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Abstract

Background

Estimating mortality risk during TB treatment in HIV co-infected patients is challenging for

health professionals, especially in a low TB prevalence population, due to the lack of a stan-

dardized prognostic system. The current study aimed to develop and validate a simple mor-

tality prognostic scoring system for TB/HIV co-infected patients.

Methods

Using data from the CDC’s Tuberculosis Genotyping Information Management System of

TB patients in Texas reported from 01/2010 through 12/2016, age�15 years, HIV(+), and

outcome being “completed” or “died”, we developed and internally validated a mortality prog-

nostic score using multiple logistic regression. Model discrimination was determined by the

area under the receiver operating characteristic (ROC) curve (AUC). The model’s good cali-

bration was determined by a non-significant Hosmer-Lemeshow’s goodness of fit test.

Results

Among the 450 patients included in the analysis, 57 (12.7%) died during TB treatment.

The final prognostic score used six characteristics (age, residence in long-term care facility,

meningeal TB, chest x-ray, culture positive, and culture not converted/unknown), which are

routinely collected by TB programs. Prognostic scores were categorized into three groups

that predicted mortality: low-risk (<20 points), medium-risk (20–25 points) and high-risk (>25

points). The model had good discrimination and calibration (AUC = 0.82; 0.80 in bootstrap

validation), and a non-significant Hosmer-Lemeshow test p = 0.71.

Conclusion

Our simple validated mortality prognostic scoring system can be a practical tool for health

professionals in identifying TB/HIV co-infected patients with high mortality risk.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196022 April 16, 2018 1 / 12

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Nguyen DT, Jenkins HE, Graviss EA

(2018) Prognostic score to predict mortality during

TB treatment in TB/HIV co-infected patients. PLoS

ONE 13(4): e0196022. https://doi.org/10.1371/

journal.pone.0196022

Editor: Esaki M. Shankar, Central University of

Tamil Nadu, INDIA

Received: January 25, 2018

Accepted: April 4, 2018

Published: April 16, 2018

Copyright: © 2018 Nguyen et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Data are available for

standard users of the Centers for Disease Control

and Prevention (CDC) supported TB Genotyping

Information Management System (TBGIMS)

(https://sams.cdc.gov/).

Funding: HEJ was supported by the U.S. National

Institutes of Health (US NIH K01AI102944 award).

The content is solely the responsibility of the

authors and does not necessarily represent the

views of the U.S. National Institute of Allergy and

Infectious Diseases or the U.S. National Institutes

of Health. The funders had no role in study design,

https://doi.org/10.1371/journal.pone.0196022
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0196022&domain=pdf&date_stamp=2018-04-16
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0196022&domain=pdf&date_stamp=2018-04-16
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0196022&domain=pdf&date_stamp=2018-04-16
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0196022&domain=pdf&date_stamp=2018-04-16
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0196022&domain=pdf&date_stamp=2018-04-16
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0196022&domain=pdf&date_stamp=2018-04-16
https://doi.org/10.1371/journal.pone.0196022
https://doi.org/10.1371/journal.pone.0196022
http://creativecommons.org/licenses/by/4.0/
https://sams.cdc.gov/


Introduction

Tuberculosis (TB) is a leading cause of morbidity and mortality in HIV-infected individuals.

In 2016, there were an estimated one million new TB cases amongst people who were HIV-

positive worldwide with 374,000 deaths [1]. As one of the four states (California, Texas, New

York, and Florida) that accounted for 50.6% of the national total cases in the United States

(U.S.) [2], Texas had 9,007 new TB cases and 30,979 HIV-positive individuals reported

between 2010 and 2016 [3–5]. In 2015, Texas had a TB incidence of 4.9 per 100,000 population,

5.1% of these new TB patients were HIV positive [4]. In Texas, TB disease has been identified

as a communicable disease having the highest standardized mortality ratio (SMR) relative to

the national reference with 679 deaths between 2001 and 2010 [6]. Studies in other settings

have identified several prognostic factors associated with mortality in TB/HIV patients such as

age�45, smear(+) pulmonary TB, antiretroviral therapy (ART), having initial TB regimen

with rifamycin, isoniazid and pyrazinamide, drug susceptibility testing (DST), and CD cell

count [7,8]. Podlekareva et al. recently presented a health care index (HCI) score with compo-

nents selected from commonly-used interventions and suggested its association with the out-

come in HIV-positive patients [8]. However, the HCI components were subjectively selected

and not the result of objective multivariate regression modeling or statistical analyses.

Although some TB mortality risk scores have been developed, they either do not include HIV-

infected patients, have small sample size, or were developed based on single hospital to predict

in-hospital mortality, or include variables that are not routinely available at community TB

programs [9–11]. In light of this, making an accurate prognosis for mortality risk during TB

treatment in HIV co-infected patients is challenging for health professionals, especially in a

low TB prevalence population, due to the lack of a standardized prognostic system. The cur-

rent study aimed to develop and validate a simple prognostic scoring system using population-

based surveillance data, which are routinely collected by most TB programs and could predict

patient mortality risk during TB treatment. The proposed mortality risk score could be a prac-

tical tool for TB clinicians and other health professionals in managing TB disease in patients

with TB/HIV co-infection.

