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Abstract

Topic: The Collaborative Ocular Tuberculosis Study (COTS), supported by the International
Ocular Inflammation Society, International Uveitis Study Group and Foster Ocular
immunological society, set up an international, expert-led consensus project to develop
evidence and experience-based guidelines for the management of tubercular uveitis (TBU).

Clinical relevance: The absence of international agreement on the use of anti-tubercular
therapy (ATT) in patients with TBU contributes to a significant heterogeneity in the approach
to the management of this condition.

Methods: Consensus statements for the initiation of ATT in TBU were generated using a
two-step modified Delphi technique. In Delphi step 1, a smart web-based survey based on
background evidence from published literature, was prepared to collect the opinion of 81
international experts on the use of ATT in different clinical scenarios. The survey included
324 questions related to tubercular anterior uveitis (TAU), intermediate uveitis (TIU),
panuveitis (TPU) and retinal vasculitis (TRV) administered by the experts after which the
COTS group met in November 2019 for a systematic and critical discussion of the
statements in accordance to the second round of the modified Delphi process.

Results: Forty-four consensus statements on the initiation of ATT in TAU, TIU, TPU and
TRV were obtained, based on ocular phenotypes suggestive of TBU and corroborative
evidence of tuberculosis (TB), provided by several combinations of immunological and
radiological test results. Experts agreed on initiating ATT in TAU (recurrent episodes), TIU,
TPU and active TRV in the presence of positive results for any one of the immunologic tests
along with radiologic features suggestive of TB. In cases with first episode of TAU, and
patients with inactive TRV, consensus to initiate ATT was reached only if both immunological
tests and radiological tests were positive.

Conclusions: COTS consensus guidelines were generated based on the evidence from
published literature, specialists’ opinion and logic construction, to address the initiation of
ATT in TBU. The guidelines also should inform public policy by adding specific types of TBU
to the list of conditions which should be treated as TB.



Introduction

Diagnosis and management of tubercular uveitis (TBU) pose a significant challenge
due to the lack of specific diagnostic criteria and disagreement among uveitis specialists on
initiation of anti-tubercular therapy (ATT).}®> The Collaborative Ocular Tuberculosis Study
(COTS) was designed with the aim of addressing the knowledge gaps related to the
diagnosis and management of TBU.%6° The COTS-1 was a retrospective study that
highlighted geographical variations in the management practices and regional differences
in treatment outcomes and thus, the need for global uniform guidelines.” Subsequently, the
COTS consensus (CON) has been designed as a survey-based clinical study, supported by
International Ocular Inflammation Society, International Uveitis Study Group and Foster
Ocular immunological society, with the aim of consolidating expertise of uveitis specialists
from different regions of the world on the management of TBU.1%4 The first report from
COTS CON illustrated seventy consensus statements addressing the initiation of ATT in the
three different subtypes of tubercular (TB) choroiditis, namely serpiginous-like choroiditis,
tuberculoma and multifocal or unifocal choroiditis.*®

While the first report of COTS CON addressed some of the distinctive phenotypes of
TBU, entities such as anterior uveitis, intermediate uveitis, panuveitis, and retinal vasculitis
are more challenging when it comes to initiating ATT.*® This was evidenced by the COTS-
1, where in a lack of global consensus to intiate ATT has been previously highlighted. In
panuveitis attributed to TB, higher treatment failure rates were observed.! In addition, in a
subet analysis of patients with retinal vasculitis attributed to TB, a definitive conclusion on
the role of ATT could not be ascertained.® Moreover, analysis of the COTS-1 showed
significantly higher hazard ratios of treatment failure associated with phenotypes of
intermediate uveitis, anterior uveitis, and panuveitis compared to TB choroiditis.*

Ophthalmologists may take decisions to initiate ATT based on purified protein
derivative (PPD) skin test and/or interferon gamma release assays (IGRAS), but these tests
may have limitations related to their sensitivity and specificity.24°1617 The decision to treat
with ATT may be further complicated in case these immunological tests are discordant, or
the chest radiology does not reveal any pathology. The phenotypes of tubercular anterior
uveitis (TAU), tubercular intermediate uveitis (TIU), tubercular panuveitis (TPU) and
tubercular retinal vasculitis (TRV) represent a spectrum of TBU which need universally
acceptable guidelines on initiating ATT. This second report of COTS CON explores the
consensus-based guidelines for the initiation of ATT in patients with TAU, TIU, TPU and
TRV.

Methods

A smart online form builder (Cognito Form, Columbia, South Carolina, USA) was
used to create a web-based survey and collect opinions from 81 uveitis specialists (see
credit roster). A total of 324 questions related to TAU (108 questions), TIU (54 questions),
TPU (54 questions) and TRV (108 questions) were prepared (Appendix 1), and binarized
as endemic or non-endemic, according to TB endemicity for geographical area of origin of
patients (Appendix 2, published previously).'®> Ethical clearance for COTS was obtained
when the retrospective arm (COTS-1) (NK/2447/Study/2729) was conducted, and the
amendment to design the survey-based study without the use of patient data was then
obtained (NK/5695/Study/402). All the research adhered to the tenets of the declaration of
Helsinki.



In the index study, different scenarios for the various phenotypes of TBU together
with the results of the immunological tests and/or radiologic tests were formed and
discussed. Immunologic tests were defined as TST (specified as positive for induration of
10 mm or more) and IGRAs (QuantiFERON-TB Gold, Quigen, Germantown, MD; or T-Spot
TB, Oxford Diagnostic Laboratories, Memphis, TN). Radiologic tests were defined as chest
radiography (CXR) or computed tomography (CT), suggestive of pulmonary TB infection or
past exposure (not active disease).*® ATT was defined as multidrug therapy that typically
consisted of 4 drugs, including isoniazid, rifampicin, ethambutol, and pyrazinamide,
according to the health policy of each country and local variation management practices.

