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Tuberculosis

Amod Gupta and Reema Bansal

7.1  Introduction

Tuberculosis is a major public health problem 
worldwide and has been recognized as one of the 
common causes of infectious uveitis in develop-
ing countries [1]. Intraocular tuberculosis (TB) is 
one of the rare forms of extrapulmonary TB. It 
usually occurs without concomitant pulmonary 
or other systemic TB. Any part of the eye can get 
affected by Mycobacterium tuberculosis (MTB). 
It has protean manifestations, and the diagnosis is 
often presumed by a set of clinical signs and cor-
roborative laboratory evidence.

7.2  Epidemiology

Reports from different regions of the world indi-
cate that the prevalence of ocular TB ranges from 
0.39 % (South India) to 10.5 % (Saudi Arabia) 
[2–10]. In developing countries, the prevalence 
of intraocular TB among uveitis patients is about 
10 % [11] and less than 1 % in the USA [12]. 
Different regions within the same country have 
also shown variations [13]. While it is reported to 
be 0.39 % in South India [2], a study from North 
India has shown prevalence of 9.86 % [3]. 
Recently, ocular TB has been found to be more 
common in Los Angeles (six patients with prob-

able or definite TB out of 142 consecutive uveitis 
patients) [14] than in Chicago (14 patients with 
ocular TB out of 3606 uveitis patients in a 16-year 
period) [15]. Recently, there is a growing evi-
dence of ocular TB from countries with low or 
intermediate burden of TB [15–21].

7.3  Pathophysiology

In extrapulmonary TB, the tubercle bacilli, after 
inhalation into the lungs, are believed to dissemi-
nate into the distant organs via hematogenous or 
lymphatic route. The active infection of extrapul-
monary tissues may occur during primary infec-
tion or upon reactivation of the latent infection. 
As the intraocular tissues remain difficult to be 
biopsied, the exact mechanism of intraocular TB 
remains unclear. However, a significant under-
standing of the pathogenesis has been recently 
provided in a few experimental studies. Rao et al. 
offered an excellent model of ocular TB to 
address its pathogenesis. They exposed the 
guinea pig lungs to MTB via an aerosol delivery 
of the organisms that led to its hematogenous dis-
semination [22]. All animals developed pulmo-
nary lesions, with dissemination to the spleen. Of 
six animals receiving no antitubercular therapy 
(ATT), ocular lesions developed in 42 % eyes. 
The granulomatous reaction seen on histological 
analysis of lungs and ocular tissues was similar to 
that seen in humans with TB. In the second group 
of four guinea pigs receiving ATT 14 days after 
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infection, none showed granulomatous inflam-
mation, suggesting the role of systemic anti-TB 
drugs in preventing ocular TB. The similarity 
between guinea pig model of TB and humans 
with TB was also reflected by development of 
pulmonary TB in all animals and ocular TB in 
some of them.

Vascular endothelial growth factor (VEGF) 
has been used as a biomarker for active TB dis-
ease. In another animal model of ocular TB fol-
lowing aerosol delivery of MTB in guinea pigs, 
Thayil et al. demonstrated microbiological, histo-
logical, and clinical features of intraocular TB 
infection [23]. The retinal pigment epithelium 
(RPE) and photoreceptors demonstrated VEGF 
expression, and choroidal granulomas showed 
reduced oxygen tension. The authors hypothe-
sized that VEGF upregulation in lungs and RPE 
occurred through inflammatory mediators of 
MTB infection and/or local inflammation caus-
ing tissue hypoxia. Their results suggested a 
hematogenous route of intraocular infection 
rather than direct inoculation.

The presence of MTB genome within the reti-
nal pigment epithelium (RPE) cells was first 
demonstrated by Rao et al. in an enucleated globe 
with panuveitis [24]. The authors suggested a 
preferential localization of the MTB within the 
RPE, providing the site for reactivation that may 
manifest clinically as choroiditis.

Nazari et al. investigated the mechanism of 
MTB phagocytosis and its growth in the RPE 
compared to macrophages [25]. They suggested 
that MTB is readily phagocytized by the RPE in 
a manner similar to macrophages, but the viabil-
ity of RPE is not affected by the intracellular 
MTB. They control the bacillary growth (better 
than the macrophages) and, hence, can act as res-
ervoirs for intraocular MTB infection.

7.4  Clinical Features

7.4.1  Systemic Disease

Ocular involvement in patients with active pul-
monary TB is extremely rare (1.4–6.8 %) [26–
28]. Majority of ocular TB cases occur as 

isolated disease, with very few associated with 
extraocular TB. In a study on consecutive 
patients with a diagnosis of ocular TB at a cen-
ter in Italy, 45 patients had isolated ocular TB, 
and 17 had ocular TB with extraocular TB [29]. 
In Spain, 18 % of patients with culture-proven 
systemic TB had intraocular TB [30]. We found 
a very low rate (3 %) of systemic TB in our 
series of patients with presumed intraocular 
TB [31].

7.4.2  Ocular Disease

Men and women are equally affected in any age. 
There is a lack of consensus on clinical diagnos-
tic criteria for intraocular TB [32, 33]. The clini-
cal spectrum of intraocular TB is highly variable 
and may mimic features of other uveitides. While 
granulomatous anterior uveitis is common in 
intraocular TB, the presence of mutton-fat keratic 
precipitates needs exclusion of other known 
causes such as viral uveitis, sarcoidosis, Vogt- 
Koyanagi- Harada (VKH) disease, sympathetic 
ophthalmia, or syphilis.

7.4.2.1  Ocular Surface Disease
The primary eyelid TB is a rare condition, and it 
occurs usually secondarily to orbital involve-
ment. It can manifest as a chronic painless swell-
ing, discharging sinus, chalazion, or an atypical 
lid swelling after blepharoplasty [34–37]. Orbital 
TB may involve the lacrimal gland as dacryoad-
enitis [38, 39], soft tissue as tuberculoma or cold 
abscess with or without bony involvement, and 
periosteum as classic periostitis or may spread 
from paranasal sinuses [40–42]. It may masquer-
ade as an orbital malignancy in the presence of 
proptosis [43].

Conjunctival involvement in TB may manifest 
as chronic conjunctivitis (ulceration, epibulbar 
mass, papillary lesion) [44], allergic conjunctivi-
tis in a child [45], chronic conjunctivitis with 
neighboring cutaneous TB [46, 47], or a tubercu-
loma [48]. Corneal involvement may manifest as 
phlyctenular keratoconjunctivitis [49] and 
chronic red eye [50]. Involvement of sclera may 
occur as nodular episcleritis [51], sclerouveitis 
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masquerading as ocular tumor [52], or posterior 
scleritis [53]. Infective scleritis in immunosup-
pressed patients may occur as a result of reactiva-
tion of latent MTB [54].

7.4.2.2  Anterior Uveitis
Anterior uveitis in intraocular TB is usually 
granulomatous with mutton-fat keratic precipi-
tates (Fig. 7.1) [55–62]. It may be unilateral or 
bilateral. Iris nodules are less frequent, which 
are seen on pupillary border or iris surface. 
Chronic recurrent inflammation produces poste-
rior synechiae, which are usually broad based, 
and has been found to be strong clinical predic-
tors of TB uveitis, as compared to other etiolo-
gies [16, 62, 63]. Other rare features may 
include acute anterior uveitis [64] and hypo-
pyon [65, 66].

7.4.2.3  Intermediate Uveitis
It presents with vitritis, snowballs, peripheral 
retinal phlebitis, and peripheral vascular sheath-
ing. Cystoid macular edema is the cause of visual 
loss. In a study from high-endemic setting, TB 
was found the commonest etiology in a series of 
intermediate uveitis patients [67]. It may some-
times present as chronic, low-grade vitritis with 
phlebitis. In Singapore, a country with intermedi-
ate TB burden, significant vitritis and phlebitis 
were more commonly associated with latent TB 
infection [16].

