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TRANSPUSION COMPLICATIONS

Window-period human immunodeficiency virus transmission to
two recipients by an adolescent blood donor

Ruby Phelps, Kenneth Robbins, Thomas Liberti, Ana Machuca, German Leparc, Mary Chamberland,
Marcia Kalish, Indira Hewlett, Thomas Folks, Lisa M. Lee, and Matthew McKenna

BACKGROUND: Pooled NAT and donor scraening have
reduced the diagnostlc window period lor HIV in tha blood
donor population to-approximataly 10 to 15 days. This

reporl desctibes two cases of transfusion-acquired HIV
Infaction and varllleation of transmission from the donor

old donor acquired her infaction.
STUDY DESIGN AND METHODS: Atter a repeat donar
had a positive HIV last result, two recipients of the donor’s
previous donation were identifled and tested. The donor
and reclpients ware interviawsd and blood samplas were
obtained for HIV DNA sequancing and phylogenetic
analysila,
kEsuLTs: The wo reciplents had positive HIV tesi
ults. Phylogenatic analysls showed a high genetlc
simitarity among the virusas (bootstrap 100%), consistent
with tranamission irom the donor to the reciplents. Four
of five men with whom the donor had sexual contact
during the eritical time period when infection most likely
occurred were located and tested; resulls were negative
for HIV.
CONCLUSIONS: Pooled NAT of blood donatlons has not
sliminated the window patiod for HIV identification during
seroconversion,

10 the reciplents, and attempls to idenily how the 18-year-

efore the Implementation of pooled NAT, esti-

mates of the rlsk for transfusion-transmitted HIV

In the United States varled from 1 in 450,000 to

660,000 for donors with a history of prior
bload donatlon (fepeat donors}. Since implementation of
pooled NAT, thls tisk has been estimated to be I in
2,135,000, In first-time donors, the residual risk of trans-
fuston-transmitted HIV Is estimated to be 1 in 1.2 mililon’
to 1 in 1.8 miilion® In the United States. NAT has been
evaluated through an investigationa! new drug applica-
tion with FDA since March 1999* and has been used in
addltion to the standard tests for HIV including HIV-1/2
EIA and p24 antlgen during the blood donatlon screening
process, NAT has further reduced the window perlod dur-
ing which HIV Is not detectable to approximately 10 to 15
days after the date of Infection,™ Despite these improve-
ments in the detection of HIV in the blood donor popula-

tion, the risk for transmission, although very small, is not -

zero. Therefore, when HIV transmission occurs, it is essen-:
tlal that It be aggressively and systematically Investigated
by public health agencies to identify preventable errors
and etucidate novel or emerging epidemiologic dynamlcs
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that may be amenable to intervention. This report
describes two cases of transfusion-acquired HIV infection,
verification of transmission from the donor to the recipl-
ents, and atternpts to identify how the 18-year-old female
donor acquired her infection,

CASE REPORT

In July 2002, the CDC and FDA were notlfied that a repeat
blood donor had positive HIV test results during the
donor-screening process in May. The donor was an 18-
year-old female high school student in good health,
Screening revealed no risk f; that would preclude
blood donutlon This was the fifth time she had given
blood in the past 8 months during high school blood

drives, Her first donation was on September 12, 2001, in

response to the September 11 terrorist attacks,

Look-back studies indicated that the donor had given
blood in March 2002 and that two persons had raceived
products from that donation, Reclpient A had received
FFP for Internal bleeding; Recipient B had received RBCs
after surgery. The two recipients were notified and tested
for HIV; both were HIV Infected, according to BIA and
Western blot, The March donation, however, had screened
negative for HIV.

MATERIALS AND METHODS

We therefore conducted a laboratory and epidemlologic
investigation to document that the infections in the trans-
fuston reciplents were acquired from blood products that
had tested negative for HIV and to determine the route of
infection for the female donor of these products.

As part of routine screening, blood samples from the
May donation were tested using the General-Probe 16
minipool NAT (General-Probe, San Diego CA), HIV-1 p24
Antigen ELISA Test System (Coulter Corporation, Miami,
£L), and Genetic Systems HIV-1/HIV-2 Peptide EIA (Bio-
Rad Laboratorfes, Redmond, WA). All tests produced
positlve results for HIV. No residual blood samples from
thedonor's March donation were avaflable for testing.
The March donation had been initially tested for HIV
using the General-Probe 16 minlpool NAT, HIV antigen
and HIV 1/2 EIA assays, and all results were negative. FBS
contacted the FDA since General-Probe NAT had been
licensed , In February 2002' and reagents for the
Investigational new drug were still in use during a 6-
month transition perfod. FDA, In turn, contacted CDC.

Verification of transmisslon from donor to raciplents
In July 2002, the donor and reclpients signed a CDC Insti-
tutional Review Board-approved informed consent and
were Interviewed by Florida health department staff using
a questionnaire for HIV risk factors developed by CDC.
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Blood samples for DNA analyses were obtained at the dme
of interview.

