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Background: Data on the clinical characteristics of delayed treatment initiation among pulmonary
tuberculosis (TB) patients are lacking. Thus, this study aimed to identify the factors associated with delayed
treatment in culture-confirmed pulmonary TB and to assess outcomes of delayed treatment.

Methods: We retrospectively evaluated 151 patients with culture-confirmed pulmonary TB between 2015
and 2017. Delayed and timely treatment was defined as initiation of anti-TB treatment after and before
the identification of Mycobacterium tuberculosis complex isolate, respectively. Factors related to delayed
treatment, such as comorbidities, clinical presentation, and patterns of initial healthcare use, were collected.
We analyzed whether delayed treatment was associated with all-cause mortality using a multivariate binary
logistic regression model adjusted for age, sex, cardiovascular disease, and malignancy.

Results: In total, 55 (36.4%) patients had delayed treatment. The median length between the first medical
visit and treatment initiation was 9 days. Compared with timely treatment, delayed treatment was associated
with no initial visit to a non-pulmonary department [adjusted odds ratio (aOR) =10.49, 95% confidence
interval (CI), 2.56-42.93] and absence of nucleic acid amplification test (aOR =7.54, 95% CI, 2.75-20.67).
After adjusting for age, sex, cardiovascular disease, and solid malignancies, delayed treatment was significantly
associated with all-cause mortality (aOR =3.79, 95% CI, 1.36-10.58). The most frequent possible cause of
delayed treatment was the doctor’s low suspicion of active TB disease.

Conclusions: Given that delayed treatment is associated with worse outcomes in South Korea, targeted
interventions to increase awareness on TB in the healthcare community are necessary for additional

mycobacterial tests and consults of suspicious patients to TB specialists.
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Introduction

Tuberculosis (T'B) is the leading cause of death from a
single infectious agent worldwide, and its incidence rate
remains high, with approximately 10.0 million incident
cases recorded in 2018 (1). In addition to the treatment of
existing cases, transmission should also be halted to end
the global TB epidemic (2). In this context, early diagnosis
and prompt initiation of treatment are among the most
essential interventions to effectively prevent and control TB
transmission. However, diagnosis and treatment delays are
common worldwide, even in patients already found to have
a positive sputum smear (3).

The cascade of care is a useful model for evaluating
patient retention across sequential stages of care required to
achieve a successful outcome (4). Several studies evaluating
delays in the care cascade of TB showed that both patient
and health system delays are influenced by various
socioeconomic and clinical factors (5-7). For example,
smear-negative pulmonary TB with atypical clinical
presentations, especially among elderly patients, is often
treated with fluoroquinolone, and its proper diagnosis and
treatment is often delayed (8). Such delays in the diagnosis
and treatment of TB might consequently impose a high
risk of unfavorable outcome (9). Thus, the cause of delays
should be addressed to improve TB control strategies.

Despite marked declines in the incidence of TB during
the last several decades, South Korea continues to have
the highest TB incidence among high-income countries.
In addition, the incidence rate is rapidly increasing among
those aged over 60 years as South Korea becomes an older-
aged society, which imposes a huge obstacle on prompt
TB diagnosis because of atypical clinical presentations
of elderly patients with multiple comorbidities (10).
Accordingly, several studies (11-13) have recently evaluated
factors associated with delayed recognition and isolation of
pulmonary TB among hospitalized patients in South Korea.
However, data on the clinical characteristics of delayed
treatment initiation among patients with pulmonary TB
are still lacking. Thus, this study aimed to (I) describe each
component of delays in the care cascade of TB among
patients with culture-confirmed pulmonary TB, (II) identify
factors associated with delayed treatment, and (III) assess
the outcomes of delayed treatment.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1521).
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Methods
Study setting and subjects

This retrospective study was conducted at Chungbuk
National University Hospital, which is a university-affiliated
tertiary hospital that participates in the public-private mix
(PPM) TB control project. We evaluated patients with
culture-conformed pulmonary TB between November 2015
and March 2017. Of the 366 patients initially identified,
215 patients with only extrapulmonary involvement (n=90)
and those with negative or unavailable acid-fast bacilli
(AFB) culture test results (n=125) were excluded. Finally,
151 patients were included in the analysis. They were
divided into timely and delayed treatment groups according
to if anti-TB treatment was initiated before or after the
identification of Mycobacterium tuberculosis complex isolate
from the AFB culture test, respectively. All TB patients
underwent a 6-month treatment regimen as recommended
by the National Tuberculosis Program. Anti-TB drugs were
self-administered with the support of the PPM nurses. The
study was approved by the Institutional Review Board of
Chungbuk National University Hospital, South Korea (IRB
No. 2020-02-022) and was conducted in accordance with
the amended Declaration of Helsinki (as revised in 2013).
The need for informed consent was waived because no
patients were at risk.

