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Abstract

Ocular tuberculosis is an extrapulmonary mycobacterial infection with variable manifestations.
The reported incidence of ocular involvement varies considerably, depending on the criteria used
for diagnosis and the population sampled. However, tuberculosis is thought to affect the lungs in
80% of patients, with the remaining 20% being affected in other organs, such as the eye. It is
imperative for physicians to consider this diagnosis in their differential, as ocular tuberculosis can
present in a fashion similar to that of more common conditions causing ocular inflammation. In
addition, prompt recognition of the clinical signs and symptoms leads to quicker initiation of
antituberculosis therapy.

Historical Considerations

Incidence

Maitre-Jan (1) is often credited with publishing the earliest description of ocular tuberculosis
(1707). Major contributions to the understanding of the disease mechanism were not made
until the latter part of the 19th century. In 1855, Eduard von Jaeger first described the
ophthalmoscopic appearance of choroidal tubercles (2). Cohnheim, in 1867 (3), showed that
choroidal tubercles were similar microscopically to tubercles found elsewhere in the body
and postulated that ocular involvement was a metastatic manifestation of systemic infection.
In addition, Cohnheim was able to produce similar lesions in guinea pigs by injecting them
with tuberculous material. In 1882, Koch identified the tubercle bacillus as the causative
agent (4), and 1 year later, Julius von Michel identified the organism in the eye (5).

The reported incidence of ocular involvement varies considerably, depending on the criteria
used for diagnosis and the population sampled. Early medical writers considered the
infection rare. However, the diagnosis was usually reserved for patients with obvious clinical
tubercles. In 1890, Terson (6) reported two cases of tuberculous iritis in a population of
30,000 patients with ocular disease. In patients with known systemic tuberculosis, the
incidence of ocular involvement is, as expected, much higher (7-9). A study reported in
1967 found an incidence of ocular tuberculosis of 1.4% in 10,524 patients at a tuberculosis
sanitarium (7). In this group, 74 patients had uveal involvement; 54 had scleral or corneal
involvement, including three cases of corneal ulcers; and 12 patients showed disseminated
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retinitis. Rarer manifestations were retinal periphlebitis (seven cases), phlyctenular
conjunctivitis (six cases), and tuberculosis of the optic nerve (one case). This study
illustrates the variety of ocular tissues that can be affected by tuberculosis.

In a more recent series, Rosen et al., in 1990, reported 12 patients with intraocular
tuberculosis, 9 of whom presented with retinal vasculitis, 2 with choroidal tubercles, and 1
with chronic anterior uveitis (10). In a prospective study from Spain, Bouza et al. examined
100 randomly selected patients from a population of 300 patients with proven systemic
tuberculosis (11). Ocular involvement was diagnosed in 18 patients (18%). Choroidal
involvement was present in all but one of these, and retinal involvement was found in 6
patients. Involvement of the anterior segment, sclera, and orbit were noted in single cases.
There was an association between miliary tuberculosis and ocular involvement but no
association between human immunodeficiency virus (HIV) positivity and ocular tuberculosis
(11). Ocular involvement was associated with decreased visual acuity and other ocular
symptoms.

A prospective study from Malawi, Africa, reported 3 patients with choroidal granulomas
(2.8%) among 109 patients presenting with fever and tuberculosis (12). In patients
presenting with uveitis in north India, 9.86% of cases were felt to be caused by tuberculosis
(13). In a prospective case series in Japan, 20.6% of 126 patients with uveitis had a positive
tuberculosis skin test, and 7.9% were believed to have intraocular tuberculosis (14). In Saudi
Avrabia, tuberculosis was thought to be the cause in 17.8% of cases of uveitis seen at a
university-based tertiary referral center (15). In patients presenting with uveitis in Boston
between 1982 and 1992, tuberculosis caused this disease in 0.6% of cases (16). These
studies reflect the wide variation in the reported incidence of ocular tuberculosis in differing
populations and at various periods.

Recently, a retrospective study by Babu et al. examined 766 consecutive patients coinfected
with the tuberculosis agent and HIV in southern India (17). Ocular tuberculosis was found in
15 patients (19 eyes [2.0%]), the largest cohort in the reported literature. The most common
presentation was choroidal tuberculoma (10 cases), followed by subretinal abscess (7 cases),
panophthalmitis (1 case), and a conjunctival mass (1 case). Three of the seven cases of
subretinal abscess progressed to panophthalmitis, a phenomenon rarely encountered in
immunocompetent patients. While the previously cited work of Bouza et al. found no
association between ocular tuberculosis and HIV/AIDS (11), these findings suggest that
coinfection may lead to worse outcomes.

Basic Mechanisms of Infection

The eye can become infected with tuberculosis through several different mechanisms.

1 The most common form of ocular involvement is from hematogenous
spread. The uveal tract (i.e., the iris, ciliary body, and choroid) is the coat
of the eye most frequently involved, presumably because of its high
vascular content.
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2. Primary exogenous infection of the eye, while unusual, can occur in the
lids or in the conjunctiva. Other external tissues less commonly infected
include the cornea, sclera, and lacrimal sac.

3. Secondary infection of the eye may occur by direct extension from
surrounding tissues or by contamination with the patient's own sputum.

4, Additionally, some forms of ocular tuberculosis, such as phlyctenular
disease and Eales' disease, are thought to be the result of a hypersensitivity
reaction. Attempts to establish an animal model for phlyctenular disease
have led to various results (18-20).