The detailed methodology has been published previously.'® The design of the study
is shown in Figure 1. The experts were asked to provide their input based on their clinical
experience and relevant scientific evidence. The participants were given all the available
literature including published literature and provided their level of evidence based on the
Oxford scale. Since the available literature did not have guidelines on laterality and visual
acuity, these were not included as parameters in the administered survey. For evidence
supporting each single clinical case scenario see Appendix 3. The consensus meeting
related to the second round of the modified Delphi technique was held on November 13",
2019 in Kaohsiung, Taiwan.

Results

All consensus statements required an ocular phenotype suggestive of TBU, other
possible diagnosis mimicking TBU excluded.'® Table 1, 2 and 3 indicate clinical scenarios
that achieved a consensus based on the median score of 5 with IQR width of 0-3 for TAU,
TIU and TPU, and TRV, respectively. Appendix 4 shows how the statements that achieved
a median score of 4 during the first round of the Delphi process changed through the
systematic and critical discussion that occurred in the second round of the modified Delphi
technique. A summary of the consensus statements related to initiation of ATT in TAU, TIU,
TPU and TRV is presented in Figures 2 to 4 and Table 4.

Tubercular Anterior Uveitis (TAU)

Absolute consensus (median score=5, IQR=0) to start ATT was achieved in patients
from both endemic and non-endemic regions with recurrent episodes of anterior uveitis
(Table 1, Figure 2, Table 4) when both the immunological (PPD and IGRAs) and
radiological (CXR/CT) tests were positive. However, there was moderate consensus
(median score=5, IQR=1) to initiate ATT in a patient with first episode of anterior uveitis,
even when all three tests were positive, irrespective of the endemicity. Moderate consensus
(median score=5, IQR=1) was also achieved for patients coming from an endemic region
with recurrent episodes of anterior uveitis and one immunological test positive (either PPD
or IGRA) supported by positive radiological findings. For non-endemic region, the
consensus reached was moderate (median score=5, IQR=1) in patients with recurrent
episodes of anterior uveitis and one immunological test positive (either IGRA with PPD both
negative or not done/not available or PPD with IGRA not done/not available) and positive
radiological findings, but it was weak (median score=5, IQR=2) when PPD and radiological
test were positive and IGRA was negative.



Tubercular Intermediate Uveitis (TIU)

There was moderate consensus (median score=5, IQR=1) amongst the experts to
start ATT in patients with TIU (Table 2, Figure 3, Table 4) when both immunological (PPD
and IGRA) and radiological test (CXR/CT) were positive, irrespective of endemicity.
Moderate consensus (median score=5, IQR=1) was also achieved for patients from endemic
regions with one of the two immunological tests positive (either PPD or IGRA) and
radiological test positive. However, for non-endemic region, moderate consensus (median
score=5, IQR=1) was only achieved in patients with both IGRA and radiological test positive
and PPD skin test negative, while the consensus reached was weak (median score=5,
IQR=2) when PPD skin test and radiological test were positive and IGRA was not performed.

Tubercular Panuveitis (TPU)

There was absolute consensus (median score=5, IQR=0) amongst the experts to
start ATT in patients from both endemic and non-endemic region with panuveitis (Table 2,
Figure 3, Table 4) when both immunological tests (PPD and IGRA) and radiological test
(CXR/CT) were positive. Moderate consensus (median score=5, IQR=1) was also achieved
for patients with one of the two immunological tests positive (either PPD or IGRA) and
radiological test positive, irrespective of endemicity. However, for non-endemic region, the
consensus reached was weak (median score=5, IQR=2) when PPD skin test and
radiological test were positive and IGRA was negative.

Tubercular Retinal Vasculitis (TRV)

Consensus statements on the management of retinal vasculitis are illustrated in
Table 3 , Figure 4 and Table 4. In patients with active retinal vasculitis when both
immunological tests (PPD and IGRA) and radiological test (CXR/CT) were positive the
consensus to start ATT was absolute (median score=5, IQR=0) in endemic region and weak
(median score=5, IQR=2) in non-endemic region. Weak consensus (median score=5,
IQR=2) was also achieved for patients in endemic region with both immunological tests
positive (PPD and IGRA) and radiological test negative or not performed; however,
consensus was poor (median score=5, IQR=3) in non-endemic region and it was reached
only in patients with both immunological tests positive and radiological test negative. With
one of the two immunological tests positive (either PPD or IGRA) and radiological positive
findings the consensus reached was absolute to moderate (median score=5, IQR=0,1) in
endemic region and lower (median score=5, IQR=3) in non-endemic area. Further, if retinal
vasculitis was inactive, there was weak consensus (median score=5, IQR=2) to start ATT in
patients with both immunological tests (PPD and IGRA) and radiological test (CXR/CT)
positive.

Tables 4 and Figures 2 to 4 illustrate the consensus statements and the color-coded
algorithm for initiation of ATT in patients with TAU, TIU, TPU and TRV. In summary, it is
clearly evident that in endemic region, whenever one of the immunological tests is positive
along with positive radiography, there was moderate agreement among experts to initiate
ATT, specifically when clinical phenotypes were recurrent anterior uveitis, intermediate
uveitis and panuveitis. The agreement was less for a patient presenting in a non-endemic
region. In case of active TRV, the agreement was absolute to weak for endemic regions and
lower for non-endemic areas.



Discussion

The role of ATT in reducing the rate of recurrences in patients diagnosed with TBU
has been well established.>”1%-4> However, the lack of international agreement on the
minimum clinical dataset required to start ATT in a disease characterized by a wide
spectrum of phenotypes indicates an unmet medical need in the management of this
disease. In November 2019, the COTS CON group met to discuss and define the consensus
statements related to the use of ATT in TAU, TIU, TPU and TRV, according to the modified
Delphi technique adopted throughout the COTS study. These experts agreed that specific
TBU phenotypes and the endemicity for TB of patients’ geographical region of origin
influenced the decision to start ATT.

