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Delayed diagnosis of tuberculosis: risk factors
and effect on mortality among older adults in
Hong Kong

Eric CC Leung *, CC Leung, KC Chang, CK Chan, Thomas YW Mok, KS Chan, KS Lau, CH Chau,
Wilson KS Yee, WS Law, SN Lee, KF Au, LB Tai, WM Leung

ABSTRACT

Objective: To assess the risk factors and effects of
delayed diagnosis on tuberculosis (TB) mortality in
Hong Kong.

Methods: All consecutive patients with TB notified
in 2010 were tracked through their clinical records
for treatment outcome until 2012. All TB cases
notified or confirmed after death were identified for
a mortality survey on the timing and causes of death.

Results: Of 5092 TB cases notified, 1061 (20.9%)
died within 2 years of notification; 211 (4.1%)
patients died before notification, 683 (13.4%) died
within the first year, and 167 (3.3%) died within the
second year after notification. Among the 211 cases
with TB notified after death, only 30 were certified
to have died from TB. However, 52 (24.6%) died
from unspecified pneumonia/sepsis possibly related
to pulmonary TB. If these cases are counted, the
total TB-related deaths increases from 191 to 243.
In 82 (33.7%) of these, TB was notified after death.
Over 60% of cases in which TB was diagnosed after
death involved patients aged 280 years and a similar
proportion had an advance care directive against
resuscitation or investigation. Independent factors
for TB notified after death included female sex,
living in an old age home, drug abuse, malignancy
other than lung cancer, sputum TB smear negative,
sputum TB culture positive, and chest X-ray not
done.

Conclusions: High mortality was observed among
patients with TB aged =80 years. Increased vigilance

is warranted to avoid delayed diagnosis and reduce
the transmission risk, especially among elderly
patients with co-morbidities living in old age homes.
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*  Mortality among elderly patients with tuberculosis (TB) in Hong Kong is high.
* There is a risk of institutional TB transmission because a substantial portion (42%) of these elderly people live in

old age homes.

* Timely diagnosis and treatment of TB is necessary to avert adverse outcomes and prevent transmission.

* Increased vigilance and deployment of rapid diagnostic tools are necessary to facilitate early diagnosis of TB
and to reduce the TB transmission risk, especially among elderly patients with co-morbidities living in old age

homes.

Introduction

Over the past 30 years, the proportion of the Hong
Kong population aged =65 years doubled from 6.6%
in 1981 to 13.3% in 2011.! The proportion of those
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aged =65 years among patients with tuberculosis
(TB) tripled from 13%? to 39%?® in the same period.
Although the annual notification rate decreased
from 149.1 to 65 per 100000 population and the TB
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mortality rate decreased from 9.4 to 2.6 per 100000
population from 1981 to 2011, the proportion of
those aged =65 years increased from 53% to 82%
among TB deaths.?® In older adults, TB is associated
with other co-morbidities, hospitalisation, and
delays in presentation and commencement of
treatment.* Missed opportunities for intervention
might contribute to the higher mortality rates in
older adults, and might also increase the risk of
TB transmission. The present longitudinal study
was conducted to assess the effects of age on the
mortality rates of patients with TB and to elucidate
the factors associated with missed TB diagnosis.

Methods

Allconsecutive cases of TB notified to the Department
of Health in 2010 were retrospectively collected from
the statutory TB notification registry. Hong Kong
identity card numbers (or passport numbers for
non-residents) were retrieved from the notification
registry, together with date of notification, source
of notification, and demographic and clinical
information. Further clinical information and
outcome data at 1 year after notification/initiation
of treatment were retrieved from the TB programme

record forms.? These forms are filed by the TB and
Chest Service for patients managed under its chest
clinics and for patients managed by other health
care providers. Treatment outcome was classified
according to the World Health Organization (WHO)
recommendations.® Using the identity card number/
passport number as the unique identifier, the
2010 TB cohort data were cross-matched with the
statutory death registry from 1 January 2009 till 31
December 2012 for vital status, date and cause(s) of
death. All cases with a date of TB notification after
the date of death were recorded. A mortality survey
was conducted on these recorded cases by retrieving
relevant clinical information from records in public
clinics and hospitals.

