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Purpose: To systematically review the characteristics of patients with endogenous tubercu-
lous (TB) endophthalmitis and panophthalmitis in an effort to help clinicians with diagnosis 
and treatment.
Patients and Methods: We conducted a systematic literature search in MEDLINE/ 
PubMed, EMBASE and Web of Science from inception to August 2020. References and 
abstracts were screened independently by two authors. Included studies were case reports 
and case series reporting endogenous TB endophthalmitis and panophthalmitis secondary to 
Mycobacterium tuberculosis complex (MTBC). Available-case analysis was employed to 
handle missing data. 
Results: A total of 1343 articles were found using the search strategy. Following abstract 
screening, 51 articles were selected for full text-review, from which 26 were deemed eligible 
for inclusion in the study. Forty-four cases from 26 articles were included in the quantitative 
analysis. The median age of presentation was 29.5 (range: 1 to 81), and 11/44 patients 
(25.0%) were pediatric. Immunosuppression was seen in 9/36 cases (25.0%). Most patients 
(24/38, 63.2%) had no prior history of tuberculosis. Systemic symptoms were absent in half 
of the patients (16/32, 50.0%). Visual acuity was poor, with 23/27 cases (85.2%) being 20/ 
200 or worse at presentation. Poor organ and visual outcomes were reported: 36/43 cases 
(83.7%) resulted in enucleation/evisceration or exenteration. Intraocular tumors were sus-
pected in 5/34 cases (14.7%). Pulmonary tuberculosis was seen in 15/35 cases (42.8%), and 
miliary tuberculosis was seen in 7/35 cases (20.0%). The earliest source of TB diagnosis was 
through histopathologic specimen after eye removal in 32/44 cases (72.7%), vitreous speci-
men in 6/44 cases (13.6%) and aqueous specimen in 3/44 cases (6.8%).
Conclusion: TB endophthalmitis is a rare and sight-threatening manifestation of ocular 
tuberculosis. It can occur in apparently healthy individuals and can mimic intraocular tumors 
and other infectious etiologies. Diagnosis remains a significant challenge, which, often 
delayed, leads to profound visual loss. Early detection and treatment of intraocular tubercu-
losis may be associated with better ocular and systemic outcomes.
Keywords: systematic review, tuberculosis, endophthalmitis, panophthalmitis, panuveitis

Introduction
Tuberculosis is a major global health issue with an important burden of disease, leading 
to significant mortality and morbidity worldwide.1 Despite progress in detection and 
treatment of tuberculosis and a decline in the mortality over the last decade, more than 
1.3 million individuals died from this disease in 2017. It is estimated that around a third 
of the world’s population is infected with Mycobacterium tuberculosis.2 The 
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prevalence and incidence of tuberculosis in the United States 
is significantly lower than global numbers: in 2018, there 
were 9,000 new cases of active tuberculosis and 515 deaths 
due to the disease.3

Tuberculosis is an airborne bacterial infection caused 
by Mycobacterium tuberculosis complex (MTBC) which 
typically affects the lungs. Tuberculosis is most commonly 
caused by Mycobacterium tuberculosis but it can also be 
secondary to Mycobacterium bovis, which accounts for 
less than 1.6% of cases in North America.4,5 In contrast, 
recent studies from Mexico noted a high prevalence and 
a rising trend of tuberculosis caused by M. bovis, repre-
senting up to 28.4% of cases in one study.6,7

Live tubercle bacilli have the capacity of propagating 
through hematogenous and lymphatic spread to seed in 
lymph nodes, bones and kidneys.8 Multiple risk factors 
have been identified for extrapulmonary tuberculosis such 
as female gender, age above forty and patients with con-
comitant human immunodeficiency virus (HIV).8 

Intraocular tuberculosis is a rare form of extrapulmonary 
tuberculosis and is more common in patients with HIV.8

Intraocular tuberculosis accounts for 2% to 18% of 
extrapulmonary tuberculous (TB) manifestations.9 

Tuberculosis has an increased propensity for tissues with 
high oxygen regional tension such as the choroid and the 
ciliary body. Uveitis represents the most common form of 
intraocular tuberculosis and has different presentations. 
Anterior uveitis is typically granulomatous and occurs in 
12–36% of cases.9 Posterior uveitis accounts for 11–20% 
of cases of TB uveitis whereas panuveitis is more com-
mon, with 35–42% of cases.9 Posterior segment manifes-
tations also include multifocal choroiditis,10–13 

serpiginous-like choroiditis,14 chorioretinitis11 and 
tuberculomas.15

Endophthalmitis is a severe presentation of intraocular 
tuberculosis that progresses rapidly and that can lead to 
intraocular tissue destruction as well as globe perforation 
when the cornea or the sclera are involved (panophthalmi-
tis). Given the scarcity of literature on the topic, we 
performed a systematic review to evaluate patient charac-
teristics, clinical features, diagnostic tests and outcomes of 
patients with TB endophthalmitis and panophthalmitis.

Methods
Definitions and Eligibility Criteria
Case reports and case series reporting original data of 
endogenous TB endophthalmitis and panophthalmitis 

were included. Endogenous TB endophthalmitis was 
defined as purulent intraocular inflammation due to hema-
togenous spread of MTBC, with rapid progression. 
Panophthalmitis was defined as severe acute suppurative 
intraocular inflammation with extension to the cornea or 
sclera, secondary to endogenous spread of MTBC. 
A priori, to avoid excluding older studies, our definition 
of MTBC infection did not require a confirmed mycobac-
terial culture or positive polymerase chain reaction (PCR). 
Rather, all cases that were reported as endogenous “TB 
endophthalmitis” or “panophthalmitis” by the original 
authors were included. Cases, that were not explicitly 
labeled as “endophthalmitis” or “panophthalmitis” by the 
original authors, meeting our definition were also 
included, after careful review of each case. Cases of multi-
focal choroiditis, serpiginous choroiditis, chorioretinitis 
and tuberculomas without an associated rapidly progres-
sive purulent panuveitis were excluded. Studies reporting 
post-operative and post-traumatic endophthalmitis and 
cases of non-tuberculous mycobacteria were excluded. 
We also excluded all pathological studies not including 
enough clinical information, studies that contained non- 
original data and those with no full-text available. Studies 
in languages other than English that could not be trans-
lated by the authors were also excluded.

