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ABSTRACT

Background and Methods The Sydney Blood Bank
Cohort consists of a blood donor and eight trans-
fusion recipients who were infected before 1985 with
a strain of human immunodeficiency virus type 1
(HIV-1) with a deletion in the region in which the nef
gene and the long terminal repeat overlap. Two re-
cipients have died since 1994, at 77 and 83 years of
age, of causes unrelated to HIV infection; one other
recipient, who had systemic lupus erythematosus,
died in 1987 at 22 years of age of causes possibly re-
lated to HIV. We present longitudinal immunologic
and virologic data on the six surviving members and
one deceased member of this cohort through Sep-
tember 30, 1998.

Results The five surviving recipients remain asymp-
tomatic 14 to 18 years after HIV-1 infection without
any antiretroviral therapy; however, the donor com-
menced therapy in February 1999. In three recipients
plasma concentrations of HIV-1 RNA are undetect-
able (<200 copies per milliliter), and in two of these
three the CD4 lymphocyte counts have declined by
9 and 30 cells per cubic millimeter per year (P=0.3
and P=0.5, respectively). The donor and two other
recipients have median plasma concentrations of
HIV-1 RNA of 645 to 2850 copies per milliliter; the
concentration has increased in the donor (P<0.001).
The CD4 lymphocyte counts in these three cohort
members have declined by 16 to 73 cells per cubic
millimeter per year (P<0.001). In the recipient who
died after 12 years of infection, the median plasma
concentration of HIV-1 RNA was 1400 copies per mil-
liliter, with a decline in CD4 lymphocyte counts of 17
cells per cubic millimeter per year (P=0.2).

Conclusions After prolonged infection with this
attenuated strain of HIV-1, there is evidence of im-
munologic damage in three of the four subjects with
detectable plasma HIV-1 RNA. The CD4 lymphocyte
counts appear to be stable in the three subjects in
whom plasma HIV-1 RNA remains undetectable.
(N Engl J Med 1999;340:1715-22.)
©1999, Massachusetts Medical Society.

T is well recognized that host and viral factors
modify the rate at which infection with the hu-
man immunodeficiency virus type 1 (HIV-1)
progresses to the acquired immunodeficiency
syndrome (AIDS). Identified host factors include
age!* and genetic background.58 The nef gene is a
major determinant of virulence in primate lentivirus-
es. Strains of simian immunodeficiency virus (SIV)
lacking the nef gene have been shown to be less
pathogenic in macaques and to replicate less well in
vivo than isogenic strains with an intact #zef open
reading frame.® Kirchhoft et al. reported a single
case of long-term, factor VIII-transmitted, nonpro-
gressive infection due to a strain of HIV-1 with de-
letions in the proximal zef gene and the region in
which the ne¢f gene and the long terminal repeat
(LTR) overlap that were distinct in size and exact
position from those of the virus infecting persons in
the Sydney Blood Bank Cohort.!°® The Sydney Blood
Bank Cohort is a group of HIV-1-infected persons
with apparently nonprogressive HIV infection, com-
prising a blood donor and eight persons who received
transfusions of blood products from that donor. The
group was first described in 1992.11 Subsequently,
these subjects were shown to be infected with a strain
of HIV-1 (subtype B) with a conserved deletion of
150 or more base pairs (bp) in the nef~LTR overlap
region and with duplications and rearrangements of
nuclear factor-kB (NF-«kB) and Spl transcription
factor binding sites in the LTR.12
We present a comprehensive analysis of all the lon-
gitudinal immunologic and virologic data available
on this unique cohort through September 30, 1998.
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METHODS
Subjects

The recipients and the donor in the Sydney Blood Bank Co-
hort were traced by the Australian Red Cross Blood Service—New
South Wales. The recipients had received transfusions of HIV-1-
infected blood products donated before May 1985, when univer-
sal screening of blood products for HIV was introduced in Aus-
tralia. For the recipients, the time since infection was calculated
from the date of transfusion with the HIV-l-infected blood
product. For the donor, it was estimated as the midpoint between
the date of collection of the last identified negative donation (i.e.,
that resulting in no HIV infection in the recipient) and the first
identified positive donation (that resulting in HIV infection in
the recipient) (Table 1). Three recipients (Recipients 5, 8, and 10)
have died, and their medical records have been reviewed. The case
of Recipient 8 has already been reported.!! This patient’s medical
records were reexamined, and further data were obtained. Permis-
sion to perform an autopsy on Recipient 5 was refused, but the
death certificate was reviewed and the treating physician was in-
terviewed. An autopsy was performed on Recipient 10, and the
treating physician was interviewed.

