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To determine the serologic cross-reactivity between human T-cell lymphotropic virus type I (HTLV-I) and
parasite antigens, we measured antibody responses against HTLV-I, Plasmodium falciparum, Plasmodium vivax,
and Brugia malayi in serum specimens obtained from regions where malaria (n = 482) and filariasis (n = 101)
are endemic. Analysis of immune reactivity to HTLV-I antigens showed that specimens from regions where
malaria is endemic had significantly higher rates of enzyme immunoassay (EIA) reactivity (76 of 482 [15.8%])
than those from regions where filariasis is endemic (0 of 101 [0%]). Western blot (immunoblot) analysis of the
HTLV-I EIA-reactive specimens demonstrated predominant Gag reactivity (HTLV-Iind). Only two specimens
each from Indonesia and Brazil and four specimens from Papua New Guinea had Env reactivity by
radioimmunoprecipitation analysis. Furthermore, a positive correlation between HTLV-I EIA and titers of
antibody to the blood stage of P. falciparum (rs = 0.24, P < 0.005) was discerned; no correlation was observed
between antibodies to the blood stage or the circumsporozoite protein of P. vivax and the circumsporozoite
protein of P. falciparum. In addition, P. fakiparum-infected erythrocyte lysate specifically abrogated binding of
Gag-specific antibodies in HTLV-Iind specimens from regions where malaria is endemic without affecting
binding in HTLV-I-seropositive specimens, suggesting that the immunologic cross-reactivity between HTLV
Gag proteins and malaria parasites is restricted to the blood-stage antigens of plasmodia in specimens from
regions where malaria is endemic. However, HTLV-seroindeterminate specimens from the United States did
not demonstrate serologic cross-reactivity, suggesting that antigenic mimicry of HTLV proteins extends to
other nonplasmodial antigens as well.

Human T-cell lymphotropic virus type I (HTLV-I) is etio-
logically linked with adult T-cell leukemia and HTLV-I-asso-
ciated myelopathy, also known as tropical spastic paraparesis
(4, 17). Infection with HTLV-I is endemic in southwestern
Japan, Papua New Guinea, the Solomon Islands, the Carib-
bean basin, and Africa (3, 6, 17, 32, 33). HTLV-I infection is
also found among blood donors in the United States (4, 17,
23). The seropositivity criteria, as defined by a U.S. Public
Health Service working group, require that a specimen exhib-
iting reactivity to p249ar and either gp46env or gp61/68env be
considered seropositive for HTLV-I (HTLV-IPos) (4). How-
ever, screening of blood donors and serosurveys in various
populations often lead to the detection of isolated and persis-
tent Gag antibodies to HTLV-I (anti-p24 or anti-p19) by
Western blotting (immunoblotting); individuals with these
antibodies are referred to as seroindeterminate (HTLV-Iind)
(4, 13, 19, 20, 30, 32, 33). Recent studies have shown that
persons with such Gag reactivities do not have true HTLV-I
infection; rather, their immune response is an antigenic mim-
icry with other proteins (13, 19). In addition, retrospective
studies of recipients of blood with such serum reactivity have
demonstrated that these recipients do not seroconvert to
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HTLV-I positivity (23). Taken together, these findings suggest
an immunologic cross-reactivity between Gag epitopes of
HTLVs and other microbial, cellular, and/or endogenous
retroviral proteins.

Indeed, several amino acid stretches of HTLV-I are known
to bear sequence homologies to human proteins and several
infectious agents, including viruses and protozoan parasites (7,
10, 14, 16, 18). For instance, amino acid sequences from bovine
leukemia virus and human endogenous retrovirus have shown
homologies to the Gag proteins of HTLV-I (16, 22); however,
serologic cross-reactivity between HTLV-I Gag and either
virus was not observed (13, 31). More recently, antibodies to
Plasmodium falciparum were shown to cross-react with
HTLV-I antigens in specimens from a region of the Philippines
where malaria is endemic (9). This antigenic cross-reactivity
was attributed to the epitopes shared by plasmodial and
HTLV-I antigens. These findings implied that serum speci-
mens from the regions where malaria is endemic could yield
higher nonspecific rates of HTLV-Iind results than specimens
from regions where malaria is not endemic. Indeed, serosur-
veys of individuals in Papua New Guinea, the Solomon Islands,
and Africa, all of which are regions where malaria is hyperen-
demic, have indicated high frequencies of HTLV-Iind persons
(1, 6, 32, 33).
To further investigate the nature of serologic cross-reactiv-