The demographics, co-morbidities, treatment
outcomes, and mortality pattern of the cohort were
analysed. Published data on patients of all ages with
TB® and on elderly patients with TB” notified in 1996
were used for comparison. A date of TB notification
after the date of death was considered as a surrogate
marker of delayed diagnosis. Categorical variables
were analysed by Pearson x? test or Fisher’s exact test
as appropriate; continuous variables were analysed by
Mann-Whitney U test. Binary regression modelling
was used to calculate the adjusted odds ratios (aORs)
for risk factors for delayed diagnosis of TB after
death using a backward conditional approach, with
probability to remove being 0.10 and to retain being
0.05. A two-tailed P <0.05 was considered statistically
significant. Statistical analyses were performed using
SPSS for Windows, version 16.0 (SPSS Inc, Chicago
[IL], US).

Results

After exclusion of 336 cases subsequently denotified
because of alternative diagnoses, a total of 5092
patients with TB were included in the 2010 TB
cohort, at a notification rate of 72.5/100 000 person-
years. Table 1 summarises their demographic
data, clinical characteristics, and 1-year outcomes.
Comparison with published data on the 1996 TB
cohort®” was restricted to patients managed under
the TB and Chest Service, for which the proportion
of patients with TB aged 260 years increased from
34.5% in 1996 to 42.9% in 2010. There were more
co-morbidities such as diabetes mellitus (16.0%
vs 9.6%), lung cancer (2.1% vs 1.1%), and other
cancers (5.0% vs 0.6%) in the 2010 TB cohort than
in the 1996 TB cohort (x? test, P<0.001). In 2010, the
proportion of patients who died before completion
of TB treatment was smaller for those managed
under the TB and Chest Service (7.4%) than for the
overall cohort (16.2%). However, the proportion of
patients managed under the TB and Chest Service
who died before completion of TB treatment nearly
doubled between 1996 (3.9%) and 2010 (7.4%).
Among 5092 TB notifications, 1061 (20.9%)
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TABLE |. Demographic profile, clinical characteristics, and |-year outcomes of the 2010 TB cohort* compared with published data on the 1996 TB

cohortt

All patients with TB
notified in 2010

2010 TB cohort: 1996 TB cohort:
patients managed patients managed
by the TB and Chest by the TB and Chest

OR (95% CI), P
valuet, 2

Service* Service®’
Total No. of patients 5092 4111 5757 -
Female sex 1863 (36.6%) 1496 (36.4%) 1778 (30.9%) 0.78 (0.72-0.85)
Age-group (years)
0-19 179 (3.5%) 158 (3.8%) 309 (5.4%) %?=159.48
20-39 1111 (21.8%) 952 (23.2%) 1942 (33.7%) P<0.001
40-59 1414 (27.8%) 1237 (30.1%) 1519 (26.4%)
260 2388 (46.9%) 1764 (42.9%) 1987 (34.5%)
Type of cases
Pulmonary only 3675 (72.2%) 2883 (70.1%) 4474 (77.7%) %?=82.43
Extrapulmonary 854 (16.8%) 682 (16.6%) 790 (13.7%) P<0.001
Both 563 (11.1%) 546 (13.3%) 493 (8.6%)
Positive TB smear 1698 (33.3%) 1436 (34.9%) 1628 (28.3%) 1.36 (1.25-1.49)
Positive TB culture 2932 (57.6%) 2415 (58.7%) 2968 (51.6%) 1.34 (1.23-1.45)

Outcome at 12 months

Cured or Tx completedt 3405 (66.9%) 3070 (74.7%) 4628 (80.4%)
Still on Tx 463 (9.1%) 446 (10.8%) 238 (4.1%)
Died§ 823 (16.2%) 303 (7.4%) 222 (3.9%)
Transferred 177 (3.5%) 120 (2.9%) 209 (3.6%)
Defaulted Tx 220 (4.3%) 168 (4.1%) 460 (8.0%)
Others 4 (0.1%) 4(0.1%) 0
Co-morbidities

Diabetes 719 (14.1%) 656 (16.0%) 555 (9.6%)
Silicosis 16 (0.3%) 5 (0.4%) 84 (1.5%)
Lung cancer 128 (2.5%) 88 (2.1%) 62 (1.1%)
Other cancers 276 (5.4%) 206 (5.0%) 32 (0.6%)
HIV infection 30 (0.6%) 4 (0.6%) 6 (0.1%)
Chronic renal failure 112 (2.2%) 69 (1.7%) NA

