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Objectives: To examine the prevalence and characteristics of HIV-tuberculosis (TB) co-infected patients in 

Singapore, an intermediate TB-burden country. 

Methods: Retrospective data across 11 years was obtained from the National University Hospital 

(NUH), a quaternary hospital and the National Centre for Infectious Diseases (NCID), the national HIV 

center. 

Results: From December 2005 to December 2016, 4015 HIV-infected patients were managed at NUH 

and NCID, of whom, respectively, 48 and 272 were diagnosed with active TB disease. Only 2 patients 

(0.6%) were screened for latent TB infection on HIV diagnosis. Mean CD4 count at TB diagnosis was 125.0 

± 153.9 cells/mm 

3 . More patients with HIV diagnosed ≥6 weeks before TB (41%) were associated with 

CD4 counts > 200 cells/mm 

3 than patients with TB diagnosed ≥6 weeks before HIV (2%). Of 124 (38.6%) 

HIV-TB patients with CD4 count ≤50 cells/mm 

3 , only 18 (14.2%) started anti-retroviral therapy (ART) in 

< 2 weeks. Of patients with pulmonary TB, 33.5% had normal chest x-ray. 

Conclusions: Latent TB infection screening in HIV-infected patients is low, and ART initiation is de- 

layed in HIV-TB patients with CD4 ≤50 cells/mm 

3 . Pulmonary TB patients with HIV can be infectious 

despite normal chest x-ray. Clinical practices can be further improved to benefit HIV-TB patients. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The World Health Organization estimate that 10 million new 

atients with active tuberculosis (TB) disease are diagnosed glob- 

lly every year, of whom a considerable proportion are among peo- 
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le living with HIV ( WHO, 2020a ). People living with HIV are more 

usceptible to active TB disease as HIV infection increases the risks 

f developing TB by 16–27 times compared to those without HIV 

 World Health Organization 2020b ). TB remains a leading cause of 

eath in the HIV population worldwide, even though TB is both 

reventable and treatable. Globally, approximately 208 0 0 0 people 

ith HIV died from TB in 2019, which may be worsened by the 

OVID-19 pandemic ( WHO, 2020a ). Reasons for the poorer clinical 

utcomes for HIV-TB co-infected patients include delays in initia- 

ion of antiretroviral therapy (ART), delayed TB diagnosis and treat- 

ent, and multi-drug resistant TB ( WHO, 2020a ). 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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The WHO promotes preventive action of TB at the time of 

IV diagnosis ( WHO, 2020a ). Treatment of latent TB infection 

LTBI) is key to reducing the risk of progression to active TB dis- 

ase with efficacy of 60%–90% ( World Health Organization 2020c ). 

he latest 2020 WHO guidelines recommend LTBI treatment for 

atients living with HIV without universal TB infection testing 

 World Health Organization 2021a ). Despite the WHO’s end TB 

trategy that aims to reduce the incidence rate of TB by 90% by 

035 ( World Health Organization 2020d ), many countries are still 

ot adhering to current recommendations. The WHO estimates the 

ercentage of newly diagnosed HIV-infected patients who received 

reventive LTBI treatment in 2019 in Singapore, Malaysia and In- 

onesia was 0.55%, 16% and 12%, respectively ( World Health Orga- 

ization 2021b ). 

Singapore is a high-income economy country with an inter- 

ediate TB burden ( Tam and Lai, 2019 ) and a healthcare system 

onsistently ranked as accessible, equitable and cost-effective by 

nternational surveys ( Bloomberg’s Global Health Index For 2020 ; 

orld Health Organization 2020e ; Bloomberg’s Global Health In- 

ex, 2020). In Singapore, HIV is managed mainly by the National 

entre for Infectious Disease (NCID) and is the national HIV refer- 

al center. The HIV programme at the National University Hospi- 

al (NUH), a quaternary care center, was established in 2010. This 

tudy was performed to determine the number of HIV-infected pa- 

ients with active TB disease and determine the clinical character- 

stics of this cohort of patients. 

