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Human T-cell leukemia virus (HTLV-I) is known to be associated with certain
hematologic malignancies, and a related virus, HTLV-IIULAV, might be the cause of
AIDS. Some persons with AIDS have had evidence of HTLV-I infection. Unrelated
to these findings, it has been suggested that HTLV-I is transmitted via blood products.
We therefore evaluated the serologic status to the HTLV-I core antigen p24 of 48
persons with hemophilia (Hem A) receiving factor concentrate therapy (a group at
risk for AIDS), 49 persons with 0-thalassemia major (Thal) receiving frozen packed
red blood cells therapy (FPRC), 26 patients with sickle cell anemia (SCA) receiving
FPRC, and 18 persons not receiving any blood products. All participants were
clinically well; only one had a risk factor other than hemophilia for AIDS, and all
were from New York City, an area with a high incidence of AIDS. No Hem A or
nontransfused persons had serum antibody to HTLV core p24 antigen; three with
Thal and one with SCA were antibody-positive. These results were confirmed by
both radioimmunoprecipitation and Western blot techniques. Positive serology did not
correlate with any immune findings or quantity of blood products used. These data
support that HTLV-I is preferentially transmitted through cellular blood products and
that it is an infection for which cellular blood product recipients in at least some areas
of the United States are at risk. Concentrate products appear free of transmission risk
relative to cellular blood products, but we cannot be certain that this safety is absolute.
The public health implications of blood product transmission of HTLV-I merit active,
long-term investigation.
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INTRODUCTION
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Human T-cell leukemia virus (HTLV-I) has been cultured from, and related
DNA sequences observed by hybridization in, cells of patients with cutaneous T-cell
lymphoma (CTCL) [1,2] or with adult T-cell leukemia (ATL) [1,3-71. It has only
rarely been found in clinically normal individuals who were [7] or were not [8,9]
relatives of patients with ATL or CTCL. Similarly, the prevalence of serum antibody
specific for a core antigen of HTLV, p24, has been found to be extremely high in
patients with ATL or CTCL [lo-121 and higher in relatives of these patients than in
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general population controls [ 10-121. Reported population prevalences of p24 antibody
have varied from less than 1 % for U .S. and Japanese populations [ 10,111 to 3 % for a
Caribbean population [13]. When antibody to a second core antigen, p19, was also
evaluated, researchers found that 0.5% of Washington, DC, participants, 1.9% of
Georgia participants, 1.5 % of Japanese participants from ATL-nonendemic areas,
and 11.9% of Japanese participants from ATL-endemic areas were antibody-positive
to at least one core antigen [12]. In that study, 90% of patients with ATL and 39% of
these patients’ relatives were antibody-positive [ 121. These and other data have lead
to the hypothesis that HTLV-I in fact has a causal association with certain T-cell
neoplasms [ 13,141.
Researchers have reported finding HTLV-I in cells of persons with the newly
recognized acquired immunodeficiency syndrome (AIDS) [ 15,161, HTLV sequences
in the genome of an AIDS patient [ 171, and HTLV-related membrane-reactive antibodies in a number of AIDS patients [18,191. All these findings have led to speculation
about whether or not HTLV-I represents an infection for which persons at risk of
AIDS are also at risk and about whether or not infection with this organism is of
importance in AIDS patients [15-20].
Persons with hemophilia are known to be at heightened risk for AIDS [21], with
56 U.S. cases of AIDS in hemophiliacs having been reported to the Centers for
Disease Control (CDC) as of November 15, 1984, from an estimated U.S. hemophiliac population of 14,500 [22]. AIDS transmission in these cases is thought to have
occurred via the intravenous route, through receipt of contaminated blood products.
Further, a heightened prevalence of immune abnormalities similar to those found in
AIDS has been seen in clinically asymptomatic hemophiliacs [23-301. Consistent
with the possibility that HTLV-I infection can occur, also via an intravenous route, in
this population at high risk for AIDS are the following data. First, serologic evidence
of HTLV-related infection has been found in AIDS patients with hemophilia [ 191.
Second, researches have found a high prevalence of antibody to HTLV-associated
antigens in hemophiliacs asymptomatic for AIDS [19,31]. Third, HTLV-I appears to
be transmissible through blood products [32] and, in fact, researchers have expressed
concern that blood donors in endemic countries should be screened for the presence
of antibody to HTLV-I [S, 9,32-351. However, more recently, Japanese researchers
have presented laboratory or serologic evidence that HTLV-I is transmissible through
fresh cellular blood products but not plasma and presumably, therefore, not through
plasma products [36,37].
To help clarify the relationships between HTLV-I, AIDS, and transfusion
therapy in the United States, we evaluated the p24 antibody status of cellular and
noncellular blood product recipients without AIDS and residing in New York City, a
high-risk area for AIDS, and of 18 nontransfused persons from the same area. These
results are compared with those published or in press concerning other populations,
including hemophiliac AIDS patients.
PARTICIPANTS
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Participants were enrolled in 1983; details of patient selection and evaluation
are given in detail elsewhere [38]. Briefly, serum was obtained from participants with
hemophilia A (Hem A) who had received 2 100,OOO units of factor VIII concentrate
in the 12 years preceding their enrollment from two treatment centers in New York
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City. Only seven had received other blood products in the previous 5 years for
isolated bleeding incidents. These two centers treat approximately 40% of the hemophiliac patients in that city. We also evaluated 49 persons with fl-thalassemia (Thal)
from a center that treats 67% of the transfusion-dependent thalassemic patients in
New York City. These persons had each received 12-24 units of frozen packed red
blood cells (FPRC) per year for the previous 3 years, to maintain a hemoglobin level
of > 11 mg/dl. Three had also received platelets, and one had received plasma at
isolated points in time. Twenty-six patients with sickle cell anemia (SCA) were
enrolled from three centers in New York City that use routine transfusion therapy.
These persons had each received > 6 units of FPRC per year for the previous 3 years.
One had also received plasma at an isolated point in time. Blood specimens were also
obtained from 18 healthy New York City health-care personnel who volunteered to be
controls for laboratory testing.
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METHODS

