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Long-term care
facility;

Ambulation;
Activity of daily
living;

Nursing homes
facilities (LTCFs), diagnostic testing for latent tuberculosis infection (LTBI) has not been care-
fully evaluated in this group. This study aimed to investigate the prevalence and predictors of
LTBI in older adults living in LTCFs.
Methods: Older adults living in seven LTCFs in Taiwan were prospectively enrolled between
January and July 2017. Interferon-gamma release assay (IGRA) through QuantiFERON-TB Gold
In-tube was used to determine presence of LTBI. Predictors for LTBI were analyzed.
Results: A total of 258 participants were enrolled, including 240 older residents (mean age,
81.6 years; male, 51.2%) and 18 employees (mean age, 64.8 years; male, 22.2%). The propor-
tion of independent status in ambulation assessments significantly declined with aging
(p < 0.001). The IGRA-positivity rate in LTCFs was 31.4% (81/258), which consisted of 73
(30.4%) residents and 8 (44.4%) employees. The IGRA results were different with respect to
the ambulation status (p Z 0.052). In the multivariate logistic regression analysis, the only in-
dependent predictor of LTBI among older adults in LTCFs was independent ambulation (odds
ratio, 2.16; 95% confidence interval, 1.09e4.28; p Z 0.027).
Conclusions: There was a high prevalence of LTBI among older adults in LTCFs in Taiwan. Inde-
pendent ambulation was the only independent predictor of LTBI.
Copyright ª 2019, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Tuberculosis (TB), which is caused by the bacterium
Mycobacterium tuberculosis and involves various organs,
remains one of the top 10 causes of death and is a signifi-
cant global health concern. It was estimated that TB
affected 10 million people and caused 1.3 million deaths
worldwide in 2017.1e4 Taiwan is an endemic TB area, with
an intermediate burden of the disease. Although there has
been an overall decline in the absolute number of TB cases,
the incidence rate of TB was 41.4 per 100,000 people in
Taiwan in 2017, which is higher than those in other devel-
oped countries.5

Older adults across all racial and ethnic groups and in
both sexes are at substantial risk for active TB.6 Age-
related changes, such as progressive decline in both
innate and adaptive immune responses, lead to decreased
immunological protection from active TB in the elderly
population.7 Other factors, such as nonspecific clinical
manifestation, poor nutrition, low socioeconomic status,
decreased access to health services, and comorbidities,
also contribute to the higher risk of TB infection in aging
populations.8e11

The global pace of population aging is rapidly acceler-
ating because of longer life expectancy and lower child-
birth rates.12 It was estimated that the world’s population
aged >60 years will increase by more than twofold, from
900 million people in 2015 to more than two billion people
in 2050, gradually contributed by the developing world.12

TB prevalence increases with age in Asia and some Afri-
can countries.1 Moreover, the 2017 Global Burden of Dis-
ease estimates also show that 60% of all TB deaths globally
occurred among individuals aged >50 years, with approxi-
mately half of these deaths in those aged >70 years.13

There is a high burden of TB in older adults (�65 years),
who represented 57% of all TB cases in Taiwan, and >80% of
TB deaths occurred in individuals aged �65 years.5,14

Because older adults are more likely to have comorbid
chronic diseases and disabilities, it has been estimated that
about 10% of reported TB cases originated in long-term care
facilities (LTCFs).15 Within this population, the incidence
rate of active TB is higher than that of people living in the
community.16 Institutionalized older adults are more likely
to have more comorbidities, and residence in congregate
settings can promote active TB transmission.

The American Thoracic Society (ATS) and Centers for
Disease Control and Prevention (CDC) guidelines recom-
mend that latent tuberculosis infection (LTBI) screening in
LTCFs is one of the important strategies of TB control and
prevention.17,18 Both the tuberculin skin test (TST) and
interferon gamma release assays (IGRAs) are commonly
used in LTBI screening diagnostic tools, and IGRAs are
supposed to offer improved specificity over the TST.19

