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Abstract
Background This study aimed to elucidate the prevalence of ocular involvement among patients with
active tuberculosis (TB) or nontuberculous mycobacterial (NTM) infection in a Japanese hospital.

Materials and Methods Patients with active TB or NTM infection at Yoshijima Hospital from April 2017 to
July 2018 were included in this retrospective study. All patients underwent ophthalmic examinations,
including fundus evaluation under pupil dilation, before initiation of antibiotic therapy. Patients with
ocular in�ammation were regularly followed up by ophthalmologists.

Results In total, 101 patients with active TB and 27 patients with active NTM infection underwent
ophthalmic examinations during the study period. No ocular symptoms were reported. Seven patients
with TB (6.9%) had ocular in�ammation; four had bilateral involvement. In these seven patients, ocular
in�ammation comprised retinal vasculitis (n=2), anterior uveitis (n=2), choroiditis (n=2), and vitritis (n=1).
Female sex was associated with higher prevalence of ocular in�ammation among patients with TB.
Conversely, no patients with NTM infection had ocular in�ammation.

Conclusion Ocular in�ammation was present in approximately 7% of patients with active TB. Although
TB choroiditis is presumed to be rare in Japan, approximately 30% of the patients with ocular
in�ammation exhibited choroidal lesions in this study. In contrast, no ocular in�ammation was observed
among patients with systemic NTM infection.

Background
The prevalence of tuberculosis (TB) in Japan has decreased since the introduction of the Tuberculosis
Prevention Law in 1951. However, the number of patients with new-onset TB was 15,590 in 2018;1 the
prevalence was 12.3 per 100,000 people, which is several-fold higher than the prevalences of other
developed countries (e.g., the United States [2.8/100,000],2 Canada [4.9/100,000],3 and Sweden
[5.3/100,000]).4 Thus, TB infection continues to require careful monitoring in Japan.

The severe ocular in�ammation due to TB uveitis causes irreversible impairment of visual acuity.5,6 There
have been several reports of TB uveitis prevalence among causes of ocular in�ammation in Japan.
Ohguro et al7 reported that the prevalence of TB uveitis was 1.4% among all types of ocular
in�ammation, while Goto et al8 reported that its prevalence was 0.7%, indicating that the proportion of TB
associated ocular in�ammation in Japan is lower than that reported in India9,10 or Bangladesh.11 Suzuki
et al12 found that periphlebitis was the most common manifestation of Japanese ocular TB, while
choroiditis is reportedly the most common manifestation in other countries.13,14

Nontuberculous mycobacterial (NTM) infections have increased worldwide in recent decades.20 However,
epidemiologic characteristics of NTM remain largely unclear, because NTM infections are not required to
be reported to public health authorities in most countries (unlike TB).21 In Japan, the prevalence of
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pulmonary NTM was reportedly 29.0 per 100,000 people, according to data collected from 2009 to
2014.22 NTM are also known as causative organisms involved in ocular infection.23 NTM ocular
infections cause periocular, adnexal, ocular surface, and intraocular manifestations; they are often
resistant to medical therapy.23 Most cases of NTM ocular infection involve keratitis that occurs after
interventions such as cataract surgery, laser in situ keratomileusis, or penetrating keratoplasty.23 Notably,
intraocular in�ammation associated with systemic NTM infection is very rare. To the best of our
knowledge, there have been few reports regarding intraocular infections due to systemic NTM infection;
most cases involved immunocompromised patients with acquired immunode�ciency disease.

The accumulation of data from various countries/areas is of considerable importance, because the rate
of ocular in�ammation in patients with active TB and clinical characteristics of TB uveitis reportedly
exhibit considerable variation worldwide. Real-world data are also needed regarding the prevalence of
ocular in�ammation in non-immunocompromised patients with systemic NTM infection. In the present
study, we conducted dilated fundus examination to elucidate the prevalence and characteristics of ocular
involvement among patients with active systemic TB or NTM infection in Yoshijima Hospital, a TB-
treatment core hospital in Hiroshima, Japan.

Materials And Methods
This observational study included patients with active TB or NTM infection at Yoshijima Hospital from
April 2017 to July 2018. The study adhered to the tenets of Declaration of Helsinki and was approved by
the Institutional Review Board of Hiroshima University and Yoshijima Hospital. It was granted a waiver of
informed consent by the Institutional Review Board of Hiroshima University and Yoshijima Hospital
because the analysed data consisted of de-identi�ed records.