ethods 

tudy population 

Clinical data were retrospectively obtained from the Communi- 

able Disease Centre at Tan Tock Seng Hospital (TTSH), the prede- 

essor of the NCID where the HIV registry started in 2005, and 

UH, where the HIV registry started in 2010. Hence, data was 

ollected from the commencement of both HIV registries. We in- 

luded all HIV-infected patients, confirmed by Western blot, aged 

t least 18, who were treated for active TB disease in either hospi- 

al between December 2005 and December 2016. Data collected 

ere patient demographics including gender, age, comorbidities, 

IV diagnosis (date of diagnosis, date of initiation of ART, CD4 

ount at HIV and TB diagnosis, HIV viral load at HIV and TB diag-

osis, screening for LTBI at HIV diagnosis), TB characteristics (date 

f diagnosis, symptoms and duration of presentation, site of infec- 

ion, method of diagnosis, presence of cavitation, chest radiograph 

CXR) findings, physical examination findings), treatment of TB (TB 

egime and administration, development of immune reconstitution 

nflammatory syndrome (IRIS), time of initiation of ART relative to 

nti-TB treatment) and clinical outcome (mortality, lost to follow 

p, TB recurrence, cause of death). 

efinitions 

TB was microbiologically diagnosed by positive Mycobacterium 

uberculosis cultures or nucleic acid tests. Patients were considered 

o have clinical TB if they were on TB treatment despite having 

egative cultures or nucleic acid test. Acid-fast bacilli (AFB) smear 

as graded 0–4, HIV diagnosis was confirmed by Western blotting. 

XR was scored 0–10 based on the number of segments involved, 

s previously described by Lawson et al. ( Lawson et al., 2008 ). For

atients who received treatment in NUH, CXR was scored indepen- 

ently by 3 clinical researchers (Teng V.Y.M, Chua Y.T, Ong C.W.M) 

nd a final score was obtained by the average of 3 scores. For pa-

ients managed in TTSH, CXR was scored by a senior clinical re- 

earcher (Young, B). LTBI was diagnosed in both institutions with 

he following available methods: interferon-gamma release assay 
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IGRA) using Quantiferon-TB Gold or Quantiferon-TB gold plus (Qi- 

gen), which has similar sensitivity in TB detection regardless of 

D4 count and HIV status ( Petruccioli et al., 2020 ); T-spot TB test 

Oxford Immunotec); and/or tuberculin skin test (TST) using puri- 

ed protein derivative solution with a cut-off of 10 mm as per lo- 

al practice ( Communicable Diseases Surveillance Singapore, 2018 ). 

ultidrug-resistant TB was defined as M. tuberculosis resistant to 

oth isoniazid and rifampicin. Patients were considered lost to 

ollow-up if they did not turn up for follow up visits after start- 

ng treatment or if they had left the country without completing 

reatment. 

ata analysis 

SPSS software (IBM SPSS, Version 24, USA) and Graphpad Prism 

Version 7.0) was used to perform the statistical analyses. Patient 

emographics and clinical characteristics were analyzed descrip- 

ively first. Spearman’s coefficient was used to study the correla- 

ion between 2 numerical variables, and the Pearson Chi-square 

est for testing the association between 2 categorical variables. A 

 < 0.05 was considered statistically significant. 

thics 

Ethics approval was granted by NHG Domain Specific Review 

oard (reference number 2015/00945). 

esults 

During the 11-year study period, 4015 HIV-infected patients re- 

eived medical treatment at NUH and NCID, with 48 of 819 HIV- 

nfected patients at NUH and 272 of 3196 HIV-infected patients at 

CID diagnosed with active TB disease. The majority were male, 

ith a median age of 47.3 years (interquartile range (IQR) 41–

7) at active TB disease diagnosis. Of this cohort, 93.8% of pa- 

ients were microbiologically proven TB. Smokers comprised 45% 

f the cohort, and a small proportion had diabetes-mellitus (12.5%) 

 Table 1 ). 

The mean CD4 count at TB diagnosis was 125 ± 153.9 

ells/mm 

3 (mean ± SD). A total of 76% of patients with known HIV 

ad a CD4 count ≤200 cells/mm 

3 at the point of active TB disease 

iagnosis, indicating profound immunosuppression. Only 2 (0.6%) 

atients were screened for LTBI on HIV diagnosis, with an equal 

roportion of unscreened patients above and below CD4 count of 

00 cells/mm 

3 ( Table 1 ). One patient tested negative for LTBI by 

GRA, while another tested negative by TST. Patients started ART at 

 2 weeks (13%), 2–8 weeks (23%) and > 2 months (39%) of active 

B disease diagnosis. Of those with CD4 ≤50 cells/mm 

3 , only 18 

14.2%) had ART started within 2 weeks. 