However, there were insufficient data on IGRA as a diag-
nostic tool for LTBI in older adults living in LTCFs.20,21 In
light of the burden of TB in older adults in Taiwan, there is a
need to perform LTBI screening and prevent TB in older
adults, particularly those living in LTCFs. This study aimed
to (1) investigate the prevalence of LTBI using the IGRA in
LTCFs and (2) determine the risk factors associated with
IGRA positivity in LTCFs.
Materials and methods

Setting and participant enrollment

This cross-sectional study was conducted between January
1, 2017 and July 31, 2017 in seven LTCFs in Taiwan (one in
northern, five in southern, and one in eastern Taiwan).22

The target population for this study was older residents
(�60 years). After obtaining informed consent from the
residents, their baseline characteristics, including de-
mographic data, comorbidity status, and history of bacille
Calmette-Guerin (BCG) vaccination (presence or absence of
BCG scar), and previous TB infection, were prospectively
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collected. All enrolled participants (residents and em-
ployees) underwent chest radiography before the IGRA.
Chest radiography and clinical history were obtained to
exclude active TB disease. Urbanization level was accessed
by Liu et al.’s classification method.23 The study was
reviewed and approved by the Institutional Review Board of
Kaohsiung Medical University Chung-Ho Memorial Hospital
(IRB. No. KMUHIRB-SV (I)-20160057).

IGRA

Peripheral blood samples of the enrolled residents were
examined for LTBI using QuantiFERON-TB Gold In-Tube
assay (Qiagen, Hilden, Germany). The procedure was per-
formed and results were reported (positive, negative, or
indeterminate) according to the respective manufacturer’s
instructions and our previous study.22

Assessment of activities of daily living (ADL) of the
residents

ADLs of the residents were assessed using the Barthel index
(BI) on enrollment. The BI includes eight domains: feeding,
bathing, grooming, dressing, bowel, bladder, toilet, and
transfers, mobility, and stairs. Performance on these do-
mains is rated by level of assistance needed, with each task
yielding a maximum score of 100 points.24 In this study, ADL
was classified into three categories according to the BI score:
independent (BI, 60e100), partially dependent (BI, 40e60),
and totally dependent (BI, 0e40). In order to assess
“ambulation,” individuals who are able to walk 50 m without
assistance are considered “independent,” even if they use
the help of a walking stick, crutches, prosthesis, or a walker.
Elderly individuals who can walk 50 m but need help or su-
pervision were classified as “assistance dependent.”

Statistical analysis

Statistical analyses were conducted using SPSS version 19
(SPSS Inc., Chicago, IL, USA). Categorical variables were
compared using the chi-square test or Fisher’s exact test.
Continuous variables were compared using Student’s t-test
or the ManneWhitney U test, as appropriate. The BI scores
and ambulation status according to age were examined
using the linear regression model. Variables with a P-value
<0.1 in the univariate analysis were incorporated into a
multivariate analysis. Multivariate logistic regression anal-
ysis was used to identify factors associated with IGRA pos-
itivity. A multivariate backward logistic regression was
performed to evaluate the independent effects on IGRA
positivity after adjustments for factor discrepancies be-
tween groups. A P-value <0.05 was considered statistically
significant.

Results

Demographics of the participants in LTCFs

A total of 258 participants (mean age, 80.5 years; male,
49.2%) with length of stay in LTCFs of 6 years (median, 6
years; interquartile range (IQR), 2e7 years) were enrolled
in the study (Table 1), including 240 older residents (mean
age, 81.6 years; male, 51.2%) and 18 employees (mean age,
64.8 years; male, 22.2%). A total of 150 (58.2%) participants
were aged >80 years, and 126 (52.5%) residents lived in an
enclosed environment with rooms consisting of more than 5
beds. The employees had worked in LTCFs for a mean
duration of 10.9 years. A total of 84 (35.0%) residents were
bedridden, and 106 (44.2%) were totally dependent ac-
cording to the assessment of the BI. Moreover, 146 (56.6%)
participants had previously received BCG vaccination. Hy-
pertension and diabetes were the most common comor-
bidities (Table 1).

ADL of the residents

The BI scores and ambulation status for each age category
are presented in Fig. 1. There were no differences between
the BI scores and age (Fig. 1A, p Z 0.401). However, the
independent status in ambulation assessments significantly
declined with aging (Fig. 1B, p < 0.001).