Inclusion criteria were diagnosis of active systemic TB including pulmonary tuberculosis and miliary
tuberculosis, or active systemic NTM infection. Data collected from the Department of Pulmonology
included age, sex, ethnicity, date of diagnosis, medical history, family history, follow-up period, and
images obtained (e.g., chest X-ray or computed tomography).

When patients were diagnosed with these diseases, they were referred to ophthalmologists prior to
initiation of systemic antibiotics. Uveitis specialists (H.O, K.Y, M.H, and T.K) evaluated the patients by
dilated fundus examination.

Standard therapy for systemic TB comprised four-drug therapy (isoniazid, rifampin, pyrazinamide, and
ethambutol) for 2 months, followed by two-drug therapy (isoniazid, rifampin) for 4 months. Therapy for
NTM infection depended on the species. Standard treatment for Mycobacterium avium complex
(Mycobacterium intracellulare and Mycobacterium avium) comprised rifampin, clarithromycin, and
ethambutol. For Mycobacterium kansasii, standard treatment comprised isoniazid, rifampin, and
ethambutol.
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Ophthalmic examinations included decimal best-corrected visual acuity (BCVA) and intraocular pressure
(IOP) measurement; assessments of scleritis, anterior chamber in�ammation, vitreous haze, retinal
vasculitis, and chorioretinal lesions were also determined, based on the medical record. If a patient
exhibited ocular in�ammation, fundus photographs (Kowa Vx-10/Vx-20α, Kowa Company. Ltd., Tokyo,
Japan) and slit lamp photographs were collected. When anterior chamber cells, vitreous haze, or scleritis
were observed, in�ammation was evaluated in accordance with the Standardization of Uveitis
Nomenclature guidelines and scleritis grading system.24 When possible, all patients with ocular
in�ammation were followed up after antibiotic therapy.

Univariate analysis, multivariate analysis, Pearson's correlation coe�cient, and t-tests were used to
analyse risk factors for tuberculous uveitis. JMP software, version 11 (SAS Inc, Cary, NC, USA), was used
for statistical analyses, and P < 0.05 was considered to be statistically signi�cant.

Results
In total, 101 patients with active TB and 27 patients with active NTM infection underwent ophthalmic
examination in this study (Tables 1 and 2). Among the patients with TB, the mean age at examination
was 68.9 ± 20.9 years (range, 19–100 years) and 57.4% of these patients were men. Ninety-three patients
(92.1%) were Japanese. The most common form of disease was pulmonary TB (n = 89, 88.1%).
Extrapulmonary TB (e.g., tuberculous pleurisy, bronchial tuberculosis, tuberculous lymphadenitis, and/or
intestinal tuberculosis) was observed in one-sixth of patients with pulmonary TB. Miliary tuberculosis
(5.0%) and tuberculous pleurisy without pulmonary TB (5.9%) were also observed among patients in this
study. Twenty-�ve patients (24.8%) had reactivated tuberculosis, according to their medical records.

Ophthalmic examinations of patients with TB revealed that decimal BCVAs were as follows: <0.1 in nine
eyes, 0.1–0.3 in 15 eyes, 0.4–0.6 in 36 eyes, 0.7–0.9 in 41 eyes, and ≥ 1.0 in 101 eyes. Patients with low
BCVA (≤ 0.3) had cataract (15 eyes), age-related macular degeneration (four eyes), glaucoma (four eyes),
ocular trauma (one eye), and epiretinal membrane (one eye). IOP was within the normal range for all
patients, although 18 eyes were undergoing treatment with anti-glaucoma eye drops. While 30 patients
(51 eyes) had ocular disease, none had a history of previous ocular in�ammation (Table 1). Despite the
lack of ocular symptoms, seven of the 101 patients with TB (6.9%) had ocular in�ammation (Tables 1
and 3). Six of these seven patients (85.7%) were women; six were Japanese and one was Filipino. Four of
these seven patients had bilateral involvement; two of the seven patients had retinal vasculitis, two had
anterior uveitis, two had chorioretinitis, and one had vitritis. All patients with ocular in�ammation
exhibited active disease. While three patients were lost to follow-up, four patients were followed up until
the resolution of in�ammation. Of these four patients, topical betamethasone in combination with
antituberculosis therapy (ATT) was administered to one patient with anterior uveitis, while
photocoagulation of the nonperfusion area was performed in one patient with retinal vasculitis; in the
other two patients, ocular in�ammation was resolved solely with ATT. The mean duration until resolution
of ocular in�ammation was 42.5 ± 23.7 days (range, 29–77 days). The presence of extrapulmonary TB
was not associated with the prevalence of ocular in�ammation (p = 0.47). Univariate analysis revealed
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that female sex (p = 0.01) and hematological diseases (p = 0.02) were associated with ocular involvement
(Table 1). No patients with immunosuppressant therapy exhibited ocular in�ammation. Multivariate
analysis revealed that female sex was signi�cantly associated with ocular involvement (p = 0.04)
(Table 4).

