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Purpose: To determine the time to resolution of inflammation in tubercular uveitis (TBU)
cases on standard anti-tubercular treatment. Sub-analysis of time to resolution according to
HIV status was also performed.

Patients and Methods: A prospective cohort study of presumed idiopathic uveitis cases
>18 years underwent the tuberculin skin test, QuantiFERON-TB Gold test, and ocular
tuberculosis (TB) polymerase chain reaction test. Adult TBU cases were treated with
standard anti-tubercular therapy (and corticosteroids) for 9 months. Cases were followed-
up for resolution of inflammation at 1.5, 3, 6, 9, 12 and 15 months post-diagnosis. Outcome
measure was resolution of inflammation on <10 mg oral prednisone per day.

Results: Seventy-nine presumed idiopathic uveitis cases were enrolled in the study, 49 (62%)
were diagnosed with TBU. The mean (SD) age of TBU cases at diagnosis was 41.8 (13.4) years.
Using a multilevel mixed effects model, resolution was achieved at 6 months in the TBU cases
(OR =1.21;95% CI, 1.03-1.41; P =0.017). Using generalized estimating equations, resolution
was also achieved at 6 months in the TBU cases (OR =1.21; 95% CI, 1.05-1.39; P=0.008). The
HIV-positive cases (OR = 1.62; 95% CI, 1.13-2.31; P =0.008) and the HIV-negative cases (OR
=1.25; 95% CI, 1.06-1.48; P = 0.009) achieved resolution at 9 months.

Conclusion: Resolution of inflammation in TBU cases on anti-tubercular treatment with
corticosteroids was achieved at 6 months and maintained throughout the study. Our study
suggests a minimum of 6 months treatment is required for significant resolution. Resolution
of inflammation in HIV-positive and HIV-negative TBU cases needs to be further explored.
Keywords: Mycobacterium tuberculosis, anti-tubercular treatment, inflammation, HIV,

resolution

Introduction

Tubercular uveitis (TBU) is defined as intraocular inflammation secondary to
Mycobacterium tuberculosis infection." There is no gold standard for its diagnosis,
and therefore the diagnosis of TBU is challenging.” Tubercular uveitis is defined as
definite if the microbiological/molecular tests of intraocular fluid are positive.
However, the poor positivity rate (37.7 — 58.8%) of these tests has resulted in the
diagnosis of TBU in most cases being mainly presumptive.’> A diagnosis of
presumed TBU, following exclusion of other causes of uveitis, is often based on
a combination of clinical signs of uveitis, tuberculin skin test (TST) or interferon-
gamma release assay (IGRA) reactivity, chest radiography and/or non-ocular micro-
biological/molecular tests, and/or a positive response to anti-tubercular treatment.
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Treatment outcomes of TBU vary; this is partly due to
the misdiagnosis of TBU, resistance to anti-tubercular
treatment, variation in anti-tubercular treatment regimen
(including treatment duration), and the variation in the
concomitant corticosteroid-use to control inflammation.’
Good recovery rates on anti-tubercular treatment with
corticosteroids have been reported in individuals with pre-
sumed (93-100%)'° and definite (90-92%)>''" TBU.
However, lower recovery rates (24% to 67%) in presumed
TBU cases have been reported.'*'* The Collaborative
Ocular Tuberculosis Study (COTS) reported a recovery
rate of 87.0% in presumed TBU cases 6 months after
completing anti-tubercular treatment.'> A follow-up of
the same cohort of cases yielded a long-term recovery
rate of 77.0% at 2 years.'® A meta-analysis of treatment
outcomes reported an overall global recovery rate of 82%
in TBU cases after completing anti-tubercular treatment.’

The optimal duration of anti-tubercular treatment yielding
a good treatment response with minimal risk of adverse events
has been debated. Alvarez et al and Vos et al mentioned that
treatment for presumed TBU should be stopped in cases
responding poorly after 2-4 months of anti-tubercular
treatment.'”'® However, this may be too early to consider
terminating treatment as other studies have reported poor
treatment treated for a shorter
duration.'*'” Cases receiving anti-tubercular treatment and

outcomes in cases
concomitant corticosteroids for 3 months had a lower recovery
rate (50%) than cases treated for 9 months or longer (77%)."
A longitudinal study assessing recurrence rates in TBU cases
treated with concomitant anti-tubercular treatment and corti-
costeroids for at least 12 months reported a low recurrence rate
(16%).2° Another longitudinal study reported a recurrence rate
of 30% in TBU cases treated with a similar regimen for 6
months.?!

