced the
residual risk of transfusion-transmitted HIV-1 and HCV to approximately 1 in 2 million
blood units.
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SCREENING OF U.S. BLOOD DONORS FOR HIV-1 AND HCV RNA

CREENING OF POTENTIAL BLOOD DO-
nors has historically relied on the use of im-
munoassays to detect viral antibodies or an-
tigens. In 1999, new screening methods involving
nucleic acid amplification to detect human immu-
nodeficiency virus type 1 (HIV-1) and hepatitis C
virus (HCV) RNA were implemented in the United
States under an investigational new drug protocol
approved by the Food and Drug Administration
(FDA).13 This new technique was used to test
multiple samples in small pools, referred to as
“minipools.” The decision to implement this tech-
nique was based on its ability to identify HIV-1-
and HCV-infected donors early in the infectious
window period, before seroconversion,* and the
experience of plasma-derivative manufacturers
showing the practicality of this approach for pooled
specimens.” Finally, it was recognized that the avail-
ability of nucleic acid—based tests would support
future testing of emerging agents.>°
The advent of nucleic acid—amplification test-
ing has led to the discontinuation of two less effec-
tive screening tests. HIV-1 p24 antigen screening
was recommended by the FDA in 1996 for the early
detection of HIV-1 infection,” and the FDA allowed
this approach to be discontinued on the licensure
of the HIV-1 nucleic acid—amplification test. Ele-
vated levels of alanine aminotransferase have been
used as a surrogate (nonspecific) marker for HCV
infection since 1986.% The use of this screening
approach was never an FDA requirement, so blood
centers have voluntarily discontinued this test.
RNA-based donor screening has afforded an op-
portunity to study events occurring early in HIV-1
and HCV infection.®*? To quantify the relative risk
of transmission of HIV-1 and HCV from first-time
blood donors and those who donated blood re-
peatedly, we analyzed the number of RNA-positive,
antibody-nonreactive allogeneic blood donations
from donors infected with HIV-1, HCV, or both
that were identified in the first three years after
the implementation of nucleic acid—amplification
testing in the United States.

METHODS

Since 1999, allogeneic blood donations in the Unit-
ed States have been screened for HIV-1 and HCV
RNA in a minipool format with the use of one of
two nucleic acid—amplification tests.™»**3 The Gen-
Probe Transcription-Mediated Amplification sys-

tem uses a multiplex HIV-1 and HCV assay and
minipools of 16 donor samples.’* All donation
samples within a reactive minipool are tested indi-
vidually to identify both the sample that was reac-
tive and the viral cause of the reaction. The Roche
Molecular Systems Cobas AmpliScreen HIV-1 and
HCV tests separately detect HIV-1 and HCV RNA in
minipools of 24 donor samples.** Both assays are
highly specific and sensitive, with 50 percent de-
tection limits (i.e., the level at which 50 percent
of test results would be expected to be reactive) of 14
or fewer copies of HIV-1 per milliliter and 12 or few-
er copies of HCV per milliliter on the basis of probit
analyses.*®* The 95 percent detection limits as de-
fined in the package inserts for both tests range
from 30 to 60 copies per milliliter for HIV-1 and
HCV. Both systems have received FDA approval for
routine screening of blood donors.

All major laboratories in the United States par-
ticipating in nucleic acid—amplification screening
(accounting for over 98 percent of tested blood do-
nations) participated in this study and reported
data collected on cases identified between March
1999 and January 2002, and in some instances from
March 1999 through April 2002. A case was defined
as an allogeneic donation that was nonreactive to
antibody against HIV-1, HCV, or both but that was
reactive on minipool nucleic acid—amplification
screening and confirmed to be positive for HIV-1
or HCV RNA. Five testing programs used the Gen-
Probe assay and reported cases of HIV-1 and HCV
viremia identified on screening of 27,956,758 do-
nations. The Roche Cobas AmpliScreen was used
in 13 laboratories, which tested a total 0£9,207,296
donations for HIV-1 RNA and 11,764,646 dona-
tions for HCV RNA. All participating sites received
approval of this study from their institutional re-
view board. Data were contributed by the blood-
collection organizations and the manufacturers of
the nucleic acid assays (Roche Molecular Systems,
Gen-Probe, and Chiron).