Methods

Study population

The study used retrospective de-identified surveillance data of all confirmed TB patients from

the state of Texas (U.S.) reported to the National TB Surveillance System (NTSS). The dataset

was downloaded from the Centers for Disease Control and Prevention (CDC) supported TB

Genotyping Information Management System (TBGIMS) website. The inclusion criteria were

defined as: (1) confirmed TB cases in the state of Texas from 01/2010 through 12/2016 (based

on the date of “caseness” when the case was verified by the Texas Department of State Health

Services included in the state’s official case count) [12]; (2) age�15 years old; (3) positive

HIV status; and (4) had documented TB treatment outcome in the dataset as either treatment

completed (“completed”) or dead (“died”). As the dataset has only one pediatric TB/HIV co-

infected patient, this patient was not included in this study. Given the main purpose of our

study is to predict the mortality during TB treatment in HIV-infected patients against the

treatment completion, patients who had an outcome coding other than “completed” or “died”

(such as “adverse”, “lost”, “moved”, “other”, “refused”, or “unknown”), i.e. vital status could

not be verified, and had a negative or unknown HIV status were also excluded from the analy-

ses. A confirmed TB case in the dataset is defined as either a laboratory confirmed case or a

clinical confirmed case, which was identified and verified by the local and state TB program

TB/HIV mortality prognostic score

PLOS ONE | https://doi.org/10.1371/journal.pone.0196022 April 16, 2018 2 / 12

data collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0196022


staff using the CDC’s TB case definition [12]. A patient with a Mycobacterium tuberculosis
(Mtb) culture conversion was defined as a patient who had an initial positive sputum culture

that converted to a documented negative culture without converting back to positive culture

during the entire treatment course. Unknown conversion status was defined as a patient who

had an initial Mtb positive sputum culture and completed TB treatment but the results of all

follow-up cultures are not available. Abnormalities consistent with TB disease on chest radio-

graph (TB-CXR) were recorded in the dataset as a binary variable (normal versus abnormal)

[13].

Ethics statement

As this was a retrospective study using de-identified data, ethical approval was not required.

Statistical analysis

Demographic and clinical data were reported as frequencies and proportions. Differences in

demographic and clinical characteristics between the excluded and included patient popula-

tion pools were determined using the Chi-square or Fisher’s exact tests, as appropriate. Miss-

ing data were assessed for missing completely at random (MCAR) and covariate-dependent

missingness (CDM) using the Little’s chi-squared test [14]. Univariate and multiple logistic

regression models were used to determine the contribution of potential prognostic variables to

the patient outcome. Variables for multiple logistic regression models were selected using the

Bayesian model averaging (BMA) method [15,16]. Briefly, Stata’s BMA program was run to

evaluate possible model sets from all variables having a p-value of<0.2 in the univariate analy-

sis or variables deemed as clinically important. The BMA program suggested good models

which included the variables with a high probability of being a risk factor. The Likelihood

Ratio test was used to further reduce the model subsets. The best model was selected based

on the small Bayesian information criterion (BIC). Significant risk factors were assigned

weighted-points that were proportional to their β regression coefficient values. A prognostic

score was calculated for each individual patient in the cohort. Patients were categorized in dec-

iles of risk score and then collapsed into three groups which were significantly distinct in pre-

dictive risk for mortality (low, medium and high risk). Model discrimination was determined

by the area under the receiver operating characteristic (ROC) curve (AUC). The model’s good

calibration was determined by a non-significant Hosmer-Lemeshow’s goodness of fit test.

Model validation was performed using the bootstrap resampling method with 2000 replica-

tions. All the analyses were performed using Stata version 14.2 (StataCorp LP, College Station,

TX, USA). A p value of<0.05 was considered statistically significant. Findings of this study

were reported according to the SRTOBE guidelines (Strengthening the Reporting of Observa-

tional Studies in Epidemiology [17].

Results

Characteristics of the study sample

From January 2010 through December 2016, 569 HIV-infected adults in the state of Texas

were confirmed with TB disease and reported in the National TB Surveillance System database.

A total of 450 patients, including 57 individuals who died (12.7%) were used in the analysis

after 119 patients with an outcome other than “completed” or “died” were excluded (Fig 1).

There were no significant differences between characteristics of the excluded and included

groups (Table 1). Data of the 434 included patients were used in the development and internal

validation of the mortality prognostic scoring system.
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Development of the mortality prognostic score system

The crude associations between potential risk factors and mortality were examined using

univariate logistic regression analyses (Table 2). The variable selection process using the

Bayesian model averaging method suggested seven variables with prognostic significance

for further investigation in the final multiple logistic regression model: age group, homeless-

ness, resident of long-term care facility, meningeal TB, TB-CXR, TB diagnosis confirmed by

positive culture or Nucleic Acid Amplification (NAA), Mtb culture without conversion or

unknown conversion status during the TB treatment. Six variables were used in the develop-

ment of the TB mortality risk score, all except for the homelessness variable, which was not

significant in the final model. Weighted points were assigned to each of the final six risk fac-

tors using the linear transformation of the corresponding regression coefficient [(divided by

the smallest β coefficient (1.07, age), multiplied by a constant (5), and rounded to the nearest

integer, (Table 3)].

