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DONOR INFECTIOUS DISEASE TESTING

- Blood screening nucleic acid amplification tests for human
immunodeficiency virus Type 1 may require two different
amplification targets

Michael Chudy, Marijke Weber-Schehl, Lutz Pichl, Christine Jork, Julia Kress, Margarethe Heiden,
Markus B. Funk, and C. Micha Niibling

BACKGROUND: Five cases of human immunodefi-
ciency virus Type 1 (HIV-1) RNA-positive blood dona-
tions are described that escaped detection by three
different CE-marked nucleic acid amplification technique
(NAT) screening assays. These events were associated
with two HIV-1 transmissions to reciplents of blood
components. The implicated NAT assays are monotar-
get assays and amplify in different viral genome regions
(group-specific antigen or long terminal repeat). Investi-
gations into the cause of the false-negative test resulls
were inittated.
STUDY DESIGN AND METHODS: Plasma specimens
of the five NAT false-negative cases were compara-
tively investigated in 12 CE-marked HIV-1 NAT systems
of differing design. The relative amplification’ efficiency
for the HIV-1 variant was determined for each assay.
Sequencing of the variants in the region targeted by
each false-negative NAT assay allowed cormparison
with the respective primers and probes.
RESULTS: Sorne of the NAT assays designed in a
similar way to false-negative monotarget NATs aiso
revaaled deficiencies in detesting ths viral variants. In .
each case sequencing of the assay target region in the
variants demonstrated mismatches with primers and
probes used by the assays. Some dual-target assays
showed decreased amplification efficiency, but not
false-negative resulls. ’
CONCILUSION: HIV 1s characterized by its rapld evolu-
tlon of new viral variants. The evolution of new
sequences is unpredictable; NAT screening assays with
a single target region appear io be more vuinerable 1o
sequence variations than dual-target assays. Based on
this experfence with false-negative lests results by
monotarget NAT assays, the Paul-Ehrlich-Institut is con-
" sidering requesting dual-target NAT assays for HIV-1
blood donation screening in Germany.

he most recent report of the Joint United

Nations Program on HIV/AIDS (UNAIDS) and

the World Health Organization (WEHO) calcu-

lated that there were 33.4 milfion human immu-
nodeficiency virus (HIV)-infected people worldwide by
the end of 2008, with 2.7 million new infections alone in
2008.! These data reflect a continuing increase in the
number of people living with HIV. Despite improved
access to antiretroviral therapy in low- and middle-
income countries, it is estimated that 2 million AIDS-
related deaths occurred worldwide in 2008. Compared to
the global HIV situation, Germany is among those coun-
tries with low prevalence and incidence rates in the
general population as well as in blood donors. In
Germany, between 2000 and 2007 the prevalence of
HIV-1 infection in first-time donors was less than
10 HIV-1-infected donors per 100,000 applicant donors.?
The HIV-1 infection rate (incidence) is also very low
with less than 1 new infection per 100,000 repeat donors

during the same period. Nevertheless, immense efforts:

have been made to prevent transfusion-associated
HIV transmissions, including the use of highly devel-
oped technologies for biood screening. When nucleic

ABBREVIATIONS: gag = group-specific antigen; ID({s) =
individual donation(s); IVD = in vitro diagnostic medical device;
LTR = long terminal repeat; NAT = nucleic acid amplification
technique; PEI = Paul-Ehilich-Institut; pol = polymerase.
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acid amplification techniques {NAT) became available,
Germany was one of the first countries in the world to
" implement this technology as a mandatory toel for blood
screening in addition to serologic assays. NAT screening
was introduced for hepatitis C virus (HCV) in 1999 fol-
lowed by HIV-1 in 2004.3* During the introduction of NAT,
commercial assays designed for blood screening were
scarce, and therefore flexible approaches were necessary.
Compromises were made with regard to both test perfor-
mance (e.g., sample pooling) and acceptance of different
validated assay types for blood screening, including
CE-marked diagnostic assays of high sensitivity or
in-house-developed screening assays.® More recently, a
variety of different HIV-1 NATs have become available on
the common market in Europe following the CE marking
process defined by the “in vitro diagnostic medical device
(IVD) Directive.”® In Germany, a minimal individual-
donation (ID) sensitivity of 10,000 international units (IU)
HIV-1 RNA/mL (based on the WHO international standard
for HIV-1 RNA} was defined for HIV-1 NAT used for blood
screening.*” After several years of NAT in Germany the
NAT yield (donations from the diagnostic window phase:

NAT positive, anti-HIV negative) was deterrined.? From

2004 to 2010, a total of 23 HIV-1 NAT yield cases were
found in more than 31 million NAT-screened donations,
while two HIV-1 transmissions despite NAT were ohserved
for this period. The first HIV-1 transmission was associ-
ated with a false-negative test result in the routine NAT
assay. The assay targeted a region of the HIV-1 group-
specific antigen (gug) gene and was shown to underesti-
mate the viral load of the HIV-1 variant in this case.? Four
additional cases (Cases 2-5) of nondetection of HIV-1 RNA
. by CE-marked assays were reported more recently to
the Paul-Ehrlich-Institut (PED), one of which resulted in
another virus transmission to a recipient of a blood com-
penent, In this study we compare the detection efficien-
cies of different HIV-1 NAT assays for each of these cases
and analyze the underlying HIV-1 sequences targeted by
the assays. The suitability of monotarget NATs for the
screening of strains of HIV is discussed. In our opinion,
these cases demonstrate the need for at least two different
amplification targets in “state-of-the-art” NAT blood
screening systems for HIV-1 Group M.

MATERIALS AND METHODS

Plasma specimens

Samples of the cases, testing falsely negative in
CE-marked NAT assays, were provided to the PEI by the
respective blood collection centers. The cases were num-
bered chronologicaily from 1 to 5, as reported to the PEL
The viral loads were determined using quantitative FIIV-1
NATs. Based on the mean value obtained by different
proficient quantitative assays, replicate plasma samples,

either neat or serially diluted (in pooled negative human,
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plasma) were subsequently used for comparative
testing of a variety of different HIV-1 NATs, Furthermore,
sequence analysis of NAT target regions in the viral

- genome was performed. An overview of the cases includ-

ing the specimens analyzed is provided in Table 1.’

HiV-1 NAT assays used in comparative study

Samples of the five false-negative cases were analyzed in
12 CE-marked NAT assays for HIV-1 RNA detection (six
qualitative, six quantitative assays). The qualitative assays
are CE-marked intended for use in blood screening, while
the quantitative assays have been designed for diagnostic
use, for example, patient monitoring. After validation,
some of the highly sensitive quantitative assays.are also
used in blood screening in Gérmany. All assays were per-
formed strictly following the instructions for use.

Comparative testing of the five plasma samples was
performed by serial dilution of each of the HIV-1 RNA-
positive specimens, and test results were assessed in
comparison to the sensitivity claimed by the rmanufac-
turer. All investigations were performed in parallel
with serial dilutions of the well-characterized PEI HIV-1
RNA reference preparation (3441/04, Subtype B, 80,000
IU/mL) which has been calibrated against the WHO
international standard.” Assay performance characteris-
tics described in the package inserts had to be recon-
firmed using this reference material, Detection efficiency
of individual assays for Cases 1 through 5 materials was
determined by assessment of the obtained test results"
(expressed as IU/mlL, Ct values, sample-to-cutdff values,
or relative light units) in comparison to the results
obtained with the PEI HIV-1 RNA reference preparation.
Repeat experiments were performed to account for
technology-intrinsic variation of results. Assay results for
Cases 1 through 5 are expressed using symbols in Table 2
relative to the reported HIV-1 concentrations (quantita-
tive assays) or to the detection efficiency of qualitative
assays, when compared both to the 95% limit of detec-
tion claimed in the instructions for use, and to the per-
formarice with the PEI reference material. In Table 2 we
used the following assessment scheme to report NAT
-assay efficiency: no detection, highly reduced detection
{by a factor of >10), moderately reduced detection by a
factor of <10), and consistent detection.

Twelve CE-marked HIV-1 NAT assays were included
as follows,

1. CAP CTM vl: COBAS AmpliPrep/COBAS TagMan
HIV-1 Test (quantitative; Roche Molecular Systems,
Pleasanton, CA).

2. HPS CTM wvl: HPS viral nucleic ac1d kltICOBAS
TagMan HIV-1 Test {(quantitative; Roche Molecular
Systems).

3. CASvl.5: COBAS AmpliScreen HIV-1 Test, Version 1.5
{qualitative; Roche Molecular Systems).



€87 NOISNASNVHL 2102 ABrugag "gg swnjop

TABLE 1. Summary of HIV-1 NAT nondetection cases

Case Doner type, sex, age {years}

Donor status

HIV-1 transmission by

Donation dates Screening NAT HIV screening results Viral load {IU/mL}
1 RD, male, 44 January 2007 CAP CTM vi Ab neg RNA neg 10,000 WP RBCs

Agpril 2007 Ab pos RNA neg 680 SC
2 RD, male, 26 July 2007 CAP CTM vi Ab neg RNA neg 0

October 2007 Ab pos RNA neg £0,000 SC.
3 RD, male, 26 May 2009 CTS MPX Ab neg RNA neg 0 .