The date of donation, the donor’s status as a
first-time or repeat donor, and whether the unit
would have qualified for transfusion if not for the
result of the nucleic acid—amplification test (i.e.,
whether the unit was transfusable) were collected
for each case. Furthermore, the results of HIV-1 p24
antigen testing were compiled for cases of HIV-1
viremia, whereas data on alanine aminotransfer-
ase levels and the presence or absence of antibody
against hepatitis B core antigen (anti-HBc) were col-
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lected for cases of HCV viremia. When applicable,
we also compiled the results of repeated serologic
analyses, repeated nucleic acid—amplification test-
ing of the index sample with the use of a different
type of RNA method (e.g., different techniques,
primers, or probes), nucleic acid—amplification test-
ing ofan independent sample from the index dona-
tion, and serologic and nucleic acid—amplification
testing of samples collected from donors participat-
ing in the follow-up analysis. For HIV-1, antibody
was detected with the use of enzyme immunoassays
and confirmed by Western blotting; for HCV, anti-
bodies were detected by either second- or third-gen-
eration enzyme immunoassays and confirmed by
recombinant immunoblot assay (RIBA, Chiron).
Laboratories that routinely used second-generation
HCV-antibody tests to screen donations were also
asked to report the results of third-generation
HCV-antibody tests performed on the HCV RNA-
positive donations. This allowed categorization of
cases of HCV viremia into those in which antibod-
ies were detectable only by the more sensitive
third-generation test and those with no detectable
HCV antibody on both second- and third-genera-
tion HCV-antibody tests.* A case was considered
confirmed if the index donation was reactive to
HIV-1 or HCV RNA with the use of a second type of
nucleic acid-amplification test, if another sample
from the index donation was reactive on the nucle-
icacid assay, or if atleast one follow-up sample was
reactive on nucleic acid—amplification testing or
antibody testing.

An expanded data set was developed by the
largest participating program (the American Red
Cross) to study the dynamics of HCV infection. This
data set included follow-up of HCV RNA—positive
donors identified from March 1999 through mid-
June 2003, thus providing an additional 15 months
of follow-up on a well-characterized group of do-
nors with acute HCV infection. For this program,
a standardized prospective protocol was used to
enroll donors, with specimens collected at approx-
imately four-week intervals through the time of
seroconversion, as confirmed by third-generation
HCV-antibody tests, and beyond.

To determine whether trends observed for
HIV-1-positive and HCV RNA-positive donors were
constant beyond this three-year study, an addition-
al two years of data from the American Red Cross
were analyzed. Data on HIV-1-positive and HCV
RNA-positive donors from March 1999 through
March 2002 were compared with those for the

subsequent two-year period from April 2002 to
April 2004.

To evaluate rates of positive nucleic acid-ampli-
fication tests for HIV-1 and HCV RNA in specific
subgroups (first-time and repeat donors and donors
with otherwise transfusable donations), data were
included only from laboratories that routinely re-
ported this information. These subgroups repre-
sented about 37.0 million of the 39.7 million total
donations. On the basis of data from the American
Red Cross for 1999 through 2002, it was estimated
that 23 percent of allogeneic donations were col-
lected from first-time donors and 1 percent of all
donations were discarded owing to reactivity to an-
other routine serologic screening test in addition
to nucleic acid—amplification testing.*®

Rates of positive nucleic acid—amplification tests
per million donations were calculated by dividing
the number of cases by the number of known do-
nations screened (or for samples from first-time
or repeat donors and samples that were otherwise
transfusable, by the estimated number of dona-
tions) and multiplying by 10°. When the number of
donations was known, the associated 95 percent
confidence interval for the rate was computed.*®
When the number in a subgroup of donations was
estimated, an approximate 95 percent confidence
interval was computed incorporating the uncertain-
ty around the estimated number of donations.*®*”
Fisher’s exact tests and Wilcoxon’s tests were used
to compare categorical and continuous variables,
respectively. All reported P values are two-sided.