Data collection

Data on demographics, comorbidities, and clinical
presentation were retrospectively collected from the medical
records. The results of the initial microbiological tests were
also obtained. Radiographic and computed tomography
(CT) findings were classified as active lesions suggestive of
TB, active lesions suggesting disease conditions other than
TB, and inactive lesions. Data regarding patterns of initial
healthcare use that might be associated with delayed anti-
TB treatment, such as initial route of hospital visit and
types of initial microbiological and radiological tests, were
also collected. Treatment outcomes were classified as cure,
treatment completion, treatment failure, loss to follow-up,
and death following the World Health Organization (WHO)

recommendations.

Definition of delays of TB care cascade

To describe the days elapsed from symptom onset to the
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Total delay
34 [16-61] days

Presentation delay

Healthcare delay

13 [3-30] days 9 [4-29] days
Diagnosis delay Treatment delay
8 [2-28] days 0 [0-0] days
Test delay Result delay Report delay
1 [0-3] days 5 [1-24] days 1 [0-3] days

Figure 1 Components of delays in diagnosis and treatment among culture-confirmed pulmonary tuberculosis patients and their median

length with interquartile range.

first medical visit, diagnosis, and treatment, the delays
were defined and categorized based on a previous study (6).
Presentation delay was defined as the interval between
onset of symptoms suggestive of pulmonary TB and the
patient’s first visit to clinic (Figure I). Diagnosis delay was
defined as the interval between the first medical visit and
TB diagnosis. Treatment delay was defined as the interval
between TB diagnosis and initiation of anti-TB treatment.
Healthcare delay was defined as the sum of diagnosis and
treatment delay, whereas total delay was defined as the sum
of presentation delay and healthcare delay. Diagnosis delay
was further divided into 3 subcategories as test, result, and
report delays. Test delay was defined as the interval between
the first medical visit and microbiological testing. Result
delay was defined as the interval between microbiological
testing and the first report of a test result suggestive of TB.
Report delay was defined as the interval between the first
report of a test result and the doctor’s first recognition of a
test result that led to the diagnosis of TB.

Statistical analysis

Discrete variables are presented as frequency or
percentage. The distribution of delays from symptom
onset to treatment initiation was expressed as median and
interquartile range (IQR). Between-group comparisons
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were conducted using univariate analysis via the chi-square
test and binary logistic regression. We hypothesized that
delayed treatment would be associated with comorbidities,
clinical presentation, and patterns of initial healthcare use.
Accordingly, clinical variables with a P value of <0.20 on
univariate analysis were selected in addition to age and sex
and included in the multivariate binary logistic regression
to evaluate the possible association between variables and
delayed treatment. Multivariate binary logistic regression
analysis adjusted for cardiovascular disease and malignancy
as leading causes of death in Korea (37.2%) in 2018 (14) was
also conducted to evaluate the association between delayed
treatment and treatment outcome. Statistical analyses
were performed using SPSS version 21.0 IBM Corp.,
Armonk, NY, USA), and P<0.05 was considered statistically
significant.

