
contained in the 1.5-kb 3' exon of this 
subgenomic message. Immediately 5' to 
this exon is a second exon of about 140 
nucleotides that spans the pol-env junc- 
tion and provides the initiation codon for 
the x gene. The 5' exon appears to be a 
leader sequence of about 135 nucleo- 
tides. It extends from the cap site to a 
splice donor site located in the stem of 
the potential hairpin loop that has been 
proposed for the HTLV-I and HTLV-I1 
LTR (12, 27, 28). We believe this to be 
the entire structure of the HTLV-I1 x 
subgenomic message. These data are 
also consistent with the observations of 
Seiki et al. (29) regarding the structure of 
HTLV-I x mRNA. 

The functional basis for this precise 
scheme of mRNA processing to generate 
the x mRNA is unclear. The only other 
example of retroviral RNA processing in 
which the virus contains a gene between 
env and the 3' LTR is Rous sarcoma 
virus (30, 31). In this case, sequences 
from env are not required to generate the 
src gene product (32, 33). It is possible 
that this type of mRNA processing, 
which adds only four nucleotides of cod- 
ing sequence to downstream x sequences 
for HTLV, is a primary regulatory mech- 
anism for the production of the x prod- 
uct. The function of p40"1 and ~37"" is 
unknown. These proteins may be impor- 
tant in viral transcription (34,35). Recent 
x gene mutagenesis studies in our labora- 
tory indicate that the x protein increases 
the efficiency of HTLV transcription 
(35a). Regulation of the expression of the 
x protein may be important for viral 
transcription and replication as well as 
for the initiation and maintenance of 
cellular transformation. 
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Predisposition to Hookworm Infection in Humans 

Abstract. Frequency distributions of parasitic helminths within human comrnuni- 
ties are invariably highly aggregated, the majority of worms occurring in relatively 
small fractions of the host populations. It has been suggested that the heavily 
infected individuals are predisposed to this state, not by chance, but by as yet 
undefined genetic, ecological, behavioral, or social factors. Analyses of individual 
post-treatment patterns of hookworm reinfection among 112 villagers in an endemic 
area of West Bengal provide quantitative evidence of predisposition to heavy 
infection. This observation has implications for the design of control programs based 
on chemotherapy because of the potential economic advantage of selective or 
targeted treatment as opposed to mass or blanket treatment. 

Epidemiological studies in various re- 
gions of the world have reported rates of 
post-treatment reinfection with hook- 
worms and other intestinal helminths (I). 
Quantitative information on patterns of 
reinfection in individual patients, as op- 
posed to groups of people, is extremely 
limited, however, and the evidence for 
predisposition to heavy infection is 
therefore inconclusive. This is in part a 
consequence of the small numbers of 
patients examined in previous studies (2- 
5). Here we present evidence of a statis- 
tically significant positive association be- 
tween the adult worm burdens of individ- 
ual patients prior to treatment (as judged 
by fecal egg counts) and the adult worm 
burdens in the same individuals follow- 
ing a period of reinfection. 

Our analyses are based on field studies 
conducted in West Bengal, India, in 1968 
to 1970 (6-10). The study area, its cli- 
mate, methodological details (including 

methods of sample selection) and as- 
pects of the epidemiology of hookworm 
parasitism are described elsewhere (6- 
11). Two groups of villagers from a rural 
area 40 miles (64 km) north of Calcutta 
were treated to remove their hook- 
worms. Group 1 (n  = 34) was treated 
with anthelmintics [bephenium hydrox- 
ynaphthoate and tetrachlorethylene 
(TCE)] in the dry season of 1968-1969 
and then reexamined after 10, 12, 14, and 
18 months. The monsoon season, a 4- 
month period during which conditions 
for frequent reinfection were optimal, 
began 6 months after treatment was com- 
pleted. Group 2, the treated subsample 
of a study population of 735 villagers, 
was treated (with bephenium and either 
TCE or thiabendazole) in the same dry 
season and then reexamined at eight 2- 
month intervals (the total period includ- 
ed two monsoon seasons). People who 
provided fecal samples in at least four of 
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the eight post-treatment rounds of ex- 
amination were included in our analyses 
(n = 78). 

