
Antibodies, lectins, lipoproteins, and 
other biologically active proteins have 
been proposed as carriers of drugs and 
enzymes (2). Insulin might have specific 
advantages for delivering enzymes (and 
perhaps certain drugs) to muscle tissue 
because of the high density of insulin 
receptors on these cells. That other cells, 
such as hepatocytes and blood cells, also 
have numerous insulin receptor sites is 
not a serious problem, since the adminis- 
tered enzyme would not be expected to  
be toxic to normal tissue. 
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People with Absolute Pitch Process Tones 

Without Producing a P300 

Abstract. The P300 is apositive-going component of the event-relatedpotential, In 
subjects with absolute, or "perfect," pitch, the P300 elicited by the less frequent of 
two auditory probes is small or absent. In these subjects, visual probes elicit a 
normal P300. These results support the view of P300 as  a man$estation of the 
updating of working memory. 

Some individuals can name the tones 
produced by a large variety of musical 
instruments. People with this "perfect" 
or "absolute" pitch (AP) are able to 
label correctly upward of 50 different 
pitches ( I ) ,  although they do not have 
superior auditory discrimination skills 
(1). The weight of the evidence suggests 
that individuals with AP have access to a 
set of internal "standards" that allows 
them to fetch the name of a tone without 
comparing the representation of the tone 
they have just heard with a recently 
fetched representation of a standard (2). 
If so,  those with AP may not need to 
maintain, or update, in their working 
memory the representations of infre- 
quently occurring events. 

The P300 is a positive-going compo- 
nent of the event-related brain potential 
(ERP) that may be a manifestation of the 
processes of maintaining or updating 
working memory. It tends to be large at 
the parietal electrode. It is quite easily 
obtained in the "oddball" procedure, in 
which two discrete stimuli (one frequent 
and one rare) are presented in a Bernoul- 
li sequence; the subject counts the rare 
stimulus, which elicits a large P300. A 
consideration of the variables that con- 
trol the amplitude and latency of P300 
has led Donchin and his colleagues (3, 4) 
to suggest that the component is the 
manifestation of a subroutine invoked 

Table 1. Correlation (r) of AP score with ERP 
measures. For both amplitude and area, the 
difference between the coefficients was signif- 
icant (P < 0.05). 

Measure Auditory Visual 

Amplitude -0.63* -0.11 
Area -0.64" --0.13 

whenever there is a need to update the 
model of the environment in working 
memory. If AP subjects process acoustic 
stimuli without reliance on such schema, 
they should not emit a P300 in response 
to  novel tones. We have confirmed this 
prediction. We predicted little, if any, 
difference in the visually elicited P300 of 
subjects with and without AP: but we 
predicted that rare auditory stimuli 
would elicit a much smaller P300 in the 
AP subjects than in individuals lacking 
AP. 

All subjects were students of music at 
the University of Illinois (eight males 
and six females). We assayed their abili- 
ty to discriminate tones by a method 
adapted from Lockhead and Byrd (5). 
Each subject heard a series of pure tones 
generated by a programmable oscillator 
(6). The 81 tone pitches represented the 
fundamentals of the piano, ranging from 
63 to 4186 Hz. The different tones were 
presented in a random sequence. The 
subject was instructed to identify the 
octave number and the name of the pitch 
(such as B flat or C) associated with each 
tone. Each tone was sounded until the 
subject responded. After 500 msec, the 
next tone was presented. In session 1, 
ten blocks (with 25 tones per block) were 
used for practice, and the subject was 
informed of the correct response after 
each identification. Ten more blocks 
were presented without feedback in ses- 
sion 2. The error distributions for session 
2 are shown in Fig. I .  

Subjects who described themselves as  
having the AP skill (AP group) made 
fewer errors than did those who reported 
having "normal" pitch discrimination 
(control group) (Fig. 1). The errors that 
the AP subjects did make were "octave" 
errors-that is, they identified the pitch 
correctly, but they assigned it to a higher 
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or lower octave than that of the actual 
stimulus. The considerable individual 
differences that existed were indexed by 
the percentage of correct pitch identifi- 
cations, regardless of the correctness of 
octave identification (7). 

Each subject was presented with a 
visual and an auditory oddball test. The 
auditory stimuli were 1000- and 1100-Hz 
sinusoidal tones presented with a rise- 
fall time of 10 msec and a duration of 60 

, msec. The visual stimuli were the char- 
acters H or S presented for 60 msec on a 
screen. The characters subtended a visu- 
al angle of 1.3". Within any given se- 
quence of stimuli the interval between 
successive stimuli was either 1600 or 
3000 msec (8). Each subject was present- 
ed with 20 blocks of visual and 20 blocks 
of auditory stimuli. In each block of 100 
stimuli, one of the two stimuli appeared 
with a probability of 0.20. The subject 
was instructed, in each block, to count 
the rarer of the two stimuli. The order in 
which blocks in the two modalities were 
used and the selection of the rare stimu- 
lus were counterbalanced in a Latin 
square design. 