7.4.2.4  Posterior Uveitis

Choroidal TB
This is the commonest form of uveitis associated 
with TB [12, 31, 62, 68–70]. Choroidal tubercles 
were the earliest sign described in ocular TB in 
children with miliary tuberculosis [71]. They 
may be solitary or multiple in numbers and are 
usually diagnostic of disseminated TB, indicat-
ing a hematogenous spread of tubercle bacilli 
[72–78]. On fundus fluorescein angiography 
(FFA), they show an initial hypofluorescence 
followed by a late hyperfluorescence, with a per-
itubercular hyperfluorescence, suggesting active 
focal infection and inflammation [79]. They heal 
with atrophic scars and variable pigmentation. 
Optical coherence tomography (OCT) shows a 
raised RPE-choriocapillaris complex in the ini-
tial active stage with normal overlying retina and 
flattening of this region with scarring underneath 
[80]. While tubercles are small in size 
(0.2 mm–3 mm) and larger in numbers, a tuber-
culoma is larger in size (4 mm–14 mm) and 
appears predominantly in the posterior pole as a 
subretinal granuloma with surrounding exuda-
tive retinal detachment [81–84]. Caseation 
results from rapid bacillary growth within the 
granuloma and can be seen histopathologically 
in these abscesses [85]. A subretinal abscess 
may have overlying hemorrhages and develop 
retinal angiomatosis proliferans [86]. Larger 
tuberculomas may masquerade as ocular tumors 
[87]. The OCT shows retinal elevation with 
subretinal fluid that resolves with ATT and oral 
corticosteroids [88].

Multifocal serpiginoid choroiditis (MSC, 
previously called serpiginous-like choroiditis) is 
highly specific of tubercular uveitis [62]. It may 
be unilateral or bilateral and frequently affects 
young healthy males. Vitritis is often present. 
The lesions are multifocal and noncontiguous to 
optic disc and spread in a serpiginous pattern. 
They usually involve both the posterior pole and 
peripheral fundus and respond very well to ATT 
and oral corticosteroids (Fig. 7.2) [89, 90]. 
Despite initial aggressive inflammation involv-
ing the macula, the fovea is spared, and the 
patients maintain a good final visual acuity. On 

Fig. 7.1 Slit lamp photograph of the left eye of a 45-year-
old female with tubercular anterior uveitis showing 
mutton- fat keratic precipitates
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healing, the scars show significant pigmenta-
tion. It bears significant differences from the 
classic serpiginous choroiditis (SC), which 
affects elderly patients that has juxtapapillary, 
large, solitary lesions with minimal or no vitritis 
[91, 92]. The classic SC shows relentless pro-
gression and recurrent episodes despite cortico-
steroids and immunosuppressive agents and 
causes significant visual morbidity. In MSC, 
anterior segment inflammation and retinal vas-
culitis are rare [89, 93]. On FFA, the active 
lesions exhibit hypofluorescence in an early 
phase and progressively become hyperfluores-
cent in late phases, and the healed lesions (scars) 
show window defects [89, 94]. On indocyanine 
green angiography (ICGA), the lesions appear 
hypofluorescent in early, intermediate, and late 
phases [89, 94, 95]. The lesions show a charac-
teristic pattern on fundus  autofluorescence 
(FAF) imaging as they evolve from an acute 

stage to the healed stage, and this modality can 
be reliably used for clinical monitoring of the 
patients [94, 96]. The multimodal imaging with 
OCT reveals outer retinal morphological 
changes in the form of RPE-photoreceptor dis-
ruption in acute stages, followed by their atro-
phy as the lesions heal [97].

Retinal Vasculitis
It affects males more commonly than the females. 
It usually occurs without any systemic associa-
tion. Previously called Eales’ disease, its associa-
tion with MTB has been reported by several 
studies [98–100]. It may be unilateral or bilateral 
and focal or diffuse, involving veins more com-
monly than the arteries. Perivascular infiltrates 
are seen as cuffing and are frequently associated 
with retinal hemorrhages. Vitritis is almost 
always present [101]. Snowball opacities, neuro-
retinitis, cystoid macular edema (CME), and 
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Fig. 7.2 Fundus photographs of a 31-year-old female 
with healed lesions of multifocal serpiginoid choroiditis in 
the right eye (a) and active lesions in the left eye (b) that 
showed hyperfluorescence in the late phase of fluorescein 

angiography (c). The QuantiFERON-TB Gold (QFT) test 
was positive. Following treatment with oral corticosteroids 
and antitubercular therapy, the left eye showed healed 
lesions at 21 months (d) that were hypoautofluorescent (e)
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branch retinal vein/artery occlusion are com-
monly associated with tubercular retinal vasculi-
tis. The FFA shows staining and leakage from the 
vessel walls (which may be focal or diffuse), 
CME, optic disc staining, and typical occlusive 
nature of the vasculitis in the form of peripheral 
capillary nonperfusion (Fig. 7.3). Rosen et al. 
found ischemic retinal vasculitis as the most 
common form of uveitis in their series with a 
marked tendency to neovascularization [50]. 
Vitreous hemorrhage, neovascularization of the 
optic disc or elsewhere in the retina, and trac-
tional retinal detachment result from untreated 
occlusive disease. Advanced cases may present 
with combined retinal detachment and iris or 
angle neovascularization.

It is frequently accompanied by choroiditis, 
which may be healed or active. The presence of 
retinal vasculitis with perivascular choroiditis 
scars has been found to be highly specific for TB 
in endemic countries [62, 102]. Central retinal 
vein occlusion (ischemic) and frosted branch 
angiitis are rare presentations [103, 104]. Active 
retinal vasculitis responds well to oral cortico-
steroids and ATT [31]. Laser photocoagulation 
and vitrectomy are required for neovascular 
sequelae.

Endophthalmitis and Panophthalmitis
These are atypical presentations in ocular TB and 
may mimic as ocular tumors [65, 66, 87, 105–
108]. Diagnosis in these cases is confirmed by 
microbiological/histopathological evidence of 
MTB.

Optic Nerve Involvement
Involvement of optic nerve in ocular TB can 
result from direct infection or a hypersensitivity 
reaction and can present as optic disc tubercle, 
neuroretinitis, optic neuritis, retrobulbar neuritis, 
and papillitis [109–111].

7.5  Diagnosis

In the absence of a gold standard laboratory test 
demonstrating MTB in intraocular tissues, the 
diagnosis of intraocular TB presents a unique 

challenge and is restricted to a presumptive 
 diagnosis by the clinical signs and corroborative 
evidence. Further, the lack of uniform diagnostic 
criteria adds to difficulties in diagnosing intra-
ocular TB. Recently, Gupta et al. proposed a new 
classification system, based on clinical signs and 
diagnostic tests, for diagnosing intraocular TB as 
confirmed, probable, or possible intraocular TB 
[70]. According to this classification, a patient 
with a clinical sign(s) suggestive of ocular TB 
and microbiological confirmation of MTB from 
ocular fluids/tissues is diagnosed to have “con-
firmed ocular TB.” A patient with suggestive 
clinical sign(s), exposure to TB/immunological 
evidence of TB, along with clinical/radiological/
microbiological evidence of TB infection in 
extraocular sites would be diagnosed as “proba-
ble ocular TB.” “Possible ocular TB” is diag-
nosed in the presence of a clinical sign of ocular 
TB, either with exposure to TB/immunological 
evidence of TBs or with clinical/radiological evi-
dence of extraocular TB.