Although studies seem to suggest that a shorter anti-
tubercular treatment duration for TBU is inadequate for
a good outcome, longitudinal studies assessing the minimum
treatment duration needed to achieve significant resolution are
sparse. We, therefore, performed a prospective cohort study to
determine the timeframe when significant resolution of inflam-
mation in TBU cases on standard anti-tubercular treatment for
9 months occurs, and the duration of time resolution is main-
tained. Additionally, we sub-analyzed the timeframe for reso-
lution according to HIV status.

Materials and Methods
We undertook a prospective, descriptive cohort study of
individuals referred to the uveitis clinic at St John Eye

Hospital from 2014 until 2018. St John Eye Hospital is
a tertiary hospital in Johannesburg, South Africa, a country
which is endemic for TB and which has the highest pre-
valence of human immunodeficiency virus (HIV) infection
in the world.**?* Individuals were included in the study if
they, i. had active uveitis, ii. were >18 years of age, iii. had
no prior or concurrent pulmonary or other extrapulmonary
TB, and iv. had no previous anti-tubercular treatment.
Excluded from the study were individuals that had:
i. traumatic uveitis or post-surgical uveitis; ii. clinically
diagnosed uveitis such as acute retinal necrosis (ARN),
progressive outer retinal necrosis (PORN), cytomegalo-
virus (CMV) retinitis, Behcet’s disease, Vogt-Koyanagi-
Harada (VKH) disease, Fuchs heterochromic iridocyeclitis
(FHI), HLA-B27-associated
acute anterior uveitis (AAU), birdshot chorioretinopathy,

sympathetic ophthalmia,
multiple evanescent white dot syndrome (MEWDS), punc-
tate inner choroidopathy (PIC) and acute posterior multi-
focal placoid pigment epitheliopathy (APMPPE); and iii.
uveitis caused by toxoplasmosis, syphilis, systemic lupus
erythematosus (SLE) and sarcoid on blood workup and
chest radiography. Uveitis was defined as “presumed idio-
pathic” in participants included in the study, if no cause
was found on clinical examination, blood workup and
chest radiography.

The investigative work-up to exclude other causes of
uveitis before study entry were 1. chest radiograph; and 2.
laboratory evaluation, such as full blood count (FBC) and
differential, erythrocyte sedimentation rate (ESR), human
immunodeficiency virus (HIV) ELISA, CD4+ lymphocyte
count if HIV-positive, rapid plasma reagin (RPR) and
Treponema pallidum hemagglutination assay (TPHA),
serum angiotensin converting enzyme (sACE) levels,
Toxoplasma antibodies, antinuclear antibodies (ANA) and
antineutrophil cytoplasmic antibodies (ANCA). We per-
formed an ophthalmological assessment and investigative
evaluation on all included participants which included 1.
anterior and posterior segment examination; 2. Tuberculin
skin test (Mantoux method [Statens Serum Institute,
Copenhagen, Denmark])), QuantiFERON-TB Gold test
(QFT-G  [Cellestis  Limited,
Australia]), and anterior chamber or vitreous tap which
was sent for PCR to identify MTB (Xpert MTB/RIF
[Cepheid, Sunnyvale, CA], in-house MPB 64 PCR and in-
house IS6110 PCR). Participants presenting with bilateral
uveitis had ocular fluid from one eye (the eye with the

Carnegie, Victoria,

worse visual acuity and inflammatory activity) sampled for
PCR testing. Based on the results of the investigative
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evaluation, TBU cases were identified from the cohort of
presumed idiopathic uveitis cases.

