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X - The prevalence of TB among the homeless population is higher compared to the general population
Conclusion . 1B confirmation rate was higher among individuals with ‘inactive TB' on chest X-ray

Abstract

Background: The government of Korea implemented a strategy of prevention and early
diagnosis in high-risk groups to reduce the tuberculosis (TB) burden. This study aims
to investigate the TB epidemiology and gap in understanding of TB prevalence among
homeless individuals by analyzing active TB chest X-ray (CXR) screening results in Ko-
rea.

Methods: The Korean National Tuberculosis Association conducted active TB screen-
ing with CXR for homeless groups from January 1 to December 31, 2021. Sputum
acid-fast bacilli smear and culture were performed for the subjects suggestive of TB
on CXR. We performed a cross-sectional analysis of the data in comparison with the na-
tional health screening results from the general population.

Results: Among 17,713 homeless persons, 40 (0.23%), 3,077 (17.37%), and 79 (0.45%)
were categorized as suggested TB, inactive TB, and observation required, respectively.
Prevalence of suggested TB in the homeless was significantly higher (3-5 fold) than in
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Analysis of TB screening in the homeless

the national general health screening based on age category (p<0.005). Twenty-nine
cases were confirmed as TB, yielding a prevalence of 164 cases per 100,000 individu-
als; 19 of these 29 cases showed inactive TB on CXR. Body mass index (p=0.0478) and
CXR result (p<0.001) significantly correlated with confirmed TB based on multivariable

analysis.

Conclusion: Nutrition status and CXR results, especially that of inactive TB, should be
considered in active TB screening of the homeless population, where TB prevalence is

higher than the general population.

Keywords: Homeless; Tuberculosis; Screening; Chest X-Rays; Suggested Tuberculosis

Introduction

The tuberculosis (TB) incidence in Korea was reported-
ly 44/100,000 in 2021", and high-risk groups including
homeless, prisoners, and immigrants are targets of
active case findings for prevention and early diagnosis
in the third National Strategic Plan for TB Control’. The
homeless population has a high TB prevalence due to
poor hygiene, alcohol abuse, and drug use®. Therefore,
many countries have established TB screening guide-
lines using chest X-ray (CXR), tuberculin skin test, and
interferon-gamma release assay for active and latent
TB in vulnerable groups based on TB burden®.

The Homeless Persons Welfare Act in Korea defines
a homeless person as an individual who lives without
a fixed residence for a considerable period of time or
a person who uses a homeless facility such as a side-
by-side counseling center, a temporary shelter for the
homeless, a homeless rehabilitation/nursing/self-sup-
port facility, or a homeless general support center®.
The homeless population can be categorized as street
homeless, facility workers, undocumented foreigners,
homeless persons in facilities, and bed space apart-
ment users. According to the 2021 Homeless Survey,
the composition of the population who did not visit
the hospital was 37.5% street homeless people, 3.1%
homeless people in facilities, and 9.1% bed space
apartment users. This indicates that access to health
care services is limited in the homeless population.

The World Health Organization post-2015 End TB
Strategy recommended TB screening for possible risk
groups with low access to medical care including the
homeless, and the integrated patient management of
pillar | strategy emphasized the importance of early
diagnosis in high-risk groups. In addition, any proposed
screening strategy should use early diagnostic meth-
ods and allow effective treatment and follow-up to sus-
tain case management®. However, reports on current
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TB status in the homeless are scarce, although one in-
vestigated direct observed therapy and demonstrated
poor treatment adherence’ in Korea.

Active case finding is a provider-initiated strategy to
detect and treat patients with TB who would not oth-
erwise receive prompt medical services. In contrast,
passive case finding is based on patients’ voluntary
presentation to a health care provider®. An active case
finding program screens a large population to identify
active TB cases, usually with CXR. However, in relation
to the health system context and resource availabil-
ity several concerns exist regarding the accuracy of
TB detection, differential diagnosis from inactive TB,
consecutive prompt diagnosis and treatment, and eco-
nomic and social consequences. Despite the low spec-
ificity of CXR (46% to 89%)*, that depends on qualified
web-based remote interpretation of digitalized portable
instruments®, CXRs can provide sufficient data for TB
screening followed by additional diagnostics, such as a
sputum acid-fast bacillus (AFB) smear and cultures.

This study reports TB epidemics of the homeless
compared with the general population and investigates
the factors related to suggested and confirmed TB on
CXR.