A prognostic score was calculated for individual patients based on the following formula:

Prognosticscore ¼ 5 � ½Age � 45� þ 12 � ½Residentof long � termcarefacility� þ 9 � ½MeningealTB�

þ6 � ½TB � CXR� þ 9 � ½positivecultureorNAA� þ 10 � ½Culturenotconvertedorunknown�
:

All variables were binary with “No” = 0 and “Yes” = 1. Patients were divided into three

groups that were significantly distinct in predictive risk for mortality: low-risk group (<20

points), medium-risk group (20–25 points), and high-risk group (>25 points). The mortality

in low-, medium-, and high-risk groups were 2.6%, 11.9% and 44.4%, respectively (Table 4, Fig

2). The predicted probability of death during TB treatment can be calculated from the inter-

cept (-6.994499) of the final model and corresponding regression coefficients of the variables

included in the risk score based on the following formula:

Predictedprobabilityof death ¼ � 6:994499þ 1:069024 � ½Age � 45� þ 2:541147 � ½Residentof long-
termcarefacility� þ 1:998852 � ½MeningealTB�þ1:37995 � ½TB � CXR� þ 1:899108 � ½positive
cultureorNAA� þ 2:186305 � ½Culturenotconvertedorunknown�:

Fig 1. Flowchart of the study population. Footnote: TBGIMS, TB Genotyping Information Management System.

https://doi.org/10.1371/journal.pone.0196022.g001
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Performance and validation of the prognostic score

The final model had good discrimination in the development (AUC = 0.82; 95% CI 0.76, 0.89)

and bootstrap validation (AUC = 0.80; 95% CI 0.72, 0.88) (Table 4, Fig 2). The ROC analysis

using the prognostic score itself also provided good discrimination in both the development

and bootstrap validation (AUC = 0.82; 95% CI 0.76, 0.89 and AUC = 0.79; 95% CI 0.70, 0.87,

respectively). The prognostic model had good calibration with a non-significant Hosmer-

Table 1. Demographic and clinical characteristics of the study population compared with those not included in

the study.

Included

(N = 450)

Excluded

(N = 119)

P Value�

Age (years) 0.91

15–44 256 (56.9%) 67 (56.3%)

�45 194 (43.1%) 52 (43.7%)

Gender 0.15

Female 104 (23.1%) 20 (16.9%)

Male 346 (76.9%) 98 (83.1%)

Race/Ethnicity 0.24

White 44 (9.8%) 11 (9.2%)

Black 216 (48.0%) 47 (39.5%)

Hispanic 174 (38.7%) 54 (45.4%)

Asian 14 (3.1%) 5 (4.2%)

Other 2 (0.4%) 2 (1.7%)

US-born 0.29

No 184 (40.9%) 55 (46.2%)

Yes 266 (59.1%) 64 (53.8%)

Resident of long-term care facility 0.99

No 443 (98.4%) 117 (98.3%)

Yes 7 (1.6%) 2 (1.7%)

Chronic kidney failure 0.25

No 443 (98.4%) 115 (96.6%)

Yes 7 (1.6%) 4 (3.4%)

Meningeal TB 0.30

No 424 (94.2%) 109 (91.6%)

Yes 26 (5.8%) 10 (8.4%)

Miliary TB 0.48

No 403 (91.0%) 107 (93.0%)

Yes 40 (9.0%) 8 (7.0%)

TB-CXR† 0.59

No 62 (14.3%) 17 (16.3%)

Yes 372 (85.7%) 87 (83.7%)

TB case verified by 0.93

Clinical case definition/provider diagnosis 81 (18.0%) 21 (17.6%)

Positive culture, NAA‡ or smear 369 (82.0%) 98 (82.4%)

Note: Values are in number and % unless otherwise specified.

�differences across groups were compared using the Chi-square or Fisher’s exact tests, as appropriate.
†TB-CXR: TB-specific abnormalities on chest radiograph.
‡NAA: Nucleic Acid Amplification.

https://doi.org/10.1371/journal.pone.0196022.t001
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Table 2. Crude associations between potential risk factors and mortality.