Search Strategy
The systematic review was conducted in adherence with 
the PRISMA guidelines.16 The databases were systemati-
cally searched from inception to August 1st 2020. 
References of relevant studies were also screened using 
the snowballing method.

The MEDLINE/PubMed search was conducted using 
the following terms: (Endophthalmitis [mh] OR panuveitis 
[mh] OR endophthalmitis [tiab] OR panophthalmitis 
[tiab]) AND (Tuberculosis [mh] OR Mycobacterium tuber-
culosis [mh] OR Mycobacterium bovis [mh] OR 
Tuberculosis [tiab] OR bovis [tiab] OR tuberc*).

The EMBASE search was performed using the follow-
ing headings: (exp endophthalmitis/OR exp panophthalmi-
tis/OR panuveitis.mp. OR endophthalmitis.mp. OR 
panophthalmitis.mp.) AND (exp Mycobacterium tubercu-
losis/OR exp Mycobacterium bovis/OR exp tuberculosis/ 
OR tuberculosis.mp. OR bovis.mp. OR tubercul*.mp.) 
NOT (“animal”/exp NOT “human”/exp).

The Web of Science search strategy was the following: 
TS=(Endophthalmitis OR panophthalmitis OR panuveitis) 
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AND TS=(Mycobacterium tuberculosis OR Mycobacterium 
bovis OR tuberculosis OR bovis OR tuberc*).

Screening Process
References were imported into Covidence systematic 
review software (Veritas Health Innovation, Melbourne, 
Australia. Available at www.covidence.org) for screening 
and eligibility assessment. FA and SJ independently 
screened the titles and abstracts obtained using the above-
mentioned search strategy. Additional records identified 
through snowballing of reference lists were also screened. 
Full texts of studies that met the inclusion criteria or that 
needed further screening were examined independently. 
Disagreements were resolved through consultation and 
a final decision was taken by the senior author (MJA) 
when needed. When studies were excluded, reasons were 
clearly outlined.

Data Collection
The following information was extracted from the 
included studies: authors’ names, year of publication, 
type of study (case series or case report), patient’s demo-
graphics (age and sex), past medical history (including 
history of tuberculosis), ocular and systemic symptoms 
on presentation, ocular examination findings on presenta-
tion, working diagnosis as reported by the authors, clinical 
evolution including medical and surgical treatments 
received, diagnostic tests including chest x-ray (CXR), 
chest computed tomography (CT), tuberculin skin test 
(TST) and interferon-gamma release assays (IGRA) 
results, final diagnosis, source and method of tuberculosis 
identification, and ocular morbidity and mortality out-
comes. Quantitative data was presented by number of 
cases and occurrences with percentages. To handle missing 
data, a pairwise deletion approach (available-case analy-
sis) was employed which allowed us to use the case when 
analyzing other non-missing variables.17

Results
Study Selection and Characteristics
Figure 1 shows the PRISMA flow chart. The electronic 
search provided 1343 articles. Two hundred and seventy- 
six duplicates were identified by the systematic review 
software. Following title and abstract screening of 1067 
studies, 1016 studies were excluded. Full-text eligibility 
assessment of 51 articles was performed. After exclusion 
of 25 full-text articles, 21 studies were deemed eligible 

and included in the study. The study characteristics are 
summarized in Table 1. Detailed case-by-case descriptions 
are available in Tables 2 and 3. There were 7 case series 
and 19 case reports. The earliest publication was from 
1958 and the latest from 2019. There were 104 cases in 
the 26 studies. Only 44 cases were deemed eligible after 
careful case-by-case assessment of the case series.

Demographic Data and Past Medical 
History
The articles yielded 44 patients of whom 11 were pediatric 
(25.0%). The median age was 29.5 (interquartile range, IQR 
= 27) and ages ranged from 1 to 81 years. There were 26 
males (59.1%) and 18 females (40.9%). Table 4 summarizes 
the demographic data and past medical histories. Among 
the 36 patients where a past medical history was detailed, 27 
were immunocompetent (75.0%) and 9 were immunocom-
promised (25.0%). Patients who were empirically started on 
systemic corticosteroids after the beginning of ocular symp-
toms were not considered immunosuppressed based on their 
past medical history. Six patients had HIV with low CD4 
count (range: 34–263 cell/mm3).18–21 One was known for 
Waldenström’s macroglobulinemia (WM) and rituximab- 
associated hypogammaglobulinemia.22 Two patients were 
on immunosuppressive therapy for systemic sarcoidosis 
and systemic lupus erythematosus.23,24 Most patients (24/ 
38) had no prior history of systemic TB (63.2%), making 
the ocular presentation the first sign of the disease. Only 6/ 
37 patients (16.2%) had active TB infections prior to ocular 
presentation. Bacille Calmette-Guérin (BCG) vaccination 
status was not reported in any of the cases.