Corroborative evidence supporting the diagnosis of TBU is based on commonly
performed tests, namely PPD skin test, IGRAs and radiologic tests. For TBU, polymerase
chain reaction (PCR)-based tests have proven to be of limited usefulness in real world
scenarios.® The COTS-1 subset analysis published previously has shown that few clinicians
rely on PCR for diagnosing TBU, but do not base their decision on PCR results to treat
patients with ATT. In relation to radiologic tests, though it has been shown that CT scan is
superior to CXR in detecting features suggestive of pulmonary TB infection, given the
international nature of the survey, including countries with no access to CT, we chose not
to differentiate in between the two tests grouping them together, and gave the option of not
done or not available.! All the corroborative tests (such as TST and IGRA) were given equal
weightage and survey output was taken into consideration based on experts' opinions on
specific clinical phenotypes in presence of different tests permutations and combinations,
both in endemic and non-endemic areas. The bias towards specific tests was thus
eliminated without affecting consensus guidelines. The survey is restricted to the test
commonly performed by clinicians worldwide to achieve the diagnosis of TBU, allowing the
physicians to rationalize their treatment strategy based on a minimum dataset.

Addition of ATT to the topical therapy in the management of anterior uveitis has been
controversial. From the retrospective analysis of COTS-1 data related to 165 patients
affected by TAU (unpublished data), it appeared that the addition of ATT to topical treatment
does not have significant impact on treatment outcome of patients with TBU. By contrast,
multiple single centres studies highlighted the therapeutic role of ATT in patients diagnosed
with TAU.20:21.24.25,29,38,44-61 Baged on overall scientific evidence and experience, uveitis
specialists reached good consensus for initiating ATT in recurrent TAU with any
immunological evidence of TB, along with radiological signs suggestive of pulmonary TB
infection, in both endemic and non-endemic region, when other possible etiologies have
been ruled out. However, when it comes to the first episode of anterior uveitis, experts
agreed to initiate ATT, irrespective of endemicity, only when both immunological and
radiological tests are positive. Our results confirm that patient’s region of origin should be
considered in the decision-making process. In endemic regions, an isolated positive PPD
along with radiological evidence is sufficient to gain moderate consensus to initiate ATT
despite a negative IGRA test, indicating that such phenotype in endemic area has a higher
pre-test probability of TBU. By contrast, the above clinical scenario in non-endemic region
has a lower consensus and a positive IGRA is requested to reach moderate agreement to
start the treatment. In both endemic and non-endemic regions, when the other
immunological test are not done or not available, it does not influence the pre- or post-test
probability of TBU, supporting the initiation of ATT with moderate consensus in the event of
one immunological positivity along with radiological findings.



Statements that reached a median score of 4, involving first episode of TAU in both
endemic as well as non-endemic region with one immunological test positive along with
radiological support, were discussed in details. There was general acceptance that a
suggestive phenotype with granulomatous features of TAU, manifesting with iris nodules,
keratic precipitates and posterior synechiae, insidious onset and chronicity give additional
confidence in starting ATT. Some experts were confident to initiate ATT in the above clinical
scenario only in patients from endemic region aiming to eradicate TB, while others preferred
to avoid treatment in endemic area in view of the risk of drug resistance, but were likely to
start ATT in non-endemic region, given the lower likelihood to have false positive results.
However, in relation to the first episode of TAU, consensus to treat was only reached with
all immmunological and radiological tests positive.

Evidence supported efficacy of ATT in patients with TIU and TPU,20-24:26,30,31,38,44,46-63
In patients with TIU and TPU, any immunological evidence of TB, along with positive
radiological signs supports the initiation of ATT, irrespective of endemicity. However,
comparing results from endemic and non-endemic region, data confirm once again that in
endemic area, where the pre-test probability of TBU is higher, experts are more likely to
treat patients with an isolated positive PPD despite a negative IGRA test. From the COTS-
1 results, it is clearly evident that panuveitis have a stronger predictive value for TBU
compared to intermediate uveitis.!

Intermediate uveitis was defined as a phenotype characterized by snowballs, with or
without peripheral choroiditis scars, showing diffuse retinal vasculitis, with or without cystoid
macular edema. Experts considered this phenotype less likely related to TBU and did not
agree to start ATT in the event of an isolated positive PPD along with radiological evidence
and negative IGRA test. However, weak consensus to treat was reached in the event of an
IGRA test not done or not available, indicating that if the second test is not performed, it
does not influence the pre- or post-test probability for the diagnosis of TBU, supporting the
initiation of ATT in the event of one immunological positivity along with positive radiological
findings.

From the COTS-1 analysis of 251 patients diagnosed with TRV and treated with ATT,
treatment failure was less frequent in patients who were treated with ATT (13.6%),
compared with those who did not (21.7%).° Several other studies have supported
effectiveness of ATT in patients with TRV.?1:22:24.25,29,31,38,44.46-64 |n gctive retinal vasculitis,
any immunological positivity along with radiological support, or immunological evidence,
involving both PPD and IGRA positivity without radiological findings, supports the initiation
of ATT, irrespective of endemicity. However, from the results, it is evident that in non-
endemic regions, the consensus to start ATT was lower. Experts agreed that the phenotype
should suggestive of TRV is characterized by occlusive disease, associated perivascular
choroiditis patches. In non-endemic settings, other causes of retinal vasculitis including
systemic inflammatory diseases, or primary ocular disorders, must be considered and ruled
out in the differential diagnosis.®6566

Inactive TRV was defined as sequelae of occlusive vasculitis, characterized by
vitreous hemorrhage, retinal neovascularization and capillary non-perfusion without active
phlebitis. There was weak consensus to start ATT in patients with inactive TRV in the
endemic setting when both immunological and radiological tests were positive. This is
because some experts considered the initiation of ATT in inactive TRV questionable due to
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the lack of clinical endpoints for the treatment. Consequently, there was no consensus to
start ATT in patients with inactive retinal vasculitis in non-endemic regions if there is a weak
evidence of TB from corroborative tests.