CDC and FDA collaborated to perform a comprehen-
sive laboratory DNA analysis of HIV strains from the
donor and Reclpients A and B, CDC did sequencing and
genetic analysis using preparatlons of PBMNCs obtained
from the donor and two recipients by the Florida Depart-
ment of Health the week of July 22-26, 2002, Plasma sam-
ples from the donor and Recipient B and serum from
Reciplent A were drawn by FBS on July 17, 2002, during
the initlal look-back investigation and notification and
waere sent to the FDA.

Nucleic acld was extracted and subsequently amplic
fied and sequenced independently by CDC and RDA with *
ptimers and amplification protocols provided by CDC,
The p17 region (402 bp) of the gag gene and the C2V3C3
region (454 bp) of the envelope gene of HIV were ampli-
fied and sequenced from the donor and reciplents by CDC
and FDA,

The PBMNC specimens sent to the CDC were pro-
cessed for DNA extraction with a kit (QfAamp DNA Blood
minikits, Qlagen, Valencla, CA). Amplification of extracted
DNA was accomplished with Platinum Taq PCR Supermix
(invitrogen, Carlsbad, CA) with nested primers encom.
passing the p17 gene (402 bp) of the gag reglon® and the
C2V3C3 region (454 bp) of the envelope gene.,"" Ther-
mocycling conditlons were as follows: 2 minutes at 94°,
followed by 35 cycles of 30 seconds at 94°, 30 seconds at -
55°, and 1 minute at 72 and a final extension for 5 min-
utes at 72%, § dary PCR ampli were purified with
kits (QlAquick PCR purlfication kits, Qlagen) and subse-
quently sequenced with the nested amplification primers
using a sequencing kit (BigDye TermIinator Cycle Sequenc-
ing kit, Applied Blosystems, Foster City, CA) and an auto-
mated DNA sequencer (ABI 373).

All FDA specimens were processed for RNA {solation
with TRIZOL LS Reagent (Invitrogene, Carlsbad, CA), RT-

" PCR and first-step amplification of extracted RNA was

accomplished with Access RT-PCR system (Promega,
Madison, W1}, Nested PCR was carrled out using Platinum
Taq PCR Supermix. Both amplifications were made using
palrs of primers encompassing the p1? gene {402 bp) of
the gag reglon® and the C2V3C3 region {454 bp) of the
envelope gene.'"™!! Thermocycling conditions were as fol-
lows: 45 minutes at 48°, 2 minutes at 94°, followed by 40
cycles of 30 seconds at 94°, 1 minute at 55°, and 2 minutes
at 68° and a final extenston for 7 minutes at 68° for the RT-
PCR and first step of amplification, and 2 minutes at 94°,
followed by 35 cycles of 30 seconds at 94°, 80 seconds at
55%, and 1 minute at 72° and a finat extension for 5 min-
utes at 72* for the second amplification. Secondary PCR
amplicons were purified using a kit (High Pure PCR Prod-
uct Purification Kit, Roche, Indianapolis, IN) and sub-~
sequently” sequenced with the nested amplification

primers, using a sequencing kit (BigDye Terminator Cycle



Sequencing kit) and an automated DNA sequencer (ABI
310).

For the C2V3C3 reglon, CDC sequenced one PCR
amplified product from the donor, one from Recipient A
and four from Reclplent B. FDA sequenced two PCR-
amplified products from the donor, one from Recipient A
and two from Recipient B. For the p17 gene of gag CDC
sequenced one PCR-amplified product from the donor,
one from Recipient A, and two from Reciplent B. FDA
sequenced two PCR-amplified products from the donor
and two [rom each of the reciplents. The 11 (combined
CDC and FDA) C2V3C3 sequences were aligned and
nucleotide differences genetically analyzed, as were the 10
pl7 sequences.

These gene region sequences were included In sepa-
rate allgnments including contemporary HIV sequences
orlginating from several US citles (p17) or other US strains
avallable from the HIV sequence database (C2V3C3). Phy-
logenetlc tree constructlon utilizing the nefghbor-jolning
and bootstrapping methods contained within paup'? was
then used to assess relatedness of the potential donor and
reciplent sequences in combination with other US strains.

Attempts to Identity how the donor acquired
her Infection

The' donor was interviewed on four dif-

fdfent occasions In an effort to name

and locate all sex partners she had had

during the past year as well as to ascer-

taln any other posslble risk factors for

HIV. C24b8S

RESULTS

C17b98

Veritication of transmission from C12098
CoBbgq C18085

donor to reciplents .