The frequency distributions of the two 
hookworm species present, Ancylos- 
toma duodenale and Necator ameri- 
canus, were aggregated as illustrated by 
the worm burden data from a combined 
sample of 84 people shown in Fig. 1, a 
and b (12). Observed patterns of worm 
numbers per person are well described 
empirically by the negative binomial 
probability distribution (13). Greater 
than 60 percent of the total hookworm 
population was harbored by less than 10 
percent of the people in the combined 
sample. 

The sharp post-treatment decrease in 
the mean intensity of infection to near 
zero (as judged by daily egg output; 
EPD), and the rapid return to about 30 
percent of the pre-treatment level in 20 
months is shown in Fig. l c  for group 2 

(14). Statistically significant positive as- 
sociations (at the 5 percent significance 
level) between individual pre- and post- 
treatment levels of infection were found 
in all rounds of reexamination (Table 1). 
The pre-treatment intensities in group 2, 
and the reinfection intensities at the final 
round of examination 630 days after 
treatment, are shown in Fig. Id (15, 
16). 

Similar results were recorded for a 
smaller sample of 34 people in group 1. 
Reinfections occurred rapidly after treat- 
ment, and those who were heavily infect- 
ed initially reacquired heavier than aver- 
age infections after a 506-day period of 
reinfection (Kendall's coefficient of rank 
correlation, 7 = 0.6694, P < 0.001, n = 
34). The similarity of the results from 
group 1 and group 2 is of interest given 
the between-group differences with re- 
spect to the timing of treatment, the 
chemotherapeutic agents used, and the 

period of time during which reinfection 
occurred. The results ~ rov ide  firm evi- 
dence of predisposition to heavy infec- 
tion (or, conversely, light infection) (2- 
5) 

Predisposition may result from eco- 
logical, genetic, social, or behavioral fac- 
tors, either acting in isolation or in com- 
bination. For example, dense popula- 
tions of infective larvae abound where 
human feces are habitually deposited on 
loamy soils in warm, moist, and well- 
shaded sites. Unshod individuals resid- 
ing near such areas may tend to acquire 
heavy infections (17). Alternatively, so- 
cial status or occupation may determine 
the degree of contact with fecally pollut- 
ed soils. Similarly, behavioral factors, 
particularly those associated with per- 
sonal hygiene and defecation habits, are 
likely to play a role in determining expo- 
sure to infection. Aggregated distribu- 
tions of worm numbers per person and 

LZ4 E x p e c t e d  

0  - 1 5 -  3 5 -  5 5 -  7 5 -  95- 105+ 0  - 1 5 -  3 5 -  5 5 -  7 5 -  95- 105+ 
4  2 4  4  4  6 4  8  4  104 4  2 4  4  4  6 4  8 4  104 

Worm-burden c l a s s  Worm-burden c l a s s  

D a y s  a f t e r  t r e a t m e n t  In tens i ty  b e f o r e  t r e a t m e n t  ( l o s  EPD) 

Fig. 1. (a) The frequency distributions of A. duodenale per person [groups 1 and 2 combined (12)l. Observed values are recorded as are the 
expected frequencies based on the fit of a negative binomial probability distribution to the observed data (f = 24.54, k = 0.618, n = 84, 
X 1 1 2  = 4.24). (b) The frequency distributions (observed and expected) of N. americanus (2 = 53.7, k = 0.627, n = 84, X122 = 12.0). (c) Infection 
in group 2 patients following multiple anthelmintic treatments (days 1 through 3) (6-10). The average intensity of infection is measured as the egg 
output per day (EPD) during eight rounds of examination at approximately 2-month intervals (14). Table 1 shows the number of patients examined 
and statistical comparisons. (d) The association between fecal egg counts (EPD) before treatment and those 630 days after treatment for a sample 
of group 2 patients (Kendall's rank correlation coefficient, T = 0.33, n = 65, P < 0.005). 
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predisposition may therefore be ex- 
plained on the basis of transmission- 
linked factors alone. Such explanations 
have gained wide acceptance in the ab- 
sence of direct evidence for genetically 
controlled resistance mechanisms to 
hookworm infection (either immunologi- 
cal or nonspecific in nature) (9, 18, 19). 
However, with the demonstration of ac- 
quired resistance to hookworm infection 
in laboratory animals (20) and in some 
induced human infections (19, 21), vari- 
ability in observed intensities of infec- 
tion has been attributed to group and 
individual differences in resistance or 
susceptibility. Thus, for example, males 
appear to be inherently more susceptible 
than females (8, 22-24) and Caucasians 
more so than non-Caucasians (25-27). 
Laboratory models of human hookworm 
infection clearly suggest a genetic basis 
of resistance and susceptibility (28), but 
direct evidence of the significance of 
such factors for infection in humans is 
lacking. We suspect that both heteroge- 
neity in exposure to infection within hu- 
man communities and genetically deter- 
mined host resistance mechanisms play 
important roles as determinants of para- 
site aggregation and host predisposition 
to infection. 