7.6  Indirect Evidence

Besides the clinical signs, corroborative evidence 
is provided by a positive tuberculin skin test 
(TST), or a positive interferon gamma release 
assays (IGRA), or radiological findings suggest-
ing old or active TB on a chest X ray, or evidence 
of manifest TB elsewhere, exclusion of other 
causes of uveitis, and a positive response to 
ATT. The TST has been used since long for diag-
nosing and treating ocular TB due to its low cost 
and wide availability. The association of latent 
TB (as diagnosed by a positive TST) and uveitis 
has been shown in an endemic setting in the form 
of a favorable therapeutic response to ATT [31]. 
It, however, has its own limitations such as inabil-
ity to distinguish between latent and manifest TB 
or between tuberculous and nontuberculous 
mycobacteria, false-positive (due to prior BCG 
vaccination or infection by atypical mycobacte-
ria) or false-negative (immunocompromised state 
such as HIV infection) results, errors in conduct-
ing or interpreting the result, and need for a dou-
ble visit by the patient. In a series of definite 
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Fig. 7.3 Right eye fundus photograph (a) and fluorescein 
angiogram (b) of a 22-year-old male (having undergone pars 
plana vitrectomy and laser photocoagulation for vitreous 
hemorrhage in the past) with active retinal vasculitis and cys-
toid macular edema. The left eye also had active retinal vas-

culitis (c, d) with peripheral areas of capillary non-perfusion 
seen on fluorescein angiography (e). The tuberculin skin test 
was 17 × 18 mm. He received oral corticosteroids and anti-
tubercular therapy, along with laser photocoagulation in left 
eye. At 16 months, both the eyes were quiescent (f, g)
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ocular TB cases, 40 % patients did not have a 
positive TST [112].

The more recent IGRAs have improved the 
specificity of a previous exposure to MTB, as 
they are not influenced by BCG vaccination or 
nontuberculous mycobacteria. Both TST and 
IGRAs indirectly detect an immune response to 
recent or prior exposure to MTB. The genomic 
region of MTB complex encodes several anti-
gens that elicit a severe immunogenic response 
involving helper T cells, which can be mea-
sured in vitro through quantification of inter-
feron gamma or interferon gamma-producing T 
cells by the IGRAs. But they also, like the TST, 
lack the ability to differentiate latent from man-
ifest TB. QuantiFERON-TB Gold (QFT) 
In-Tube (Cellestis Inc., Carnegie, Australia) 
has been proved only slightly superior to TST 
in diagnosing TB uveitis [112]. On the other 
hand, Gineys et al. have used its cutoff value as 
a measure to identify cases of TB-related ocular 
inflammation that can benefit from ATT [113]. 
In a more recent prospective study on patients 
with TB-associated uveitis, T-SPOT.TB 
(Oxford Immunotec, Oxford, United Kingdom) 
test was found less sensitive but more specific 
than TST in populations with high prevalence 
of TB-associated uveitis, and hence, the authors 

concluded that TST should be the first-choice 
test in this population, while in low 
TB-prevalence populations, T-SPOT.TB test 
should be preferred to TST [114].

A recent survey among specialists dealing 
with different forms of TB (uveitis experts, pul-
monologists, and rheumatologists) in India 
reported that the use of QFT Gold test in clinical 
practice was limited by its increased cost and 
limited data from India related to interpretation 
of the result [115].

Radiological evidence is usually sought in 
the chest X ray, as lungs are the primary sites of 
TB infection. Any evidence of present or previ-
ous TB on chest X ray increases the probability 
of uveitis being tubercular in origin, but this is 
rare as majority of intraocular TB cases occur 
in the absence of pulmonary TB. The reliability 
on chest X ray findings reduces further as some 
patients with primary TB may have a normal 
chest X ray [116]. Such patients need CT scan 
of the chest as a useful alternative [117]. In a 
series of definite ocular TB cases, 57 % had 
negative chest radiograph results [118]. 
Although usually inconclusive, chest X rays 
still form an integral part of the baseline labo-
ratory workup of a patient with suspected TB 
uveitis.

f g

Fig. 7.3 (continued)
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When the above conventional radiological 
tests are negative, positron emission tomography- 
computed tomography (PET-CT) is useful in 
establishing TB as the cause of uveitis by demon-
strating uptake of fluorodeoxyglucose (FDG) in 
metabolically active TB lesions [119, 120]. In 
patients with presumed ocular TB, Doycheva 
et al. demonstrated positive PET-CT findings in 
extraocular sites (mediastinal or hilar lymph 
nodes) in 45 % patients, which were diagnosed 
and treated accordingly [119]. While some 
patients may not demonstrate any systemic 
uptake at all, others may show an increased FDG 
uptake in various extraocular sites (pulmonary, 
extrapulmonary, or disseminated) suggesting a 
more widespread disease than presumed by the 
ophthalmologist [121]. There is, however, an 
insufficient evidence to suggest the use of 
PET-CT as a routine imaging modality in tuber-
cular uveitis due to its high cost and limited 
reports of its use in uveitis diagnosis and 
management.

7.7  Direct Evidence

Demonstration of MTB in intraocular specimens 
(fluid or tissue) provides a direct and definitive 
evidence of intraocular TB. Smear positivity for 
acid-fast bacilli is extremely rare from ocular 
samples, due to low yield of fluid volume (aque-
ous/vitreous) as well as paucibacillary nature of 
intraocular TB [112]. Laborious and delayed cul-
ture reports often show no growth from ocular 
samples. Moreover, the risk of damage to ocular 
structures while sampling intraocular tissue/fluid 
adds limitations to performing histopathological 
diagnosis. Destructive interventions like eviscer-
ation or whole globe enucleation may require to 
be undertaken in cases of ocular TB masquerad-
ing as purulent ocular infections or tumors [85, 
87] or those showing progressive worsening 
despite systemic corticosteroid treatment [24]. 
Although histopathological evidence forms the 
gold standard for diagnosing intraocular TB, it is 
never used as a first-line investigative tool.

Polymerase chain reaction (PCR) has long 
been reported in tubercular uveitis [101, 122–124]. 

While conventional PCR showed a low sensitiv-
ity and high specificity, multi-targeted PCR has 
emerged as a novel method by detecting differ-
ent MTB genomes in intraocular samples and 
has shown an improved sensitivity [125]. 
Quantitative PCR (qPCR) is a fast method with 
minimum risk of cross contamination, which 
additionally quantifies the bacterial load in the 
tested sample [24, 126]. However, these tests 
require laboratories with good research facilities 
and, hence, remain limited only to resourceful 
settings. Further, poor correlation between qPCR 
and AFB results has been reported by 
Wroblewski et al., in which two out of three 
qPCR-positive patients did not show AFB in tis-
sue sections [118]. One patient with positive 
AFB results had negative PCR results. Negative 
PCR results cannot exclude the diagnosis due to 
low sensitivity. Also, while performing these 
tests, the limited role of PCR technology in ocu-
lar TB should be kept in mind as suggested in 
paucibacillary form of cutaneous TB [127].