Interviews with the two recipients
revealed no other apparent risk factors
for HIV. Partners of each of the two
Infected reciplents were tested and were
negative for HIV, Laboratory analysis
revealed that 8 of the 11 C2v3C3
sequences from donor and recipients
generated from CDC and FDA laborato-
ries were an exact match, and that
two of the donor sequences had five
nucleotide differences (1.1%) from
the matching eight sequences. One
sequence from Reciplent B had 12 dif-
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reciplents. Two of the donor sequences and one of the
reciplent sequences had one base substitution compared
with the seven identical sequences (0.2%). Phylogenetic
analyses demonstrated that the donor and recipient
sequences formed a monophyletic clade (100% bootstrap
support) distinct from contemporary US sequences in
both the C2V3C3 (Fig. 1) and p17 reglons (Fig. 2). The
small numbers of nucleotide differences seen between the
donor and the reciplent HIV sequences In the C2V3C3
region of the eny, which is the most variable gene, as well
as thelr close assoclation observed In phylogenetic tree
analysis, together with the epidemlologic investigation,
support the hypothesls of transmission from the donor to
both recipients,

Attempts to identity how the donor acquired

her Infectlon )

The donor denled any history of injection drug use and
did not recall any symptoms that would indicate an acute
retroviral iliness. She reported having had vaginal intet-
course with a total of five men. No anal intercourse was
reported. Four of the five partners were located and tested
for HIV; test results were negative. Despite extenslve

C20085

C1e8098  CO7b94

MO7694

C04b95

C10094

C13094 C11094
1

C15095
09084

COBLYS

Donot and teciplents

- 0.01 substitutlons/stie

ferenices (2.6%) from the elght that were  Flg. 1, Phylogenetic relatlonship of the 11 HIV sequences (C2V3C3 reglon of the env

identical, gene) derived [rom the donor and two reciplents, and 20 HIV database subtype B
For the pl7 sequences from both  stralns. Implementation of the nelghbor-joining method with bootstrapping (2000
CDC and EDA laboratorles, 7 of the 10 replicates) wns done In PAUP.' The ber at the node Indicates the percentage of

were an exact match for donor and  bootstrap values.
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Fig. 2, Phylogenetic relatlonship of the 10 HIV sequencea (p17 gene of the gag reglon)
derived from the donor and two reclpients, and 25 HIV subtyps B sequences orlginat-
Ing from several US citiés (and one subtype B sequence [82CAN] from Canada used os
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(2000 replicates) wos done In PAUP." The bers at the nodes indi

ure of pooled assays to detect HIV RNA
has been cited as possible justification
for implementing single-unit testing.'t
Single-unit NAT, although being evalu.
ated in some areas, 13 not generally
avallable due to Jts limited automation
but would likely result in only & modest
shortening of the window period for
detectlon of HIV.® For example, a Euro-
pean study of 3,6 million blood dona-
tions found that no donation positive
for HIV was missed by minipool NAT.
This finding suggests that single-unit
testing would add little, if any, signifi-
cant benefit to transfusion safety, while
incurring significant Increase in cost.”
Denor and In the case described here, the
reclents  young woman did not know that she
was {nfected and did not know the HIV
status of any of her partners, All located
partners were lesa than age 25 years,
She did not consider herself to be at
increased risk for HIV from heterosex-
ual transmission and did not defer her-
self as a donor It has been suggested
that if donor deferral criteria were instl-

tuted to exctude persons with multipla
the percentage

of bootstrap values.

efforts, the one remaining identified partner could not be
found. Most significantly, the untested sex partner had
contact with the donor within the known 10-day marker
negative perlod, when undetected infectlon In the donor
must have been present, The donor and infected reclpi-
ents were counseled and referred for medical care.

DISCUSSION

The public has little tolerance for any risk for HIV trans-
mission from the blood supply.” In the United States,
multiple layers of safety rediice the risk for transmission
of RIV and other bloodborne pathogens; these layers
include voluntary blood donation rather than donation
for monetary gain, educatlon and screening of blood
donors, and laboratory testing of donated blood." How-
ever, despite these extensive and costly measures, trans-
mission during the window perlod does occut, although
very rarely.

This Is the second report of transmission of HIV from
a blood donor durlng the window period since the imple-
mentation of minlpooled NAT [n the United States.'*
Unfortunately, there was no blood remaining from the
March donation to test using a single-unit assay, The fail-
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heterosexual partners, the effect on
transfusion safety would be relatively
minor.” Such criterla would most likely
result In the excluslon of a large number
of potentlal donors who were not infected with HIV, Fur-
ther, our investigation suggests that adolescent donors
may not know they ate at increased risk from heterosexual
transmission and would not self-defer from donatlon,
Finally, the systematic and expanded questioning on four
different occasions that prompted this donor to recall all
of her partners would not be possible in a blood donation
setting,

It is estimated that approximately 54 percent of
women reported with AIDS in 1998 acquired thelr HIV
through sex with a man for whom risk factors for HIV were
not known, including those in the no-identified risk
category who are also estimated to hava been infected
through heterosexual sex."” The inability to identify the
donor's source of exposure represents a continued chal-
lenge In Investigation of cases of heterosexual transmis-
sion for which HIV status of casual partners is very often
not known, and young people do not perceive themselves
to fall into a group at high risk for infection.
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Background and Objectives Blood banks in the USA have recently introduced min-

- ipool nucleic acid amplification testing (MP-NAT) of blood products to reduce the -

transmission of human immunedeficiency virus (HIV) and hepatitis C virus (HCV}) by
transfusions. However, MP-NAT is limited in its ability to detect preseroconversion
samples with very low viral RNA loads.