Total

(N = 450)

Completed

(n = 393)

Deceased

(n = 57)

Unadjusted OR (95% CI) P Value

Age�45 (years) 194 (43.1%) 157 (39.9%) 37 (64.9%) 2.78 (1.56, 4.97) 0.001

Male gender 346 (76.9%) 303 (77.1%) 43 (75.4%) 0.91 (0.48, 1.74) 0.78

Race/Ethnicity

White 44 (9.8%) 37 (9.4%) 7 (12.3%) 1.22 (0.5, 2.99) 0.66

Black 216 (48.0%) 187 (47.6%) 29 (50.9%) (ref)

Hispanic 174 (38.7%) 155 (39.4%) 19 (33.3%) 0.79 (0.43, 1.46) 0.46

Asian 14 (3.1%) 12 (3.1%) 2 (3.5%) 1.07 (0.23, 5.05) 0.93

Other 2 (0.4%) 2 (0.5%) 0 (0.0%) - - - -

US-born 266 (59.1%) 227 (57.8%) 39 (68.4%) 1.58 (0.88, 2.87) 0.13

Homeless 61 (13.6%) 48 (12.2%) 13 (22.8%) 2.12 (1.07, 4.23) 0.03

Resident of correction institution 35 (8.3%) 33 (9.0%) 2 (3.7%) 0.39 (0.09, 1.67) 0.20

Resident of long-term care facility 7 (1.6%) 3 (0.8%) 4 (7.0%) 9.81 (2.14, 45.05) 0.003

IDU 38 (8.4%) 31 (7.9%) 7 (12.3%) 1.63 (0.68, 3.91) 0.27

Excess alcohol use within past 12 months 144 (32.0%) 126 (32.1%) 18 (31.6%) 0.98 (0.54, 1.78) 0.94

History of diabetes 21 (4.7%) 13 (3.3%) 8 (14.0%) 4.77 (1.88, 12.09) 0.001

Chronic kidney failure 7 (1.6%) 4 (1.0%) 3 (5.3%) 5.4 (1.18, 24.8) 0.03

TB site 395 (87.8%) 347 (88.3%) 48 (84.2%) 0.71 (0.33, 1.54) 0.38

Meningeal TB 26 (5.8%) 18 (4.6%) 8 (14.0%) 3.4 (1.4, 8.24) 0.01

Miliary TB 40 (9.0%) 32 (8.3%) 8 (14.3%) 1.85 (0.81, 4.25) 0.15

TB-CXR 372 (85.7%) 323 (85.0%) 49 (90.7%) 1.73 (0.66, 4.53) 0.27

Cavitation on CXR 63 (16.9%) 60 (18.6%) 3 (6.1%) 0.29 (0.09, 0.95) 0.04

Positive AFB smear 173 (41.4%) 153 (41.0%) 20 (44.4%) 1.15 (0.62, 2.15) 0.66

Positive MTB culture 280 (67.6%) 244 (66.3%) 36 (78.3%) 1.83 (0.88, 3.81) 0.11

Sputum culture not converted or unknown 211 (46.9%) 168 (42.7%) 43 (75.4%) 4.11 (2.18, 7.76) <0.001

TB confirmed by positive culture or NAA 369 (82.0%) 317 (80.7%) 52 (91.2%) 2.49 (0.96, 6.46) 0.06

MDR-TB 1 (0.2%) 1 (0.3%) 0 (0.0%) - -

East Asian lineage (L2) 75 (21.8%) 62 (20.9%) 13 (27.7%) 1.45 (0.72, 2.91) 0.30

IDU: injecting drug user; CXR: chest radiograph; NAA: Nucleic Acid Amplification; MDR-TB: Multi-drug resistant tuberculosis; excess alcohol use, having consumed

five or more drinks on the same occasion on each of 5 or more days in the past 30 days, either self-reported or medically documented [12].

https://doi.org/10.1371/journal.pone.0196022.t002

Table 3. Multiple logistic regression model and weighted point assignment.

Variable β coefficient Adjusted OR (95% CI) P Value Weighted Points

Age�45 (years) 1.07 2.91 (1.47, 5.78) 0.002 5

Resident of long-term care facility 2.54 12.69 (1.84, 87.44) 0.01 12

Meningeal TB 2.00 7.38 (2.42, 22.48) <0.001 9

TB-CXR 1.38 3.97 (1.17, 13.5) 0.03 6

TB confirmed by positive culture or NAA 1.90 6.68 (2.33, 19.16) <0.001 9

Culture not converted or unknown conversion status 2.19 8.9 (4.23, 18.74) <0.001 10

Note: NAA: Nucleic Acid Amplification; Weighted points of a risk factor were calculated using a linear transformation of the corresponding β coefficient [was divided

by the smallest β coefficient (1.07, age), multiplied by a constant (5), and rounded to the nearest integer]; Intercept = -6.994499.

Riskscore ¼ 5 � ½Age � 45� þ 12 � ½Residentof long � termcarefacility� þ 9 � ½MeningealTB�

þ6 � ½TB � CXR� þ 9 � ½positivecultureorNAA� þ 10 � ½Culturenotconvertedorunknown�:

https://doi.org/10.1371/journal.pone.0196022.t003
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Table 4. Mortality by risk group in patients having complete data for all variables of the multiple logistic regression model.