Rich's law states that the extent of a tuberculous lesion is directly proportional to the number
and virulence of the bacilli as well as the degree of hypersensitivity of the infected tissue
(21). It is inversely proportional to the host's native and acquired resistance to the organism.
Alan Woods was the first to utilize Rich's law to divide ocular tuberculosis into four distinct
categories (22). Woods's four categories can be summarized as follows.

1 Foreign body-like reaction (e.g., miliary tubercles of the iris and choroid)

2. Acute circumscribed inflammation that may recur if the patient's
resistance decreases (e.g., sclerokeratitis or Eales' disease)

3. Chronic inflammation with multiple recurrences (e.g., ciliary body
tuberculoma)

4, Acute, rapidly spreading inflammation with necrosis, caseation, and
occasionally a ruptured globe (tuberculous panophthalmitis)

External Disease

Tuberculosis can involve the lid, conjunctiva, cornea, and sclera. Tuberculous lid disease is
rarely an isolated ocular finding, but it can manifest as an acute abscess (23) (a “cold
abscess™) or as a soft fluctuant mass without acute inflammation, a form that usually occurs
in children (24). The skin of the lids may also display lupus vulgaris, the most common form
of cutaneous tuberculosis, characterized by reddish-brown nodules that blanch to an “apple
jelly” color when pressure is applied (10, 25). Primary infection of the conjunctiva has been
reported (26-29), although it is unusual in developed countries. Patients usually present with
ocular redness, discomfort, mucopurulent discharge, and lid edema. There is often an
accompanying marked lymphadenitis (more common in the secondary form), which is
absent in most other types of bacterial and allergic conjunctivitis and is less prominent in
viral conjunctivitis. Typically, primary tuberculous conjunctivitis is a chronic disease that
may lead to scarring of the involved tissue. The young are more susceptible to this form of
tuberculosis than are the elderly. Diagnosis usually requires a high degree of clinical
suspicion and positive identification of the organism with traditional acid-fast bacillus
(AFB) stains or PCR on either a conjunctival smear or a biopsy sample (30, 31) (Fig. 1 to 4).

Corneal involvement can have the appearance of either phlyctenular keratoconjunctivitis or
an interstitial keratitis. In phlyctenular keratoconjunctivitis, a small pink nodule is first noted
at the limbus (32). The nodule generally migrates centrally, “dragging” superficial vessels
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along. Initially, the overlying epithelium is intact, but it often erodes, leading to an epithelial
defect. The presentation includes photophobia, foreign-body sensation, redness, and tearing.
The severity of symptoms usually corresponds to the degree of corneal involvement (Fig. 5).
As previously noted, phlyctenular disease is believed to be a hypersensitivity reaction to a
mycobacterial protein. Phlyctenulosis appears to be associated with a positive tuberculin
skin test (TST) (33). It is, however, rare among patients with proven systemic tuberculosis
(7). Attempts to reproduce phlyctenular disease in animal models have been made, with
mixed success (18-20). In confirmed tuberculosis cases, treatment consists of systemic
antituberculous chemotherapy in conjunction with topical steroids. Cycloplegia substantially
relieves ocular discomfort, and topical antibiotics may be used as prophylaxis against
secondary bacterial superinfection if epithelial defects are present.

“Interstitial keratitis” is a term used to describe inflammation and vascularization of the
corneal stroma without endothelial or epithelial involvement. Tuberculous interstitial
keratitis is characteristically unilateral and is seen clinically as a sectoral, peripheral stromal
infiltrate with vascularization. Treatment consists of systemic as well as topical
antituberculosis chemotherapy and cycloplegia. As in the case with phlyctenular
keratoconjunctivitis, mycobacterial proteins are postulated as antigens that induce a corneal
hypersensitivity reaction (34).

Tuberculous scleritis is usually seen anteriorly, as involvement of the posterior sclera is
extremely rare. However, scleritis should be considered in patients who are unresponsive to
the usual anti-inflammatory therapy for scleritis. Bloomfield and associates (35) reported a
case of tuberculous scleritis in an 82-year-old female with extensive pulmonary tuberculosis.
This type of scleritis usually presents as a localized area of dark red discoloration of the
sclera with chronic granulomatous inflammation and caseous necrosis, possibly leading to
scleromalacia. Nanda and coworkers (36) discussed a case of an 81-year-old male with
culture-proven scleral tuberculosis. The patient initially presented with a scleral ulcer that
worsened after initiation of oral prednisone (a medication often used for necrotizing
scleritis). Examination of scrapings of the ulcer subsequently revealed numerous AFB. The
patient responded rapidly to topical amikacin and the combination of oral rifampin and
isoniazid (Fig. 6 and 7). Kesen and colleagues (37) reported a case of a 54-year-old female
with multidrug-resistant tuberculosis, pulmonary involvement, and nodular scleritis.
Cultures and AFB stains of tissue sections and bodily fluids, including bronchoalveolar
lavage fluid, were negative. Despite treatment, scleral perforation ensued. Following
enucleation, PCR of the sclera was positive for tuberculosis.