7.8  Newer Diagnostic Tools 
and Drug Resistance

The diagnostic armamentarium of intraocular 
TB has seen significant recent advances. While 
drug resistance has been a major health problem 
in pulmonary and extrapulmonary TB, it has 
been recently detected in intraocular TB [128–
130]. The Xpert MTB/RIF assay (Cepheid, 
Sunnyvale, California) was approved by the 
WHO in 2010 for diagnosis of pulmonary TB 
[131]. It detects MTB DNA and simultaneously 
tests its susceptibility to rifampicin (RIF). The 
other advantages include quick results and elimi-
nation of cross contamination. High sensitivities 
and specificities have been reported from pulmo-
nary and extrapulmonary samples [132–134]. 
The line probe assay [GenoType MTBDRplus 
(Hain Lifescience, GmbH, Nehren, Germany)] 
simultaneously detects MTB DNA as well as 
RIF and isoniazid (INH) resistance and produces 
results within about 5 h [135, 136]. In our experi-
ence, while both tests had low sensitivities (40 % 
and 60 %, respectively) for detecting MTB 

A. Gupta and R. Bansal



73

genome in a series of patients with MSC, they 
detected multidrug- resistant (MDR) tubercular 
uveitis in patients showing poor response to con-
ventional four-drug ATT [130]. Early detection 
of MDR in intraocular TB is of immense rele-
vance to prevent ocular morbidity, particularly in 
cases showing poor initial response, paradoxical 
worsening, or with atypical presentation. 
However, these rapid molecular tests have cost 
issues and need skill and specialized infrastruc-
ture, making their suitability restricted to tertiary 
care centers.

7.9  Management

There are no specific guidelines on the treatment 
protocol of intraocular TB [33]. There is a wide 
heterogeneity among uveitis specialists world-
wide in the approach to diagnosis and manage-
ment of ocular TB [32]. As an empirical 
treatment, ATT has been shown to be highly 
effective in reducing recurrence of uveitis when 
given with anti-inflammatory therapy in patients 
with presumed tubercular uveitis in endemic as 
well as low-endemic countries [31, 137, 138]. 
While corticosteroids are administered along 
with ATT and tapered as per the clinician’s dis-
cretion depending upon the clinical response, 
ATT is administered for a prolonged duration in 
ocular TB, as recommended for any extrapulmo-
nary site that is slow to respond to therapy [139]. 
Duration of more than minimum 9 months has 
been associated with an 11-fold reduction of 
recurrence of uveitis in a retrospective study 
[138]. Exclusion of other systemic disease or his-
tory of exposure to TB in non-endemic regions 
have been suggested as important factors in con-
sidering ATT in patients with relevant clinical 
presentation [138, 140]. Despite these sugges-
tions, a simple algorithm still remains to be pro-
posed for treating ocular TB. The conventional 
four-drug ATT comprises of isoniazid, rifampi-
cin, ethambutol, and pyrazinamide for initial 
2 months, followed by isoniazid and rifampicin 
for another 9–10 months, along with pyridoxine 
supplementation. Since most patients benefit 
from empiric ATT when started timely, an under-

diagnosis would cause visual morbidity in an oth-
erwise treatable uveitic entity. On the other hand, 
a judicious combination of clinical presentation 
and laboratory results is required to avoid over-
treatment, as the ATT is expensive and poten-
tially toxic. Besides potential drug toxicities, 
ATT may cause paradoxical response that is well 
known in pulmonary and extrapulmonary 
TB. Worsening of inflammation or the develop-
ment of new lesions has been well documented in 
the eye after initiating ATT for ocular TB [141–
145]. Although addition or rise of corticosteroids 
resolves this phenomenon, its occurrence in the 
eye may complicate judgment by raising several 
concerns such as poor compliance, drug resis-
tance, disease relapse, or a nontubercular 
etiology.

In cases where rifampicin resistance is 
detected, the diagnosis is revised to MDR ocu-
lar TB, and the treatment comprises of levoflox-
acin 750 mg/day, ethionamide 750 mg/day, 
cycloserine 750 mg/day, streptomycin injection 
1000 mg/day (intramuscular), and pyrazinamide 
1500 mg/day for initial 5 months, followed by 
levofloxacin 750 mg/day, ethionamide 750 mg/
day, and cycloserine 750 mg/day for another 
18 months, under the supervision of a hepatolo-
gist with regular monitoring of liver and renal 
function tests.

7.10  Prognosis

A timely diagnosis of ocular TB and initiation of 
ATT with corticosteroids is associated with a 
favorable outcome in terms of reduced rate of 
recurrences [31, 137, 138].

 Conclusion

The diagnosis of intraocular TB is challenged 
by a number of factors such as a wide varia-
tion in clinical manifestations, the absence of 
concurrent systemic TB, low sensitivity and 
specificity of laboratory tests, paucibacillary 
nature of ocular TB, and difficulty in obtain-
ing adequate intraocular sample for histo-
pathological diagnosis. The issues related to 
ATT such as lack of treatment guidelines, 
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long duration of therapy, side effects, para-
doxical worsening, recurrence of inflamma-
tion, and emergence of drug resistance further 
complicate the course in management of 
intraocular TB.

References

 1. Rathinam SR, Cunningham ET Jr (2000) Infectious 
causes of uveitis in the developing world. Int 
Ophthalmol Clin 40(2):137–152

 2. Biswas J, Narain S, Das D, Ganesh SK (1996) 
Pattern of uveitis in a referral uveitis clinic in India. 
Int Ophthalmol 20:223–228

 3. Singh R, Gupta V, Gupta A (2004) Pattern of uveitis 
in a referral eye clinic in North India. Ind 
J Ophthalmol 52:121–125

 4. Wakabayashi T, Morimura Y, Miyamoto Y, Okada AA 
(2003) Changing patterns of intraocular inflammatory 
disease in Japan. Ocul Immunol Inflamm 11:277–286

 5. Henderly DE, Genstler AJ, Smith RE, Rao NA 
(1987) Changing patterns of uveitis. Am 
J Ophthalmol 103:131–136

 6. Islam SM, Tabbara KF (2002) Causes of uveitis at 
the eye center in Saudi Arabia: a retrospective 
review. Ophthalmic Epidemiol 9:239–249

 7. Nechaeva OB, Burylova EA (2009) The ocular 
tuberculosis epidemic situation in the Sverdlovsk 
region. Probl Tuberk Bolezn Legk 7:14–19

 8. Abrahams IW, Jiang YQ (1986) Ophthalmology in 
China: endogenous uveitis in a Chinese ophthalmo-
logical clinic. Arch Ophthalmol 104:444–446

 9. Mercanti A, Parolini B, Bonora A, Lequaglie Q, 
Tomazzoli L (2001) Epidemiology of endogenous 
uveitis in northeastern Italy: analysis of 655 new 
cases. Acta Ophthalmol Scand 79:64–68

 10. Al-Mezaine HS, Kangave D, Abu El-Asrar AM 
(2010) Patterns of uveitis in patients admitted to a 
university hospital in Riyadh, Saudi Arabia. Ocular 
Immunol Inflamm 18:424–431

 11. Gupta V, Gupta A, Rao NA (2007) Intraocular tuber-
culosis- an update. Surv Ophthalmol 52(6):561–587

 12. Henderly DE, Genstler AJ, Smith RE, Rao NA 
(1987) Changing patterns of uveitis. Am 
J Ophthalmol 103:131–136

 13. Rathinam SR, Namperumalasamy P (2007) Global 
variation and pattern changes in epidemiology of 
uveitis. Ind J Ophthalmol 55:173–183

 14. Hong BK, Khanamiri HN, Bababeygy SR, Rao NA 
(2014) The utility of routine tuberculosis screening 
in county hospital patients with uveitis. Br 
J Ophthalmol 98:1091–1095

 15. Patel SS, Saraiya NV, Tessler HH, Goldstein DA 
(2013) Mycobacterial ocular inflammation: delay in 
diagnosis and other factors impacting morbidity. 
JAMA Ophthalmol 131:752–758

 16. Ang M, Hedayatfar A, Zhang R, Chee S-P (2012) 
Clinical signs of uveitis associated with latent tuber-
culosis. Clin Exp Ophthalmol 40(7):689–696

 17. Nora RLD, van Velthoven MEJ, Ten Dam-van Loon 
NH, Misotten T, Bakker M, van Hagen MP et al 
(2014) Clinical manifestations of patients with intra-
ocular inflammation and positive QuantiFERON-TB 
gold in-tube test in a country nonendemic for tuber-
culosis. Am J Ophthalmol 157(4):754–761

Core Messages

 – Intraocular TB has a wide clinical spec-
trum worldwide. However, broad-based 
posterior synechiae, retinal vasculitis, 
and multifocal serpiginoid choroiditis 
have been recognized as highly specific 
for intraocular TB in an endemic 
country.