We diagnosed TBU as follows: i. Confirmed or definite
TBU if TB PCR was positive and possible or presumed
TBU if TST and/or QFT-G were positive in the presence
of uveitis; and 1. All other causes of uveitis were
excluded. A TST > 10 mm induration 48 hours after
intradermal injection in HIV-negative patients was consid-
ered positive for TBU, and in HIV-positive patients
>5mm.** The TB antigen value minus the negative control
value >0.35 TU/mL in the QFT-G test was considered
positive for TBU. The TST was performed after the QFT

test. The IS6110 and MPB64 gene sequence of
Mpycobacterium tuberculosis were the targets used
for PCR.

All cases diagnosed with TBU were treated with fixed
dose combination anti-tubercular treatment. Rifafour e-275
(Rifampicin [R] 150 mg, Isoniazid [H]
Pyrazinamide [Z] 400 mg, and ethambutol hydrochloride

75 mg,

[E] 275 mg) was prescribed for the first 2 months, and
RIFINAH-150 (Rifampicin 150 mg and Isoniazid 100 mg)
or RIFINAH-300 (Rifampicin 300 mg and Isoniazid
150 mg) for the remaining 7 months. The total duration
of anti-tubercular treatment was 9 months, and the dose
was weight dependent. To control the inflammatory activ-
ity, TBU cases were additionally treated with corticoster-
oids during and after completion of anti-tubercular
treatment. Topical corticosteroids were prescribed for
TBU cases with anterior uveitis; oral and/or periocular
corticosteroids for intermediate and posterior uveitis; and
oral and/or topical and/or periocular corticosteroids for
panuveitis. Periocular steroids were mainly advocated for
cystoid macular oedema. Tubercular uveitis cases were
followed up for a further 6 months after completion of
anti-tubercular treatment, totaling 15 months follow-up.

We assessed all TBU cases for intraocular inflamma-
tion at 1.5, 3, 6, 9, 12 and 15 months post-diagnosis. At
each follow-up visit, the grading and outcome of intrao-
cular inflammation was according to the standardization of
uveitis (SUN) criteria.”> Resolution, which was the out-
come measured during the study, was defined as no intrao-
cular inflammation on <10 mg oral prednisone.*’
Remission was defined as no inflammatory activity and
being on <10 mg oral prednisone for 6 months duration
after completion of 9 months anti-tubercular treatment.*®
Participants who had bilateral uveitis were regarded as
having achieved resolution or remission when they had
no intraocular inflammation in both eyes.

The study was approved by the Human Research
Ethics Committee (HREC) of the University of the
Witwatersrand (M130942) and followed the tenets of the
Declaration of Helsinki. Informed consent was obtained
from all included participants prior to study entry.

Statistical Analysis

All data were collected and managed using the REDCap
(Research Electronic Data Capture) tools hosted at the
University of the Witwatersrand.”*?” Data was analysed
16.1 (StataCorp,
Continuous variables were summarized as means (standard

in Stata College Station, Texas).
deviations) if they were normally distributed and medians
(interquartile range) if they were skewed. Missing data for
the longitudinal analysis of resolution was addressed using
multiple imputation with chained equations as the pattern
of missingness was non-monotone. For the longitudinal
analysis of resolution as the outcome across all visits we
used a two-level multilevel mixed effects model as well as
generalized estimating equations, the former to evaluate
the individual-level response and the latter to evaluate the
population-level response. An alpha-level of 0.05 was
taken to be statistically significant.

Results

Seventy-nine presumed idiopathic uveitis cases were
enrolled in the study; 49 (62%) were diagnosed with
TBU of whom 41 (52%) cases were presumed TBU and
8 (10%) confirmed TBU (Table 1). The mean (SD) age of
the TBU cases at diagnosis was 41.8 (13.4) years. Cases
with TBU were more likely to be female (82%) and HIV-
negative (76%), and to have chronic uveitis (73%)
(Table 1). Ninety-six percent of the TBU anatomical clas-
sification type was panuveitis and 69% of cases had multi-
focal choroiditis (Table 1). Of the 49 TBU cases treated
with anti-tubercular medication, concomitant oral corticos-
teroids were initiated in 46 (94%) cases, of which 43 cases
were additionally treated with topical corticosteroids and
six cases with periocular corticosteroids; one TBU case
was treated with topical corticosteroids only (Table 1).
Two TBU cases had no concomitant corticosteroid treat-
ment. Thirty-five TBU cases (71%) completed study fol-
low-up through to 15-months post-diagnosis, of whom 15
(43%) were in remission (Table 1).