’ August 2009 CTS MPX Ab neg RNA neg 20,000 WP RBCs

July 2010 VSPK v1.1 Ab pos RNA pos 260,000 sC
4 RD, male, 42 March 2010 VSPK v1.1 Ab neg RNA neg 0

June 2010 Ab neg RNA neg o]

Qctober 2010 Ab pos BNA neg 200,000 SC
5 FTD, male, 18 Qctober 2010 VSPK vi.1 Ab pos RNA neg 2,000 sC
Ab = anti-HIV-1/2; FTD = first-time donor; neg = negative; pos = positive; RD = repeat donor; SC = seroconversion; WP = window perled.

TABLE 2. Comparative testing of CE-marked HIV-1 NAT systems using Cases 1-5
CAP CTM HPS CTM CAS CAM VSPK VSPK CAP Ultrio
vi . vi vi.5 vi.5 CTS MPX vig artus DRK Abbott RT vi.2 CTM v2 plus.
Hiv-1
FN routine target

Case NAT regions: gag gag gag gag LTR LTR LTR LTR pol LTR gag + (TR pol+ LTA
1,2 CAP CTM vi -+ - + + + + + + + + +) +
3 CTS MPX (wel) + + + - o F + + + + ) +
4,5 VSPK vii (wd) + + + + - ((+) + + o+ + (+)

— =no detection; {(+)) = highly reduced (factor >10) detection elficiency; (+) = moderately reduced (factor <10) detection efficiency; + = consistent detection efficiency; FN = false-negative;
{wd) = test version Version 1 has been withdrawn by the manufact_urer.
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4. CAM v1.5: COBAS Amplicor HIV-1 Monitor Test,
Version 1.5 (quantitative; Roche Molecular Systems).

5. cobas TagScreen MPX Test for use with cobas
5201 systemn {qualitative; Roche Molecular Systems).

6. VSPK vl.1: Virus Screening PCR Kit, Version 1.1
(qualitative; GFE Blut mbH, Frankfurt, Germany).

7. artus: artus HIV-1 RG RT-PCR Kit (quantjtative;
Qiagen GmbH, Hilden, Germany).

8. DRK:DRKHIV-1 PCR kit (qualitative; DRK BSD Baden
Wilrttemberg-Hessen, Frankfurt, Germany).

9. Abbott RT: Abbott ReaiTime HIV-1 assay {guanti-
tative; Abbott Molecular, Des Plaines, IL).

10. VSPK vl1.2: Virus Screening PCR Kit, Version 1.2
(qualitative; GFE Blut mbH)

11. CAP CIM v2: COBAS AmpliPrep/COBAS TagMan
HIV-1 Test, Version 2.0 (quantitative; Roche Molecular
Systems).

12. Ultio Plus: Procleix Ultric Plus Assay (qualltatwe,
Gen-Probe, San Diego, CA).

The CAM v1.5 assay is regarded as representative for
the related Amplicor HIV-1 Monitor Test Version 1.5 and
COBAS AmpliPrep/COBAS Amplicor HIV-1 Monitor Test,
Version 1.5 because of the common amplification module;
the Ulirlo Plus assay is regarded as representative for the
related assay Procleix Ultrio sharing the same HIV-1
amplification.

Sequence analysis

Viral RNA was extracted from 500 pl of plasma using the
QJAamp DSP virus kit (Qiagen); amplicons of the 5-long
terminal repeat {LTR) were generated by cDNA synthesis
and nested PCR using the outer antisense primer
LTR-oal (5'-TAATACCGCTCTCGCACC-3') and outer sense
primer LTR-osl (5-CTTTTTGCCIGTACTGGGTCTC-37).
For the nested PCR procedure, the primers LTR-isl (5'-
CTGGGAGCTCTCTGGCTAACTA-3") combined with LTR-
ial (8"-TCCTTCTAGCCTCCGCTAGTC-3") were used as
sense or antisense primers, respectively. Direct sequenc-
ing of the amplification products was performed on both
strands using a cycle sequencing kit (BigDye Terminator
Version 3.1, Applied Biosystems, Foster City, CA) on a
genetic analyzer (ABI 3730x], Applied Biosystems). For all
amplification and sequencing reactions the PEI HIV-1
RNA reference preparation (3441/04, Subtype B, 80,000
1U/mL) was analyzed in parallel as a positive control and
to control for potential contamination.

