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BACKGROUND: Respiratory therapists (RTs) are exposed to aerosols more frequently than other
health care workers (HCWs) and might bear a higher risk for tuberculosis (TB) infection. The
QuantiFERON-TB Gold (QFTG) test was used to evaluate the risk for TB infection in Taiwan, a
country with intermediate TB incidence. METHODS: A cross-sectional screening of HCWs, in-
cluding RTs and other HCWs, with the QFTG test was conducted in Taiwan between October 2008
and December 2011. Those with initially negative QFTG results accepted repeated QFTG testing
1 y later. The positive rates of QFTG in RTs and other HCWs were compared. The risk factors for
positive QFTG and QFTG conversion, including occupational group, age, duration of employment,
and gender, were analyzed. RESULTS: A total of 274 HCWs were enrolled, including 43 RTs,
163 nurses, and 68 other HCWs. The positive rates of QFTG were 14.0% in RTs, 6.1% in nurses,
and 8.8% in other HCWs, which were not significantly different among the 3 groups. Multivariate
analysis demonstrated that the risk for positive QFTG positively correlated with increased age and
the duration of employment, but did not relate to gender or occupational group. Of 81 HCWs with
initially negative QFTG results, 4 (4.9%) had positive conversion on repeat QFTG testing 1 y later.
The risk for QFTG conversion in HCWs was not related to occupational group, gender, age, or
duration of employment. CONCLUSION: RTs had no higher risk for latent TB infection than other
HCWs in a country with intermediate TB incidence. Key words: tuberculosis; heath care worker;
respiratory therapist; interferon gamma; nosocomial infection. [Respir Care 2019;64(3):313–320. © 2019
Daedalus Enterprises]

Introduction

There is an increased risk for tuberculosis (TB) infec-
tion among health care workers (HCWs) in comparison

with the general population, due to the higher risk for
occupational exposure to Mycobacterium tuberculosis in
the workplace.1-4 The risk for transmission depends on
different health care settings, occupational groups, local
prevalence of TB, and effectiveness of TB infection con-
trol measures.5 Certain health care workers (HCWs), such
as nurses and laboratory workers, have been associated
with a higher risk for latent TB infection because of the
frequent contact with TB patients or specimens that con-
tained TB bacilli.1,6-9 Respiratory therapists (RTs) have
contact with aerosols generated by possible TB patients
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more frequently than other HCWs, which might be asso-
ciated with a higher risk for TB bacilli exposure. However,
the risk for TB infection in RTs has not been reported.

After inhalation of aerosols containing M. tuberculosis,
the bacilli might be eradicated by the human immune sys-
tem, result in active TB disease, or become dormant and
result in latent TB infection. Latent TB infection is defined
as a state of persistent immune response to stimulation by
M. tuberculosis antigens without evidence of clinically
manifested active TB.10 The overall lifetime risk for de-
veloping active TB is approximately 10%. Traditionally,
latent TB infection was diagnosed using the tuberculin
skin test. The Centers for Disease Control and Prevention
of the United States approved the use of an interferon
�–releasing assay (IGRA), QuantiFERON-TB Gold
(QFTG), for the diagnosis of latent TB infection in 2005.11

The IGRA had a higher specificity than the tuberculin skin
test in persons who had received the bacillus of Calmette
and Guérin vaccine.12 There has been a routine bacillus of
Calmette and Guérin vaccination program for newborns in
Taiwan for decades, and most Taiwanese citizens received
their bacillus of Calmette and Guérin vaccinations at
birth.13,14 In this study, we used the QFTG test instead of
the tuberculin skin test to diagnose latent TB infection to
eliminate the influence of bacillus of Calmette and Guérin
vaccination.

Taiwan is a country with intermediate TB burden, al-
though the annual incidence of TB has decreased gradu-
ally from 67.4/100,000 people in 2006 to 43.9/100,000
people in 2016.15 HCWs are exposed to TB bacilli not
only from the community but also from TB patients in the
work place. We performed a cross-sectional QFTG testing
to assess the risk for latent TB infection in RTs compared
to other HCWs, including nurses, physicians, and other
members of medical staff in a 3,300-bed tertiary teaching
hospital in northern Taiwan. The risk for latent TB infec-
tion and QFTG conversion between RTs and other HCWs
was compared and analyzed.