Using a multilevel mixed effects model for the analysis
of repeated outcomes at the individual level, the TBU
cases achieved significant resolution at 6 months post-
diagnosis (OR = 1.21; 95% CI, 1.03-1.41; P=0.017)
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Table | Baseline and Clinical Characteristics, and Treatment Table | (Continued).
Outcomes of Tubercular Uveitis Cases
TBU
TBU
N (%) 49 (62%) Topical 44 (90%)
Periocular 6 (12%)
Age (years) . .
Mean (SD) 41.8 (13.4) Remission (n = 35), n (%)
Yes 15 (43%)
Gender No 20 (57%)
Males 9 (18%) Note: $According to Standardization of Uveitis Nomenclature (SUN) criteria.
Females 40 (82%) Abbreviations: TBU, tubercular uveitis; HIV, human immunodeficiency virus; TB,
tuberculosis; PCR, polymerase chain reaction (Mtb detected by 1S6110 and MPB64
HIV, n (%) [none detected by Gene Xpert]); VZV, varicella zoster virus; EBV, Epstein-Barr virus.
Positive 12 (24%)
Negative 37 (76%)

(Table 2). Resolution was maintained at subsequent visits
rateralicy, n (%) Table 2). This relationshi ignificant in both th
Unilateral 1 2%) (Table 2). This relationship was significant in both the
Bilateral 38 (78%) univariate and multivariate models.

When using generalized estimating equations to assess
Anatomical classification$, n (%) h 1l TBU lati Table 3). the TRU
Anterior | 2% the overa population response (Table 3), the
Intermediate I 2%) population achieved significant resolution at 6 months
Posterior 0 (0%) post-diagnosis (OR = 1.21; 95% CI, 1.05-1.39;
Panuveitis 47 (96%) P=0.008). Again, using this method of analysis resolution
Course of uveitis® (n = 48), n (%) was maintained at subsequent visits (Table 3). This
Acute 10 (21%)
Chronic 35 (73%) Table 2 Individual-Level Response Using Two-Level Multilevel
Recurrent 3 (6%) Mixed Effects Model
Choroiditis type, n (%) TB Uveitis
Mulcifocal 34 (69%) Univariate Multilevel Mixed Effects
Serpiginous 4 (8%)
Diffuse 3 (6%) Predictor Odds Ratio P-value 95% CI
Granulomas 6 (13%) Visit (months)
Nil 2 (4%) 15 102 078 0.88-1.19
Tuberculin skin test, n (%) 3 .10 0209 0.95-1.29
Negative 6 (12%) 6 1.21 0.017 1.03—1.41
Positive 43 (88%) 9 1.33 0.001 1.13-1.56
12 1.50 <0.001 1.26-1.78
Quantiferon-TB Gold (n = 48), n (%) 15 1.58 <0.001 1.34-1.85
Negative 10 (21%)
Positive 38 (79%) Multivariate Multilevel Mixed Effects
TB PCR (n = 48), n (%) Predictor Odds Ratio P-value 95% CI
Negative 38 (79%) Visit (months)
. L)
Indeterminate 2 (4%) 15 1.02 0.777 0.88-1.19
o )
Positive 8 (17%) 3 110 0.203 0.95-1.29
Viral PCR (n =48), n (%) 6 1.20 0.016 1.03—-1.41
vZVv 0 (0%) 9 1.33 <0.001 1.13-1.56
EBV I (2%) 12 1.50 <0.001 1.26-1.78
Negative 47 (98%) 15 1.58 <0.001 1.34-1.85
Concomitant corticosteroid treatment, n (%) Age 1.00 0.74 1.00-1.004
Oral 46 (94%) Sex 0.85 0.009 0.75-0.96
(Continued) Abbreviations: TB, tubercular; P, probability; Cl, confidence interval.
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Table 3 Population-Level Response Using Generalized
Estimating Equation
TB Uveitis
Univariate Generalised Estimating Equations
Predictor Odds Ratio P-value 95% ClI
Visit (months)
1.5 1.02 0.757 0.89-1.17
3 I.10 0.163 0.96-1.27
6 1.21 0.008 1.05-1.39
9 1.33 <0.001 1.15-1.54
12 1.50 <0.001 1.28-1.76
15 1.58 <0.001 1.36-1.83
Multivariate Generalised Estimating Equations
Predictor Odds Ratio P-value 95% ClI
Visit (months)
1.5 1.02 0.757 0.89-1.17
3 I.10 0.163 0.96-1.27
6 1.21 0.008 1.05-1.39
9 1.33 <0.001 1.15-1.54
12 1.50 <0.001 1.28-1.76
15 1.58 <0.001 1.36-1.83
Age 1.00 0.809 0.996-1.01
Sex 0.85 0.053 0.72-1.00

