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ABSTRACT
Purpose: To evaluate the accuracy of lacrimal film tests and propose an al-
gorithm for the diagnosis of dry eye disease in individuals infected with human 
T-cell lymphotropic virus type 1.
Methods: Ninety-six patients infected with human T-cell lymphotropic virus type 
1 were enrolled in the study. To assess clinical complaints, patients completed the 
Ocular Surface Disease Index questionnaire. To evaluate lacrimal film quality, patients 
underwent the tear breakup time test, Schirmer I test, and Rose Bengal staining. 
Dry eye disease was diagnosed when at least two of the three test results were 
abnormal. The sensitivity, specificity, positive and negative predictive values, and 
overall accuracy of the questionnaire as well as of each test alone and combined 
in parallel and in series were determined.
Results: The most sensitive test was the tear breakup time test (98%), whereas 
the most specific was the Schirmer I test (100%). Rose Bengal staining had the 
highest overall accuracy (88.64%), whereas the Ocular Surface Disease Index had 
the lowest overall accuracy (62.65%). The tear breakup time test, Schirmer I test, 
and Ocular Surface Disease Index combined in parallel showed increased sensitivity 
and decreased specificity for all tests. In contrast, when combined in series, these 
tests demonstrated increased specificity and decreased sensitivity.
Conclusion: This study shows the need to use multiple tests to evaluate tear film 
quality and include a symptom questionnaire as part of the diagnostic algorithm 
for dry eye disease.

Keywords: Keratoconjunctivitis sicca; Human T-cell lymphotropic virus 1; Dry eye 
syndromes/diagnosis

RESUMO
Objetivo: Avaliar a precisão da propedêutica do filme lacrimal e propor um algorit-
mo para o diagnóstico da doença do olho seco em indivíduos infectados com Vírus 
linfotrópico de células-T humanas tipo 1.
Métodos: Noventa e seis pacientes infectados com o vírus linfotrópico de células T 
humana tipo 1 foram incluídos no estudo. Para avaliar sintomatologia, os pacientes 
responderam o questionário Índice para Doenças da Superfície Ocular. A fim de avaliar 
a qualidade do filme lacrimal, os pacientes foram submetidos ao teste de ruptura do 
filme lacrimal, teste de Schirmer I e coloração com Rosa Bengala. A doença do olho seco 
foi diagnosticada quando, pelo menos, dois dos testes ruptura do filme lacrimal, teste de 
Schirmer I e coloração com Rosa Bengala) eram anormais. Foram determinados sensibilidade, 
especificidade, valor preditivo positivo e negativo e acurácia do questionário e de cada 
teste sozinho e combinados em paralelo e em série.
Resultados: O teste de ruptura do filme lacrimal foi o mais sensível (98%) e o teste 
de Schirmer I foi o mais específico (100%). A maior acurácia foi encontrada no teste 
de coloração com Rosa Bengala (88,64%), enquanto sintomas avaliados usando o 
questionário Índice para Doenças da Superfície Ocular teve a menor acurácia geral 
(62,65%). O teste de ruptura do filme lacrimal, teste de Schirmer I e Questionário 
de Doença da Superfície Ocular quando combinados em paralelo mostraram um 
aumento da sensibilidade e uma diminuição na especificidade de todos os testes. 
Por outro lado, combinados em série, teste de ruptura do filme lacrimal, Schirmer I 
e questionário Índice para Doenças da Superfície Ocular tiveram um aumento na 
especificidade e sensibilidade diminuída.
Conclusão: Este estudo apontou a necessidade de utilizar mais do que um teste 
para avaliar a qualidade do filme lacrimal, bem como utilizar um questionário 
de sintomas como parte do algoritmo de diagnóstico para doença do olho seco.