Methods

Study Design and Subjects

An observational cohort study was conducted from Oc-
tober 2008 to December 2011 among HCWs in LinKou
Chang-Gung Memorial Hospital in Taiwan. Our hospital
is a 3,300-bed tertiary teaching hospital with 120 RTs.
Approximately 900 TB patients were treated in this hos-
pital annually. Hospital employees, including RTs, nurses
in chest wards and medical/surgical ICUs, physicians, ra-
diology technicians, and pharmacists � 18 y, underwent
QFTG testing voluntarily in the period between October
2008 and December 2008. Chest radiographs were taken
annually for 3 consecutive years after QFTG testing to rule

out active pulmonary TB. The annual radiographs in 2009 –
2011 were reviewed by 2 chest physicians separately. If
there was a difference of opinion in the interpretation,
the radiograph was sent for review by the third physi-
cian.

This study was conducted in accordance with the
amended Declaration of Helsinki. This study was approved
by the Institutional Review Board of Chang Gung Memo-
rial Hospital, and written informed consent was obtained
from all HCWs.

QuantiFERON-TB Gold Testing

The QFTG in tube test was performed according to
the manufacturer’s instructions (Cellestis, Carnegie,
Australia). Venous blood was incubated in the Nil con-
trol, TB antigen, and phytohemagglutinin (mitogen) con-
trol tubes for 16 –24 h at 37°C. The plasma was har-
vested from each tube, and measurement of interferon �
production in the harvested plasma was measured with
enzyme-linked immunosorbent assay. The test was in-
terpreted as positive when the corrected TB antigen–
stimulated plasma level was � 0.35 IU/mL.

Data Collection

Baseline data, including age, gender, occupational group,
duration of employment, history of TB, status of bacil-
lus of Calmette and Guérin vaccination, history of ab-
normal chest radiograph, and associated chronic dis-
eases, were recorded. Symptoms of possible active TB
were recorded by self-administered questionnaires an-
nually in the 3-y follow-up period.

Statistical Analysis

Differences between positive and negative QFTG groups
were compared with independent t test for continuous data

QUICK LOOK

Current knowledge

Health care workers have an increased risk for tuber-
culosis infection in comparison with the general popu-
lation, due to the higher risk for occupational exposure
to M. tuberculosis in the workplace.

What this paper contributes to our knowledge

Respiratory therapists in a country with intermediate
tuberculosis incidence had no higher risk for latent tu-
berculosis infection than other health care workers.
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or with chi square or Fisher exact tests (when the expected
number of events was � 5) for categorical data. Multiple
logistic regressions were used, with positive or negative
QFTG as the dependent variable and age, gender, occu-
pational group, and duration of employment as indepen-
dent variables. Age and duration of employment were
grouped as categorical data and entered into the regression
separately due to the high correlation between them. Like-
wise, gender was not used for the multiple logistic regres-
sions due to the high correlation with the occupational
groups. The statistical analysis was performed using SPSS
(SPSS for Windows, v.13.0; SPSS, Chicago, Illinois); the
significance level (�) for all statistical tests was set at 0.05,
and P � .05 was considered statistically significant.

Results

A total of 274 HCWs were enrolled voluntarily, includ-
ing 43 RTs, 163 nurses, and 68 other HCWs, including
physicians, pharmacists, and technicians in the department
of radiology and some other administrative staff in the
wards. Among 163 nurses enrolled in this study, 61 were
from the chest ward, 20 were from the general internal
medicine ward, 17 were from the respiratory care center,
28 were from the medical ICU, and 37 were from the
neurosurgery ICU. Demographic data are shown in Ta-
ble 1. The nurses and RTs were significantly younger than
the third group, which included other HCWs. There was
no statistical difference in the mean duration of employ-

ment among the 3 occupational groups. The age and du-
ration of employment of the HCWs were divided into
5 groups each, and there were significant differences in the
distribution of age (P � .001) and duration of employment
(P � .002) among the 3 occupational groups.