Among the patients with NTM infection, the mean age at examination was 67.7 ± 8.8 years (range, 51–
81 years) and 29.6% of these patients were men. All patients had been diagnosed with atypical
mycobacterial pneumonia. The most common species was M. intracellulare (63.0%), followed by M.
avium (44.4%), M. kansasii (3.7%), Mycobacterium shimoidei (3.7%), and Mycobacterium marseillense
(3.7%). A patient infected with M. shimoidei and M. marseillense also exhibited coinfection with M.
intracellulare. Ophthalmic examinations of patients with NTM infection revealed that decimal BCVAs
were as follows: <0.1 in one eye, 0.1–0.3 in three eyes, 0.4–0.6 in four eyes, 0.7–0.9 in 11 eyes, and ≥ 1.0
in 35 eyes. Patients with low BCVA (≤ 0.3) had cataract (two eyes), glaucoma (one eye), and myopic
choroidal neovascularisation (one eye). IOP was within the normal range for all patients, although six
eyes were undergoing treatment with anti-glaucoma eye drops. While 10 eyes (six patients) had ocular
disease, none had a history of previous ocular in�ammation (Table 2). In contrast to the �ndings in
patients with TB, there were no signs of ocular in�ammation among patients with NTM infection.

Discussion
The prevalence of TB infection is higher in Japan than in other developed countries.25 In Japan,
ophthalmologists are asked to perform ocular evaluation of patients with TB or NTM infection prior to
treatment, especially before initiation of ethambutol therapy. However, there have been no reports
regarding the prevalence of ocular in�ammatory disease (based on dilated fundus examination) in
Japanese patients with active TB or NTM infection. Here, we found that 6.9% of patients with active TB
had ocular in�ammation. Conversely, we found no ocular in�ammation in patients with active NTM
infection. Among the seven patients with TB who exhibited ocular involvement, two had chorioretinitis,
which was previously reported to be a rare type of ocular in�ammation among Japanese patients with
TB.12 In all patients for whom follow-up data were available, ocular in�ammation resolved with ATT
alone (i.e., without systemic corticosteroid therapy). Our results indicated that TB-associated choroiditis
among Japanese patients might be more common than previously reported, as it might be masked due to
a lack of symptoms or possible spontaneous improvement with ATT.

The prevalence of ocular involvement in patients with systemic TB varies widely among reports.15–19

Donahue15 reported a prevalence of 154 patients among 10,524 total patients with TB (1.4%) in a TB
sanatorium in the United States; Biswas et al16 reported a prevalence of 1.39% among 1,005 Indian
patients. Higher prevalence in a tertiary hospital was reported in the Philippines (6.8%).17 Beare et al18