The presence or absence of antibody to HTLV-I p24 core antigen was assessed
using two techniques. The first was a radioimmune precipitation (RIP) of '251-labeled
purified HTLV-I p24 by human sera, using a double antibody system. Purification,
radiolabeling, and immunoprecipitation techniques are described in detail elsewhere
[10,391. Briefly, p24 antigen was purified from a MT-2 HTLV-I-infected T-cell line
and '251-labeled HTLV-I p24 (8,000-10,000 cpm) was incubated with human sera in
a final volume of 200 pl of 20 mM Tris-HC1, pH 7.5, 200 mM NaCl/liter mM
EDTA, 0.3% Triton X-100,O. 1 mM phenylmethylsulfonylfluoride containing bovine
serum albumin 2 mg per ml. After 2 hr at 37"C, the incubation was continued over
night at 4°C. A predetermined amount of Staphylococcus aureus cells (Pansorbin,
Calbiochem, La Jolla, CA) was then added, and the reaction mixture was diluted to 1
ml with the above buffer. After further incubation for 1 hr at 37"C, followed by 2 hr
at 4"C, the precipitates were collected by centrifugation at 10,OOOg for 15 min, and
the radioactivity in the precipitates was determined. Samples were considered antibody-positive if counts were more than three times background levels.
Serum samples were also tested for antibody to p24 and p19 by a Western blot
technique. Materials and the procedure are essentially as described by Tsang et a1
[40]. Details relevant to the present application are as follows: HTLV-I purified from
an HTLV-I infected cell line (MT-2) [11,40] was suspended in .01 M Tris buffer, pH
8.0, containing 1% sodium dodecyl sulfate (SDS), 0.25 pg/ml bromphenol blue; 10%
u/u glycerol, and 5% u/u 2-merceptoethanol, heated at 65°C for 30 min, and
electrophoresed in a single well of a 3.3%-20% gradient polyacrylamide gel (PAGE;
20 mA/gel constant current, 1O"C, until the blue marker reached the bottom of the
gel). PAGE-resolved proteins were electrophoretically transferred to nitrocellulose
sheets (60 V x 3 hr, 4°C). Washed sheets were cut into 3-mm strips. Individual
strips were incubated with 1:100 dilutions of serum overnight at 4"C, washed,
incubated for 2 hr at room temperature with a peroxidase-conjugated antihuman
immunoglobulin reagent, and washed again. Color reactions were developed with
3,3'diaminobenzidine and H202 [40]. Banding patterns were compared with that of a
known positive serum diluted 1:4OOO.
Immunologic testing using standard techniques was performed at the Centers
for Disease Control (CDC) [41,42]. Lymphocyte subpopulations were quantitated by
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indirect immunofluorescence on a fluorescence-activated cell sorter (FACS IV; Becton-Dickinson, Sunnyvale, CA), using commercially available monoclonal antibodies
(OKT3 for T cells, OKT4 for T helpedinducer cells [TH]and OKT8 for T suppressor/
cytotoxic cells [Ts]; Ortho Diagnostics, Raritan, NJ) and a fluorescein-conjugated
antimouse immunoglobulin (CDC) 1421. Immunoglobulins G, A, and M were quantitated by nephelometry (Baker Chemicals, Allentown, PA).
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RESU LTS