Baseline QFTG

The overall positive rate of QFTG in all HCWs in the
first year was 8.0%. The rates of positive QFTG were
14.0% in RTs, 6.1% in nurses, and 8.8% in other HCWs,
respectively, which did not differ significantly among the
3 groups. As shown in Table 2, HCWs with positive QFTG
were significantly older (35.0 � 7.6 vs 29.8 � 7.1 y,
P � .001) and had longer duration of employment
(11.1 � 8.1 vs 6.0 � 6.1 y, P � .001) than those with
negative QFTG. Table 3 presents the results of multivar-
iate logistic regression analysis, which demonstrates that
the risk for positive QFTG was not related to gender or
occupational groups. The odds ratios of positive QFTG
increased gradually with increased age and duration of
employment. The risk for positive QFTG was significantly
higher in HCWs � 40 y old or with a duration of employ-
ment � 10 y. The risk for positive QFTG was 7.49 times
higher in HCWs � 40 y old than in those younger than
25 y. Meanwhile, in comparison with the HCWs with
duration of employment � 1 y, the risks for positive QFTG
were 5.84 and 9.84 times higher in HCWs with a duration
of employment of 10.1–15 y and � 15 y, respectively.

Table 1. Baseline Demographic Data of Health Care Workers Receiving QuantiFERON Tuberculosis Gold Tests

Nurses Respiratory Therapists Other HCWs Total P*

Age, y 28.5 � 6.0 30.3 � 7.4 34.2 � 8.2 30.2 � 7.2 � .001
Duration of employment, y 5.7 � 5.8 6.8 � 6.6 7.8 � 7.9 6.4 � 6.4 .08
Gender � .001

Male 1 4 35 40
Female 162 39 33 234

Age, y � .001
� 25 57 (35.0) 15 (34.9) 5 (7.4) 77 (28.1)
25.1–30 57 (35.0) 8 (18.6) 28 (41.2) 93 (33.9)
30.1–35 26 (16.0) 12 (27.9) 10 (14.7) 48 (17.5)
35.1–40 16 (9.8) 3 (7.0) 10 (14.7) 29 (10.6)
� 40 7 (4.3) 5 (11.6) 15 (22.1) 27 (9.9)

Duration of employment, y .002
� 1 49 (30.1) 13 (30.2) 6 (8.8) 68 (24.8)
1.1–5 49 (30.1) 9 (20.9) 32 (47.1) 90 (32.8)
5.1–10 32 (19.6) 12 (27.9) 10 (14.7) 54 (19.7)
11.1–15 22 (13.5) 5 (11.6) 8 (11.8) 35 (12.8)
� 15 11 (6.7) 4 (9.3) 12 (17.6) 27 (9.9)

N � 274 subjects: Nurses n � 163 (59.5%); respiratory therapists n � 43 (15.7%); other HCWs n � 68 (24.8%).
Data presented as mean � SD or n (%).
* Compared with analysis of variance for interval data or chi square test for categorical data.
HCW � health care worker
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Follow-up QFTG

The results of repeated QFTG testing in the next year
are shown in Table 4. Eighty-one of the 252 HCWs with
negative QFTG in the first year repeated their QFTG in the
next year, and only 4 (4.9%) had positive conversion. The
percentage of QFTG conversion was not related to occu-
pational group, gender, age, or the duration of employ-
ment. The numbers of HCWs enrolled in the study and the
results of QFTG are shown in Figure 1.

Chest Radiograph Screening

None of the subjects in this study had radiographic evi-
dence of active pulmonary TB during the 3-year follow-up.

Discussion

The risk for TB infection in RTs has not been reported
before, although the risk might be reasonably higher than
for other HCWs due to occupational aerosol exposure. Our
study is the first to demonstrate that RTs had no higher
risk for positive QFTG testing (ie, latent TB infection)
than other HCWs. Multiple logistic regression analyses
showed that the rates of positive QFTG in HCWs were
positively correlated with increased age and the duration

of employment, but they were not related to gender or
occupational group. With a low number of HCWs receiv-
ing repeat QFTG, there was no statistically significant
difference in the rates of QFTG conversion among HCWs
across different occupational groups, gender, age groups,
or duration of employment, which probably indicated that
the risk for recent TB infection was not related to these
factors in this hospital. However, the evidence is weak
with the limited sample size.