RESULTS

VIREMIC, SERONEGATIVE DONATIONS DETECTED
BY NUCLEIC ACID—AMPLIFICATION TESTING

In the three years after the implementation of mini-
pool nucleic acid—amplification testing, 12 dona-
tions that were not reactive to HIV-1 antibody and
170 donations that were not reactive to HCV anti-
body were confirmed to be positive for HIV-1 RNA
and HCV RNA, respectively, among approximate-
ly 37 million to 40 million donations screened (Ta-
ble 1). Hence, 1 per 3.1 million donations screened
was confirmed to be positive for HIV-1 RNA and an-
tibody-nonreactive, whereas 1 donation per 230,000
was confirmed to be positive for HCV RNA and
antibody-nonreactive. Rates did not differ signifi-
cantly between users of the Gen-Probe nucleic
acid—amplification test and users of the Roche test
(P=0.74, data not shown).
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EFFECT OF SEROLOGIC SCREENING ASSAYS

ON THE DETECTION OF HCV RNA

In the United States, laboratories use one of two
licensed assays, which differ significantly in win-
dow-period sensitivity, to screen donations for HCV
antibody.*>*# Of 156 HCV RNA—positive donations,
17 that were antibody-nonreactive on the second-
generation assay would have been identified as re-
active by the third-generation assay, adjusting the
rate of HCV-positive donations to 1 in 270,000 do-
nations (Table 1).

Some of the donations that were positive on
minipool nucleic acid-amplification testing would
not have been released for transfusion even if such
testing had not been performed. Among the 12 do-
nations that were positive for HIV-1 RNA, 2 were
confirmed to be positive for HIV-1 p24 antigen (Ta-
ble 1), and 33 percent of donations that were iden-
tified as positive for HCV RNA (51 of 156) by labo-
ratories that reported subgroup information would
have been deemed nontransfusable (Table 1), in-
cluding 45 of 51 units (88 percent) with an elevat-
ed alanine aminotransferase level. The remaining
6 were nontransfusable owing to reactivity to oth-
er routine screening tests; none of 155 HCV RNA-
positive donations evaluated for anti-HBc reactiv-
ity were reactive. Thus, HCV nucleic acid screening
prevented the release of 1 viremic donation for ev-
ery 350,000 donations screened.

ALANINE AMINOTRANSFERASE PATTERNS
IN DIFFERENT STAGES OF HCV INFECTION

To compare the distribution of alanine aminotrans-
ferase levels associated with various stages of HCV
infection, we evaluated donor alanine aminotrans-
ferase levels compiled by the American Red Cross
from 1999 through 2002. As shown in Figure 1,
HCV-seronegative donors had significantly differ-
ent alanine aminotransferase distributions depend-
ing on their HCV RNA status; donors confirmed
to be positive for HCV RNA had higher median
enzyme levels than HCV RNA-negative donors
(54 vs. 211U per liter, P<0.001). Donors who were
confirmed to be positive for HCV RNA had ele-
vated enzyme levels independent of their HCV an-
tibody status (median, 56 IU per liter for seropos-
itive donors vs. 54 IU per liter for seronegative
donors; P=0.99). However, enzyme elevations of
1201U per liter or more were noted more frequently
among HCV RNA-positive, seronegative donors
than among HCV RNA-positive, seropositive do-
nors (30 percent vs. 15 percent, P<0.001). Lastly,

Table 1. Rates of Positivity for HIV-1 and HCV RNA, March 1999 to April 2002.
No. of
Donations RNA-Positive Donations
Rate per 106
Total Donations
No. (95% Cl)*
HIV-1
Total 37,164,054 12 0.32 (0.17-0.56)
Otherwise transfusable 36,792,000 10 0.27 (0.13-0.50)
HCV
Total 39,721,404 170 4.3 (3.7-5.0)
Subtotals: 36,974,722 156 4.2 (3.6-4.9)
Third-generation antibody— 36,974,722 139 3.8 (3.2-4.4)
nonreactive::
Otherwise transfusablei: 36,605,000 105§ 2.9 (2.3-3.5)

* Cl denotes confidence interval.