Living in old age home with multiple disabilities 390 (7.7%) 292 (7.1%) NA

$°=282.8
P<0.001

All P<0.001
1.78 (1.58-2.01)
0.25 (0.14-0.44)
2.01 (1.43-2.82)
9.44 (6.40-13.99)
5.63 (2.19-15.37)

Abbreviations: Cl = confidence interval; HIV = human immunodeficiency virus; NA = not available; OR = odds ratio; TB = tuberculosis; Tx = treatment
* Excluding 919 patients who were not managed under the TB and Chest Service

T Comparison between 2010 and 1996 TB cohorts was restricted to patients with TB managed by TB and Chest Service
T Cured or having completed treatment irrespective of subsequent death, default, or relapse before the end of | year

§ Died before treatment completion (71 patients who died after completion of treatment were excluded)

deaths occurred within 2 years of notification. Of
the 1061 deaths, 211 (4.1%) occurred before the TB
notification (ie, TB was notified after death; median
delay in notification [interval between death and TB
notification] 45 days, interquartile range 30-65 days).
Of the deaths after notification, 683 (13.4%) died in
the first year and 167 (3.3%) died in the second year.
The reported causes of death were related to TB in
only 191 (18.0%) of all deaths; 30 (14.2%) before TB
notification, 158 (23.1%) in the first year, and three
(1.8%) in the second year after notification.

Among the 211 deaths before TB notification,
only 30 (14.2%) had TB as the main cause of death.
There were 54 cases of ‘pneumonia unspecified’
and three cases of ‘sepsis unspecified’ reported as
main cause of death. Of these cases, only five with
potential causative organisms, such as Pseudomonas,
Acinetobacter, or Escherichia coli, were identified.
However, in the sputum thathad been collected before
death in these patients, Mycobacterium tuberculosis
was subsequently isolated after prolonged culture,
indicating that TB was the likely main cause of

Hong Kong Med J | Volume 24 Number 4 | August 2018 | www.hkmj.org

363



@ Leungetal @

death in the remaining 52 deaths initially reported
as ‘sepsis or pneumonia unspecified. Including
these revised results increases the 2010 TB-related
mortality from 191 to 243, ie, an increase of 27%
from the officially reported mortality figures of 2.6
to 3.4 per 100000 person-years.® The corresponding
proportion of TB-related mortality increases to
38.8% (82/211) in cases with TB notified after death
compared with 23.3% (158/683) who died in the first
year after notification and 1.7% (3/167) who died in
the second year. Therefore, a substantial proportion
(15.5%) of TB-related deaths could potentially have
been prevented by early diagnosis and treatment.
For the 211 deaths before TB notification, 25
cases of TB were notified from the public mortuary.
Of the remaining 186 cases of TB that were notified
from hospital, 173 hospital records were collected;
13 cases had missing data. None of the 198 patients
with retrievable records were started on treatment.
Of these 198 patients, 119 (60.1%) were aged =80
years at the time of death, and 93 (47%) had more
than one admission to hospital before death. Prior to
death, of these 198 patients, 83 (41.9%) were living in

an old age home (OAH), 78 (39.4%) were bed-ridden,
and 121 (61.1%) had an advance care directive such
as ‘do not resuscitate’ or ‘do not investigate’ stated
in the case notes. Table 2 summarises the univariate
and multiple logistic regression analyses of these 198
early deaths, using deaths occurring within 1 year
after notification as controls. Female sex, having a
malignancy other than lung cancer, living in an OAH,
drug abuser, sputum TB smear negative, sputum TB
culture positive, and chest X-ray (CXR) not done or
not available were independent risk factors for death
before TB diagnosis.

Subgroup analysis was carried out for patients
that most likely died of TB. The study group included
the 30 patients who died of TB before diagnosis and
the 52 patients whose deaths were initially reported
as ‘sepsis or pneumonia unspecified’ but later sputum
TB culture was positive. The control group was all
patients who died of TB after notification (Table
3). Female sex, living in an OAH, sputum TB smear
negative, sputum TB culture positive, and CXR not
done or not available were independent risk factors
for this group.