ities between malarial and HTLV-I antigens, we compared the
cross-reactivities of antibodies to plasmodial antigens and
antigenic determinants on HTLV-I antigens. Our data dem-
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onstrate that serologic cross-reactivity between HTLV-T could
be blocked by P. falciparum-infected erythrocyte lysates in
serum specimens from regions where malaria is endemic.
Further, the failure of HTLV-1ind specimens from the United
States to block antibody reactivities suggests that antigenic
mimicry of HTLV-I antigens extends to antigenic epitopes
other than plasmodial antigens.

MATERIALS AND METHODS

Serum specimens. A total of 482 serum specimens from the
following regions where malaria is endemic were tested for
antibodies to malaria parasites and HTLV-T: Lake Lindu
Valley, Central Sulawesi, Indonesia (n = 178) (5); Madang
Province, Papua New Guinea (n = 118); and the state of Para,
Brazil (n = 186). In addition, specimens from Papua New
Guinea previously shown to be positive (n = 12), indetermi-
nate (n = 27), or negative (n = 12) for antibodies to HTLV-T
were included for inhibition experiments. Specimens from
individuals infected with the filarial parasite Wuchereria ban-
crofti (n = 101) from Southeast Asia (n = 24), India (n = 35),
and Egypt (n = 42) were tested to determine the cross-

reactivity between antibodies to filarial and HTLV-T antigens.
Antibodies to plasmodial antigens. Antibodies to blood-

stage malaria parasites were tested by a standard indirect
immunofluorescence assay (IFA). Briefly, slides coated with P.
falciparum- and Plasmodium vivax-infected erythrocytes were

incubated with appropriate dilutions of test sera for 30 min at
37°C, washed with phosphate-buffered saline, and then incu-
bated with fluorescein isothiocyanate-labelled secondary anti-
body. Specimens which reacted at a dilution of 1:64 or greater
were considered positive for plasmodial antigens. In some

experiments, HTLV-IPos and HTLV-Iind specimens from the
United States were added to inhibit the IFA titers of plasmo-
dium-positive specimens.
The presence of antibodies to the circumsporozoite (CS)

protein of P. falciparum and P. vivax was determined by a

FAST enzyme-linked immunosorbent assay (ELISA) (27) with
synthetic peptides specific for the CS protein repetitive se-

quence [(NANP)4 for P. falciparum and (GDRADGQPA)3 for
P. vivax].

Antibodies to filarial antigens. Antibodies to filarial anti-
gens from Brugia malayi were determined by an enzyme

immunoassay (EIA) as described previously (12).
Antibodies to HTLV-I. Antibodies to HTLV-T were deter-

mined by an EIA (Organon Teknika), and reactive specimens
were tested by a Western blot assay incorporating purified
recombinant HTLV-T envelope (r2le) protein with a whole-
virus lysate derived from an HTLV-T-infected cell line, HuT-
102 (Cambridge Biotech, Rockville, Md.) and a radioimmuno-
precipitation assay (RIPA) with a lysate from the MT-2 cell
line (13). A serum specimen was determined to be HTLV-IPoS
if antibody reactivity to at least two different HTLV-T struc-
tural gene products (p249ag and gp46env or gp6l/68e"v and r2le)
was detected. The results were considered HTLV-1Tnd if the
Western blot showed isolated bands characteristic of HTLV-T
(p19, p24, or r2le) but did not meet the criteria for a positive
result. Specimens with no bands were considered negative for
antibodies to HTLV-T (HTLV-Ineg).
PCR. PCR assays were performed with peripheral blood

lymphocytes. Two gene regions from each patient were ampli-
fied with pol and tax primers and hybridized with end-labelled
oligonucleotide probes from the respective regions as de-
scribed previously (13).