The most common clinical presentation for active TB disease 

ere fever (75.9%), cough (62%) and weight loss (53.4%). In to- 

al, 278 (86.9%) of 320 patients had pulmonary TB; 143 (44.7%) 

ad only pulmonary involvement; 39 (12.2%) had extrapulmonary 

B only, and 135 (42.2%) had both pulmonary and extrapulmonary 

B. The lung was the most common site of TB involvement inde- 

endent of CD4 count. The most common site of extrapulmonary 

B was lymph node involvement for both cohorts above and be- 

ow CD4 of 200 cells/mm 

3 . In patients with CD4 ≤200 cells/mm 

3 , 

7% (n = 213) had pulmonary TB whilst 59% (n = 144) had extra- 

ulmonary TB ( Figure 1 A). However, in those with CD4 > 200 

ells/mm 

3 , the majority (84%, n = 53) had lung involvement while 

9.6% (n = 25) had extra-pulmonary TB involvement ( Figure 1 B). 

Of those with pulmonary TB, the median CXR score was 4. We 

ound that 84 (30.2%) patients had normal CXR despite pulmonary 

B presence, most of whom were patients with lower CD4 counts. 

or patients with CD4 ≤200 cells/mm 

3 with lung involvement, CXR 
University from ClinicalKey.com by Elsevier on December 
ion. Copyright ©2021. Elsevier Inc. All rights reserved.
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Table 1 

Baseline characterisics of HIV-TB co-infected patients 

Characteristics N = 320 

Gender, n (%) 

Male 285 (89.1) 

Female 33 (10.3) 

Transgender 2 (0.6) 

Age at HIV diagnosis, median (IQR) 43.4 (37-55) 

Age at TB diagnosis, median (IQR) 

TB diagnosed by, n (%) 

47.3 (41-57) 

Nucleic acid tests (eg. GeneXpert) 133 (41.4) 

TB cultures 272 (84.7) 

Clinical diagnosis 20 (6.2) 

Previous TB history, n (%) 26 (8.1) 

Presence of TB contact history, n (%) 27 (8.4) 

Smoker, n (%) 144 (44.9) 

Alcoholism, n (%) 76 (23.7) 

History of cancer, n (%) 10 (3.1) 

Diabetes mellitus, n (%) 40 (12.5) 

End Stage Kidney Disease, n (%) 1 (0.3) 

Hepatitis B, n (%) 31 (9.7) 

Hepatitis C, n (%) 13 (4.0) 

Receiving ART when diagnosed with TB, n (%) 74 (23.1) 

Screened for latent TB upon HIV diagnosis, n (%) ¶ 2 (0.6) 

CD4 at TB diagnosis, mean ± s.d. 125.0 ±
153.9cells/mm 

3 

CD4 > 200cell/mL, n (%) 63 (19.6) 

CD4 50-200 cells/mL, n (%) 120 (37.4) 

CD4 < 50 cells/mL, n (%) 124 (38.6) 

Unknown, n (%) 13 (4.1) 

HIV viral load at TB diagnosis, mean ± s.d. 935,142 ±
5,361,346 

copies/ml 

Direct Observed Treatment, n (%) 267 (83) 

Multi-drug resistant TB, n (%) 6 (1.9) 

Time of starting ART, n (%) 

CD4 ≤50 cells/mm 

3 127 (39.7) 

< 2 weeks 18 (14.2) 

2-8 weeks 27 (21.3) 

> 8 weeks 57 (44.9) 

CD4 > 50 cells/mm 

3 179 (55.9) 

< 2 weeks 22 (12.3) 

2-8 weeks 44 (24.6) 

> 8 weeks 62 (34.6) 

Recurrence of TB, n (%) 12 (3.75) 

Development of paradoxical IRIS, n (%) 50 (15.6) 

Duration of TB treatment, mean ± s.d. 8.2 ± 3.5 months 

Died, n (%) 32 (10) 

TB-related 17 (5.3) 

Non TB related 15 (4.7) 

Lost to follow up, n (%) 

Time between HIV diagnosis and death, median (IQR) 

12 (3.75) 

530 days 

(274-2413) 

ART, Anti-retroviral therapy; HIV, Human immuno-deficiency virus; IQR, Inter- 

quartile range; IRIS, Immune reconstitution inflammatory syndrome; SD, standard 

deviation, TB, Tuberculosis. 