Materials and Methaods "To determine whether a red blood cell unit, from an MP-
NAT-negative donation, transmitted HIV when transfused to a patient, we compared
the viral sequences from the blood donor and recipient. The implicated donation was
also tested by commercially available NAT assays at a range of dilution factors to
determine whether the infectious unit could have been detected using individual-
donation NAT (ID-NAT).

Results Phylogenetic linkage of HIV sequences in the blood donor and recipient con-
fumed the transmission of HIV by blood transfusion, the fust such case identified
since introduction of MP-NAT screening in 1999. Viral RNA was reliably detected by
ID-NAT, but only inconsistently detected by MP-NAT. ‘
Conclusions Even following the introduction of MP-NAT, a preseroconversion dona-
tion with a viral load of < 150 copies of RNA/mi went undetected and resulted in an
HIV transmission. implementation of ID-NAT will further reduce such rare transmis-
sions, but at a considerable cost per infectious unit interdicted.

Key words: blood donation, HIV, nucleic acid testing, transfusion.

Intraduction

period units [1,2). Owing to the limited throughpur capacity
of semiautomated testing equipment, NAT was initially

In 1999, United States (US} blood banks implemented nucleic
acid amplificadion testing (NAT) of blood donations to reduce
human immunodeficiency virus (HIV) and hepatitis C virus
{HCV) transmissions by infectious, preseroconversion window-

Correspondence: Michael P. Busch, MD, PrD. Vice President, Research,
Blood Systems Research instituze, 270 Masoric Avenue, San Francisco,
CA 94118, USA

E-mail: mpbusch@itsa.ucsfedu

implemented and is currently performed primarily using
minipools comprising 16-24 units of plasma (MP-NAT).
Although NAT screening has not yet been formally mandated,
over 37 million blood donations were screened in the US from
mid-1999 to April 2002 (ihe most recent period for which
national NAT-yield data has been compiled) [3). This has resulted
in the detection of 12 HIV (1 : 3-1 million) and > 170 HCV
(1 : 270 000), RNA-positive, antibody-negative donations [2].

Prior to the introduction of routine MP-NAT, a publication
reported HIV transmission via a window-phase donation,

1m
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from a donor in Singapore {4]. The recovered plasma from
this donation was subsequenily shown to contain 5-33 HIV
RNA molecules/ml, and dilutional. studies were performed
which demonstrated that this unit would have been missed
by MP-NAT, but probably would have been detected by
individual-donor NAT (ID-NAT) assays that are now employed
for screening in the US {4]. We report the first observed case
of HIV transmission by a blood product that was tested pro-

' spectively by MP-NAT prior to transfusion.

Materials and methods

Donor and recipient follow-up and consent
procedures

Following documentation of HIV seroconversion of a repeat
whole-blood donor, the donor was notified of his HIV
infection status, interviewed and the medical history and
testing records from prior donations reviewed. Hospitals
issued with blood components from prior donations were
notified according to HIV ‘look-back’ procedures specified by
the Food and Drug Administration (FDA}. The hospital trans-
fusion service medical directors and transfusing physicians
then traced and, if alive, notified and offered HIV testing
to exposed recipients. The NAT screening programme at
the South Texas Blood and Tissue Center was reviewed and
approved by a Committee for Human Research and the FDA
{IND #BB-IND 8361). The implicated donor and infected
recipient each signed informed consent documents to permit
testing.

Donor screening procedures

The donor underwent all routine medical history and labora-
tory screening procedures, as required by the FDA, including
enzyme immunoassay (EIA} screening for-HIV antibody and
p24 antigen (Abbott Laboratories, Abbott Park, IL). Investi-
gational MP-NAT (developed and performed at the South
Texas Blood and Tissue Center, San Antonio, TX) was
performed on acid-citrate-dextrose (ACD)-anticoagulated
whole-blood samples, taken from the blood bag after collec-
tion and mixing, which was then centrifuged to yield ACD
plasma (= 20% dilution by liquid anticeagulant). The frozen
recovered plasma component from the implicated donation,
which was retrieved for viral load assessment and to evaluate
the impact of pooling on HIV RNA detection, had this same
dilution factor. This plasma component had been prepared
from ACD whole blood by centrifugation and was frozen at
a temperature of equal to or less than —30 *C within 15 h of
phlebotomy, according to the standard operating procedures
of the blood centre. The plasma was subsequently thawed and
rapidly refrozen {at—70 °C) twice prior to viral load and dilu-
tional NAT testing.