Laboratory Testing

The absolute numbers of circulating lymphocytes were enu-
merated with a Coulter S Plus IV counter (Coulter, Hialeah,
Fla.). The proportions of T-lymphocyte subgroups were deter-
mined by the whole-blood lysis method (Q-Prep, Coulter). The
percentages of CD4 and CD8 lymphocytes were determined by
direct immunofluorescence with monoclonal antibodies (Ortho
Diagnostics, Raritan, N.J., and Coulter) and expressed as the
numbers of CD4 and CD8 cells per cubic millimeter. Concentra-
tions of HIV-1 RNA in plasma (viral load) were measured with
the Amplicor HIV-1 Monitor kit (Roche Diagnostics, Nutley,
N.J.). Blood for RNA quantification was collected in acid—cit-
rate—dextrose anticoagulant, plasma-separated within six hours,
and stored at —80°C until it was thawed for assay.

The nef~LTR region of the HIV-1 provirus was amplified by
triple-nested or booster polymerase chain reaction (PCR) from
genomic DNA extracted from peripheral-blood mononuclear
cells.!2 The region was cloned and sequenced as previously de-
scribed.’® The CCRS5 gene was analyzed for the previously de-
scribed 32-bp deletion (A32) in genomic DNA from the subjects’
peripheral-blood mononuclear cells by the method of Dean and
colleagues.> Genotype determination for the stromal-derived fac-
tor (SDF-1) and CCR2 alleles was performed by PCR amplifica-
tion and restriction-fragment—length polymorphism analysis as
described in the literature.!+!5 Virus was isolated by techniques
based on those of Neate et al.,'¢ with the following modification:
peripheral-blood mononuclear cells from selected donors were
phytohemagglutinin-activated and then cocultured with fresh pe-
ripheral-blood mononuclear cells from the Sydney Blood Bank
Cohort that had been separated by Ficoll-Hypaque density-gra-
dient centrifugation, and 20 percent of the cell population was
treated on day 0 with ultraviolet irradiation.!” Viral replication was
quantified by extracellular soluble p24 production according to
the manufacturer’s instructions (Organon Teknika, Durham, N.C.).

Statistical Analysis

Changes in T-cell subgroups, circulating lymphocytes, and viral
load with time were assumed to be linear, and regressions were
calculated by the least-squares method on the basis of 11 deter-
minations for Recipient 4 and between 17 and 39 determinations
for the other members of the cohort. The data were analyzed
through September 30, 1998. Statistical analyses were performed
with Stata statistical software (release 5.0, Stata, College Station,
Tex.). All reported P values are two-sided.

RESULTS
Epidemiology
The donor and six recipients (Recipients 7, 8, 9,

10,12, and 13) were identified before 1992 from the
Transfusion Acquired HIV Registry in New South

TABLE 1. OUTCOME IN 13 PERSONS WHO RECEIVED BLOOD PRODUCTS FROM THE DONOR BETWEEN 1980 AND 1984.*

AGE AT
REeCIPIENT  DATE OF DATE OF INDICATION FOR HIV INFECTION
No. BIRTH SEX TRANSFUSION TRANSFUSION ProbucT INFECTION (YR) OTHER INFORMATION
1t 7/10/17 NA 8,/20/80 NA Red cells No —
2t NA NA 11/12/80 NA Red cells No —
3t NA NA 11/16/80 NA Plasma No —
41 2/23/46  Male 2/11/81 Motor vehicle accident Red cells Yes 34
5t 9/30/17 Female 4/29/81  Coronary-artery bypass Red cells Yes 53 Died 10/17 /94
6t 1/14/38 Female 7/13/81  Renal dialysis Red cells No —
7 7/11/37  Male 1/2/82  Coronary-artery bypass Red cells Yes 44 Prednisone for asthma
since 1/95
8 12/21/64 Female 12/30/82 Renal failure Platelets Yes 18 Died 4,/24/87
9 3/20/26 Female 5/4/83  Acoustic neuroma Red cells Yes 57
10 10/12/12  Male 8/31/83 Colectomy Red cells Yes 71 Died 11/11/95
11 3/19/74 Female 3/9/84 Thalassemia Red cells No —
(triple-washed)
12 6/9/54 Female 6/11/84 Antepartum hemorrhage Red cells Yes 30
13 2/17/28  Male 7/24/841 Acute hematemesis Red cells Yes 56 Insulin-dependent

diabetes, hepatitis C

*NA denotes not available.
1The recipient was identified after October 1992.

fThere were no more transfusions from the donor after this date.