¶: Latent TB defined by positive test by TST (tuberculin skin test) or IGRA (inter- 

feron gamma release assay) 
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Figure 1. Sites of TB disease in HIV-TB patients. (A) Patients with CD4 ≤200 

cells/mm 

3 at TB diagnosis. (B) Patients with CD4 > 200 cells/mm 

3 at TB diagnosis. 

CNS, central-nervous system. 
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an be normal, as seen in 37.9% of these patients ( Figure 2 A),

nd the same is observed in the relative immunocompetent group 

 Figure 2 B). Most patients with CD4 ≤200 cells/mm 

3 had positive 

FB smear results ( Figure 2 C) with 10% (n = 21) of patients with dif-

use lung involvement, having a CXR score of 10 ( Figure 2 A). How-

ver, in patients with CD4 > 200 cells/mm 

3 with lung involvement, 

nly 17% (n = 9) patients had clear CXR with a range of AFB smear

rades ( Figure 2 D), whereas only 3.7% (n = 2) patients had diffuse

ung involvement ( Figure 2 B). In both groups, a wide range of AFB

mear grade from 0 to 4 can be present in patients with a normal

XR ( Figure 2 E and 2 F), indicating that immunocompromised pa- 

ients can remain highly infectious despite having a normal CXR. 

imilarly, it was possible to have an AFB smear grade of 0 with 

iffuse TB lung involvement. Interestingly, the AFB smear was pos- 

tively associated with the degree of CXR score in patients with 
180 
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3 (r = 0.33, P < 0.05), but this association was not

ound in patients whose CD4 was ≤200 cells/mm 

3 ( Figure 2 E and 

 F). 

Our study found that 41% (n = 130) of patients had HIV diag- 

osed at least 6 weeks prior to active TB disease diagnosis with 

 median timeframe of 46 months (IQR 12–91 months) ( Figure 3 ). 

hi-square test showed that patients with HIV diagnosed at least 

 weeks before active TB disease diagnosis were more likely to be 

lready on ART ( P < 0.001), to have trace AFB smear ( P = 0.046) and

igher CD4 counts of more than 200 cells/mm 

3 ( P = 0.003) when 

iagnosed with TB ( Table 2 ). However, this cohort of patients was 

ot associated with having an abnormal or normal CXR score, de- 

eloping IRIS or dying from a TB-related death. 

The mean duration of active TB treatment was 8.2 ± 3.5 

onths. The majority of patients (83%) were on directly observed 

reatment (DOT). A small proportion of patients had TB recurrence 

3.8%) and development of IRIS (15.6%). The lost-to-follow-up rate 

3.75%) was low, including those who left the country or defaulted 

ollow-up. All cause-mortality was 10% (n = 32), of whom 53% con- 

ist of TB-related mortality (n = 17) ( Table 1 ). 

iscussion 

In our study, there was a significant proportion of patients 

41%) who had HIV diagnosed at least 6 weeks before active TB 

isease diagnosis. As culture is the gold standard for diagnosis of 

ctive TB disease and culture results take 2 to 6 weeks, our study 

eam considered 6 weeks to be a reasonable time frame to exclude 

oncurrent HIV-TB on presentation ( Kwan and Ernst, 2011 ). Our co- 

ort consisted of clinically advanced HIV disease as 76% had CD4 

200 cells/mm 

3 at active TB disease diagnosis. However, only 0.6% 

n = 2) of patients in this study had LTBI screened on HIV diagnosis, 

hich is low. In developed countries with low TB and HIV burden, 

he compliance of HIV services in implementing LTBI screening 

s often inadequate. For example, the LTBI screening rates among 
University from ClinicalKey.com by Elsevier on December 
ion. Copyright ©2021. Elsevier Inc. All rights reserved.
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Figure 2. Characteristics of pulmonary TB in HIV-infected patients. (A) Chest radiograph (CXR) score of patients with CD4 ≤200 cells/mm 

3 at TB diagnosis. (B) CXR score 

of patients with CD4 > 200 cells/mm 

3 at TB diagnosis. (C) AFB smear quantity in patients with pulmonary TB, with CD4 ≤200 cells/mm 

3 at TB diagnosis. (D) AFB smear 

quantity in patients with pulmonary TB, with CD4 > 200 cells/mm 

3 at TB diagnosis. (E) Association of AFB smear with chest radiograph in patients with CD4 ≤200 cells/mm 

3 

at TB diagnosis. (F) Association of AFB smear with chest radiograph in patients with CD4 > 200 cells/mm 

3 at TB diagnosis. 