NAT assay procedures

The non-commercial HIV NAT assay performed on the impli-
cated donation involved the processing of 1-8 ml of plasma
from 24-member minipools {75 pul per donation) that had
been prepared using an automatic pipetting system. Samples
were treated with proteinase K and sodium dodecyl sulphate
(SDS) to lyse the viral particles, followed by guanidine

- isothiocyanate and Triton-X- 100 extraction of nucleic acids.

Nucleic acids were isolated using silica beads in the presence
of a chaotropic salt. HIV RNA amplification used primers
to the lighly conserved gag gene and a one-step reverse
transcription>-polymerase chain reaction (RT-PCR). Amplicons
were resolved using agarose-gel elecrrophoresis with ethidium
bromide staining. Bovine viral diarthoea virus, used as an
assay internal control, was added directly to each pool sample
and extracted and assayed in parallel using the RT-PCR
assay. The analytical sensitivity of this assay was established
as part of pre-IND studies by serial dilution of the FDA's
HIV RNA Standard Panel member no. 3 {which contains
25 000 copies of HIV RNA/ml) to a concentration of 100 HIV
RNA copies/ml. Nine replicates of this dilution were evalu-
ated by the HIV assay’s procedure in three different test runs.
All nine replicates tested positive for HIV RNA, supporting
a 95% sensitivity of at least 100 copies/ml, as required by the
Center for Biologié Evaluation and Research (CBER) for HIV
NAT (FDA IND # BB-IND 8361). Commercial NAT assays
were performed by the assay manufacturers on coded panels
that included controls, the implicated plasma donation,
and replicate aliquots of 1 : 8, 1: 16 and 1 : 24 dilutions {for
the two whole-blood NAT assays)ora 1 : 512 dilution {for the
source plasma NAT assay) of implicated plasma from the
recovered plasma component prepared using HIV-negative
donor plasma. The assays were performed by the National
Genetics Institute, Los Angeles, CA (NGI Ultraqual™ and
Superquant™ Assays); GenProbe Incorporated, San Diego, CA
{Chiron Procieix™); and Roche Molecular Systems, Pleasanton,
CA (HIV Ampliscreen™). Detailed methodology and
validation data for these assays were as published previously
5-71.

HIV sequencing and phylogenetic analyses

"The blood donation collected 3 months after the implicated
donation had a plasma HIV viral load of 19 800 RNA copies/ml
{COBAS Amplicor HIV-1 Version 1-5; Roche Molecular
Systems, Pleasant, CA, USA). The follow-up donation was used,
in a nested RT-PCR, to amplify HIV-1 gag p17 {8] and env
V3 {9] regions. A recipient blood sample collected 47 weeks
following the transfusion, and after the patent initiated
antiretroviral therapy, had a viral load of < 50 copies/ml; we
therefore extracted genomic DNA from purified peripheral
blood mononuclear cells (PBMCs) obrained at that time point
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and amplified the same two regions of HIV by nested PCR.
Nudleic acids were extracted and PCR tubes were set up on
different days for the two different subjects using a pre-
amplification room free of amplified HIV products. Two to
four independent nested PCR products (amplicons) were
generated from both subjects at hoth loci and the amplicons
were directly sequenced using an automated DNA sequencer
{GenBank accession numbers: AY062239-AY062249). The
maximum-likelihood (ML) phylogenetic analysis was per-
formed on Nirvana, a 2048-processor cluster of SGI Origin
2000 systems (Silicon Graphics, Mountain View, CA, USA), and
on a dual-processor Pentium Il computer provided by the
Advanced Computing Lahoratory, Los Alamos National Labor-
atory {Los Alamos, NM). The ML analysis was performed using
versions of fastDNAmI (10,11] and DNArates (G. J. Olsen,
S. Pracht, and "R. Overbeek, unpublished data [http://
getalifeuiuc.edu/~gary/programs/DNArates html]), modified
as described previously [12). Maximum parsimony trees were
constructed using pave 3-2 [13]. Neighbour-joining phylo-
genetic trees were constructed with the pHYLIP programs
DNADIST (using the maximum-likelihood f84 model of base
substitutions, transition : transversion ritio 17 for gag and
1-5 for env) and NEiGHBoUR (using subtypes A and D as out-
groups to the subtype B clade) (hitp://evolution.genetics.
washington.edu/phylip.html} [10]. One-hundred bootstrap
replicates were performed with the rivir segboot and con-

sense programs. Donor and recipient sequences were com-

pared against the entire HIV-1 sequence database using the
BLAST program at the HIV Database (htip:/fhiv-web.lanl.gov/
content/hiv-db/BASIC_BLAST/basic_blasthtml) to identify
the sequences with the greatest similarity to donor and
recipient sequences.

