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Abstract

Background: Tuberculosis (TB) is a communicable disease which contributes to a major
cause of ill health. Worldwide, it is one of the leading causes of death from a single infectious agent.

Objectives: The study aimed to describe the epidemiology and factors associated with TB
mortality in Manjung district, Perak, Malaysia.

Methods: All confirmed TB cases from 2015 to 2020 registered in Manjung district under
Sistem Maklumat Tibi (MyTB) were included. Factors associated with TB mortality were analysed
by using simple and multiple logistic regression analysis.

Results: A total of 742 TB cases were included in the analysis, from which 121 cases (16.3%)
died before completing their treatment. The highest death was reported in 2020 (25.7%) and the
lowest in 2019 (12.9%). From multiple logistic regression analysis, age 45 years old—64 years old
(adjusted OR = 3.62; 95% CI: 1.38, 9.54), > 65 years old (adjusted OR = 8.67; 95% CI: 3.17, 23.74),
non-Malaysian (adjusted OR = 5.18; 95% CI: 2.04, 13.14), cases notified by government hospitals
(adjusted OR = 6.78; 95% CI: 3.04, 15.09), HIV-positive status (adjusted OR = 8.60; 95% CI:
3.58, 20.67) and HIV testing not offered/unknown (adjusted OR = 2.58; 95% CI: 1.18, 5.62) were
significantly associated with TB mortality.

Conclusion: This study found that TB patients who were 45 years old and above, positive
HIV, late diagnosis and are foreigners had a higher risk for TB mortality. Early diagnosis,
optimised screening and close monitoring should be practised to reduce TB mortality.
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TB death as compared to the 2015 baseline.
However, only a 9.2% reduction was achieved,
which was about one-quarter of the way to the
milestone. The COVID-19 pandemic caused
disruptions to the diagnosis and treatment of

Introduction

Tuberculosis (TB) is a communicable
disease that contributes to a major cause of ill
health and is one of the leading causes of death

worldwide from a single infectious agent (1). It
is caused by Mycobacterium tuberculosis, which
typically affects the lungs (pulmonary TB). It can
also affect other sites; however, it is curable and
preventable (2).

The ‘end TB strategy’ milestone for TB
death in 2020 by the World Health Organization
(WHO) was a reduction by 35% of the total

all diseases, including TB (3). However, it only
partially explained that the compromise on the
milestone progress achievement up to 2019
was only 14% as compared to the 2015 baseline,
which was way below the 35% target (1).

In Malaysia, the estimated TB incidence
rate in 2019 was 92 cases per 100,000
population, with an estimated TB mortality rate
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of 4 cases per 100,000 population (4). The TB
mortality rate in Malaysia was 5.5 per 100,000
population in 2015 (5). Studies examining factors
associated with TB were carried out worldwide in
both high and low TB incidence countries. Many
well-recognised factors that contributed to TB
mortality were found. In Malaysia, studies that
investigated TB death and its associated factors
are still limited.

Manjung is a district in the south-western
part of Perak, Malaysia, with a total population
of 245,683. The most common ethnic groups
are Malays (57.5%), Chinese (28.4%), Indians
(12.6%) and others (1.5%) (6). The major sectors
of economy in Manjung district are agriculture
and tourism. Manjung is the third biggest
district in Perak, with one of the highest TB
cases in Perak. To the best of knowledge, there
is no published study on TB death situation
in Manjung district. Therefore, this study was
conducted to describe the epidemiology of TB
mortality and its associated factors with TB
patients on treatment in Manjung district from
2015 to 2020.

Methods

A case-control study was conducted
between 1 May and 9 June 2022 for all confirmed
TB cases reported to the Manjung district Health
Office. Cases were registered in the national
online system called Sistem Maklumat Tibi
(MyTB) over 6 years (2015—2020).