Sequences representing 243 bp of the 5-LTR region
(Nucleotides 483-725) were aligned and compared with
the corresponding sequence of the HIV-1 prototype HBX2
(Accession Number K03455). This part of the 5-LTR region
covers the target region of the VSPK, artus, and CTS MPX
assays. Although we do not disclose the primer-probe
sequences used in the different assays, data are reported
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concerning the frequency of mismatches and their rela-
tive position for several of the assays studied.

RESULTS

Different German blood establishments have recently
reported five cases of HIV-1 RNA-positive blood dona-
tions missed by NAT screening. The five donors {all male)

- had not reporied any HIV risk factors in the routine eligi-

bility screening questionnaire. The NAT assays concerned

- were three different CE-marked screening tests (CAP CTM

Version 1, CTS MPX, and VSPK Version 1.1) from twe
manufacturers (Roche Molecular Systems and GFE Blut
mbH). Two of these cases resulted in HIV transmission to
the recipients by transfusion of the corresponding red
blood cells (RBCs).

The five cases were missed by the routine NAT assay .
despite viral RNA at a concentration level estimated to be
sufficient for detection by the NAT screening system in
place (Table 1). Samples from these cases were investi-
gated using a variety of different HIV-1 NAT assays. The
results are summarized in a semiquantitative manner
describing the relative detection efficiency of the assays
{Table 2). '

Sequence analysis of the LTR target region was per-
formed for the cases concerned (Fig. 1). There is high
homology between sequences of primers and probesused
in NAT assays and the prototype HXB2 sequence, When
compared with the HIV-1 prototype HXB2, the sequence
of the PEL HIV-1 RNA reference preparation exhibits five
nucleotide changes in this in the part of the LTR analyzed
(Nucleotides 483-725);- these changes do not affect the
efficiencies of the different NAT assays studied.

Case 1

Some details of the first case have already been pub-
lished.’® In April 2007, a male repeat donor was found to be
antl-HIV-1 positive and HIV-1 NAT negative (CAP CTM v1,
minipool and ID). The previous donation from January
2007 tested negative both by the serologic and the NAT
assay (CAP CTM vl, pool of 96). The RBCs from the
January donation infected the recipient with HIV-1, which
was confirmed by molecular analysis. Retrospectively, it
was shown that the CAP CTM vl assay underquantified
the MIV variant in both the donor and the recipient
samples by a factor of up to 100.

Comparative tests

Performance of different NAT assays with the follow-up
plasma from the April 2007 donation (650 [U HIV-1 RNA/
mlL; artus) confirmed the underquantitation performed by
the CAP CTM vl assay and the closely related HPS CTM v1
assay. Spurred on by reports of underquantitation for
the CAP CTM vl, the manufacturer brought out a new
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HXB2 183 CTGGGAGCTCTCTGECTAACTAGGGAACCCACTGCTTAAGCCTCAATARAGCTTECCTTG 542 tive test results with several other HIV-1
zi::eg NATs. The screening results of the previ-
g::: ; ous denation from July 2007 had been
negative, and the RBCs were transfused.
R e e T e TshereT P The backup sample from July 2007 was
Case 3 A L et e tested IHIV-1 RNA negative by HIV-1
cara s : S NATs (Abbott BT, Ultrio Plus), which
picked up the HIV-1 variant of the
HXB2 603 ACCCTTTTAGTCAGTGTGEARAATCTCTACCAGTGGCOCCCGAACAGGEGACCTGARAGCE 662 . . .
PEIRef S B S October donation.” The recipient of
Case 3 AT - T T the RBCs had died in the meantime,
Case § -2 —— - Lo A—- without causal relationship to the trans-
HXB2 663 ANAGGOAAACCACAGGAGCTCTCTCGACCCAGGACTCEECTTECTCARGCECECACEECARGA 725  1USION oF an infection. Both sequence
Case 3 o e A ohne o -uene- e -ceon-moctecr.  nalysis of the gagregion and compara-
Case 3 . tive testing in different NAT assays con-
Case 2 firmed the HIV-1 variant of Case 2 as

analogous to the Case 1 HIV-1 variant,

Fig. 1. Alignment of HIV-1 LTR sequences. Alignment of partial 5’LTR sequences
(nucleotides 483-725) derived from amplified genomes of the “PEI HIV-1 RNA refer-

ence preparation” (#3441/04; subtype B}, samples from non-detection Cases 3-5 and
the HIV-1 prototype HXB2 (accession number K034355). Dashes represent homology.
Differences are shown by the appropriate base letter or points (deletien). The align-

ment revealed a gap of 15 nucleotides (693-707) for the 3’ part of the Case 3

sequence (see characters in jtalic).

