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Background: Healthcare workers (HCWs) have a high occupational risk for tuberculosis (TB) infection. Common methods of
screening for TB infection are the tuberculin skin test (TST) and interferon-gamma release assays (IGRAs).

Objective: The aim of this study was to investigate the agreement of TST and IGRA (QuantiFERON®-TB Gold-In-Tube; QFT-GIT) as
applied to HCWs at a large university hospital in northeast of Thailand.

Materials and Methods: The study population included the preplacement medical records of new employees who were tested with
both TST and QFT-GIT, comprising 212 HCWs. Eligible for data analysis were 197 participants (calculated sample size was 196). SPSS
version19.0 was used to analyze Cohen’s kappa coefficient

Results: The samples included 197 HCWs: 63 males (32.0%), 134 females (68.0%), 133 physicians (67.5%) and 64 nurses (32.5%).
The mean age was 25.6 years (SD = 3.12). Thirty-eight workers (19.3%) tested positive in the TST and 19 workers (9.6%) were
QFT-GIT-positive. The total agreement of TST and QFT-GIT was 88.3 (K = 0.54). Forty workers (20.3%) were positive in at least
one test.

Conclusion: This study showed moderate agreement of TST and QFT-GIT, which was consistent with the previous studies in high
tuberculosis-burden countries (TBC). The authors suggest that pre-placement HCWs in Thailand should be screened for TB infection

using the QFT-GIT method.
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Tuberculosis (TB) is a chronic disease caused by
Mycobacterium tuberculosis that can be transmitted from
one person to another. In patients with an active TB infection
(ATBI), a cough expels airborne particles, diffusing droplet
nuclei into the air and aiding transmission. Among people
who had contact with patients with mycobacterium TB, 50
to 70% were not infected and 20 to 50% had a latent TB
infection (LTBI). The number of tuberculosis patients was
estimated to be between 16 to 20 million people, which 8 to
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10 million of whom were infectious”. In 2016, there were
10.4 million new cases of TB infection; 95% of them were in
developing countries. During this year, about 1.3 million
people died from tuberculosis and 98% of these deaths
occurred in poor countries.

Thailand is one of 30 high-burden countries and
one of 14 countries with severe tuberculosis. In 2016, it was
predicted that the incidence rate in Thailand was 172 cases
per 100,000 people and that the death rate was 13 cases per
100,000 people. According to reports from the Bureau of
Tuberculosis, Department of Disease Control, and the
Ministry of Public Health of Thailand, 30% of the population
was infected with tuberculosis. There were 70,114 registered
tuberculosis patients in 2016,

Healthcare workers (HCWs) as a group are at high
risk of infection with TB and a source of transmission to
others. Tuberculosis prevalence among HCWs in high-burden
countries is about 8.4% (95% CI 2.7% to 14.0%), 3.7 times
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higher than in the general population®?. In Thailand, the
prevalence of tuberculosis infection among HCWs is about
53.1% according to the tuberculin skin test (TST), with
abnormal chest radiographic pictures attributed to TB in
2.0% (2.67 times higher than in the general population)©.

Screening HCWs and the public for TB infection is
important for prevention and elimination of tuberculosis?.
Screening test programs often use either of two methods: the
tuberculin skin test (TST) and the QuantiFERON®-TB Gold-
In-Tube (QFT-GIT) test. Previous studies have found the
two methods to differ in sensitivity and specificity. In high-
income countries with a low incidence of TB, the QFT-GIT
test is preferred because of its high specificity for tuberculosis
infection!""'”. In Thailand, use of the QFT-GIT test is very
limited because of cost. According to a previous study of
infected members of the general population and their in-
house contacts in Northeast of Thailand, the two tests were
found to agree in 71.5% of cases (k = 0.41)"?. However,
there has been no previous study of HCWs, especially in the
pre-placement phase and during work-related health checks.
Therefore, the purpose of this study is to examine the
agreement of TST and QFT-GIT tests in TB screening for
HCWs.

The results from the TST screening method can be
affected by various factors: BCG vaccination history, non-
TB mycobacterium infection and incorrect result interpretation
(technical error). Moreover, it is more time consumption. In
the TST screening method, the test results have to be read
within 48-72 hours. Moreover, the test must be conducted
using a two-step process, where the first and second tests
have to be 3-5 weeks apart. This causes a loss of follow-up
compared to TB screening using QFT-GIT. Additionally, the
method of QFT-GIT does not cause a cross-reaction between
BCG and most non-tuberculous mycobacteria (NTM), and
it requires only a one-time blood test to interpret the results.
The respective sensitivities of TST and QFT-GIT are 89%
and 83%. Specificity of TST and QFT-GIT are 85% and
99%, respectively">. Despite the TST method’s higher
sensitivity, it has a lower specificity than QFT-GIT.
Therefore, the results of this study can be used to evaluate
whether TB screening in Thailand should now use the QFT-
GIT test instead of the TST.