Our analyses of individual patterns of 
reinfection do not provide information 
on the causal mechanisms of predisposi- 
tion. Nevertheless, the significant posi- 
tive association between pre- and post- 
treatment levels of infection has practi- 
cal implications for the planning of hook- 
worm control programs. Targeted 
anthelmintic treatment focusing on the 
ethnic and socioeconomic groups most 
heavily infected with hookworms has 
been effective in Fiji, the southern Unit- 
ed States, and elsewhere (26, 27, 29). 
More narrowly focused community con- 
trol by chemotherapy based on individ- 
uals, as opposed to groups, has not been 
attempted. Recently, the desirability of 
targeted or selective chemotherapy has 
been argued on both clinical and theoret- 
ical grounds (4, 30, 31). Mathematical 
models of the transmission dynamics of 
helminth infections suggest that selective 
treatment of heavily infected individuals 
can, in principle, provide cost-effective, 
community-wide hookworm control (4). 
However, weighed against the superfi- 
cial cost advantages of selective treat- 
ment (fewer drug treatments required 
when compared with mass or blanket 
application within a community) are the 
additional expenses arising from the 
identification of heavily infected individ- 
uals. To a large extent, such consider- 
ations have prevented the wide-scale ac- 
ceptance of selective treatment as a 

Table 1. Kendall's rank correlation coefficient 
(7) for patients in group 2 showing the degree 
of association between individual worm bur- 
dens (as measured by fecal egg counts) before 
treatment and at eight 2-month intervals after 
treatment. The value of n is the number of 
people examined at each round; all values of T 
were significant at  the 1 percent level employ- 
ing a Bonferroni correction. 

n T 

Pretreatment 
Round 1 
Round 2 
Round 3 
Round 4 
Round 5 
Round 6 
Round 7 
Round 8 

practical approach to community control 
of helminth infections (31). Our evidence 
for predisposition to heavy hookworm 
infection, however, argues for a reap- 
praisal of these issues. Once identified, 
treatment could be continually focused 
on those predisposed to heavy infection, 
thereby eliminating the necessity of re- 
peated identification at each round of 
drug administration (4, 32). 
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Analysis of T-cell Receptor Gene Rearrangement and 
Expression in Human Natural Killer Clones 

Abstract. A series of clones of human natural killer (NK)  cells was characterized 
with respect to expression of the Ti ci and Ti p genes of the T-cell receptor. Tll'T3' 
NK clones contained Ti ci and Ti P RNA transcripts and expressed disu8de-linked 
heterodimers, demonstrating the presence of a functional T-cell receptor. In 
contrast, Tll+T3- NK clones expressed only 1 .O-kilobase truncated Ti P transcripts, 
without a Ti ci transcript and no detectable surface Tiprotein. Since previous studies 
demonstrated that Ti P gene activation precedes Ti or gene activation in thymic 
ontogeny, the TI l'T3- NK cells appear to be derived from T-lineage precursors. 

Natural killer (NK) cells have been 
operationally defined as a population of 
cells capable of mediating direct cytotox- 
icity against various types of target cells 
without apparent prior immunization (1) .  
Primarily because the cytotoxic specific- 
ity of NK cells is not restricted by or 
associated with expression of major his- 
tocompatibility complex (MHC) antigens 
on their target cells, NK cells have been 
thought to be functionally distinct from 
cytotoxic T lymphocytes. In peripheral 
blood, NK cells appear to be a morpho- 
logically homogeneous population of 
large granular lymphocytes (LGL) that 
can be distinguished and separated from 
conventional T cells by their differing 
physical characteristics (2). Neverthe- 
less, the lineage of NK cells has not been 
established since they express both T 

lymphocyte and myeloid-associated 
cell surface antigens. Moreover, the 
structural basis by which these cells ex- 
ert their cytotoxic function has not been 
defined for most of the NK active cells. 