Initial Presentation and Visual Acuity
TB endophthalmitis and panophthalmitis had varied pre-
sentations in the available reports. Contralateral eye find-
ings were reported in 34/44 cases. All cases of TB 
endophthalmitis or panophthalmitis involved a single eye 
per patient. However, in 4/34 cases (12%), the contralat-
eral eye was affected to a lesser degree (eg, chorioretinal 
lesion) and/or was not diagnosed as “endophthalmitis” or 
“panophthalmitis” by the original authors, thereby not 
meeting our eligibility criteria and not included in the 
analysis.23,25–27 There were no cases of bilateral TB 
endophthalmitis or panophthalmitis. Table 5 summarizes 
the clinical characteristics and working diagnoses on pre-
sentation. The principal presenting symptoms were 
decreased vision (28/31, 90.3%), ocular pain or headache 
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(18/31, 58.1%) and redness (10/31, 32.3%). Other symp-
toms included abnormal protrusion of the eye (2/31, 
6.5%), floaters (2/31, 6.5%) and epibulbar mass (2/31, 
6.5%). Symptom duration varied and a significant number 
of patients had symptoms for 1 to 3 months prior to 
presentation (15/30, 50.0%). Only 5/30 patients consulted 
within a week of symptom presentation (16.7%). Purulent 
intraocular inflammation was present in all cases and was 
a defining criterion for inclusion in this study. Other 
examination findings on initial presentation and during 
follow-up included: impaired ocular motility in 7/44 
cases (15.9%), extraocular mass or scleral abscess in 7/ 
44 cases (15.9%), high intraocular pressure or glaucoma in 
6/44 cases (13.6%), spontaneous perforation in 3/44 cases 
(6.8%) and necrotizing retinitis in 2/44 cases (4.5%). 
Systemic symptoms like fever, chills or cough prior to 
presenting to the ophthalmology clinic were absent in 
half of the patients (50.0%). Visual acuities on presenta-
tion were generally poor: 23/27 (85.2%) had 20/200 vision 

or worse. Almost half of the patients (12/27, 44.4%) had 
no light perception (NLP) vision.

Working Diagnosis
In 18/34 cases (52.9%), endophthalmitis or panophthalmitis 
of unknown etiology (pending investigations) was consid-
ered as a working diagnosis. Non-tuberculous infectious and 
inflammatory etiologies were considered in multiple cases: 
acute retinal necrosis (ARN) (2 cases),22,25 syphilitic uveitis 
(2 cases)18,28 and sarcoid uveitis (1 case).29 Retinoblastoma 
was suspected in 4/34 cases (11.8%), representing 36.4% of 
all pediatric cases. Metastatic carcinoma was suspected in 
one case in an adult patient.28,30–33 Only 2 cases (5.9%) 
reported a TB etiology as a working diagnosis, in a patient 
with known systemic tuberculosis and “contralateral choroi-
dal masses”, and in another with a positive CXR obtained at 
presentation.23,34 Among the 3 other patients with contral-
ateral ocular findings, endogenous endophthalmitis of 
unknown etiology was suspected in 2 cases without 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.16
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a specific suspicion for TB.25,27 The last case, published by 
Sengupta et al, did not report a working diagnosis.26

Treatments and Investigations Prior to TB 
Diagnosis
Table 6 summarizes the clinical course, interventions and 
outcomes. Before a tuberculosis diagnosis was confirmed, 
most patients received systemic antibiotics, corticosteroids 
or a combination of both. Corticosteroids alone were used 
in 7/21 cases (33.3%) and in combination with antibiotics 
in 3/21 cases (14.3%). Antibiotics alone were prescribed in 
5/21 cases (23.8%). Antivirals were used in 2/21 cases 
(9.5%) of suspected ARN, in conjunction with corticoster-
oids (1 case)25 or antibiotics (1 case).22 Radiation therapy 
was used in one suspected case of retinoblastoma.32 When 
chest imaging was obtained, CXR or CT scan were abnor-
mal in 19/27 cases (70.4%) and normal in 8/27 (29.6%). 
Among the 19 cases with abnormal chest studies, 13/19 
(68.4%) had an abnormal CXR as reported by the authors. 

Abnormal findings included lymphadenopathy, “lesions”, 
“active infection”, pleural effusions and consolidations. 
Cases with reported CXR findings (eg, calcified granu-
loma) that were not deemed compatible with an active 
infection by the original authors were considered normal. 
In 4/19 cases, despite a normal initial CXR, miliary mot-
tling was apparent on repeat CXR (1 case) and on subse-
quent CT scan (3 cases).22,26,35 In 2 cases, miliary mottling 
was apparent on initial CXR.25 When a TST (Mantoux 
test) was reported, 12/20 (60.0%) were positive, 6/20 
(30.0%) were negative and 2/20 (10.0%) converted from 
negative to positive during the follow-up period.18,36 

Among the 9 immunocompromised individuals, a TST 
result was available in 4 cases. It was positive in 2 cases, 
negative in 1 case and converted in 1 case. IGRA test 
results were only reported in 4 cases by Rishi et al.25 

Among those 4 cases, 2 patients had a negative TST and 
a negative IGRA. One patient had a negative TST but 
a positive IGRA. The last patient had a positive TST and 
a positive IGRA.

Table 1 Published Cases of Tuberculous Endogenous Endophthalmitis and Panophthalmitis in the Literature