Results
Patient characteristics

There were 85 (56.3%) patients aged >65 years, and 92
(60.9%) male patients. The most common symptoms were
cough (50.3%) and sputum production (45.7%). In total, 96
(63.6%) and 55 (36.4%) patients received timely and delayed
treatment, respectively. Their baseline characteristics
are shown in Tuble 1. The delayed treatment group had
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Table 1 Clinicodemographic patient characteristics
Variables All patients (n=151) Timely treatment (n=96) Delayed treatment (n=55) P value
Age =65 years 85 (56.3) 51 (53.1) 34 (61.8) 0.300
Male sex 92 (60.9) 56 (58.3) 36 (65.5) 0.388
Prior TB treatment 30 (19.9) 22 (22.9) 8 (14.5) 0.215
Comorbidities
Cardiovascular disease 49 (32.5) 28 (29.2) 21 (38.2) 0.255
Diabetes mellitus 27 (17.9) 19 (19.8) 8 (14.5) 0.418
Solid malignancy 14 (9.3) 5(5.2) 9 (16.4) 0.023
Neurologic disease 13 (8.6) 8 (8.3) 5(9.1) 0.873
COPD 10 (6.6) 2(2.1) 8 (14.5) 0.003
Symptoms
Cough 76 (50.3) 56 (58.3) 20 (36.4) 0.009
Sputum 69 (45.7) 48 (50.0) 21(38.2) 0.161
Fever 33 (21.9) 17 (17.7) 16 (29.1) 0.103
Dyspnea 51 (33.8) 28 (29.2) 23 (41.8) 0.114
Hemoptysis 11 (7.3) 9(9.4) 2(3.6) 0.192
Weight loss 7 (4.6) 6 (6.3) 1(1.8) 0.213
Night sweating 5(3.3) 4(4.2) 1(1.8) 0.438
Asymptomatic 21 (13.9) 14 (14.7) 7(12.7) 0.751
Presentation delay =15 days 59 (39.1) 44 (45.8) 15 (27.3) 0.024
Initial route of hospital visit
Pulmonary department 127 (84.1) 91 (94.8) 36 (65.5) <0.001
Non-pulmonary departments* 24 (15.9) 5(5.2) 19 (34.5)
Prescription of fluoroquinolone 26 (17.2) 14 (14.6) 12 (21.8) 0.257
Treatment outcome
Unfavorable outcome 33 (21.9) 17 (17.7) 16 (29.1) 0.103
All-cause mortality 22 (14.6) 7 (7.3) 15 (27.3) <0.001

Data are presented as number (%). *, non-pulmonary departments include neurology, emergency department, general surgery, nephrology,
and cardiology. T presentation delay was defined as the interval between onset of symptoms suggestive of pulmonary TB and the
patient’s first visit to the clinic. TB, tuberculosis; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; ICU,

intensive care unit.

a significantly higher rate of solid malignancy (16.4% uvs.
5.2%, P=0.023) and chronic obstructive pulmonary disease
(14.5% wvs. 2.1%, P=0.003) than the timely treatment
group. The proportion of patients with presentation delay
>15 days was significantly lower in the delayed treatment
group compared to the timely treatment group 27.3% vs.
45.8%, P=0.024). The rate of initial visit to the pulmonary

© Annals of Palliative Medicine. All rights reserved.

department was significantly lower in the delayed treatment
group than that in the timely treatment group (65.5% uvs.
94.8%, P<0.001). Meanwhile, the proportion of patients
with prior use of fluoroquinolone before TB diagnosis was
similar between the two groups 21.8% vs. 14.6%, P=0.257).
Mortality was significantly higher in the delayed treatment
group (27.3% vs. 7.3%, P<0.001).
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Variables All patients (n=151) Timely treatment (n=96) Delayed treatment (n=55) P value
AFB smear test
Positive 34 (22.5) 34 (35.4) 0 (0) <0.001
Negative 117 (77.5) 62 (64.6) 55 (100.0)
Nucleic acid amplification test
Positive 61 (40.4) 57 (569.4) 4(7.3) <0.001
Negative 46 (30.5) 25 (26.0) 21 (38.2)
Not performed 14 (29.1) 14 (14.6) 30 (54.5)
Number of AFB tests performed
Once 42 (27.8) 21 (21.9) 21(38.2) 0.031
More than twice 109 (72.2) 75 (78.1) 34 (61.8)
Chest CT performed 147 (97.4) 95 (99.0) 52 (94.5) 0.104
Initial radiographic findings
No active lung lesions 9 (6.0) 4 (4.2) 5(9.1) 0.219
Active TB disease 79 (52.3) 62 (64.6) 17 (30.9) <0.001
Pneumonia 42 (27.8) 18 (18.8) 24 (43.6) 0.001
Lung cancer 3(2.0) 1(1.0) 2(3.6) 0.272
Pulmonary nodule 7 (4.6) 3(3.1) 4(7.3) 0.243
Pleural effusion 25 (16.6) 14 (14.6) 11 (20.0) 0.389

AFB, acid-fast bacilli; TB, tuberculosis; CT, computerized tomography.