In conclusion, the COTS group established consensus guidelines on the use of ATT
in patients with TAU, TIU, TPU and TRV, based on the limited available evidence and
international experts’ opinion and practice. COTS CON guidelines will help address the
conundrum in the approach to the management of TBU, guiding ophthalmologists,
physicians and regulatory bodies in the therapeutic decision-making process, and
representing a potential benefit to the patients’ clinical outcome. Since majority of patients
with TBU have underlying TB infection, and infectious disease experts may be unwilling to
treat these patients with ATT, uveitis experts often face challenges in treating their patients
with ATT. These guidelines indicate that active ocular disease with evidence of TB infection
deserves treatment, and will potentially impact the public health measures in the
management of extrapulmonary TB. The COTS team is preparing simple algorithmic flow
charts merging consensus guidelines from COTS CON report 1 and 2, providing a concise
review and practical recommendations for readers and clinicians to follow in their real word
clinical practice. The COTS CON guidelines will be useful as a basis for prospective clinical
studies to evaluate the role of ATT in different phenotypes of TBU, for validating the findings
presented in this report and to propose guidelines for health regulatory agencies.



BIBLIOGRAPHY

1. Agrawal R, Gunasekeran DV, Grant R, et al. Clinical features and outcomes of patients
with tubercular uveitis treated with antitubercular therapy in the Collaborative Ocular
Tuberculosis Study (COTS)-1. JAMA Ophthalmol. 2017;135(12):1318-1327.

2. Lee C, Agrawal R, Pavesio C. Ocular Tuberculosis — A clinical conundrum. Ocul Immunol
Inflamm. 2016;24(2):237-42.

3. Gupta A, Sharma A, Bansal R, Sharma K. Classification of intraocular tuberculosis. Ocul
Immunol Inflamm. 2015;23(1):7-13.

4. Ang M, Chee SP. Controversies in ocular tuberculosis. Br J Ophthalmol. 2017;101(1):6-
9.

5. Rosenbaum JT. To be or not TB? Br J Ophthalmol. 2014;98(8):999-1000.

6. Agarwal A, Agrawal R, Gunasekaran DV, et al. The Collaborative Ocular Tuberculosis
Study (COTS)-1 Report 3: Polymerase chain reaction in the diagnosis and management of

tubercular uveitis: global trends. Ocul Immunol Inflamm. 2017;20:1-9.

7. Agrawal R, Gunasekeran DV, Raje D, et al. Global variations and challenges with
Tubercular uveitis in the Collaborative Ocular Tuberculosis Study. Invest Ophthalmol Vis
Sci. 2018;59(10):4162-4171.

8. Agarwal R, Gunasekaran DV, Agrawal A, et al. The Collaborative Ocular Tuberculosis
Study (COTS)-1: a multinational description of the spectrum of choroidal involvement in 245

patients with tubercular uveitis. Ocul Immunol Inflamm. 2018;29:1-11.

9. Gunasekeran DV, Agrawal R, Agarwal A, et al. THE COLLABORATIVE OCULAR
TUBERCULOSIS STUDY (COTS)-1: A Multinational Review of 251 Patients With
Tubercular Retinal Vasculitis. Retina. 2019;39(8):1623-1630.


about:blank
about:blank
about:blank

10. Derrick, B; White, P. Comparing. Two Samples from an Individual Likert Question. Int J
Math Stat. 2017;18(3):1-13.

11. McMillan SS, King M, Tully MP. How to use the nominal group and Delphi techniques
Int J Clin Pharm. 2016;38(3):655-62.

12. M.K. Rayens, E.J. Hahn. Building consensus using the policy Delphi method, Policy
Polit. Nurs. Pract. 1. 2000;1(4):308-315.

13. M.S. Raskin. The Delphi study in field instruction revisited: expert consensus on issues
and research priorities, J. Soc. Work. Educ. 1994;30:75-89.

14. OCEBM Levels of Evidence Working Group. The Oxford levels of Evidence 1. Oxford

Centre for Evidence-based Medicine.

15. Agrawal R, Testi |, Mahajan S, et al. Collaborative Ocular Tuberculosis Study Consensus
Guidelines on the Management of Tubercular Uveitis-Report 1: Guidelines for Initiating
Antitubercular Therapy in Tubercular Choroiditis. Ophthalmology. 2020;S0161-
6420(20)30013-0.

16. Gupta V, Gupta A, Rao NA. Intraocular tuberculosis — an update. Surv Opthalmol.
2007;52(6):561-87.

17. Vasconcelos-Santos DV, Zierhut M, Rao NA. Strengths and weaknesses of diagnostic

tools for tuberculous uveitis. Ocul Immunol Inflamm. 2009;17(5):351-5.

18. David M. Lewinsohn, Michael K. Leonard, Philip A. LoBue, et al. Official American Thoracic
Society/Infectious Diseases Society of America/Centers for Disease Control and Prevention
Clinical Practice Guidelines: Diagnosis of Tuberculosis in Adults and Children, Clinical Infectious
Diseases, Volume 64, Issue 2, 15 January 2017, Pages el
e33, https://doi.org/10.1093/cid/ciw694

19. Kee AR, Gonzalez-Lopez JJ, Al-Hity A et al. Anti
tubercular therapy for intraocular tuberculosis: A systematic review and meta-analysis.
Surv Ophthalmol. 2016;61(5):628-53.

10


https://doi.org/10.1093/cid/ciw694

20. La Distia Nora R, van Velthoven ME, Ten Dam-van Loon NH, et al. Clinical
manifestations of patients with intraocular inflammation and positive QuantiFERON-TB gold
in-tube test in a country nonendemic for tuberculosis. Am J Ophthalmol. 2014;157(4):754-
61.

