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Endemic Human T Cell Leukemia Virus Type II Infection in Southwestern US
Indians Involves Two Prototype Variants of Virus
Brian Hjelle, Shi Wei Zhu, Hidehiro Takahashi,
Shinji Ijichi. and William W. Hall

Departmentof Pathology, Universityof New Mexico School of Medicine,
and United Blood Services,Albuquerque,New Mexico; Departmentof
Medicine, Northshore University Hospital, Cornell Medical College,
Manhasset, New York

HumanT cell leukemiavirus(HTLV)typeII is endemicin certainAmericanIndians,andhigh
ratesof infectionoccurin intravenousdrugusers(IVDUs).NorthAmericanIVDUs areinfected
with two distinctvariants,HTLV-IIaand-lib. If IVDUs becameinfectedas a resultof interaction with membersof an AmericanIndianpopulation,bothviralformsshouldbe demonstrable
in suchpopulations.Nucleotidesequenceanalysisof 630 basesof theenvgeneencodingthe gp21
proteinwas doneon DNA from 12 New MexicoIndians(8 Pueblo,4 Navajo).All sampleswere
typicalsubtypea or b viruses.Sevenof the 8 Puebloand2 of 4 Navajohadsubtypeb;the resthad
subtypea. The resultsarecompatiblewithan indigenousNew Worldoriginforbothsubtypesof
HTLV-II.
Human T cell leukemia/lymphomavirus(HTLV) types I
and II are closely relatedhuman retroviruses.HTLV-Iis associated with adult T cell leukemia/lymphomaand tropical
spastic paraparesis/HTLV-I-associatedmyelopathy (TSP/
HAM). HTLV-Iinfection is endemicin severalregionsof the
world, where transmission occurs both horizontally (sexually) and vertically (breastfeeding, reviewed in [1, 2]).
Newer practices,such as blood transfusionand intravenous
drug use, have resultedin its introductioninto new populations [1, 2]. In Japan alone, there are an estimated800,000
persons infected with HTLV-I [3].
HTLV-IIwas originallyisolated (and designatedMO and
NRA) from T cells of 2 patients with hairy cell leukemia
(HCL) [1, 2]. Despite the initial suspicionthat HTLV-IImay
have a role in HCL, most patientswith HCL lack antibodies
to an HTLV. HTLV-II infection appears to have spread
widely in IVDUs in the United Statesand Europe.The first
introductionof HTLV-IIinto the IVDU populationseems to
have occurredbefore the mid-1970s [4].
Virus isolates of HTLV-I obtained from the traditional
HTLV-I-endemic regions of Japan and the Caribbeanare
closely relatedin sequence [5]. In contrast,HTLV-Iisolates
obtained fromrecentlydiscoveredremotepopulationsin Pa-
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pua New Guinea differfrom the cosmopolitan(widespread)
HTLV-Istrainsby ~17c-87c of the nucleotidesequence, suggesting ancient divergence between cosmopolitan HTLV-I
and the new isolates [6].
Recent studies with HTLV-IIisolates from North American IVDUs have suggestedthat thereare at least two distinct
subtypes of HTLV-II, designated a and b [7]. Since both
types exist in this population, both can be consideredto be
cosmopolitan. In the portion of the env gene encoding the
transmembrane protein gp21, HTLV-IIb differs from
HTLV-IIaby 47cof nucleotide or 1.57cof amino acid residues. Divergenceof 37cand 27cis observedin the tax (transactivator)gene and protein [8], and the two subtypes are
easily distinguishedby sequencesin the long terminalrepeat,
pol, and gag regions(unpublisheddata). That HTLV-IIaand
-lib are truly distinct is supportedby the consistentbimodal
distributionof sequence across multiple viral genes and by
the lack of intermediateforms between subtypes a and b.
The MO and NRA prototypevirusesof HTLV-IIare examples of HTLV-IIaand -lib, respectively[7].
