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Abstract

Purpose: To report the prevalence of QuantiFERON-TB Gold (QFT-G) positivity among uveitis 

patients compared to general population and to evaluate the differences in clinical features of 

uveitis.

Design: Retrospective cohort study.

• Setting: Institutional.

• Patient Population: 418 consecutive new uveitis patients, regardless of clinical 

suspicion, were tested for QFT-G.

• Observation Procedures: Demographics, TB risk factors, clinical characteristics of 

uveitis were collected.

• Main Outcome Measures: The frequency of QFT-G positivity among uveitis patients 

and characteristic clinical features among QFT-G positive patients.

Results: QFT-G positivity was found in 60/418 patients with uveitis (14.4%, 95% CI: 11.18 – 

18.14) higher than the general US population (5%, 95% CI: 4.2 – 5.8, p<.001). Age, gender and 

residence were similar between QFT-G positive and negative groups. Uveitis patients with positive 

QFT-G were more likely to be foreign born or have a recent travel history (OR:5.84; 95% CI: 2.83 

– 12.05; p<.001). QFT-G positive patients were more likely to present with granulomatous uveitis 

(OR 2.90; 95%CI 1.36 – 6.21; p=.006). No significant association was found with specific clinical 

features such as choroiditis, retinal vasculitis, occlusive vasculitis, and serpiginoid choroiditis 

(p>.05 for each). Prevalence of TB-uveitis based on treatment response was 1.19%.

Conclusions: Our study demonstrates significantly higher prevalence of QFT-G positivity 

among uveitis patients compared to average US population. Characteristic signs of TB uveitis 
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reported in endemic countries were not seen in this cohort. Implications of higher prevalence of 

QFT-G positivity among uveitis patients require further investigation.

Table of contents statement

This study suggests that the prevalence of latent tuberculosis in uveitis population from a tertiary 

center is significantly higher than in general population in the United States (14.4% vs 5%, 

p<.001). Having been born or traveled outside the United States or having granulomatous uveitis 

was significantly associated with a positive QuantiFERON-TB Gold test.

INTRODUCTION

Tuberculosis (TB) remains a major global health concern and confers significant mortality 

and morbidity in both developed and developing countries.1 According to The World 

Health Organization, one-third of the world’s population is infected with TB, a chronic 

systemic infectious disease caused by Mycobacterium tuberculosis.1 About 90% of the cases 

are classified as latent TB infection (LTBI).2 LTBI is defined as the state of persistent 

immune response to stimulation by Mycobacterium tuberculosis antigens without evidence 

of clinically manifest active TB.2

TB is thought to affect the lungs in 80% of patients, with the remaining 20% being 

affected in other organs.3 Ocular involvement in patients with systemic TB is quite variable 

between studies depending on the criteria used for the diagnosis and the population sampled 

and may be seen in up to 18% of cases.3–5 Prevalence of ocular TB as an etiology of 

uveitis varies from 0.5% in USA up to 11% in endemic areas.6–8 Diagnostic criteria for 

TB-uveitis as defined by the Collaborative Ocular TB Study Group (COTS) are: any clinical 

sign of intraocular inflammation and/or scleritis in the setting of no evidence of other 

uveitic entities, plus, demonstration of mycobacteria or its genome either in ocular fluids 

or other organs, or a corroborative test result such as positive tuberculin skin test (TST) 

or interferon gamma release assay (IGRA).9 Identification of mycobacteria is not always 

possible and is complicated by low sensitivity in ocular culture or PCR assay due to the 

low bacterial load.10 As such, clinicians make the diagnosis of probable ocular TB based 

on positive ancillary testing (TST, IGRA, chest imaging) combined with characteristic 

clinical phenotypes. For example, serpiginous choroiditis, choroidal granulomas, and retinal 

vasculitis have been reported as classical features of ocular TB.7,8,11,12

QuantiFERON-TB Gold (QFT-G) test (Cellestis Inc., Carnegie, Victoria, Australia), is a 

newer diagnostic test for TB infection that measures the release of interferon-gamma after 

stimulation in vitro by M. tuberculosis antigens using ELISA. The reported sensitivity of 