In Malaysia, all confirmed TB cases in
government or private healthcare facilities
are required by law to be reported under the
Prevention and Control of Infectious Diseases
Act 1988 (Act 342) (7). MyTB was developed
and is run by the Ministry of Health, Malaysia
to standardise the reporting, investigation, and
findings at the district, state, and national levels
for the control and prevention of TB.

From the extracted TB cases, excluded cases
from the analysis were patients whose diagnosis
changed, cases transferred out or lost during
follow-up, defaulted treatment and incomplete
information in the Tuberculosis Information
System (TBIS) (Figure 1).

Definitions

Cases were defined as all-cause TB mortality
amongst TB patients before they completed their
anti-TB treatment. Controls were TB patients
who were alive until they completed their anti-
TB treatment or until the study ended. All-cause
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TB mortality was included as per the definition
of TB mortality from the Malaysian Clinical
Practice Guidelines on Tuberculosis (8).

The notification centre was categorised into
three groups based on the institutions that had
diagnosed and notified the TB cases, such as:
i) government health clinics; ii) private health
clinics and iii) hospitals.

Active case detection was when contacts of
newly diagnosed patients were systematically
screened. Patients presenting to health services
with symptoms and later being confirmed of
TB were termed as passive case detection.
Meanwhile, TB cases detected from various
screening, such as workers screening, medical
screening and screening of TB in HIV and
diabetes patients, were termed as detection from
screening (9).

Extrapulmonary TB is defined as TB
diagnosed in organs other than the lungs, such
as the lymph nodes, pleura, gastrointestinal tract
or central nervous system (10). Smear-positive
pulmonary TB (PTB) is defined as a PTB patient
with at least one or more initial sputum smear
examinations (direct smear microscopy) positive
for acid-fast bacilli (AFB) or with one sputum
specimen positive for AFB and radiographic
abnormalities consistent with active PTB, or
with one sputum specimen positive for AFB and
culture positive for Mycobacterium tuberculosis
(11). Smear-negative PTB is defined as a PTB
patient with at least three negative results
in direct smear sputum microscopy but with
radiographic results suggestive of active TB or
sputum culture positive for Mycobacterium
tuberculosis (11).

Statistical Analysis

Data collection and analysis were conducted
at the Manjung district Health Office. Data were
downloaded from MyTB. This was followed by
importing and analysing the data by using IBM
Statistical Package for the Social Sciences (SPSS)
version 24.0 software.

Non-normally  distributed  continuous
variables  were  presented as  median
(interquartile range), while categorical variables
were presented as numbers (percentage).
The risk factors associated with TB mortality
diagnosis were evaluated through univariate
and multivariate logistic regression. Variables
with a P-value of less than 0.05 from the
univariate analysis were selected and considered
for multiple logistic regression analysis.
Multicollinearity and interaction were checked



Original Article | Tuberculosis mortality in Manjung District

for the final model. Fitness of the model
was tested by using the Hosmer-Lemeshow
goodness-of-fit test, classification table and area
under the receiver operating characteristics
(ROC) curve in SPSS software. All TB cases from
2015 to 2020 were analysed.

The significance level for all statistical tests
was set at 0.05 unless otherwise stated.

Results

Characteristics of the Reported Cases

Of the 822 patients with the diagnosis
of TB reported in the Manjung district in the
TBIS from 2015 to 2020, 742 (90.3%) met the
eligibility criteria for the study and 80 cases were

discarded, as shown in Figure 1. About 121 (16%)
of patients died before completing their TB
treatment, but 34 were audited to have died due
to TB. A total of 621 (83.7%) were still alive. The
case-control analysis included those who died
with or due to TB and as compared with those
who remained alive during the study. Figure 2
shows the number of patients who were alive
at the end of treatment and patients who died
before completing treatment according to year.
The highest TB mortality percentage was in 2020
(25.7%) and the lowest was in 2018 (12.9%).
Table 1 shows characteristics of the 742 reported
TB cases in Manjung district as well as simple
and multiple logistic regression analyses of
factors associated with TB death in Manjung
district during the study.