version of the assay (CAP CTM v2) by incorporating a
second target region, that is, the LTR, in addition to the gag
region already amplified in the assay!'®!! Although detec-
tion and quantification of Case 1 samples was clearly
improved with the new version of the assay, its efficiency
was still lower than that of other quantitative assays and is
most probably due to the continued failure of the gag
amplification by the improved assay.

Several qualitative or quantitative assays, when inves-
tigated with serial dilutions of the viremic plasma; showed
no evidence of underestimation of this HIV variant,
including the CAS v1.5 and CAM v1.5 assays as related
monotarget gag amplification systems, when compared

with the CAP CTM v1 assay.

Sequence analysis

Sequence analysis of the gag region of the HIV variant and |

alignment with primer and probe sequences used in the
CAP CTM v1 assay has already been published.® It revealed
three mismatches (one with the probe and two with the
antisense primer). Subsequently, the mismatch at Position
-3 at the 3’ end of the antisense primer was shown to be
responsible for the underquantitation of both this and a
series of related HIV-1 variants (e.g., Case 2) by the impli-
cated Roche CTM vl assays (CAP CTM v1, HPS CTM v1).

Case 2

In October 2007 a repeat donor was tested positive for
anti-HIV-1/2 but was negative by NAT screening {CAP
CTM v1, pool of 96). Further investigations revealed posi-

Case 3

In July 2010 an HIV-1 sereconversion
was observed in a repeat blood donor
whose HIV-1-positive status became
obvious by a reactive test result in the
HIV antigen and antibody combination
assay confirmed in Western blot analysis (index dona-
tion). Furthermore, a reactive test result was obtained in
the minipaool (pool size of 96) with the multiplex PCR test
system VSPK vl.1, which had been introduced as the
routine NAT screening system at the blood collection site
. in May 2010, A donor-initiated lookback was initiated.

The previous donations by the donor were made in
August and May 2009. These donations tested negative
both in the serologic screening assay and in the previously
used multiplex NAT system, the CTS MPX test. At the time
this multiplex assay for HIV, HCV, and hepatitis B virus
(HBV) had been used for minipools of 96.

However, relivestigation of e backup samples from
August 2009 resulted in a positive test result in the VSPK
v1.1 assay both in ID-NAT and in a simulated minipool
NAT of 96 donations. With the CTS MPX assay, however,
the respective results were repeatedly negative for both
kinds of sample. The HIV-1 RNA concentration was
20,000 IU/mL. '

Backup samples of the previous donation from
May 2009 tested negative in all HIV-1 screening assays.
The data suggest HIV-1 infection of the donor during
summer 2009, with the donor still being in the serologic
window phase at the time of his donation in August
2009. The RBCs of the August 2009 donation were trans-
fused in an 8l-year-old male patient resulting in infec-
tion with HIV-1, which was confirmed by serology
and NAT. The August 2009 donor plasma was still held
in quarantine and available for further investigation;
fortunately, the corresponding platelets had not been
transfused.
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Comparative fests

Comparative testing with the August 2009 plasma con-
firmed complete failure of the monotarget LTR assay CTS
MPX, even with the neat plasma. Furthermore, there was
an underquantitation of the viral load observed with the
dual-target CAP CTM v2 (LTR, gag) when compared to the
unrnodified, original gag monotarget assay, HPS CTM vl,
or other quantitative assays. This may be explained by
reduced detection efficiency in the dual-target assay with
the failure of one of the target regions (the ETR amplifica-
tion systems may be related in both assays from the
manufacturer, CAP CTM v2 and cobas TagScreen MPX
Test).

Sequence analysis

Sequence alignment of the LTR region of the Case 3 HIV-1
variant with primer and probes of the cobas TagScreen
MPX test showed good homology with one primer and the
. probe; however, it was highly divergent compared to the
second Group M primer used in the test system. By con-
trast, compatison of the ITR from Case 3 with the cligo-
nucleotides used in the VSPK v1.1 or artus assays resulted
in good matches.