Until well into the 20th century, many cases of uveitis were attributed to presumed
tuberculosis. It was gradually appreciated, however, that brucellosis, sarcoidosis,
toxoplasmosis, and other infections can also cause uveitis with a similar clinical picture.
Moreover, it was realized that uveitis in a tuberculosis patient may not be the direct result of
an AFB infection. Accordingly, the apparent incidence of tuberculosis as the etiology of
uveitis at the Wilmer Institute fell from 79% in 1944 to 22% in 1953 (22). The incidence of
uveitis caused by tuberculosis at the Massachusetts Eye and Ear Infirmary from 1982
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through 1992 was reported to be 0.6% (16). In parts of the world where the prevalence of
tuberculosis infection is higher in the general population, uveitis is still more likely to be
attributed to tuberculosis. In patients presenting with uveitis in north India, 9.86% of cases
were felt to be caused by tuberculosis (13). In a prospective case series in Japan, 20.6% of
126 patients with uveitis had a positive TST, and 7.9% were felt to have intraocular
tuberculosis (14). As previously noted, in Saudi Arabia, tuberculosis was stated to be the
cause in 17.8% of uveitis cases seen in a major referral center (15).

Tuberculous anterior uveitis is classically a chronic granulomatous disease with an insidious
onset. It is often accompanied by other ocular manifestations of chronic granulomatous
inflammation, such as mutton-fat keratic precipitates (collections of inflammatory cells and
macrophages) on the posterior aspect of the cornea. The iris may reveal Koeppe and Busacca
nodules (38, 39). A nongranulomatous uveitis also occurs in tuberculosis, usually
manifesting as small white keratic precipitates and an absence of iris nodules (40). In both
granulomatous and nongranulomatous inflammation, there is inflammation of the anterior
segment, and inflammatory cells and flare (the slit lamp manifestation of protein in the
aqueous humor) can be seen in the anterior chamber. Uveitis can also manifest as simple
iritis, the clinical signs of which are limited to cells and flare in the anterior chamber, or as
iridocyclitis with involvement of the ciliary body. Iridocyclitis occurs clinically with
inflammatory cells in the ciliary body and anterior vitreous and is associated with ciliary
body pain and ciliary vasodilation. Alternatively, the inflammation may involve primarily
the posterior part of the uvea (choroids). The various clinical presentations seen include
choroidal tuberculoma, choroidal tubercles, multifocal choroiditis, and serpiginous-like
choroiditis (41, 42).

Choroiditis

Choroidal tubercles are the most common form of ocular tuberculosis (41, 43, 44). Tubercles
are usually multiple. In one of two reported cases of tuberculous choroiditis associated with
AIDS, the posterior pole was riddled with “innumerable” tubercles (45), whereas in the
second case, only two tubercles were seen (46). The tubercles may appear as white, gray, or
yellow lesions with indistinct borders and may be accompanied by hemorrhages, exudates,
or surrounding edema. Their size varies from about 0.5 to 3.0 mm in diameter, which may
be estimated at the time of examination by comparing the extent of the lesions to the size of
the optic disc, which is about 1.5 mm in diameter. Choroidal tubercles are usually found in
the posterior pole and, when present, should be distinctly seen on careful examination with a
direct ophthalmoscope (Fig. 8 and 9).

Paton (47) described the sudden appearance of choroidal tubercles in a patient 4 days after
admission. The lesions were not observed on previous examinations, illustrating the
potential need for repeated careful fundus examinations to demonstrate choroidal tubercles.
In one series, only a single case of choroidal tubercles had been observed clinically in 63
autopsy cases with acute miliary tuberculosis (48). The authors suggested that this low
incidence was the result of inadequate ophthalmoscopic examinations. Another study found
a 60% incidence of choroidal tubercles (49). To permit an adequate examination, all pupils
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were dilated, the small children studied were sedated, and the average time devoted to each
fundus examination in a child was 30 min.

Choroidal tubercles should always be looked for on funduscopic examination when a patient
is suspected to have tuberculosis or has a fever of unknown origin. The finding of choroidal
tubercles is specific and allows the early institution of antituberculosis therapy even before
the diagnosis is confirmed by positive sputum specimens. Although it has been claimed that
choroidal tubercles occur only in terminally ill patients with miliary tuberculosis or
tuberculous meningitis (47), the literature indicates that they can occur in a variety of
clinical circumstances. Illingsworth and Wright (49) reported the occurrence of choroidal
tubercles in very young children with acute miliary tuberculosis. A case was described in
which miliary tubercles were associated with optic neuropathy but without other systemic
lesions (50). Massaro and colleagues (51) emphasized that tubercles occasionally occur in
patients with pulmonary tuberculosis without evidence of miliary tuberculosis. Mehta and
associates found choroidal tubercles in 34.6% of 52 patients with neurotuberculosis,
diagnosed by the presence of intracranial granulomas or tuberculous meningitis (52). About
half of the patients with neurotuberculosis had systemic involvement. The odds ratio for the
presence of systemic tuberculosis with choroidal tubercles was 5.6 to 1, providing further
evidence that choroidal tubercles may be one of the earliest signs of disseminated disease.
There have been reports of other manifestations of tuberculous infection of the choroid,
including multifocal choroiditis (53) and ser-piginous-like choroiditis (54).

Serpiginous-like choroiditis affects the choroid and choriocapillaris. Classically, it begins in
the peripapillary region as either solitary or multifocal lesions. Solitary lesions are described
as diffuse and plaque-like. Multi-focal lesions are discrete and initially noncontiguous.
However, later in the disease process they progress to form diffuse lesions with an active
edge which is often confused with serpiginous choroiditis (Fig 10) (55). Fluorescein
angiography (FA) reveals initial hypofluorescence of the active edge of lesions that
progresses to late hyperfluorescence (Fig. 11). Active lesions on indocyanine green
angiography appear hypocyanescent throughout (39).