Table 2 

Associations between time to TB diagnosis relative to HIV diagnosis and baseline characteristics 

Baseline characteristics 

HIV and TB concomitantly 

diagnosed or TB diagnosed first 

HIV diagnosed at least 6 

weeks before TB diagnosis 

Pearson Chi-Square 

P values 

CD4 cell counts at TB 

diagnosis 

≥200 42.6% (n = 26) 57.4% (n = 35) 0.003 

< 200 63.7% (n = 151) 36.3% (n = 86) 

On anti-retroviral therapy 

when diagnosed with TB 

No 73.5% (n = 172) 26.5% (n = 62) < 0.001 

Yes 8.5% (n = 6) 91.5% (n = 65) 

AFB smear score Negative 60.7% (n = 17) 39.3% (n = 11) 0.046 

Trace 49.6% (n = 58) 50.4% (n = 59) 

Positive 64.4% (n = 103) 35.6% (n = 57) 

CXR score 0 36.3% (n = 65) 35.4% (n = 45) 0.874 

> 0 63.7% (n = 114) 64.6% (n = 82) 

Development of IRIS No 56.3% (n = 142) 43.7% (n = 110) 0.153 

Yes 67.3% (n = 33) 32.7% (n = 16) 

TB-related deaths No 58.0% (n = 164) 42.0% (n = 119) 0.893 

Yes 56.3% (n = 9) 43.8% (n = 7) 

AFB, Acid-fast bacilli; CXR, chest X-Ray; HIV, Human immuno-deficiency virus; IRIS, Immune reconstitution inflammatory syndrome; TB, 

Tuberculosis. 

181 

Downloaded for Anonymous User (n/a) at Nanyang Technological University from ClinicalKey.com by Elsevier on December 
13, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



V.Y.M. Teng, Y.T. Chua, E.E.N. Lai et al. International Journal of Infectious Diseases 113 (2021) 178–183 

Figure 3. Time to TB diagnosis relative to HIV diagnosis 
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IV-infected patients in the United Kingdom, United States, New 

ealand and Italy have been recorded as 35%, 32%, 55% and 65%, re- 

pectively ( Ogbonnaya et al., 2015 ; White et al., 2017 ; Adams et al.,

017 ; Goletti et al., 2020 ). A study by Goletti et al. demonstrated

hat LTBI tests were inconsistently performed and were done more 

requently on foreign-born patients, older individuals and those 

ith low CD4 cell count ( Goletti et al., 2020 ). The local medi-

al community can further improve on latent TB infection care 

o prevent active TB in the HIV population, especially during the 

OVID-19 pandemic, to reach targets to end TB ( Abri et al., 2020 ;

igliori et al., 2020 ; Zumla et al., 2021 ; Chakaya et al., 2021 ). 

Our study found a high proportion (93.8%) of microbiologically- 

onfirmed TB cases which may be due to the ready availability of 

ctive TB disease tests in Singapore, where TB cultures are rou- 

inely sent as part of active TB disease investigations. This finding 

ontrasts to a study in Manchester, United Kingdom, which found 

 59% prevalence of microbiologically-confirmed TB. One explana- 

ion could be the higher proportion of extrapulmonary TB (46%) 

n Manchester ( Al-Nakeeb et al., 2013 ), compared with our study 

opulation (12.2%), since extrapulmonary TB might be more chal- 

enging to sample as more invasive procedures are required. 

We found a lower-than-expected proportion (23%) of patients 

lready on ART when diagnosed with TB. This finding contrasts to 

tudies in India and Africa which found that 58% and 40% of HIV- 

nfected patients were receiving ART, respectively ( Kumar et al., 

017 ; Pathmanathan et al., 2018 ). This difference can be explained 

y a considerable proportion (55%) of our cohort with TB and HIV 

iagnosed concomitantly within 6 weeks; hence many of them 

ere not expected to be on ART when diagnosed with active TB 

isease. We also found that patients with HIV diagnosed at least 

 weeks before active TB disease diagnosis were more likely to be 

n ART with a CD4 count of > 200 cells/mm 

3 . This finding suggests

hat active TB disease is still a common infection, despite receiving 

RT and having a higher CD4 count. There may also be ineffec- 

ive ART as WHO reported up to 26% of HIV-infected patients ini- 

iating treatment were infected with a virus carrying resistance to 

RTs ( World Health Organization 2021c ). LTBI treatment could po- 

entially reduce TB-related morbidity and mortality in HIV-infected 

atients. TB preventive therapy has been shown to reduce the risk 

f active TB disease by 32% in those with HIV ( Akolo et al., 2010 )

nd is a key component to halve TB transmission in patients living 

ith HIV. 