TABLE 2. Univariate and multiple logistic regression analyses of TB notified after death, using all deaths occurring within | year after notification as

control
Covariate TB notified after  All-cause mortality P value OR (95% CI) aOR (95% CI)t
death (n=198)* within first year (by %
after TB notification
(n=683)
Female sex 69 (34.8%) 150 (22.0%) <0.0001 1.90 (1.35-2.68) 1.81 (1.22-2.70)
Age =80 years 119 (60.1%) 326 (47.7%) 0.002 1.65 (1.20-2.28) -
DM 47 (23.7%) 102 (14.9%) 0.004 1.77 (1.20-2.6) 1.55 (0.99-2.43)f
Lung cancer 6 (8.1%) 78 (11.4%) 0.180 0.68 (0.39-1.20) -
Other cancers 43 (21.7%) 101 (14.8%) 0.020 1.60 (1.08-2.38) 1.80 (1.14-2.85)
Chronic renal failure 16 (8.1%) 62 (9.1%) 0.664 0.88 (0.49-1.56) -
Silicosis 1(0.5%) 1(0.1%) 0.399§ 3.46 (0.22-55.6) -
Drug abuse 6 (3.0%) 5(0.7%) 0.010 4.24 (1.28-14.04)  11.03 (2.79-43.55)
Previous gastrectomy 1(0.5%) 3 (0.4%) 1.000§ 1.05 (0.12-11.12) =
HIV positive 1(0.5%) 2 (0.3%) 0.535§ 1.72 (0.16-19.53) -
Living in old age homes (due to old age, 83 (41.9%) 108 (15.8%) <0.0001 3.84 (2.71-5.45) 3.56 (2.63-5.29)
immobility, stroke)
Old stroke 35 (17.7%) 69 (10.1%) 0.004 1.91 (1.23-2.97) -
Smear negative 189 (95.5%) 435 (63.7%) <0.001 11.90 (6.02-23.81)  12.34 (5.95-25.64)
Culture positive 144 (72.7%) 405 (59.3%) 0.001 1.83 (1.29-2.59) 4.02 (2.51-6.42)
CXR not taken or not available 35 (17.7%) 64 (9.4%) 0.001 2.07 (1.33-3.25) 3.87 (2.13-6.99)

Abbreviations: aOR = adjusted odds ratio; Cl = confidence interval; CXR = chest X-ray; DM = diabetes mellitus; HIV = human immunodeficiency virus; OR
= odds ratio; TB = tuberculosis

* 13 Cases with missing data were excluded
T aOR in binary regression modelling using backward conditional approach, with probability to remove being 0.10 and to retain being 0.05

+ P=0053

§ Fisher's exact test
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TABLE 3. Subgroup analysis on patients died of TB before notification versus after notification

Covariate TB as the likely  TB as main cause P value OR (95% CI) aORt (95% CI)
cause of death of death after (by %3
before TB TB notification
notification (n=82)* (n=161)
Female sex 36 (43.9%) 35 (21.7%) <0.0001 2.82 (1.58-5.00) 2.44 (1.16-5.17)
Age =80 years 52 (63.4%) 86 (53.4%) 0.137 1.51 (0.88-2.61) -
DM 6 (19.5%) 6 (9.9%) 0.037 2.20 (1.04-4.66) -
Lung cancer 5(6.1%) 3(1.9%) 0.080 3.42 (0.80-14.68) 5.65 (0.92-3.45)
Other cancers 7 (8.5%) 6 (3.7%) 0.115 2.41 (0.78-7.43) -
Chronic renal failure 5(6.1%) 13 (8.1%) 0.578 0.74 (0.25-2.15) -
Silicosis 0 0 NA NA -
Drug abuse 1(1.2%) 4 (2.5%) 0.665% 0.49 (0.05-4.41) -
Previous gastrectomy 0 0 NA NA -
HIV positive 1(1.2%) 2(1.2%) 1.00% 0.98 (0.09-10.99) -
Living in old age homes (due to old age, 34 (41.5%) 11 (6.8%) <0.0001 9.66 (4.55-20.52) 9.62 (3.82-24.39)
immobility, stroke)
Old stroke 4 (17.1%) 0(6.2%) 0.007 3.11 (1.32-7.35) -
Smear negative 6 (92.7%) 2 (57.1%) 0.001 9.52 (3.91-23.26) 8.04 (2.95-21.88)
Culture positive 60 (73.2%) 83 (51.6%) 0.001 2.56 (1.44-4.57) 8.77 (3.38-22.73)
CXR not taken or NA 6 (19.5%) 6 (9.9%) 0.037 2.20 (1.04-4.65) 8.17 (2.58 -25.86)