Risk group n (%) Mean score (±SD) Mortality (%) P Value �

Low-risk group (<20 points) 194 (43.1%) 15 (±2.2) 2.6% <0.001

Medium-risk group (20–25 points) 177 (39.3%) 21.8 (±2.2) 11.9%

High-risk group (>25 points) 63 (14.0%) 30.8 (±2.9) 44.4%

Incomplete data for all variables of multiple logistic regression model 16 (3.6%) - - 18.8%

All (N = 450) 450 (100%) 20.1 (±5.9) 12.7%

Discrimination assessment
AUC (95% CI), final model in development 0.82 (0.76, 0.89)

AUC (95% CI), final model in bootstrap validation 0.80 (0.72, 0.88)

AUC (95% CI), prognostic score alone 0.82 (0.76, 0.88)

AUC (95% CI), prognostic score alone, bootstrap validation 0.79 (0.70, 0.87)

Calibration assessment
Hosmer-Lemeshow’s goodness of fit test, final model Chi-square = 3.74; P Value = 0.71

Hosmer-Lemeshow’s goodness of fit test, prognostic score alone Chi-square = 4.25; P Value = 0.51

Overall performance assessment
Brier score, final model 0.09

Brier score, prognostic score alone 0.09

Comparisons of mortality between risk groups were conducted using Chi-square test.

�Overall p-value. A p<0.001 was also found for all pairwise comparisons among groups (i.e. low-risk vs. medium-risk, low-risk vs. high-risk and medium-risk vs. high-

risk groups); a non-significant Hosmer-Lemeshow goodness of fit test indicates good calibration; Brier score: ranged 0–1, the smaller the score, the better performance.

https://doi.org/10.1371/journal.pone.0196022.t004

Fig 2. Receiver operating characteristic (ROC) curve.

https://doi.org/10.1371/journal.pone.0196022.g002
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Lemeshow chi-square of 3.74 (p = 0.71) and excellent overall performance with a Brier score of

0.09 (Table 4). Shrinkage statistic calculated using the repeated 10-fold cross-validation (250

replications) indicated an in-sample shrinkage of 1.4% (standard error 1.8). This result

together with a non-significant Hosmer-Lemeshow goodness-of-fit test suggested the model

fit well with the data. Compared with low-risk patients, patients in the medium- and high-risk

groups had significantly higher odds of mortality during TB treatment (Table 5). Given that

the multivariate analysis requires non-missing data for all the included variables for each

patient, a sample of 434/450 (96.4%) patients having complete data for all six included vari-

ables were used in the final model and in the development of the scoring system. The compari-

son between 434 patients who were included in the final model versus 16 excluded patients

due to incomplete data found no significant difference neither in the mortality (12.4% versus

18.8%, p = 0.46) nor in all demographic and clinical characteristics (S1 Table). Little’s chi-

squared test for MCAR and CDM had non-significant p-values (0.13 and 0.44, respectively),

which suggest that the missing values could be completely at random and do not influence on

the outcome.

Online calculator application

We have created a free online application for our risk score calculator, which can be used on

both android and iOS mobile devices. The calculator can be downloaded from the following

link https://oaa.app.link/i0oYeyKsTK (registration for a free OpenAsApp account is required

to access the calculator). The calculator provides a risk score (in points), risk group (low,

medium or high), and probability of death (%) for an individual patient.

Discussion

In this study, we developed and internally validated a simple prognostic scoring system to pre-

dict the mortality risk during TB treatment for TB/HIV co-infected patients in an area having

low TB incidence (4.9/100,000) [4]. Our prognostic score was developed using population-

based surveillance data in an exclusively HIV-infected population in a low TB-burden setting.

Using only six variables, which are routinely collected in TB programs, our mortality predic-

tive model achieves excellent discrimination and good calibration and therefore, can provide

clinicians and public health professionals with more information regarding the patient’s risk

of death during their treatment for TB disease. In order to enhance the practical implementa-

tion of the scoring system and to help allocate appropriate treatments and follow-up resources,

we categorized patients into three distinctive risk groups. High-risk patients would need the

most attention with urgent treatment and more aggressive medical support. Medium-risk

patients could benefit from closer follow-up and prompt intervention if needed to prevent

them from falling into aggravated health conditions. Low-risk group should be treated and

managed as per routine protocols. Multiple approaches can be implemented to reduce a

patient’s mortality risk. For example, early combination antiretroviral therapy (cART) could

be considered for high-risk patients even though their CD4+ level�50 cells/mm3 as the cART

has been shown to reduce up to 68% TB-related deaths in TB/HIV co-infected patients [18].

Table 5. Odds for death, by risk group (with bootstrap in estimating coefficient standard errors).