observed a prevalence of 2.8% among patients with TB in Malawi (94% of the patients exhibited
concomitant human immunode�ciency virus [HIV] infection). A study from Spain revealed that 18% of
patients with systemic TB had ocular involvement (45% of the patients with TB were HIV-positive).19 The
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prevalence of ocular in�ammation in the present study was much higher than the prevalences of previous
reports from the United States or India,15,16 and nearly identical to the prevalence observed in the
Philippines.17 The elevated prevalence of ocular in�ammation in the present study may be related to
higher mean age of patients included in this study, compared with the ages of patients in the previous
reports. Intraocular TB is presumed to result from direct ocular infection. Previous studies have found
evidence of direct infection by Mycobacterium tuberculosis in retinal pigment epithelium, whereby M.
tuberculosis is phagocytosed by retinal pigment epithelium and replicates in retinal pigment epithelium
cells; these �ndings suggested that the retinal pigment epithelium serves as a reservoir of M.
tuberculosis.26,27 Accordingly, ocular TB is presumed to occur due to reactivation of M. tuberculosis that
was transmitted to the eye through the bloodstream from other tissues (mostly lung) and survived in
ocular tissue (especially in retinal pigment epithelium). Theoretically, longer bacterial survival in tissue
may increase the likelihood of bacterial activation. The immune response decreases with advancing age,
such that M. tuberculosis in ocular tissue may be activated and lead to higher ocular involvement.28–30

Patients with ocular in�ammation were predominantly women in this study; this �nding is consistent with
the results of previous epidemiological reports showing that female sex is a risk factor for concurrent
extra-pulmonary TB.31,32 The causes of sex-related differences in the occurrence of TB are not well
understood. Dissimilarities regarding the immune system, healthcare access, or socioeconomic factors
between men and women have been suggested to in�uence these differences.33 Martinez et al34 reported
that differences in TB rates between sexes may be due to differences in transmission dynamics. Further
studies are needed to understand the exact mechanism underlying the sex-related difference in
occurrence of extrapulmonary TB.

While the present study revealed a high prevalence of ocular in�ammation among patients with systemic
TB, no instances of intraocular involvement were observed among patients with systemic NTM infection.
Despite the small sample size in present study, the results were consistent with the prior observations that
NTM infection was less frequently involved in ocular in�ammation. In a systematic review, Kheir et al23

revealed that uveitis was very rare (2.2%), while the most common type of ocular in�ammation comprised
ocular surface infection (74.0%); additionally, more than half of the patients with NTM-related uveitis
were immunocompromised due to HIV/acquired immunode�ciency disease.

There were several limitations in this study. First, the sample size was small, and additional patients are
needed to validate our �ndings. We collected these data by including consecutive patients with active
systemic TB, since the beginning of this project. Continuous surveys will con�rm our �ndings regarding
the prevalence of ocular involvement among Japanese patients with systemic TB. Notably, the
geographical distribution of TB also varies within Japan, such that the incidence of new TB cases can
reach 6–20.5 per 100,000 people in some prefectures. In Hiroshima, the incidence of new TB cases was
reported to be 10.3 per 100,000, which was slightly lower than the overall incidence in Japan.1 Similar
studies are needed in each prefecture to more precisely assess the prevalence of ocular in�ammation
among Japanese patients with active TB. Second, precise medical records could not obtained for some
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patients, because they had extremely long histories of TB or NTM infection. Finally, 40% of patients with
ocular in�ammation were lost to follow-up after ATT. More patients with ocular in�ammation that is
monitored by ophthalmologists are needed to con�rm whether the ocular in�ammation associated with
systemic TB can be resolved by ATT.

Conclusions
In conclusion, we observed a higher prevalence of ocular in�ammation among Japanese patients with
active systemic TB, nearly identical to the prevalence reported in the Philippines. Female sex was
associated with ocular in�ammation among patients with active TB. Moreover, ocular in�ammation
responded to ATT without systemic corticosteroid. Ocular in�ammation involving the choroid was more
common than expected, based on previous reports. Notably, ocular in�ammation was not observed
among patients with systemic NTM infection. This study provides important real-world data regarding the
prevalence and characteristics of ocular involvement in Japanese patients with active TB or NTM
infection.
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  Total   Ocular inflammation

 
No ocular inflammation

 
P value

  
No. %

 
No. %

 
No. %

  

Number of patients
 

101 100
 

7 100
 

94 100
  

Age (years)

(mean±SD)

 
68.9±20.9

  
67.5±24.3

  
69.0±20.5

  
0.501

Sex (Male : Female)
 