Several cases of tuberculous choroiditis in patients with AIDS and systemic tuberculosis
have been reported (56, 57). The choroidal tubercles in three patients were discovered after
the initiation of systemic antituberculous chemotherapy, when they were considered to be in
a healing stage (57). One patient with central nervous system tuberculosis and tuberculous
choroiditis improved dramatically after initiation of triple antituberculosis therapy. The
cerebrospinal fluid findings returned to normal, and visual acuity improved from 20/200 to
20/20 (52).

It has been suggested that ocular tuberculosis may occur more often in
immunocompromised patients. In a study of eyes from the autopsies of AIDS patients,
however, intraocular tuberculosis was found in 2 eyes of 235 patients (58). Additionally,
Babu and colleagues found ocular tuberculosis present in only 1.95% of patients with HIV/
AIDS (15 of 766 consecutive cases) (17). Although HIV is an important risk factor for
having systemic tuberculosis, the likelihood of ocular involvement does not appear to be
related to the HIV status of the patient (11).
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Before the advent of chemotherapy, the prognosis for patients with choroidal tubercles was
uniformly poor. However, the prognosis is much improved with the rapid use of systemic
antituberculosis agents. No specific local therapy is needed. Many of these lesions regress
completely, with minimal residual damage (51, 59, 60). Other lesions heal with focal
chorioretinal scars. An exception to this rule may be tuberculous choroiditis in the setting of
AIDS: the ocular changes have been reported to progress in spite of vigorous
antituberculosis chemotherapy (46). Reports of acquired resistance of mycobacteria are
increasing (61), and such resistance may be caused by several mechanisms. In the case
reported by Snider and coworkers (61), “resistance” was thought to be the result of
incomplete antibiotic treatment and occurred after 8 months of isoniazid and rifampin
therapy.

Choroidal Tuberculomas

Whereas choroidal tubercles are generally small and multiple, tuberculomas are usually
larger lesions (up to 7 mm in diameter) and solitary. They are typically better defined and
have less surrounding edema than tubercles (Fig. 9 and 12 to 14). Tuberculomas have a
predilection for the foveal and perifoveal area. Large tubercles have been confused with
metastatic tumors, leading to unnecessary enucleation (62). Tuberculomas of the uveal tract
tend to occur in young adults and have a chronic course with symptoms persisting over
months to years (63). Affected patients often have a history of old, healed pulmonary
tuberculosis, although sometimes the presumed diagnosis of choroidal tuberculosis may lead
to the subsequent diagnosis and treatment of pulmonary tuberculosis (64).

FA in patients with choroidal tubercles shows hypofluorescent lesions during the early phase
that become hyperfluorescent towards the late phase (Fig. 8C to F) (39). Normal or slightly
dilated overlying retinal vessels, late leakage, and, in some cases, associated serous
neurosensory retinal detachment can be seen (64-66). FA is useful in differentiating among
choroidal hemangiomas, foreign bodies, metastatic tumors, and melanoma. FA cannot
distinguish between tuberculosis and other granulomatous inflammations, such as sarcoid.
Serial FA may also be useful to assess a patient's responses to therapy (66). Saxena et al.
looked at FA and spectral domain optical coherence tomography (OCT) in an
immunocompetent 18-year-old female with a choroidal tuberculoma. OCT revealed
attachment between the retinal pigment epithelium (RPE)-choriocapillaris layer and
neurosensory retina over the granuloma (Fig. 15A), which was previously reported in the
literature (67). Salman et al. (68) coined this the “contact sign” and felt that this was due to
inflammatory adhesions causing the neurosensory retina to stick to the RPE. However,
granularity of the outer photoreceptor layer secondary to phagocytoses of the cells, and
proliferating RPE cells (Fig. 15B) were novel findings. Ultrasound has also been found to be
useful in the diagnosis of choroidal tuberculomas (11). The prognosis for resolution of the
lesion is usually good with systemic treatment, but if the macular region is involved, visual
loss may be permanent (69).
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Ciliary Body Tuberculoma

Ciliary body tuberculoma is a rare but aggressive form of uveal tuberculosis. It occurs most
frequently before the fourth decade of life and tends to follow a chronic, smoldering course
with intermittent recurrences. Ni and associates (63) reported three cases that were
enucleated at the Shanghai First Hospital. Results of the purified protein derivative (PPD)
test were positive for all three patients. Two patients presented with painless loss of vision
and a 1-month to 5-year history of intraocular inflammation. All patients were in generally
good health, and only one patient had signs of systemic tuberculosis on examination. There
was evidence of granulomatous anterior uveitis in all three patients. On histopathological
examination, the eyes showed inflammatory infiltrates of the iris consisting of plasma cells,
monocytes, lymphocytes, and typical caseous granulomas in the ciliary body. The authors
reported that the fellow eyes of two patients did well after the initiation of chemotherapy; the
third patient was lost to follow-up.

Tuberculous Retinitis

Tuberculosis of the retina most commonly results from the direct extension from the
underlying uvea but may also be caused by hematogenous spread. Retinal lesions may take
the form of either focal tubercles or diffuse retinitis. The clinical features include vitreous
opacification, gray-white retinal lesions (34), and, rarely, an isolated vasculitis (70) or retinal
vascular tumor (71).

Neovascularization and peripheral capillary occlusion have been described in cases of
choroiditis, chorioretinitis, and retinal vasculitis (Fig. 16 to 18) (10, 72, 73). A combination
of systemic treatment and retinal photocoagulation has been advocated for treatment of
retinal neovascularization related to tuberculosis (10, 73).