 – Intraocular TB is being increasingly 
reported from non-endemic countries, 
too, predominantly in recent migrants 
from endemic areas.

 – Recent experimental studies have shown 
significant advancements in the under-
standing of the pathogenesis of intraoc-
ular TB.

 – A newer classification system has been 
proposed for intraocular TB (with “con-
firmed,” “probable,” and “possible” as 
three diagnostic groups), which needs to 
be validated in future studies.

 – Specific clinical signs, immunological 
evidence of TB infection, documented 
exposure to TB, radiological evidence 
of TB infection, clinical evidence of 
extraocular TB, and microbiological/
histopathological evidence of MTB are 
the criteria recommended for classify-
ing intraocular TB.

 – Antitubercular therapy with corticoste-
roids is highly effective in majority of 
cases.

 – A high index of suspicion for multidrug 
resistant intraocular TB should be kept 
in mind for cases not responding to con-
ventional therapy.

 – Patients should be strictly monitored for 
any potential drug toxicities by an 
internist.

A. Gupta and R. Bansal



75

 18. Vos AG, Wassenberg MWM, de Hoog J, Oosterheert 
JJ (2013) Diagnosis and treatment of tuberculous 
uveitis in a low endemic setting. Int J Infect Dis 
17(11):e993–e999

 19. Gan WL, Jones NP (2013) Serpiginous-like choroi-
ditis as a marker for tuberculosis in a non-endemic 
area. Br J Ophthalmol 97:644–647

 20. Sanghvi C, Bell C, Woodhead M, Hardy C, Jones N 
(2011) Presumed tuberculous uveitis: diagnosis, 
management and outcome. Eye 25:475–480

 21. Manousaridis K, Ong E, Stenton C, Gupta R, 
Browning AC, Pandit R (2013) Clinical presenta-
tion, treatment, and outcomes in presumed intraocu-
lar tuberculosis: experience from Newcastle upon 
Tyne, UK. Eye 27:480–486

 22. Rao NA, Albini TA, Kumaradas M, Pinn ML, Fraiq 
MM, Karakousis PC (2009) Experimental ocular 
tuberculosis in guinea pigs. Arch Ophthalmol 
127:1162–1166

 23. Thayil SM, Albini TA, Nazari H et al (2011) Local 
ischemia and increased expression of vascular endo-
thelial growth factor following ocular dissemination 
of Mycobacterium tuberculosis. PLoS One 6:e28383

 24. Rao NA, Saraswathy S, Smith RE (2006) 
Tuberculous uveitis: distribution of Mycobacterium 
tuberculosis in the retinal pigment epithelium. Arch 
Ophthalmol 124:1777–1779

 25. Nazari H, Karakousis PC, Rao NA (2014) 
Replication of Mycobacterium tuberculosis in reti-
nal pigment epithelium. JAMA Ophthalmol 
132(6):724–729. doi:10.1001/
jamaophthalmol.2014.270

 26. Biswas J, Badrinath SS (1995–1996) Ocular morbid-
ity in patients with active systemic tuberculosis. Int 
Ophthalmol 19(5):293–298

 27. Donahue HC (1967) Ophthalmologic experience in 
tuberculous sanatorium. Am J Ophthalmol 
64(4):742–748

 28. Lara LP, Ocampo V Jr (2013) Prevalence of pre-
sumed ocular tuberculosis among pulmonary tuber-
culosis patients in a tertiary hospital in the 
Philippines. J Ophthalmic Inflamm Infect 3(1):1. 
doi:10.1186/1869-5760-3-1

 29. Tognon MS, Fiscon M, Mirabelli P, Graziani G, 
Peracchi M, Sattin A, Marinello S, Vianello F, 
Sgarabotto D (2014) Tuberculosis of the eye in Italy: 
a forgotten extrapulmonary localization. Infection 
42(2):335–342

 30. Bouza E, Merino P, Muñnoz P et al (1997) Ocular 
tuberculosis. A prospective study in a general hospi-
tal. Medicine (Baltimore) 76:53–61

 31. Bansal R, Gupta A, Gupta V, Dogra MR, Bambery P, 
Arora SK (2008) Role of anti-tubercular therapy in 
uveitis with latent/manifest tuberculosis. Am 
J Ophthalmol 146:772–779

 32. Lou SM, Montgomery PA, Larkin KL, Winthrop K, 
Zierhut M, Rosenbaum JT et al (2015) Diagnosis 
and treatment for ocular tuberculosis among uveitis 
specialists: The international perspective. Ocul 
Immunol Inflamm 23(1):32–39

 33. Lou SM, Larkin KL, Winthrop K, Rosenbaum JT, 
Members of Uveitis Specialists Study Group (2015) 
Lack of consensus in the diagnosis and treatment for 
ocular tuberculosis among uveitis specialists. Ocul 
Immunol Inflamm 23(1):25–31

 34. Narsani AK, Jatoi SM, Dabir SA (2007) Isolated 
eyelid tuberculosis. J LUMHS 6:37–39

 35. Aoki M, Kawana S (2002) Bilateral chalazia of the 
lower eyelids associated with pulmonary tuberculo-
sis. Acta Derm Venereol 82:386–387

 36. Mittal R, Tripathi D, Sharma S, Balne PK (2013) 
Tuberculosis of eyelid presenting as a chalazion. 
Ophthalmology 120:1103e3–1103e4

 37. Mauriello JA Jr (2003) Atypical bacterial infection 
of the periocular region after periocular and facial 
surgery. Ophthal Plast Reconstr Surg 
19:182–188

 38. van Assen S, Lutterman JA (2002) Tuberculous dac-
ryoadenitis: a rare manifestation of tuberculosis. 
Neth J Med 60:327–329

 39. Chakraborti C, Biswas R, Mondal M, Mukhopadhya 
U, Datta J (2011) Tuberculous dacryoadenitis in a 
child. Nepal J Ophthalmol 3:210–213

 40. Sen DK (1980) Tuberculosis of the orbit and lacri-
mal gland: a clinical study of 14 cases. J Pediatr 
Ophthalmol Strabismus 17:232–238

 41. Mohammad A, El-Nasser A, Al-Hussaini MK, 
Karoosh SS, Abd El-Moneim MT, Carey BJ, 
Karcioglu ZA (1992) Tuberculosis of the orbit and 
lacrimal gland. Orbit 11:199–204

 42. Madqe SN, Prabhakaran VC, Shome D, Kim U, 
Honavar S, Selva D (2008) Orbital tuberculosis: a 
review of literature. Orbit 27:267–277

 43. Chin PK, Jacobs MB, Hing SJ (1997) Orbital tuber-
culoma masquerading as an orbital malignancy. Aust 
N Z J Ophthalmol 25:67–69

 44. Chaurasia S, Ramappa M, Murthy SI, Vemuganti 
GK, Fernandes M, Sharma S, Sangwan V (2014) 
Chronic conjunctivitis due to Mycobacterium tuber-
culosis. Int Ophthalmol 34(3):655–660

 45. Rose JS, Arthur A, Raju R, Thomas M (2011) 
Primary conjunctival tuberculosis in a 14 year old 
girl. Indian J Tuberc 58(1):32–34