21. Mora P, Ghirardini S, Heron E, et al. Ocular tuberculosis: experience of an Italian arench
cohort. Acta Ophthalmol. 2015;93(5):403-4.

22. Tognon MS, Fiscon M, Mirabelli P, et al. Tuberculosis of the eye in Italy: a forgotten

extrapulmonary localization. Infection. 2014;42(2):335-42.

23. Basu S, Nayak S, Padhi TR, et al. Progressive ocular inflammation following anti-
tubercular therapy for presumed ocular tuberculosis in a high-endemic setting. Eye.
2013;27(5):657-62.

24. Manousaridis K, Ong E, Stenton C, et al. Clinical presentation, treatment, and outcomes
in presumed intraocular tuberculosis: experience from Newcastle upon Tyne, UK. Eye.
2013;27(4):480-86.

25. Patel SS, Saraiya NV, Tessler HH, et al. Mycobacterial ocular inflammation: delay in

diagnosis and other factors impacting morbidity. JAMA ophthalmology. 2013;131(6):752-5.

26. Bansal R, Gupta A, Gupta V, et al. Tubercular serpiginous-like choroiditis presenting as
multifocal serpiginoid choroiditis. Ophthalmology. 2012;119(11):2334-42.

27. Ducommun MA, Eperon S, Khonkarly MB, et al. Long-term close follow-up of
chorioretinal lesions in presumed ocular tuberculosis. European journal of ophthalmology.
2012;22(2):195-202.

28. Zhang MZ, J. Liu, Y. Clinical presentations and therapeutic effect of presumed choroidal
tuberculosis. Retina. 2012;32(4):805-13.

29. Gineys R, Bodaghi B, Carcelain G, et al. QuantiFERON-TB gold cut-off value:
implications for the management of tuberculosis-related ocular inflammation. Am J
Ophthalmol. 2011;152(3):433-40.

30. Gupta V, Bansal R, Gupta A. Continuous progression of tubercular serpiginous-like

11



choroiditis after initiating antituberculosis treatment. American journal of ophthalmology.
2011;152(5):857-63

31. Sanghvi C, Bell C, Woodhead M, et al. Presumed tuberculous uveitis: diagnosis,
management, and outcome. Eye. 2011;25(4):475-480.

32. Gupta V, Gupta A, Sachdeva N, et al. Successful management of tubercular subretinal

granulomas. Ocul Immunol Inflamm. 2006;14(1):35-40.

33. Rose AG. Cardiac tuberculosis. A study of 19 patients. Archives of pathology &
laboratory medicine. 1987;111(5):422-26.

34. Laatikainen L, Erkkila H. Serpiginous choroiditis. Br J Ophthalmol 1974;58:777—-83.

35. Bajema KL, Pakzad-Vaezi K, Hawn T, Pepple KL. Tuberculous uveitis: association
between anti-tuberculous therapy and clinical response in a non-endemic country. J
Ophthalmic Inflamm Infect. 2017; 7(1):19.

36. Barondes MJ, Sponsel WE, Stevens TS, Plotnik RD. Tuberculous choroiditis diagnosed
by chorioretinal endobiopsy [let- ter]. Am J Ophthalmol 1991;112:460-1.

37. Gupta V, Gupta A, Arora S, et al. Presumed tubercular serpiginouslike choroiditis: clinical

presentations and management. Ophthalmology 2003;110:1744-9.

38. D Varma, S Anand, AR Reddy. Tuberculosis: an underdiagnosed aetiological agent in
uveitis with an effective treatment. Eye 2006;20:1068-1073.

39. Luca C, CP Herbort, Raffaella A. Tuberculous Uveitis, a resurgent and underdiagnosed
disease. International Ophthalmology 2009;29(2):67-74.

40. Mackensen F, Becker MD, Wiehler U, Max R, Dalpke A, Zimmermann S. Quantiferon
TB- Gold- A new test strengthening Long- Suspected Tuberculous Involvement in
Serpiginous- like Choroiditis. American Journal of Ophthalmology 2008;146(5):761-766.

41. Daniel VS, Kumar R, John BD. Clinical Features of Tuberculous Serpiginous like
Choroiditis in contrast classical serpiginous choroiditis. Arch Ophthalmol 2010;128(7):853-
858.

42. Ljubo Z, Aleksej M, Ksenija K. Serpiginous like choroiditis as a sign of intraocular

12



tuberculosis. Med Sci Monit 2011;17(7).

43. Gan WL, Jones NP. Serpiginous-like choroiditis as a marker for tuberculosis in a non-
endemic area. Br J Ophthalmol. 2013 May;97(5):644-7.

44. Ng KK, Nisbet M, Damato EM, Sims JL. Presumed tuberculous uveitis in non-endemic
country for tuberculosis: case series from a New Zealand tertiary uveitis clinic. Clin Exp
Ophthalmol. 2017 May;45(4):357-365.

45. Agrawal R, Grant R, Gupta B et al. What does IGRA testing add to the diagnosis of
ocular tuberculosis? A Bayesian latent class analysis. BMC Ophthalmol. 2017;17(1):245.

46. Ang M, Hedayatfar A, Wong W, Chee SP. Duration of anti-tubercular therapy in uveitis
associated with latent tuberculosis: a case-control study. Br J Ophthalmol. 2012;96(3):332-
6.

47. Babu K, Satish V, Prakash O, Subbakrishna DK, Murthy KR. Role of the mantoux test
and treatment with antitubercular therapy in a South Indian patient population of presumed
intraocular tuberculosis. Ocul Immunol Inflamm. 2009;17(5):307-11.

48. Bansal R, Gupta A, Gupta V, Dogra MR, Bambery P, Arora SK. Role of anti-tubercular
therapy in uveitis with latent/manifest tuberculosis. Am J Ophthalmol. 2008;146(5):772-9.