Mahyudin et al. (74) described a case of a central retinal vein occlusion in a 23-year-old
male without any signs of systemic tuberculosis. Initially, only retinal hemorrhages, cotton
wool spots, venous engorgement, and a swollen optic disc were seen. No iritis or vitritis was
present. Two weeks later, fundus examination revealed fresh retinal hemorrhages, vessel
sheathing, preretinal whitish opacities, 2+ anterior chamber cell, and 2+ vitritis. PCR
analysis of vitreous fluid revealed Mycobacterium tuberculosis, and the patient was
subsequently started on antituberculosis treatment.

Eales' disease, a poorly understood form of retinal perivasculitis, has sometimes been linked
to tuberculosis (22, 75). The disease predominately affects the peripheral retina and is most
common in young and otherwise healthy adults (76). Patients with Eales' disease often
present with a sudden painless decrease in vision secondary to a vitreous hemorrhage. After
the vitreous hemorrhage clears, perivascular exudates and hemorrhages are visible along the
retinal vessels. The vasculitis can progress to venous thrombosis, neovascularization, glial
tissue proliferation, and eventual tractional retinal detachment. There have been reports of
patients with Eales' disease who have had PCR examination of vitreous fluid and epiretinal
membrane tissue that was positive for Mycobacterium tuberculosis DNA, which supports the
contention that tuberculosis is causative for Eales' disease (76, 77). Positive cultures of M.
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tuberculosis could not be successfully grown from any of these samples, suggesting that
nonviable organisms in Eales' disease may incite a hypersensitivity reaction (78).

Verma et al. (79) extracted DNA from a paraffin-embedded eyeball for nested PCR analysis
from a patient that was previously diagnosed with Eales' disease. Although Ziehl-Neelsen
stain was negative for AFB, nested PCR was positive for the M. tuberculosis genome.

Tuberculous Panophthalmitis

Acute tuberculous panophthalmitis usually occurs in children or severely ill adults with
evidence of systemic tuberculosis. The duration of ocular involvement and of symptoms is
relatively short (1 to 2 months). Presentation includes painless, progressive visual loss,
decreased ocular motility, corneal cloudiness, signs of granulomatous ocular inflammation,
and low intraocular pressure. Perforation of the globe can occur, usually at a site near the
equator. Predisposing factors for systemic spread to the eye include poor nutrition, chronic
illness, and intravenous drug abuse (63, 64).

There have been reports of tuberculous panophthalmitis and endophthalmitis masquerading
as ocular tumors (80, 81). A case of tuberculous panophthalmitis has been described in a
woman with systemic lupus erythematosus. She initially presented with a serous retinal
detachment that progressed to panophthalmitis with no light perception and glaucoma.
Tuberculosis was diagnosed in a patient after enucleation, with recurring postoperative
orbital abscesses which improved after administration of systemic antituberculous therapy
(82).

Orbital Tuberculosis

Tuberculosis of the orbit is extremely rare in the United States and Europe. A review of the
literature revealed only five cases reported in the Western literature over the past 50 years
(83). Three cases were associated with pulmonary tuberculosis (84-86), one was associated
with tuberculous sinusitis, and one was associated with tuberculous pericarditis (83). Four of
the five cases presented with ocular symptoms which included pain and proptosis (83), lid
swelling (85), and intermittent periorbital swelling associated with headache and epistaxis
(86). In one case, proptosis was an incidental finding in a patient who presented with fatigue,
dry cough, and fever (83). Among other clinical findings in the five cases were decreased
vision and visual field abnormalities, chemosis, Marcus Gunn pupil, epiphora, increased
orbital resistance to retropulsion, and an orbital mass visualized on computerized
tomography. Diagnosis was confirmed in four cases by orbital tissue biopsy and culture. In
four cases, the orbital masses were monitored with computed tomography and observed to
resolve over the 3 months to 6 months following the initiation of systemic antituberculosis
chemotherapy; one case was treated with additional surgery.

Moorfields Eye Hospital in London, England, identified nine patients in a 10-year period
with a diagnosis of orbital or periocular tuberculosis. Of those patients, three had cutaneous
involvement, two had tuberculous dacryocystitis, and four had diffuse orbital tuberculosis
(88).
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A case of orbital tuberculosis in a 37-year-old American man (84) manifested with a
recurring orbital abscess that was not responding to repeated drainage and broad-spectrum
antibiotic therapy and steroids. Tuberculosis was diagnosed by histopathological
examination of an orbital biopsy sample obtained 1 month after initial presentation.

In India, where tuberculosis is endemic, cases of orbital tuberculosis are more common. In
one report, three cases of isolated presumed orbital tuberculoma in children were described.
The patients presented with painful proptosis, low-grade fever, lid swelling, mechanical
ptosis, and decreased vision. In all three cases, tuberculous mycobacteria were found in
orbital specimens obtained by fine-needle aspiration. Symptoms improved with systemic
antituberculosis therapy (88, 89). There have also been reports from Europe of a Somalian
child with an orbital tuberculosis abscess and a woman presenting with dacryoadenitis
secondary to tuberculosis (90, 91).