1716 June 3, 1999
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Wales, Australia.!! Two more recipients infected by
blood products from the donor (Recipients 58 and
419) were identified in 1993 and 1996, respectively.
A total of 13 persons who received blood compo-
nents from the donor between August 1980 and the
last donation in July 1984 have been identified (Ta-
ble 1). Three recipients (Recipients 1, 2, and 3) who
received blood products between August and De-
cember 1980 are HIV-seronegative. The first recip-
ient to become infected (Recipient 4) received the
donor’s next donated unit in February 1981. Only
2 of the 10 units transfused after February 1981
failed to transmit HIV-1 (in Recipients 6 and 11).
Repeated testing of both these recipients by enzyme
immunoassay and immunoblotting has failed to de-
tect antibodies to HIV. In addition, peripheral-
blood mononuclear cells from Recipient 6 lacked
HIV-specific cytotoxic T lymphocytes (Dong T, Row-
land-Jones S: personal communication). After re-
viewing all available medical and transfusion records,
we could not confirm that the donated unit, although
it had been cross-matched for Recipient 6, had ac-
tually been transfused. Recipient 11 received a unit
of erythrocytes that had been triple-washed, a pro-
cedure known to remove HIV-1 in some instances.?°
Additional tracing identified eight deceased recipi-
ents who had received units from the donor between
February 1981 and late 1984 and who had died from
causes clearly related to their original diagnoses.

In two of the three recipients who have died (Re-
cipients 5 and 10), the causes of death were clearly
unrelated to HIV infection. Because they were not
described in our original report,!! the findings in these
two patients as well as those in Recipient 4 are pro-
vided below. In addition, further details on the third
deceased recipient (Recipient 8) are given.

Findings in Recipients 4, 5, 8, and 10

Recipient 8 was infected with HIV by a blood
transfusion on December 30, 1982, and died of com-
bined Prenmocystis carinii and pneumococcal pneu-
monia in April 1987. When systemic lupus erythe-
matosus was diagnosed in August 1982, the patient
was given prednisone (60 mg per day, reduced to 20
mg per day). In late 1984, she had a severe exacer-
bation of systemic lupus erythematosus, with pul-
monary vasculitis and marked hemoptysis, while tak-
ing prednisone (20 mg per day). She was hospitalized
and treated intravenously with prednisone (2 g per
day) and cyclophosphamide (200 mg per day). She
was discharged with a prescription for oral prednisone
(15 mg per day), but compliance was erratic. Her
condition worsened, and from May 1986 to February
1987 she was treated with azathioprine (100 mg per
day) and prednisone (15 mg per day). In February
1987, the dose of prednisone was increased to 60 mg
per day and the dose of azathioprine to 150 mg per
day. The patient was hospitalized on March 20, 1987,

with respiratory symptoms. Her total lymphocyte
count was 300 cells per cubic millimeter. A sample
of sputum obtained soon after admission was nega-
tive for P. carinii. Because of severe systemic lupus
erythematosus, she was given a single intravenous dose
of 850 mg of cyclophosphamide and 400 mg of in-
travenous hydrocortisone per day, and her total lym-
phocyte count subsequently decreased to 100 cells
per cubic millimeter. She did not receive P. carinii pro-
phylaxis. P. carinii pneumonia developed on April 3,
1987, and pneumococcal pneumonia coinfection was
diagnosed later. On April 15, 1987, nine days before
the patient died from respiratory failure, a diagnosis
of HIV infection was made, and her first and only
lymphocyte-subgroup analysis revealed 90 CD4 lym-
phocytes per cubic millimeter at a time when she
had a total lymphocyte count of 700 per cubic mil-
limeter. Two years before her death, a blood sample
had been collected, and genomic DNA from periph-
eral-blood mononuclear cells had been stored at
—20°C. HIV-1 nef~LTR sequences were identified
in this sample only after a fourth round of nested
PCR amplification. Analysis of the PCR products
showed deletions and mutations in the #ef~LTR re-
gion that were characteristic of the Sydney Blood
Bank Cohort attenuated quasispecies of HIV-1 (data
not shown).