|

TB patients reported between 2015 and 2020

N=

822

|

A

TB patients eligible for the analysis
n =742 (90.3%)

S

Total death reported Total alive

n =121(16.3%)

n =621 (83.7%)

TB patients excluded from the analysis

(n=80) (9.7%):

« Diagnosis changed,n=9

« Cases transferred out or lost during
follow up, n = 29

 Defaulted treatment, n = 28

« Incomplete information in the TBIS,
n=14

Figure 1. Flow diagram of 822 patients with TB reported to the Malaysia TBIS between 2005 and 2010

B Alive at the end of treatment

m Death before completing treatment

2016

2015 2017

Year

2018 2019 2020

Figure 2. Cases with patients who were alive and died at the end of treatment according to year

www.mjms.usm.my



Malays J Med Sci. 2023;30(3):167-175

(abpd 3x2u U0 panuU0D)

L10°0 (296 ‘gr'1) 852 000 (¥6°S ‘1v°'1) 06°2 (%1°9) 8¢ uMOUUN/pPaIajjo J0u Junsa],
100°0 > (L9 02 ‘g5°€) 09'g 100°0 > (6zc°0T ‘11°Y) €1°6 (%9°€) Le 2ANISOJ
1 1 4 218°'0Le (%T'16) LL9 2ATIESON

pSIsougeIp Jo swin 18 snjeis ATH
8L6°0 (PS'1‘99°0) TO'T (%9°6¢) 0T SOX
1 1 GG/ 061 (9%t 0L) 238 ON

sa1aqeI(q
100°0 > (60°S1 ‘v0°€) 84'9 100°0 > (6491 ‘0S°€) L9°L (%S°8) €9 [e1dsoY JUSUILIDAOL)
gch o (16°€ ‘Go'0) ct'0 Sivo (P¥-€ ‘S0°0) et o (%€°99) ¢o6V A[Ioey 91eALId
1 1 4 €eh et (%2 Sc) L8T JIUI[D JUSUWILIDAOL)

p 9IIUID UOIBOYNON
cgto (90°g ‘11°0) 8t*0 (%1°€) €2 Surusarog
Y180 (661 ‘¢t 0) 16°0 (9%6°68) L99 QAIY
1 4 120’1 (%0°L) 2§ QAISSBJ

UOI]99319p ase)

800°0 (89'0 ‘g0°0) 20 (%V°6) oL Arenag,
201’0 (11°1 ‘€€°0) 09°0 (%8°18) L09 A1epuooag
1 4 €srL (%8°'8) 59 Arewtid /ouoN
[2A9] uoneonpy
100°0 (br-€1 ‘Yo'2) g1's T00°0 (6T°L ‘vS1) G€°€ (%6°€) 6T ueISAR[RIN-UON
1 T T L6T°6 (%1°96) €1L ueIsAe[eIAL
p drgsueznid
L00O'0 (84T ‘Qr'1) I8 (%L°19) 85t eI
T T L9gL (%¢°8€) ¥ge J[ewaq
I9puan)
100°0 > (PL€T ‘LT°€) LO'Q 100°0 > (861 ‘6€°2) 86°S (9%9°S1) 911 G9 <
600°0 (P56 ‘g€°'1) 29°€ 300'0 (069 “Lr1) ¥gQ'T (%V9€) 0le ro9-Sb
Gl1°0 (0€°S “vL0)86°1 660°'0 (ge'SLg o) b1 14 gvg 1T (%2 ¥¢) vSe Yv-Ge
T T (90°21) 68 Ye-Gr1
666°0 (10°0 ‘10°0) 10°0 666'0 (10°0 ‘10°0) 10°0 (%8°1) €1 1>
p (P10 s1eak) 98y
soryder3ouaporoog