No. Author Year Source Type of Study Cases Eligible Cases

1 Dvorak-Theobald37 1958 Search strategy Case report 1 1
2 Darrell36 1967 Search strategy Case report 1 1

3 McMoli et al32 1978 Search strategy Case report 1 1

4 Manthey et al56 1982 Search strategy Case report 1 1
5 Ni et al28 1982 Search strategy Case series 6 3

6 Menezo et al18 1987 Search strategy Case report 1 1

7 Regillo et al29 1991 Snowballing Case report 1 1
8 Anders and Wollensak24 1995 Search strategy Case report 1 1

9 Biswas et al23 1995 Search strategy Case series 5 2
10 Raina et al30 2000 Search strategy Case report 1 1

11 Sheu et al57 2001 Search strategy Case series 5 2

12 Grosse et al33 2002 Snowballing Case report 1 1
13 Sen et al31 2003 Search strategy Case report 1 1

14 Chawla et al58 2004 Search strategy Case report 1 1

15 Demirci et al53 2004 Search strategy Case series 5 2
16 Babu et al19 2006 Search strategy Case series 15 3

17 Wadhwani et al34 2011 Search strategy Case report 1 1

18 Wroblewski et al59 2011 Search strategy Case series 42 8
19 Sengupta et al26 2013 Search strategy Case report 1 1

20 Hase et al35 2015 Search strategy Case report 1 1

21 Srichatrapimuk et al21 2016 Search strategy Case report 1 1
22 Agarwal et al60 2017 Online search Case report 1 1

23 Boonsopon et al20 2017 Search strategy Case report 1 1

24 Rishi et al25 2018 Search strategy Case series 5 5
25 Antaki et al22 2019 Search strategy Case report 1 1

26 Yaghoubi et al27 2019 Search strategy Case report 1 1

Total number of eligible cases 44
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One or multiple diagnostic interventions (total of 24) 
were obtained in 17/34 patients (50.0%). Among those, 
13/24 (54.2%) interventions yielded a positive result. In 
the remaining 17 cases, the authors reported no diagnostic 
interventions before removal of the eye. A vitreous tap was 
obtained in 7/34 cases (20.6%) and an anterior chamber 
(AC) tap was performed in 5/34 cases (14.7%). Pars plana 
vitrectomy (PPV) was carried out in 8/34 cases (23.5%). 
Regarding diagnostic yield, comparing the different inter-
ventions, the rate of positivity was 1/7 (14.3%) for vitr-
eous tap, 3/5 (60.0%) for AC tap and 7/8 (87.5%) for PPV. 
Case-by-case descriptions are detailed in Table 3.

Table 7 describes the diagnostic yield of culture versus 
PCR in cases where both tests were performed. PCRs were 
positive in 15/16 cases (93.75%) and mycobacterial cul-
tures were positive in 9/16 cases (56.25%). Considering 
PCR as a reference, the sensitivity and specificity of 

Table 4 Summary of Demographic Data and Past Medical 
History

Characteristics Number of 
Patients/ 
Value

Percentage

Age
Adult 33/44 75.0%

Pediatric 11/44 25.0%

Mean age (SD) 33.8 (21.0)
Median age (IQR) 29.5 (27)

Range 1–81 years 

old

Sex
Male 26/44 59.1%

Female 18/44 40.9%

Immune status
Immunocompetent 27/36 75.0%

Immunocompromised 9/36 25.0%
Secondary to medical diagnosis 7/9 77.8%

Secondary to immunosuppressive 

therapy

2/9 22.2%

Not specified 8/44

Previous diagnosis of 
tuberculosis

None 24/38 63.2%

Active infection 6/38 15.8%
Prior/remote infection 6/38 15.8%

On TB prophylaxis 2/38 5.3%

Not specified 6/44

Abbreviations: TB, tuberculosis/tuberculous; SD, standard deviation; IQR, inter-
quartile range.

Table 5 Summary of Clinical Characteristics and Working 
Diagnoses

Characteristics Number of 
Patients

Percentage

Principal presenting 
symptoms*

Decreased vision 28/31 90.3%

Ocular pain and/or headache 18/31 58.1%

Redness 10/31 32.3%
Abnormal protrusion of the eye 2/31 6.5%

Floaters 2/31 6.5%
Epibulbar mass 2/31 6.5%

Eyelid swelling 2/31 6.5%

Mucopurulent discharge 1/31 3.2%
Not specified 13/44

Systemic symptoms prior to 
presentation

Present 16/32 50.0%

Absent 16/32 50.0%
Not specified 12/44

Duration of symptoms prior to 
presentation

Less than one week 5/30 16.7%

Between one week and four weeks 6/30 20.0%
Between one month and three 

months

15/30 50.0%

More than three months 4/30 13.3%
Not specified 14/44

Visual acuity
Better than 20/200 4/27 14.8%

20/200 and worse but better than 

HM

3/27 11.1%

HM 3/27 11.1%

LP 5/27 18.5%

NLP 12/27 44.4%
Not specified 17/44

Important examination 
findings/clinical features*

Purulent intraocular inflammation 44/44 100%

Impaired ocular motility 7/44 15.9%
Extraocular mass or scleral 

abscess formation

7/44 15.9%

High intraocular pressure or 
glaucoma

6/44 13.6%

Proptosis 6/44 13.6%

Perforation 3/44 6.8%
Necrotizing retinitis 2/44 4.5%

Initial working diagnosis
Endophthalmitis of unknown 

etiology

10/34 29.4%

(Continued)
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culture was 60.0% and 100%, respectively. There were 6 
cases of positive PCR despite a negative culture and no 
instances of negative PCR despite a positive culture.

Systemic Involvement
Systemic involvement was reported in 28/35 cases 
(80.0%). Patients with an abnormal chest study (fibrosis, 
granuloma, calcifications and other findings) but no men-
tion of confirmed pulmonary disease by the original 
authors were not considered to have lung disease. Also, 
we considered miliary tuberculosis only when the authors 
used the term “miliary”. Cases with central nervous sys-
tem (CNS), abdominal, peritoneal, adrenal and pericardial 
involvement were reported separately. Confirmed pulmon-
ary tuberculosis occurred in 15/35 (42.8%) of cases, mili-
ary tuberculosis in 7/35 cases (20.0%), CNS involvement 
in 2/35 cases (5.7%) and abdominal and peritoneal invol-
vement in 2/35 cases (5.7%). There was 1 case of TB 
adrenalitis and 1 case of TB pericarditis.27,37 All patients 
were started on antituberculous treatment (ATT). 
Treatment regimens were variable and medications 
included rifampin, isoniazid, pyrazinamide and 

Table 5 (Continued). 

Characteristics Number of 
Patients

Percentage

Versus ocular sarcoidosis 1/10 10.0%

Panophthalmitis of unknown   
etiology

8/34 23.5%

With associated pseudotumor 1/8 12.5%

With orbital cellulitis 1/8 12.5%
Retinoblastoma and other ocular 

malignancy

5/34 14.7%

Syphilitic uveitis 2/34 5.9%
Subretinal abscess of unknown 

etiology

2/34 5.9%

TB panophthalmitis 2/34 5.9%
Acute retinal necrosis 2/34 5.9%

Granulomatous uveitis of 

unknown etiology

1/34 2.9%

Severe panuveitis of unknown 

etiology

1/34 2.9%

Sarcoid uveitis 1/34 2.9%
Not specified 10/44

Note: *Categories not mutually exclusive. 
Abbreviations: HM, hand motion; LP, light perception; NLP, no light perception; 
HM, hand motion; TB, tuberculosis/tuberculous.

