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of clinical progression to acquired immuno
deficiency syndrome (AIDS) and have sta
ble, normal CD4 lymphocyte counts (1-5). 
The explanation for the benign course of 
HIV-1 infection in such long-term nonpro-
gressors (LTNPs) may be stochastic or re
lated to host or viral factors or a combina
tion of both (6). 

In 1989, a review of the registry of 
individuals in New South Wales with 
blood transfusion-transmitted HIV infec
tion revealed that 6 years after transfusion 
two infected recipients and a common 
donor were asymptomatic, with normal 
CD4 counts. A total of seven HIV-1-
infected recipients of HIV-1-infected 
blood from the same donor (D36, a sexu
ally active homosexual male who became 
infected between December 1980 and 
April 1981) have been found (Table 1) (1, 
7) among recipients of components of 
units donated by D36 between 3 February 
1981 and 24 July 1984 (8). The donor and 
recipients (hereafter referred to as the T o whom correspondence should be addressed. 
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importance of nefor the U3 region of the LTR in determining the pathogenicity of HIV-1. 



Sydney Bloodbank cohort) have had CD4 
lymphocyte counts >500 per microliter of 
blood (Table 1) that have remained stable 
for 10.75 to 14 years (9). No cohort mem- 
ber has developed any. AIDS-defining 
condition or HIV-related symptoms or re- 
ceived any antiretroviral chemotherapy. 
The cohort members are unrelated, and 
human lymphocyte antigen (HLA) typing 
failed to reveal any common genetic back- 
ground (7). Two recipients of blood prod- 
ucts from D36 subsequent to April 1981 
remain HIV-1-negative. One received tri- 
ple-washed erythrocytes in March 1984 
(lo),  and the other recipient received 
erythrocytes in July 1981 (9). One HIV- 
1-infected recipient, C83, had severe sys- 
temic lupus erythematosus (SLE) and a 
preexisting immunodeficiency related to 
her underlying disease and drug therapy 
( I  1 ). She died from complications of SLE 
and immunosuppression in April 1987 
(12). 

The time to progression to an AIDS- 
defining illness or to a CD4 count <ZOO 
cells per microliter of blood (1 3) for infected 
recipients of blood from D36 (excluding 
C83) was compared with that of 122 pa- 
tients on the Sydney Bloodbank registry, 
including pediatric cases, who had transfu- 
sion-acquired HIV infection (median time 
to progression = 6.5 years); the difference 
was highly significant (exact log rank test 
11.8, P < 0.0001) (14). Further analyses 
that included the cohort member with SLE 
(C83) and either included or excluded pe- 
diatric transfusion recipients [who progress 
more rapidly than adults (1 5)] in the control 
group also showed highly significant differ- 
ences (P < 0.0001). The survival of the 
individuals infected by blood from D36 [six 
of seven or 85.7% alive for a mean of 12 
(10.75 to 14) years after infection] is also 
markedly better than that of other reported 
HIV-1-infected transfusion recipients (25% 
survival at 12 years) (1 6) or of cohorts of 
individuals acquiring HIV-1 infection either 
sexually (550% survival at 10 years after 
infection) (1 7) or through intravenous drug 
use (progression rate of -5% per year) (18). 

The amount of HIV-1 DNA in periph- 
eral blood mononuclear cells (PBMCs) of 
known CD4 cell count from seven of the 
eight Sydney Bloodbank cohort members 
(1 9) was determined by a quantitative 
DNA polymerase chain reaction (PCR) 
technique (20) with the primers SK 38 and 
SK 39 (21 ). The amount of HIV-1 DNA in 
the cohort members was very low [as is 
characteristic of LTNPs (2, 3)] and ranged 
from < 10 to 400 copies of HIV-1 DNA per 
lo5 CD4 cells (Table 1). In comparison, a 
small control group of time-matched trans- 
fusion-infected subjects from the Sydney 
Bloodbank registry had 400 to 4000 copies 
of HIV-1 DNA per lo5 CD4 cells, whereas 

Table 1. CD4 cell count and HIV DNA copy number in peripheral blood mononuclear cells of the 
Sydney Bloodbank cohort and control groups. Two members of the cohort have died from causes 
unrelated to HIV-1: C83 from SLE in April 1987 and C124 from metastatic gastric cancer in December 
1994. C54 had a splenectomy in August 1984. The CD4 count is given as cells per microliter of blood. 
Dates are given as day/month/year. ND, not done (only available DNA was from a sample of unknown 
CD4 cell count). 