Competitive inhibition experiments. To detcrmine if ma-

laria antigen causes HTLV-I reactivity, we performed compet-

itive inhibition experiments with HTLV-I and plasmodial
antigens in an HTLV-I EIA and a Western blot assay. The
blood-stage plasmodial antigen extract was prepared from
human erythrocytes infected with the FCR3 strain of P.
falciparum. The infected erythrocytes were harvested by low-
speed centrifugation when parasitemia reached 5 to 10% with
the schizont stage. One milliliter each of infected and unin-
fected packed cells was lysed in 10 ml of 0.1% (wt/vol) Nonidet
P-40 in saline and stored at - 70°C.

For inhibition experiments, the sera from HTLV-IPos,
HTLV-Iind, and HTLV-1ncg specimens were diluted 1:50 with
the P. falciparum-infected and uninfected erythrocyte lysates,
incubated at 25°C for 30 min, and then incubated at 4°C for 18
h. For the HTLV-1 EIA, a further dilution (1:4) was made with
diluent from the EIA kit, and the remainder of the assay was
done as described in the manufacturer's instructions. For the
Western blot assay, the sera incubated with infected and
uninfected erythrocyte lysates were further diluted (1:2) by
addition of an equal volume of blocking buffer. The diluted
sera were added to the Western blot strips containing HTLV-1
antigens with the recombinant transmembrane protein (r2le),
and the strips were incubated at 25°C overnight. The incuba-
tion was followed by washes and color development as de-
scribed previously (13). The purified HTLV-I antigen (Hill-
crest Biologicals, Cypress, Calif.) was used as a control to block
the binding of homologous antigens.

Statistical analysis. The Student t test was used to compare
mean EIA values for different groups, and Spearman's rank
correlation (rj) coefficients were used to assess the associations
among the variables.

RESULTS

Antibody reactivity to HTLV antigens. Serum specimens (n
= 482) from regions where malaria is endemic were tested by
the HTLV-T EIA to determine the antibody to HTLV anti-
gens. Of these, 51 (28.6%) of 178 specimens from Indonesia,
18 (15.2%) of 118 of specimens from Papua New Guinea, and
7 (3.8%) of 186 specimens from Brazil were reactive in the
HTLV-T EIA. The Western blot profile of EIA-reactive spec-
imens demonstrated that a number of specimens reacted only
with p249ag and/or p9lag and hence were considered HTLV-
Tind. The presence of Env reactivity, as determined by radio-
immunoprecipitation analysis (gp61/68env) of all EIA-reactive
specimens, was detected in only two of the Indonesian speci-
mens, four of the Papua New Guinean specimens, and two of
the Brazilian specimens; thus, a large proportion of EIA-
reactive specimens yielded HTLV-T1n reactivity. None of the
specimens from individuals infected with filarial parasites
demonstrated reactivity to HTLV-T antigens in the EIA (Table
1).

Correlation between antibody to HTLV-I and malarial
antigens. To determine if plasmodial infections were respon-
sible for inducing antibodies that cross-react with HTLV-I
antigens, we tested serum specimens from Indonesia for
antibodies to P. falciparum and P. vivax by IFA and for
HTLV-T antibody by EIA. While a positive correlation be-
tween HTLV-T EIA results and titers of antibody to P.
falciparum could be discerned (r, = 0.24, P < 0.005) (Fig. 1A),
no correlation was observed with P. vivax (r, = 0.03, P > 0.05)
(Fig. IB), suggesting that the P. falciparum malaria parasite
may contain antigenic determinants that bear immunologic
homology to HTLV-T. The two HTLV-IPos specimens from
Indonesia had IFA titers of 1:1,024 and 1:16,384.
To further explore immunologic cross-reactivity between

