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Abstract
Introduction: The End Tuberculosis (TB) Strategy aims to achieve 90% reduction of deaths due to TB by
2030, compared with 2015. Mortality due to tuberculosis in Mali was 13 per 100,000 inhabitants in 2014
and 11 per 100,000 inhabitants in 2017. Risk factors for death are not known. The objective of this study
was to determine the time and risk factors for death in pulmonary TB patients with positive microscopy.

Methods: We conducted a retrospective cohort study from October to December 2016 in Commune VI of
Bamako. Smear positive cases pulmonary tuberculosis from 2011 to 2015 were included. We reviewed
the treatment registers and collected sociodemographic, clinical, biological and therapeutic data. Median
time to death and hazard ratio (HR) were estimated by the Kaplan-Meier method and a Cox regression
model, respectively.

Results: In total, we analysed 1362 smear positive cases of pulmonary TB including 104 (8%) HIV
positive and 90 (7%) deaths. The mean age was 36 ± 13 years, the sex ratio of males to females was 2:1.
Among the deaths, 48 (53%) occurred during the �rst 2 months of treatment. Age ≥ 45 years (HR 2.09
95% CI [1.35–3.23]), weight < 40 kg (HR 2.20 95% CI [1.89–5.42]), HIV unknown status (HR 1.96, 95% CI
[1.04–3.67]) and HIV-positive (HR 7.10 95% CI [3.53–14.26]) were signi�cantly associated with death.

Conclusion: The median time to death was 2 months from the start of treatment. Independent risk factors
for death were age ≥ 45 years, weight < 40 kg, unknown and positive HIV status. We recommend close
monitoring of patients over 45 years, HIV testing in those with unknown status, an adequate care for
positive HIV status, as well as a nutritional support for those with weight below 40 kg during the intensive
phase of TB treatment.

Introduction
The Global Tuberculosis (TB) report estimated that 10.0 million people developed TB disease in 2017,
with 1.3 million deaths among HIV-negative people and with an additional 300 000 deaths from TB
among HIV-positive people (1). The new End TB Strategy aims to reduce by 95% the deaths due to
tuberculosis and by 90% the tuberculosis incidence rate by 2035 compared with 2015 (2). Identi�cation
of the factors associated with dying from TB is useful for evidence-based interventions to achieve these
objectives. In Mali, TB mortality was 13 per 100,000 population in 2014, and 11 per 100,000 in 2017 (1,
3), a relative decrease of 15%. To this evolution, the objectives of the End TB strategy may not be
achieved in Mali in 2035.

In 2009, a study conducted in Commune VI of Bamako found a lethality of 14% among cases of smear
positive pulmonary tuberculosis SPPTB)(4). However, to our knowledge, no study has been conducted to
identify the risk factors for death from SPPTB in this district. In the literature, these deaths occurred often
in the �rst 2 months of treatment (5–8). Many factors could explain this.
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Older age (5, 9, 10), male sex (7, 8, 11, 12), unemployment (13), imprisonment (7) have been associated
with death in several studies. In a study in South Korea, alcohol consumption several times a week was
identi�ed as a protective factor (14). However, in a systematic review alcohol abuse was a risk factor for
death from SPPTB (20). In other studies, low weight (5, 15), TB / HIV coinfection (5, 6, 12, 13, 16), cases
of tuberculosis retirees were at higher risk of dying during treatment (9, 12, 14). Our aim was to determine
the time and the risk factors for death in positive microscopy pulmonary tuberculosis in the health district
of Commune VI of Bamako for treatment cohorts from 2011 to 2015.

Methods
Type and populations of study:

A retrospective cohort study was conducted from October 20, 2016 to December 30, 2016. Data from
2011 to 2015 of SPPTB cases, aged 18 years and older and with treatment outcome known during our
study period were collected.

To constitute our sample, we considered all SPPTB in the district of the Commune VI, followed for 6 to 8
months according to the therapeutic categories. Patients under the age of 18 and those without the
reported interest variables were excluded. In terms of tuberculosis management, the district has a
Diagnostic and Treatment Center, which is the referral health center, and 11 treatment centers which are
the community health centers. These centers provide directly observed treatment for tuberculosis
patients, a strategy adopted by Mali since 1994.