 46. Cook CD, Hainsworth M (1990) Tuberculosis of the 
conjunctiva occurring in association with a neigh-
bouring lupus vulgaris lesion. Br J Ophthalmol 
74(5):315–316

 47. Pommier S, Chazalon E, Morand JJ, Meyer F (2008) 
Chronic cicatrizing conjunctivitis in a patient with 
hemifacial cutaneous tuberculosis. Br J Ophthalmol 
92(5):616, 712–616, 713

 48. Singh I, Chaudhary U, Arora B (1989) Tuberculoma 
of the conjunctiva. J Indian Med Assoc 
87(11):265–266

 49. Rohatgi J, Dhaliwal U (2000) Phlyctenular eye dis-
ease: a reappraisal. Jpn J Ophthalmol 
44(2):146–150

 50. Jennings A, Bilous M, Asimakis P, Maloof AJ (2006) 
Mycobacterium tuberculosis presenting as chronic 
red eye. Cornea 25(9):1118–1120

7 Tuberculosis

http://dx.doi.org/10.1001/jamaophthalmol.2014.270
http://dx.doi.org/10.1001/jamaophthalmol.2014.270
http://dx.doi.org/10.1186/1869-5760-3-1


76

 51. Bathula BP, Pappu S, Epari SR, Palaparti JB, Jose J, 
Ponnamalla PK (2012) Tubercular nodular episcleri-
tis. Indian J Chest Dis Allied Sci 54(2):135–136

 52. Damodaran K, George AE, Goel S, Khetan V, 
Noronha V, Biswas J (2012) Tubercular sclerouveitis 
masquerading as an ocular tumor: a case report. 
Ocul Immunol Inflamm 20(5):368–371

 53. Gupta A, Gupta V, Pandav SS, Gupta A (2003) 
Posterior scleritis associated with systemic tubercu-
losis. Indian J Ophthalmol 51(4):347–349

 54. Biswas J, Aparna AC, Annamalai R, Vaijayanthi K, 
Bagyalakshmi R (2012) Tuberculous scleritis in a 
patient with rheumatoid arthritis. Ocul Immunol 
Inflamm 20(1):49–52

 55. Helm CJ, Holland GN (1993) Ocular tuberculosis. 
Surv Ophthalmol 38(3):229–256

 56. Rosen PH, Spalton DJ, Graham EM (1990) 
Intraocular tuberculosis. Eye Lond Engl 4(Pt 
3):486–492

 57. Cutrufello NJ, Karakousis PC, Fishler J, Albini TA 
(2010) Intraocular tuberculosis. Ocul Immunol 
Inflamm 18(4):281–291

 58. Alvarez GG, Roth VR, Hodge W (2009) Ocular 
tuberculosis: diagnostic and treatment challenges. 
Int J Infect Dis IJID Off Publ Int Soc Infect Dis 
13(4):432–435

 59. Bodaghi B, LeHoang P (2000) Ocular tuberculosis. 
Curr Opin Ophthalmol 11(6):443–448

 60. Cunningham ET, Rathinam SR, Albini TA, Chee 
S-P, Zierhut M (2015) Tuberculous uveitis. Ocul 
Immunol Inflamm 23(1):2–6

 61. Tabbara KF (2007) Tuberculosis. Curr Opin 
Ophthalmol 18(6):493–501

 62. Gupta A, Bansal R, Gupta V, Sharma A, Bambery P 
(2010) Ocular signs predictive of tubercular uveitis. 
Am J Ophthalmol 149(4):562–570

 63. Lara LPR, Ocampo V (2013) Prevalence of pre-
sumed ocular tuberculosis among pulmonary 
 tuberculosis patients in a tertiary hospital in the 
Philippines. J Ophthalmic Inflamm Infect 3(1):1

 64. Karaconji T, Maconochie Z, McCluskey P (2013) 
Acute anterior uveitis in Sydney. Ocul Immunol 
Inflamm 21(2):108–114

 65. Velu J, Agarwal S, Gupta V, Sharma K, Sharma A, 
Gupta A (2013) Hypopyon uveitis – a rare presenta-
tion of intraocular tuberculosis. Ocul Immunol 
Inflamm 21(3):251–253

 66. Rathinam SR, Rao NA (2004) Tuberculous intraocu-
lar infection presenting with pigmented hypopyon: a 
clinicopathological case report. Br J Ophthalmol 
88(5):721–722

 67. Parchand S, Tandon M, Gupta V, Gupta A (2011) 
Intermediate uveitis in Indian population. J Ophthal 
Inflamm Infect 1:65–70

 68. Gupta A, Gupta V (2005) Tubercular posterior uve-
itis. Int Ophthalmol Clin 45(2):71–88

 69. Gupta V, Shoughy SS, Mahajan S, Khairallah M, 
Rosenbaum JT, Curi A et al (2015) Clinics of ocular 
tuberculosis. Ocul Immunol Inflamm 23(1):14–24

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

 71. Morton CA (1892) A group of cases of Tubercles in 
the choroid presenting some unusual features. Br 
Med J 1(1640):1190–1191

 72. Shiono T, Abe S, Horiuchi T (1990) A case of mili-
ary tuberculosis with disseminated choroidal haem-
orrhages. Br J Ophthalmol 74(5):317–319

 73. Randolph RL, Schmeisser HC (1916) A clinical and 
pathological study of two cases of miliary tubercles 
of the choroid. Trans Am Ophthalmol Soc 14(Pt 
2):585–592

 74. Mehta S, Chauhan V, Hastak S, Jiandani P, Dalal P 
(2006) Choroidal tubercles in neurotuberculosis: 
prevalence and significance. Ocul Immunol Inflamm 
14(6):341–345

 75. Biswas J, Shome D (2002) Choroidal tubercles in 
disseminated tuberculosis diagnosed by the poly-
merase chain reaction of aqueous humor. A case 
report and review of the literature. Ocul Immunol 
Inflamm 10(4):293–298

 76. Bowyer JD, Gormley PD, Seth R, Downes RN, 
Lowe J (1999) Choroidal tuberculosis diagnosed by 
polymerase chain reaction. A clinicopathologic case 
report. Ophthalmology 106(2):290–294

 77. Mehta S (2004) Ocular lesions in acute disseminated 
tuberculosis. Ocul Immunol Inflamm 
12(4):311–315

 78. Illingworth RS, Wright T (1948) Tubercles of the 
choroid. Br Med J 2(4572):365–368

 79. Mehta S (2006) Fundus fluorescein angiography of 
choroidal tubercles: case reports and review of liter-
ature. Indian J Ophthalmol 54(4):273–275

 80. Mehta S (2012) Healing patterns of choroidal tuber-
cles after antitubercular therapy: a photographic and 
OCT study. J Ophthalmic Inflamm Infect 
2(2):95–97

 81. Berinstein DM, Gentile RC, McCormick SA, Walsh 
JB (1997) Primary choroidal tuberculoma. Arch 
Ophthalmol 115(3):430–431

 82. Gupta V, Gupta A, Arora S, Sachdeva N, Bambery 
P (2005) Simultaneous choroidal tuberculoma 
and epididymo-orchitis caused by 
Mycobacterium tuberculosis. Am J Ophthalmol 
140(2):310–312

 83. Levecq LJ, De Potter P (2005) Solitary choroidal 
tuberculoma in an immunocompetent patient. Arch 
Ophthalmol 123(6):864–866

 84. Zhang M, Zhang J, Liu Y (2012) Clinical presenta-
tions and therapeutic effect of presumed choroidal 
tuberculosis. Retina 32:805–813