Results

Seroconversion of a recent blood donor

A whole-blood donation (in late Augusi 2000) from a
32-year-old male whe did not admit to any disqualifying
risk behaviour, was tested for antibodies to HIV, p24
antigen, and HIV and HCV RNA using a locally developed,
non-commercial NAT assay on a pool of 24 donations.
The donation sample was negative in all assays and there-
fore released for transfusion. The same donor gave whole
blood again in December 2000. This donation tested posi-
tive for HIV RNA by MP-NAT (resolved to the individual
donation) and antibody assays (EIA repeat reactive;

' Western Blot positive with p24 and gp120/160 bands only,

consistent with recent seroconversion), but was negative

~ for p24 antigen and all other viral markers. Following

notification and counselling, the donor again denied all
deferrable HIV risk behaviours and had no history of an
acute infection.

© 2004 Blackwell Publishing Ltd. Var Sanguinis (2004) 86, 171177
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Fig. 1 Timeline of samples analysed and mentioned in the text.

Identification of a newly infected blood-praduct
recipient’

Lookback investigation of this donor’s previous donations
identified a patient who had been transfused in early Septemi-
ber with red blood cells (RBCs) prepared from the late August
donation (a platelet component was prepared but not trans- -
fused, and a recovered plasma component w3s prepared and
shipped to Europe for pooling and fractionation). The patient
also received eight other RBC units and six units of fresh-
frozen plasma during this hospitalization; none of the donors
of these units subsequently tested positive for HIV antibody,
antigen or RNA. In early February 2001, the transfused.
patient, who denied all other HIV risk factors, was tested and
found to be HIV seropositive. His viral load was 29 716 copies/
ml, and an antiviral regimen, consisting of efavirenz, d4T
and 3TC, was started. As no frozen sample had been retained
from the recipient’s initial diagnostic sample, he was resam-
pled 47 weeks post-transfusion, at which time he remained
asymptomatic and had a plasma HIV viral load of < 50 cop-
ies/ml. Figure 1 shows the timeline of donations, transfusion
and sample acquisition.

Genetic linkage of HIV in the blood donor and
recipient

In order to test whether the RBC recipient was infected with
HIV in the transfused blood product, the gag p17 and env V3
regions from the blood donor and recipient viruses were
sequenced. All seven independently generated, directly”
sequenced, PCR amplicons from the 536-bp p17 region {four
from the donor and three from the transfused patient) were
identical. The most dosely related p17 sequence in the Los
Alamos HIV database differed by 26 mutations, or > 4-8%.
Two independent PCR amplicons were also generated from
each subject from the more rapidly evolving env V3 region.
The 513-bp region amplicons were identical within individ-
uals and differed between donor and recipient by 13 substi-
tutions {2-5%). The most closely related sequences in the Los
Alamos HIV database differed by 43 and 40 substitutions
from the blood donor and recipient, respectively (> 7-7%).
The low level of sequence difference between the env
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sequences is consistent with divergent viral evolution having
occurred between the transfusion and collection of the sam-
ples used for genetic analysis {fig 1) [8]. Except for one mixed
base in one p17 amplicon, all sequencing electtophoregrams
from both loci showed homogenous viral populatons without
minor variant nucleotide base peaks. Phylogenetic analyses
using three methods (maximium likelihood, neighbour-
joining, and maximum parsimony) [10,12,13] all showed that
the donor and recipient sequences formed a monophyletic
clade to the exclusion of all other subtype B sequences.
One-hundred bootstrap replicates of the data set, analysed by
both the maximum likelihood (Fig. 2) and neighbour-joining
methods {data not shown), showed 100% bootstrap support
for the donor-recipient clade in the gag and env trees. The
phylogenetic analyses are therefore consistent with HIV
transmission as a result of the RBC transfusion from the
implicated donor.

Inconsistent detection of the infectious unit uéing
the current 16-24 sample MP-NAT

In order to test the ability of commercial NAT assays to detect
such an infectious donation, frozen plasma from the impli-
cated donadon was retested mneat (without further dilution)
and using dilutions consistent with minipool sizes currently
used in MP-NAT screening. Three different assays were eval-
uated. The only currently licensed NAT assay for commercial
source plasma donations (National Genetic Insdrute, Los
Angeles, CA} was HIV RNA negative in the standard 512-
member pool size used for pooled source plasma. A quanti-
tative assay performed using undilured plasma at the
National Genetic Institute measured a viral load of 150 RNA
copies/ml {180 copies/ml after adjustment for 20% dilution
in ACD plasma). Using the two commercially available
assays for whole-blood donations [both under IND at the
time of testing], a significant fraction of replicate testing
at 1:16 and 1 :24 dilutions (representing the current
blood-bank pool sizes) failed to yield detectable HIV RNA.
The same assays were positive using undiluted plasma
{Table 1).