Before the introduction of PCR technology, a definitive diagnosis of ocular tuberculosis was
often elusive because it required the demonstration of the Mycobacterium tuberculosis
bacilli in ocular tissues or secretions by microscopy or culture. Opportunities for culture and
biopsy may arise in cases of eyelid, orbital, or corneal involvement. The majority of cases,
however, show intraocular involvement wherein a biopsy is not practical. Aqueous and
vitreous paracentesis has generally failed to yield positive bacterial cultures (22). In addition
to the difficulty of isolating the organism, the extreme variability of ocular manifestations
makes routine clinical diagnosis difficult. Finally, the similarity to the presentation of other
granulomatous inflammations adds to the diagnostic challenge. As a result, the vast majority
of cases with a clinical diagnosis of ocular tuberculosis but without a definitive laboratory
diagnosis should more correctly be labeled “presumed ocular tuberculosis.”

Woods (22) outlines a thorough diagnostic approach to suspected ocular tuberculosis. A
complete history (including exposures and systemic symptoms), physical examination,
sputum smear and culture, PPD test, and chest radiography should be performed. Sixty
percent of patients with extrapulmonary tuberculosis have no evidence of pulmonary
disease, and chest X-rays are normal in cases of latent tuberculosis. Therefore, the absence
of clinically noticeable pulmonary tuberculosis does not rule out the possibility of ocular
involvement (92, 93). Other possible causes of granulomatous inflammation, such as
syphilis, brucellosis, toxoplasmosis, 7oxocarainfection, and sarcoid, must be ruled out by
history, examination, and appropriate serologic testing.

As alluded to earlier, an initial workup that yields negative results should not eliminate
tuberculosis from the differential diagnosis. Abrams and Schlaegel found that 17 of 18 cases
of tuberculous uveitis showed no active or inactive evidence of tuberculosis on chest
radiography. They caution against requiring a strongly positive PPD response to make the
diagnosis of ocular tuberculosis (94). The PPD is less likely to be reactive in
immunosuppressed patients. These authors report that of 18 patients with presumed
tuberculous uveitis (based on history, physical examination, tests to rule out other etiologies,
TST, and the isoniazid therapeutic test) who were tested with intermediate-strength (5
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tuberculin units) PPD, only nine experienced at least 5 mm of induration, five experienced
no reactivity at all, and four had erythema only. The five with no reaction to the intermediate
PPD were retested with the second-strength PPD (250 tuberculin units). Only two patients
experienced a reaction of more than 5 mm. All of the reported cases improved clinically
with an isoniazid therapeutic test (3 weeks of 300 mg of isoniazid per day) and remained
inflammation free, without relapse, during 1 year of antituberculosis treatment. An isoniazid
therapeutic trial was recommended for patients with uveitis in whom tuberculosis was the
suspected etiology on the basis of either history or a positive reaction to an intermediate-
strength PPD test. An isoniazid test result is considered positive if there is “dramatic
improvement” in 1 to 3 weeks of therapy. This trial, however, may be falsely negative for
patients with AIDS or in cases of drug-resistant disease.

With the development of diagnostic molecular biology techniques, diagnosis based on
detection of mycobacterial DNA via PCR has become the method of choice. There have also
been reports of testing for tuberculosis antigens, such as the cord factor antigen, via enzyme-
linked immunosorbent assay (95). PCR yields results much faster than mycobacterial
cultures, which can require several weeks for a positive result. Detection of mycobacterial
DNA has been successful with a variety of nonocular tissues (96). In the past decade, there
have been several reports of PCR being used to detect tuberculosis in a host of ocular
tissues, including eyelid skin, conjunctiva, aqueous and vitreous humors, fixed choroidal
tissue, subretinal fluid, and epiretinal membranes (37, 76, 77, 97-102). In one recent case
from the Illinois Eye and Ear Infirmary, the diagnosis of ocular tuberculosis was made by
PCR following negative cultures and AFB stains of bodily fluids and tissues (37).
Additionally, a case-control study of 22 patients with known tuberculosis uveitis
demonstrated a 77.2% sensitivity and 92.1% specificity (P= 0.022) for nested PCR in the
detection of Mycobacterium tuberculosis in aqueous and vitreous aspirates (103). While
further investigations are still needed to determine the sensitivity and specificity of PCR and
enzyme-linked immunosorbent assay for tuberculosis in ocular tissues, these techniques
have added valuable alternatives for the diagnosis of intraocular tuberculosis infection.

Interferon gamma release assays (IGRA) are blood-based diagnostic tests that detect the
presence of both active and latent mycobacterial infections in the body. IGRA has
demonstrated a sensitivity comparable or superior to that of the TST in the
immunocompetent, a more robust response than TST in the immunocompromised (those
infected with HIV, those on immunosuppressive drug therapy, the elderly, and those on
dialysis), and potential as a possible marker of treatment response (104). In a retrospective
cohort study, Ang and associates (105) found that IGRA was more specific but less sensitive
than TST in the diagnosis of tuberculous uveitis. These findings suggest that the two tests
should still be interpreted together.

Once the diagnosis of ocular tuberculosis is made, systemic antituberculosis therapy should
be initiated immediately. Systemic treatment is successful in the vast majority of cases, with
subsequent resolution of symptoms, inflammation, and often an improvement in visual
acuity to near premorbid levels. However, cases are reported in which traditional therapies
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fail to resolve the ocular infection. In one case, a choroidal tuberculoma did not respond to
chemotherapy, and the eye eventually became blind and painful, necessitating enucleation
(66). Blodi and colleagues (45) reported that choroidal tuberculosis rapidly progressed
despite treatment in an HIV-positive patient. The increasing prevalence of acquired drug
resistance of mycobacteria in response to incomplete chemotherapy should also be kept in
mind with patients not responding to conventional antituberculous therapy.