HTLV-T antigen and the sporozoite stage of the parasite, we

6 LAL ET AL.



ANTIBODIES TO HTLV-I AND P. FALCIPARUM 7

TABLE 1. Reactivities of serum specimens from diverse geographic areas to HTLV antigens

No. positive No. positive with indicated HTLV Western blot reactivity' No. positive
Specimen source (n) by HTLV bv HTLV

EIA r21 p24+ p19k p19+ p24+ pl9+ p24 pl9- p24+ RIPA

Regions where malaria is endemic
Indonesia (178) 51 10 16 19 6 2
Papua New Guinea (118) 18 8 4 4 2 4
Brazil (186) 7 4 0 1 2 2

Regions where filariasis is endemic
Southeast Asia (24) 0 0 0 0 0 0
India (35) 0 0 0 0 0 0
Egypt (42) 0 0 0 0 0 0

" None of the specimens demonstrated an HTLV-IP"s profile. Specimens with an r21 + p24+ p19+ profile were tested further by RIPA.

determined the presence of antibodies to the CS repeat
sequences of P. falciparum and P. vivax in specimens from
Papua New Guinea. No correlation between either of the CS
protein antibody responses and HTLV-I antibody could be
discerned (data not shown), suggesting that immunologic
cross-reactivity between HTLV-I and Plasmodium spp. is
restricted to blood-stage antigens.

Inhibition of HTLV-I antibodies with P. falciparum-infected
erythrocyte lysates. Competitive inhibition experiments were
conducted to determine the specificity of interaction of malar-
ial antigens with HTLV-I-specific antibodies in specimens
from Papua New Guinea. Incubation of HTLV-I-positive
specimens with uninfected and infected erythrocyte lysates
prior to HTLV-I EIA analysis yielded similar optical densities
(ODs) of 2.54 ± 0.80 and 2.11 ± 1.04, respectively (Table 2).
In contrast, a marked decrease in ODs was observed when
HTLV-In, specimens were incubated with infected erythro-
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FIG. 1. Correlation between HTLV-I EIA antibody titers and IFA

titers for P. falciparum (top) and P. vivax (bottom) in serum specimens
from Indonesia. The number of specimens is indicated above each bar;
each box represents the 90% confidence levels for each group.

cyte lysates (0.61 ± 0.49) in comparison with uninfected
lysates (1.81 ± 0.81; 63% inhibition). Furthermore, PCR
analysis of 22 of these 27 HTLV-Iind specimens did not amplify
any products specific for either the pol or tax gene of HTLV-I,
further confirming the absence of true HTLV-I infection in
these specimens (Table 2). As expected, no differences in the
ODs of negative control specimens were observed.
The antigenic profile of cross-reacting antibodies was deter-

mined by Western blot analysis. While neither Gag (p24 or
p19) nor Env (r2le) protein bands were inhibited by P.
falciparum-infected erythrocyte lysates incubated with HTLV-
IPs specimens from Indonesia (n = 2), Papua New Guinea (n
= 4), and Brazil (n = 2) (Fig. 2A, HTLV-IP'S lanes 3), the
bands in the HTLV-Iind specimens from Indonesia (n = 2),
Papua New Guinea (n = 5), and Brazil (n = 2) were
completely inhibited in the presence of infected erythrocyte
lysates (Fig. 2A, HTLV-1"d lanes 3). The specificity of the
inhibition was confirmed by using uninfected erythrocyte ly-
sates, which did not abrogate binding to any HTLV-I-specific
protein (Fig. 2A, lanes 2).
To determine whether cross-reactivity by malarial antigens

was restricted to seroindeterminate specimens from regions
where malaria is endemic or extended to regions where
malaria is not endemic, we tested seroindeterminate specimens
from the United States (n = 15) (all negative for the HTLV-I
genome) in the inhibition experiment. Neither Gag nor Env
reactivity could be inhibited in these U.S. specimens (from
regions where malaria is not endemic) (Fig. 2B, HTLV-Iind
lanes 3). Furthermore, HTLV-IPos (n = 5) and HTLV-Iind (n
= 7) specimens from the United States did not react in a
malaria IFA, suggesting that antibodies to HTLV-I antigens do
not cross-react with Plasmodiium antigens in specimens from
the United States (data not shown).