QFT-G varies from 62% to 95% (pooled value 80%) and specificity varies from 92% to 

100% (pooled value 98%).13

So far, limited data are available on the prevalence of LTBI (based on QFT-G positivity) 

in the general uveitis population, especially in areas of low TB burden. Routine screening 

for TB for all patients with uveitis is not recommended unless there are risk factors such 

as previous TB exposure, residence in an endemic area or known classic presenting features 

such as Eales disease, choroidal tuberculoma, and serpiginoid tuberculous choroiditis. More 
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recently, TB testing is being performed prior to initiation of tumor necrosis factor α 
inhibitors due to the risk of TB reactivation.14,15 In endemic areas the reported prevalence 

of LTBI among uveitis patients varies from 7% to 61%.16–19 The aim of this study was to 

evaluate the association of positive QFT-G testing in a uveitis population, thereby reporting 

on the prevalence of LTBI in a tertiary uveitis referral clinic in a non-endemic region; and 

to compare the phenotypic differences in the group of patients with positive QFT-G as 

compared to the group with negative QFT-G test.

PATIENTS AND METHODS

A review of all new uveitis patients seen under institutional review board-approved clinical 

research protocol at the National Eye Institute from 2013– 2019 was performed. The 

study adhered to the tenets of the Declaration of Helsinki. All patients seen in the uveitis 

clinic, provided written informed consent and underwent a comprehensive eye examination 

and a standardized panel of laboratory testing for infectious and inflammatory causes of 

uveitis regardless of clinical suspicion for any particular etiology. The laboratory panel 

included complete blood count, chemistry, urinalysis, screening for syphilis, HIV, hepatitis, 

tuberculosis (QFT-G assay), sarcoidosis (Angiotensin-converting enzyme, lysozyme), 

autoantibodies, HLA panel and others. All patients with positive QFT-G received chest 

X-ray and were evaluated by infectious disease specialists. Chest computerized tomography 

was performed as needed based on recommendations of infectious diseases service. LTBI is 

defined as positive QFT-G in the absence of evidence for active systemic TB. QFT-G test 

was classified positive according to the manufacturer’s instructions (values ≥0.35 IU/mL). 

Clinical diagnosis and characteristics of uveitis were determined through a query of the 

electronic medical record followed by individual medical record review for confirmation. 

Patient demographics such as gender, race, age at presentation, presence of known TB risk 

factors, and laterality was compared across QFT-G positive and negative cohorts. Uveitis 

was classified according to anatomic localization, as recommended by the Standardization of 

Uveitis Nomenclature Working Group.20 The presence of retinal vasculitis was confirmed by 

fluorescein angiography.

Our study did not recruit healthy controls to assess prevalence of QFT-G positivity among 

general population. Therefore, the prevalence of latent TB in the uveitis cohort was 

compared to the prevalence in general population using publicly available data on QFT-G 

testing among general US population.21

Data analyses were done by using SPSS v.17.0 statistical software for Windows (SPSS Inc., 

Chicago, IL). Multivariable logistic regression model was used to analyze the association 

between clinical factors and the QFT-G positivity and to estimate the odds ratios of each 

outcome measure with a 95% confidence interval adjusted for age, gender and race. A two- 

tailed p value of <.05 was considered significant.

RESULTS

Four hundred and forty nine consecutive patients were seen and tested for QFT-G. Of 

these 449 patients the presence of uveitis was confirmed in 418 patients. None of the 
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patients had a known diagnosis of active TB prior to the onset of their uveitis. Demographic 

characteristics of the 418 uveitis patients based on their QFT-G test results are shown in the 

Table. QFT-G was positive in 60 patients yielding a prevalence of 14.4% (95% CI: 11.18 

– 18.14) which was significantly higher than the LTBI rate in general US population 5% 

(95% CI: 4.2 – 5.8, p<.001).21 Nine of these 60 patients (15%) tested positive prior to 

being referred to our clinic. All 9 of these patients retested positive as part of this study. 