Any patient with a clinical picture highly suspicious for ocular tuberculosis should be treated
with a multi-drug regimen of proven efficacy. Because pulmonary infection and other foci of
infection may coexist, primary treatment should always be systemic. Ocular penetration of
these drugs varies, and additional topical treatment may be useful in patients with external
disease.

Topical ointment and subconjunctival injection of isoniazid can lead to adequate intraocular
drug levels, especially in the anterior segment. Parenteral administration, however, causes
higher vitreous drug levels that make this route of administration the method of choice in
posterior intraocular tuberculosis (106).

Topically administered streptomycin is absorbed by the corneal stroma and penetrates the
aqueous at high levels, but only in the presence of an epithelial defect. Parenteral
administration of high doses can lead to detectable levels in all ocular tissues (107).
Intravitreal injection is more successful in generating therapeutic intraocular levels, but high
doses may lead to retinal damage (108).

Rifampin administered orally attained an aqueous concentration of 2 to 9% of its level in
serum, which may be a therapeutic level against some organisms (109). Studies regarding
the ocular penetration of pyrazinamide have not yet been published.

It should be noted that ethambutol, one of the staples of antituberculosis pharmacotherapy,
has significant ocular toxicity (110). Toxicity is dose related and rarely seen with a daily
dose under 15 mg/kg of body weight. One to two percent of patients on a daily dose of 25
mg/kg or more experience significant ocular effects, most commonly optic neuritis. This
toxicity can occur in axial and periaxial forms. Axial optical neuritis is associated with
macular degeneration that manifests with decreased central visual acuity and decreased
green color perception. Periaxial optic neuritis leads to paracentral scotomas (visual field
defects) with normal visual acuity and color perception. Other side effects include
photophobia, extraocular muscle paresis, and toxic amblyopia. Symptoms of optic neuritis
are most often abrupt and begin 3 to 6 months after the onset of ethambutol therapy.

All patients to be started on ethambutol should undergo a baseline ophthalmic examination
including visual acuity, color vision, and visual fields (110). Patients should be examined
every 2 to 4 weeks when dosages greater than 15 mg/kg/day are used and every 3 to 6
months for lower doses. The patient should be given a vision card and instructed to stop the
ethambutol and seek an ophthalmic examination immediately if there is a decrease in visual
acuity. Most symptoms resolve over a period of 3 to 12 months, but cases with permanent
vision loss have been reported. If the vision does not improve after 10 to 15 weeks of drug
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discontinuation, treatment with parenteral hydroxocobalamin, 40 mg daily over a 10- to 28-
week period, should be considered.

There has been a growing interest in developing new therapies for tuberculosis due to the
increasing incidence of multidrug resistance. Fourth-generation fluoroguinolones like
moxifloxacin and gatifloxacin are currently being studied and show promising results (111,
112). However, more prospective randomized trials need to be done before recommending
definitive treatment guidelines.

The role of laser therapy in the treatment of ocular tuberculosis has yet to be defined.
Balashevich (113) has used argon laser photocoagulation on tuberculous chorioretinitis
lesions near the fovea and concluded that such treatment results in better visual acuity than
conventional treatment does. Jabbour and associates (64) reported, however, that a subretinal
granuloma-like lesion had grown outside previously placed photocoagulation scars. Gur and
colleagues (73) and Rosen and coworkers (10) reported on the successful use of sector
photocoagulation for the treatment of subretinal neovascularization in a case of
chorioretinitis. Laser therapy should never be used as primary treatment without systemic
antituberculosis chemotherapy. Furthermore, treatment should be delayed until the diagnosis
is established and the response to chemotherapy is confirmed in order to avoid further
confusion of the clinical picture and course.

Recently, a new potential target for treatment has been identified. From studies of
Mycobacterium marinum in zebrafish, Volkman and associates have identified early secreted
antigenic target 6 (ESAT-6), a protein secreted by mycobacteria that induces production of
matrix metalloproteinase 9 (MMP9) in epithelial cells (114). MMP9 acts as a trophic factor
for macrophages. As the original infected macrophage dies, phagocytosis by the newly
recruited macrophages leads to their subsequent infection, resulting in exponential bacterial
growth and granuloma proliferation. Interruption of MMP9 function resulted in attenuated
bacterial growth and granuloma formation in the animal model and shows promise as a
novel antituberculosis treatment strategy for humans.
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Figurel.
(A) Case 1. Shown is a bulbar conjunctival mass contiguous with a peripheral corneal ulcer

with 80% stromal thinning. (B) Everted upper eyelid shows diffuse papillary reaction with
tarsal necrosis laterally. (C) Case 2. Downgaze shows ulcerated bulbar conjunctiva. (D)
Everted upper eyelid shows diffuse velvety appearance, with cheesy white areas of necrosis
involving the upper tarsal border. Reprinted with permission from the Archives of
Ophthalmology (27). Copyright 2003 American Medical Association. All rights reserved.
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Figure 2.
Case 1. A section from the bulbar conjunctiva shows an intact epithelium with discrete

epithelioid cell granuloma in the deeper stroma, rimmed by lymphocytes (hematoxylin-
eosin; original magnification, x250). Reprinted with permission from the Archives of
Ophthalmology (27). Copyright 2003 American Medical Association. All rights reserved.