Participants Year of birth Data infected by Latest CD4 count HIV-1 DNA (copies per 
transfusion (cells/pl) 1 O5 CD4 cells) 

Group 1 (n = 5) - 
Group 2 (n = 5) - 
Group 3 (n = 7) - 
Group 4 (n = 4) - 

Recipients of 036 blood 
- 587 

3 1 /8/83 850 
1 1 /6/84 91 8 
24/7/84 2026 
4/5/83 86 1 

30/12/82 ND 
2/1/82 740 

29/4/81 720 

HIV-infected controls* 
5/81 to 6/84 20-430 

- <99 
- 100499 
- 400-650 

'Members of group 1 are progressors from Sydney Bloodbank registry, matched fortime since HIV-infected transfusion. 
Two died from AIDS-related causes (October 1994 and December 1994). Members of groups 2 through 4 are patients - .  
distinct from group 1, wlh progressive disease and grouped by CD4 cell count. 

another group of HIV-1-infected individu- 
als with 400 to 650 CD4 cells per microliter 
of blood also had up to 400 copies of HIV-1 
DNA per lo5 CD4 cells (Table 1). Mem- 
bers of the Sydney Bloodbank cohort, 
therefore, had peripheral blood CD4 cell 
amounts of HIV-1 DNA in the same range 
as other LTNPs (2, 3) and as little as 0.1% 
that of patients with advanced HIV infec- 
tion (Table 1). 

HIV was isolated by conventional tech- 
niques from recipient C18, as previously 
described (I) .  HIV wad also isolated by 
unconventional culture techniques, includ- 
ing ultraviolet irradiation (22), from recip- 
ients C98 and C54 on at least two occa- 
sions, each in two separate laboratories. 
Relative virus replication of PBMC isolates 
HIV-l,,,,,, HIV-I,,,, and HIV-lcy8 
(from recipients C18, C54, and C98, re- 
spectively) was compared with the replica- 
tion of reference isolates HIV-I,,,, and 
HIV-I,,,. All three cohort isolates were 
replication-competent, though HIV-la, 
and HIV-lc5, replicated very poorly com- 
pared with HIV-lCIAM,, which in turn 

showed a prolonged replication time rela- 
tive to the reference isolates (23). All co- 
hort isolates were nonsyncytium-inducing 
and macrophage tropic (24). 

A region of HIV-1 DNA, including the 
whole of the nef gene and U3 region of the 
long terminal repeat (LTR), was amplified 
by double- or triple-nested PCR from viral 
isolates from recipients C18, C54, and C98 
as well as from HIV-1 DNA extracted 
directly from PBMCs of the donor (D36) 
and recipients C18, C54, and C98 (25). 
Viral isolates were obtained from the same 
samples of PBMCs that were used for 
PBMC DNA preparations. The resulting 
amplified fragments ranged in size from 
-410 base pairs (bp) for isolate HIV- 
l,,,,, to -680 bp for isolate HIV-lcy8 
compared with the -840-bp fragment 
from the molecular clone pNL4-3 (26, 27) 
and from the PBMCs of two noncohort 
patients infected by transfusion (C53, a 
nonprogressor, and C59, a progressor) of 
blood from other HIV-1-infected donors 
(Fig. 1). This range of fragment sizes indi- 
cates a deletion of -160 to 430 bp from 

Fig. 1. Analysis of cohort HIV-1 nef gene-LTR 
PCR amplified fragments. DNA products of the 
third round of amplification were resolved on a 

331-, 
1.5% agarose gel and visualized by ethidium 
bromide staining. The amplified fragments were 

I--- 1 2  3 4 5  6 7 8  9 1 0 1 1 1 2  

from DNAfrom molecular clone p ~ i 4 - 3  (lane 1); PBMCs from D36 (lane 2), C18 (lane 4), C54 (lane 6), 
and C98 (lane 8); HIV-1 isolated from C18 (lane 3) and C98 (lane 7) PBMCs; and HIV-1 isolated from 
C18 (lane 5) and C98 (lane 9) macrophages. Blood samples were obtained from cohort members 
between 29 July 1993 and 7 November 1994. Controls included a no-DNA reagent control (lane 12) 
and PBMCs of noncohort patients C53 (blood sampled on 18 May 1994), an HIV-positive nonpro- 
gressor with 560 CD4 cells per microliter (lane lo), and C59 (blood sampled on 26 May 1994), an 
HIV-positive progressor with 108 CD4 cells per microliter (lane 11). Migration of molecular size 
standards is shown on the left in base pairs. 
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the nef-LTR region of the cohort HIV-1 
strain. The amplified fragment from the 
donor (D36) was -550 bp in length, in- 
dicating a deletion of -290 bp. Recipient 
C54 PBMCs yielded fragments of two sizes, 
-410 and 680 bp (named C54 PBMC-1 and 
-2, respectively). Isolate HIV-lc54-2 DNA 
produced the larger fragment only (28). We 
have been unable to amplif, and sequence 
the HIV-1 nef-LTR region from PBMCs 
from C49, C64, C83, and C124, although 
we have been able to amplif, single copy 
cellular genes from the same DNA (28). 
This finding is consistent with the quanti- 
tative PCR data for C49, C64, and C124 
and, in the case of C83 (the patient who 
died from complications of SLE and immu- 
nosuppression), is incompatible with death 
due to advanced HIV-1 infection or AIDS 
and congruent with the clinical findings 
suggesting fatal SLE. 