The existence of two distinctsubtypesof HTLV-IIamong
seropositiveNorth AmericanIVDUs suggeststhat HTLV-II
infection was introduced into IVDUs from at least two
sources. It is unclear when and where this may have occurred,but thereis reasonto suspectthat HTLV-IIwas introduced into IVDUs years before the human immunodeficiency virus [4], and this may have involved blood donation
by or needlesharingwith membersof a population(s) with
endemic infection.
Recently several small and relativelyremote populations
with endemic HTLV-IIinfection have been identified, predominantly among New World Indians [9-11]. The extremely isolated Guaymi in Panamaand Ge-speakingtribes
of Amazoniawould seem to be unlikelysourcesfor the introduction of HTLV-II into IVDUs. In contrast, individuals
fromNorth AmericanIndiangroups,such as the Pueblo and
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Navajo of New Mexico and possibly the Seminoles of Florida, have interacted to a greater degree with the majority
culture of the Americas. Many members of these groups have
been regular blood donors, including some with HTLV-II
[9]. Alternatively, some might have engaged in needlesharing during the early phases of the counterculture movement
in the 1960s. If this hypothetical indigenous New World origin for cosmopolitan HTLV-II subtypes is correct, it should
be possible to demonstrate both subtypes of HTLV-II in
members of different tribes of New World Indians. Here we
describe DNA sequence-based subtype analysis of the viruses in members of New Mexico Indian tribes, done in an
effort to determine whether such tribes could be the original
source of introduction of HTLV-II to IVDUs.
Materials and Methods
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from Pueblo and 4 from Navajo. Five of the 8 Pueblo studied
were female, aged 32-65 years (average, 44). The Navajo donors were 3 women (42, 42, and 41 years old) and a man (39
years). All 12 enrolled subjects had Western blot reactivity to
p248agand recombinant gp21envproteins in a pattern suggestive
of HTLV-II infection [1]. Eleven had additional antibodies, in, p32gag
, or p53gag;
cluding 9 with reactivity to pl9gag;7 to p28ga8
2 to p38tax;and 1 to gp46env.
Polymerase chain reaction (PCR) and sequence analysis.
PCR analysis was done on peripheral blood mononuclear cell
(PBMC) DNA from seropositive Indian donors, using tax and
pol primers to confirm HTLV-II infection as described previously [9]. For sequence analysis a 630-bp amplicon from the env
region was cloned and sequenced using conditions previously
described [7].

Results

Identification of HTLV-II-seropositive donors. All but 1 of
the seropositive individuals described here were found to be seropositive after blood donation to the United Blood Services
(UBS) blood bank in Albuquerque [9]. The remaining individual is patient 2 (isolate MSA-lb) of a previous report describing
HTLV-II infection in 2 Pueblo women with a TSP/HAM-like
neurologic illness [12].
All blood donors to UBS are screened for HTLV-I seroreactivity with an ELISA using HTLV-I viral lysate (Abbott Laboratories, Abbott Park, IL). ELISA-positive donations are subjected
to confirmatory testing by Western blot (Cambridge Biotech,
Worcester, MA). All Western blot-positive donors were interviewed for ethnic backgroundand history of sexual or parenteral
exposure to HTLV-I or -II [9]. American Indian donors from
whom DNA was available or could be obtained (and with no
history of transfusion, needlesharing, or needlesharing sex
partners) were enrolled. Eight DNA samples were available

The nucleotide sequence of the 630-bp gp21 transmembrane portion of env was determined for 8 seropositive
Pueblo and 4 seropositive Navajo. PBMC from 2 Navajo and
1 Pueblo contained a provirus that was identical in sequence
to that previously reported for MO and HTLV-IIa proviruses. However, the remaining 6 Pueblo and 2 Navajo instead had a provirus identical to the HTLV-IIb seen in
IVDUs from New York [7]. HTLV-IIa and -lib subtypes differed by 25 bp of the 630-bp amplicon. The sequence comparison of HTLV-IIa and -lib subtypes is shown in figure 1.