Abbreviations: TB, tubercular; P, probability; Cl, confidence interval.

association was maintained in both the univariate and
multivariate analyses (Table 3).

A time-series plot, after multiple imputation, showed
increasing number of TBU cases achieving resolution from
1.5 months through to 3-, 6-, 9-, 12-, and 15-months (Figure 1).
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Figure | Proportion of tubercular uveitis (TBU) cases achieving resolution at
follow-up visits.

Using a multilevel mixed effects model for the analysis
of repeated outcomes, the HIV-positive cases (OR = 1.62;
95% CI, 1.13-2.31; P=0.008) and the HIV-negative cases
(OR=1.25; 95% CI, 1.06—1.48; P=0.009) achieved signifi-
cant resolution at 9 months post-diagnosis (Table 4).

Discussion

Our study provides a timeframe for when a significant
proportion of TBU cases will achieve resolution, and
suggests a minimum duration required for anti-tubercular
treatment with corticosteroid medication to be effective.

Our study measured outcomes in terms of time to resolu-
tion of inflammation in TBU cases on 9 months anti-tubercular
treatment and corticosteroids. In both the models used for
analysis, the odds of resolution of inflammation increased in
the follow-up visits and reached statistical significance at 6
months post-diagnosis of TBU. Also, resolution was subse-
quently significantly maintained throughout the study.

The resolution of inflammation at 6 months in our study
suggests that the minimum duration of anti-tubercular treat-
ment should be 6 months. However, since all the TBU cases in
our study were treated for 9 months, we do not know if the
same level of significance would have been maintained
throughout the study if all participants had been treated with
6 months of anti-tubercular treatment. Although studies in
which TBU cases treated for 6 months with anti-tubercular
treatment reported good treatment outcomes,” ' Ang et al
reported an eleven-fold decrease in the likelihood of recurrence
of inflammation in TBU cases treated with anti-tubercular
treatment for > 9 months compared to cases treated < 9
months.'? Anti-tubercular treatment is associated with signifi-
cant adverse effects, including optic neuropathy, which can be
minimized with a shorter duration of exposure to anti-
tubercular treatment.” Therefore, it is important to determine
if 6 months of anti-tubercular treatment will have the same
effect as 9 months of anti-tubercular treatment. Large prospec-
tive cohort studies with longer follow-up comparing 6 months
versus 9 months anti-tubercular treatment are needed to com-
pare the length of time significant resolution can be
maintained.

Our study also highlights the issue regarding the con-
comitant use of corticosteroids to control inflammation in
TBU. Corticosteroids were prescribed in 47 of the 49 TBU
cases in our study. Concomitant corticosteroids are advo-
cated to limit ocular tissue damage caused by the immune-
mediated reaction to Mzb bacilli, Mth antigens or retinal
antigens.*® Most studies report the use of corticosteroids,
together with anti-tubercular medication, in the treatment
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Table 4 Multilevel Mixed Effects Model Comparing the HIV-Positive and HIV-Negative Tubercular Uveitis Cases
HIV Positive HIV Negative
Multilevel Mixed Effects
Predictor Odds Ratio P-value 95% CI Odds Ratio P-value 95% CI
Visit (months)
1.5 1.58 0.805 0.7-1.50 .16 0.856 0.86—1.19
3 1.12 0.346 0.82-1.7 2.07 0.372 0.42-1.26
6 1.41 0.062 0.84-2.03 1.15 0.093 0.79-1.36
9 1.62 0.008 1.13-2.31 1.25 0.009 1.06—1.48
12 1.59 0.019 1.08-2.34 1.47 <0.001 1.23-1.76
15 1.77 0.003 1.22-2.57 1.52 <0.001 1.29-1.80