Materials and Methods

1. Study design

TB screening programs for the homeless were per-
formed by the Korean National Tuberculosis Associ-
ation (KNTA) as a TB prevention and support project
from January 1 to December 31, 2021. The primary
goals of this cross-sectional study were early detection
of active TB, prevention of cross-transmission in the
community, and to refer and manage patients with TB
systematically. The analysis was performed after com-
pletion of the projects with approval from the Institu-
tional Review Board (No: 2022AS0066) of Korea Univer-
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sity Ansan Hospital and permission from the KNTA and
Korea Disease Control and Prevention Agency. The In-
stitutional Review Board waived the need for consents
from the participants.

2. TB screening process
Selection criteria for the homeless were as follows®:
(1) the residence status at the time of survey was doc-
umented; (2) the homeless were classified as street
homeless who live without a fixed residence and fa-
cility homeless who use a homeless facility such as a
temporary shelter or support center; and (3) bed space
apartment users were classified based on the location
of the counseling center.

The flowchart for the screening process is shown in

Figure 1. Flow chart for screening participants with
chest X-ray (CXR). TB: tuberculosis; AFB: acid-fast ba-
cillus.

Questionnaire and
chest X-ray screening
(n=22,943)

Repeated follow-up
(n=5,230)

Actual screened number
(n=17,713)
[
[ ]

Significant on CXR Nonsignificant on CXR
(n=3,196) (n=14,517)

Confirmed TB based on
AFB smear and culture
(n=29)

Figure 1. A history-taking questionnaire was performed
and CXRs of the homeless were interpreted by a chest
radiologist using a remote online system, all directed
by regional branch offices of KNTA. The patients show-
ing significant findings of TB on CXR were categorized
as: suggested TB, observation required (uncertain TB
with undefined activity), or inactive TB. Patients with-
out significant findings of TB on CXR were defined as
normal or with other significant lung disease. The CXR
findings based on category are summarized in Supple-
mentary Table S1. Sputum samples were collected on
site for groups with significant findings of TB on CXR
for further AFB smears and cultures. Vehicles equipped
with CXR were used to screen the street homeless,
undocumented foreigners, and facility homeless, and
a portable mobile CXR was used for bed space apart-
ment users. ldentifiable repeatedly followed-up screen-

Figure 2. The distribution of homeless people by age
and type.

8,000

Il Street homeless -
7 000 4 HH Etc. (facility workers)
' [ Undocumented foreigners
6,000 4 3 Facility homeless
[J Bed space apartment users
. 5,000 A
5 —
Ke]
€ 4,000 A
2
3,000 -
2,000
1,000 e
0 .
<19 20-29 30-39 40-49 50-59 =60

Age (yr)

Table 1. General characteristics of the screened homeless confirmed as tuberculosis

Characteristic

Confirmed pulmonary
tuberculosis

Homeless type

Estimated Actual no. screened Sex, No. (%) Prevalence

number (%) male:female (/100,000)
Total cases 17,713 (100.00) 13,182:4,531 29(0.16) 164
Street homeless 1,595 1,836 (10.37) 1,648:188 10 (0.54) 545
Facility workers NA 1,109 (6.26) 649:460 1 (0.09) 90
Undocumented foreigner NA 3,677 (20.76) 2,458:1,219 4(0.11) 109
Facility homeless 7,361 6,619 (37.37) 4,837:1,782 3(0.05) 45
Bed space apartment users 5,448 4,472 (25.25) 3,590:882 11 (0.25) 246

Numbers in brackets in reading classification are confirmed cases of tuberculosis.

NA: not available.
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ing cases were excluded, resulting in 17,713 cases for
analysis.

The anonymous data collection forms from the cen-
tral KNTA office were distributed to all regional offices,
and all corrected clean data including most recent AFB
culture results were analyzed after radiologic reading
results were categorized by investigators.

3. Statistical analysis

All analyses were performed using R software version
4.2.1 (R Foundation for Statistical Computing, Vienna,
Austria). A chi-square test was used to determine dif-
ferences in CXR category between the homeless sub-
jects with TB and the general population. Multivariable
analysis with logistic regression was used to determine
the factors associated with suggested TB and con-
firmed TB among the homeless. Exact binomial tests
were used to compare the TB confirmation rates based
on age between homeless subjects in the 2021 gener-
al health screening data’®"". All tests for significance
were two-sided. The statistical significance was set at
p-value of 0.05.