Factors associated with IGRA positivity

The IGRA-positivity rate in LTCFs was 31.4% (81/258),
consisting of 73 (30.4%) residents and 8 (44.4%) employees.
Seven (2.9%) residents had indeterminate IGRA results.
Although statistical significance was not achieved in a
proportion of IGRA results among different age categories
(p Z 0.647), we observed that the prevalence of IGRA
positivity declined in those aged >70 years (Fig. 2). How-
ever, the IGRA results were different with respect to the
ambulation status (p Z 0.052) (Fig. 3). Compared with the
bedridden group, IGRA-positivity rates were significantly
higher in the independent ambulation groups (odds ratio
[OR], 2.24; 95% CI, 1.14e4.41; p Z 0.020) (Table 2). In the
multivariate logistic regression, the only independent pre-
dictor of LTBI in older adults in LTCFs is independent
ambulation (OR, 2.16; 95% CI, 1.09e4.28; p Z 0.027)
(Table 2).

Discussion

This cross-sectional study reported the prevalence of LTBI
in a large number of older adults living in LTCFs in Taiwan.
In this enclosed environment, there was a high prevalence
(31.4%) of LTBI in the elderly population in LTCFs. The IGRA
results were not different with respect to aging. The only
independent predictor of LTBI in older adults in LTCFs is
independent ambulation (OR, 2.16; 95% CI, 1.09e4.28;
p Z 0.027).

Previous studies revealed that the prevalence of IGRA
positivity in LTCFs were 16.3%e26.5%.20,21,25 Our study
revealed the highest LTBI prevalence (31.4%) in this popu-
lation. Consistent with previous studies,20,21 most partici-
pants in this study were aged >70 years. Seven (2.9%)
residents had indeterminate IGRA results, and 6/7 (85.7%)
were aged >70 years. Although our study revealed that
there was no difference in the IGRA results with respect to
aging, we observed that the prevalence of IGRA positivity
declined in those aged >70 years. The decrease in



Table 1 Demographic and clinical characteristics of the studied population.

Residents (n Z 240) Employee (n Z 18) P-value

Age, mean � SD 81.6 � 8.3 64.6 � 4.4 <0.001
<70 years 29 (12.1) 17 (94.4)
70e79 years 72 (30.0) 1 (5.6)
80e89 years 108 (45.0) 0
>90 years 31 (12.9) 0

Male, n (%) 123 (51.2) 4 (22.2) 0.026
BMI (kg/m2) 21.7 � 4.1 25.2 � 4.6 0.002
BCG vaccination, n (%) 138 (57.5) 8 (61.5) 0.774
Location, n (%) 0.260
Urban, 66 (25.6) 59 (89.4) 7 (10.6)
Suburban, 192 (74.4) 181 (94.3) 11 (5.7)

Lengths of stay, (year) mean (IQR) (range) 5.6 (2.0e7.0)
(1.0e40.0)

10.9 (4.0e18.0)
(2.0e22.0)

<0.001

Bedroom configurations, n (%)
Private room and room with two beds 38 (15.8)
Room with 3 and 4 beds 76 (31.7)
Room with >5 beds 126 (52.5)

Ambulation, n (%) <0.001
Bedridden 82 (34.0) 0
Assistance dependent 52 (21.7) 0
Independent 106 (44.2) 18 (100)

Barthel index score <0.001
>60 82 (34.2) 0
41e59 52 (21.7) 0
<40 106 (44.2) 18 (100)

Smoking, n (%) 0.275
Never 173 (72.1) 16 (88.9)
Ever 56 (23.3) 2 (11.1)
Current 11 (4.6) 0

Comorbidities, n (%)
Hypertension 147 (61.3) 4 (22.2) 0.002
Diabetes 79 (32.9) 4 (22.2) 0.439
Dementia 66 (27.5) 0 0.009
Cerebrovascular accident 77 (32.1) 0 0.002
Chronic obstructive pulmonary disease 18 (7.5) 0 0.623
Malignancy 11 (4.6) 0 1
Chronic kidney disease 18 (7.5) 0 0.623