Discussion

' These resulis demonstrate that very low-level HIV viraemia
during the preseroconversion window period is infectious by
blood transfusion, and confirm that, as predicted, a very small
risk of transfusion-associated HIV wansmission remains,
even after screening with MP-NAT. It is important, however,
to place this case report in context. During the 3-year period
following implementation of MP-NAT screening in the USA,
more than 35 million units of donated blood have been
screened for HIV and HCV RNA by MP-NAT, and more than
50 million MP-NAT-negative blood components have been

Table 1 Results of testing of plasma from the implicated transmitting
donation by twe commercially available whole-blood nudeic acid
amplification testing {NAT) systems {Chiron/GenProbe Procleix and Roche
HIV Ampliscreen) i

NAT pasitive/replicates

Dilution of

recovered plasma Assay 1 Assay 2 Tatat
Usadiluted 11 3f3 444 (1009%)
18 33 8/ 112 (92%)
116 3 &l9 8/12 {67%)
124 13 2{9 3{12(25%)
Negative control of3 0/9 0/12 {0%).

A 13-member coded panct was evaluated, which induded undiluted plasma
and triplicate aliquots representing dilutions consistent with currently used
minipool NAT screening. Assay 1 used the entire 0-5 ml of each panel
member to generate a single result per afiquot, whereas for assay 2 the
plasma extract was divided into three parts and triplicate human
immunodeficiency virus (HIV) RNA assays were performed.

transfused- into > 20 million patients. The present case of
HIV transmission by an MP-NAT-negative unit, collected
mid-2000, was the first MP-NAT breakthrough infection to
be documented in the USA, with two additional HIV break-
through cases {one of which infected two recipients and the
other one recipient) and one HCV breakthrough case subse-
quently observed in 2001 and 2002 {14} (Minutes of the FDA.
Blood Products Advisory Committee, September 12, 2002)
{15]. One case of HCV transmission, missed by MP-NAT, was
also recently reported in Gertnany [16], and one case of HIV
transmission has been reported in France {17). Although
these cases are disturbing, the rarity with which they have
been observed confirms that the residual risk of viral infec-
tions from transfusions is extremely small, and represents
remarkable progress relative to the risks for HIV and HCV
transmission that exceeded 1 in 1000 prior to the introduc-
tion of antibody screening in the 1980s [18,19] and risks in
the range of 1 in 100 000 in the mid-1990s prior to MP-NAT
{20
The rapid introduction of MP-NAT over the past several
vears in the USA and many other developed countries thus
represents a significant advance in applying molecular
technologies to improve blood safety. At least 98% of US
blood collections are now tested using 16-24 member min-
ipool NAT for HIV and HCV RNA. Most other developed
countries have also implemented MP-NAT screcning of
whole-blood donations using pool sizes ranging from four to
. 96 donations per pool [21]. Application of sample pooling
strategies, as opposed to individual-donation screening, was
required to expeditiously introduce NAT owing to the limited
capacity of specially designed testing facilities and semiau-
tomated instrumentation, and limited availability of reagents
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and personnel trained to perform high-volume and rapid
turnaround-time NAT screening {1]. The only blood pro-
grams in the USA that are currently performing routine
ID-NAT are the Department of Defense {DOD) blood banks,
which implemented ID-NAT in 1999, and the National
Institutes of Health (NIH) Blood Bank and Oklahoma Blood
Institute (OBI)}, which initiaily used MP-NAT but converted to
ID-NAT in mid-2002. These programs collect and test rela-

tively small numbers of blood units {< 20 000 units per year

per site at the DOD and NIH programs and = 150 000 dona-
tions per year at the OBI), compared to the majority of NAT
screening laboratories which process 200 000 to > 1-5 million
donations per year.

It is anticipated that improvements in existing sample ex-
- traction and amplification and detection systems, and future
development and the FDA licensure of fully automated,
high-throughput NAT-screening instruments, will enable
the universal evolution from MP-NAT to ID-NAT screening
over the next few years, as well as implementation of NAT
screening for hepatitis B virus, West Nile virus and other
viral agents [1]. Anticipating this transition, the FDA recently
approved one NAT screening system (Chiron/GenProbe
Procleix Assay) for either minipool or individual-donation

screening for HIV and HCV RNA. However, the FDA has not"

recommended that [D-NAT be implemented in preference
to MP-NAT at the present time, and the FDA Blood Products
Advisory Committee, which reviewed the MP-NAT break-
through cases at its September 2002 meeting, endorsed MP-
NAT as the current standard of practice pending development
and licensure of automated ID-NAT platforms {1].