anfeA-g GID %56) MO '[PV anpea-4 GIO %56) 4O dpNnI) ansnels pfem J[qeLIeA

(evl = N) 0T0T IoquIads( I&
0] S10T Arenuep T WOIj PLNSIP Sunfue]y Ul Y1edp dJ, YIM PIIeIOSSe S1030e] Jo sIsA[eue uorssardalr onsidof o[dnnu pue oidurs ‘OrgderSowaporos I I[qe],

www.mjms.usm.my



rtality in Manjung District

1S IO

| Article | Tuberculos

igina

Or

S8 sem (DOY) onsuLRIRYD Sunerado

JOATO0DI IDPUN BAIR {PAYISSL[D A[1991100 9%bg 9[qe) uoresyisse) {(snjeis ATH pue dIysuazio ‘9Ijusd Uoneoynou ‘9Se) §9b 0 = anfes-J 1S9} MOYSIUI-ISWSOH, ‘PaI9a1dp UOIORISIUI OU PUE AJLIQUI[[0dT)[NUI
ON, ‘(PaIo1UD AJ[eNUL 9I9M SISA[RUE 9JELIBAIUN WO} SO0 URYY) SSI] aN[BA-J YILM SI[(eLIEA) POYoW [enuey-1auy woly ndino reury ‘pardde poylow [enUBA-I91UF PUB YT PIEMIO, ‘9LS b~ JURISUO)), :SAION

Svvo

g€ro
14250

900

9820

onpea-g GID %56) MO [PV anpea-4

(9v'2 ‘€1°0) 950
1

(121 ‘G2 0) 690
(er1‘otr0) 1L°0
1

(€o'1‘9€'0) 190
1

(9481 ‘1€8°0) ST'T
1

GIO %56) Q4O dpNnI)

0€L'19g

Log g

o1t°€e

068°061

ansnels prem

(%LT) 0T
(%E°L6) gTl

(%8°6) €L
(%5°89) 808
(9%L°12) 191

(%L°L8) 1S9
(%%°21) 16

(%cc€) 6€c
(%8°£9) €0§

SOX
ON
SIONIOM dIBDYIBOH
dLd enxyg
d.1d @anisod-1eawig
41.d @anedou-1eowig
A1089180 g1,
SO
ON
Ieds DO
SOX
ON
snjels Sunjows

dIqeLIEs

(penunuood) *I JAqeL,

171

www.mjms.usm.my



Malays J Med Sci. 2023;30(3):167-175

Factors Associated with TB Mortality

From the multiple logistic regression
analysis, age 45 years old—64 years old
(P = 0.002) and above 65 years old (P < 0.001),
non-Malaysian (P = 0.002), cases notified by
government hospital (P < 0.001), HIV status
at the time of diagnosis positive (P < 0.001)
or testing not offered/unknown (P = 0.004)
were significantly associated with TB mortality
after adjusting for other factors. The Hosmer-
Lemeshow goodness-of-fit test showed that the
model was fit with a P-value of 0.468. Overall
percentage of the classification table was 84%
and area under the ROC curve was 0.845
(95% CI: 0.784, 0.908).

Discussion

It was found that between 2015 and 2020,
16.3% of TB patients living in Manjung district
died before completing their treatments. This
was higher than the Malaysian reported TB
mortality of 10.2% between 2014 and 2017 (12).
The highest TB mortality was in 2020 when
25.7% of cases died. This was the year when the
COVID-19 pandemic started and impact of the
pandemic had reversed years of global progress
in reducing the number of people who died
from TB. According to the WHO, the number of
estimated TB deaths in 2020 worldwide was back
to the level of before 2017 (13).

In this study group, four factors were
significantly associated with TB mortality
based on statistical adjustments from other
significant factors. The four factors were: i) age;
ii) citizenship status; iii) notification centre and
iv) HIV status at the time of diagnosis.