Microbiol Spectr. Author manuscript; available in PMC 2017 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Albert and Raven

Page 21

Figure 3.
(A) Case 1. At 1-year follow-up, the left eye shows a superior vascularized corneal scar with

normal-appearing bulbar and tarsal conjunctiva. (B) Case 2. At 3-month follow-up, the
everted right upper eyelid shows a residual area of necrosis (arrow) with mild persistent
papillary reaction. Reprinted with permission from the Archives of Ophthalmology (27).
Copyright 2003 American Medical Association. All rights reserved.
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Figure 4.
Acid-fast stain of a conjunctival biopsy specimen shows acid-fast positive rods (arrow)

within epithelioid histiocytes.
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Figure5.
Slit lamp picture of the left cornea showing a peripheral corneal ulcer and a heavily

vascularized nodule. Reprinted with permission from the Archives of Ophthalmology (115).
Copyright 2000 American Medical Association. All rights reserved.
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Figure 6.
Clinical appearance of a right eye shows mild conjunctival vasodilation and numerous

confluent, temporal, tan iris nodules. Reprinted with permission from the Archives of
Ophthalmology (116). Copyright 1998 American Medical Association. All rights reserved.
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Figure7.
(Left) Gross appearance of the enucleated right eye. Note the scleral necrosis and the

perilimbal scleral rupture (arrowhead) located interiorly. The limbal conjunctiva covers a
dome-shaped, brown mass. (Right) Histopathological appearance of the enucleated right eye
with a subconjunctival necrotic and inflammatory mass. There is necrosis of the iris, and the
anterior chamber contains necrotic debris (arrowheads) (hematoxylineosin; original
magnification, x5). Reprinted with permission from the Archives of Ophthalmology (116).
Copyright 1998 American Medical Association. All rights reserved.
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Figure 8.
Fundus photographs of the right (A) and left (B) eyes show bilateral, multifocal choroiditis

(arrowheads). Serial FA photographs (C to F) show early blocking hypofluorescence and
late-staining hyperfluorescence corresponding to areas of choroidal infiltrate, as well as
mild, late leakage from the optic nerve heads in each eye. Reprinted with permission from
the Archives of Ophthalmology (53). Copyright 1998 American Medical Association. All
rights reserved.
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Figure9.
B-scan ultrasonogram of the left eye showing an acoustically dense choroidal lesion with no

choroidal excavation. Reprinted with permission from the Archives of Ophthalmology (117).
Copyright 2000 American Medical Association. All rights reserved.
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Figure 10.
(A) Left eye fundus photograph showing discrete, multifocal active lesions (white arrows) of

serpiginous-like choroiditis becoming confluent, along with old healing lesions (black
arrows) that are noncontiguous to the optic disc and involve the posterior pole and peripheral
fundus. (B) Right eye fundus photograph showing a solitary, placoid lesion of serpiginous-
like choroiditis having an active edge with amoeboid spread and a healing center. Reprinted
with permission from the American Academy of Ophthalmology (55). Copyright 2012
Elsevier. All rights reserved.
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Figure 11.
(A) Fundus fluorescein angiography of the same eye as in Fig. 10 showing active lesions

(white arrows) that are hypofluorescent in the early phase. The inactive scars show
transmission hyperfluorescence (red arrows). (B) Fundus FA of the same eye as in Fig. 10
showing hyperfluorescence of active lesions in the late phase (white arrows). The inactive
scars show transmission hyperfluorescence (red arrows). Reprinted with permission from the
American Academy of Ophthalmology (55). Copyright 2012 Elsevier. All rights reserved.
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Figure 12.
Fluorescein angiogram in the early venous phase showing early blockage at the edges of the

lesion and early hyperfluorescence within the central aspect of the choroidal lesion; the
overlying retinal vessels are normal and in focus. The other retinal vessels are not in focus
secondary to the thickness of the lesion. Reprinted with permission from the Archives of
Ophthalmology (117). Copyright 2000 American Medical Association. All rights reserved.
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Figure 13.
Fluorescein angiogram in the late phase revealing late staining of the choroidal lesion.

Reprinted with permission from the Archives of Ophthalmology (117). Copyright 2000
American Medical Association. All rights reserved.
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Figure 14.
(A) Fundus photograph of right eye at presentation, showing a tuberculoma at the inferior

macula with astrallike exudates. (B) Fundus photograph of the right eye at 9-month follow-
up showing the tuberculoma totally disappeared. Reprinted with permission from Retina
(42). Copyright 2012 Wolters Kluwer. All rights reserved.
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Figure 15.
Spectral domain optical coherence tomography image of the left eye prior to initiation of

therapy shows subfoveal neurosensory detachment and proliferating retinal pigment
epithelial cells (small white arrow) with serous retinal detachment superiorly and inferiorly
(large white arrows) (A) and phagocytosed outer photoreceptor layer cells (small white
arrow) (B). Reprinted with permission from the BMJ Case Reports. (118). Copyright 2013
BMJ Publishing Inc. All rights reserved.
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Figure 16.
Retinitis and retinal neovascularization obscuring a clear view of the optic disc in a fundus

photograph. Reprinted with permission from the Archives of Ophthalmology (101).
Copyright 1998 American Medical Association. All rights reserved.
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Figure 17.
Noncaseating granuloma from a transvitreal biopsy specimen. Reprinted with permission

from the Archives of Ophthalmology (101). Copyright 1998 American Medical Association.
All rights reserved.
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Figure 18.
Left fundus photograph illustrating optic disc new vessels with choroidal mass nasally.

Reprinted with permission from the Archives of Ophthalmology (101). Copyright 1998
American Medical Association. All rights reserved.
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