Sequencing (29) of the amplified frag- 
ments from the nef gene-LTR region (30), 
including that from isolate HIV-1C54.2, 
indicated three common features (Fig. 2): 
(i) a deletion of various lengths from the 
portion of the nef gene that does not 
overlap with the U3 LTR region (nef- 
alone region), (ii) a deletion from at least 
one part of the nef-LTR overlap region, 
and (iii) duplication and rearrangement of 
nuclear factor kappa B (NF-KB) and Spl 
sequences upstream of the basal promoter 
(Spl)  region of the LTR. Although the 
sizes of the deletions and the duplication 
region vary, their locations are conserved. 
The deletion in the nef-alone region in 
C98 sequences is only 16 nucleotides long 
and is 3' to, and distinct from, the dele- 
tions in the nef-alone region of the other 
isolates and PBMC-derived sequences, in- 
cluding that of the donor (D36). Further- 
more, the sequence from the HIV-lo4-, 
amplified fragment completely lacks the 
upstream deletion from the nef-LTR over- 
lap region (Fig. 2). The rearranged U3 
region from the different PBMC- and iso- 
late-derived sequences, although always 
present, varies in the spacing and number 
of duplications of NF-KB and Spl  sites. 
All sequences, except that of HIV-1C54-2, 
lacked the splice acceptor 12 (SA12) se- 
quence (base pairs 9160 and 9161 of NL4- 
3), which is located within the upstream 
nef-LTR overlap deletion region (3 1 ). 

Thus, the only deletion common to all 
sequences is in the downstream nef-LTR 
overlap region, which includes sequence 
encoding the conserved amino acid se- 
quence block D of Nef (32). This is con- 
sistent with our detailed studies of anti- 
bodies to Nef in all cohort members (ex- 
cept C83) where, despite recognition of 
full-length Nef, no antibodies recognized 
the region of Nef encoded by the equiva- 
lent of HIV-1NL43 nucleotides 9271 to 

Base palrs 

9000 9500 
JSAIZ 

HIV-lNL43 

a 

C18 PBMC a I .- 
C98 PBMC 1- I" 

9000 9500 

Base pairs 

Fig. 2. Sequence abnormalities of the nef gene- 
LTR region of HIV-1 quasi species from the Syd- 
ney Bloodbank cohort. Normal sequence is 
shown by black boxes, the region of N F - K B S ~ ~  
duplication and rearrangement is shown by light 
shading, and blank areas denote deletions. The 
genomic structure of HIV-IN,, for the same re- 
gion is shown at the top together with a scale of its 
sequence numbering (27) and the site of splice 
acceptor 12 (SA 72) (37). 

9317 (33). As recipient C98 was infected 
2 years before C54 (January 1982 versus 
July 1984), these data together suggest 
that the original virus strain transmitted 
from D36 may have contained only the 
downstream nef-LTR overlap region dele- 
tion and a U3 region rearrangement or 
duplication, and that the upstream dele- 
tions in the nef-alone region arose after 
infection. 

Full-length HIV-1 DNA of replication- 
competent isolate HIV-lcl,Mw was ampli- 
fied by PCR in overlapping fragments (34), 
which were cloned and fully sequenced 
(29). The only obvious differences between 
the sequence of isolate HIV-lClRMBC (30) 
and that of reference HIV-1 strains (for 
example, HIV-1NL43) are in the nef gene 
and U3 region of the LTR (Fig. 2). The 
encoded Nef protein is truncated from 206 
to 24 amino acids in length, due to dele- 
tions of 177 and 11 bp from the nef-alone 
region that bring into phase a termination 
codon a t  the resultine 25th codon. Down- ., 
stream there is further loss of nef sequences 
by deletions of 120 and 86 bp from the 
nef-LTR overlap region (Fig. 2). The en- 
coded Nef is identical to the NH,-terminus 
of the HIV-lNL4, Nef sequence at 9 of the 
first 10 amino acids; thereafter, homology is 
lost completely (35). 