Geographically, 89.5% of the patients resided in the Washington DC metro area including 

neighboring states of Maryland and Virginia. There was no statistically significant difference 

among QFT-G positive and negative patients in terms of residence (p=.43).

QFT-G positive patients were more likely to be older than QFT-G negative counterparts 

(OR: 1.02; 95% CI: 1.00–1.04; p=.02), but no significant gender difference was observed 

(Table). Patients with positive QFT-G test were more likely to be of Asian race than White 

non-Hispanic ethnicity (OR: 5.15; 95% CI: 2.24–11.84; p<.001, Table). Among different 

race/ethnicities, the prevalence of QFT-G positivity was 8.7% among non-Hispanic Whites, 

13.4% in Blacks, 18.2% in Hispanics, and 31.9% in Asians.

Of the patients who tested QFT-G positive, 44 (73.3%) were either foreign born or had a 

recent history of travel outside the United States. Birth or travel history was recorded in the 

charts of 215 of the 358 QFT-G negative patients. Of these 215 patients, 70 (32.6%) were 

either foreign born or had a recent history of travel outside the United States which was 

significantly lower than in QFT-G positive group (OR: 5.84; 95% CI: 2.83–12.05; p<.001, 

Table). Among patients who were U.S. born and had no recent history of foreign travel the 

prevalence of QFT-G positivity was 9.9%, while it was 38.6% among patients who were 

foreign born or had a recent foreign travel history.

In the subgroup of 275 patients with available birth/travel history, Asian race had an 

OR of 2.06 (95% CI: 0.77–5.51, p=0.15) compared to white non-Hispanic persons in the 

multivariable regression model.

There was no significant difference between patients with or without QFT-G positivity 

in terms of laterality and anatomic location of uveitis (Table). In multivariable regression 

analyses, even when adjusted for age, gender and race/ethnicity, clinical appearance 

suggestive of granulomatous uveitis was more likely to be present in QFT-G positive group 

(21.7% vs 8.4%; OR:2.90; 95% CI: 1.36–6.21, p=.006) while no significant difference was 

observed in other characteristics such as choroiditis, retinal vasculitis, occlusive vasculitis, 

and serpiginous choroiditis between groups (Table). No significant relationship was found 

between QFT-G test values and these clinical phenotypes (p>.05 for all). Although uveitis 

with idiopathic etiology was more common in QFT-G positive patients compared to QFT-G 

negative patients (68.3% vs 58.7%), the difference was not statistically significant (Table).

Since prednisone or other immunosuppressive therapy may affect QFT-G test results, we 

looked at systemic treatment at the time of testing. The use of any systemic prednisone 

and/or other immunosuppressive therapy was 10% in the QFT-G positive group and 22.3% 

in the QFT-G negative group (p=.03). The rate of prednisone use was not significantly 

different (6.7% vs 15.4%, respectively; p=.07). Among patients who tested positive for 
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QFT-G, none of them were on tumor necrosis factor (TNF) inhibitors at the time of testing. 

Among patients who tested negative for QFT-G, 14 (3.9%) of them were on TNF inhibitors 

at the time of testing.

Out of 60 QFT-G positive patients, 33 had sufficient follow-up at our center to determine 

outcomes of LTBI treatment. Only one of the 60 patients was considered to have 

active TB based on identifiable mycobacteria genome (PCR) in the eye and clinical and 

radiographic evidence of multiple TB lesions in other organs. Of the 33 patients who 

received anti-TB treatment (ATT), 32 patients completed treatment for LTBI. Among these 

32 patients, 19 received monotherapy and 13 received multidrug (3 −4 drugs) therapy 

based on infectious disease recommendations and risk factors as recommended by their 

infectious disease specialist. Twenty seven of the 32 patients (84.4%) required additional 

anti-inflammatory treatment (steroids, antimetabolites or biologics) for control of their 

intraocular inflammation despite appropriate course of TB treatment. In the remaining 

5 patients, inflammation resolved with ATT alone without requiring immunosuppression. 