Case 4

An anti-HIV-positive test result (anti-HIV-1 enzyme-
linked immunosorbent assay [ELISA] and Western
blot positive) was obtained in a male repeat donor in
October 2010. The screening NAT test VSPK vI.1 per-
formed in pools of 96 was negative for this donation. By
contrast, further analysis of the backup sample revealed
a positive result with another NAT assay of different
design indicating a false-negative test result by the NAT
screening system used at this blood collection site. The
two previous whole blood donations from June 2010 and
March 2010 gave negative test results in the same routine
serologic and NAT assays used in October 2010. Retesting
‘with another sensitive NAT of difierent design (Abbott
RT; shown to be positive with the index donation) did not
detect HIV-1 RNA in the backup samples from June 2010
_and March 2010. The most likely explanation for these
findings is a seroconversion between June and October.

Comparative festing

Comparative testing with the backup sample of the index
donation from October 2010 (200,000 IU/mL) was per-
formed using serial dilutions of the material. The failure of
the monotarget ITR assay VSPK v1.1 assay was confirmed
while the monotarget LTR assay CTS MPX provided posi-
tive results, The sample was underquantified by a factor of
more than 50 by the artus monotarget LFR assay. Although
the dual-target (LTR, polymerase (pol]) qualitative Ultrio
Plus assay detected the sample, a reduced efficiency (by a
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factor of 6) was observed with this assay compared to the
relative detection efficiency of serially diluted PEI refer-
ence materials.

Sequence analysis

The sequence analysis of the LTR region revealed mis-
matches with one of the primers used in the VSPK v1.1
assay, apparently resulting in the complete failure of the

_assay to amplify this H1V-1 variant. Other assays based on

LTR sequences are also affected by the sequence varia-
tions observed in this variant. The artus assay aiso shows
mismatches with one of its primers, although these are
situated toward the 5’ end of the primer. This presumably
explains the severe rate of underquantitation of the
sample while still showing low residual amplification effi-
ciency. The amplification of this variant by the artus assay
might also be hampered by further mismatches in the
binding region for the second primer.

. Relative underestimation was observed for the Ultrio
Plus assay (Table 2). The assay uses both the LTR and the
pol as targets and might be affected by mismatches in
the LTR. Although there are mismatches of this HIV-1
variant with one of the Ulirio LTR primers (J. Linnen,
Gen-Probe, persenal communication, 2011), additional
studies (e.g., sequencing of the pol region of the HIV-1
variant) are needed to explain the lower efficiency of the

‘agsay. The CTS MPX assay amplifies this variant consis-

tently, a finding substantiated by high homology between
the viral variant and the primer-probe system of this
assay with only a few mismatches at noncritical
positions.

Case 5

The most recent case of a false-negative NAT result is a
first-time blood donor (male, 18 years) who was tested
anti-HIV-1/2 positive by ELISA and confirmatory Western
blotin October 2010. NAT was negative, both in pools of 96
and in ID testing, using the VSPK v1.1 assay. To further
investigate the possibility of an elite controller (i.e, an
untreated HIV-infected individual without measurable
viremia), the specimens were tested using another sensi-
tive NAT assay of different design and shown to be reac-
tive. The plasma from this whole blood donation was-
investigated using the panel of NAT assays. The overall
reactivity pattern with the different assays for Case 5 is
very similar to that obtained with Case 4. Sequence analy-
sis revealed nucleotide changes very similar to those of
Case 4, leading to the same explanation of differential .
reactivity in the different assays. However, there are few
differences between these two related variants, with
changes at three positions in the 243-bp region analyzed
for the different primer-probe target sites of the different
assays (Fig. 1).



DISCUSSION

The five HIV-1-positive blood doners described in this
study, although positive by serologic screening (anti-HIV-
1/2 ELISA), all showed false-negative NAT results in the
respective screening assays (Table 1). The cases concern
four recently seroconverted repeat donors (Cases 1-4) and
one first-time donor with unknown infection history
{Case 9). The cases occurred at different blood collection
sites in Germany, and three different NAT systems from
two manufacturers gave rise to false-negative test results.
Two diagnostic window-phase donations, missed by the
routine screening NAT assay, led to HIV-1 transmission to
the RBC recipients.