49. Ahn SJ, Kim KE, Woo SJ, Park KH. The usefulness of interferon-gamma release assay
for diagnosis of tuberculosis-related uveitis in Korea. Korean J Ophthalmol. 2014;28(3):226-
33.

50. Al-Qarni A, Abouammoh MA, Almousa AN, Mousa A, Abu El-Asrar AM. Presumed
tuberculous uveitis in a university-based tertiary referral center in Saudi Arabia. Int
Ophthalmol. 2019;39(2):317-333.

51. Babu K, Satish V, Satish S, Subbakrishna DK, Abraham MP, Murthy KR. Utility of
QuantiFERON TB gold test in a south Indian patient population of ocular inflammation.
Indian J Ophthalmol. 2009;57(6):427-30.

52. Campos WR, Henriques JF, Kritski AL, Curi A, Pimentel RT, Spindola de Miranda S.
Tuberculous uveitis at a referral center in southeastern Brazil. J Bras Pneumol.
2008;34(2):98-102.

13



53. Chung CY, Li KKW. The efficacy of latent tuberculosis treatment for inmunocompetent
uveitis patients with a positive T-SPOT.TB test: 6-year experience in a tuberculosis endemic
region. Int Ophthalmol. 2018;38(6):2273-2282.

54. Khochtali S, Gargouri S, Abroug N, et al.
The spectrum of presumed tubercular uveitis in Tunisia, North Africa. Int
Ophthalmol. 2015;35(5):663-71.

55. Shahidatul-Adha M, Zunaina E, Liza-Sharmini AT, et al. Ocular tuberculosis in Hospital
Universiti Sains Malaysia - A case series. Ann Med Surg (Lond). 2017;24:25-30.

56. Agrawal R, Gonzalez-Lopez JJ, Nobre-Cardoso J, et al. Predictive factors for treatment
failure in patients with presumed ocular tuberculosis in an area of low endemic prevalence.
Br J Ophthalmol. 2016;100(3):348-55.

57. Cimino L, Herbort CP, Aldigeri R, Salvarani C, Boiardi L. Tuberculous uveitis, a resurgent
and underdiagnosed disease.. Int Ophthalmol. 2009;29(2):67-74.

58. Conant MM, Vrasich CR, Wongskhaluang JV, et al. Role of the Infectious Disease
Consultant in Management of Patients With Tuberculosis-Associated Ocular Inflammation.
Open Forum Infect Dis. 2015;3(1):0fv195.

59. Damato EM, Dawson S, Liu X, Mukherjee C, et al. A retrospective cohort study of
patients treated with anti-tuberculous therapy for presumed ocular tuberculosis. J
Ophthalmic Inflamm Infect. 2017;7(1):23.

60. Jakob E, Max R, Zimmermann S, et al. Three years of experience with QuantiFERON-

TB gold testing in patients with uveitis. Ocul Immunol Inflamm. 2014;22(6):478-84.

61. Psilas K, Aspiotis M, Petroutsos G, Kalogeropoulos C, Constantopoulos S.
Antituberculosis therapy in the treatment of peripheral uveitis. AnnOphthalmol.
1991;23(7):254-8.

62. Ang M, Wong W, Ngan CC, Chee SP Interferon-gamma release assay as a diagnostic
test for tuberculosis-associated uveitis. Eye (Lond). 2012;26(5):658-65.

63. Ang M, Htoon HM, Chee SP. Diagnosis of tuberculous uveitis: clinical application of an

interferon-gamma release assay. Ophthalmology. 2009;116(7):1391-6.

14



64. Gupta A, Gupta V, Arora S, Dogra MR, Bambery P. PCR positive Tubercular Retinal
Vasculitis: Clinical characteristics & management. Retina 2001;21:435-444.

65. Agrawal R, Kee AR, Ang L, Tun Hang Y, Gupta V, Kon OM, Mitchell D, Zierhut
M,Pavesio C. Tuberculosis or sarcoidosis: Opposite ends of the same disease spectrum?
Tuberculosis (Edinb). 2016;98:21-6.

66. El-Asrar AM, Herbort CP, Tabbara KF. A clinical approach to the diagnosis of retinal
vasculitis. Int Ophthalmol. 2010;30(2):149-73.

15



COTS CON group:

Rupesh Agrawal'?3, llaria Testi?, Baharam Bodaghi4, Talin Barisani-Asenbauer®, Peter
McCluskey®, Aniruddha Agarwal’, John H. Kempen®®, Amod Gupta’, Justine R. Smith'°,
Yew Sen Yuen!!, Sarakshi Mahajan!?, Mamta Agarwal'?, Manisha Agarwal'4, Ashutosh
Aggarwal®®, Kanika Aggarwal’, Mukesh Agrawal'®, Hassan Al-Dhibi'’, Sofia Androudi's,
Fatma Asyari'®>, Manohar Babu Balasundaram?, Kalpana Babu Murthy?!, Edoardo
Baglivo??, Alay Banker?3, Reema Bansal’, Soumyava Basu?4, Digamber Behera’, Jyotirmay
Biswas!3, Ester Carrefio?®, Laure Caspers?®, Soon Phaik Chee?’?®, Romi Chhabra?®, Luca
Cimino®°, Luz Elena Concha del Rio%!, Emmett T. Cunningham??, André Luiz Land Curi®,
Dipankar Das®*, Janet Davis®®, Marc DeSmet¢, Ekaterina Denisova®’/, Alastair K
Denniston?38, Marie-Hélene Errera®®, Alejandro Fonollosa®®, Amala George'?, Debra A.
Goldstein*t, Yan Guex Crosier®?, Dinesh Visva Gunasekeran?4344 Avinash Gurbaxani?,
Alessandro Invernizzi*®, Hazlita M. Isa*, Shah Md. Islam*’, Nicholas Jones?°, Deeksha
Katoch’, Moncef Khairallah*®, Amit Khosla*®, Michal Kramer®®, Amitabh Kumar®!, Atul
Kumar®?, Rina La Distia Nora!®, Richard Lee?, Careen Lowder®, Saurabh Luthra®,
Padmamalini Mahendradas®, Dorine Makhoul?®, Shahana Mazumdar®®, Salil Mehta®’,
Elisabetta Miserocchi®®, Manabu Mochizuki®®, Oli S. Mohamed®, Cristina Muccioli®!, Marion
R Munk®2, Somasheila Murthy®3, Shishir Narain®*, Heloisa Nascimento®®, Piergiorgio Neri®®,
Myhanh Nguyen®’, Annabelle A. Okada®®, Pinar Ozdal®®, Alan Palestine’®, Francesco
Pichi®¢, Dhananjay Raje’?, S.R Rathinam’?, Andres Rousselot’3, Ariel Schlaen’#, Shobha
Sehgal’, H Nida Sen”™, Aman Sharma’, Kusum Sharma’, Samir S. Shoughy’®, Nirbhai
Singh’, Ramandeep Singh’, Masoud Soheilian’’, Sudharshan Sridharan®, Jennifer E.
Thorne’®, Christoph Tappeiner’, Stephen Teoh®, Maria Sofia Tognon®, Ilknur Tugal-
Tutkun®, Mudit Tyagi®, Harvey Uy®, Daniel Vitor Vasconcelos Santos®, Natasa Vidovic
Valentincic®, Mark Westcott?, Ryoji Yanai®’, Bety Yanez Alvarez®®, Rahman Zahedur®®,
Manfred Zierhut®°, Zheng Xian®', Onn Min Kon®2, Quan Dong Nguyen**, Carlos Pavesio?,

Vishali Gupta’.

1. National Healthcare Group Eye Institute, Tan Tock Seng Hospital, Singapore
2. Moorfields Eye Hospital and Biomedical Research Centre, Institute of
Ophthalmology, University College London, London, United Kingdom

3. Singapore Eye Research Institute, Singapore

4. Department of Ophthalmology, Sorbonne University, Paris, France

5. OCUVAC - Centre of Ocular Inflammation and Infection, Laura Bassi Centre of

Expertise, Center of Pathophysiology, Infectiology & Immunology, Medical University of
Vienna, Vienna, Austria

16



6. Department of Ophthalmology, Director Save Sight Institute, The university of
Sydney, Sydney, Australia

7. Advanced Eye Centre, Postgraduate Institute of Medical Education and Research
(PGIMER), Chandigarh, India
8. Department of Ophthalmology, Massachusetts Eye and Ear Infirmary and Harvard

Medical School, Boston, Massachusetts, United States

9. MyungSung Christian Medical Center (MCM) Eye Unit, MCM General Hospital and
MyungSung Medical School, Addis Abeba, Ethiopia

10.  Flinders University College of Medicine and Public Health, Adelaide, Australia

11. Department of Ophthalmology, National University Hospital, Singapore

12. St Joseph Mercy Hospital, Oakland, Pontiac, Michigan, United States

13.  Sankara Nethralaya, Chennai, India

14.  Shroff Eye Centre, New Delhi, India

15.  Department of Pulmonary Medicine, Post Graduate Institute of Medical Education
and Research, Chandigarh, India

16. VIMTA'’s Clinical Research and Clinical Reference Lab, Hyderabad, India

17.  King Khaled Eye Specialist Hospital, Riyadh, Kingdom of Saudi Arabia

18. Department of Ophthalmology, University of Thessaly, Volos, Greece

19. INOIIS, Department of Ophthalmology University of Indonesia, Indonesia

20. Aravind Eye Care System, Coimbatore, India

21. Vittala International Institute of Ophthalmology, Bangalore, India

22. Department of Ophthalmology, Clinique de l'oeil, Geneva, Switzerland

23. Banker's Retina Clinic and Laser Centre, 5 Subhash Society, Ahmedabad, India
24. LV Prasad Eye Institute, Bhubaneswar, India

25.  Hospital Universitario Fundacion Jimenez Diaz, Madrid, Spain

26. Department of Ophthalmology, CHU Saint-Pierre, Université Libre de Bruxelles
(ULB) , Brussels, Belgium

27. Yong Loo Lin School of Medicine, National University of Singapore, Singapore

28.  Singapore Eye Research Institute, Singapore

29. Department of Ophthalmology, University of Manchester, Manchester, United
Kingdom

30.  Ocular Immunology Unit, Azienda USL IRCCS, Reggio Emilia, Italy

31. Asociacion Para Evitar La Ceguera En Mexico, Mexico, Mexico city

32. Department of Ophthalmology, California Pacific Medical Center, San Francisco ,
California

33. Instituto Nacional de Infectologia Evandro Chagas, Fiocruz, Brazil

34. Department of Ocular Pathology, Uveitis & Neuro-Ophthalmology Services;
Sankaradeva Nethralaya, Guwahati, India

35. Bascom Palmer Eye Institute, University of Miami Miller School of Medicine, Miami,
Florida, USA

36. Department of Ophthalmology ZNA Middelheim, Antwerp, Belgium

37. Helmholtz research institute of eye diseases, Moscow, Russia

38. Department of Ophthalmology, University Hospitals Birmingham NHS Foundation
Trust, Birmingham, UK

39. Centre National d'Ophtalmologie des 15-20, Paris, Sorbonne-Universités, Paris 6,
France

40. Hospital Universitario Cruces, Cruces-Barakaldo, Bilbao, Vizcaya (Spain)

41.  Feinberg School of Medicine, Department of Ophthalmology, Northwestern
University, Chicago, lllinois, USA

42.  Jules Gonin Eye Hospital, FAA, University of Lausanne, Switzerland

17



43. National Healthcare Group Eye Institute, Tan Tock Seng Hospital, Singapore

44.  Byers Eye Institute, Stanford Medical School, CA, United States

45.  Eye Clinic, Department of Biomedical and Clinical Science “L. Sacco”, Luigi Sacco
Hospital, University of Milan, Milan, Italy