These 5 patients meet the criteria for being categorized as TB-uveitis based on COTS criteria 

resulting in a prevalence of TB-uveitis of 1.19% among uveitis patients in this tertiary 

center study. Out of 5 patients who did not require additional immunomodulatory treatment 

after TB therapy, 2 had posterior uveitis with choroidal granuloma, 2 had granulomatous 

panuveitis (with retinal vasculitis in one of them) and 1 with non-granulomatous panuveitis 

with retinal vasculitis. Mean QFT-G value was 6.01 ± 4.54 IU/ml (range: 1.74– 11.63) in 

patients that required only anti-TB treatment and 5.11 ± 5.15 IU/ml (range: 0.35– 18.6) 

among patients that required additional anti-inflammatory treatment (p=.44).

DISCUSSION

Our study shows that, in a nonendemic area in the US, LTBI based on positive QFT-G was 

significantly higher than the LTBI rate in general US population (14.4% vs 5%, p<.001).21 

Specifically, LTBI rate is only 2.8% in US born individuals and 15.9% among foreign 

born individuals.21 Our cohort had higher LTBI rates overall; 38.6% among foreign born 

uveitis patients and 9.9% among US born uveitis patients. We found that Asian race and 

international travel/foreign birth history were associated with increased odds of testing 

positive for QFT-G among uveitis patients (Table).

The prevalence of IGRA positivity among Navy recruits entering boot camp at a training 

command center in Illinois, USA was 1.8%.22 During 2004–2013, the annual percentage 

of service members in the U.S. Armed Forces diagnosed with LTBI was 0.9% in 2011 and 

1.6% in 2006 (overall 1.3%).23 The rate of LTBI was lowest in individuals with White 

non-Hispanic ethnicity and highest in Asian/Pacific Islanders (0.8% vs 4%).23

In our cohort, the highest prevalence of QFT-G positivity was among Asians (31.9%) 

followed by Hispanic ethnicity (18.2%). This finding is consistent with previous reports, 

including the multinational COTS-1 study.9 This can be explained by the fact that India and 

China comprise 38% of the world’s TB infections.24 However, even though Asian ethnicity 

was overrepresented in our cohort at 11.2% (Asian Americans constitute only 5.8% of the 
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entire US population) the rate of QFT positivity among Asian uveitis patients in this cohort 

was still higher (31.9%) than in general Asian American population(17.5%).21,25

Previous studies reporting QFT-G positivity rates among uveitis patients in non-endemic 

areas are highly variable (13%−67%) and selectively tested patients with ocular 

manifestations suggestive of TB resulting in higher rates of QFT-G positivity.14,26–32 Most 

recently, Groen-Hakan et al.14 reported the prevalence of QFT-G positivity among uveitis 

patients in the Netherlands regardless of risk factors. They reported a higher prevalence of 

QFT-G positivity at 13% compared to general population; and a higher proportion of non­

Caucasians and idiopathic uveitis among QFT-G positive patients. In a similarly designed 

study from Thailand, a highly endemic area for TB, Pathanapitoon et al.33 reported QFT-G 

positivity at 36% among consecutive new uveitis patients while in healthy Thai population 

the QFT-G positivity was reported to be 17%. None of their uveitis patients were identified 

with active systemic TB. Although the designs of these studies are similar, the study cohorts 

are ethnically different than ours. Additionally, we were able to identify several clinically 

relevant risk factors in our study using a multivariable logistic regression (Table).