As compared to 15 years old—24 years old
age group, the 45 years old—64 years old age
group and above 65 years old age group had
3.62 times and 8.67 times higher odds respective
of TB mortality. A study of TB mortality in the
United States between 2009 and 2013 supported
this finding with the 45 years old—64 years old
age group, with 2.57 times higher odds and
above 65 years old with 5.76 higher odds (14).
A retrospective cohort study also concluded
that the hazard ratio increased by 1:1 with each
additional year for TB mortality (15). Older
people were more likely to present with atypical
findings. They also often had one or more
comorbidities, such as diabetes mellitus, chronic
obstructive pulmonary disease or lung cancer
which could increase the risk of TB and mortality
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(16). In this study, both TB mortality that died
due to TB or other causes during TB treatment
were included. Older people were more likely to
die from other causes while being treated for TB,
which contributed to the higher observed odds.

Non-Malaysian were more than five times
more likely to die during TB treatment as
compared to Malaysian citizens. Studies showed
that immigrants had higher TB mortality for
infectious diseases as compared to locals (17, 18).
Non-citizens were more vulnerable to death from
infectious diseases, such as TB, due to a series
of risk factors associated with migration. The
migrants in Manjung district are majority labour
class workers; hence, their exposure risk in their
living conditions predisposed them to be infected
with TB. They are more likely to be diagnosed
in the later stage of the infection; therefore,
increasing the risk of TB mortality. Problems
and barriers in accessing healthcare and lack of
knowledge about the healthcare system might
also contribute to higher TB mortality amongst
them (19).

Interestingly, notification centre was
significantly associated with TB mortality. As
compared to TB cases notified by government
clinics, cases notified by government hospitals
were 6.78 times more likely to die during
treatment. TB cases that were presented to
government hospitals tended to be more severe
cases that required hospitalisation. Whereas,
government clinics primarily detected TB cases
from the screening of symptomatic or close
contact with TB cases, which were clinically more
stable. Studies showed that the TB mortality
rate was about 52% higher amongst those late
presenters than in early presenters (20).

Several previous studies reported similar
results to those found in the present study
regarding HIV and TB mortality. HIV-positive
statuses were more than nine times to die during
TB treatment. Meanwhile, those with testing
not offered or unknown were almost three times
more likely to die during TB treatment. A study
conducted by Marks et al. (21) with the National
Tuberculosis Surveillance System data from
1997 to 2005 found that patients infected with
HIV had higher odds of TB diagnosis at death
and death during TB treatment than patients
who were HIV-negative. Later, a similar study
conducted by Hannah et al. (14) by using data
from 2009-2013 reported similar findings.
A meta-analysis reported that HIV-positive had
a hazard ratio of 2:6 for TB mortality (22). HIV
increased the risk of TB infection and severity of
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TB disease and mortality. Furthermore, TB may
also act as a cofactor in the progression of HIV
infection by increasing the HIV viral load (23).

Since the study population consisted of the
population in the Manjung district, the result
cannot be generalised to other populations. Due
to the limitation of secondary data, the study
had no access to external information other than
the online notification database. For a better
understanding of associated factors with TB
mortality, future researchers may employ other
study designs, such as cohort studies.

Based on this study, it is recommended
that screening and awareness for TB in primary
health care should be optimised, especially
amongst the high-risk groups. These groups
comprise the elderly, those with HIV/high-risk
behaviours and foreigners. The lack of screening
and awareness in primary healthcare would
contribute to late presentation to hospitals,
increasing the risk of TB mortality. Adjunct to
primary healthcare screening, contact tracing
and follow-up of close contacts should also be
enhanced. Employers of foreign labour class
workers should take initiatives to provide better
healthcare accessibility to ensure they are not
marginalised from mainstream healthcare
services.

Conclusion

About 1.6 in 10 TB patients died during the
treatment course in Manjung district. Older age,
non-Malaysian, cases notified by the hospital
and positive HIV status were significant factors
associated with TB mortality. To strengthen and
reduce the TB mortality rate in Manjung district,
targeted approaches, such as early diagnosis,
optimised screening and close monitoring,
should be practised to reduce TB mortality
within this group.
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