TABLE 2. Competitive inhibition of HTLV-I antibody reactivity by
P. falciparum-infected erythrocyte lysate in serum specimens

from Papua New Guinea

HTLV-I result PCR result OD in HTLV-1 ELISA
(no. of serum (no. posi- Uninfected Infected
specimens tive/no. erythrocyte erythrocyte Inhibition
tested) tested) lysate lysate

Positive (12) 5/5 2.54 ± 0.80 2.11 ± 1.0)4 21
Indetermi- 0/22 1.81 ± 0.81 0.61 ± 0.49 63

nate (27)
Negative (8) 0/3 0.27 ± 0.13 0.27 ± 0.09 0

P. vivax
(34) (75) (34) (10)
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FIG. 2. Competitive inhibition of HTLV-I antibodies with P. falciparum-infected erythrocyte lysate in specimens from regions where malaria
is endemic (A) or not endemic (B). Each serum specimen was run on a Western blot with no lysate incubation (lane 1), preincubation with
uninfected erythrocyte lysate (lane 2), or preincubation with P. falciparum-infected erythrocyte lysate (lane 3). Among the HTLV-IPos specimens,
panel A shows one specimen each from Papua New Guinea, Indonesia, and Brazil (left, middle, and right blots, respectively), whereas panel B
shows three specimens from U.S. blood donors. Among the HTLV-Iind specimens, panel A shows two specimens from Papua New Guinea and one
from Indonesia (left to right), and panel B shows three specimens from U.S. blood donors.

DISCUSSION

Screening assays for detection of antibodies to HTLV-I
often detect isolated Gag-reactive antibodies, resulting in
specimens being classified as HTLV-Iind (4, 17). Such HTLV-
Ind Western blot results are frequently observed with speci-
mens from tropical populations such as the Melanesians of the
Solomon Islands, the Hagahais of Papua New Guinea, Bismam
Asmat groups of Indonesian New Guinea, the Napsan of the
Philippines, and certain tropical groups in Africa (3, 6, 9, 15,
20, 32, 33). It has been postulated that such antibodies are
induced by an agent(s) that is either immunologically (host or
nonhost antigens) or genetically (variant forms of retroviruses)
related to, but different from, prototypic HTLVs (13, 19).
Highly divergent molecular variants of HTLV-I in Melanesians
have been identified (8). However, the variant strain-specific
sequences in Melanesian specimens with indeterminate West-
ern blot patterns could not be amplified, suggesting that
isolated Gag reactivities are probably due to antigenic mimicry
of certain cellular or microbial antigens that share antigenic
epitopes present on the Gag proteins of HTLV-I (15, 19).
Recent observations of cross-reactions between P. falciparum
antigens and HTLV-I proteins among individuals living in a
region in the Philippines where malaria is endemic suggest that
antibodies to the malarial antigens may cross-react in serologic

assays, resulting in HTLV-Iind results (9). In this report, we
provide evidence for immunologic cross-reactivity between
HTLV-I and blood-stage plasmodial antigens.