Descritores: Ceratoconjuntivite seca; Vírus 1 linfotrópico T humano; Síndromes do 
olho seco/diagnóstico

INTRODUCTION
Human T-cell lymphotropic virus type 1 (HTLV-1) is the etiologic 

agent of adult T-cell leukemia(1), HTLV-1-associated myelopathy/tro-
pical spastic paraparesis (HAM/TSP)(2), and infective dermatitis in chil-
dren(3). It is estimated that 5-10 million people worldwide are infected 
with HTLV-1(4). HTLV-1-associated uveitis (HAU), an ophthalmologic 
disease, is also linked to HTLV-1 infection(5,6). In Japan, HAU has a pre-
valence of 9.5%-44.8%(7,8). Other ophthalmologic alterations such as 

corneal lesions, retinal vasculitis, and keratoconjunctivitis sicca (KCS) 
or dry eye disease (DED) are also associated with HTLV-1(9-12). In indi-
viduals with HTLV-1, the prevalence of DED may reach 30%-40%(13-16), 
especially in symptomatic patients with HAM/TSP.

DED is an ocular surface disease that causes eye discomfort, visual 
disturbance, and tear film instability(17). Aging, medications, eyelid 
problems, and environmental factors may be associated with DED. 
Diseases such as Sjögren’s syndrome and rheumatoid arthritis can 
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also cause DED(18). In these autoimmune diseases, the major finding is 
the destruction of lacrimal gland ducts by autoantibodies(19).

The mechanism leading to DED in HTLV-1-infected persons remains 
unclear. It is reported that antinuclear antibodies, such as rheumatoid 
factor, anti-SSA/Ro, and anti-SSB/La, which are present in autoimmune 
diseases, are absent in patients with HTLV-1-associated DED(20). Con-
versely, there is an association between a high HTLV-1 proviral load 
and DED in infected patients(20,21).

Complaints suggestive of DED are blurred vision, dryness, foreign 
body sensation, and burning eyes. To confirm the diagnosis, it is 
mandatory to measure tear volume and evaluate tear quality(17). 
Three widely used tests for the assessment of DED are the Schirmer I 
test, tear breakup time test (TBUT), and Rose Bengal staining(22). First 
described in 1903, the Schirmer I test is still being used to measure 
basal and reflex tear secretions(23). TBUT is used to assess tear film sta-
bility(17). Rose Bengal staining evaluates the conjunctiva and cornea 
for the absence of membrane-associated mucins(24). However, this 
test has the disadvantage of being toxic, and it typically causes a 
burning sensation(25). Patient complaints can also be evaluated using 
the Ocular Surface Disease Index (OSDI)(26), a specific questionnaire 
that rapidly assesses dry eye symptoms and their impact on vision-re
lated functioning(27).

Studies to date have generally combined symptoms question-
naires and two or three tests to evaluate tear volume and quality. 
However, no definite protocol for DED diagnosis has been proposed, 
and there is a poor relationship between symptoms and diagnostic 
tests(22,27). The aim of the present study was to evaluate the accuracy 
of the TBUT, Schirmer I test, Rose Bengal staining, and OSDI alone or 
combined for diagnosing DED in HTLV-1-infected individuals and to 
propose an algorithm for diagnosing DED using low-cost and mini-
mally invasive procedures.

METHODS
This prospective study was conducted at the Bahiana School 

of Medicine and Public Health reference center for HTLV, Salvador, 
Bahia, Brazil, between February and November 2013. Patients were 
sequentially invited to the ophthalmology clinic during routine medical 
visits. Individuals were eligible to participate if they had a positive 
serological diagnosis of HTLV-1 on enzyme-linked immunosorbent 
assay and western blotting. Patients presenting with any previous 
palpebral and conjunctival disorders, history of ocular surgery, active  
eye infection, nasolacrimal duct obstruction, contact lens use, chemi-
cal or thermal ocular burn, or pregnancy were excluded. The Institu-
tional Research Board of Bahiana School of Medicine approved the 
study and all patients signed an informed consent form.

To calculate the sample size, we considered the KCS prevalence in 
patients with HTLV-1 to be equal to 35.0%(13-16) and confidence limits 
as 10.0%. Considering an alpha error of 5%, the estimated minimum 
sample obtained was 83 individuals.