All Hem A and nontransfused participants were negative for p24 antibody
(Table I). Three Thal (6%) and one SCA (4%) participants were p24 antibodypositive. Three of these participants were also positive for antibodies to HTLV-I
associated p19 and p61 antigens; one with Thal was positive for p24 antibody only.
p24 antibody results using the Western blot technique were 100% concordant with
those obtained from the RIP technique. The difference in rate of seropositivity for
cellular and noncellular blood product recipients was not significant (p = 15, twotailed Fisher’s exact test [FET]). It was not possible to obtain additional participants
from the New York City area; however, when these data were combined with
additional data from our laboratory for hemophiliacs from other geographic areas
[43] the difference in overall rate of seropositivity for chronic cellular vs noncellular
blood product recipients was significant (4/75 vs 1/168, p = .03 FET).
None of the p24 antibody-positive participants was born in the Caribbean, nor
had any travelled to Haiti, the West Indies, Japan, or Africa in the past 3 years.
Information on blood product usage was obtained on 41 Hem A (median 419,500
units of factor VIII over the previous 3 years, range 16,470-1,444,260), 48 Thal,
and 22 SCA patients. Blood-product usage by antibody-positive participants ranged
from a minimum of 26 units of FPRC to a maximum of 60 units of FPRC per year
(Table 11). Usage by antibody-positive Thal was well within the range of usage by the
antibody-negative participants; the antibody-positive SCA had relatively high usage
compared to the antibody-negative ones. Immunologic studies were performed on
most of the participants; the findings for the four p24 antibody-positive patients were
well within the range of those of the antibody-negative participants (Table 111).
DISCUSSION

It has been suggested that a new retrovirus related to HTLV-I, ie, HTLV-I11 or
lymphadenopathy-associated virus (LAV), is the etiologic agent of AIDS t44-471.
The occurrence of antibodies to HTLV-I-related membrane antigens in persons with
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TABLE I. Antibody Status to p24 Antigen by Assay
Technique and by Participant Group

RIP
Participants

assay

Hemophilia A
Thalassernia
Sickle cell anemia
Controls

0/42a
3/49
1/26
0/18

aPositive/total tested.

Western
blot

Both
assays

0148
3/48
1I24
0118

014 1
3/41
1/24
0116
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TABLE 11. Units of Frozen Red Blood Cells (FPRC) Used
by p24-Antibody-Positive Participants and by AntibodyNegative Thal and SCA Groups,; by Year (New York
Study)
Patients with

Thalassemia
Positive
Patient 1
Patient 2
Patient 3
Negative
Median
Range
SCA
Positive
Patient 4
Negative
Median
Range

Units of FPRC
1982
1983

1981

Total

28
45
41

34
35
42

26
30
50

88
110
133

33
0-56

36
4-55

36
3-60

106
10-170

35

47

60

142

7
0-36

13
0-44

16
0-59

38
11-124

'Participants with thalassemia (Thal) or sickle cell anemia
(SCA). Usage information was available for all 49 Thal and
for 22 of 26 SCA.
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TABLE 111. Immune System Findings for Individual p24-Antibody-Positive Participants and for
Antibody-Negative Thal and SCA Groups (New York Study, 1983)
Group
Thalassemia
Positive
Patient I
Patient 2
Patient 3
Negative
Median
Range
n

Lymphocyte count
% T~ % T~
(ceIIs/mm3)

IgA
(mgldl)

IgM
(mg/dl)

277
760
791

I53
87
118

15,028
9,750
5,460

25
23
36

16
6
21

I .6
3.8
1.7

1,550
1,510
1,830

6,110
1,736-17,298
41

30
10-56
47

16
3-31
47

1.8
0.6-4 .O
47

1,515
565-3,820
46

277
751,140
46

112

27

14

1.9

1,680

317

148

37
12-67
25

15
5-33
25

2.1
1.1-5.2
25

1,590
847-3.470
25

Sickle cell anemia
Positive
Patient 4
NDa
Negative
Median
4,350
Range
1,054-8,398
n
21
aND, not determined