For Case 1 the sequence analysis of the NAT target
region (gag) has already been published.? Only a small
number of entries in the public databases matched this
specific sequence. Case 2 is of very similar gag sequence
pattern and appeared at another blood donation center in
Germany. Both sequence pattern and reactivity in differ-
ent assays were highly similar between these cases con-
_ firming the urgent need for improvement of the CAP CTM
vl assay and withdrawal of the previous version from
bleod screening.

For Cases 3, 4, and 5, we analyzed the viral sequence
of the 5'-LTR region targeted by the different NAT assays by
comparison to the PEI HIV-1 RNA reference material and
to the reference sequence HXB2 (Fig. 1). The three cases
revealed unique sequence patterns not present in public
HIV sequence databases.

The LTR region of the Case 3 HIV-1 variant differs at
13.6% of positions {33/243) compared to HXBZ, with the
lowest level of homology in the 3’ part of this LTR frag-
ment. The low homology is mainly caused by a deletion of
15 nucleotides (Fig. 1, Case 3 sequence in italics). This

‘deletion was not present in any public HIV sequence
database. The deletion has no obvious inhibitory effect
on the replication of H{V-1 as shown by the transmission
event. Further investigations on this transmission event

included HIV-1 sequence analysis in the index donation .

(July 2010) and in the RBC recipient (August 2010, 1 year
after transfusion). Briefly, comparison of different regions
of the HIV-1 genome (5-LTR, pol) derived from donor
(August 2009, July 2010) and recipient (August 2010)
showed greater than 99.5% nucleotide identity, clustering
with Subtype B sequences {data not shown). These results
confirm the HIV transmission via RBCs from the HIV-
infected blood donor and demonstrate sequence stability
for this HIV variant in both donor and recipient for more
than 1 year. '

The HIV-1 variants of Cases 4 and 5 were missed by
the same routine NAT system and furthermore exhibit
similar reactivity in the different NAT assays studied for
detection of this variant. These two variants exhibit a very
similar (although not identical) pattern and rate of nucle-
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otide exchanges in the 5°-LTR target region (243 bp) of
the NAT assays analyzed, when compared to reference
sequence HXB2 (differences at 13 [5.3%] or 15 [6.2%] posi-
tions) in Case 4 and Case 5, respectively. These variants
show common patterns, with neighboring nucleotide
exchanges. Several assays target one of the affected
regions potentially explaining why different assays of
related design show reduced efficiency for these two HIV-1
variants.”? e

Cases 4 and 5 appeared in different blood collection
centers in different regions of Germany. The particular
similarity in the LTR region is not reflected by nucleotide
sequences in enwv (V3, V4). This region is of much lower
homology between the two HIV-1 variants (data.not
shown). Therefore, there is currently no indication for a
common infection source of the two donors.

Even if certain mismatches with primers or probes
were prognosticated for viral variants, the extent of
underquantitation or nondetection to be expected is
often not predictable. While genetic change is inevitable,
and may affect primer and probe regions, the extent to
which viral loads are underestimated or viruses are
simply not detected is often unpredictable. Although
general rules have been established for the design of
primers and probes to tolerate mismatches, experimen-
tal studies should be performed to measure the effect of
individual mismatches and mismatch combinations on
assay performance, exactly matching specified assay
conditions. Besides the number and position of mis-
matches, several factors have been shown to contribute
to the effect, including mismatch and primer type, neigh-
boring sequences, and design of the amplification
reaction, 134

Monotarget versus dual-target screening NATs

There are now several actual examples of HiV-1 variants
escaping detection by monotarget NATs targeting differ-
ent regions of the HIV-1 genome. A recent study from Italy
describes false-negative or underquantified results with
the COBAS AmpliScreen HIV-1 Test, Version 1.5 and
COBAS Amplicor HIV-1 Monitor Test, Version 1.5, which
are mongotarget assays.' These assays use gag primers and
probes different from those of the CAP CTM v1 and are
affected by different HIV-1 gag variants compared to Cases
1 and 2 described above.*** Furthermore, the Italian case
also does not seem to affect the gag porticn in the dual-
target CAP CTM v2 assay as the published quantitative
data suggest. Therefore, the recent ltalian case appears to
be due to different gag sequence variation affecting differ-
ent gag monotarget assays when compared to Cases 1 and
2 of pur study. Another recent publication from Germany
described new genetic polymorphisms in the LTR region
affecting a real-time PCR blood-screening test developed
in house '* Two unrelated HIV-1-positive blood donations
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were missed by NAT, whereas parallel serologic testing was
positive for both donations. The observed ITR sequence
polymorphisms are different from those described in our
study. The implicated in-house assay was subsequently
improved to pick up the LTR polymorphisms. The
CE-marked VSPK v1.1 assay was also modified to detect

