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Sunmmry. Human T-cell lymphotrophic virus type I (HTLV-I), is a member of 
the oncogenic retroviruses family endemic in several parts of the world and also 
recently identified in the Jewish Mashhadi population who immigrated from Iran 
to Israel. The virus is the causative agent of adult T-cell leukemia (ATL) and 
a chronic myelopathy known both as tropical spastic paraparesis (TSP) or 
HTLV-I associated myelopathy (HAM). The known modes of HTLV-I trans- 
mission are by sexual intercourse, from mother to child in breast milk, via blood 
transfusion, and by sharing of needles by parenteral drug users. In the present 
study we examined the presence of HTLV-I provirus genomic DNA by nested 
polymerase chain reaction (PCR) and by DNA hybridization in mouthwash 
samples obtained from 13 Mashhadi-born Iranian Jews with spastic paraparesis 
associated with HTLV-I, 4 Mashhadi-born Iranian Jews asymptomatic carriers 
for HTLV-I and 21 healthy controls. Proviral HTLV-I DNA was detected by 
mouthwash PCR in 12 of 17 HTLV-I infected subjects (71%) but in none of 
21 controls. Proviral DNA was also detected in mouthwash samples using 
HTLV-I probe by dot blot hybridization assay. The presence of HTLV-I proviral 
DNA in whole saliva may suggest a possible transmission of the virus via 
saliva and explain the increased rate of infection in elderly Mashhadi-Jewish 
population. 

Introduction 

Human T-cell tymphotrophic virus type I (HTLV-I), a type C human retrovirus, 
has been implicated as the cause of both adult T-cell leukemia (ATL), an 
aggressive and fatal tumor of CD4+T lymphocytes, and a progressive chronic 
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myelopathy termed tropical spastic paraparesis (TSP) or HTLV-I associated 
myelopathy (HAM), endemic in southern Japan, the Caribbeans, South America, 
southeastern United States, and central Africa [3]. The virus has recently been 
detected in Israel among members of the Jewish Mashhadi population who 
imnaigrated from Iran to Israel [1, 9, 18]. The known modes of HTLV-I trans- 
mission are by sexual intercourse [11], from mother to child in breast milk [12], 
via blood transfusion [15], and by sharing of needles by parenteral drug users [8]. 
Other viruses such as H1V-1 [5, 13], hepatitis C [17], EBV [14], Herpes type 6 [14] 
and CMV [4] have been detected in the saliva. Miyoshi et al. [10] have recently 
reported the detection of HTLV-I proviral DNA by PCR in six saliva samples 
obtained from HTLV-I asymptomatic carriers and ATL patients. We examined 
mouthwash samples from patients with HTLV-I associated myelopathy and 
HTLV-I carriers in order to ascertain whether patients suffering the CNS mani- 
festations of HTL¥-I infection are also a possible source of infection through the 
salivary route. The presence of HTLV-I proviral genome in salivary secretions of 
asymptomatic carriers, ATL and TSP/HAM patients may help to unravel some 
of the cohort effects related to HTLV-I infectivity across differing age groups. 

Materials and methods 

Subjects 

Detection of HTLV-I infection by mouthwash-PCR was studied in three groups of subjects: 
I. 13 Mashhadi-born Iranian Jews with spastic paraparesis who were seropositive and blood- 
PCR-positive for HTLV-I; II. 4 Mashhadi-born Iranian Jews who were asymptomatic 
carriers of HTLV-I, all four were blood-PCR positive but only two were seropositive for 
HTLV-I; III. 21 healthy controls, seronegative and blood-PCR negative for HTLV-I, of 
whom 10 were Mashhadi-born and the others were non-Mashhadi Iranian Jews. All subjects 
underwent physical and neurologic examination as well as routine blood count and chemis- 
try. A thorough oral cavity examination was done to exclude open sores or wounds. All 
subjects gave informed consent for blood and saliva examination. 

Genomic DNA preparation from mouthwash 

DNA was isolated from sedimented cells obtained by a mouthwash procedure as follows: 
The examined subject was asked to gargle 10 ml of sterile 0.9% NaC1 solution in his/her 
mouth 20 sec, and to spit back the fluid into a sterile test-tube. The solution was then 
centrifuged at 2000 RPM for 10 rain; the supernatant was discarded, and the pellet was 
resuspended in 500 gl of 0.05 M NaOH, transferred into microtubes and boiled for 15 min. 
The solution was neutralized by adding 100 gl of 1M Tris, pH 7.7, centrifuged for 3 min, and 
the supernatant was used directly for PCR. All mouthwash samples were stained by Giemsa 
for microscopic examination of the cells. The range of cell count of a 10 ml/mouthwash pellet 
was 0.5-5 x 106, 90% epithelial cells, 10% mononuclear cells. 