The laboratory findings are shown in 7able 2. In total,
22.5% (34/151) and 57.0% (61/107) of the patients
had positive results on the AFB smear and nucleic acid
amplification test (NAAT). The proportion of patients
who underwent the AFB culture test more than twice was
significantly higher in the timely treatment group than in
the delayed treatment group (78.1% vs. 61.8%, P=0.031).
The proportion of patients who underwent NAAT was
significantly higher in the timely treatment group than that
in the delayed treatment group (85.4% vs. 45.5%, P<0.001).
A review of chest imaging findings showed that the most
common finding was active TB (52.3%), followed by
pneumonia (27.8%) and pleural effusion (16.6%).

Characteristics and influencing factors of delay

Each component of delay in the care cascade of TB is
shown in Figures 1,2. The median length from symptom
onset to initiation of anti-TB treatment was 34 days, with
an average of 41.2 days. The median length of presentation

© Annals of Palliative Medicine. All rights reserved.

delay was 13 days, with average of 21.5 days. The median
length of healthcare delay was 9 days, with an average of
19.7 days. Test delay ranged from 0 to 141 days, with a
median of 1 day (IQR: 0-3 days). Result delay ranged from
0 to 78 days, with a median of 5 days IQR: 1-1 days).
Report delay ranged from 0 to 18 days, with a median of
1 day (IQR: 0-3 days). Treatment delay ranged from 0 to
64 days, with a median of 0 day (IQR: 0-0 day).

Delayed treatment was associated with no initial visit
to a non-pulmonary department [adjusted odds ratio
(aOR) =10.49, 95% confidence interval (CI), 2.56-42.93]
and NAAT (aOR =7.54, 95% ClI, 2.75-20.67) (Tuble 3).
Although the aORs of chronic obstructive pulmonary
disease and no chest CT were 6.55 (95% CI, 0.96-44.70)
and 11.25 (0.68-189.98), respectively, they were not
significant.

With respect to possible causes of delayed treatment,
the most frequent was the doctor’s low suspicion of active
TB disease (58.2%, 32/55) and an initial diagnosis other
than TB, such as bacterial pneumonia, upper respiratory
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Figure 2 Box plots of delays in diagnosis and treatment among

culture-confirmed pulmonary tuberculosis patients.

infection, or advanced lung cancer. There were 12 patients
(21.8%) diagnosed with inactive TB diseases based on
negative results of the AFB smear test and NAAT and
initial radiographic findings. Eight patients (14.5%) did
not undergo additional tests to confirm the diagnosis of
TB. Initial diagnosis was missed in 3 (5.5%) patients as
they did not revisit the clinic to check positive results of
microbiological tests.

Multivariate analysis of the factors associated with
all-cause mortality showed that delayed treatment was
significantly associated with all-cause mortality (aOR
=4.30, 95% CI, 1.59-11.61) after adjusting for age and sex
(Table 4). After further adjusting for cardiovascular disease
and solid malignancy, the odds ratio of all-cause mortality
was 3.79 (95% CI, 1.36-10.58). In total, 8 of the 15
mortality cases in the delayed treatment group were post-
mortem cases (Table 5).

Discussion

Data on the clinical characteristics of delayed treatment
initiation among pulmonary TB patients in Korea are still
lacking. Delayed TB treatment in the Korean population is
frequently caused by a lack of clinical consult and no NAAT
and is associated with worse outcomes, including higher
all-cause mortality. Early diagnosis and prompt initiation
of treatment are among the most essential interventions
for an effective TB control program. In 2011, South Korea
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Table 3 Multivariable logistic regression analyses of factors

associated with delayed treatment

Variables aOR (95% ClI) P value
Age =65 years 1.02 (0.38-2.73) 0.969
Male sex 1.15(0.41-3.17) 0.793
COPD 6.55 (0.96-44.70) 0.055
Solid malignancy 2.44 (0.46-13.03) 0.296
Cough 0.35 (0.08-1.54) 0.164
Sputum 1.44 (0.31-6.70) 0.638
Fever 1.16 (0.39-3.47) 0.792
Dyspnea 2.52 (0.85-7.42) 0.094
Hemoptysis 0.84 (0.11-6.44) 0.866
Presentation delay >15 days 0.41 (0.15-1.11) 0.080
Initial visit to non-pulmonary 10.49 (2.56-42.93) 0.001
department