Risk group OR (95% CI) P Value

Low-risk group (<20 points) (ref)

Medium-risk group (20–25 points) 5.09 (1.88, 13.81) 0.001

High-risk group (>25 points) 30.24 (10.93, 83.66) <0.001

https://doi.org/10.1371/journal.pone.0196022.t005
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For individuals living in long-term care facilities, more aggressive nutritional support would

be needed to improve the patient survival as these patients also often have other conditions

that may increase the risk for TB mortality such as old age, poor living conditions, malnutri-

tion and the presence of other comorbidities [19]. Educational sections for patients and their

families toward managing the patient’s increased risk of mortality would need to be conducted

to enhance the treatment adherence, improve the patient’s nutrition condition, and provide

the knowledge of how to seek medical assistant when needed.

In our model, being a resident in a long-term care facility appeared to be the strongest pre-

dictor of mortality. Older age, poor nutrition condition, presence of other comorbidities and

lack of family support could contribute to the morality risk for individuals living in long-term

care facilities [20,21]. Delay in culture conversion has been suggested to be associated with a

poor TB treatment outcome. Potential drug-resistant disease, failure to adhere to the treatment

regimen and heavy initial bacillary load are among possible explanations for the adverse out-

come [22, 23]. In our study, patients with TB meningitis had significantly higher odds of mor-

tality, which is consistent with the observation of other authors [24]. Patients with TB-CXR

(abnormal chest radiograph consistent with TB disease) and Mtb positive culture or NAA

results had significantly higher mortality rates, nearly four times and seven times the odds for

death compared with patients who had normal chest radiograph or negative cultures. It is pos-

sible that patients with TB-CXR and positive cultures may have a higher Mtb bacillary load

and more disseminated lesions, which may increase the risk for death. A similar result has

been described by Christensen et al. in their study in which pulmonary TB patients had an

almost two-fold increased long-term mortality than extrapulmonary TB patients [25].

Although both TB-CXR and cavitation on CXR were evaluated in the initial multivariate

model, only TB-CXR was significant. Additionally, TB/HIV co-infected patients may have a

wide variety of radiographic findings rather than just cavitation [26]. Therefore, TB-CXR

was included in the final model. The association between older age and worse outcome has

also been observed by other authors [27,28]. Being significant in the univariate analysis, the

diabetes and chronic kidney disease variables were evaluated in the initial multiple logistic

regression model. However, these variables were not significant in multivariate analysis. Addi-

tionally, the model without diabetes nor chronic kidney disease had the same diagnostic per-

formance as the model with these two variables included as confirmed by a non-significant

Likelihood Ratio test result. Therefore, diabetes and chronic kidney disease were not included

in our final model.

Our study has some limitations. First, the analysis excluded 119 (20.9%) out of 569 patients

who had treatment outcome coded other than “completed” or “died”. While this exclusion

may be prone to misclassification bias, the similarity in demographic and clinical characteris-

tics between the excluded and included patients suggested that potential misclassification, if

any, was minimal. Second, although antiretroviral therapy (ART) has been suggested as being

strongly associated with the mortality reduction in TB/HIV co-infected individuals [7,29],

ART use and some other important prognostic factors such as HIV viral load, CD4 cell count,

time of death and cause of death are not available in the NTSS data, and thus prevented us

from developing an even more robust model for this population. Assuming the majority of

our TB/HIV co-infected patients received ART given the extensive HIV management pro-

grams in the U.S. and as our model was developed and validated in a low TB prevalence coun-

try, external validation of our prognostic score in different populations would be needed.

Although patients in the high-risk group had more than 30 time the odds of death (OR 30.24,

95% CI 10.93, 83.66) compared with patients in the low-risk group, this finding should be

interpreted cautiously given the wide confidence interval, which may be due to the small num-

ber of high-risk patients. Lastly, given that our study sample only had one patient with multi-
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drug resistant TB (MDR-TB), this variable was not examined in the multivariate analysis.

Given MDR-TB is known high-risk factor for a high risk for death, external validation or

updating of the model with the inclusion of MDR-TB as a variable using data from populations

with a high proportion of MDR-TB should be conducted. Lastly, given the nature of surveil-

lance data where certain self-reported information was originally obtained from interviewing

TB patients, the possibility of recall bias cannot be completely ruled out.

In spite of the limitations, our study has many strengths such as the data were obtained

from a state-wide population-based surveillance program over a 7-year time period, the vari-

ables used are routinely collected by any TB program, and the model has good discrimination

and calibration in both development and validation. While the mortality in all TB disease

patients (both positive and negative HIV status) in Texas was 5.0% (66/1334) in 2015 [4], the

significantly higher mortality rate in HIV-positive TB patients found in this study (12.7%, 57/

540) also raises questions regarding the need for having better management strategies for this

high-risk group of patients. In addition, with the availability of a free and convenient calculator

app, which can be accessed from any android and iOS devices, clinicians and health profes-

sionals can easily use our scoring system in their daily practice in order to facilitate their deci-

sion-making process.