The only Pueblo found to be infected with HTLV-IIa was
a woman (MSA-lb) identified by her presentation with a
TSP/HAM-like neurologic disease [12]. This virus was identical to the prototype MO (Ha) virus in sequence in the transmembrane region.
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Figure 1. Nucleotide sequence at sites of
known variation in HTLV-IIgp21envalleles
from 12 southwesternUS Indiansin comparison with sequence of MO prototype isolate
(HTLV-IIa) [13] and consensus HTLV-IIb
sequence [7]. Proviralcoordinateof eachvariable nucleotide is listed (according to GenBank accession Ml0060); base found in
HTLV-IIaand -lib subtypesis indicated. Sequences obtained from each donor or patient
are identical to that of sequence of subtype
shown to left, as indicatedby dashes.
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Discussion
Distinctive subtypes of HTLV-II in indigenous populations. The remarkable intrasubtype consistency describedfor HTLV-IIaand -lib isolates in the env gene (and
lack of intermediateforms) obtained from northeasternUS
IVDUs suggeststhat the evolution of HTLV-IIinto two subtypes occurredin antiquity. However, it was not possible to
rule out more recent divergenceof the two subtypesoccurringafterthe introductionof HTLV-IIinto the IVDU population. Ourobservationthat HTLV-IIaand -lib formsindistinguishablefrom their respectiveprototypescan be identified
amongindigenousNew WorldIndianssupportthe idea of an
ancient divergence for the two subtypes. One limitation of
the present study was that only 4 Navajo who were without
risk factorswere available for study. The finding that both
subtypes of virus could be identified in a small number of
seropositiveNavajo blood donors makes it difficultto determine whether one, both, or neither HTLV-II subtype was
endemic in Navajo before they began to interactwith nonIndian culturesin modern times.
Originsof Indian groupsand HTLV-IIsubtypes. The 19
Pueblo groupsare believed to be descended from the postulated Paleo-Indianmigration 16,000-40,000 yearsago. The
Navajo and the closely related Apache, by comparison,are
descended from a second migration of Na-Dene hunters
12,000-14,000 years ago [14].
Although we are unable to determine whether the NaDene ancestors of the Navajo were once host to a single
subtype of HTLV-II,the Pueblo groupsappearto have predominantly HTLV-IIb. Our operating hypothesis is that
HTLV-IIsequences can be consideredequivalentto genetic
markersfor tracing lineage among indigenous New World
populations.This conclusion should be temperedby the recognition that our sample sizes are small, that viruses may
undergoselectionand mutationindependentof the host population, and that it may not be possibleto determinewhether
an endemic infectionis ancient or the resultof recentcontact
between two populations.
It remainsunclearif and when the two subtypesof HTLVII may have arisen from a common prototype virus. Similarly, it is unclearat presentwhetherHTLV-IIsharesa common ancestorwith HTLV-I.
Introductionof HTLV-II into the I VDUpopulation. The
rapid mutation of many RNA viruses makes it difficult to
determinewith any confidence the route by which such viruses spreadamong populations. However, the HTLVs are
remarkablefor a high degree of interisolate conservation,
and genetic variation among HTLV isolates can be stably
maintainedbetween populationsthat do not admix [6].
Any explanationfor the introductionof HTLV-IIinto the
IVDU population should account for the existence of both
HTLV-IIaand -lib formsin that populationand its presence
as early as the mid-1970s. We believe it is likely that these
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formswere introducedinto IVDUs on two or moreoccasions
of blood transfusion or needlesharing that may have involved members of populations with endemic infection by
the two forms of HTLV-II.There is also a small possibility
that HTLV-II was passed from a population in which the
viruswas endemic to IVDUs by sexual transmission.Whatever the route,it would seem reasonablethat transmissionof
HTLV-II from populations in which it was endemic to
IVDUs would be most likely to occur in areaswherethere is
significantinteractionbetween the majoritycultureand the
HTLV-II-endemic group. Although a number of possible
sites of an early introduction of HTLV-II exist, one is the
southwestern United States, where populations harboring
both subtypes of HTLV-II have been identified. That
membersof these populationsdonate blood is documented
here and elsewhere [9].