Recipient 5, also deceased, was infected in April
1981 from a transfusion of erythrocytes given during
coronary-artery bypass surgery. She was identified in
1993 and died on October 17, 1994, at the age of
77 years, from metastatic gastric cancer unrelated to
HIV infection. The immediate cause of death was
acute hepatorenal syndrome secondary to carcinoma
of the stomach, with liver metastases for 18 months.
This recipient had no clinical or laboratory signs of
HIV progression, and her only CD4 lymphocyte
count, obtained 12 years after infection, was 770
cells per cubic millimeter. She also had a host geno-
type recently identified!* as being associated with
delayed progression to AIDS — a homozygous 3" A
mutation in the SDF-1 3, gene (data not shown).

The third deceased recipient, Recipient 10, was
infected in August 1983 from a transfusion of eryth-
rocytes given during a colectomy for colon cancer.
In October 1995, pneumonia, dementia, and atrial
fibrillation developed, and the patient died on No-
vember 11, 1995, at the age of 83 years. A full au-
topsy revealed severe atherosclerosis of the coronary
arteries. There was no gross or histologic evidence
of HIV infection; lymphoid size and structure were
normal for the patient’s age; and cultures of spleen,
brain, kidney, lymph node, and lung tissue for HIV
were negative. The direct cause of death was record-
ed as bacterial pneumonia.

The last traced recipient, Recipient 4, was identified
in 1996. He received a unit of erythrocytes in Feb-
ruary 1981. His first HIV serologic result, on Febru-
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ary 2, 1996, was weakly positive according to enzyme-
linked immunosorbent assay with an indeterminate
Western blot, and subsequent results have been sim-
ilar. HIV-1 DNA sequences consistent with the Syd-
ney Blood Bank Cohort HIV-1 quasispecies have been
found in genomic DNA from peripheral-blood mono-
nuclear cells amplified by nested PCR. The patient
remains free of signs or symptoms of HIV infection,
with a viral load below the limit of detection and a
borderline but stable median CD4 lymphocyte count
of 480 per cubic millimeter (Table 2). This member
of the Sydney Blood Bank Cohort has also been iden-
tified as having a host genotype associated with the
slow progression of HIV-1 infection® — a heterozy-
gous A32 mutation of the CCR5 gene (data not
shown).

Laboratory Results

The median plasma HIV-1 RNA concentrations
in the seven tested members of the Sydney Blood
Bank Cohort (Table 2) ranged from below the limit
of detection in three members (Recipients 4, 9, and
12) to between 645 and 2850 copies per milliliter
in four members (the donor and Recipients 7, 10,
and 13); the donor has had an increase in viral RNA
in the past year. HIV-1 has been isolated from cul-
tures of peripheral-blood mononuclear cells from
five members of the Sydney Blood Bank Cohort, and
with the exception of that from the donor, all isolates
have had the classic non—syncytium-inducing phe-
notype, confirmed by coreceptor use in human os-
teosarcoma (HOS) cells. In contrast, cultures from
the donor have consistently yielded HIV-1 isolates
capable of productively infecting MT-2 lymphoblas-
toid cells and with a dual-tropic V3 loop sequence.

When first tested five years after infection, the do-
nor had CD4 lymphocyte counts that were low but
within the normal range.* There has subsequently
been a gradual, but definite, downward trend, with an
average decrease of 16 cells per cubic millimeter per
year. From 1996 to 1998, six of seven determinations
revealed 500 or fewer cells per cubic millimeter, with
the lowest value being 282 (in September 1998).
The donor declined antiretroviral therapy until Feb-
ruary 1999. He then commenced antiretroviral ther-
apy because of a further decrease in his CD4 lym-
phocyte cell count, to 160 per cubic millimeter, in
January 1999 and the development of HIV-related
meningoencephalitis. Two other cohort members,
Recipients 7 and 13, have also had significant decreas-
es in CD4 lymphocyte counts, averaging 73 and 58
cells per cubic millimeter per year, respectively (P<
0.001) (Table 2 and Fig. 1). The proportion of CD4
lymphocytes has declined significantly in five cohort

*See NAPS document no. 05523 for 4 pages of supplementary material.
To order, contact NAPS, ¢/0 Microfiche Publications, 248 Hempstead Tpke.,
West Hempstead, NY 11552.