Conclusion

The present study developed and internally validated a simple and practical prognostic scoring

system using the population-based surveillance data to predict mortality during TB treatment

in TB/HIV co-infected patients. This TB mortality scoring system could help identify TB/HIV

co-infected patients who have an increased risk of mortality. External validation of our risk

score system using the provided formula in similar settings of low TB/HIV burden would be

necessary.
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Fragata P, Chaves C, Costa P, Portela M, Ferreira I, Magalhães SP, Rodrigues F, Sarmento-Castro R,

Duarte R, Guimarães JT, Saraiva M. A Prediction Rule to Stratify Mortality Risk of Patients with Pulmo-

nary Tuberculosis. PLoS One. 2016 Sep 16; 11(9):e0162797. https://doi.org/10.1371/journal.pone.

0162797 eCollection 2016. PMID: 27636095

11. Lui G, Wong RY, Li F, Lee MK, Lai RW, Li TC, Kam JK, Lee N. High mortality in adults hospitalized for

active tuberculosis in a low HIV prevalence setting. PLoSOne. 2014 Mar 18; 9(3):e92077. https://doi.

org/10.1371/journal.pone.0092077 eCollection 2014. PMID: 24642794.

12. Centers for Disease Control and Prevention. Report of Verified Case of Tuberculosis (RVCT) Instruction

Manual. 2009. https://www.cdc.gov/tb/programs/rvct/instructionmanual.pdf. Accessed on July 20,

2017.

13. Centers for Disease Control and Prevention. NTSS Data Reference Guide. 2015. https://ftp.cdc.gov/

pub/software/tims/2009RVCTDocumentation/VocabularyInformation/NTSSDataReferenceGuide.pdf.

Accessed on October 27, 2017.

TB/HIV mortality prognostic score

PLOS ONE | https://doi.org/10.1371/journal.pone.0196022 April 16, 2018 11 / 12

http://apps.who.int/iris/bitstream/10665/259366/1/9789241565516-eng.pdf
http://apps.who.int/iris/bitstream/10665/259366/1/9789241565516-eng.pdf
https://www.cdc.gov/tb/statistics/reports/2015/pdfs/2015_surveillance_report_fullreport.pdf
https://www.cdc.gov/tb/statistics/reports/2015/pdfs/2015_surveillance_report_fullreport.pdf
https://www.dshs.texas.gov/idcu/disease/tb/statistics/
https://www.dshs.texas.gov/idcu/disease/tb/statistics/
https://www.dshs.texas.gov/IDCU/disease/tb/statistics/Reports/TB-Surveillance-Report-2015.pdf
https://www.dshs.texas.gov/IDCU/disease/tb/statistics/Reports/TB-Surveillance-Report-2015.pdf
https://www.dshs.texas.gov/IDCU/disease/tb/statistics/Reports/TB-Surveillance-Report-2014.pdf
https://www.dshs.texas.gov/IDCU/disease/tb/statistics/Reports/TB-Surveillance-Report-2014.pdf
https://www.cdc.gov/pcd/issues/2015/14_0395.htm
http://www.ncbi.nlm.nih.gov/pubmed/25974145
https://doi.org/10.1186/1471-2334-13-297
http://www.ncbi.nlm.nih.gov/pubmed/23815342
https://doi.org/10.5588/ijtld.12.0224
http://www.ncbi.nlm.nih.gov/pubmed/23317955
https://doi.org/10.1371/journal.pone.0162797
https://doi.org/10.1371/journal.pone.0162797
http://www.ncbi.nlm.nih.gov/pubmed/27636095
https://doi.org/10.1371/journal.pone.0092077
https://doi.org/10.1371/journal.pone.0092077
http://www.ncbi.nlm.nih.gov/pubmed/24642794
https://www.cdc.gov/tb/programs/rvct/instructionmanual.pdf
https://ftp.cdc.gov/pub/software/tims/2009RVCTDocumentation/VocabularyInformation/NTSSDataReferenceGuide.pdf
https://ftp.cdc.gov/pub/software/tims/2009RVCTDocumentation/VocabularyInformation/NTSSDataReferenceGuide.pdf
https://doi.org/10.1371/journal.pone.0196022


14. Little R. J. A. 1988. A test of missing completely at random for multivariate data with missing values.

Journal of the American Statistical Association 83: 1198–1202

15. Wasserman L. Bayesian Model Selection and Model Averaging. Journal of mathematical psychology

2000; 44: 92–107. https://doi.org/10.1006/jmps.1999.1278 PMID: 10733859

16. Dunson DB, Herring AH. Bayesian model selection and averaging in additive and proportional hazards

models. Lifetime data analysis 2005; 11: 213–232. PMID: 15938547

17. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting

observational studies. Lancet. 2007; 370:1453–7. https://doi.org/10.1016/S0140-6736(07)61602-X

PMID: 18064739

18. Podlekareva DN, Panteleev AM, Grint D, Post FA, Miro JM, Bruyand M, et al. Short- and long-term mor-

tality and causes of death in HIV/tuberculosis patients in Europe. Eur Respir J. 2014; 43:166–77.

https://doi.org/10.1183/09031936.00138712 PMID: 23766333

19. Horita N, Miyazawa N, Yoshiyama T, et al. Development and validation of a tuberculosis prognostic

score for smear-positive in-patients in Japan. The international journal of tuberculosis and lung disease:

the official journal of the International Union against Tuberculosis and Lung Disease 2013; 17: 54–60.