Results

1. General characteristics of homeless people in TB
screening

The homeless subjects were classified as follows:
street homeless, facility workers, undocumented for-
eigners, homeless persons in facilities, and bed space
apartment users (Table 1). Among the total 17,713
homeless persons, the largest number was homeless
persons in facilities (6,619, 37.37%). Figure 2 shows the
distribution of homeless individuals based on age and
residence type. The number of homeless individuals
tended to increase with age: 33 (15.79%), <19 years;
1,044 (2.78%), 20-29 years; 1,939 (4.64%), 30-39 years;
2,737 (13.22%), 40-49 years; 4,438 (24.81%), 50-59
years; and 7,522 (35.93%), >60 years. Furthermore, the
number of street homeless and facility homeless were
highest in the >60 years group, while the number of un-
documented foreigners was highest in the 30-39 years
group.

2. Results of TB screening in homeless people

Classification based on CXR was divided into signifi-
cant and nonsignificant TB findings (Table 2). The sig-
nificant TB findings consisted of suggested TB, inactive
TB, and observation required, and nonsignificant TB
consisted of normal and other significant lung diseas-
es. Under significant TB findings, inactive TB was most
common in 3,077 cases (17.37%); 19 were confirmed

https://doi.org/10.4046/trd.2023.0197

as TB. There were five cases of 40 cases (0.23%) of
suggested TB, and five of 79 cases (0.45%) of obser-
vation required. There were 29 cases of confirmed
pulmonary TB, and the prevalence was highest in the
street homeless (545 of 100,000 persons). Statistically
significant differences were found in the age distribu-
tion among suggested TB, observation required, and
inactive TB groups (p<0.01). The prevalence of con-
firmed TB of the homeless compared with the general
population based on age group is shown in Figure 3",
In the homeless, the lowest prevalence of TB was 96
of 100,000 persons in the 20-29 years group, and the
highest prevalence of TB was 226 of 100,000 persons
in the >60 years group. The TB prevalence in the home-
less increased sharply after 50 years of age (Figure 3).

3. Analysis of homeless with suggested TB

The factors associated with significant TB on CXR
among the homeless were analyzed using univariable
and multivariable analysis (Table 3). The adjusted odds
ratio (aOR) from the multivariable analysis was highest
in bed space apartment users compared with undocu-
mented foreigners (2.68; 95% confidence interval [Cl],
2.01 to 3.56; p<0.001). For female gender, the aOR was
0.65 (95% CI, 0.58 to 0.73; p<0.001) compared with
male, and analysis based on age group showed signifi-
cantly higher aOR in the 50s (aOR, 1.57; 95% Cl, 1.32 to
1.87; p<0.001) and 60s (aOR, 2.69; 95% Cl, 2.29 to 3.17;
p<0.001) than in the 40s.

Results of the homeless TB screening were com-
pared with the national general health screening (Table
4). In all age groups older than 20 years, the prevalence
of suggested TB in the homeless was significantly

Figure 3. The prevalence of confirmed tuberculosis of
the homeless and the general population according to

age groups.
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Table 3. Factors related to presumed tuberculosis on chest X-ray* among the homeless

Univariable analysis

Multivariable analysis

Variable
OR (95% CI) p-value Adjusted OR (95% Cl) p-value

Classification

Undocumented foreigner Reference Reference

Street homeless 7.69 (5.85-10.11) <0.001 2.95 (2.2-3.98) <0.001

Facility workers 1.25(0.87-1.81) 0.230 1.15(0.79-1.7) 0.465

Facility homeless 6.56 (5.07-8.5) <0.001 2.57 (1.94-3.4) <0.001

Bed space apartment users 7.61 (5.86-9.89) <0.001 2.68 (2.01-3.56) <0.001
Sex

Male Reference Reference

Female 0.53 (0.48-0.59) <0.001 0.65 (0.58-0.73) <0.001
Age, yr

<19 0 (0-Inf) 0.921 0 (0-Inf) 0.92

20-29 0.28 (0.17-0.47) <0.001 0.43 (0.25-0.74) 0.002

30-39 0.38(0.28-0.52) <0.001 0.49 (0.35-0.69) <0.001

40-49 Reference Reference

50-59 1.92 (1.6-2.26) <0.001 1.57 (1.32-1.87) <0.001

>60 3.38(2.92-3.92) <0.001 2.69 (2.29-3.17) <0.001
Cough

No Reference Reference

Yes 2.51 (2.09-3.01) <0.001 1.46 (1.15-1.84) 0.002
Sputum

No Reference Reference

Yes 1.78 (1.49-2.12) <0.001 1.04 (0.84-1.3) 0.716
Past history of TB

No Reference Reference

Yes 10.02 (8.92-11.27) <0.001 8.27 (7.31-9.36) <0.001

Do not know 1.6 (1.3-1.96) <0.001 1.69 (1.36-2.09) <0.001
BMI 0.89 (0.88-0.9) <0.001 0.91 (0.9-0.92) <0.001