Abbreviations: aOR = adjusted odds ratio; Cl = confidence interval; CXR = chest X-ray; DM = diabetes mellitus; HIV = human immunodeficiency virus; NA

= not available; OR = odds ratio; TB = tuberculosis

* Including patients whose recorded cause of death was TB (n=30) or unspecified pneumonia but later sputum TB culture positive (n=52)
T Adjusted odds ratio in binary regression modelling using backward conditional approach, with probability to remove being 0.10 and to retain being 0.05

T Fisher's exact test

Discussion

In the present study, the proportion of patients
with TB aged 260 years increased by 25% from
1996 to 2010. However, over the same interval,
the proportion of patients who had died before
completion of treatment nearly doubled (Table 1).
A substantial proportion (211 of 1061; 19.9%) of the
TB-related deaths were notified after death. Over
60% of these cases were aged >80 years and none were
started on treatment, suggesting a failure to detect
TB rather than just a delay in notification. Over
60% of them had an advance care directive against
resuscitation or investigation, likely indicating a
concurrent terminal illness. Independent factors
associated with TB notified after death were female
sex, malignancies other than lung cancer, living in
an OAH, drug abuse, sputum TB smear negative,
sputum TB culture positive, and CXR not done.
Although the recorded cause of death was TB in only
30 (14%) cases, in 52 (25%) cases the recorded cause
of death was respiratory disease (predominantly
pneumonia unspecified), particularly among those
aged 280 years (19% vs 39%; P<0.005). In these cases,
pulmonary TB is likely to have been the main or
precipitating cause.

In the present study, the fatality rate in the first
year of TB notification was 17.5% (4.1% died before

TB notification and 13.4% died within 1 year after TB
notification). This is much higher than rates reported
earlier in Europe (7.8%°) and England and Wales
(8.4%™), but similar to rates reported more recently
in Taiwan (16.5%"). This is probably a reflection of
differences among patient profiles in these regions,
especially age and the associated co-morbidities. In
the present study, 47% of patients with TB were aged
260 years (Table 1), whereas in the studies in Europe
and the United Kingdom only 24.3%° and 17.9%" of
the patients with TB were cohort aged >60 years.

Our finding that 4.1% of TB cases were notified
after death is similar to rates reported in Taiwan in
2006 (4.0%!?) and in the US in the 1980s (5.1%* and
3.9%'). In all of these reports, advanced age was
a consistent observation for this extreme form of
delayed diagnosis. As expected from the relatively
short turnover time for sputum TB smear tests
and CXRs, sputum TB smear negative, and CXR
unknown or not done were important risk factors
for TB notified after death. The strong association
between these cases and positive sputum TB culture
might be explained by the fact that the sputum TB
culture was the primary method of TB diagnosis,
unless a diagnosis had already been made during
autopsy.

Our findings that drug abusers have a higher
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chance of TB notification after death is in line with
an earlier study that suggested such patients have
difficulty completing medical evaluations.”® Drug
abusers might be less aware of their TB symptoms
because of the effects of the drugs taken, such as
opiate suppression of the cough reflex.

Female sex was also an independent factor
in the current study, similar to a previous study
in Taiwan."! This is expected, because there is a
higher proportion of women among the geriatric
population’® and among residents of OAH'" owing to
their longer life expectancy and because conservative
treatment is more frequently selected by these
elderly female patients or their guardians. Patients
with terminal conditions might have an advance
care directive against resuscitation or investigation.
An incorrect provisional diagnosis might also result
from the readiness to accept a diagnosis of advanced
disseminated malignancy in a patient with such
an advance care directive. As lung cancer patients
usually had CXR and sputum samples taken in their
initial diagnostic investigation, coexisting TB could
be discovered early. In addition, most lung cancer
patients were diagnosed at an advanced stage and
usually died within the first year after presentation.'®