Genomic DNA preparation from peripheral blood 

Genomic DNA was extracted from peripheral blood lymphocytes according to a standard 
procedure [2]. 
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Amplification of HTL V-I D NA 

Mouthwash-DNA (2.5 gl) or peripheral blood-DNA (250 ng), was combined with reaction 
buffer (10 mM Tris-HCI, pH 8.3, 50 mM KC1, 2.5 mM MgCt2, 0.2% gelatin), 200 mM each 
of the dNTPs, 0.1 mM each of the two HTLV-I primers pol/SG231 (5'-CCCGGGCCCCC- 
TGACTTGTC-3') and pol/SG238 (5'-CTGCAGGATATGGGCCAGCT-3'), and 2 units 
of Taq DNA polymerase (USB) in a total volume of 100 gl. DNA amplification was 
obtained after 30 cycles of denaturation (95 °C, 20 sec), annealing (50 °C, 45 sec), and DNA 
elongation (72 °C, 45 sec). For nested PCR, 1 gl of the first amplification reaction was 
transferred to a new tube and its DNA content was served as template for a second round of 
gene amplification using a new set of primers which are located just downstream to primer 
pollSG231 (5'-CCAACCACACTAGCCCAC-3'-primer pol/231-ns) and just upstream to 
primer pol/SG238 (5'-ACCCTTGGGGTAGTACT-3'-primer pol/238-ns). The nested PCR 
was performed with 0.4 ~tM of each of the two new primers under similar conditions as for 
the first round of gene amplification. The amplified DNA fragments were visualized 
tbllowing electrophoretic separation on 1.5% agarose gel in the presence of ethidium 
bromide. The expected size of PCR product was 159 bp. 

Dot blot hybridization 

Genomic DNA samples prepared from mouthwash sediment cells and peripheral blood 
lymphocytes of HTLV-I infected and healthy subjects were used for hybridization. For the 
quantitative experiments mouthwash genomic DNA samples and BC 3.9 kb HTLV-I DNA 
probe (kindly donated by Prof. M. Aboud, Dept. of Molecular Virology, Ben-Gurion 
University, Beer-Sheba) were directly applied to a nylon membrane, using dot blot aparatuse 
(Bio-Rad). The membranes were prehybridized for 2 h in 5 x SSC, 5 x Denhardt's solution, 
and 0.1% SDS, and then hybridized overnight at 42 °C with 32p labeled BC 3.9 HTLV-I 
DNA probe in the same buffer (random priming; megaprime, Amersham). Hybridization 
was followed by washes with 2 x SSC, 0.1% SDS, three times for 15 minutes at room 
temperature, than once for 1 h at 68 °C. Blots were exposed to x-ray film (X-OMAT, Kodak) 
for 48 h at -70 °C. Optical density of each dot-blot was measured by densitometer (Biomed 
Instruments, Inc., CA, USA). Densitometric values corresponding to hybridized dot blots 
were plotted on a logarithmic scale. 

HTLV-I antibody assay 

Serum samples from all subjects were tested for anti-HTLV-I antibodies by particle agglu- 
tination test, in which specific viral antigens are adsorbed onto gelatin beads before being 
reacted with examined samples (Fujirebio, Inc., Tokyo, Japan) [7]. 

R ~  

Microscopical examination of the sedimented cells obtained by the mouthwash 
procedure revealed the presence of mostly epithelial cells. DNA extraction 
yielded up to 30 gg DNA from each sample. Mouthwash-PCR demonstrated the 
presence of HTLV-I proviral DNA in 10 of 13 (77%) Mashhadi-born Jews with 
spastic paraparesis (Fig. 1). All these subjects had clinical evidence of HTLV-I 
infection characterized by chronic progressive myelopathy, presence of anti- 
HTLV-I antibodies in the serum (antibody titer ranging between 1:64 to 1:8192) 
and harbored HTLV-I proviral DNA detected by blood-PCR. Two of the four 
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Fig. 1. Detection of HTLV-I proviral DNA from mouthwash by nested PCR. Ethidium 
bromide-stained agarose gel showing the products from the PCR reactions (arrow). a-d, g, 
h, j Health?' controls; e, f HTLV-I carriers; i, k, l HTLV-I associated spastic paraparesis 

patients 

Fig. 2. DNA samples were applied on a nylon membrane using dot blot apparatus and 
hybridized with HTLV-I DNA probe. A 3.9 kb insert of HTLV-I DNA in decreasing 
dilutions of 1:5 from 400 pg in 1 to 3.2 pg in 4. B 10 gg of genomic DNA extracted from 
blood. 1, 2 HTLV-I infected subjects; 3, 4 negative controls. C 10 gg of genomic DNA 
extracted from mouthwash, t Negative control; 2-4 HTLV-I infected subjects. The amount 
of HTLV-I proviral DNA extracted from mouthwash is comparable to 16 pg of HTLV-I 

probe (A3) 

Mashhadi-born asymptomatic carriers for HTLV-I who were blood-PCR-posi- 
tive, were positive for HTLV-I by mouthwash-PCR; one of these two subjects 
was also seropositive. Altogether, 12 of the 17 (70.6%) infected subjects (sero- 
positive and/or blood-PCR positive) were also mouthwash-PCR positive. All 21 
healthy control subjects who were seronegative and blood-PCR negative were 
also mouthwash-PCR negative for HTLV-I. Proviral HTLV-I DNA was detect- 
ed in 10 of the 17 infected subjects (58.8%) by dot blot hybridization. Quan- 
titively, 10 gg of genomic DNA from mouthwash samples disclosed similar 
signals to 16--80 pg of the HTLV-I DNA probe (Fig. 2). In some samples the 
signal obtained from mouthwash DNA extraction was higher than the signal 
obtained from peripheral blood DNA extraction, suggesting higher HTLV-I 
proviral copy number in mouthwash DNA extraction. 