46.  Gleneagles Hospital, Kuala Lumpur

47.  lbn Sina Hospital, Dhaka, Bangladesh

48. Department of Ophthalmology, Fattouma Bourguiba University Hospital, Faculty of
Medicine, University of Monastir, Monastir, Tunisia

49.  Sir Ganga Ram Hospital, New Delhi, India

50. Department of Ophthalmology, Rabin Medical Center, Petach Tikva, Israel

51. Department of Uvea , Aditya Birla Sankara Nethralaya , Kolkata , India

52. Dr. Rajendra Prasad Centre for Ophthalmic Sciences, All India Institute of Medical
Sciences, New Delhi, India

53. Cole Eye Institute, Cleveland Clinic, Cleveland, OH, USA.

54.  Drishti Eye Centre, Dehradun, Uttranchal, India.

55.  Department of Uveitis and Ocular Immunology, Narayana Nethralaya, Bangalore,
India

56. Department of Vitreoretina and Uvea, ICARE Eye Hospital and Postgraduate
Institute, Noida, Uttar Pradesh, India

57. Department of Ophthalmology, Lilavati Hospital and Research Center, Bandra
Reclamation, Mumbai, India

58. Ophthalmology Department, San Raffaele Hospital, Vita-Salute San Raffaele
University, Milan, Italy

59. Department of Ophthalmology and Visual Science, Tokyo Medical and Dental
University, Tokyo, Japan

60. Hospital Shah Alam, Shah Alam, Selangor, Malaysia

61. Instituto da Viséo, Hospital S&o Paulo, Universidade Federal de S&o Paulo, SP,
Brazil

62. Department of Ophthalmology, Inselspital, Bern University Hospital, University of
Bern, Bern, Switzerland

63. Tej Kohli Cornea Institute, LV Prasad Eye Institute, Kallam Anji Reddy Campus,
Hyderabad, India

64.  Shroff Eye Centre, New Delhi, India

65. Instituto da Viséo, Hospital S&o Paulo, Universidade Federal de Sdo Paulo
(UNIFESP), SP, Brazil

66. Eye Institute, Cleveland Clinic Abu Dhabi, Abu Dhabi, United Arab Emirates

67. Cao Thang Eye Hospital, Ho Chi Minh City, Vietham

68. Department of Ophthalmology, Kyorin University School of Medicine, Tokyo, Japan
69. Department of Ophthalmology, Ulucanlar Eye Education and Research Hospital,
University of Health Sciences, Ankara, Turkey

70.  University of Colorado, Denver, USA

71. MDS Bioanalytics, India

72.  Aravind Eye Care System, Madurai, India

73. Department of Ophthalmology, Universidad del Salvador of Buenos Aires, Buenos
Aires, Argentina

74.  Hospital Universitario Austral, Hospital de Clinicas "Jose de San Martin",
Universidad de Buenos Aires

75.  The Laboratory of Immunology, National Eye Institute, Bethesda, Maryland

76. The Eye Center and The Eye Foundation for Research in Ophthalmology, Riyad,
Saudi Arabia

18



77.  Shahid Beheshti University of Medical Sciences, Tehran, Iran

78.  Wilmer Eye Institute, Johns Hopkins University School of Medicine, Baltimore, USA
79.  Department of Ophthalmology, Inselspital, Bern University Hospital, University of
Bern, Bern, Switzerland

80. Eagle Eye Centre, Singapore

81.  Ocular Immunology Unit, Department of Ophthalmology, S. Antonio Hospital,
Padova, Italy

82. Istanbul Faculty of Medicine, Department of Ophthalmology, Istanbul University,
Turkey

83. LV Prasad Eye Institute, Hyderabad, India

84.  Ocular Immunology and Uveitis Service, Asian Eye Institute, Makati, Philippines
85.  Uveitis Unit, Hospital S&o Geraldo / Hospital das Clinicas da Universidade Federal
de Minas Gerais, Belo Horizonte, Brazil

86. Eye Hospital, UMC Ljubljana, Slovenia

87.  Yamaguchi University Hospital, Ube, Japan

88. Dos De Mayo Hospital, Lima, Peru

89.  Eastern University, Bangladesh

90. Centre of Ophthalmology, University of Tuebingen, Tuebingen, Germany

91. National healthcare Group Eye Institute, Tan Tock Seng Hospital, Singapore

92. Chest and Allergy Clinic, St Mary’s Hospital, Imperial College Healthcare NHS
Trust, London, United Kingdom

19



Acknowledgements:

The research was supported by the National Institute for Health Research (NIHR)
Biomedical Research Centre based at Moorfields Eye Hospital NHS Foundation Trust and
UCL Institute of Ophthalmology. The views expressed are those of the author(s) and not
necessarily those of the NHS, the NIHR or the Department of Health.

Financial Disclosure:

Nil

Figure legend:

Figure 1: The study design for Collaborative Ocular Tuberculosis Study group Consensus
guidelines (COTS CON) for tubercular anterior uveitis, intermediate uveitis, panuveitis and
retinal vasculitis, using a two-stage modified Delphi technique.

Figure 2: Color Coded algorithm for initiation of antitubercular therapy (ATT) in patients with
tubercular anterior uveitis (TAU)

Figure 3: Color Coded algorithm for initiation of antitubercular therapy (ATT) in patients with
tubercular intermediate uveitis (TIU) and tubercular panuveitis (TPU)

Figure 4: Color Coded algorithm for initiation of antitubercular therapy (ATT) in patients with
tubercular retinal vasculitis (TRV)
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