238
38-470
25

46

1 I7
48-251
25
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hemophilia or with AIDS [ 18,191 might be due to crossreactive antibodies to HTLVIII/LAV, but, additionally, HTLV-I might itself be an infection for which persons at
risk for AIDS, or with AIDS, are at risk [15-17,201. Because HTLV-I can be
associated with neoplasms [ 1-6,ll-141, transmission of the virus via blood products
in the United States would be of public health concern, totally aside from any
relationship it might have to the AIDS agent [8,9,32-351.
Persons with hemophilia are at heightened risk for AIDS, with nine of the 56
persons with hemophilia-associated AIDS having no record of receiving any blood
products other than factor concentrate in the 5 years preceding their AIDS diagnosis
(personal communications from patients' physicians). Persons with thalassemia and
sickle cell anemia are not at heightened risk for AIDS; in none of the 44 transfusionassociated (nonhemophiliac) AIDS cases reported to CDC as of February 8, 1984,
had the patients received their blood products for therapy of either hematologic
disorder.
Here we compared the HTLV-I p24 antibody status of persons with hemophilia
(but asymptomatic for AIDS), thalassemia, and sickle cell anemia, and a geographically matched nontranfused control group and found that no Hem A or nontransfused
participant had detectable antibody to HTLV-I p24 core antigen. Unlike the Hem A
participants, three Thal and one SCA participants had detectable antibody to HTLV-I
p24 antigen by both RIP and Western blot assay techniques. In a previous evaluation,
we had found that the p24 antibody-negative Hem A participants had immune system
abnormalities similar to those found in AIDS patients; the Thal and SCA groups did
not [38].
Our results support recent findings that suggest that HTLV-I is transmissible
through cellular blood products [36,37]. * Further, these results suggest that freezing
cellular blood products does not prevent HTLV-I transmission. Despite our negative
findings for Hem A participants, we cannot be totally certain that HTLV-I is not
transmissible in factor concentrate for three reasons. First, our results might not
accurately represent exposure to virus, because HTLV-I antibodies might be predominantly directed against the virus's surface glycoproteins 1491. Second, we might not
have detected a low prevalence of antibody in persons with hemophilia because our
sample size was inadequate. This possibility, however, appears less likely in light of
our results from other hemophiliac groups combined with these from New York City.
Third, factor concentrate is produced from donations made throughout the country,
whereas the majority of cellular blood products used by our participants came from
donations made in New York. Thus if the prevalence of HTLV-I is higher in New
York City blood donors than in those from other locations, these cellular blood
products might be at higher risk for HTLV-I contamination than are the factor
concentrates, a reasonable possibility if persons at risk for AIDS or with AIDS are
also at risk for acquiring HTLV-I 115-201. These reasons might be given to explain
an absence of antibody in our hemophiliac population; however, they do not discount
the positive antibody findings in our Thal and SCA groups. Furthermore, the difficulty experienced in experimental attempts to transmit HTLV-I without cell-to-cell
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"These results are also consistent with the possibility of infection with HTLV-11; HTLV-I and -11 have
cross-reactive p24 core antigens. We refer to HTLV-I only because of the rareness of known infection
with HTLV-11. The public health implications of infection with HTLV-I1 might be similar to those for
infection with HTLV-I; both have been associated with neoplasms.
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contact suggests that the differences between our blood-product recipients represents
a real difference in risk of exposure to HTLV-I for persons receiving noncellular and
cellular blood products [36,50].
The above serologic findings, the relative risk of acquiring AIDS for factor and
cellular blood-product recipients, and the reported p24 antibody-negative status of
hemophiliac AIDS patients [43] support the contention that, although the AIDS agent
can be transmitted through factor concentrate (noncellular) as well as cellular blood
products, HTLV-I is preferentially transmissible through cellular blood products. The
latter is consistent with the finding that HTLV-I-negative leukocytes can be transformed in vitro by packed red cells, whole blood, and platelet concentrates but not by
fresh frozen plasma, from HTLV-I-positive donors, reportedly due to leukocytes
present in the cellular preparations [36]. HTLV-I is associated with hematologic
neoplasms [l-6,ll-141 and might represent an infection now endemic in some areas
of the United States. We therefore suggest that, independent of the problem of AIDS,
the transmissibility of HTLV-I via blood products is of potential public health concern
in the United States. More extensive evaluation of HTLV-I prevalence within the
United States, of the relative risks of transmissibility associated with various types of
cellular blood products, and of the short- and long-term outcomes of HTLV-I exposure is therefore advisable.
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