*Tuberculosis on chest X-ray includes suspected tuberculosis, observation required, and inactive tuberculosis.
OR: odds ratio; Cl: confidence interval; Inf: infinite; TB: tuberculosis; BMI: body mass index.

higher than in the national general health screening. In
comparison with the national general health screening,
the prevalence of TB in the screened homeless was
significantly higher in the age groups older than 20
years. The highest aOR (5.15) was in the 40-49 group
(95% CI, 3.01 to 8.61), followed by the 20-29 group
(aOR, 5.07; 95% CI, 1.98 to 12.26).

4. Confirmed TB and inactive TB in health screening
of homeless people

In multivariable analysis to identify factors that affect

confirmed TB in screening of the homeless (Table

5), difference was not observed based on screening

Tuberc Respir Dis 2024;87:514-523

category, age, or respiratory symptoms (p>0.05). Body
mass index (BMI) negatively correlated with TB (aOR,
0.86; 95% ClI, 0.73 to 0.99). Subjects with suggested TB
and individuals requiring observation had significantly
higher aOR (18.29; 95% ClI, 5.28 to 63.41; p<0.001 and
10.07; 95% CI, 3.44 to 29.46; p<0.001, respectively)
compared with individuals with inactive TB. Therefore,
low BMI can be considered as a factor significantly re-
lated to TB in homeless people.

Discussion

Homeless people with lower BMI showing inactive

https://e-trd.org/ 519
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Table 4. Comparison of suggested tuberculosis on chest X-ray between the homeless and general population based on

age groups
Variable o:ﬁg?:;?sitggsr:::g::,si;g General health screening
Total Presence (%) Total Presence (%) Unadjusted OR (95% Cl) p-value
Total 17,713 119 (0.67) 6,814,938 9,802 (0.14) 4.70 (3.91-5.64) <0.001
Age group, yr
<19 33 0 3,347 2 (0.06) 0 (0-356.31) 1.000
20-29 1,044 5(0.48) 389,213 369 (0.09) 5.07 (1.98-12.26) 0.003
30-39 1,939 4(0.21) 938,595 717 (0.08) 2.7 (0.92-7.05) 0.064
40-49 2,737 15 (0.55) 1,526,672 1,622 (0.11) 5.18 (3.02-8.66) <0.001
50-59 4,438 25 (0.56) 1,680,066 2,406 (0.15) 3.71 (2.49-5.52) <0.001
>60 7,522 70 (0.93) 2,377,045 4,686 (0.2) 4.76 (3.74-6.04) <0.001

*Suspected tuberculosis and observation required on chest X-ray.
CXR: chest X-ray; OR: odds ratio; Cl: confidence interval.

TB or possible TB on CXR should be further assessed
to confirm active pulmonary TB. Considering the high
TB prevalence rate of 246 per 100,000 people with a
relatively lower presumed screening rate of 82.0%,
aggressive TB screening must be conducted for the
bed space apartment users as well as the unscreened
homeless. However, TB screening for the street home-
less should be continued due to the highest TB preva-
lence observed in this study (545 per 100,000 persons).
An accurate estimate of undocumented foreigners with
TB should also be established based on the prevalence
of 109 per 100,000 persons observed in this study.

TB incidence and BMI were reported to show a linear
relationship'®. The present study confirms that low BMI
in the homeless is significantly related to TB. Among
the subjects showing significant TB findings on CXR,
BMI was significantly lower at 22.50 compared with
the BMI of 23.76 in the other groups. Furthermore, the
street homeless exhibiting the highest disease preva-
lence, had a significantly lower BMI of 23.25 compared
with undocumented foreigners and facility homeless.
Because the homeless population is exposed to irregu-
lar meals and poor environmental conditions and show
a lower BMI distribution compared with the general
population, a concurrent nutritional support program
as an incentive combined with TB screening would be
effective for improving treatment adherence'® and the
nutritional status of the homeless.