T Ninety-nine percent of donations were assumed to be transfusable (nonreac-

tive on all screening tests and suitable for transfusion).

i Data from three laboratories were excluded because they did not report data
on transfusability according to donors’ first-time or repeat status, or the results
of third-generation assays for the RNA-positive index donations.

§ One HCV RNA-positive donation with missing data on transfusability was
weighted according to the distribution of transfusable and nontransfusable
units among the remaining HCV RNA—positive donations, so that 104.67

(rounded to 105) such donations were assumed to be otherwise transfusable.

among seropositive donors, enzyme levels were
again higher among HCV RNA-positive donors
than among HCV RNA-negative donors (56 vs. 22
IU per liter, P<0.001).

RELATIVE YIELD OF NUCLEIC ACID—
AMPLIFICATION TESTS AMONG FIRST-TIME
DONORS AND REPEAT DONORS

Viremic donations were more likely to be detected
from first-time rather than repeat donors. Although
only marginally significant (P=0.05), the rate of
positivity for HIV-1 RNA was 4.1 times as high
among the former group as the latter group; this
ratio was 2.7 for the donations that were nonreac-
tive to HIV-1 p24 antigen but positive for HIV-1
RNA (Table 2). The rate of positivity for HCV RNA
was 3.3 times as high among first-time donors as
among repeat donors (P<0.001) (Table 2); the rate
among first-time donors was similarly elevated
when the calculations were restricted to HCV RNA-
positive donations that were nonreactive on third-
generation assays (7.9 per 10° units from first-time
donors vs. 2.5 per 10 units from repeat donors;
rate ratio, 3.2; 95 percent confidence interval, 2.0
t0 5.0).

N ENGL J MED 351;8 WWW.NEJM.ORG AUGUST 19, 2004

Downloaded from www.nejm.org at HOSP GRAL UNIV DE ALICANTE on August 19, 2004.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.

763



The NEW ENGLAND JOURNAL of MEDICINE

—— Nonreactive HCV-antibody test,
nonreactive nucleic acid test

= HCV-antibody test confirmed positive,
nonreactive nucleic acid test

HCV-antibody test confirmed positive,
positive nucleic acid test

—— Nonreactive HCV-antibody test,
positive nucleic acid test

2.0
120 1U] liter
1.5 l
>
2 1.0
[
[a] i
0.5+
00+——-=~—2L S .\
0 1 2 3

Alanine Aminotransferase Level

Figure 1. Distribution of Alanine Aminotransferase
Levels According to HCV Status.

The alanine aminotransferase values, which are given
on a base 10 logarithmic scale, in each of the four groups
were used to estimate probability densities.

FOLLOW-UP INVESTIGATIONS
OF RNA-POSITIVE DONORS
Follow-up studies of seronegative donors who
were confirmed to be positive for viral RNA dem-
onstrated that these donations were virtually all
made in the early stage of infection when viremia is
present but an antibody reaction cannot be detect-
ed. Eight of 12 donors with positive HIV-1 nucleic
acid—amplification tests enrolled in follow-up. All
eight seroconverted within six weeks after the pos-
itive test. The median interval between the RNA-
positive index donation and the first antibody-
reactive sample was 11.5 days (range, 6 to 42), and
the median interval between the donation and the
first confirmed seropositive sample was 20.5 days
(range, 15 to 42). These intervals probably repre-
sent an overestimate of the actual time to serocon-
version, since the interval between follow-up sam-
ples varied and the sample size was small. Data
were available for six additional HIV-1 RNA—posi-
tive donors (identified from April 2002 through
April 2004) and demonstrated a similar time to se-
roconversion (8.6 days to antibody reactivity and
20.5 days to confirmed positivity).

For HCV, 90 of the 139 HCV RNA—positive do-
nors who had nonreactive third-generation assays

Table 2. Rates of Positivity for HIV-1 and HCV RNA among First-Time and Repeat Donors, March 1999 to April 2002.*

Total No. of
Donor Status Donations Total No.
HIV-17
First-time 8,178,000 6
Repeat 27,692,000 5
HCVY
First-time 8,430,000 77
Repeat 28,544,000 79

RNA-Positive Donations

Rate per 106 Ratio of First-Time Donors
Donations to Repeat Donors
(95% Cl) (95% Cl)
0.73 (0.24-1.81) 4.1 (1.0-17.0)§

0.18 (0.06-0.43)

9.1 (6.4-12.9) 33 (2.1-5.1)
2.8 (2.1-3.6)

* Cl denotes confidence interval.