Abbreviations: HIV, human immunodeficiency virus; P, probability; Cl, confidence interval.

of TBU; however, there is no standardization in the corti-
costeroid regimen (route, dose and duration).®%1%2°
Although the corticosteroid regimen in our study varied,
the outcome measured on corticosteroid treatment was
standardized; resolution in our study was defined as mini-
mal or no oral corticosteroids (<10mg) according to the
SUN classification.*

The resolution of inflammation in the HIV-positive group
and the HIV-negative group was achieved at 9 months post-
diagnosis. However, there were a small number of cases in the
two HIV groups (especially in the HIV-positive group); there-
fore, these results, although significant, should be treated with
caution. To my knowledge, there are no studies comparing
resolution or recovery rates between these two groups. This
needs to be explored in large prospective multicenter TBU
studies. The small proportion of HIV-positive individuals diag-
nosed with TBU in our study highlights the issue of decreased
sensitivity of the TST and QFT-G in immunosuppressed
individuals.>**' Although a lower (>5mm) TST measurement
corrected for this, it is possible that TBU may have been
underdiagnosed in HIV-positive individuals.

There was a higher proportion of TBU cases with chronic
uveitis in our study. Chronicity highlights the reluctance of the
physicians at our hospital to diagnose TBU and initiate anti-
tubercular treatment. Chronicity of uveitis, before anti-
tubercular treatment is started, is associated with poor visual
outcomes due to complications.>*>* Thus, a lower threshold
for the diagnosis of TBU, and initiation of anti-tubercular
treatment to control inflammation and prevent visual-
impairing complications at our institution is needed.

Different anatomical classification types of TBU are asso-
ciated with different treatment outcomes. Depending on the
study, higher recurrence of inflammation has been associated

with either anterior uveitis, intermediate uveitis or posterior

uveitis.'*?%*' There was a high proportion of TBU cases that
had panuveitis in our study, and this may have been due to
referral bias from the general clinic to the Uveitis clinic at our
hospital; cases with panuveitis and poor visual function may
have preferably been referred for specialist assessment.
Because of the very small number of cases with the other
anatomical classification types, it was not possible to do sub-
group analysis comparing resolution between the different
anatomical types.

Limitations of the study are: (1) the limited number of
cases; (2) the limited follow-up; (3) the missing data in the
follow-up visits; and (4) the concomitant corticosteroid-use.
(1) The limited number of cases meant that subgroup analyses,
such as comparing the different choroiditis types and anatomi-
cal phenotypes, was not possible. Although we compared the
HIV groups, a meaningful conclusion could not be drawn
because of the small number of cases in each group. (2)
A longer follow-up would have enabled us to see for how
long significant resolution would have been maintained. (3)
Although there were missing data in the follow-up visits of the
cases in the study, these were addressed by using multiple
imputation in the statistical analyses. (4) Although corticoster-
oids were prescribed in most of the TBU cases, the outcome
measure in terms of the resolution of inflammation (on <10 mg
corticosteroids) was standardized according to the SUN
criteria.”®> Strengths of the study are that it is a prospective
cohort study where the evaluation of all cases and collection of
all the data were done by one Ophthalmologist (HA), and the
anti-tubercular treatment regimen and outcome measure were
standardized.

Conclusion
Resolution of inflammation in TBU achieved at 6 months
suggests that treating these cases with anti-tubercular
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treatment for at least 6 months is advisable. Future large

prospective cohort studies are needed to compare 6 months

to

9 months of anti-tubercular treatment to determine

whether stopping treatment at 6 months will maintain

resolution. Additionally, large prospective studies are war-

ranted comparing resolution of inflammation between

HIV-positive and HIV-negative individuals.
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