In our study, TB-related death occurred shortly
before or after TB treatment was started, in line
with findings from studies in Taiwan,'® the US,* and
Russia?! reporting a median time of 3 to 7 weeks
from diagnosis or notification of TB to death. A
study in Canada showed that a delay in TB treatment
increased risk of death (aOR=3.3; 95% confidence
interval=1.7-6.2) and intensive care unit admission
(aOR=16.8; 95% confidence interval=2-144)2
Another study of hospitalised patients with TB also
showed that late TB treatment guided by conventional
TB culture was associated with a higher mortality than
for treatment guided by polymerase chain reaction
(PCR), liquid culture, positive histological findings
or typical clinico-radiological manifestation.”® In
settings with a high human immunodeficiency virus
prevalence, the WHO advocates early empirical TB
treatment based on clinical and radiological criteria
in patients strongly suspected as having TB but with
sputum TB smear negative, because this can improve
survival. ?#*

Although a timely diagnosis might not avert
most non—-TB-related deaths, early treatment could
reduce the institutional transmission risk, because
42% of patients with TB were living in OAHs in the
current study. The prevalence of active TB in OAHs
has been estimated to be as high as 669 per 100000
person-years in Hong Kong.”* The majority of
patients in the present study did not have a positive
sputum TB smear; however, a representative sputum
sample might have been difficult to obtain from
patients living in OAHs. That 73% of these patients
had a positive sputum TB culture suggests that there

was a sufficient degree of suspicion, either clinical
or radiological, for initiation of bacteriological
sampling. In total, 54 out of 211 patients who
died before TB notification were recorded to have
‘pneumonia unspecified’ or ‘respiratory disease’ as
the main cause of death. Past studies have shown
that negative TB smear contributed to around 17% of
TB transmission in San Francisco? and Vancouver®
and even 30% in China.?” Thus, rapid diagnosis with
effective isolation and early treatment can reduce
transmission and even mortality. Sputum induction®
or gastric aspiration® would improve specimen
collection. However, in view of the infection risk,
these bio-aerosol generating procedures would
preferentially be performed in a negative pressure
room with effective personal protective equipment
as stipulated by the Institutional Infection Control
Guidelines. Real-time PCR diagnostic tests such as
Xpert® MTB/RIF assay®? may also be valuable, either
as a primary diagnostic test or as an add-on test in
patients previously found to be TB smear negative,
to avoid the long turnover time for bacteriological
cultures. In a study in Hong Kong,* Xpert® MTB/
RIF assay was found to be a highly cost-effective
strategy for TB diagnosis in terms of quality-adjusted
life-years gained and lower first year mortality rate.

Higher mortality among patients with TB aged
>80 years is a consistent finding among different
TB programmes.** The present study also found
frequently missed diagnosis of TB and excessive
mortality among patients aged >80 years who were
frequently institutionalised and had multiple co-
morbidities. A high index of suspicion and rapid
diagnostic tools are necessary to reduce both
mortality and transmission risk in a rapidly ageing
population, in order to meet the WHO End TB
2035 target of a 95% reduction in TB mortality rate
compared with the 2015 rate.®

This study shares an important limitation with
other retrospective studies. The clinical data in this
cohort were constructed from a database of the pre-
assembled ‘TB programme record form’ which was
not specifically designed for this study. Therefore,
not all pertinent risk factors were identified and
recorded. As this is a population-wide database,
many health care professionals were involved and
the measurement of risk factors and outcomes is
less accurate and less consistent than a prospective
study. Nonetheless, data from the TB programme
record form have been used in previous studies on
patients with TB® and elderly patients with TB” and
were included for comparison in this study.

Conclusions

This study was a collaborative effort between the
Hospital Authority and the Department of Health,
and a database was compiled for all patients with
TB treated in the public or the private sector. This
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study provides insight into the mortality of patients
with TB and the risk factors associated with a delay
in TB diagnosis. These factors include novel patient
factors such as female sex, living in OAHs, advance
care directives refusing further investigation or
resuscitation, and drug abuse. Additional factors
include lack of arepresentative sputum sample. which
could be mitigated by sputum induction or gastric
aspiration, and the relative insensitivity of sputum
TB smear and long turnover time for conventional
TB culture, which could be mitigated by using of
real-time PCR tests. Information generated by this
study will help frontline clinicians to be better aware
of this important infectious disease among elderly
people. Hopefully, more resources will be allocated
to promote rapid diagnosis of TB for patients in
high-risk scenarios in Hong Kong.
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