 85. Biswas J, Madhavan HN, Gopal L, Badrinath SS 
(1995) Intraocular tuberculosis: clinicopathologic 
study of five cases. Retina 15:461–468

 86. Gupta V, Gupta A, Sachdeva N, Arora S, Bambery P 
(2006) Successful management of tubercular sub-
retinal granulomas. Ocul Immunol Inflamm 
14(1):35–40

A. Gupta and R. Bansal



77

 87. Demirci H, Shields CL, Shields JA, Eagle RC (2004) 
Ocular tuberculosis masquerading as ocular tumors. 
Surv Ophthalmol 49(1):78–89

 88. Saxena S, Singhal V, Akduman L (2013) Three- 
dimensional spectral domain optical coherence 
tomography imaging of the retina in choroidal tuber-
culoma. BMJ Case Rep. Published online 
doi:10.1136/bcr-2012-008156

 89. Bansal R, Gupta A, Gupta V, Dogra MR, Sharma A, 
Bambery P (2012) Tubercular serpiginous-like cho-
roiditis presenting as multifocal serpiginoid choroi-
ditis. Ophthalmology 119(11):2334–2342

 90. Gupta V, Gupta A, SK A et al (2003) Presumed 
tubercular serpiginous-like choroiditis: clinical pre-
sentations and management. Ophthalmology 
110:1744–1749

 91. Vasconcelos-Santos DV, Rao PK, Davies JB, Sohn 
EH, Rao NA (2010) Clinical features of tuberculous 
serpiginouslike choroiditis in contrast to classic ser-
piginous choroiditis. Arch Ophthalmol 
128(7):853–858

 92. Cunningham ET Jr, Gupta A, Zierhut M (2014) The 
creeping choroiditides- serpiginous and multifocal 
serpiginoid choroiditis. Ocul Immunol Inflamm 
22(5):345–348

 93. Nayak S, Basu S, Singh MK (2011) Presumed tuber-
cular retinal vasculitis with serpiginous-like choroi-
ditis in the other eye. Ocul Immunol Inflamm 
19(5):361–362

 94. Bansal R, Gupta A, Gupta V (2012) Imaging in the 
diagnosis and management of serpiginous choroidi-
tis. Int Ophthal Clinics 52:229–236

 95. Wolfensberger TJ, Piguet B, Herbort CP (1999) 
Indocynanine green angiographic features in tuber-
culous chorioretinitis. Am J Ophthalmol 
127:350–353

 96. Gupta A, Bansal R, Gupta V, Sharma A (2012) 
Fundus autofluorescence in serpiginous-like choroi-
ditis. Retina 32:814–825

 97. Bansal R, Kulkarni P, Gupta A, Gupta V, Dogra MR 
(2011) High-resolution spectral domain optical 
coherence tomography and fundus autofluorescence 
correlationin tubercular serpiginouslike choroiditis. 
J Ophthalmic Inflamm Infect 1:157–163

 98. Biswas J, Sharma T, Gopal L, Madhavan HN, 
Sulochana KN, Ramakrishnan S (2002) Eales dis-
ease – an update. Surv Ophthalmol 47(3):197–214

 99. Biswas J, Ravi RK, Naryanasamy A, Kulandai LT, 
Madhavan HN (2013) Eales’ disease – current con-
cepts in diagnosis and management. J Ophthalmic 
Inflamm Infect 3(1):11

 100. Singh R, Toor P, Parchand S, Sharma K, Gupta V, 
Gupta A (2012) Quantitative polymerase chain reac-
tion for Mycobacterium tuberculosis in so-called 
Eales’ disease. Ocul Immunol Inflamm 20(3):153–157

 101. Gupta A, Gupta V, Arora S, Dogra MR, Bambery P 
(2001) PCR-positive tubercular retinal vasculitis: 
clinical characteristics and management. Retina 
21(5):435–444

 102. Babu K, Kini R, Mehta R, Philips M, Subbakrishna 
DK, Murthy KR (2012) Predictors for tubercular 
uveitis: a comparison between biopsy-proven cases 
of tubercular and sarcoid uveitis. Retina Phila Pa 
32(5):1017–1020

 103. Yuksel E, Ozdek S (2013) Unusual presentation of 
ocular tuberculosis: multiple chorioretinitis, retinal 
vasculitis and ischaemic central retinal vein occlu-
sion. Clin Exp Optom J Aust Optom Assoc 
96(4):428–429

 104. Zhao H, Guan J, Zhou L, Zhang Q, Si Y (2012) 
Frosted branch angiitis in a woman with 
Mycobacterium tuberculosis infection. Ocul 
Immunol Inflamm 20(3):227–229

 105. Ostheimer TA, Dunn JP, Eberhart CG, Burkholder 
BM (2015) Intraocular tuberculosis presenting as a 
large anterior chamber mass. Ocul Immunol Inflamm 
23(1):100–101

 106. Sheu SJ, Shyu JS, Chen LM, Chen YY, Chirn SC, 
Wang JS (2001) Ocular manifestations of tuberculo-
sis. Ophthalmology 108(9):1580–1585

 107. Chawla R, Garg S, Venkatesh P, Kashyap S, Tewari 
HK (2004) Case report of tuberculous panophthal-
mitis. Med Sci Monit Int Med J Exp Clin Res 
10(10):CS57–CS59

 108. Wadhwani M, Sethi S, Beri S, Jain R, Dsouza P, 
Nangia A et al (2011) An unusual case of meta-
static tubercular panophthalmitis in a 14-year-old 
boy. J Pediatr Ophthalmol Strabismus 
48(5):318–319

 109. Mansour AM (1998) Optic disk tubercle. 
J Neuroophthalmol 18:201–203

 110. Stechschulte SU, Kim RY, Cunningham ET Jr 
(1999) Tuberculous neuroretinitis. 
J Neuroophthalmol 19:201–204

 111. Davis EJ, Rathinam SR, Okada AA, Tow SL, 
Petrushkin H, Graham EM et al (2012) Clinical 
spectrum of tuberculous optic neuropathy. 
J Ophthalmic Inflamm Infect 2(4):183–189

 112. Ang M, Htoon HM, Chee SP (2009) Diagnosis of 
tuberculous uveitis: Clinical application of an 
Interferon-gamma release assay. Ophthalmology 
116:1391–1396

 113. Gineys R, Bodaghi B, Carcelain G, Cassoux N, 
Boutin le TH, Amoura Z et al (2011) 
QuantiFERON-TB gold cut-off value: Implications 
for the management of tuberculosis-related ocular 
inflammation. Am J Ophthalmol 152:433–440

 114. Ang M, Wong WL, Li X, Chee SP (2013) Interferon 
gamma release assay for the diagnosis of uveitis 
associated with tuberculosis: a Bayesian evaluation 
in the absence of a gold standard. Br J Ophthalmol 
97:1062–1067

 115. Babu K, Philips M, Subbakrishna DK (2013) 
Perspectives of QuantiFERON-TB Gold test among 
Indian practitioners: a survey. Journal of Ophthal 
Inflamm Infect 3:9. doi:10.1186/1869-5760-3-9

 116. Greenberg SD, Frager D, Suster B et al (1994) 
Active pulmonary tuberculosis in patients with 

7 Tuberculosis

http://dx.doi.org/10.1136/bcr-2012-008156
http://dx.doi.org/10.1186/1869-5760-3-9


78

AIDS: spectrum of radiographic findings (including 
a normal appearance). Radiology 193:115

 117. Kim HJ, Lee HJ, Kwon SY et al (2006) The preva-
lence of pulmonary parenchymal tuberculosis in 
patients with tuberculous pleuritis. Chest 
129:1253–1258