the viral variants from Cases 4 and 5 and was replaced by ’

the new CE-marked assay VSPK vl.2. Modification of
monotarget assays may provide an interim solution to
deal with such deficiencies. However, from a conceptual
point of view the inclusioii of a second target region
clearly appears to be the preferable approach long term.
The false-negative results were always obtained with
screening NATs comprising a single amplification system
designed for HIV-1 Group M sequences. The risk of a
false-negative test results appears to be proportionally
lower with more than one amplification target region in a
screening NAT assay, especially for detection of a highly
variable virus like HIV-1. We recognize that there are
monotarget assays without reported mismatch-based
failure in bloed screening;, however, evolution of HIV-1
sequence variants appears unpredictable and may there-
fore affect any NAT assay. The frequency of use in blood
screening impacts the probability for the observation of
adverse events for NAT assays. The risk of a false-
negative screening test result may be directly translated
into the risk of HIV-1 transmission by transfusion if the
donor is in the diagnostic window phase at the time of
donation. We show indirect evidence that reactivity of
dual-target assays may be compromised in the case of
failure of one of the targets; nevertheless, a significantly
lower risk is expected for dual-target assays with the a
second amplification system being able to widely com-
pensate for the complete failure of the other component
when affected by an emerging HIV-1 variant. There is
currently no evidence of a dual-target assay missing one
of the cases described in this study or in related reports.

A recent publication describes a transfusion-associated’

transmission despite dual-target HIV-1 NATY” However,
the authors interpret this incident as being due to the
low HIV-1 RNA concentration during the eclipse period
of early HIV-1 infection. Nondetection of low-level
viremia may still occur with any sensitive NAT system,
This constitutes the nonpreventable residual risk in the
era of NAT. )

The detection failures, due to mismatches in mono-
target HIV-1 NAT assays occured durihg routine blood
screening in two European countries with low HIV-1 rates
in their blood donor populations. We therefore conclude
from our study and from related cases published recently
that dual {or more)-target HIV-1 Group M NAT assays
should be considered for use in blood screening. We
would define a dual-target assay for HIV-1 Group M
screening NATSs as a system where two different amplicons
are generated with different primer sets, with the ampli-
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cons being detected by different probes. It might be of
secondary importance if the different targets are located
within one viral genomic region (e.g., the LTR) or in sepa-
rate regions.

Critical assessment of blood screening
laboratory data

In our view, both blood donation testing laboratories and
NAT kit manufacturers should become aware of and regu-
laxly examine those test results that are not easily inter-
pretable. Such results should include negative NAT tests
for BIV-1, HCV, or HBV with sirnultaneous confirmed
positive anti-HIV-1, ant-HCV, or hepatitisB surface
antigen results, respectively. This constellation of diagnos-
tic markers can occur, with higher probabilities for HBV
(29%} and HCV (26%) compared to HIV-1 (11%), as
recently published for US blood donors.’® The review
should include NAT assays of different design, to be in a
position to identify false-negative results in the screening
NAT. The PEI would be able to provide support by per-
forming more extended analysis of discrepant test results,
with the inclusion of a variety of assays (serologic, NAT).
However, the availability of sufficient specimen volumes
of important cases is often an issue. In our experience,
specimens of great scientific value, identified by screening
of blood donations, have often alieady been destroyed,
after strictly following respective standard operating pro-
cedures, thus preventing follow-up investigations.

Viral sequences used for assay design

The treatment martagement of HIV patients is often
based on sequence information of the po! (i.e., domains
of protease and reverse transcriptase) and env regions.
The use of these sequences for NAT assay design is
limited. There is an urgent need to share newly identified
virus sequences, particularly in the genomic regions tar-
geted by blood screening NAT assays, for example, by
making these sequences available in public databases.
IVD manufacturers may gain knowledge about emerging
viral sequences with respect to their own assays by inves-
tigating customer complaints. In our experience, indi-
vidual IVD manufacturers are sometimes well aware of
circulating variants potentially causing problems in their

assays. Manufacturers may feel uncomfortable making

this sequence information of viral variants publicly avail-
able. Despite commercial competition, it might be of
mutual benefit to share new sequence data, especially for
those manufacturers using similar viral genome regions
as amplification targets. An IVD-specific sequence data-
base dt an independent institution may be helpful both -
for the design of new assays and for the surveillance of
existing assays.
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