The loss of sequence from the nef-LTR 
overlap region is reflected in the loss of 
the same sequence from the U3 region of 
the 5' LTR. The deletions of 120 and 86 
b ~ .  therefore. eliminate a number of bind- . , 
ing sites for important HIV-1 transcrip- 
tion factors including the negative regula- 

tory element and sites for NF-AT, NRT-1, 
USF, and TCF-la. Furthermore, the se- 
quence between the 3'-most U3 deletion 
and the normal 3' NF-KB site has low 
homology (20%) with the same region of 
HIV-lNL4,. This sequence represents a re- 
arranged duplication of NF-KB-Spl en- 
hancer-promoter sequences resulting in 
one additional perfect NF-KB and two pu- 
tative Spl sites that are 57, 45, and 2 bp, 
respectively, upstream of the normal 3' 
NF-KB site together with a 9-bp insertion 
(one of the extra Spl sites) between the 
normal 5' and 3' NF-KB sites. 

The causal relation between the infect- 
ing strain and the benign clinical course in 
the cohort examined here is supported by 
the epidemiological data and is corrobo- 
rated by the sequence data that show that 
all members of the cohort harbor quasi 
species of HIV-1 with major deletions in 
nef and the nef-LTR overlap region and a 
rearranged duplication of U3 sequences. 
No other obvious differences from the nu- 
cleotide sequences of other fully virulent 
HIV-1 strains were observed, and such 
deletions have not been observed in viru- 
lent strains of HIV-1 (27). Other charac- 
teristic features of the HIV-1 auasi s~ecies 
from the Sydney Bloodbank cohort mem- 
bers include the ~ositionine of deletions in 
the nef-alone anh n e f - ~ ~ ~ i v e r l a ~  regions 
and a rearranged duplication of the NF- 
KB-Spl region. All cohort sequences stud- 
ied have an intact polypurine tract, Spl 
basal promoter region, TATA box, and 
TAR sequences, features which are all 
crucial for virus reulication. As these fea- 
tures are common to all of the cohort 
sequences studied and there appear to be 
no other significant genomic abnormali- 
ties, it is reasonable to infer that these nef 
or LTR defects are responsible for the 
attenuated infection caused by this HIV-1 
quasi species and the severely impaired in 
vitro replication of two of the three viruses 
isolated, compared with wild-type HIV-1 
isolates. These results are consistent with 
the earlier finding that the simian immu- 
nodeficiency virus strain SIVn,.ac23yAnef 
replicated only poorly in macaques and 
did not cause disease (36). Furthermore, in 
macaques inoculated' with S I V , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  
additional deletions arose in nef-LTR 
(37), and the macaques were protected 
from challenge by pathogenic SIV (38). 

Deletions in the nef-LTR region, simi- 
lar to those in the cohort virus strain, have 
been re~or ted  for one of five LTNPs (5). . , 
Here also a primary deletion present at the 
time of infection was followed by addi- 
tional deletions in nef-LTR over a period 
of 10 years. However, the remaining four 
LTNPs had no deletions in nef. In other 
studies a single LTNP hemophiliac (4) 
and a group of 10 LTNPs (2) were found 
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to have no deletions in nef, although two 
of the individuals were noted to have un
defined defects in the N F - K B and Spl sites 
(2). These individuals, together with a 
group of 15 LTNPs (3) infected for 8 to 
more than 15 years and having stable, 
normal CD4 cell counts, had PBMC viral 
loads 1/7 to 1/50 those of progressors. 
HIV-1 was isolated from only 3 of 10 
nonprogressors in one study (2), and in 
the other study, virus was isolated from 
lymph node mononuclear cells of 7 of the 
15 nonprogressors but not from plasma 
(3). The lymph nodes of these nonprogres
sors had significantly fewer of the hyper
plastic and none of the involuted changes 
characteristic of progressors (3). In all 
three studies LTNPs were shown to have 
strong cellular and humoral immune re
sponses (including neutralizing antibody) 
against HIV-1. 

The strain of HIV-1 that infected the 
eight members of the Sydney Bloodbank 
cohort has not caused disease, even in the 
members affected by the immunosuppres
sive effects of age, drug therapy, and SLE. 
This attenuated strain of HIV-1, therefore, 
could perhaps be the basis for a live atten
uated vaccine. These data also indicate the 
importance of nef and the LTR in produc
tion of HIV-related disease and suggest that 
nef and LTR function might be promising 
targets for antiviral chemotherapy. 
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