Table 6 Summary of Clinic Course, Interventions and Outcomes

Characteristics Number of 
Patients

Percentage

Systemic treatment prior to TB 

diagnosis

Antibiotics alone 5/21 23.8%

Antibiotics with corticosteroids 3/21 14.3%

Antibiotics with antivirals 1/21 4.8%

Antibiotics and radiation therapy 1/21 4.8%

Corticosteroids alone 7/21 33.3%

Corticosteroids with antivirals 1/21 4.8%

Corticosteroids with other 

immunosuppressants

1/21 4.8%

Corticosteroid supplementation for 

Addison’s disease

1/21 4.8%

Oral carbonic anhydrase inhibitor 1/21 4.8%

No treatment or not specified 23/44

Tuberculin skin test reaction

Positive 12/20 60.0%

Negative 6/20 30.0%

Conversion 2/20 10.0%

Not specified or not applicable 24/44

CXR and CT

Abnormal 19/27 70.4%

Abnormal CXR (see case-by-case details) 13/19 68.4%

Normal CXR, miliary mottling on CT scan 3/19 15.8%

Miliary mottling on CXR 2/19 10.5%

Normal initial CXR, abnormal 

subsequent CXR

1/19 5.3%

Normal 8/27 29.6%

Normal CXR 7/8 87.5%

Normal CXR and CT scan 1/8 12.5%

Not specified 17/44

Diagnostic interventions*

Vitreous tap 7/34 20.6%

Culture or PCR negative 6/7 85.7%

Culture or PCR positive 1/7 14.3%

AC tap 5/34 14.7%

Culture or PCR negative 2/5 40.0%

Culture or PCR positive 3/5 60.0%

Pars plana vitrectomy 8/34 23.5%

Culture or PCR negative 1/8 12.5%

Culture or PCR positive 7/8 87.5%

Fine-needle aspiration 4/34 11.8%

Culture negative or inconclusive 2/4 50.0%

Culture positive 2/4 50.0%

None 17/34 50.0%

Not specified 10/44

Reported systemic involvement

Pulmonary 15/35 42.8%

Miliary 7/35 20.0%

Central nervous system (not reported 

as miliary)

2/35 5.7%

(Continued)
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ethambutol, among others. Case-by-case description of the 
ATT is available in Table 3. Death was reported in one 
case. This particular case was reported by Ni et al in 
1982.28 The patient was a 30-year-old female with remote 
pulmonary tuberculosis who was diagnosed with syphilitic 
uveitis on presentation. The eye was enucleated and 
pathology revealed Langerhans giant cells (LGCs) which 
can be found in both TB and syphilis. The TB etiology 
was therefore not recognized and the patient died 6 months 
after presentation from generalized tuberculosis. In the 
remaining cases, patients were either referred to as alive 
or no mention of death was made by authors.

Final Diagnosis and Ocular Outcome
TB endophthalmitis was diagnosed in 18/44 (40.9%) of 
cases and TB panophthalmitis was seen in 25/44 (56.8%) 
of cases. One case reported the final diagnosis as “ocular 
tuberculosis”.29 Ocular outcomes were generally poor with 
36/43 cases (83.7%) requiring enucleation, evisceration or 

exenteration. Pre-phthisis or phthisis bulbi was reported in 
3 cases (7.0%), final visual acuity 20/200 and worse was 
seen in 3 cases (7.0%) and a single case reported visual 
acuity better than 20/200 (2.3%). Only two authors 
reported a favorable visual outcome. In the case reported 
by Hase et al, visual acuity improved from light perception 
at presentation to 20/200 at 13 months’ follow-up. The 
patient was treated with prompt PPV soon after presenta-
tion and was started on corticosteroids and ATT before 
culture results, based on the miliary lung disease discov-
ered on CT scan.35 In the report by Yaghoubi et al, a 45- 
year-old man with concomitant TB pericarditis underwent 
a prompt tap-and-inject of vancomycin and amikacin. Oral 
corticosteroids were started early given the concomitant 
cardiac disease. Quadruple ATT could not be maintained 
for the total duration of treatment but isoniazid and etham-
butol were given for 18 months. The visual acuity 
improvement from 20/630 to 20/32 was maintained for 
up to 3 years.27

Microbiologic Studies
Table 8 summarizes the best reported method of diagnosis 
and microbiologic findings. A TB etiology was confirmed 
on histopathologic specimen (HPS) after removal of the 
eye in 32/44 cases (72.7%). The earliest source of TB 
confirmation came from the vitreous (PPV or tap) in 6/44 
cases (13.6%) and via an AC tap in 3/44 cases (6.8%). The 
studies reported a variety of microbiologic studies includ-
ing microscopy to look for acid-fast bacilli (AFB) and 
LGCs. Mycobacterial cultures, PCR and genomic deletion 
analysis were also used. Microscopy revealed AFB in 33/ 
43 cases (76.7%) and LGCs only in 7/43 cases (16.3%). 
Mycobacterial cultures from vitreous, anterior chamber or 
HPS were reported in 18/43 cases (41.9%) and were 
positive in 14/18 cases (77.8%). PCR was reported in 12/ 
43 cases (27.9%) and was positive in all cases. Detailed 
case-by-case descriptions are available in Table 3. The 
most specific reported microbiologic finding was 
M. tuberculosis in 19/44 cases (43.2%), AFB in 17/44 
cases (38.6%), LGCs in 6/44 cases (13.6%) and M. bovis 
in 1/44 case (2.3%). One case from 2006 reported “TB 
etiology” as their final microbiologic finding.19

Discussion
Making the diagnosis of ocular TB is a challenge. There is 
a lack of comprehensive evidence on this topic and wide 
differences in institutional practices for the workup of 
patients.38,39 In an effort to unify the diagnostic criteria for 

Table 6 (Continued). 