The ERP's obtained from all subjects 
(9) are displayed in Fig. 2. The control 
subjects showed standard ERP's in both 
visual and auditory modalities. The ERP 
elicited by the rare events was character- 
ized by a large, positive-going compo- 
nent with a latency of about 400 msec. 
Similar data were recorded from the AP 
subjects in the visual modality. Howev- 
er, the ERP's elicited by rare auditory 
events in the AP subjects differ from 
those elicited by rare visual events: for 
most of the seven AP subjects, the audi- 
tory P300 was smaller than that elicited 
in the same subjects by the visual stimuli 
and in control subjects by rare stimuli in 
both modalities. Pooled data are consist- 
ent with individual data. 

These inferences were corroborated 
by an analysis of the amplitude and area 
of the P300 to the rare stimulus. The 
amplitude was defined as the maximum 
positivity (at the parietal electrode) in 
the interval between 300 and 600 msec 
after the stimulus. The area of the P300 

Fig. 1. The frequency distribution of each 
subject's errors in the AP ability test. The 
histograms show the frequency of the sub- 
ject's responses as a function of the distance 
along the pitch dimension between the stimu- 
lus actually presented and the response. Val- 
ues for the response that occurred most fre- 
quently are set to 100 percent. Values for 
other responses are adjusted accordingly. The 
score shown in the upper right corner of each 
histogram is the percentage of correct re- 
sponses exclusive of octave and semitone 
errors ( 7 ) .  

was computed by integrating the data 
over the same interval. An analysis of 
variance of both amplitude and area 
scores revealed an interaction between 
AP ability and modality of the stimuli 
[F(1, 12) = 7.04, P < 0.05, and F(1, 12) 
= 8.01, P < 0.05, respectively]. The 
mean amplitude of the P300 elicited by 
rare auditory probes was 7.33 pv in the 
control subjects and 3.33 pv in the AP 

subjects [F(1, 12) = 9.38, P < 0.051. 
The difference between amplitude of 
P300 elicited by visual probes in the 
controls (9.13 pv), and the AP subjects 
(6.53 pv), was not statistically significant 
[F( l ,  12) = 0.481. 

The differences in the AP skill within 
the two groups suggested a possible rela- 
tionship between the amplitude of P300 
in the two modalities and the subject's 

A Absolute pitch group B Control group 

% Correct = 42.87 

pitch = 60.63 Ch -15.61 

octave = 68.89 

- 3 - 2 - 1  0 1 2 3 -3 -2 -1 0 1 2 3 
Error (octaves) 
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Fig. 2. Average ERP's (at the parietal location) elicited by rare (counted) and frequent visual 
and auditory stimuli for each subject and pooled within groups. 

performance in the AP test. We correlat- 
ed the amplitude and area of P300 with 
the percent of correctly identified tones 
by each of the subjects in the AP test 
(Table 1). The better the subject's per- 
formance in the auditory discrimination 
task, the smaller the P300 elicited by rare 
auditory stimuli. N o  such relationship 
was observed for the visual stimuli. 

These data confirm our prediction. 
Subjects with the AP skill did not engage 
in the processing activities manifested by 
the P300 in the standard manner. This 
difference was specific to  the auditory 
modality (10). When required to  make 
visual discriminations these subjects' 
P300 did not differ significantly from that 
elicited in control subjects. Further- 
more, the smaller auditory P300 in the 
AP subjects cannot be attributed to a 
failure on their part to  attend to the 
auditory stimuli or an unwillingness to  
perform the task. All subjects counted all 
rare events with equal accuracy. 

It is plausible to  interpret these data as 
providing additional support for the hy- 
pothesis that the P300 is a manifestation 
of processing activities that are involved 
in the maintenance of representations of 
external events over relatively brief time 
periods. The collection of such represen- 
tations is referred to as "working memo- 
ry." Several accounts of the AP phe- 
nomenon suggest that subjects with this 
skill have access to  permanently resident 
representations of the tones, so that they 
do not need, as the rest of us do, to  fetch 
and compare representations for novel 
stimuli (11). Our data are consistent with 
the interpretation that the P300 is a mani- 
festation of such comparisons. 
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Transfusion-Associated AIDS: Serologic Evidence of 
Human T-cell Leukemia Virus Infection of Donors 

Abstract. An assay for antibodies to membrane antigens of cells infected by 
human T-cell leukemia virus was used to examine serum from persons who donated 
blood to 12 patients with acquired immunodeficiency syndrome (AIDS) associated 
with blood transfusions. The occurrence of positive results in the assay was 
signijcantly greater among donors to the AIDS patients (9 of 11 7; 7.7 percent) than 
among random donors (1 of 298; 0.3 percent). Of 12 sets of donors examined, 9 sets 
included a donor whose serum gave positive results for the presence of the 
antibodies. In six of these nine sets, the seropositive donor was an individual who 
was also identijed as a possible source of AIDS transmission when epidemiologic 
and immunologic criteria were used. 