20. Thomas JM, Cooney LM, Fried TR. Systematic review: Health-related characteristics of elderly hospi-

talized adults and nursing home residents associated with short-term mortality. J Am Geriatr Soc. 2013;

61:902–911. https://doi.org/10.1111/jgs.12273 PMID: 23692412

21. Flacker JM, Kiely DK. Mortality-related factors and 1-year survival in nursing home residents. J Am Ger-

iatr Soc 2003; 51:213–221. PMID: 12558718

22. Djouma FN, Noubom M, Ateudjieu J, Donfack H. Delay in sputum smear conversion and outcomes of

smear-positive tuberculosis patients: a retrospective cohort study in Bafoussam, Cameroon. BMC

Infect Dis. 2015 Mar 21; 15:139. https://doi.org/10.1186/s12879-015-0876-1 PMID: 25884844

23. Centers for Disease Control and Prevention. Core Curriculum on Tuberculosis: What the Clinician

Should Know. Sixth Edition 2013. Chapter 6: Treatment of Tuberculosis Disease. https://www.cdc.gov/

tb/education/corecurr/pdf/chapter6.pdf. Accessed on October 27, 2017.

24. Lee HG, William T, Menon J, et al. Tuberculous meningitis is a major cause of mortality and morbidity in

adults with central nervous system infections in Kota Kinabalu, Sabah, Malaysia: an observational

study. BMC Infect Dis 2016; 16: 296. https://doi.org/10.1186/s12879-016-1640-x PMID: 27306100

25. Christensen AS, Roed C, Andersen PH, Andersen AB, Obel N. Long-term mortality in patients with pul-

monary and extrapulmonary tuberculosis: a Danish nationwide cohort study. Clinical epidemiology

2014; 6: 405–421. https://doi.org/10.2147/CLEP.S65331 PMID: 25419160

26. Padyana M, Bhat RV, Dinesha M, Nawaz A. HIV-Tuberculosis: A Study of Chest X-Ray Patterns in

Relation to CD4 Count. N Am J Med Sci. 2012 May; 4(5):221–5. https://doi.org/10.4103/1947-2714.

95904 PMID: 22655281

27. Cruz-Hervert LP, Garcia-Garcia L, Ferreyra-Reyes L, et al. Tuberculosis in ageing: high rates, complex

diagnosis and poor clinical outcomes. Age and ageing 2012; 41: 488–495. https://doi.org/10.1093/

ageing/afs028 PMID: 22431155

28. Negin J, Abimbola S, Marais BJ. Tuberculosis among older adults—time to take notice. International

journal of infectious diseases: IJID: official publication of the International Society for Infectious Dis-

eases 2015; 32: 135–137.

29. Centers for Disease Control and Prevention. Mortality Among Patients with Tuberculosis and Associa-

tions with HIV Status—United States, 1993–2008. Morbidity and Mortality Weekly Report. Norvember

26, 2010. https://www.cdc.gov/mmwr/pdf/wk/mm5946.pdf. Accessed on October 27, 2017.

TB/HIV mortality prognostic score

PLOS ONE | https://doi.org/10.1371/journal.pone.0196022 April 16, 2018 12 / 12

https://doi.org/10.1006/jmps.1999.1278
http://www.ncbi.nlm.nih.gov/pubmed/10733859
http://www.ncbi.nlm.nih.gov/pubmed/15938547
https://doi.org/10.1016/S0140-6736(07)61602-X
http://www.ncbi.nlm.nih.gov/pubmed/18064739
https://doi.org/10.1183/09031936.00138712
http://www.ncbi.nlm.nih.gov/pubmed/23766333
https://doi.org/10.1111/jgs.12273
http://www.ncbi.nlm.nih.gov/pubmed/23692412
http://www.ncbi.nlm.nih.gov/pubmed/12558718
https://doi.org/10.1186/s12879-015-0876-1
http://www.ncbi.nlm.nih.gov/pubmed/25884844
https://www.cdc.gov/tb/education/corecurr/pdf/chapter6.pdf
https://www.cdc.gov/tb/education/corecurr/pdf/chapter6.pdf
https://doi.org/10.1186/s12879-016-1640-x
http://www.ncbi.nlm.nih.gov/pubmed/27306100
https://doi.org/10.2147/CLEP.S65331
http://www.ncbi.nlm.nih.gov/pubmed/25419160
https://doi.org/10.4103/1947-2714.95904
https://doi.org/10.4103/1947-2714.95904
http://www.ncbi.nlm.nih.gov/pubmed/22655281
https://doi.org/10.1093/ageing/afs028
https://doi.org/10.1093/ageing/afs028
http://www.ncbi.nlm.nih.gov/pubmed/22431155
https://www.cdc.gov/mmwr/pdf/wk/mm5946.pdf
https://doi.org/10.1371/journal.pone.0196022