Ophthalmologic examination and measurements

Patients underwent a detailed ophthalmic examination, including 
best-corrected visual acuity and intraocular pressure measurement 
with an applanation tonometer. The presence of uveitis was evaluated 
by an anterior segment and fundus examination with a slit-lamp bio
microscope.

All patients were evaluated for clinical symptoms using the OSDI. 
This questionnaire has been validated in Brazil(28) and provides a ra-
pid assessment of the symptoms of ocular irritation consistent with 
DED. Patients were classified on a dry eye intensity scale as normal, 
mild, moderate, or severe according to the OSDI score. The test was 
considered positive if the patient’s final OSDI score was >20 (moderate 
or severe).

Tear secretions for both eyes were evaluated using the TBUT, 
Schirmer I test, and Rose Bengal staining. TBUT was performed by 

the instillation of a 1% fluorescein solution (Colírio de Fluoresceína®; 
Ophthalmos®, São Paulo, Brazil), and the time required for dry spots to 
appear on the corneal surface after blinking was recorded. Dry spots 
that appeared in <10 s were considered abnormal.

To perform the Schirmer I test, a Whatman filter paper strip (Teste 
de Schirmer®; Ophthalmos®) with a dimension of 5 × 35 mm was 
placed into the lower fornix near the lateral canthus of each eye as 
the anesthetic was administered. After 5 min, the strips were remo-
ved and the wet portion was measured. The result was considered 
abnormal if <5 mm of moisture was present on the filter paper.

The Rose Bengal test was performed with 1% Rose Bengal stai-
ning solution (Colírio de Rosa Bengala®; Ophthalmos®). The nasal 
conjunctiva, cornea, and temporal conjunctiva were evaluated and 
each was scored 0-3 points. The exam was considered abnormal 
when the total score was >3 points(29).

DED was diagnosed when the results of at least two of the three 
tests were abnormal.

Statistical analysis

Age is expressed as mean (SD), while sex and the presence of DED 
are expressed as relative frequency. The Kolmogorov-Smirnov test 
was used to assess the presence of a normal age distribution. The 
means were compared using t-tests or the Mann-Whitney tests 
according to Gaussian or non-Gaussian statistical distribution. The 
sensitivity, specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and overall accuracy (OA) of each test alone were 
calculated using the OpenEpi software program version 3.01. OA was 
calculated as the sum of the true positives plus true negatives divided 
by the total number of individuals tested. Sensitivity was obtained by 
the ratio of the number of true positive assessments and the num-
ber of all positive assessments. Specificity was obtained by the ratio 
of the number of true negative assessments and the number of all 
negative assessments. PPV was defined as the proportion of patients 
with positive test results who were correctly diagnosed, while NPV 
was defined as the proportion of patients with negative test results 
who were correctly diagnosed. Two tests at a time were combined in 
parallel and in series to evaluate their ability to differentiate persons 
with DED from normal individuals. When combined in parallel, only 
one positive result was sufficient, while when combined in series, 
both tests must be positive. Global algorithm accuracy, sensitivity, 
specificity, PPV, and NPV were determined. The MS Excel software 
program was used to calculate accuracy. All statistical analyses were 
performed using SPSS/PC Statistical Software Program version 18.0 
(SPSS, Chicago, IL, USA).

RESULTS
Ninety-six subjects were included in the study; of them, 71 (74%) 

were females. Fifty patients (52.1%) had a diagnosis of DED. The mean 
age for patients with the DED diagnosis was 53.6 years, while that for 
patients without DED was 47.4 years; the difference was statistically 
significant (p=0.017). The age for all patients was 23-78 years.

The sensitivity, specificity, PPV, NPV, and OA of each test alone 
and combined in parallel or in series are presented in table 1. When 
evaluated alone, the most sensitive test was TBUT (98%), presenting 
a false-negative rate of 3.0% and specificity of 69.6%. The Schirmer I 
test was the most specific (100%), with no false-positives cases and a 
sensitivity of 44%. Rose Bengal staining had the highest OA for sen-
sitivity and specificity (88.6%), while OSDI had the lowest OA (62.7%).