AFB testing performed only 1.93 (0.73-5.07) 0.186
once

NAAT not performed 7.54 (2.75-20.67) <0.001
Chest CT not performed 11.25(0.68-189.98)  0.091

aOR, adjusted odds ratio; Cl, confidence interval; COPD,
chronic obstructive pulmonary disease; AFB, acid-fast bacilli;
NAAT, nucleic acid amplification test; CT, computerized
tomography.

implemented the national PPM TB control project that
provides comprehensive patient management, helping
increase the treatment success rate and decreasing the
incidence of TB (15). However, there are limited studies
evaluating the accuracy and timing of diagnosis before
initiation of treatment in the PPM era. A previous Korean
study (16) that evaluated 107 pulmonary TB patients who
visited a tertiary university hospital between 2011 and
2012 reported an average of 16.7 and 22.2 days for patient
and doctor delays, respectively. From a public health
perspective, it is important to periodically assess any delays
in diagnosis and treatment as this will increase awareness of
the problems in TB management. For example, improving
access to care and ensuring early diagnosis are key areas
for action as defined in the national TB strategy in the
United Kingdom. Further, the proportion of pulmonary
TB patients starting treatment within 2 to 4 months of
symptom onset are important monitoring indicators (17).
We hypothesized that treatment delay was associated
with diagnostic modalities and methods and retrospectively
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Table 4 Multivariate logistic regression analysis of factors associated with all-cause mortality

Variables aOR (95% Cl) P value aOR (95% Cl) P value
Delayed treatment 4.30 (1.59-11.61) 0.004 3.79 (1.36-10.58) 0.011
Age =65 years 2.87 (0.96-8.56) 0.058 1.88 (0.56-6.28) 0.588
Male sex 2.32 (0.77-6.97) 0.134 1.65 (0.51-5.36) 0.409
Cardiovascular disease 1.95 (0.67-5.71) 0.224
Solid malignancy 4.73 (1.23-18.11) <0.001
Cl, confidence interval; aOR, adjusted odds ratio.
Table 5 Characteristics of patients diagnosed with pulmonary tuberculosis after death
Age (years)/ Diagnosis Causes of delayed Comorbidity Patient status before death Place of
sex delay (days) diagnosis death
77/M 52 Low suspicion for TB COPD, CAD, HTN, prior Transferred and admitted to ICU due to ICU
stroke aggravation of at a secondary hospital
76/M 94 Low suspicion for TB COPD, prior TB Admitted to ICU for acute exacerbation of ICU
COPD
75/M 68 Low suspicion for TB HTN Admitted to ICU for HAP, after orthopedic ICU
surgery
56/F 27 Lack of additional tests Acute ischemic stroke  Transferred to ICU after in-hospital arrest during  ICU
admission for acute ischemic stroke
78/M 104 Low suspicion for TB COPD, A-fib Had HAP during admission for pneumothorax. ~ GW
59/M 34 Low suspicion for TB Recurrent RCC, VHL Diagnosed with recurrent RCC during admission GW
syndrome, prior TB for sepsis
78/M 22 Low suspicion for TB Leukemia, HTN, ASO Admitted due to fever after chemotherapy and ~ GW
received palliative care
78/M 91 Test result not checked Metastatic lung cancer, HTN, Admitted for pneumonia during radiotherapy GW

prior stroke

M, male; F, female; TB, tuberculosis; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; HTN, hypertension;
ICU, intensive care unit; HAP, hospital-acquired pneumonia; A-fib, atrial fibrillation; GW, general ward; RCC, renal cell carcinoma; VHL, Von

Hippel-Lindau syndrome; ASO, arteriosclerosis obliterans

collected related data. The proportion of patients with
an initial hospital visit to a non-pulmonary department
was significantly higher in the delayed treatment group.
Clinicians in departments other than pulmonology and
infectious diseases sometimes miss or ignore a positive
report of TB tests, resulting in diagnosis and treatment
delays (18). A low suspicion of TB might hinder the
performance of additional microbiological tests or
consulting a pulmonologist despite chest imaging findings
of active TB disease. A multifaceted approach to increase
clinician awareness of the clinical presentations of TB is
necessary to actively identify TB.