it is possible that additional cases of HIV and HCV trans-
mission have occurred since MP-NAT screening was intro-
duced but have not been detected, as not all infected donors
return o allow identification of seroconversion which
triggers recipient lookback, and transfused patients are not
routinely monitored for transfusion-transmitted infections.
Based on incidence window-period models, it is estimated
that as many as one per 2-3 million units (four to six dona-
tions per vear in the US) are given by very recently infected
donors with low-level viraemia that would test ID-NAT
positive, but MP-NAT negative, for HIV or HCV [1]. These
projections, and the cases of confirmed breakthrough trans-
missions, support the potential value of moving from MP-
NAT to ID-NAT. However, there are multiple factors that must
be weighed into that decision, including the logistics of
increasing test throughput 16-24-fold, and the incremental
cost and cost-effectiveness of [D-NAT vs. MP-NAT.
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First human immunodeficiency virus-1 group O
infection in a European blood donor
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From 1 May 2004, nudleic acid amplification testing (NAT)
for human immunodeficiency virus-1 (HIV-1} will be man-
datory in Germany for all blood donations [1]. We report the
failure of standard HIV-1 NAT to detect HIV-1 group O infec-
tion in a German blood donor.

© 2004 Blackwell Publishing

At his first donation (28 August 2003) a 37-year-old
Caucasian man failed to report spedific risks for transfusion-
transmitted diseases. On retraspective questioning, however,
he admitted 1o unprotected sexual contact with a Kenyan
woman 9 years earlier, which would have led to permanent
exdusion from blood donation.

The initial negative HIV-1 NAT was performed in a six-
sample pool using an in-house-method approved by the Paul
Fhrlich Institute (the regulatory authority in Germany). Results
of additional tests performed owing to a positive result in the
HIV1/2 antibody test are summarized in Table 1. Sequence
analysis revealed HIV-1 group O infection (Fig. 1).

in Europe, HIV-1 group M subtype B is predominant, while
the prevalence of non-subtype B HIV-1 infections is increasing
as a result of global travel and migration [2]. The residual risk
of transfusion-transmitted HIV-1 infection in Germany is low
{< 1 : 1 000 000 [3] and will be further reduced by obligatory

Table 1 Resuits of sequential testing for human immunodeficiency virus (HIV) infection

Markers of HIV infection

Resutt Assay Manufacturer
Anti HIV-1/2 Positive AXSYM HIV 1/2 gO* Abbott Diagnosﬁké
Pasitive Murex HIV 1-2-0 Abbott Diagnostika
Anti HIV-1/2-19G/p24 Positive Vidas HIV DUO bioMerieux
HIV-1 antigen (p24) Negative Elecsys HIV Ag Roche Diagnostics
HIV-1-1gG Immunoblot Positive® New LAV Bio-Rad Laboratories
HIV-2-1gG Immunotlot Negative® New LAVl Bio-Rad Laboratories
HIV-1 NAT Negative Tagman RT-PCR? in house
Negative Cobas AmpliScreen HIV-1 Test, v1-5 Roche Diagnostics
Negative Versant HIV-1 RNA 3-0 Assay (bDNA) Bayer Health Care
Positive p31 (integrase) RT-PCR In house

*Assay used for donation screening.
%Strang staining of p24/25, gp160; faint staining of p34, p40, pS5.
‘Staining of p26.

denor :aattacaaaaacaaatttttaaaattrcaaaaatttcaggtctattacagagacagcagag 634

| SRR RN AR AR AR NN AR DRRRARARARRRNERE

98CMAG10:aattacaaaaacaaatttttaaaattcazaaatttcaggtctattacagagacagcagay
Fig. 1 Sequence analysis. Danor human )
immunodeficiency virus (HIV-1) scquence {bases
635-829 of the integrase gene) aligned to the
known HIV-1 group O isolate, 98CMAQ10, from
Cameroon (GenBank accession no. AF422215;
numbering according to HXB2 integrase).

Alignment was performed using HIV suast szarch;

dcrer :atcctatttggaaaggaccggcacagctectgtggaaagatgagggagcagtagtcatac 754

PO R T L i i e

9BCMAO1G :atcctatitggaaaggaccggcaragetcetgtggaaaggtgagggageagtagtoatac

donor :aagaztaaaggagacattaaggtagtaccaagaaggaaggcaaaaataattagacattatg 814

PHLLE P T O e R e = e |

: T
98CMAO10:aagatazaggtgacattaaggtagtaccaagaaggaaggcagaaataattagacatiaty

HIV subtyping was performed using the sust Hiv-1  9020r ??Tﬁ'ﬁﬁ‘ﬁ?ﬁ? 823
subtyping toal. 98CMA01C :gaaaacagatggcag
44
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implementation of HIV-1 NAT. Owing to the genetic diversity
of HIV-1, NAT methods designed to detect group M are not
always reliable in the diagnosis of group O infections.
Therefore, antibody testing using ‘third-generation® assays,
whose sensitivity has been enhanced to group O, remains
indispensable. The question of whether or not to include
group O in HIV-1 RNA testing should not be answered on
the basis of only one case. However, this case emphasizes the
need for continuous surveillance of HIV-1 variants outside
endemic areas.
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