7 Data from one laboratory were excluded because the laboratory did not report donors’ status (first-time or repeat).
i A total of 22.8 percent of donations were assumed to be from first-time donors and 77.2 percent from repeat donors.15
§ If calculations were restricted to RNA-positive donations that were nonreactive to HIV-1 p24 antigen, the rates were 0.49

per million first-time donors (95 percent confidence interval,

0.12to 1.41) and 0.18 per million repeat donors (95 percent

confidence interval, 0.06 to 0.43), resulting in a ratio of 2.7 (95 percent confidence interval, 0.5 to 12.7).

9§ Data from three laboratories were excluded because they did
sults of HCV third-generation assays for the HCV RNA—positi
missing data on donor status were weighted according to th
maining HCV RNA-positive donations.

not report donors’ status, data on transfusability, or the re-
ve index donations. Five HCV RNA-positive donations with
e distribution of first-time and repeat donors among the re-
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enrolled in the follow-up study; 75 of the 90 sero-
converted. In the majority of those who did not se-
roconvert, the duration of follow-up was too short
(range, 12 to 58 days) to allow determinations of
their eventual seroconversion status.

The expanded data set from the American Red
Cross allowed more extensive evaluation of the dy-
namics of HCV seroconversion. Figure 2 provides
the follow-up results for 67 HCV RNA—positive do-
nors (48 identified from March 1999 through April
2002, plus 19 identified from May 2002 through
June 2003). Of these, 7 (10 percent) discontinued
follow-up before either seroconversion or three

months of follow-up, the interval during which
seroconversion generally occurred (Fig. 24), and
55 (82 percent) seroconverted. The median time to
seroconversion (from the RNA-positive, antibody-
nonreactive index donation to a reactive third-gen-
eration antibody test) was 35 days. This is likely to
be an underestimate of the viremic, antibody-non-
reactive window period, since the period of vire-
mia before the index donation is unknown. Of the
55 donors who seroconverted, 47 remained viremic
during continued follow-up; 3 donors had fluctu-
ating viremia in the presence of HCV antibody, and
in 5, the HCV infection resolved after seroconver-
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Figure 2. Follow-up Results for 67 HCV RNA-Positive, HCV Antibody—Nonreactive Donors.
Data were provided by the American Red Cross. Panel A shows the results for those with no more than 92 days of follow-up, and Panel B the

tip at the end of a yellow line indicates that the donor was seropositive on the last
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sion, with persistent RNA negativity for up to one
year (Fig. 2B). Two additional donors (3 percent)
had an abortive HCV infection, in which HCV RNA
could initially be repeatedly demonstrated shortly
after enrollment but disappeared in the absence of
HCV seroconversion. Lastly, three donors (4 per-
cent) remained viremic without elevated alanine
aminotransferase levels, but they did not serocon-
vert after a follow-up period ranging from 1.5 to
more than 3 years (so-called immunologically si-
lent infections) (Fig. 2B). The donor with the long-
est immunologically silent period was infectious
during this period, since his RNA-positive dona-
tion transmitted HCV to a platelet recipient early in
the nucleic acid—amplification testing program be-
fore the American Red Cross began withholding all
blood components until the results of such tests
were available.*?

HIV-1—POSITIVE AND HCV-POSITIVE DONORS
IDENTIFIED FROM APRIL 2002 TO APRIL 2004

An additional two years of data from the American
Red Cross demonstrated no changes in the rates
of positivity for HCV RNA — from 1 in 251,000 for
the period from March 1999 through March 2002
(79 per 19,811,809 donations screened) to 1 in
222,200 for the period from April 2002 through
April 2004 (60 per 13,332,257 donations screened,
P=0.49). For HIV-1, the rates were 1 in 4 million and
1in 2.2 million, respectively. A similar number of
HIV-1 RNA-positive donations were identified dur-
ing the two periods (five and six, respectively). Even
though the frequency of HIV-1 RNA—positive do-
nations increased for the period from April 2002
through April 2004, this increase was not signifi-
cant (P=0.37).