The large multinational COTS study showed regional differences in the prevalence and 

nomenclature used for ocular TB as well as management with ATT, which impacts treatment 

and visual outcomes.34,35 In prior literature, the presence of choroidal granulomas, occlusive 

retinal vasculitis, and multifocal or serpiginous choroiditis have been more strongly 

associated with TB.9,30–33,36,37 We noted that the clinical presentation of granulomatous 

uveitis was significantly higher in QFT-G positive patients however, serpiginoid choroiditis 

and occlusive vasculitis were observed at low rates in our cohort as well as in the Dutch 

cohort, while in the cohort from Thailand occlusive retinal vasculitis was significantly 

higher in QFT-G positive uveitis patients suggesting that areas of low endemicity may have 

different clinical characteristics.

One of the criteria for diagnosing a patient with TB-uveitis in the setting of a positive 

QFT-G is the response to ATT.9 In a French cohort, of the 25 patients who received ATT,15 

patients (60%) had resolution of intraocular inflammation with successful corticosteroid 

taper. Median QFT-G test value was significantly higher in the group with successful 

therapeutic response compared to the group with treatment failure (7.67 IU/mL vs. 1.22 

IU/mL, P = .026).26 In our study, no significant difference was found in QFT-G test values 

between patients who required immunomodulatory treatment in addition to ATT and who 

did not (p=.44).

Attempts to infer a causal relationship based on therapeutic response has been complicated 

by concomitant use of steroids in most ATT regimens. In our cohort, 84.4% of patients 

who were fully treated with ATT needed additional immunomodulatory treatment for 

ocular inflammation despite appropriate TB treatment, thus not fulfilling the criteria for 

ocular TB. This brings us to the fundamental question of whether these QFT-G positive 

patients truly had TB-uveitis or whether M. tuberculosis could be acting as an adjuvant as 

described in experimental autoimmune uveitis mice models.38 The strong adjuvant effect 

of Mycobacterium is used for cancer immunotherapy and intravesical Bacillus-Calmette–

Guérin (BCG) administration has been used in the treatment of non-invasive bladder 
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cancer by the stimulation immune system, especially cell-mediated immunity.39 Anterior 

uveitis, chorioretinitis, panuveitis, and autoimmune retinopathy have been reported after 

the administration intravesical BCG40–44 Garip et al.40 reported bilateral granulomatous 

anterior uveitis after intravesical BCG administration which responded to steroid therapy 

alone. They reported strong proliferation and secretion of proinflammatory cytokines after 

in vitro stimulation of patient’s peripheral blood mononuclear cells with several retinal 

autoantigens. They also reported several homologies on the level of amino acid sequence 

between BCG proteins and retinal autoantigens which suggest a potential cross reaction of 

immune response targeting the eye. Panuveitis is also reported after TST in the absence of 

TB.45 Altogether, previously published literature and our results suggest that uveitis can be 

caused by intraocular TB infection or potentially be a result of immune stimulation without 

intraocular infection. The relationship between ocular inflammation and positive QFT-G is 

yet unclear, especially in low endemic areas, which necessitates further studies.

As with every retrospective study, the results of our study should be interpreted with caution. 

Because of the tertiary nature of our clinic, it is likely that more complicated cases are 

included in this cohort leading to a selection bias. Moreover, we did not routinely attempt 

isolation of M. tuberculosis from ocular fluids or tissue. Our study was also limited by 

missing data, heterogeneity in ATT and corticosteroid regimens, lack of information on 

travel and birth history in some of the QFT-G negative patients and lack of a control group 

with ocular diseases other than uveitis. Lack of detailed travel history such as timing, 

duration, and location of travel might have influenced our results. We also noted that patients 

with a negative QFT-G were more likely to have been on immunosuppressives at the time of 

testing which may have led to underestimation of the overall prevalence of latent TB among 

uveitis patients. It is possible that this may have also caused missed risk factors beyond those 

that were identified (such as place of birth or race/ethnicity). However, the strength of our 

study lies in the fact that all patients were tested for TB in a systematic way regardless of 

clinical suspicion at presentation.