Combined in parallel, the TBUT and OSDI were the most sensi-
tive (99.5%), followed by the combination of the TBUT and Schirmer I 
test (98.9% sensitivity), with false-positive rates of 37.3% and 22.1%, 
respectively. The specificities of both combinations were 35.6% and 
69.6%, respectively. The combination of the TBUT, Schirmer I test, and 
OSDI showed the highest sensitivity (35.6%).
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Combined in series, a positive Schirmer I test combined with 
a positive TBUT or OSDI test reached a specificity of 100%, with 
43.1% and 33.0% sensitivity, respectively. The TBUT, Schirmer I test, 
and OSDI combined showed 100% specificity and 37.8% sensitivity. 
Global algorithm accuracy, sensitivity, specificity, PPV, and NPV are 
shown in figure 1. Four patients did not complete all of the ophthal-
mologic evaluations. For the 92 individuals tested, the algorithm’s 
OA, sensitivity, and specificity were 95.7% (95% confidence interval 
[CI], 89.4-98.3), 98.0% (95% CI, 89.5-99.7), and 92.9% (95% CI, 81.0-
97.5), respectively. PPV was 94.2% (95% CI, 84.4-98.0) and NPV was 
97.5% (95% CI, 87.1-99.6).

DISCUSSION
The results presented herein refer to the assessment of the efficacy 

of low-cost tests that are widely used to diagnose DED applied to a 
group of HTLV-1-infected patients. Although DED is more prevalent 
in HAM/TSP patients(14,15), the patients in this series were subjected to 
the same protocol as asymptomatic patients.

When used alone, the TBUT was the best screening test, featuring 
the highest sensitivity and NPV. Similar results were found in patients 
with a diagnosis of Sjögren’s syndrome but not HTLV-1(30). However, 
to confirm the diagnosis, additional tests were required. In the pre-
sent study, the Schirmer I test showed a low sensitivity (<50%) but 
had the highest specificity (100%) similar to rates described in the 
literature(30,31). Rose Bengal staining presented the best OA. However, 
when evaluated alone, Rose Bengal did not provide a high PPV or 
NPV. Therefore, the use of this test alone is unsuitable for confirming 
or excluding the diagnosis of DED. Although Rose Bengal staining 
seems to be an efficient test for making the ophthalmic differential 
diagnosis of Sjögren’s syndrome in KCS patients(32), it is best used as 
an adjunct due to its lack of sensitivity and specificity(33). Moreover, 
patients usually complained of itching and redness or even severe 
ocular inflammation after application of the Rose Bengal stain. Despite 
the stain being a derivative of fluorescein, which is harmless, it has 
a dose-dependent toxic effect on human corneal epithelial cells in 
vitro(24). Due to its side effects, the use of Rose Bengal stain should be 
limited to patients for whom the DED diagnosis is inconclusive. The 
Rose Bengal stain can also be replaced with lissamine green, a stain 
that is well tolerated and as effective as Rose Bengal for evaluating 
the ocular surface(34).

To confirm the diagnosis of DED, symptoms of discomfort and 
visual disturbance should be evaluated(35). Regarding the effective-
ness of the OSDI, the accuracy was very low when the questionnaire 
alone was used to evaluate for DED. This demonstrated a weak 
correlation between the patient’s symptoms and clinical signs(36).

Serial testing maximizes specificity and the PPV but decreases 
sensitivity and the NPV. Multiple tests combined in parallel increase 
the sensitivity and, therefore, the NPV. Instead of performing all tests 
for all patients, the diagnostic algorithm proposed in the present 
study follows a sequence that involves performing the tests in three 
stages. Based on the results obtained herein, we suggest an algorithm 
for screening HTLV-1-infected patients and making a reliable diagnosis 
of KCS (Figure 1). First, all infected patients would be screened using 
the OSDI questionnaire and the TBUT. If both tests are normal, a 
diagnosis of DED can be excluded. These results corroborate those of 
recent studies indicating that OSDI and TBUT are important tests for 
diagnosing DED(35,37).