Data collected:

The variables of interest were those already included in the records for follow-up and treatment of
tuberculosis patients in Mali. We collected on sociodemographic (age, sex, residence), clinical (treatment
center, initial weight, SPPTB type (new, old case), HIV status (negative, unknown, positive)) therapeutic
(treatment category (CAT1, CAT2), treatment dosage, Directly Observed Treatment (DOT), duration of
treatment, treatment outcome) and biological (initial smear density) characteristics.

To extract the data, the investigators sorted out the follow-up and processing records from 2011 to 2015.
The SPPTB cases were collected and listed on the data extraction form. A comparison was made
between the two data sources for each SPPTB case to complete and validate the data.

A total of 1362 cases, (Figure 1), including 90 (7%) deaths and SPPTB cases with other outcomes (cured,
completed treatment, treatment failures, transferred, lost to follow up) were analyzed.

We de�ned time-to-death as the time between the initiation of anti-tuberculosis treatment and the
occurrence of death. Treatment outcomes (cured, treatment completed, treatment failure, lost to follow-
up, unassessed, death) were de�ned according to WHO criteria [22]. Death is de�ned as a TB patient who
dies for any reason during anti-tuberculosis treatment.
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Statistical analysis:

We analyzed data using R version 3.3.1 and Epi Info 7. For descriptive purpose, we estimated,
frequencies, proportions, mean and standard deviations. The time-to-death and factors affecting survival
were estimated by the Kaplan-Meier method and tested by the Log Rank test. The assumption of
proportional hazards was checked and then a univariate Cox proportional hazard models was used to
select variables with a p-value of < 0.25 for inclusion in the baseline model in multivariate analysis. In a
top-down multivariate Cox regression model, we calculated the adjusted Hazard ratio (aHR) that was
tested by the Wald test to identify independent risk factors for death in SPPTB in Commune VI of Bamako
and a p-value < 0.05 was used as signi�cance threshold.

Results

General description of the cohort
A total of 1362 cases, (Fig. 1), including 90 (7%) deaths and censored SPPTB (curee, completed
treatment, failures, transferred, abandoned) were analyzed. The average age was 36 ± 13 years (18–105
years). The male sex represented 950 (70%) cases. There were 1277 (94%) cases whose weight ≥ 40 kg,
with an average weight of 53 ± 10kg (28–105 kg). New cases of SPPTB were 1235 (91%) cases. There
were 104 (8%) positive HIV + SPPTB and 846 (62%) unknown HIV cases. Tuberculous patients with a
smear density at 3 + on microscopy were 770 (57%) cases. The case fatality rate was 12 deaths per 1000
person-months.

The Intensive Phase Of Treatment As Death Time
In SPPTB, 48 (53%) of deaths occurred during the �rst 2 months of TB treatment, with a median time- to-
death of 2 months (Table 1).
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Table 1
Time to Death of SPPTB under treatment, Commune VI of Bamako, Mali, 2011–

2015
Survival time (months) Number at risk Deaths Proportion of deaths (%)

0–1 1362 31 34

1–2 1317 17 19

2–3 1286 16 18

3–4 1255 10 11

4–5 1221 7 8

5–6 1186 8 9

6–7 42 1 1

7–8 30 0 0

Factors Affecting Survival Time
In SPPTB, survival time on the Kaplan Meier curve was signi�cantly different between the younger (< 45
years and older (> 45 years) (p ≤ 0.001) (Fig. 2), sex (p = 0.022), initial weight (p < 0.0001) (Fig. 3) and HIV
serology status (p < 0.0001) (Fig. 4). However, the survival time was not signi�cantly different between
new and old cases of the SPPTB type (p = 0.992), never between the different smear densities (p = 0.250).

