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Background: A high HTLV-1 proviral load is found in HTLV-1-associated diseases, mainly HAM/TSP.
However, the association between proviral load and keratoconjunctivitis sicca (KCS) has not been well
established.

Aim: To verify the association between KCS and HTLV-1 proviral load.

Study design: 104 HTLV-1 infected patients (51 asymptomatic and 52 with HAM/TSP) from the HTLV ref-
erence center in Salvador, Brazil were followed from June 2008 to May 2010. Evaluation of tear secretion
was performed by BUT (break-up time), Rose Bengal and Schirmer I tests. The diagnosis of KCS was based
upon the presence of symptoms and when at least two of three tests were positive. HTLV-1 proviral load
was determined using real-time PCR.

Results: The prevalence of KCS was 44.2%. KCS was more frequent among HAM/TSP patients
(p=0.022). Patients with KCS had higher proviral load (mean 134,672 + 150,393 copies/106 PBMC) than
patients without the disease (mean 66,880+ 109,525 copies/10° PBMC) (p=0.001). HTLV-1 proviral
load > 100,000 copies/10% PBMC increased significantly the risk of developing KCS (OR=4.05 and 95%
CI=1.40-11.76). After age > 45 years and HAM/TSP status were excluded in stepway reward analysis, the
variables PVL> 100,000 (OR=4.77 and 95% CI=1.83-12.44) still remained statistically significant.
Conclusion: HTLV-1 proviral loads are higher in patients with KCS and may represent a relevant biological
marker of disease.
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1. Background

The human T-cell lymphotropic virus type 1 (HTLV-1) is etio-
logically linked with adult T cell leukemia (ATL),! tropical spastic
paraparesis/HTLV-1-associated myelopathy (HAM/TSP),23 infec-
tive dermatitis* and uveitis (HTLV-I-associated uveitis [HAU]).>6
Several diseases have been also associated with HTLV-1 infec-
tion, such as polymyositis, sinusitis, thyroiditis, bronchi alveolar
pneumonia, Sjorgren syndrome indicating a multi-systemic
involvement in this infection.”-8

Abbreviations: ATL, adult T cell leukemia; BUT, break-up time; HAU, HTLV-I-
associated uveitis; HTLV, human T-cell lymphotropic virus; KCS, keratoconjuntivitis
sicca; TSP/HAM, tropical spastic paraparesis/HTLV-1-associated myelopathy; PBMC,
peripheral blood mononuclear cells; PVL, proviral load.

* Corresponding author at: Centro Integrativo e Multidisciplinar de HTLV, Escola
Bahiana de Medicina e Satde Piblica, Av. Dom Jodo VI, n° 274, Brotas, Salvador, BA
40.290-000, Brazil. Tel.: +55 71 32768281; fax: +55 71 32768290.

E-mail address: bgalvao@bahiana.edu.br (C. Castro-Lima Vargens).
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In addition to HAU, keratoconjunctivitis sicca (KCS) has also
been described in HTLV-1-infected individuals.?-11 KCS causes an
eye discomfort, a visual disturbance, and tear film instability with
potential damage to the ocular surface.!? The disease is more preva-
lent in women in their 50s.13-14 In HTLV-1 infected individuals, the
prevalence of KCS is higher in patients with HAM/TSP diagnosis,
when compared to asymptomatic individuals.!> A higher HTLV-1
proviralload (PVL) has been found in patients with HTLV-associated
diseases, especially HAM/TSP,16-19 infective dermatitis,2° and
uveitis?! compared with proviral load from asymptomatic individ-
uals. Arecent study found that patients with KCS who were infected
by HTLV-1 had a higher PVL than those without KCS. However, due
to its small sample size, no statistically significant differences were
observed in the study.??

2. Objective

This study aims to verify the association between KCS and HTLV-
1 proviral load.
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3. Study design
3.1. Population

An outpatient cross-sectional study was carried out between
June 2008 and May 2010 at the Bahian School of Medicine and Pub-
lic Health reference center for HTLV, Salvador, Bahia, Brazil, where
an inter-disciplinary project including medical care, laboratory
diagnosis, psychological assistance and physiotherapy is being car-
ried out. Since 2002, a total of 1070 HTLV-1 infected patients were
followed up in the center and 50% of them have been seen at least
twice a year. The majority of patients of HTLV center was women,
belonged to low social class and 30% had HAM/TSP.23 Patients were
sequentially invited at the moment of medical examination and
were eligible if they had the following inclusion criteria: HTLV
proviral load available and an ophthalmological exam, including
complete tear film evaluation. All volunteers gave written informed
consent before entering the research protocol.