In the United Kingdom, a country with lower TB inci-
dence, a higher percentage of TB cases occurred in HCWs
born abroad. After stratifying by country of birth, there
was no increased TB incidence in HCWs.16 Nevertheless,
in countries with higher TB incidence, such as Rwanda
and South Africa, HCWs do have increased risk for latent
TB infection.17,18 An adjusted odds ratio of a positive tu-
berculin skin test was 2.71 times greater among HCWs
than among school workers in Rwanda.17 South African
HCWs experienced a TB incidence rate double that of the
general population.19 The higher risk for latent TB infec-
tion in countries with high TB incidences might arise from
the higher chance of exposure to TB patients in their work-
place. Taiwan is a country with intermediate TB inci-
dence, and there could be a higher risk for TB infection in
HCWs.20 Because we lacked a non-HCW control, the risk
for latent TB infection between HCWs and non-HCW in-

Table 2. Baseline QuantiFERON Tuberculosis Gold Tests in Different Occupational Groups

Total
QuantiFERON Tuberculosis Gold Result

P*
Positive Negative Positive Rate, %

Number, n 274 22 252 8.0
Gender, n (%)

Male 40 (14.6) 3 (13.6) 37 (14.7) 7.5 .89
Female 234 (85.4) 19 (86.4) 215 (85.3) 8.1

Occupational group, n (%) .25
Nurses 163 (59.5) 10 (45.5) 153 (60.7) 6.1
Respiratory therapists 43 (15.7) 6 (27.3) 37 (14.7) 14.0
Other health care workers 68 (24.8) 6 (27.3) 62 (24.6) 8.8

Age, y 30.2 � 7.2 35.0 � 7.6 29.8 � 7.1 � .001
� 25 77 (28.1) 3 (13.6) 74 (29.4) 3.9 .02
25.1–30 93 (33.9) 4 (18.2) 89 (35.3) 4.3
30.1–35 48 (17.5) 6 (27.3) 42 (16.7) 12.5
35.1–40 29 (10.6) 3 (13.6) 26 (10.3) 10.3
� 40 27 (9.9) 6 (27.3) 21 (8.3) 22.2

Duration of employment, y 6.4 � 6.4 11.1 � 8.1 6.0 � 6.1 .001
� 1 68 (24.8) 2 (9.1) 66 (26.2%) 2.9 .02
1.1–5 90 (2.8) 5 (22.7) 85 (33.7) 5.6
5.1–10 54 (19.7) 4 (18.2) 50 (19.8) 7.4
10.1–15 35 (12.8) 5 (22.7) 30 (11.9) 14.3
� 15 27 (9.9) 6 (27.3) 21 (8.3) 22.2

Data presented as mean � SD unless otherwise noted.
* Compared with chi square test or Fisher exact test.
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dividuals could not be compared in this study. However,
the risk for latent TB infection in HCWs in different oc-
cupational groups was compared in this study, which
showed that the risks of latent TB infection were similar
among HCWs in different departments.

With regard to the risk factors for latent TB infection in
HCWs, multiple logistic regression analysis revealed that
the rates of positive QFTG results increased with age and
duration of employment but were not related to gender or
occupational group. The rate of positive IGRA has been
shown to increase with age in close contacts12 and in
HCWs.21 The increased rate of positive QFTG results with
increased age and duration of employment indicate that
the risk for latent TB infection is related to the accumu-
lated exposure to TB bacilli in the commonly shared en-
vironment but was not related to specific working depart-
ments. The absence of a significant difference in the rates
of QFTG conversion between RT and non-RT populations
was also proven with the repeated QFTG testing. The
overall rate of IGRA conversion was 4.9% in this study,
which was numerically higher than the rate in the United
States,7,22 which is probably related to the higher TB in-
cidence in Taiwan. The risk for exogenous infection in-
creased with increased TB incidence in different coun-
tries.23 For the HCWs in Taiwan, a country with

intermediate TB incidence, the risk for TB infection arises
not only from their working environment, but also from
the communities in which they live.