58 : 43 57.4 : 42.6
 

1 : 6 14.3 : 85.7
 

57 : 37 60.6 : 39.4
 

0.01*2

Foreign nationality
 

8 7.9
 

1 14.3
 

7 7.4
 

0.551

Extra pulmonary

tuberculosis

 
26 25.7

 
1 14.3

 
25 26.6

 
0.471

History of tuberculosis
 

24 23.8
 

1 14.3
 

23 24.5
 

0.521

Family history of

tuberculosis

 
12 11.9

 
2 28.6

 
10 10.6

 
0.211

Health care worker
 

6 5.9
 

0 0
 

6 6.4
 

0.351

History of autoimmune

disease

 
10 9.9

 
1 14.3

 
9 9.6

 
0.701

Immunosuppressive

therapy

 
8 7.9

 
0 0

 
8 8.5

 
0.271

History of cancer
 

30 29.7
 

2 28.6
 

28 29.8
 

0.951

History of

hematological disease

 
2 2.0

 
1 14.3

 
1 1.1

 
0.02*1

History of diabetes
 

24 23.8
 

1 14.3
 

23 24.5
 

0.521

History of uveitis
 

0 0
 

0 0
 

0 0
  

Glaucoma
 

9 (16

eyes)

8.9 (7.9)
 

1 (2 eyes) 14.3 (14.3)
 

8 (14 eyes) 8.5 (7.4)
 

0.631

Retinal disease
 

17 (23

eyes)

16.8 (11.4)
 

2 (3 eyes) 28.6 (21.4)
 

15 (20

eyes)

16.0 (10.6)
 

0.381

History of ocular

trauma

 
2 (2 eyes) 2.0 (1.0)

 
0 0

 
2 (2 eyes) 2.1 (1.1)

 
0.591

             

* : p<0.05, 1: t-test, 2: Pearson test
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Table 2. Clinical characteristics of 27 patients with NTM

  
Total

  
No. %

Number of patients
 

27 100

Age (years) (mean±SD)
 

67.7±8.8
 

Sex (Male : Female)
 

8 : 19 29.6 : 70.4

Foreign nationality
 

0 0

Species
   

  Mycobacterium Intracellular
 

13 48.1

  Mycobacterium avium
 

10 37.0

  Mycobacterium Intracellular, Mycobacterium avium
 

2 7.4

  Mycobacterium Intracellular, Mycobacterium kansasii
 

1 3.7

  Mycobacterium Intracellular, Mycobacterium marseillense, Mycobacterium shimoidei
 

1 3.7

History of tuberculosis
 

2 7.4

Family history of tuberculosis
 

1 3.7

Health care worker
 

1 3.7

History of autoimmune disease
 

3 11.1

Immunosuppressive therapy
 

2 7.4

History of cancer
 

2 7.4

History of hematological disease
 

0 0

History of diabetes
 

1 3.7

History of uveitis
 

0 0

Glaucoma
 

3 (6 eyes) 11.1 (11.1)

Retinal disease  3 (3 eyes) 11.1 (5.6)
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Table 3. Characteristics of patients with tuberculosis who exhibited ocular inflammation

Patient Age(years) Sex Nationality Laterality Findings Avi

(OD/OS)

Avf

(OD/OS)

Duration between ATT

initiation and resolution of

ocular inflammation (days)

Additional

treatment

1 68 F Japanese OS Anterior

inflammation

1.0 / 1.0 1.0 / 1.2 29 -

2 64 F Japanese OU Chorioretinitis 1.0 / 0.9 Lost to follow-up                 -

3 76 F Japanese OU Retinal

vasculitis

0.7 / 0.7 N/A 39 -

4 40 F Japanese OS Snowball

opacities

1.5 / 1.5 Lost to follow-up                 -

5 96 F Japanese OD Chorioretinitis 0.03 /

0.03

Lost to follow-up                 -

6 19 M Filipino OU Retinal

vasculitis

1.2 / 1.5 1.5 / 1.5 77 Photocoagulation

to non-perfusion

area

7 83 F Japanese OU Anterior

inflammation

0.5 / 0.3 0.4 / 0.6 25 Topical

betamethasone

         
 

Avi; initial best-corrected visual acuity (BCVA), Avf; final BCVA, OS; left eye, OD; right eye, N/A; not available, OU; both eyes
 

  

 

Table 4. Multivariable analysis of risk factors for ocular inflammation in patients with tuberculosis
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Odds  ratio P value

 

Sex (Female)
 

10.5 0.04*

History of hematological disease
 

22.7 0.08 

* : p<0.05
 

       