Laboratory tests
HbA1c (%), mean � SD 6.5 � 1.3 5.9 � 0.9 0.01
Albumin (g/dL), mean � SD 3.7 � 0.5 4.5 � 0.2 <0.001
Creatinine (mg/dL), mean � SD 0.7 � 0.2 1.1 � 1.1 0.117

IGRA results 0.389
Positive 73 (30.4) 8 (44.4)
Indeterminate 7 (2.9) 0
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prevalence observed in older age groups is also consistent
with those in previous studies.26e28 A relative inadequacy of
phytohemagglutinin-induced interferon gamma responses,
likely reflecting immune maturation and subsequent
immunosenescence, which infer the immune response to
this test, may be a possible explanation.29 Another possible
explanation is earlier birth cohorts that we observed could
be influenced by selective mortality. Individuals with LTBI
in earlier birth cohorts may die from TB or comorbid con-
ditions at a young age, resulting in lower LTBI rates among
survivors.27 The high prevalence of LTBI in older adults in
LTCFs combined with the risk of an outbreak if a case of TB
develops make LTBI screening and treatment an important
prevention opportunity. Although isoniazid remains the
primary drug recommended for the treatment of LTBI in all
age groups, elderly individuals have been considered at
increased risk for drug-induced liver injury.30 A short-
course regimen with 3 months of weekly rifapentine plus
isoniazid (3HP) is less hepatotoxic than 9 months of daily
isoniazid for LTBI.31 However, some studies revealed that
development of adverse effects of 3HP was frequent in the
elderly population.31e33 Therefore, efficiency and tolera-
bility of 3HP in the elderly population need further
investigation.
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There are no gold standard methods in the diagnosis of
LTBI. The TST and IGRA indirectly measure TB infection by
detecting T-cell response, which reveals only the presence
of host sensitization to M. tuberculosis antigens.34 Previ-
ously, the Society for Healthcare Epidemiology of America
and American Geriatric Society have recommended LTBI
screening using the TST at the time of admission to a
LTCF.35,36 Recently, the ATS/Infectious Diseases Society of
America and CDC guidelines updated in 2017 support the
use of IGRAs instead of TSTs for LTBI screening in certain
conditions.17 Overall, IGRAs might be an incremental
improvement over the TST, with advantages of having no
cross-reaction with the BCG vaccine and being convenient,
only requiring one patient visit. Moreover, sensitivity to TST
in older adults may also decrease due to waning immunity,
with a 5% decline in test positivity per decade after the age
of 65 years.37 An outbreak investigation reported that a
nosocomial TB outbreak was associated with a delayed
diagnosis in a TST-negative elderly patient and resulted in 2
secondary cases and evidence of transmission to 12 other
patients and healthcare facility staff.38 Although data on
the use of IGRA in the elderly population were
limited,20,21,25 IGRA might be more useful than TST in
diagnosing LTBI in this population.39

Our study indicated that older adults with independent
ambulation status are associated with IGRA positivity (OR,
2.16; 95% CI, 1.09e4.28; p Z 0.027). It is assumed that
older adults with independent ambulation were more likely
to have been exposed to TB during their lifetime compared
with bedridden individuals. Because older adults in LTCFs
54.8

69.7 67.6 66.7

42.9

27.3
30.6 28.6

2.4 3.0 1.9 4.8

0

10

20

30

40

50

60

70

80

90

100

< 70 70 - 79 80 - 89 > 90

Negative Positive Indeterminate

stnediser fo 
%

Age (years) 

Figure 2. Association of age with the prevalence of latent TB
infection in older adults living in long-term care facilities
(p Z 0.647). IGRA, interferon-gamma release assay.
are at increased risk of LTBI reactivation, other residents in
this setting are therefore at risk for outbreaks of TB that is
the consequence of transmission from a source case with
LTBI reactivation.36,40 A genotyping surveillance study in
Taiwan also reported that patients with clustered TB
infection were less likely to be ADL dependent (adjust OR,
0.07; 95% CI, 0.007e0.758).41

In the elderly population, an estimated 90% of TB cases
were due to reactivation of LTBI acquired earlier in life
rather than a result of recent transmission.42,43 Although
LTCF caring the elderly population are generally charac-
terized by the limited living space, poorly ventilated fa-
cility, and relatively enclosed environments that lead to the
inevitable close contact between residents, increasing the
possibility of TB transmission, our study revealed that IGRA
positivity was not confined to the same bedrooms (Table 2).