In a total of 17,713 cases, 29 were confirmed TB, with
a prevalence of 164 of 100,000 persons. CXR findings
of inactive TB showed the highest prevalence with 19
of 3,077 cases, indicating that aggressive further work-
up is recommended for this group. This suggestion

https://doi.org/10.4046/trd.2023.0197

could be applied in the general national health screen-
ing'®, where a previous study confirmed a significantly
higher proportion of inactive TB in the confirmed TB
group at 2,761 (24.6%) than in a control group at 3,072
(15.9%; p<0.00001)"°. Considering the recent advances
in diagnostic technology, findings suggestive of TB on
CXR could be determined using deep learning algo-
rithms'®. However, for homeless individuals without a
fixed residence or financial means for diagnostic exam-
ination or treatment, adhering to additional examina-
tions and treatment plans can be challenging. Several
studies'”"® showed a higher likelihood of incomplete
treatment or treatment delay in the homeless popula-
tion. Therefore, in cases where inactive TB is observed
on CXR, it is essential to exclude active TB, particularly
in homeless individuals. The need for personalized
care strategies for TB treatment among the homeless
should be emphasized and implemented in policies re-
garding vulnerable groups.

Table 1 shows that roughly 89% of the facility home-
less and presumed 82% of the bed space apartment
users were screened in the 2021 TB screening project.
Although more than the estimated numbers of street
homeless were screened, the exact number is ques-
tionable due to the difficulty in identifying this popu-
lation®. Certain groups, such as undocumented for-
eigners pose challenges in verifying their residency or
identity, requiring significant efforts to obtain accurate
figures'®?°, Verifying the precise number of individuals
in these groups is essential to ensure accurate data
collection and understanding of TB in the homeless
population to create effective policies.

This study had several limitations. First, obtaining
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Table 5. Factors related to confirmed tuberculosis among homeless people

Comparison Adjusted OR (95% CI) p-value

Classification

Undocumented foreigners Reference

Street homeless 3.06 (0.19-49.68) 0.432

Facility workers 6.51 (0.23-186.21) 0.274

Facility homeless 0.35(0.02-6.57) 0.487

Bed space apartment users 1.26 (0.08-20.29) 0.872
Sex

Male Reference

Female 0.47 (0.1-2.28) 0.346
Age, yr

<19 2.4 (0-Inf) 1.000

20-29 7.14 (0.34-149.98) 0.206

30-39 2.35(0.18-30.45) 0.514

40-49 Reference

50-59 0.91(0.16-5.11) 0.914

>60 1.43 (0.29-7.01) 0.656
Cough

No Reference

Yes 1.76 (0.42-7.4) 0.437
Sputum

No Reference

Yes 2.12(0.51-8.9) 0.304
Past history of TB

No Reference

Yes 0.76 (0.3-1.92) 0.559

Unknown 1.11 (0.14-8.96) 0.921
BMI 0.86 (0.73-0.99) 0.048
CXR result

Inactive TB Reference

Suspected TB 18.29 (5.28-63.41) <0.0001

Observation required 10.07 (3.44-29.46) <0.0001

OR: odds ratio; Cl: confidence interval; TB: tuberculosis; BMI: body mass index; CXR: chest X-ray.

accurate data, including treatment histories and med-
ical insurance coverage, was difficult because the
screening projects had not been planned for academic
analysis, and some data, such as past treatment history
and health behaviors, depended on individual memory
and cognition. Second, an additional confirmative spu-
tum AFB study was conducted only for subjects with
significant TB findings on CXR. Third, Xpert MTB/RIF
assay for diagnosing rifampin-resistant TB with rapid
turnaround time and high sensitivity were not routine-

Tuberc Respir Dis 2024;87:514-523

ly used. Therefore, emerging molecular tests could
be considered in a future study. Last, adherence to
treatment could not be continuously monitored®’, and
the final treatment outcome could not be identified.
Therefore, for future screening or treatment programs
targeting the homeless population, it will be crucial to
establish a review system for past diagnosis and treat-
ment history and a comprehensive monitoring system
to improve treatment adherence.

The results of this research confirmed a higher prev-
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alence of TB among the homeless population (164 per
100,000 individuals) compared with the general popu-
lation in Korea. Furthermore, considering the higher TB
confirmation rate among homeless people with inac-
tive or suggested TB on CXR as well as individuals with
a low BMI, aggressive confirmatory tests are needed.
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