Second, if the OSDI questionnaire and/or TBUT results are abnormal, 
the Schirmer I test must be performed for all patients. A positive 
Schirmer I test confirms the KCS diagnosis. In distinct well-defined 
conditions, the combination use of the OSDI, TBUT, and Schirmer test 
was the best combination to detect DED(30).

Third, in those patients for whom the diagnosis remains inde-
terminate (Schirmer I test negative), Rose Bengal staining must be 
performed. The Japanese Diagnostic Criteria for Dry Eye considers 
a simultaneous positive test for OSDI, TBUT, and Rose Bengal as a 
definite DED diagnosis(38).

Although a 100% PPV was found for several test combinations 
evaluated in this study, none of the tests was sufficiently effective 
to completely exclude the occurrence of false negatives. Therefore, 
in patients with a HAM/TSP diagnosis, with an HTLV-1 proviral load 
of >10% of infected cells, or those >45 years of age, Rose Bengal 
staining should be considered, even when TBUT, OSDI, and Schirmer 
test results are negative.

One limitation of the present study is that the proposed algo-
rithm cannot further distinguish DED as aqueous deficient dry eye 
(ADDE) or evaporative dry eye (EDE). However, it is probable that 
DED in patients infected with HTLV-1 is mainly due to viral damage 
to the lacrimal gland, resulting in decreased tear production(39,40). In 
addition, Meibomian gland disease, the most common form of EDE, 
can be easily excluded by examination of the eye structures using a 
biomicroscope.

Table 1. Effectiveness of tests used to evaluate KCS in HTLV-1 patients

TEST SENS (%) SPEC (%) False-Neg False-Pos PPV (%) NPV (%) OA (%)

OSDI 75.0 051.2 31.3 41.2 058.8 68.8 62.7

TBUT 98.0 069.5 03.0 22.2 077.8 97.0 84.4

SCH 44.0 100.0 37.8 00.0 100.0 62.2 70.8

RB 87.8 089.7 14.6 08.1 091.5 85.4 88.6

Combined tests (Parallel)

OSDI or TBUT 99.5 035.6 1.5 37.3 062.7 98.5

OSDI or SCH 86.0 051.2 22.9 62.8 037.3 77.1

TBUT or SCH 98.9 069.6 01.7 22.1 078.0 98.3

OSDI or TBUT or SCH 99.7 035.6 00.8 37.3 062.7 99.2

Combined tests (Series)

OSDI and TBUT 73.5 085.1 25.3 15.7 084.3 74.7

OSDI and SCH 33.0 001.0 42.2 00.0 001.0 57.9

TBUT and SCH 43.1 001.0 38.2 00.0 001.0 61.8

OSDI and TBUT and SCH 37.8 100.0 40.3 00.0 100.0 59.7

KCS= keratoconjunctivitis sicca; HTLV-1= human T-cell lymphotropic virus type 1; SENS= sensitivity; SPEC= specificity; False-Neg= false-negative result; False-Pos= false-positive result; 
PPV= positive predictive value; NPV= negative predictive value; OA= overall accuracy; TBUT= tear breakup time test; SCH= Schirmer I test; RB= Rose Bengal staining; OSDI= Ocular Surface 
Disease Index.
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Figure 1. DED diagnostic algorithm for HTLV-1-infected patients.

In summary, this study demonstrated that a reliable DED diagnosis 
can be made in HTLV-1 patients using tests to evaluate DED along 
with a validated questionnaire, not only to obtain information about 
the patients’ complaints but also as part of the diagnostic algorithm. 
The described algorithm might be useful for diagnosing moderate to 
severe ADDE. This would enable the exclusion of patients in whom it 
is possible to confirm or exclude the DED diagnosis before the next 
step. Therefore, this algorithm can contribute to reducing cost, dis-
comfort, and time without compromising diagnostic efficacy.
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