1718 June 3, 1999

members (P<<0.01) (Table 2).* Three members of the
cohort had significant (P<<0.001) increases in CD8
lymphocyte counts, and two other members had in-
creases in CD8 lymphocyte counts that were of bor-
derline statistical significance (Table 2). In Recipient
13, the high values for total lymphocyte counts (da-
ta not shown) and for the CD4 and CD8 subgroups
were attributed to an earlier splenectomy.?! The three
surviving members of the Sydney Blood Bank Co-
hort with detectable viral loads have declining CD4
counts, whereas none of those with undetectable viral
loads have declining values. Recipient 7, the recipient
with the lowest detectable viral load, had the most
rapid decline in CD4 numbers, whereas the donor,
who had the highest viral load of any member of the
cohort (and a dual-tropic isolate), had the slowest
CD4 lymphocyte decline, albeit from a low base line.
The deceased Recipient 10, with a relatively low viral
load, had the greatest increases in CD8 lymphocyte
counts. The donor, over the past year, had rapidly
rising CD8 lymphocyte counts. Scores for cutancous
delayed-type hypersensitivity testing with the Multi-
test CMI (Pasteur—M¢érieux, Lyons, France) were
normal for all surviving Sydney Blood Bank Cohort
recipients, whereas the donor was anergic.22

DISCUSSION

The attenuation of the Sydney Blood Bank Co-
hort strain of HIV is substantiated by the prolonged
AIDS-free survival without therapy of the recipients
of infected blood, as compared with that of other
cohorts of HIV-1-infected subjects, in which, regard-
less of the age of the subjects or the mode of trans-
mission, the median time of progression to AIDS has
ranged from 7.2 to 11 years.}423.24 After having been
infected with HIV-1 for 12 to 13 years, two mem-
bers of the Sydney Blood Bank Cohort died at ad-
vanced ages of conditions almost certainly unrelated
to HIV-1 infection. However, the cause of death of
the recipient with severe systemic lupus erythemato-
sus, Recipient 8, will never be entirely clarified. Al-
though this patient had P. carinii pneumonia and a
single low CD4 count several days before death, it
is well recognized that patients with systemic lupus
erythematosus treated with high-dose glucocorti-
coids or other immunosuppressive medications may
have low CD4 counts and inverted CD4:CDS8 ratios,
and may have pneumocystis pneumonia.?>27 Alter-
natively, it is possible that immunosuppressive ther-
apy for systemic lupus erythematosus augmented
replication of the attenuated strain of HIV-1 that in-
fected this patient, with additive or synergistic im-
munosuppressive eftects. The difficulty in amplifying
viral sequences from DNA from this patient’s pe-
ripheral-blood mononuclear cells, which could be
accomplished only after quadruple-nested PCR, ar-
gues against the latter possibility.

The Sydney Blood Bank Cohort strain of HIV
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Figure 1. Temporal Changes in CD4 Lymphocyte Counts in the Donor and Five of the Recipients in the Sydney Blood Bank Cohort.

The slope of the change in CD4 counts with time (determined by least-squares analysis) is shown by a solid line. Results from
Recipient 4 have been excluded because of unavailable or insufficient data.

lacks a functional nef gene and also has an unusual
LTR.22 Full-length proviral sequences are available
from four members of this cohort (the donor and
Recipients 7, 10, and 13),28 and the #¢f~LTR muta-
tions are the only unusual features of these viruses.
Furthermore, the results of serologic tests for Nef
peptide?® and the failure to amplify wild-type se-
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quences with PCR primers in the conserved deletion
(unpublished data) provide evidence that no mem-
bers of the cohort were infected with wild-type
HIV-1. The clinical and laboratory features of this
cohort can thus be attributed solely to infection
with a virus with a #¢f~LTR mutation and not to re-
version to or superinfection by a wild-type strain of
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HIV. Since the nef gene has been clearly established
as a cause of slowly progressive SIV infection in
macaques,>3 it seems likely that the nef gene dele-
tion is the principal cause of the attenuation of the
Sydney Blood Bank Cohort HIV. The mechanism
by which zef enhances HIV and SIV replication in
vivo is complex, probably multifactorial, and still un-
der investigation.31-33