It has been reported that TB case rates are threefold
higher among LTCF workers compared with those working in
any other job.44 As regards LTCF employees in this study,
LTBI prevalence (44.4%) is higher than that in general
healthcare workers (3.8e8.4%) and hemodialysis unit staff
(11%).45,46 Targeted strategies of TB control and prevention
in LTCFs are essential to protect both the residents and
employees in these settings.
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Figure 3. The IGRA results in bedridden, assistance-
dependent, and independent older adults (p Z 0.052). The
proportion of IGRA positivity in assistance-independent par-
ticipants was significantly higher than in bedridden partici-
pants (37.9% [33/87] vs. 21.4% [18/84], p Z 0.018). No
indeterminate IGRA results were detected in assistance-
independent participants. IGRA, interferon-gamma release
assay.



Table 2 Univariate and multivariate analysis of the association between risk factors and interferon-gamma release assay
positivity in older adults in long-term care facilities.

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Age, mean � SD 0.98 0.95e1.01 0.099 e e e

Male, n (%) 1.09 0.64e1.84 0.762
BMI (kg/m2) 1.05 0.99e1.12 0.130
BCG vaccination 0.89 0.52e1.52 0.663
Rural location 0.62 0.34e1.11 0.106
Lengths of stay, year 1.04 1.00e1.09 0.044 e e e

Resident 0.55 0.21e1.44 0.222
Private room and room with two beds Reference
Room with 3 and 4 beds 0.67 0.30e1.50 0.327
Room with >5 beds 0.59 0.28e1.26 0.172
Bedridden Reference
Assistance dependent 1.93 0.97e3.82 0.059 1.94 0.97e3.85 0.060
Assistance independent 2.24 1.14e4.41 0.020 2.16 1.09e4.28 0.027

Barthel index score >60 Reference
Barthel index score, 41e59 0.80 0.39e1.66 0.548
Barthel index score <40 0.60 0.33e1.09 0.091 e e e

Smoking, Never Reference
Ever 1.04 0.55e1.97 0.899
Current 2.78 0.82e9.48 0.102

Hypertension 0.58 0.34e0.99 0.045 0.60 0.35e1.02 0.059
Diabetes mellitus 0.68 0.39e1.21 0.192
Dementia 0.85 0.46e1.56 0.597
Cerebrovascular accident 1.27 0.72e2.24 0.408
Chronic obstructive pulmonary disease 0.83 0.29e2.41 0.732
Malignancy 0.81 0.21e3.15 0.764
Chronic kidney disease 0.61 0.19e1.90 0.389
HbA1c, per % increase 0.87 0.65e1.16 0.335
Albumin, per g/dL increase 1.75 1.01e3.03 0.046 e e e

Creatinine, per mg/dL increase 0.92 0.70e1.20 0.539
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There are several limitations of this study. First,
although IGRA conversions were better predictors for pro-
gression of active TB,20,47 we did not perform serial IGRAs in
all participants. It will require a series of IGRAs in the
future to predict development of active TB. Second, only 18
employees underwent IGRA in this study. It is difficulty to
evaluate the association between LTBI prevalence in resi-
dents and employees in LTCFs. However, the size of this
occupational group will gradually increase in the coming
years if LTCF resident populations increase as expected.
Therefore, it is reasonable for employees to undergo LTBI
screening because inadequately screened LTCF workers
would serve as sources of infection of other employees and
residents. Third, because the sampling of this study was not
standardized (ex, systematic, stratified or cluster) from
these facilities, the data would not totally be respecting
the prevalence of LTBI in geographic regions in Taiwan. In
addition, urbanization level is associated with TB risk.48

Therefore, we used urbanization level to instead of
geographic differences for analysis in this study.

In conclusion, a high LTBI prevalence (31.4%) among
elderly residents and employees was found in LTCFs in
Taiwan. Independent ambulation is the only independent
predictor of LTBI. Prioritized screening policy including
both residents and employees in long-term care facilities
needs to be integrated into the national policy, Long-term
Care 2.0, in the future.
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