Characteristics Number of 
Patients

Percentage

Abdominal or peritoneal (not reported 

as miliary)

2/35 5.7%

Pericarditis (not reported as miliary) 1/35 2.9%

Adrenalitis (not reported as miliary) 1/35 2.9%

None 7/35 20.0%

Not specified 9/44

Final diagnosis

TB endophthalmitis 18/44 40.9%

TB panophthalmitis 25/44 56.8%

With secondary glaucoma 2/25 8.0%

With orbital involvement 3/25 12.0%

With intracranial spread 1/25 4.0%

“Ocular tuberculosis” 1/44 2.3%

Ocular outcome

Enucleation 28/43 65.1%

Evisceration 7/43 16.3%

Exenteration 1/43 2.3%

Phthisis or pre-phthisis bulbi 3/43 7.0%

Visual acuity better than 20/200 1/43 2.3%

Visual acuity 20/200 and worse 3/43 7.0%

Not specified 1/44 2.3%

Mortality outcome

Alive or not specified 43/44 97.7%

Death 1/44 2.3%

Note: *Categories not mutually exclusive. 
Abbreviations: TB, tuberculosis/tuberculous; CXR, chest x-ray; CT, computed 
tomography; PCR, polymerase chain reaction.
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TB uveitis, the Collaborative Ocular Tuberculosis Study 
(COTS-1) proposed in 2017 some diagnostic criteria based 
on a large multicentric retrospective study that included 1272 
eyes.39 Generally speaking, a comprehensive and 

multidisciplinary approach to ocular TB is favoured, includ-
ing a thorough combination of history, examination, and 
screening investigations including TST/IGRA and CXR. In 
addition to ocular signs, the diagnosis can be supported by 
extraocular findings.38 The purpose of our study was to 
systematically review the available literature on endogenous 
TB endophthalmitis and panophthalmitis (severe subtypes of 
TB uveitis) in order to have a better understanding of the 
clinical features and evolution of the disease.

Our review shows that endogenous TB endophthalmitis 
and panophthalmitis can present in every age group, ranging 
from infants to the elderly. The disease most commonly 
presented in immunocompetent individuals but it is worth 
noting that 25.0% of patients were immunocompromised. 
Previous studies have linked intraocular tuberculosis to 
HIV.8 In our cohort, concurrent HIV was seen in 16.7% of 

Table 7 Diagnostic Yield of Culture versus PCR for 
Mycobacterium tuberculosis Complex in Studies Where Both 
Tests Were Performed

Author # Ocular Specimen 
Source

PCR Culture

Grosse et al33 16 Eyeball tissue from 
enucleation

+ +

Sen et al31 17 Eyeball tissue from 
enucleation

+ –

Srichatrapimuk 

et al21

35 Vitreous aspirate from 

vitreous tap

– –

Rishi et al25 38 Vitreous aspirate from 

diagnostic vitrectomy

+ +

Vitreous aqueous 

junction from diagnostic 

vitrectomy

+ +

Mid-vitreous from 

diagnostic vitrectomy

+ +

Organized tissue from 

diagnostic vitrectomy

+ +

39 Vitreous aspirate from 

vitrectomy

+ +

40 Aqueous aspirate from 

anterior chamber tap

+ –

Vitreous sample from 

diagnostic vitrectomy

+ –

41 Aqueous aspirate from 

vitrectomy

+ +

Lens aspirate from 

vitrectomy

+ –

Vitreous aspirate from 

vitrectomy

+ +

42 Vitreous sample from 

evisceration

+ –

Antaki et al22 43 Diluted vitreous sample 

from diagnostic 
vitrectomy

+ +

Yaghoubi et al27 44 Vitreous aspiration from 
vitreous tap

+ –

Abbreviation: PCR, polymerase chain reaction.

Table 8 Summary of the Best Reported Method of Diagnosis 
and Microbiologic Findings

Characteristics Number 
of 
Patients

Percentage

Earliest source of TB 
confirmation

Histopathologic specimen after 

removal of the eye

32/44 72.7%

Vitreous (from vitrectomy or tap) 6/44 13.6%

AC tap 3/44 6.8%

Other (FNA, pus) 3/44 6.8%

Microbiologic studies on the 
earliest specimen allowing TB 
confirmation*

Microscopy (reporting AFB) 33/43 76.7%
Microscopy (reporting LGC) 7/43 16.3%

Mycobacterial culture 18/43 41.9%

Positive 14/18 77.8%
Negative 4/18 22.2%

PCR 12/43 27.9%

Positive 12/12 100.0%
Genomic deletion analysis 1/43 2.3%

Not specified 1/44

Best reported final microbiologic 
findings

M. tuberculosis 19/44 43.2%
AFB 17/44 38.6%

LGC 6/44 13.6%

M. bovis 1/44 2.3%
“TB etiology” 1/44 2.3%

Note: *Categories not mutually exclusive. 
Abbreviations: TB, tuberculosis/tuberculous; AC, anterior chamber; FNA, fine- 
needle aspiration; AFB, acid-fast bacilli; LGC, Langerhans giant cells.
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patients, with CD4 counts ranging from 34 to 263 cells/mm3. 
Most patients (63.2%) had no prior history of tuberculosis, 
making the ocular presentation the first manifestation of 
tuberculosis. Only 16.2% of patients had known active tuber-
culosis at presentation. Half of the patients did not report 
systemic symptoms like fever, chills or cough prior to pre-
senting to the ophthalmology clinic. This highlights the 
importance of obtaining a thorough medical history from 
the patient, specially focused on risk factors such as the 
presence of immune disease, medication/drug use and at- 
risk behaviors. Even in the absence of systemic symptoms 
of tuberculosis or specific risk factors, a TB etiology must 
remain in the differential diagnosis of endogenous 
endophthalmitis and panophthalmitis.