However, these data support previous sugges-
tions!33! that a drug inhibiting the action or actions
of the Nef protein might substantially ameliorate the
progression of HIV-1 infection. Although some
studies have suggested that LTR sequences have no
role in pathogenesis, a role of the mutant Sydney
Blood Bank Cohort HIV-1 LTR cannot be wholly
ruled out.3

Despite the attenuated phenotype of the Sydney
Blood Bank Cohort HIV, the collective data pre-
sented here strongly suggest that it can cause immu-
nologic damage. Three members of the cohort had
significant declines in CD4 lymphocyte numbers
over periods of observation ranging from 8 to 14
years, and there is a strong and biologically plausible
relation between the extent of HIV replication (as
indicated by the plasma viral load) and the decline
in the CD4 count. Three of the four subjects with
detectable HIV RNA in plasma had significantly de-
clining CD4 lymphocyte counts, as compared with
none of the three with undetectable RNA. In con-
trast, Greenough et al.3s have presented recent data
from a previously described subject!? infected with a
nef-deleted strain of HIV-1 whose CD4 counts are
declining despite an undetectable viral load. The
concept of a relation between HIV infection and
falling CD4 counts in the Sydney Blood Bank Co-
hort was also reinforced by studies showing that
three subjects with falling CD4 counts had poor
CD4 proliferative responses to p24 antigen3® (a test
shown to be of prognostic value in studies of other
HIV-infected patients),3” whereas all the subjects
with stable CD4 counts had strong proliferative re-
sponses (unpublished data). Reduced expression of
activation markers such as CD38 and HLA-DR on
CD8 cells suggests that CD8 T cells in members of
the Sydney Blood Bank Cohort are less activated
than those in other long-term survivors. However,
those with detectable viral loads have some evidence
of activation (Zaunders JJ: personal communica-
tion). To our knowledge, the only subject with oth-
er factors that might have contributed to the decline
in the CD4 count is Recipient 7, who has used in-
haled glucocorticoids since 1995 for the treatment
of asthma. This may have exacerbated the CD4 lym-
phocyte decline, since such therapy has been report-
ed to influence immune function adversely.s

The findings in the Sydney Blood Bank Cohort
suggest that zef-deleted HIV-1 must have highly po-
tent mechanisms for eliminating CD4 lymphocytes,3*

since the depletion of CD4 lymphocytes in these
subjects occurred at much lower levels of plasma
HIV RNA than in other HIV-infected subjects.??
Ruprecht and her colleagues have hypothesized that
the role of HIV-1 Nefin pathogenesis is only to aug-
ment the level of HIV-1 replication and that it has
no separate immunosuppressive functions,* despite
in vitro evidence to the contrary.##2 The present
data suggest that whether or not the »nef gene has an
independent role in inducing immunologic abnor-
malities over the long term, nef-deleted strains of
HIV-1 caused substantial declines in CD4 counts in
all members of the Sydney Blood Bank Cohort who
had low but detectable viral loads.

Strains of HIV-1 such as those seen in the Sydney
Blood Bank Cohort, or other strains with further
mutations, have been suggested as the basis of live
attenuated vaccines to prevent infection with wild-
type strains of HIV.13434 The problem facing re-
searchers is that some low-level continuing replica-
tion of the virus is required to develop and sustain a
protective immune response. In the case of live at-
tenuated SIV vaccines studied in macaques, the avail-
able evidence suggests that even with low-level rep-
lication, substantial immunodeficiency developed in
a number of infected animals.#5-47 Our data reveal a
similar pattern in the Sydney Blood Bank Cohort. It
appears that even low-level replication of HIV-1 cor-
relates with declining CD4 counts, although the de-
cline may take many years to become evident. Find-
ing a balance between replication of the virus and
protection is a critical issue if attenuated strains of
HIV-1 are to be considered as the basis of a live at-
tenuated vaccine.
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