Risk Factors
In univariate analysis, age ≥ 45 years (HR 2.16; 95% CI [1.40–3.33], p ≤ 0.001) male sex (HR 0.61; 95% CI
[0.40–0.93] p = 0.023), the initial weight < 40 kg (HR 4.06; 95% CI [2.42–6.81], p ≤ 0.001), positive HIV
status (HR 8.97; 95% CI [4.50- 17.86, p ≤ 0.001) and unknown (HR 2.18; 95% CI [1.17–4.09], p = 0.015)
were the factors signi�cantly associated with death in SPPTB (Table 2).
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Table 2
Risk Factors for Death among SPPTB in Commune VI of Bamako in Univariate Cox, Mali,

2011–2015
Participants characteristics SPPTB deaths HR [95% CI] P-value

Yes No    

Age < 45 years of age 58 1023 1 -

≥ 45 years old 32 249 2.16 [1.40–3.33] ≤ 0.001

Sex Female 37 375 1 -

Male 53 897 0.61 [0.40–0.93] 0.023

Initial weight ≥ 40 kg 72 1205 1 -

< 40 kg 18 67 4.06 [2.42–6.81] ≤ 0.001

Type of SPPTB New case 81 1154 1 -

Old case 9 118 1.00 [0.50–2.03] 0.992

HIV Negative 12 400 1 ≤ 0.001

Unknown 53 793 2.18 [1.17–4.09]  

Positive 25 79 8.97 [4.50-17.86]  

Smear density 1+ 27 325 1 0.25

2+ 10 230 0,55 [0.27-1,14]  

3+ 53 717 0.92 [0.57–1.46]  

Treatment center Semi-rural 59 823 1 -

Urbain 31 449 0.96 [0.62–1.49] 0.865

CI: Con�dence interval; HR: Hazard Ratio

In multivariate analysis, age ≥ 45 years (HR 2.09 95% CI [1.35–3.23]; p ≤ 0.001), weight < 40 kg (HR 2.20
95% CI [1.89-5, 42], p ≤ 0.001), HIV status (unknown HIV status (HR 1.96, 95% CI [1.04–4.67], p = 0.037)
and positive HIV status (HR 7.10 95% CI [3.53–14.26], p ≤ 0.001) were the factors independently
associated with death in SPPTB (Table 3).
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Table 3
Risk Factors for Death among SPPTB in Commune VI of Bamako in

Multivariate Analysis, Mali, 2011–2015
Participants characteristics HR 5%CI P

Age < 45 years of age 1    

≥ 45 years old 2.09 [1.35–3.23] ≤ 0.001

Sex Female   1  

Male 1.05 [0.65–1.69] 0.840

Initial weight ≥ 40 kg   1  

< 40 kg 2.20 [1.89–5.42] ≤ 0.001

HIV Negative 1    

Unknown 1.96 [1.04–3.67] 0.037

Positive 7.10 [3.53–14.26] ≤ 0.001

HR:Hazard Ratio; 95% CI:Con�dence interval at 95%

Discussion
Our study found that the majority of deaths (53%) occurred during the intensive phase of TB treatment.
This is consistent with other studies in different countries (5, 7, 17).

The factor most strongly associated with death in our study was positive HIV status. SPPTB / HIV
positive patients were 7 times more likely to die during TB treatment than SPPTB / HIV negative. This is
concordant with a systematic review that found that in the context of high incidence of tuberculosis and
HIV seroprevalence, HIV was found to be a risk factor, but not in areas with low tuberculosis incidence
and HIV seroprevalence (16). However, early initiation of TB / HIV patients on ARV and cotrimoxazole
therapy may decrease this lethality. Data on ARV and cotrimoxazole use were not included in our study.
These data would probably improve the current analyses. In Nigeria, TB/HIV coinfection, not receiving
ARVs, not receiving cotrimoxazole were independently associated with death of TB patients (6). Other
studies have also found an association between HIV and death among TB patients (5, 8, 9, 12, 14, 18,
19). Vasankari in Finland found immunosuppression, virtually all due to causes other than HIV infection,
and concomitant diseases and their medical treatment to be a risk factor for death of TB patients.(11).
Only two patients in his cohort had HIV-coinfection. The second most important factor was the weight < 
40 kg at the initiation of treatment. We found that SPPTB patients whose initial weight was below 40 kg
were 3 times more likely to die and this �nding is similar to those found in studies conducted in different
countries (5, 14, 15). Malnutrition, which can lead to underweight, has been one of the risk factors for
death among tuberculosis patients (16). The third most important factor was age ≥ 45 years. Patients
with aged 45 years or older had twice the instant risk of dying during tuberculosis treatment.