In our review, 50.0% of the patients presented relatively 
late, 1 to 3 months after the beginning of symptoms. This 
could be due to a variety of reasons including difficulty with 
access to care and inappropriate medical management prior 
to referral to the eye specialist who made the diagnosis. 
Another possibility is that this disease leads to a slow dete-
rioration of vision associated with gradually increasing 
symptoms. The ocular symptoms were the driving reason 
for consultation. Decreased vision was reported by 90.3% 
of patients, pain by 58.1% of patients and redness by 32.3% 
of patients. Abnormal protrusion of the eye was reported by 
6.5% of patients. Visual acuity on presentation was very 
poor with 85.2% of patients presenting with 20/200 or 
worse. Although bilateral presentation is frequent for ocular 
tuberculosis, there were only 4 reported cases of contral-
ateral eye disease of lesser severity and no case of bilateral 
endophthalmitis or panophthalmitis. In parallel, follow-up 
durations were not rigorously reported in all studies. As 
such, we elected not to report them.

In more than half of the cases (52.9%), the authors 
reported a presumptive diagnosis of endophthalmitis or 
panophthalmitis of unknown etiology, pending investiga-
tion. Before a definitive diagnosis was made, systemic 
antibiotics were prescribed in 47.6% of the reviewed 
cases. Corticosteroids alone were prescribed in 33.3% of 
cases without any antibiotic coverage. Current literature on 
endogenous endophthalmitis supports the initiation of 
treatment before a definitive diagnosis is made. 
Therapeutic approaches vary and the potential causative 
organism and extent of ocular involvement often direct the 
choice of therapy. Systemic antibiotics should have a wide 
spectrum of activity and very good ocular penetration.40 In 
parallel, corticosteroids modulate the host inflammatory 
response to infection and have been shown to reduce 

tuberculosis-associated mortality when given in conjunc-
tion with ATT.41 However, to our knowledge, there is no 
evidence to support the use of corticosteroids without ATT 
or antibiotic coverage. In our experience and based on 
current practice guidelines, if systemic corticosteroids 
were to be started in the context of endogenous 
endophthalmitis, this should be done in conjunction with 
antibiotics and/or antivirals.42

Retinoblastoma and other ocular malignancy were the 
presumptive diagnoses in 14.7% of cases.28,30–33 In the 
report by McMoli et al, a 1-year-old boy presented with 
orbital cellulitis and an episcleral mass on the left eye. 
Retinoblastoma was suspected and the patient received 
external radiotherapy. TB panophthalmitis was only diag-
nosed after removal of the eye and examination of the 
histopathologic specimen. This is a prime example of 
how intraocular TB can mimic other diseases, in this 
case causing a delay in the initiation of appropriate ATT 
and exposing the child to unnecessary ionizing radiation 
and enucleation.32 TB endophthalmitis can also mimic 
other infectious etiologies such as viral herpetic disease 
and toxoplasmosis, presenting as ARN. In the cases 
described by Antaki et al and by Rishi et al, peripheral 
retinal necrosis was seen along with panuveitis, prompting 
a diagnosis of ARN. In both cases, PCR on the vitreous 
samples confirmed the TB etiology.22,25

Common investigations for endogenous endophthalmi-
tis include CXR, CT scan, TST and/or IGRA. Abnormal 
chest imaging was seen in 70.4% of cases and this 
included any abnormal finding reported by the authors 
(miliary pattern, “lesion”, “active infection”, consolida-
tion, etc.). In 3 cases, despite a normal initial CXR, further 
imaging with CT scan revealed a miliary pattern. A CXR 
alone is not sensitive enough to rule out pulmonary tuber-
culosis. If resources permit, CT scan of the chest should be 
obtained in all cases as it permits the detection of lesions 
even in cases with normal radiography.43 A TST was 
positive in the majority of cases (60.0%) overall and in 
4/9 (44.4%) of the immunocompromised individuals who 
underwent skin testing. However, a negative TST cannot 
rule out a TB etiology. A main cause for a false negative 
TST is anergy secondary to immunosuppression or disse-
minated tuberculosis.44 Repeat TST might be useful since 
conversion can occur along the disease course. IGRA 
testing was not widely reported possibly due to the lack 
of this technology at the time and place of publication in 
many the studied cases. Among the 4 cases where it was 
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reported, one case showed a negative TST with a positive 
IGRA.25

Diagnostic interventions were performed prior to the 
final outcome or removal of the eye in half of the patients. 
PPV was performed in 23.5% of cases and a vitreous tap 
was obtained alone or before PPV in 20.6% of cases. This 
finding is consistent with a large meta-analysis of endo-
genous endophthalmitis cases reported between 1986 and 
2012 that revealed a 32% rate of PPV in that series.45 It is 
important to note that the frequency and usefulness of PPV 
might be underestimated in our series since PPV is 
a relatively modern technique and access to a vitrectomy 
machine might not be readily available in every context. 
Regarding microbiological yield, vitreous specimens 
obtained during PPV had the highest yield with 87.5% of 
specimens returning positive for mycobacteria. Undiluted 
vitreous samples from vitreous taps were positive in only 
14.3% of cases. Theoretically, since a greater sample of 
vitreous is obtained during PPV, the yield of PPV should 
be higher than the yield of vitreous tap. Consistent with 
our data, previous studies have shown that culturing con-
tents of the vitrectomy cassette increases the likelihood of 
obtaining a positive culture compared to vitreous biopsy.46 

However, our data contrasts with the results of the 
Endophthalmitis Vitrectomy Study (EVS) that examined 
cases of post-operative bacterial endophthalmitis. In the 
EVS, PPV did not produce significantly more positive 
cultures than tap and the authors recommended against 
performing PPV solely to improve microbiological 
yield.47 Possible explanations include differences in cau-
sative organisms, variations in PPV and vitreous tap tech-
niques, as well as disparities in microbiologic analysis 
methods. Regarding the yield of mycobacterial PCR ver-
sus culture, our study shows that the sensitivity of cultures 
was not high enough (60.0%) to allow clinicians to rely on 
negative cultures for ruling out an intraocular TB infec-
tion. PCR appears to be more accurate than cultures in 
diagnosing intraocular TB. This is in keeping with pre-
vious studies showing high PCR positivity in cases of 
clinically suspected ocular TB.48,49 However, this result 
needs to be interpreted with caution given the small sam-
ple size in our study. The COTS-1 Report 3 studied the 
real-world evidence on the utility of PCR of ocular fluids 
in the management of ocular TB.50 It showed that PCR 
analysis still needs significant advancement to gain wider 
acceptability worldwide.50 The report also demonstrated 
that PCR analysis may not influence management or treat-
ment outcomes in the real-world scenario.50 Regarding 

cost-effectiveness, previous studies looking at the diagno-
sis of pulmonary TB have demonstrated significant cost 
saving benefits of PCR versus mycobacterial culture.51 