3.2. Laboratory, clinical and ophthalmologic diagnosis

The HTLV-1 infection was assessed according to the algorithm
recommended by the Brazilian Ministry of Health.2* Plasma sam-
ples repeatedly positive in duplicate by ELISA (HTLV-1/HTLV-2
Ab-Capture ELISA Test System, Ortho. Clinical Diagnostic Inc. Rari-
tan, New Jersey, USA) were confirmed and discriminated between
HTLV-1 and HTLV-2 using Western Blot (HTLV Blot 2.4; Genelabs,
Singapore). Polymerase chain reaction (PCR) analysis was per-
formed in samples with undetermined results according to the
technique described by Kashima.2> The diagnosis of HAM/TSP was
made according to the WHO guideline.26 All patients had a full
ophthalmologic examination in both eyes, including visual acu-
ity measurement by Snellen table with optical correction, optical
motility, applanation tonometry, biomicroscopy of the anterior and
posterior chambers, binocular indirect ophthalmoscopy with or
without depression and intraocular pressure. Evaluation of tear
secretion was performed by BUT (break-up time), Rose Bengal and
Schirmer I tests. Rose Bengal test was performed with 0.1% solu-
tion Rose Bengal staining and was considered abnormal when its
total score was higher than three points (Van-Bijsterveld score).2’
Break-up time<10s and Schirmer I test<5mm were defined as
abnormal. The diagnosis of KCS was based upon the presence of
symptoms and when at least two of three tests were positive.28-29

3.3. HTLV-1 proviral load

HTLV-1 proviral load was quantified using a real-time TaqgMan
PCR method, as described previously.3? SK110/SK111 primers were
used to amplify a 186 pb fragment of the pol gene and dual TagMan
probe (5'FAM/5'VIC and 3'TAMRA) was located at 4829-4858 bp of
the HTLV-1 reference sequence (HTLVarik ). Albumin DNA was used
as an endogenous reference. The value of HTLV-1 proviral load was
reported as the [(HTLV-1 average copy number)/(albumin average
copy number)] x 2 x 106 and expressed as the number of HTLV-1
copies per 106 cells in peripheral blood mononuclear cells (PBMCs.).
PVL measurements for all patients were performed within a period
of time ranging from 12 months prior to, or following, ophthalmo-
logic examination.

3.4. Statistical analysis

Results were expressed as proportions for categorical variables
and means =+ standard deviation (SD) for continuous variables. The
statistical tests used included Student’s t-test for independent vari-
ables and chi-square test for comparison of sex and HAM/TSP
between KCS and asymptomatic patients. Mann-Whitney test was

Table 1

Main ocular complaint and diagnosis of keratoconjunctivitis sicca.
Ocular complaint N %
Visual blurring 30 28.8
Pain/burning 29 27.9
Itching 15 144
Hyperemia 7 6.7
Foreign body sensation 5 4.8
Eyelid tumor 3 2.9
Tear flow 2 1.9
Flying flies 1 1.0
Dryness 1 1.0
No complaints 11 10.6
KCS diagnosis 46 44.2

KCS, keratoconjunctivitis sicca (tear secretion evaluated by break-up time, Rose
Bengal and Schirmer I tests. The diagnosis of KCS was based upon the presence
of symptoms and when at least two of three tests were positive).

Table 2
Association between KCS and age, sex, PVL and HAM/TSP diagnosis.
Variable KCS p value
Present Absent
N=46 N=58
Age (years) 479+11.7 45.2+15.7 0.343"
Male N (%) 16 (55.2) 13 (44.8) 0.162"
PVL 134,672+150,393 66,880+ 109,525 0.001"
HAM/TSP diagnosis n (%) 29 (55.8%) 23 (44.2%) 0.022"

PVL, proviral load (copies/10¢ PBMC).
" Student’s t-test, p<0.05.
™ Chi-square test, p<0.05.
™" Mann-Whitney test, p <0.05.

used to evaluate PVL and this association with KCS. Alogistic regres-
sion model was used to estimate the association between patients
with KCS and variables such as age over 45 years, female sex,
presence of HAM/TSP and CPV, measured by odds ratio (OR) and
corresponding 95% confidence interval (CI). Differences of p <0.05
were considered statistically significant. Data were stored and ana-
lyzed with SPSS 13.0 for Windows.

4. Results

There was a predominance of women (72.9%), patients’ age
ranged from 9 to 81 years (mean 46.4 + 14.04). The main ocular
complaints were described in Table 1. The prevalence of KCS was
44.2%. Fifty-two patients (50%) had HAM/TSP diagnosis and the
presence of KCS was higher among TSP/HAM patients (p=0.022)
(Table 2). The frequency of KCS was higher in male patients, how-
ever this difference was not statistically significant (p=0.162). The
mean age of patients was not statistically significant (p=0.343).

Table 3
Proviral load according to the presence or absence of KCS in HTLV-1-infected
individuals.

PVL KCS

Present Absent

N=46 N=58
Min - Max 0.0 - 678,012 0.0 - 654,028
IQR 28,131-186,870 1,097-86,476
Median 87,335 30,935
Mean £ SD 134,672 +150,393 66,880+ 109,525
CV (%) 111.7 163.8

PVL, proviral load (copies/106 PBMC).
Min, minimum; max, maximum; IQR, interquartile range; SD, standard deviation;
CV (coefficient of variation).

" p=0.003 (median test).
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Table 4
Multivariate analysis of patients with and without KCS.