Existing studies have reported a variety of chest radiographic 

ppearances of active TB disease in HIV-positive patients, depend- 

ng on their level of immunity. In immunocompromised patients, 

linical manifestations are atypical as AFB smear can often be 

ositive with a normal CXR or infiltrates more often present in 

he lower than the upper lobes ( Padyana et al., 2012 ). In our co-

ort, 33.5% with pulmonary TB had normal CXRs, which is slightly 

igher than reported in other studies that range from 6% to 21% 

 Lee et al., 20 0 0 ); this may be due to our cohort being more

mmunocompromised with a mean CD4 count of 125 cells/mm 

3 . 

herefore, clinicians should exercise caution when using CXR to 

creen for active TB disease in HIV-infected patients and take the 
182 
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ecessary infection control measures. A high index of suspicion, es- 

ecially in patients presenting with prolonged cough, is required 

or timely diagnosis of TB in HIV-positive patients for prompt iso- 

ation and initiation of TB treatment. 

WHO recommends initiation of ART for HIV-TB coinfected pa- 

ients within the first 2 months of starting TB treatment and 

ithin 2 weeks in severely immunocompromised patients with 

D4 counts < 50 cells/mm 

3 . Prompt initiation of ART to HIV-TB 

o-infected patients reduces mortality, especially in advanced HIV 

isease ( World Health Organization 2020f ). Our study showed that 

4% of patients with CD4 ≤50 cells/mm 

3 had ART initiated within 

 weeks. In addition, there was a significant proportion (51.7%) of 

atients who initiated ART more than 2 months after active TB dis- 

ase diagnosis, of whom 89% were patients managed before 2011. 

he majority of delay in ART initiation was prior to the revised 

HO ART initiation guidelines in 2010 ( World Health Organization 

021d ). In Brazil, a study by Escada et al. found that only 5.4% of

atients were initiated on ART within 2 weeks of starting TB treat- 

ent; however, their cohort had a higher median CD4 count of 91 

ells/mm 

3 ( da Silva Escada et al., 2017 ). 

DOT is recommended by WHO to promote active TB disease 

reatment adherence as suboptimal adherence has been associ- 

ted with unfavorable clinical outcomes ( Imperial et al., 2018 ). 

ur cohort achieved 83% on DOT, with the remaining using self- 

dministered treatment. There is wide variability in the success of 

mplementing DOT for HIV-TB co-infected patients in other coun- 

ries, ranging from 24% in South Africa ( Howell et al., 2018 ) to

1% in the Philippines ( Cai et al., 2019 ). The main challenges faced

orldwide include poor public health infrastructure, poor social 

upport, inadequate funding and lack of awareness of the DOT 

trategy among practitioners, especially in low income, developing 

ountries ( Cai et al., 2019 ). This may change with the advent of 

elehealth and video DOT. In our study, TB-related mortality rate 

as 5.3%. This is much lower than the global rate in 2008, where 

B accounted for ∼26% of HIV-related deaths ( Getahun et al., 

010 ). Overall, there is ample room for improvement to comply 

ith international guidelines to reduce mortality in our HIV popu- 

ation. 

The main strength of this study is the data on 320 HIV-TB pa- 

ients collected over 11 years. Study limitations include missing 

ata given that this was a retrospective study and that clinical 

ractice would have changed during the prolonged data collection 

eriod from 2005 to 2016. In addition, although one of our centers 

s a national referral center for HIV, our data may not represent 

ingapore’s national HIV-TB situation. 

onclusion 

In our high-income intermediate TB-burden country, there re- 

ains a good window of opportunity to reduce the prevalence 

f HIV-TB co-infection, together with prompt initiation of ART to 

mprove treatment outcomes in this population. Further improve- 

ents are needed to target TB infection care in HIV patients as 

ecommended by the WHO. 
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