Page 8/14

This is also supported by many other studies conducted in Africa (5, 8, 9, 12), in Europe (11) and in Asia
(10, 13, 14, 20). The last factor associated was unknown HIV status. SPPTB patients with unknown HIV
status had 2 times more instant risk of dying on TB treatment than those with negative / HIV status.
Similarly, a study conducted in South Africa, has found unknown HIV status had twice as much risk of
dying compared to negative HIV status (9).

This study has some limitations. As our study was based on surveillance data, some informations were
not collected which did not allow us to test and adjust on other factors such as unemployment status,
alcohol abuse, anemia, rural dwelling and comorbidities (heart disease, end-stage renal disease, diabetes,
cancer) that have been considered as risk factors in the literature. However, this work has some strengths.
To our knowledge, this study is the �rst publication to study the time and risk factors for death in patients
with positive microscopy pulmonary tuberculosis in the District of Commune VI of Bamako. The study
covered a period of 5 years and concerned all patients in the district; providing a good representativeness
for the estimation of the factors sought.

Conclusions
The majority of deaths among SPPTB patients on treatment occurred during the �rst two months of
treatment which is the intensive phase of the TB treatment course. Older age (≥ 45 years), low weight at
treatment initiation (< 40 kg), unknown and positive HIV status were the independent risk factors
associated with SPPTB deaths. We recommend that the National Tuberculosis Program establish a
speci�c system to closely monitor SPPTB patients aged 45 years or older and patients with positive or
unknown HIV status. We also recommend nutritional support for malnourished SPPTB patients.

Declarations
Acknowledgements

We would like to thank the staff of Commune VI, the Ministry of Health of Mali, the staff of BFELTP,
AFENET, CDC Atlanta and WAHO.

Ethics approval and consent to participate

Only publicly available data is used in this study. An authorization from the National Directorate of Health
was given to evaluate the tuberculosis surveillance system in commune VI. This study was conducted
alongside this evaluation with the same data. Our study did not require acquisition of patient consent as
it was based on the analysis of surveillance data.

Consent to publish

Non-applicable

Funding: this research did not receive funding



Page 9/14

Availability of data and materials

Data are available on request to the following authors (Ballayira Yaya and Yanogo Pauline Kiswendsida).

Competing interest

The authors declare that they have no competing interests

Authors' contributions

YB conceived, designed, analysed data; he wrote and prepared the �nal draft of the manuscript.

PKY contributed in the interpretation of results, in the writing and the �nalization of the manuscript.

PKY, FD, BK, BS, SA, NM: provided comments on the study design and reviewed the manuscript.

All authors have read and approved the manuscript

References
1. World Health Organization. Global tuberculosis report 2018. [Internet]. World Health Organization;

2018 [cited 2021 Jan 23]. Available from: https://apps.who.int/iris/handle/10665/274453

2. Uplekar M, Weil D, Lonnroth K, Jaramillo E, Lienhardt C, Dias HM, et al. WHO’s new End TB Strategy.
The Lancet. 2015 May 2;385(9979):1799–801

3. World Health Organization. Global tuberculosis report 2015 [Internet]. World Health Organization;
2015 [cited 2021 Jan 23]. Available from: https://apps.who.int/iris/handle/10665/191102.

4. Traore S. Incidence et issue du traitement de la tuberculose pulmonaire a microscopie positive du 1er
janvier au 31 decembre 2009 au CSREF CVI. 2009;92 [Internet]. [cited 2021 Jan 23]. Available from:
https://docplayer.fr/57694966-Incidence-et-issue-du-traitement-de-la-tuberculose-pulmonaire-a-
microscopie-positive-du-1-er-janvier-au-31-decembre-2009-au-csref-cvi.html.

5. Birlie A, Tesfaw G, Dejene T, Woldemichael K. Time to Death and Associated Factors among
Tuberculosis Patients in Dangila Woreda, Northwest Ethiopia. PLoS ONE. 2015;10(12):e0144244.

�. Alobu I, Oshi SN, Oshi DC, Ukwaja KN. Risk factors of treatment default and death among
tuberculosis patients in a resource-limited setting. Asian Pac J Trop Med. 2014 Dec;7(12):977–84.