DISCUSSION

Assuming that each of the 13.6 million allogeneic
units of blood donated annually in the United States
is converted on average to 1.45 transfusable com-
ponents,*®2° our data indicate that the implemen-
tation of minipool nucleic acid screening likely pre-
vented about 5 cases of transfusion-transmitted
HIV-1 infection and 56 cases of HCV infection an-
nually. The documented findings are consistent
with the those predicted from mathematical mod-
els.*1>21 Despite the fact that these rates are rela-
tively low and have remained stable for five years,
implementation of these tests was consistent with
the goal of maximizing blood safety.3 It has been

estimated that nucleic acid screening has reduced
the residual risk of transfusion-associated infec-
tion for both HIV-1 and HCV to about 1 in 2 million
blood units from repeated donors.*> This is a re-
duction from rates of 1in 276,000 for HCV and 1 in
1.5 million for HIV-1 with the use of serologic test-
ing alone.*® The residual risk after the implemen-
tation of nucleic acid—amplification testing results
from the presence of virus below the limit of detec-
tion of minipool testing®?; individual nucleic acid
screening of each sample, rather than screening of
small pools of multiple samples, would further de-
crease the residual risk but at a substantially great-
er cost.

With the licensure of nucleic acid—amplifica-
tion tests, the FDA has permitted the discontinua-
tion of HIV-1 p24 antigen testing on the basis of
data showing that HIV-1 RNA screening is better
able to detect infection in the window period short-
ly after infection and that all p24 antigen—positive
donations are also RNA-positive.”?3 This policy is
supported by our data, in which HIV-1 nucleic acid
screening identified 12 infected donors, only 2 of
whom were identified by p24 antigen testing; in
contrast, there were no RNA-negative donations
from HIV-1-infected donors that were identified
as positive by p24 antigen testing. The detection of
p24 antigen in the absence of antibody corresponds
to the peak viremic period when blood donors are
likely to defer donations owing to influenza-like
symptoms.”>2*

Approximately one third of the units detected by
HCV nucleic acid-amplification testing would have
been discarded anyway owing to elevated alanine
aminotransferase levels. Because of the relative non-
specificity of this surrogate marker, the absence of
evidence of additional transfusion-transmissible
hepatitis agents,®?> and the implementation of a
sensitive screening method for the detection of
HCV RNA, the continued use of alanine amino-
transferase screening for preventing transfusion-
associated hepatitis is no longer justified; conse-
quently, many blood centers have stopped using this
test. In addition, the presence of circulating HCV
RNA is a direct marker of viral replication and indi-
cates a diagnosis of HCV infection with greater sen-
sitivity and specificity than does the presence of
elevated liver enzymes.

Our data show that new HCV and HIV-1 infec-
tions occur three to four times as often among
first-time donors as among repeat donors, substan-
tiating previous observations.*>2° This finding sup-
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ports the general principle that retention of repeat
donors enhances both the adequacy and safety of
the blood supply. Possible reasons for higher rates
among first-time donors include inappropriate
use of blood donation to obtain the results of viral
tests; failure to understand the questions for donors
and, hence, the donor-selection criteria; and self-
deferral of the donor after the first donation owing
to the realization that his or her donation was un-
suitable.