Analysis of serum antibodies to both HTLV-I by EIA and
plasmodial antigens in paired specimens demonstrated a pos-
itive correlation between antibodies to HTLV-I and antibodies
to P. falciparum, but no correlation was observed for antibod-
ies to P. vivax. The selective correlation with only P. falciparum
presumably reflects a higher prevalence for this species of
Plasmodium in Papua New Guinea. In contrast, none of the
specimens derived from regions where filariasis is endemic
demonstrated antibody responses to HTLV-I antigens. The
initial finding suggesting that repeated exposure to filariasis
plays a role in the etiology of adult T-cell leukemia (29) has not
been further substantiated. In addition, the cross-reactive
antibodies appeared to be restricted to the blood-stage anti-
gens, since none of the immunodominant epitopes of the CS
protein (27) induced cross-reactive antibodies. Competitive
inhibition experiments demonstrated that P. falciparum-in-
fected erythrocyte lysate could abrogate the binding of anti-
bodies to the HTLV-I antigens in HTLV-Iind specimens. These
results corroborate recent reports demonstrating serologic
cross-reactivity between HTLV-I and P. falciparum in regions
of the Philippines and Africa where malaria is endemic (3, 9)
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and contrast with a previous study in which no correlation
between seroreactivity to malarial and HTLV-I antigens was
observed (6). These discrepant results could either be due to
technical differences in the assay procedures or due to strain
differences in the parasite.
Of greater importance is the finding that in HTLV-Iind

specimens from regions where malaria is endemic, P. falcipa-
rum-infected erythrocyte lysate not only blocked the binding to
the Gag proteins (p24 and p19) but also inhibited binding to a
recombinant transmembrane protein (r2le) of HTLV-I. The
inhibition did not appear to be due to erythrocyte proteins,
such as immunoreactive glycophorin proteins (11), since unin-
fected erythrocyte lysate did not abrogate the binding of
cross-reactive antibodies in HTLV-Ind specimens. While the
cross-reacting Plasmodium epitopes leading to antigenic mim-
icry were not identified in our study, they could represent small
stretches of amino acids, as reported by McLaughlin et al. (18).
Furthermore, the retroviral transmembrane protein contains a
conserved immunodominant motif containing two cysteine
residues flanked by six amino acids (CxxxxxxCC) (25); there-
fore, antigenic mimicry of this epitope could induce antibodies
cross-reactive with HTLV r2le.
The antigenic cross-reactivity of Plasmodium antigens was

restricted to the specimens from regions where malaria is
endemic; none of the seroindeterminate specimens from the
United States (where malaria is not endemic) were inhibited by
plasmodial antigens. Reciprocally, none of the HTLV-I sera
reacted in IFAs for detection of malarial antibodies. The
antigenic basis for these isolated Gag antibodies in specimens
from the United States remains to be defined (7). In addition,
of the human endogenous retroviruses that have been se-
quenced, several have sequence similarities to the Gag pro-
teins of HTLV-I and human immunodeficiency virus (2, 16).
Indeed, a 28-kDa protein of an HTLV-I-related endogenous
sequence (HRES-1) has similarities to the p24ga," protein of
HTLV-I, and this antigen may serve as an autoantigen eliciting
autoantibodies cross-reactive with HTLV-I Gag antigens (2).
The antigenic cross-reactivity of p19agi" is well defined.

Monoclonal antibodies to p19 have previously been shown to
react with antigens of normal thymus and placenta and with
epithelial cytoplasmic protein derived from the salivary glands
of patients with Sjogren's syndrome (10, 14, 26, 28). More
importantly, because the antigen recognized by one of these
antibodies is an inducible antigen, immune activation of cells in
vivo may be able to upmodulate expression of this antigen,
resulting in cross-reactive antibodies (26). The C-terminal
region of pl9v8> also shows structural homologies to human
DNA or RNA viruses, such as Epstein-Barr virus, encephalo-
myocarditis virus type B, herpes simplex virus type 1, and
influenza virus, as well as certain human cellular proteins, such
as complement, collagen, thyroglobulin, human leukocyte an-
tigens, and cytokines (14, 21). More recently, an immunologi-
cally cross-reactive epitope in varicella-zoster virus has been
mapped to the C terminus of p19`7alg protein of HTLV-I (24).

In conclusion, our results demonstrate that the immunologic
cross-reactivity between HTLV Gag proteins and malarial
parasites occurs with the blood-stage but not the CS antigens
of P. falciparum in specimens from certain regions where
malaria is endemic. However, indeterminate specimens from a
region where malaria is not endemic did not demonstrate
serologic cross-reactivity, suggesting that antigenic mimicry of
HTLV-I proteins extends to nonplasmodial antigens as well.
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