The acquired immunodeficiency syn- 
drome (AIDS) is a recently recognized 
human disease whose incidence in the 
United States has been rapidly increas- 
ing (1,2). Patients with AIDS suffer from 
at least one type of malignancy, Kaposi's 
sarcoma, and various life-threatening op- 
portunistic infections, the most common 
of which is Pneumocystis carinii pneu- 
monia. The disease is characterized by 
diverse immunologic abnormalities, in- 
cluding lymphocyte dysfunction and de- 
pletion of the T-helper subpopulation of 
lymphocytes (3). 

Although the etiology of AIDS is un- 
known, epidemiologic observations sug- 
gest that it is caused by an infectious 
agent transmitted sexually and, less 
commonly, through parenteral exposure 
to blood or blood products (4). In the 
United States, about 94 percent of pa- 
tients reported to have AIDS belong to 
one or more of the following groups: 
homosexual or bisexual men, abusers of 
intravenous drugs, persons born in Haiti, 
and persons with hemophilia (2). Anoth- 
er 1 percent of AIDS patients do not 
belong to any of these groups but re- 
ceived transfusions of blood or blood 
components within 5 years before the 
onset of their illness. These cases are 
classified as transfusion-associated 
AIDS and have been described in detail 
elsewhere (5, 6). 

Among the agents studied as a possi- 
ble cause of AIDS are retroviruses, in- 
cluding the human T-cell leukemia virus 
(HTLV) (7). Compared with control indi- 
viduals, AIDS patients have a higher 
prevalence of antibodies directed against 
membrane antigens of HTLV-infected 
cells (HTLV-MA) as measured by indi- 
rect membrane immunofluorescence and 
radioimmunoprecipitation techniques 
(8). In studies in which serum from Japa- 
nese T-cell leukemia patients and asymp- 
tomatic carriers was used, the major 
antigens detected by antisera to HTLV- 
MA have been defined (9). They include 
two glycoproteins, designated gp 61 and 
gp 45, that are encoded by the env gene 
of HTLV (9). The prevalence of antibod- 
ies to HTLV-MA is also increased in 
homosexual men with chronic, general- 
ized lymphadenopathy (8), an illness that 
has been associated with AIDS (10). 
Human T-cell leukemia virus has been 
isolated from the lymphocytes of AIDS 
patients, both American (11) and Japa- 
nese (12), and DNA sequences that hy- 
bridized with a cloned HTLV DNA 
probe were detected in two other pa- 
tients (13). A retrovirus thought to be 
related to HTLV has also been isolated 
from a lymph node of a French homosex- 
ual man with chronic lymphadenopathy 
(14). Whether these findings reflect an 
etiologic role for a retrovirus in AIDS or 

are simply a consequence of these virus- 
es infecting AIDS patients opportunisti- 
cally is unknown. 

In an attempt to evaluate further the 
serologic relationship of HTLV or a re- 
lated virus to AIDS, we have studied 
patients with transfusion-associated 
AIDS and the persons who donated 
blood or blood components to these pa- 
tients. As of l January 1984, the Centers 
for Disease Control (CDC) had received 
reports of 32 adults with transfusion- 
associated AIDS. An additional patient 
(patient 5), a 69-year-old man with Kapo- 
si's sarcoma, whose age exceeds the 
limit of 60 years specified for Kaposi's 
sarcoma patients in the CDC surveil- 
lance definition for AIDS (4), is included 
in this report because his abnormal im- 
munologic studies and rapidly fatal clini- 
cal course suggest that he did, in fact, 
have AIDS. For 12 of these 33 cases, 
donor investigations have been complet- 
ed. An investigation is considered com- 
plete when all available donors (i) have 
been interviewed regarding risk factors 
for AIDS, (ii) have been examined for 
physical findings suggestive of AIDS, 
and (iii) have provided a blood sample. 

Several classes of serum were ob- 
tained to serve as controls. These includ- 
ed 298 randomly selected specimens col- 
lected during 1979 and 1980 from volun- 
teer blood donors in Philadelphia, Penn- 
sylvania (100 specimens), Madison, 
Wisconsin (99 specimens), and Tucson, 
Arizona (99 specimens). Also included 
for comparison were 81 previously test- 
ed serum samples collected in 1981 from 
homosexual men matched by age, race, 
and residence to a sample of AIDS pa- 
tients (8, 15) and 45 samples obtained in 
1982 from homosexual men in Ithaca, 
New York. 

Serum specimens from patients with 
transfusion-associated AIDS, donors to 
these patients, and control subjects were 
coded and sent frozen to Boston to test 
for antibodies to HTLV-MA by a meth- 
od that has been described (8, 16). Brief- 
ly, a 1 : 4 dilution of serum was added to 
two HTLV-I-infected cell lines, Hut 102 
and MT 2; the cells were washed; and a 
fluorescein-conjugated F(ab')2 fragment 
of goat antibody to human immunoglob- 
ulins G, A, and M was added. The cells 
were washed again, and the proportion 
of cells having fluorescence was deter- 
mined for each cell line. Samples with 
40 percent or more of the cells hav- 
ing fluorescence on either cell line 
were considered positive. Positive sam- 
ples were tested on uninfected lymphoid 
cell lines to exclude nonspecificity. A 
negative and a positive control serum 
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