RTs can be exposed to aerosols that contain infectious
materials such as TB bacilli. The possible protective fac-
tors from occupational TB infections include sufficient
knowledge about TB, clinician experience in interpreting
chest radiographs, occupational alertness, and proper per-
sonal protection. The RTs in our hospital have regular
continuing education not only about respiratory therapy
but also about TB disease and chest radiograph reading.
They are familiar with clinical and radiological presenta-
tions of pulmonary TB so that they can be more aware of
patients with possible TB disease. In addition, RTs wear
N95 respirators routinely in the ICU, which protect them
from inhaling possibly contagious aerosols.

We did not compare the results of QFTG with tubercu-
lin skin tests in this study because it was evident that there
was disagreement between the tuberculin skin test and
IGRA in people vaccinated with bacillus of Calmette
and Guérin.12 A cross-sectional study conducted by Hung
and co-workers20 demonstrated that the positive rates of
tuberculin skin test and QFTG in HCWs vaccinated with
bacillus of Calmette and Guérin were 88.8% and 14.5%,
respectively. The agreement between these 2 tests was

Table 3. Logistic Regression Analysis of the Risk Factors for Positive QuantiFERON Tuberculosis Gold Tests

Positive
QuantiFERON
Tuberculosis

Gold/Total, n (%)

Unadjusted Adjusted Model 1 Adjusted Model 2

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Gender
Male 3/40 (7.5) 1.0 (NA) NA
Female 19/234 (8.1) 0.89 (0.31–3.87) .81

Occupational group
Nurses 10/163 (6.1) 1.0 (NA) NA 1.0 (NA) NA 1.0 (NA) NA
Respiratory therapists 6/43 (14.0) 2.48 (0.85–7.26) .10 2.48 (0.81–7.57) .11 1.94 (0.63–5.97) .25
Other health care workers 6/68 (8.8) 1.48 (0.52–4.25) .47 1.12 (0.37–3.38) .85 0.92 (0.29–2.90) .89

Age, y
� 25 3/77 (2.9) 1.0 (NA) NA 1.0 (NA) NA
25.1–30 4/93 (5.6) 1.44 (0.27–7.66) .67 1.23 (0.26–5.82) .79
30.1–35 6/48 (7.4) 4.19 (0.81–21.74) .09 3.44 (0.81–14.68) .95
35.1–40 3/29 (14.3) 3.21 (0.51–20.33) .22 3.14 (0.58–17.00) .18
� 40 6/27 (22.2) 11.67 (2.22–61.20) .004 7.49 (1.58–35.57) .01

Duration of employment, y
� 1 2/68 (2.9) 1.0 (NA) NA 1.0 (NA) NA
1.1–5 5/90 (5.6) 1.94 (0.37–10.32) .44 2.11 (0.39–11.57) .39
5.1–10 4/54 (7.4) 2.64 (0.47–15.00) .27 2.55 (0.44–14.63) .29
10.1–15 5/35 (14.3) 5.50 (1.01–29.98) .049 5.84 (1.05–32.37) .040
� 15 6/27 (9.9) 9.42 (1.77–50.28) .009 9.84 (1.76–55.10) .009

For adjusted model 1, Nagelkerke’s R2 � 0.109, P � .041; for adjusted model 2, Nagelkerke’s R2 � 0.103, P � .055.
OR � odds ratio
CI � confidence interval
NA � not applicable
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poor. The National Immunization Program has included
neonatal bacillus of Calmette and Guérin vaccination since
1965, and most Taiwanese citizens have been vaccinated

with bacillus of Calmette and Guérin. The coverage rate
has remained at 97% since 2001.13,14 This nationwide ba-
cillus of Calmette and Guérin vaccination program might

Table 4. Analysis of Repeated QuantiFERON Tuberculosis Gold Tests in Health Care Workers with Initial Negative Tests