From our study, no extrapolations can be made about the 
cost-effectiveness of those techniques for ocular fluid ana-
lysis. However, at our institution, the costs associated with 
mycobacterial culture of a specimen in the setting of 
suspicion of TB are 85.20 Canadian dollars, whereas the 
cost of direct PCR for mycobacteria is 72.00 Canadian 
dollars.52

Systemic disease was frequently present in the 
reviewed cases. Pulmonary tuberculosis was reported in 
42.8% of cases and miliary tuberculosis in 20.0% of cases. 
Other extraocular manifestations were reported but were 
not labeled as miliary tuberculosis. Those included: CNS, 
abdominal and peritoneal, pericardial and 
adrenal.19,21,27,28,31,37,53 Treatment regimens varied from 
case-to-case and included medications like rifampin, iso-
niazid, pyrazinamide and ethambutol, among others. The 
reported mortality in this series was low (1 case) but this 
could be due to under-reporting as follow-up duration 
varied significantly from study to study. Rapid consulta-
tion with an infectious disease specialist should be made 
early to investigate systemic findings and manage the 
treatment.22 Caution should be exercised with ATT since 
isoniazid and ethambutol can both cause toxic optic 
neuropathies.54 Those toxicities are usually dose- 
dependent and associated with prolonged used.9 Despite 
potential toxicity, those agents often cannot be stopped 
given the high mortality associated with disseminated 
infection and the paucity of efficient antituberculous 
agents in the case of CNS disease.22

Ocular outcomes were generally very poor with 83.7% 
of cases requiring either enucleation, evisceration or exen-
teration. This is significantly higher than the reported rate 
of enucleation in cases of endogenous bacterial 
endophthalmitis, as demonstrated in a large study of 
2014 which reports a 20% enucleation rate.45 This high-
lights the significant challenge associated with the diag-
nosis of TB endophthalmitis and panophthalmitis. This 
disease has no pathognomonic eye findings and can 
occur in apparently healthy individuals. Diagnosis is 
often delayed which can lead to profound visual and 
organ loss.38,55 Starting ATT as early as possible might 
be beneficial to decrease vision loss and to prevent mor-
tality. However, the decision to start empiric treatment in 
the absence of laboratory-based diagnosis remains difficult 
given the known toxicity associated with these 
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medications. PPV has been shown to be beneficial in 
preserving vision and decreasing the likelihood of progres-
sion to enucleation in cases of endogenous bacterial 
endophthalmitis.45 PPV might have the same benefits in 
cases of a TB etiology by providing an earlier diagnosis 
(highest diagnostic yield) and decreasing the infectious 
and inflammatory intraocular load.

Our study has several limitations. First, the data were 
gathered only from case reports and case series which are 
known to have selection and publication bias. We report poor 
ocular outcomes associated with endogenous TB 
endophthalmitis and panophthalmitis, but we recognize that 
severe cases are more likely to be reported by authors. We 
performed a quantitative analysis of the extracted data but 
our results could not produce relative association measures. 
This is an intrinsic limitation of the methodology of systema-
tic reviews of case reports and case series, due to the hetero-
geneity of the data. To counter missing data and to study the 
highest numbers of clinical characteristics, we performed 
available-case analysis. The total number of observations 
varied between parameters and, in some cases, the sample 
sizes were small. As such, some of the results must be 
interpreted with caution. While not all the included reports 
relied on a molecular diagnosis of MTBC, all efforts were 
made to only incorporate studies describing cases compatible 
with hematogenous spread of tuberculosis. Our analysis cap-
tured the heterogeneity of the management of TB 
endophthalmitis and panophthalmitis which is affected by 
the availability of technologies and resources at the time of 
publication (eg, IGRA, CT scan and PPV). Despite these 
limitations, we believe that our results can be useful to 
ophthalmologists as they can get a better appreciation of 
this rare condition. To our knowledge, this is the largest 
comprehensive review of endogenous TB endophthalmitis 
and panophthalmitis.

Conclusion
We can make the following conclusions and recommenda-
tions based on the results of this study as well as our clinical 
experience. In patients presenting with endogenous 
endophthalmitis and panophthalmitis of unknown etiology: 
(1) maintaining a high index of suspicion for tuberculosis is 
required to provide timely diagnosis and management (evi-
dence: study results); (2) a thorough medical history should 
be obtained with a focus on prior history of tuberculosis, 
immunosuppression and medication use (evidence: study 
results); (3) CT scan of the chest should be considered even 
in cases with a normal initial CXR, and orbital/cerebral 

imaging should be considered as well (evidence: study 
results); (4) mycobacterial cultures and PCR should be 
done on every vitreous specimen obtained in the context of 
an infection if the vitreal sample volume permits and espe-
cially in unusual cases and in patients coming from endemic 
areas (evidence: clinical experience). In patients with con-
firmed TB endophthalmitis/panophthalmitis, we recom-
mend: (1) prompt consultation with an infectious disease 
specialist to investigate for systemic disease even in the 
absence of generalized symptoms (evidence: study results); 
(2) testing for HIV after discussion with the patient since 
tuberculosis and HIV frequently occur together (evidence: 
study results); (3) after the initiation of ATT, monitoring for 
potential medication-induced optic neuropathy (evidence: 
clinical experience); and (4) given the grim ocular prognosis 
and to strengthen the patient-doctor therapeutic alliance, 
patients should be counselled early on the high likelihood 
of permanent vision and organ loss despite maximal therapy 
(evidence: clinical experience and study results).
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