7. Kwon Y-S, Kim YH, Song J-U, Jeon K, Song J, Ryu YJ, et al. Risk factors for death during pulmonary
tuberculosis treatment in Korea: a multicenter retrospective cohort study. J Korean Med Sci. 2014
Sep;29(9):1226–31.

�. Djouma FN, Noubom M, Ngomba AV, Donfack H, Kouomboua PSM, Saah MAF. Determinants of
death among tuberculosis patients in a semi urban diagnostic and treatment centre of Bafoussam,
West Cameroon: a retrospective case-control study. Pan Afr Med J. 2015;22:253.



Page 10/14

9. Pepper DJ, Schomaker M, Wilkinson RJ, de Azevedo V, Maartens G. Independent predictors of
tuberculosis mortality in a high HIV prevalence setting: a retrospective cohort study. AIDS Res Ther.
2015;12:35.

10. Shahrezaei M, Maracy MR, Farid F. Factors Affecting Mortality and Treatment Completion of
Tuberculosis Patients in Isfahan Province from 2006 to 2011. Int J Prev Med. 2015;6:91.

11. Vasankari T, Holmström P, Ollgren J, Liippo K, Kokki M, Ruutu P. Risk factors for poor tuberculosis
treatment outcome in Finland: a cohort study. BMC Public Health. 2007 Oct 14;7:291.

12. Osman M, Seddon JA, Dunbar R, Draper HR, Lombard C, Beyers N. The complex relationship between
human immunode�ciency virus infection and death in adults being treated for tuberculosis in Cape
Town, South Africa. BMC Public Health. 2015 Jun 18;15:556.

13. Gadoev J, Asadov D, Tillashaykhov M, Tayler-Smith K, Isaakidis P, Dadu A, et al. Factors Associated
with Unfavorable Treatment Outcomes in New and Previously Treated TB Patients in Uzbekistan: A
Five Year Countrywide Study. PLoS ONE. 2015;10(6):e0128907.

14. Choi H, Lee M, Chen RY, Kim Y, Yoon S, Joh JS, et al. Predictors of pulmonary tuberculosis treatment
outcomes in South Korea: a prospective cohort study, 2005-2012. BMC Infect Dis. 2014 Jul 2;14:360.

15. Yen Y-F, Chuang P-H, Yen M-Y, Lin S-Y, Chuang P, Yuan M-J, et al. Association of Body Mass Index
With Tuberculosis Mortality: A Population-Based Follow-Up Study. Medicine (Baltimore). 2016
Jan;95(1):e2300.

1�. Waitt CJ, Squire SB. A systematic review of risk factors for death in adults during and after
tuberculosis treatment. Int J Tuberc Lung Dis. 2011 Jul;15(7):871–85.

17. Bigna JJR, Noubiap JJN, Agbor AA, Plottel CS, Billong SC, Ayong APR, et al. Early Mortality during
Initial Treatment of Tuberculosis in Patients Co-Infected with HIV at the Yaoundé Central Hospital,
Cameroon: An 8-Year Retrospective Cohort Study (2006-2013). PLoS ONE. 2015;10(7):e0132394.

1�. Oshi DC, Oshi SN, Alobu I, Ukwaja KN. Pro�le and treatment outcomes of tuberculosis in the elderly in
southeastern Nigeria, 2011-2012. PLoS ONE. 2014;9(11):e111910.

19. Nwokeukwu HI, Inya-Agha DU, Nwogu KC. Treatment outcome of Tuberculosis and HIV Co-infection
at a Tertiary Health Facility in Southeastern Nigeria. Journal of Community Medicine and Primary
Health Care. 2013 Jan 1;25(1):57-64–64.

20. Lin Y-S, Yen Y-F. Determinants of mortality before start of and during tuberculosis treatment among
elderly patients: a population-based retrospective cohort study. Age Ageing. 2015 May;44(3):490–6.

Figures



Page 11/14

Figure 1

Flowchart representing the process of selecting the study sample
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Figure 2

Survival curve of SPPTB cases under treatment by age group, Commune VI of Bamako, Mali, 2011-2015
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Figure 3

Survival curve of SPPTB cases under treatment by initial weight, Commune VI of Bamako, Mali, 2011-
2015



Page 14/14

Figure 4

Survival curve of SPPTB under treatment by VIH status, Commune VI of Bamako, Mali, 2011-2015