The routine use of nucleic acid—amplification
tests and serologic assays for donor screening has
made possible the identification of persons in the
very early stages of HIV-1 and HCV infection; this
information can provide insights into risk factors
associated with viral infection and potentially con-
tribute to studies of the natural history, pathogene-
sis, and treatment of these infections.>° For ex-
ample, an analysis of recent risk-related behavior
among HCV-infected donors identified by nucleic
acid—amplification testing may identify behavioral
and demographic characteristics that could be
used to improve donor-qualification criteria, pro-
vided effective questions could be designed.?” The
addition of HCV RNA testing to routine HCV-anti-
body screening has also allowed seropositive do-
nors to be subdivided into those with active infec-
tion (plasma RNA—positive) and those with either
resolved HCV infection or intermittent viremia (plas-
ma RNA-negative at the time of donation). Enroll-
ment of these donors into natural-history and early-
treatment trials could enhance our understanding
of the pathogenesis of HCV infection, including the
factors underlying the spontaneous resolution of
HCV viremia.*®2#

Several reports have suggested that serologic
testing may miss a substantial proportion of in-
fected persons.?3* We found that only three sero-
negative donors with persistent hepatitis C viremia
did not seroconvert during the expected time frame.
During this same time at the American Red Cross,
more than 800 HIV-seropositive donors and more
than 16,000 HCV-seropositive donors were identi-
fied. Thus, persistent immunologically silent infec-
tions are extremely rare, reinforcing the continued
reliance on serologic analyses for HIV-1 and HCV
as the primary tools for diagnostic testing.3?

Because blood centers had already implement-
ed nucleic acid-amplification testing for HIV-1 and
HCYV, it was feasible in 2003, in collaboration with
the Centers for Disease Control and Prevention and

the FDA and with the rapid development of nucleic
acid—amplification tests by manufacturers, to im-
plement screening for West Nile virus in less than
nine months.33-3> Results indicate that close to 1000
donors with West Nile virus infection were identi-
fied by nucleic acid—amplification testing in 2003
and their donations discarded, probably preventing
more than 1000 transfusion-related infections.>®
The relatively low yield and poor cost effective-
ness of HIV-1 and HCV minipool nucleic acid—
amplification testing have led some to question
the value of such screening. Using somewhat dif-
ferent analyses and assumptions, two independent
groups studying the cost-effectiveness of HIV-1
and HCV minipool nucleic acid—amplification test-
ing, both in the context of eliminating p24 anti-
gen screening, estimated costs of $1.5 million to
$4.3 million per quality-adjusted year of life.*®:36
Costs increase further if each donated blood unit is
to be tested rather than combined in minipools,
with yet further increases in cost for the automation
required to perform large numbers of individual
screening tests. Therefore, the cost of HIV-1 and
HCV nucleic acid—amplification testing would need
to decrease substantially to bring it in line with that
of most other accepted medical practices. Howev-
er, the aggregate cost-effectiveness of nucleic acid—
amplification testing may have substantially im-
proved with the implementation of such screening
for West Nile virus. The rapid development and in-
troduction of nucleic acid screening for West Nile
virus and the ability to expand nucleic acid-amplifi-
cation testing to include other emerging infections
in the future further serve to support the adoption
of this important tool for the screening of blood

donations.
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APPENDIX

The National Heart, Lung, and Blood Institute Nucleic Acid Test Study involves the following sites and investigators: National Heart, Lung,
and Blood Institute, National Institutes of Health — G. Nemo; Blood Centers of the Pacific and Blood Systems — M. Busch (principal in-
vestigator); Westat — G. Schreiber, M. King, S. Kleinman, S. Glynn; American Red Cross (Gen-Probe site) — S. Stramer, R. Dodd,
J. Brodsky, J. Davis; America’s Blood Centers (Gen-Probe sites: Blood Center of Southeastern Wisconsin, Blood Systems Laboratories, and
Florida Blood Services, and Roche sites: Blood Center of Southeast Louisiana, BloodSource, Bonfils Blood Center, Central Florida Blood
Bank, Community Blood Center of Greater Kansas City, Gulf Coast Regional Blood Center, LifeSource Blood Services, LifeSouth Commu-
nity Blood Centers, Memorial Blood Centers of Minneapolis, New York Blood Center, Oklahoma Blood Institute, and Puget Sound Blood
Center) — S. Caglioti, D.M. Strong; Association of Independent Blood Centers (Gen-Probe site) — R. Gammon; Center for Biologics Eval-
uation and Research, FDA —I. Hewlett; Roche —J. Gallarda, Y. Yang; Gen-Probe — L. Mimms, C. Giachetti, S. McDonough; Chiron —
B. Phelps; Stanford Medical School blood bank.
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