Total
QuantiFERON Tuberculosis Gold Result

P*
Positive Negative Positive Rate, %

Number, n 81 4 77 4.9
Gender � .99

Male 4 (4.9) 0 (0) 4 (5.2) 0
Female 77 (95.1) 4 (100) 73 (94.8) 5.2

Occupational group (1) � .99
Nurses 62 (76.5) 3 (75.0) 59 (76.6) 4.8
Respiratory therapists 16 (19.8) 1 (25.0) 15 (19.5) 6.3
Other health care workers 3 (3.7) 0 (0) 3 (3.9) 0

Occupational group (2) � .99
Respiratory therapists 15 (18.5) 1 (25.9) 15 (19.5) 6.3
Other health care workers 62 (81.5) 3 (75.0) 62 (80.5) 4.6

Age, y .93
� 25 29 (35.8) 2 (50.0) 27 (35.1) 6.9
25.1–30 25 (30.9) 2 (50.0) 23 (29.9) 8.0
30.1–35 14 (17.3) 0 (0) 14 (18.2) 0
35.1–40 7 (8.6) 0 (0) 7 (9.1) 0
� 40 6 (7.4) 0 (0) 6 (7.8) 0

Duration of employment, y .84
� 1 24 (29.6) 2 (50.0) 22 (28.6) 8.3
1.1–5 27 (33.3) 2 (50.0) 25 (32.5) 7.4
5.1–10 17 (21.0) 0 (0) 17 (22.1) 0
10.1–15 7 (8.6) 0 (0) 7 (9.1) 0
� 15 6 (7.4) 0 (0) 7 (9.1) 0

Data presented as n (%) unless otherwise noted.
* Compared with chi square test or Fisher exact test.

Health care
workers

274

RTs
43Baseline QFTG Nurses

163

Positive
10

Negative
153

62 16 3

Positive
6

Negative
37

Positive
6

Negative
62

Positive
3

Negative
59

Positive
1

Negative
15

Positive
0

Negative
3

Other health
care workers

68

Repeated QFTG

Fig. 1. Flow chart and QTFG results. The repeated test was the following year. QTFG � QuantiFERON Tuberculosis Gold test; RT � re-
spiratory therapist.
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affect the positive rate of tuberculin skin test in Taiwan,
and therefore interferon �–release assays (IRGA) would
be the appropriate tests to evaluate latent TB infection in
Taiwan.

There are some limitations in this study. First, there was
no non-HCW control, so we could not compare the risks of
latent TB infection between HCWs and the general pop-
ulation. Second, this is a prospective cohort study instead
of a randomized, controlled study, so the age and seniority
distribution among different professional disciplines was
not matched. For this reason, we performed 2 models of
logistic regression analysis using either age or duration of
employment, along with gender and the working groups as
independent factors to evaluate the risk for positive QFTG
in HCWs. Third, RTs make up a specific group of medical
staff, and the number of RTs is relatively small in a single
hospital. The sample size of RTs is markedly limited in this
single-center study, even in this 3,300-bed tertiary teaching
hospital. Finally, the number of HCWs who received the
repeat QFTG was further limited by the initial number of
HCWs enrolled and the willingness of QFTG-negative HCWs
to be tested repeatedly because they thought they were not
infected. Due to the limited number of HCWs with repeated
QFTG the following year, the number of QFTG conversions
is relatively low and might not reach statistical significance.
There might have been a stronger statistical power if we had
more participants for annual IGRA testing to evaluate the risk
for recent TB infection by QFTG conversion; however, the
number of HCWs needed for a better statistical power could
be too large to be achieved.

Conclusions

RTs in a tertiary teaching hospital in Taiwan, a country
with intermediate TB incidence, had no higher risk for
latent TB infection than other HCWs. The rates of positive
QFTG increased with age and the duration of employment
but were not related to their gender or occupational groups.
The positive QFTG conversion rates (ie, risk for recent TB
infection) were similar in different occupational groups,
gender, age, and duration of employment. The risks of
latent TB infection to RTs and other HCWs might be
related to exposure to TB bacilli in the commonly shared
environment, including the community and the hospital.
The importance of continuing education for the recogni-
tion of pulmonary TB and adequate personal protection
against TB infection should be emphasized to decrease the
risk of TB transmission in health care facilities, especially
in countries with intermediate or high TB burden.
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