 118. Wroblewski KJ, Hidayat AA, Neafie RC, Rao NA, 
Zapor M (2011) Ocular tuberculosis: a clinicopatho-
logic and molecular study. Ophthalmology 
118:727–777

 119. Doycheva D, Deuter C, Hetzel J et al (2011) The use 
of positron emission tomography/CT in the diagno-
sis of tuberculosis-associated uveitis. Br 
J Ophthalmol 95:1290–1294

 120. Mehta S, Jiandani P (2010) Fluorine-18 
Fluorodeoxyglucose positron emission tomography 
in the evaluation of a patient with presumed ocular 
tuberculosis. Ocul Immunol Inflamm 18:192–193

 121. Mehta S (2012) Patterns of systemic uptake of 
18-FDG with positron emission tomography/com-
puted tomography (PET/CT) studies in patients with 
presumed ocular tuberculosis. Ocul Immunol 
Inflamm 20:434–437

 122. Arora S, Gupta V, Gupta A, Bambery P, Kapoor GS, 
Sehgal S (1999) Diagnostic efficacy of polymerase 
chain reaction in granulomatous uveitis. Tuber Lung 
Dis 79:229–233

 123. Gupta V, Arora S, Gupta A, Ram J, Bambery P, 
Sehgal S (1998) Management of presumed intraocu-
lar tuberculosis: possible role of polymerase chain 
reaction. Acta Ophthalmol Scand 76:679–682

 124. Madhavan HN, Therese KL, Gunisha P, Jayanthi U, 
Biswas J (2000) Polymerase chain reaction for 
detection of Mycobacterium tuberculosis in epireti-
nal membrane in Eales disease. Invest Ophthalmol 
Vis Sci 41:822–825

 125. Sharma K, Gupta V, Bansal R, Sharma A, Sharma M, 
Gupta A (2013) Novel multitargeted polymerase 
chain reaction for diagnosis of presumed tubercular 
uveitis. J Ophthalmic Inflamm Infect 3:25

 126. Sharma P, Bansal R, Gupta V, Gupta A (2011) 
Diagnosis of tubercular uveitis by quantitative poly-
merase chain reaction. J Ophthalmic Inflamm Infect 
1:23–27

 127. Tan SH, Tan BH, Goh GL et al (1999) Detection of 
Mycobacterium tuberculosis DNA using polymerase 
chain reaction in cutaneous tuberculosis and tuber-
culids. Int J Dermatol 38:122–127

 128. Sharma K, Bansal R, Sharma A, Gupta A, Fiorella 
PD (2015) Successful treatment of rifampicin resis-
tant intraocular tuberculosis. Ocul Immunol Inflamm 
23(1):93–96

 129. Sharma K, Sharma A, Bansal R, Fiorella PD, Gupta 
A (2014) Drug-resistant tubercular uveitis. J Clin 
Microbiol 52(11):4113–4114

 130. Bansal R, Sharma K, Gupta A, Sharma A, Singh MP, 
Gupta V, Mulkutkar S, Dogra M, Dogra MR, Kamal 
S, Sharma SP, Fiorella PD (2015) Detection of 
Mycobacterium tuberculosis genome in vitreous 
fluid of eyes with multifocal serpiginoid choroiditis. 

Ophthalmol. pii: S0161–6420(14)01115–4. doi: 
10.1016/j.ophtha.2014.11.021. [Epub ahead of print]

 131. World Health Organization (2011) Automated real- 
time nucleic acid amplification technology for rapid 
and simultaneous detection of tuberculosis and 
rifampicin resistance: Xpert MTB/RIF system. 
Policy statement. World Health Organization, 
Geneva http://apps.who.int/iris/handle/10665/44586

 132. Boehme CC, Nabeta P, Hillemann D et al (2010) 
Rapid molecular detection of tuberculosis and rifampin 
resistance. New Engl J Med 363:1005–1015

 133. Marlowke EM, Novak Weekley SM, Cumpio J et al 
(2011) Evaluation of the Cepheid Xpert MTB/RIF 
assay for the direct detection of Mycobacterium 
tuberculosis Complex from respiratory specimens. 
J Clin Microbiol 49:1621–1623

 134. Hillemann D, Ruesch-Gerdes S, Boehme C, Richter 
E (2011) Rapid molecular detection of extrapulmo-
nary tuberculosis by automated GeneXpert® MTB/
RIF system. J Clin Microbiol 49:1202–1205

 135. Ling D, Zwerling A, Pai M (2008) GenoType 
MTBDR assays for the diagnosis of multidrug- 
resistant tuberculosis: a meta-analysis. Eur Respir 
J 32:1165–1174

 136. Albert H, Bwanga F, Mukkada S et al (2010) Rapid 
screening of MDR-TB using molecular line probe 
assay is feasible in Uganda. BMC Infect Dis 10:41

 137. Agrawal R, Gupta B, Gonzalez-Lopez JJ, Rahman F, 
Phatak S, Triantafyllopoulou I, Addison PKF, 
Westcott M, CE P (2015) The role of anti-tubercular 
therapy in patients with presumed ocular tuberculo-
sis. Ocul Immunol Inflamm 23(1):40–46

 138. Ang M, Hedayatfar A, Wong W, Chee SP (2012) 
Duration of anti-tubercular therapy in uveitis associ-
ated with latent tuberculosis: a case-control study. Br 
J Ophthalmol 96(3):332–336

 139. Centers for Disease Control, American Thoracic 
Society, CDC and Infectious Diseases Society of 
America (2003) Treatment of tuberculosis. MMWR 
Morb Mortal Wkly Rep 52:RR11

 140. Vascocelos-Santos DV, Zierhut M, Rao NA (2009) 
Strengths and weaknesses of diagnostic tools for tuber-
culous uveitis. Ocul Immunol Inflamm 17:351–355

 141. Gupta V, Bansal R, Gupta A (2011) Continuous pro-
gression of tubercular serpiginous-like choroiditis 
after initiating antituberculosis treatment. Am 
J Ophthalmol 152(5):857–863

 142. Rathinam SR, Lalitha P (2007) Paradoxical worsen-
ing of ocular tuberculosis in HIV patients after anti-
retroviral therapy. Eye 21(5):667–668

 143. Basu S, Das T (2010) Pitfalls in the management of 
TB-associated uveitis. Eye 24(11):1681–1684

 144. Cheung CM, Chee SP (2009) Jarisch–Herxheimer 
reaction: paradoxical worsening of tuberculosis cho-
rioretinitis following initiation of antituberculous 
therapy. Eye 23(6):1472–1473

 145. Yilmaz T, Selcuk E, Polat N, Mutlu K (2015) 
Choroidal tuberculoma showing paradoxical wors-
ening in a patient with miliary TB. Ocul Immunol 
Inflamm 23(1):97–99

A. Gupta and R. Bansal

http://dx.doi.org/10.1016/j.ophtha.2014.11.021
http://apps.who.int/iris/handle/10665/44586

	7: Tuberculosis
	7.1	 Introduction
	7.2	 Epidemiology
	7.3	 Pathophysiology
	7.4	 Clinical Features
	7.4.1	 Systemic Disease
	7.4.2	 Ocular Disease
	7.4.2.1	 Ocular Surface Disease
	7.4.2.2	 Anterior Uveitis
	7.4.2.3	 Intermediate Uveitis
	7.4.2.4	 Posterior Uveitis
	Choroidal TB
	Retinal Vasculitis
	Endophthalmitis and Panophthalmitis
	Optic Nerve Involvement



	7.5	 Diagnosis
	7.6	 Indirect Evidence
	7.7	 Direct Evidence
	7.8	 Newer Diagnostic Tools and Drug Resistance
	7.9	 Management
	7.10	 Prognosis
	References