Our finding that both forms of HTLV-II are present in
indigenous New World populations is compatible with the
theory,but does not prove,that HTLV-IIsubtypesfromsuch
populationsare ancestralto the analogousviralformsfound
in IVDUs. Ourabilityto determinethis is limitedby inability
to furthersubdivideHTLV-IIaand -lib subtypesthroughexaminationof the transmembranedomain of env.Furtherinvestigationswill include analysisof other regionsof the provirus,wheregreatervariationmay occur. Preliminarystudies
have suggested that the largest variationswithin a subtype
occur in the long terminalrepeat(unpublisheddata).Should
such phylogenetic division prove to be possible in regions
outside the env gene, we will investigate whether the sequence data supportNavajo (subtypea) or Pueblo (subtype
b) viruses (or both) as precursorsof the similar forms observed in IVDUs.
HTLV-IIa in a Pueblo woman with myelopathy. Only 1
of the 8 viral sequences from Pueblo were HTLV-IIa.This
patient, unlike the others, was not identifiedafterblood donation but in a searchfor Pueblo with myelopathy[12]. We
consider it most likely that HTLV-IIbhas been endemic in
the ancestorsof the Pueblo since antiquityand that this patient's infection occurred as a result of some more recent
interactionwith other cultures. However, we are unable to
determine at present whether a significant minority of all
HTLV-II-seropositivePueblo might harborHTLV-IIaor if
the selection for patientswith myelopathyfavoredthe identification of persons with HTLV-IIa.This question could be
resolvedwhen additionalpatientswithputativeHTLV-IImyelopathy are identified [15].
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InactivatedhepatitisA virus(HAV) vaccineis given in a three-doseschedule.When rapid
protectionis needed,injectionof immuneglobulin(IG)concomitantlywiththe firstdose could
providepassiveprotectionuntil adequateactiveantibodyresponsehas developed.A possible
effectof IG on the immuneresponseto thevaccinewasstudiedin healthyvolunteers;28 received
vaccinealone, and 34 receivedthe firstdose simultaneouslywith 5 mL of IG. A controlgroup
receivedhepatitisB vaccine,and a fourthgroupreceivedIG alone. Fourweeks afterthe first
vaccinedose, all subjectshad detectableELISAanti-HAVantibodies.Severalweeksaftereach
vaccinedose,the geometricmeantiterof antibodieswassignificantlylowerin thosewhoreceived
vaccinewithIG buthigherthanin thosewhoreceivedIG alone.Resultsforneutralizingantibodies yieldeda similartrend.If IG is givenwithHAVvaccine,a furtherboostervaccinedosemaybe
requiredto ensurelong-lastingimmunity.
InactivatedhepatitisA vaccines [1,2] were found in early
volunteerstudies to be both safe and immunogenic[3, 4]. A
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purified, highly immunogenic, formaldehyde-inactivated,
alum-adjuvanted hepatitis A vaccine was prepared at
SmithKlineBeechamBiologicals(SBBio)using the HM-175
strain recovered in certified African green monkey kidney
cells and adapted to human diploid MRC-5 cells [5]. The
vaccine is administeredat 0, 1, and 6 months, and in travelers who will soon enter an endemic area, it may be desirable to administer immune globulin (IG) concomitantly
with the firstdose to provideprotectionuntil adequateantibody response has developed. In general, there are no contraindicationsfor simultaneousadministrationof IG with inactivated vaccines in the recommendationsissued by the
Centers for Disease Control and Prevention [6]. In the
currentstudy,we examinedthe effectof concomitantadmin-