© Annals of Palliative Medicine. All rights reserved.

In the current study, not undergoing NAAT was
significantly associated with delayed treatment. This
finding is reasonable given that NAAT is an important
diagnostic modality for TB, with better accuracy and
faster turnaround time than the AFB smear test. A
recent study suggested that the Xpert MTB/RIF assay
(Cepheid, Sunnyvale, CA, USA) might replace smear
microscopy as the first-line diagnostic test for pulmonary
TB in routine clinical practice in an intermediate-
burden setting (19). The number of NAATs markedly
increased between 2007 and 2014 in South Korea (20).
The updated Korean TB guidelines in 2017 removed the
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limit of NAAT and broadened its use for suspected TB
cases (21). About one-third of the enrolled patients in the
current study did not undergo NAAT or underwent AFB
testing only once. All patients in the delayed treatment
group were smear-negative, implying paucibacillary disease.
Importantly, a negative sputum smear is known to be
associated with a longer healthcare delay (22). In addition
to increasing clinician awareness, performing prompt and
appropriate diagnostic tests is essential to avoid a missed TB
diagnosis.

Nearly all the enrolled patients had chest CT performed
during the initial hospital visit, and additional usage of
chest CT scans was not different between the timely and
delayed treatment groups. Forty-two patients had initial
chest imaging findings suggestive of bacterial pneumonia,
and they were accordingly initially treated with antibiotics.
Among them, 61.9% (26/42) were prescribed with
fluoroquinolone before TB diagnosis. Although chest CT
and the prescription of fluoroquinolone were not significant
factors, a previous study showed that anti-TB treatment
may be delayed in patients administered fluoroquinolone
and initially misdiagnosed with bacterial pneumonia (23).
When prescribing fluoroquinolone for bacterial pneumonia
in high- or intermediate-burden settings, it is important
to assess the resolution of pneumonia after antimicrobial
therapy and identify results of mycobacterial tests.

Our study showed that delayed treatment was
significantly associated with all-cause mortality after
adjusting for sex, age, cardiovascular disease, and solid
malignancy. This finding might be attributed to the post-
mortem TB cases. Most of them were old-aged patients
with multiple morbidities, and delayed diagnosis ranged
from 22 to 104 days. Because these patients initially visited
the hospital because of other acute illnesses, our analysis
of the post-mortem patients showed a low suspicion of TB
disease and smear negativity, similar to the findings of a
previous study (24).

This study has some limitations. First, we could
not evaluate the factors associated with presentation
delay, which is an important contributing factor to TB
transmission. Second, presentation delays were determined
retrospectively, and they could have been limited by recall
bias. Third, because of the retrospective study design, we
could not collect data on visits to other healthcare facilities
between symptom onset and the patient’s visit to the study
hospital. Fourth, the study included only a small number
of patients from a single tertiary hospital, thus limiting the
generalizability of our findings. Because we used low events-
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per-variable ratios, a multivariable model describing factors
associated with delayed treatment might become unstable.
Further larger studies are necessary to confirm our result.
Additional studies evaluating presentation and healthcare
delays among patients with culture-negative and clinically
diagnosed TB are necessary. In addition, the diagnostic
pathway for TB patients needs to be evaluated to further
understand the barriers to diagnosis and treatment. For
example, socioeconomic status is an important determinant
of healthcare-seeking behavior, which might influence
our results. Further in-depth qualitative studies evaluating
physicians’ attitude and knowledge could identify causes of
healthcare delay.

In conclusion, treatment delays for TB in South Korea
are primarily due to the physician’s low suspicion of active
TB disease and an initial diagnosis other than TB. The
absence of NAAT also contributed to a delay in treatment.
Importantly, treatment delay is associated with all-cause
mortality. These findings support the need for targeted
interventions to increase awareness on 1B and improve
treatment delays.
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