In summary, this study includes a large uveitis cohort from a non-endemic area and shows 

significantly higher prevalence of LTBI among systematically screened uveitis patients. Our 

data illustrates that predictive clinical features of ocular TB seen in endemic countries 

such as serpiginoid choroiditis, retinal vasculitis are not present in low endemic regions 

and that most patients with positive QFT-G required immunosuppressive therapy despite 

appropriate ATT. The relationship between positive QuantiFERON and ocular inflammation 

and the implications of higher prevalence of LTBI among uveitis patients require further 

investigation.
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HIGHLIGHTS

• Latent tuberculosis is more common in uveitis population than in general 

population

• Granulomatous uveitis is associated with positive QuantiFERON-TB Gold 

test.

• Being born/travel outside the US is associated with positive QuantiFERON 

test.

• Additional immunomodulatory treatment is needed despite TB treatment in 

most cases.
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Table.

Comparison of demographic and clinical characteristics between QFT-G positive and negative patients

Total (N=418) QFT-G positive (N=60) QFT-G negative (N=358) OR 95% CI P value

Median age in years (range) 45 (9–92) 50 (22–85) 44 (9–92) 1.02 1.00–1.04 .02

N % 
a N % 

a N % 
a

Gender

Male 
b 169 40.4 27 45 142 39.7

Female 249 59.6 33 55 216 60.3 0.76 0.43–1.36 .36

Race/Ethnicity

White (non-Hispanic) 
b 161 38.5 14 23.3 147 41.1

Black 157 37.6 21 35 136 38 1.64 0.80–3.39 .18

Asian 47 11.2 15 25 32 8.9 5.15 2.24–11.84 <.001

White (Hispanic) 33 7.9 6 10 27 7.5 2.84 0.98–8.29 .06

Other 20 4.8 4 6.7 16 4.5 3.07 0.88–10.67 .08

Foreign Birth/Recent Travel 
c

No
b 161

58.5
c 16 26.7 145

67.4
c

Yes 114
41.5

c 44 73.3 70
32.6 

c 5.84 2.83–12.05 <.001

Laterality

Unilateral 
b 168 40.2 24 40 144 40.2

Bilateral 250 59.8 36 60 214 59.8 1.07 0.60–1.91 .82

Anatomic Location

Anterior 
b 92 22 19 31.7 73 20.4

Intermediate or anterior/
intermediate

86 20.6 7 11.7 79 22.1 0.46 0.18–1.21 .12

Posterior 127 30.4 15 25 112 31.3 0.67 0.31–1.47 .32

Pan 113 27 19 31.7 94 26.3 0.79 0.38–1.65 .53

Idiopathic Etiology

No
b 167 40 19 31.7 148 41.3

Yes 251 60 41 68.3 210 58.7 1.39 0.76–2.54 .29

Uveitis characteristics 
d

Granulomatous 43 10.3 13 21.7 30 8.4 2.90 1.36–6.21 .006

Choroiditis 80 19.1 9 15 71 19.8 0.86 0.39–1.87 .70

Retinal vasculitis 115 27.5 12 20 103 28.8 0.65 0.32–1.30 .22

Occlusive vasculitis 25 6 5 8.3 20 5.6 1.48 0.51–4.29 .48

Serpiginous choroiditis 10 2.4 2 3.3 8 2.2 2.57 0.47–14.20 .280

QFT-G, Quantiferon-TB Gold test. OR, odds ratio.

a
% within columns.
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b
Reference category for multivariable logistic regression analyses.

c
Travel and birth history data were available in all QFT-G positive patients but in 215 patients who were QFT-G negative. Percentages and OR were 

calculated for patients with available data.

d
Uveitis characteristics typically associated with TB-uveitis are listed. These characteristics are not mutually exclusive.
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