In order to analyze NK cell function 
and heterogeneity, we and others have 
developed and characterized monoclonal 
NK cell lines from normal peripheral 
blood (3) .  This is possible because NK 
cells proliferate in response to nonspecif- 
ic stimulation, and this proliferation can 
be maintained by interleukin-2. Using 
these techniques, we were able to select 
a series of NK clones solely on the basis 
of their ability to mediate cytotoxicity 
against various types of target cells with- 
out prior sensitization. Previous charac- 
terization of these NK clones has shown 
that they can maintain a stable pheno- 

Fig. l .  Two-dimensional SDS-PAGE of NK Nonreduced - 
clones labeled at surface membranes with 
I2'I. (A) JT9 cells. (B) JT3 cells. Lymphoid :;- cells were externally labeled with '251-labeled P 

lactoperoxidase, and total cell lysates from 0 

0 
5 x lo6 to 10 x lo6 cells were analyzed by 46-  ' ' K 

modification of the procedure described by 
Goding and Hanis (10, 11). Lysates were &st 3,) - 

1 
resolved under nonreducing conditions in a 10 A 
percent acrylamide Laemmli tube gel. When 6 

the bromophenol blue marker reached the bottom of the tube, the gel was removed and 
equilibrated for 1 hour at 25'C in sample buffer containing 10 percent 2-mercaptoethanol and 100 
mM dithiothreitol. Samples were then subjected to electrophoresis in the second dimension 
under reducing conditions in a 10 percent acrylamide Laemmli slab gel. Gels were fixed and 
autoradiographed with intensifying screens and Kodak X-R5 film at -70°C for 48 hours. The 
arrow in (A) indicates the position of the disulfide-linked heterodimer. A similar spot is not 
detectable in (B). 
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type and cytotoxic function after pro- 
longed periods of culture in vitro. More- 
over, these NK clones appear to reflect 
accurately the phenotypic and functional 
diversity of NK cells in unstimulated 
peripheral blood. In the present experi- 
ments, we used DNA probes for the Ti a 
(4) and Ti p (5) genes of the T-cell 
receptor to analyze various NK clones 
for the presence of specific T-cell lineage 
rearrangements as well as expression of 
T-cell receptor gene products. These 
studies were undertaken to further char- 
acterize the derivation of NK cells and to 
analyze the structural basis for the cyto- 
toxic function of these cells. 

The phenotype of the NK clones used 
in our studies is summarized in Table 1. 
Clones JT3 and JTB18 represent the phe- 
notype of most of the NK cells in periph- 
eral blood (6). These cells express T111E 
rosette antigen and NKH1, a pan-NK 
cell antigen, but do not express T3, T4, 
or T8 antigens. Although these two 
clones have a similar phenotype, they 
were derived from different individuals, 
and only JT3 cells express NKH2 anti- 
gen--another marker associated with 
LGL in peripheral blood (6). Clones JT3, 
JT9, and JTlO were derived at separate 
times from the same individual, but JT9 
and JT10, in contrast to JT3, have a 
mature T-cell phenotype (T3+, T8', 
T11'). Unlike most T lymphocytes, 
however, these cells express NKHl anti- 
gen and kill a wide variety of target cells 
including K562. Cytotoxicity of JT9 and 
JTlO cells is not MHC-restricted and 
cannot be blocked by monoclonal anti- 
bodies specific for T8 structures or for 
histocompatibility antigen class I or class 
I1 products (7). Clones JT9 and JTlO 
demonstrate an identical target specific- 
ity to each other, and both express a 
90-kilodalton (kD) clonotypic disulfide- 
linked heterodimeric receptor (NKTa) 
that is linked to surface T3 antigen and 
appears to be the product of functional 
T-cell receptor genes (8). Cytotoxicity of 
JT9 and JTlO cells can be blocked at the 
effector cell level by monoclonal anti- 
bodies specific for NKTa or T3 antigens 
and at the target cell level by monoclonal 
antibodies specific to TNKTAR, a 140-kD 
glycoprotein that is widely expressed 
on normal lymphoid and hematopoi- 
etic cells after cell activation (9). Clone 
CNK3 was derived from a different indi- 
vidual and also has a mature T-cell phe- 
notype (T3+,T8', and T11'). Further- 
more, its cytotoxicity is also blocked by 
antibody to T3. Unlike JT9 and JT10, 
these cells express NKH2 antigen and do 
not express NKTa. 

The possibility that NK clones lacking 
T3 express a disulfide-linked heterodi- 
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