Variable Complete model Final model?

OR (95% CI) p value OR(95%CI) p value
Age <45 years 1.0
Age > 45 years 1.06 (0.46-2.47)  0.888

Male 1.0 1.0

Female 0.47(0.18-1.23) 0.125 0.44(0.17-1.13)  0.087
Asymptomatic 1.0
TSP/HAM 1.36 (0.53-3.47) 0519

PVL 0-50,000 1.0 1.0
PVL 50,000-100,000 2.26 (0.66-7.75) 0.191 2.58(0.80-8.31) 0.111
PVL >100,000 4.05(1.40-11.76) 0.010  4.77(1.83-12.44) 0.001

2 Age > 45 years and TSP/HAM status were excluded in stepway reward. PVL (HTLV-
1 proviral load - copies/106 PBMC).

The mean+SD of HTLV-1 proviral load in KCS patients was
134,672 + 150,393 copies/106 PBMC) and was significantly higher
than the mean (+SD) of proviral load of patients without KCS,
66,880 + 109,525 copies/108 PBMC (p=0.001) (Table 2). The coef-
ficient of variations of PVL was 111.7% in patients with KCS and
163.8% in those without KCS. The measures of dispersion of PVL
were described in Table 3.

The complete model for logistic regression analysis showed
that patients with PVL>100,000 copies/105 PBMC had a sig-
nificantly increased risk of developing KCS (OR=4.05 and 95%
CI=1.40-11.76). However, sex, HAM/TSP, status, age > 45 years and
PVL between 50,000 and 100,000 did not positively correlate with
the risk of developing KCS. The PVL> 100,000 copies/106 PBMC
(OR=4.77 and 95% Cl=1.83-12.44) variable remained statistically
significant after exclusion of age > 45 years and HAM/TSP variables
in the stepway reward analysis (Table 4).

5. Discussion

This study demonstrated that high HTLV-1 proviral load is asso-
ciated with the presence of KCS in patients infected with HTLV-1.
Moreover, KCS was observed in almost half of the infected individ-
uals and was more frequent in HAM/TSP patients.

A broad spectrum of ophthalmic manifestations is described in
HTLV-1-infected patients including HAU,3! malignant infiltrates in
patients with ATL,3233 interstitial keratitis,34 Sjogren’s syndrome
with lacrimal involvement,3> as well as an increased prevalence of
KCS in patients with HAM/TSP.1>

Several mechanisms have been proposed to explain the role of
the virus for the development of these ophthalmological manifes-
tations. The eye has a unique defense system to protect it from
immunopathogenic mechanisms, including the blood ocular bar-
rier that will stop activated T cells from entering the eye.36-38

The HTLV-1 proviral load is the amount of the DNA of virus
(provirus) integrated into the host cell genome. Several evidence
indicate that it may represent a biological marker of development
of HTLV-1 associated diseases. There is strong evidence that high
HTLV-1-proviral load is associated with HAM/TSP disease,16-19 and
also it is increased in patients with other HTLV-1-associated dis-
eases, such as infective dermatitis,2® ATL,3° as well as patients
with rheumatoid arthritis and other connective tissue diseases.*?
Recently, it has been suggested that a proviral load above 50,000
HTLV copies/10¢ PBMC is the best level of HTLV-1-proviral load to
discriminate asymptomatic individuals from HAM/TSP patients.!®

In the present study, only a proviral load above 100,000 copies/
106 PBMC was associated with an increased risk of KCS, and there
was an association between the presence of KCS and HAM/TSP dis-
ease corroborating previous data.!> In KCS patients, Ferraz-Chaoui
et al. demonstrated that the lesion of cornea was not due to the
presence of autoantibodies elicited by the infection with HTLV-1.

Moreover, the authors found a trend toward higher proviral load in
HTLV-1 patients with KCS, compared with patients with preserved
lacrimal function.22 However, the mechanisms implicated in the
development of KCS in these patients remain unclear. Interestingly,
HAU was not diagnosed in this study, even in patients with high PVL,
corroborating other studies performed in Brazil that found a lower
prevalence of HAU, compared to Japanese studies.0.11:41.42 [t js pos-
sible that genetic background could play a role in the difference
HAU prevalences.

We are aware that one of the limitations of the present study
is its cross-sectional design. A single PVL measurement was taken
no earlier than one year before, or after, the KCS diagnosis. In addi-
tion to an elevated PVL, it is also possible that the length of time in
which a high load is sustained may play a role in the development
of KCS. Although PVL varies widely among HTLV-1-infected indi-
viduals, there is evidence that it remains relatively constant within
a given individual over a period of 24 months to 10.4 years.*344 An
additional limitation of the present study is that the prevalence of
KCS in the general population of Salvador is unknown.

In summary, the results presented herein suggest that HTLV-1
PVL may be a biological marker of KCS development. HTLV-1-
infected patients with a high PVL should be encouraged to have
regular ophthalmological examinations for KCS screening. This pre-
caution can aid in the treatment of dry eye symptoms and avoid
consequent corneal damage.
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