Discussion 

HTLV-I can exist in a latent form, integrated as a provirus in the genome of its 
human host lymphocytes. During the viral latent period, individuals remain 
clinically asymptomatic and can be identified as infected only by detection of 
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antibodies to specific viral antigens in the serum, or by the demonstration of 
proviral DNA in peripheral blood lymphocytes. In the present study we have 
shown that HTLV-I infection can be detected in the cellular component of whole 
saliva by mouthwash-PCR, thus suggesting that the virus can also exist in human 
salivary secretions. The finding of HTLV-I DNA by dot blot hybridization assay 
in sedimented cells from saliva, mostly epithelial cells, suggests that these cells are 
infected. Consequently-, it can be speculated that HTLV-I could be transmitted 
through saliva via kissing or any other contact with salivary secretions. 

There is a characteristic age-dependent rise in HTLV-I seroprevalence in 
HTLV-I endemic areas. This rise in seroprevalence becomes prominent in the 
adolescent years, with a more rapid rise in females compared with males occur- 
ring throughout life [3, 19]. In Mashhadi Jews a high rate of HTLV-I infection 
was also reported in elderly subjects of the community [9]. The cause for this age- 
dependent rise is not dearly understood and could be attributed to a cumulative 
exposure to a poorly infectious agent over long periods of time. Early in life, 
transplacental and breast milk transmission may account for a small proportion 
of infection. Later, adult-acquired infection occurs mainly through sexual trans- 
mission, at least in viral endemic areas where intravenous drug use is not a 
significant factor. However, our results imply that it is possible for extended 
exposure to occur not only via sexual transmission, but also by close contact with 
salivary secretions (saliva, sloughed oral mucosal epithelium, and, possibly blood 
cells from gingival crevicular exudate), and this mode of transmission can explain 
the increased rate of infection in the interval since adulthood to old age. More- 
over, detection of HTLV-I in saliva might have implications with regard the 
correlation between HTLV-I, salivary gland involvement and patients with 
Sjogren's syndrome [16]. 

Miyoshi et al. [10] recently reported the detection of HTLV-I proviral DNA 
by PCR in six saliva samples obtained from HTLV-I asymptomatic carriers and 
ATL patients. Our study is the first to show the presence of HTLV-I in mouth- 
wash of patients with HTLV-I associated spastic paraparesis. We detected 
HTLV-I proviral DNA in the saliva of 77% of patients and in 50% of HTLV-I 
asymptomatic carriers. Physical examination excluded laceration or sores in the 
oral cavity, and microscopic examination of the cells present in the mouthwash 
revealed that most were epithelial cells. Though HTLV-I was previously report- 
ed to infect endothelial cells in vitro [6], we cannot exclude the possibility that the 
epithelial cells in the saliva were contaminated with small amount of lympho- 
cytes, and these were responsible for the detection of HTLV-I DNA in saliva. An 
additional intriguing possibility is that the virus might be replicating in the 
epithelial cells of salivary glands; studies of parotid f ind will aid in specifying the 
cellular localization of the virus. At all events, it is clear that the oral cavity can 
serve as a reservoir containing cells infected with HTLV-I which may be trans- 
mitted via oral fluid between individuals. As the ratio between the signals 
obtained from mouthwash genomic DNA and HTLV-I DNA probe was 1:106 
(10 ~tg/16-80 pg = ~106), it can be estimated that approximately 10 -6 gg of 
mouthwash genomic DNA contains proviral HTLV-I sequences. Quantitative 
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hybridization showed that the amount of HTLV-I proviral DNA in the saliva 
was similar or in some samples even higher than that extracted from peripheral 
blood lymphocytes, suggesting high copy number of viral genome in mouthwash 
sedimented cells. Low virus loads or absence of the virus in saliva can explain the 
negative results obtained in the 3 patients with HTLV-I-associated myelopathy. 
In the two asymptomatic HTLV-I carriers who were negative for the presence of 
HTLV-I in saliva, it can be speculated that prior exposure to viral antigens 
without infection or the lack of current viremia due to restriction in HTLV-I 
replication resulted in inability to recover the virus from the saliva. 

The identification of HTLV-I proviral DNA by mouthwash-PCR offers the 
advantages of simplicity, lower cost and less time-consuming as compared with 
other methods. Obtaining DNA from a mouthwash also obviates the need for 
venipuncture; human saliva is a readily available body fluid and as the procedure 
is rapid and safe, it enables fast sample collection from large groups. This 
procedure may permit rapid and accurate screening of large populations and 
contribute to the understanding of the epidemiology of HTLV-I infection. The 
recovery of HTLV-I from mouthwash suggests the possibility of viral shedding 
and infectivity by horizontal transmission through contact with this body fluid. 
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