Materials and Methods
Study design

A descriptive study was conducted among
healthcare workers at a large university hospital in northeast
of Thailand.

Study population and sample

The required sample size was calculated using the
minimum sample size determination for Cohen’s kappa
coefficient by the Stata Program. Judgements of the kappa
estimate were performed'®. The kappa value was set at 0.7
(kappa = 0.61 to 0.8, which is within a ‘good’ range).
Proportions P1 and P2 were assigned as equal to 0.5; absolute
precision was equal to 1.0 and 95% CI. The calculated sample
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population was 196.

The target population included the preplacement
medical records of new employees who were tested with
both TST and QFT-GIT methods, comprising a total of 217
HCWs. Normally routine method for screening in Thailand
is TST but special for this group used both methods. Exclusion
criteria were used for participants who had HIV Infection,
chronic liver disease, chronic kidney disease, steroid drugs
used and active TB infection. Those who were unwilling to
disclose their information were also excluded. A total of 197
participants was selected on the basis of the time allocation
technique.

Data collection

In the TST method, a standard quantity (Thai Red
Cross Society) of purified protein derivative (PPD) was
injected using 0.1 ml on the inside arm by a professional
nurse. The test results were read within 48 to 72 hours, using
a standardized ruler by the same nurse. The cut-off value for
the size of the induration produced by the TST was 10 mm.
In the case of a negative result in the first test, a second test
was conducted 3-5 weeks later.

Blood samples from HCWs to be used for the
QFT-GIT test were stored at room temperature and
transported to the laboratory within a maximum of 8 hours.
A method to measure interferon-gamma induced by MTB-
specific antigens (TB antigen) was used following the
instructions of the manufacturer. One milliliter of whole blood
was collected separately in each heparin-containing tube pre-
coated with nil for negative control, mitogen for positive
control, and TB antigen. After an 18-hour incubation at 37°C,
each tube was centrifuged and plasma was harvested. The
concentration of interferon-gamma in the plasma was
measured using the ELISA method and calculated using
analytical software recommended by the manufacturer. The
cut-oft value of interferon-gamma concentration was 0.35
IU/mL calculated from TB antigen minus the negative control.
Based on the algorithm of the software, the result was
considered to be indeterminate if mitogen minus the nil value
was less than 0.5 IU/mL. Quality control of the test was
completed for each run, following the manufacturer’s
instructions. The results were considered positive if the IFN-
Y value was >0.35 IU/mL following correction for negative
controls in any of the two tests('®.

Data analysis

Statistical analysis was performed using SPSS
(version 19.0, IMB SPSS Inc., Chicago, IL) for multiple-
variable analysis. The statistic used to determine the
consistency of the TST and QFT-GIT tests was Cohen’s
kappa (k) coefficient by STATA version 10.0 (Stata Corp.,
College Station, KKU). The consistency of TST and QFT-
GIT tests using the agreement with k was calculated. The k
value was set from 0 to 1.

Ethical considerations
The study protocol has been reviewed and

] Med Assoc Thai|Vol.102|Suppl.1|January 2019



approved by the Khon Kaen University Ethics Committee
for Human Research) Thailand (HE 601127).

Results
Characteristics of the participants

The sample size (n = 197) consisted of 63 males
(32.0%) and 134 females (68.0%). There were 133 physicians
(67.5%) and 64 nurses (32.5%), with an average age of 25.6
years (SD =3.12 years) and a median age of 24 years (min to
max; 21 to 39 years). One-hundred and eighty-one individuals
(91.9%) had received BCG vaccinations previously and 4.6%
did not know their BCG vaccination status. Most (194;
98.5%) had no history of household contact with tuberculosis.
However, there was a high risk of history of work-related
illness in 182 workers (92.4%); high risk for work-related
were who worked in some hospital with tuberculosis patients
more than 6 cases per year. Most 194 workers (98.5%) were

Table 1. Characteristics of tested samples

not found to have symptoms related to tuberculosis (Table

1.

Results of TST and QFT-GIT

The TST tests were positive for 38 workers
(19.3%). From this number, there were 24 workers whose
TST test results were positive in the first test. Moreover,
there were 14 more workers, whose TST test results were
negative in the first test, but positive in the second test,
accounting for a 37% increase. QFT-GIT tests were positive
in 19 workers (9.6%). There were 40 individuals (20.3%)
with a positive result for at least one test. These 40 workers
were examined further as follows: sputum AFB was assessed
in 32 workers (80.0%) and chest x-rays were used in 29
workers (72.5%). All received negative results and were
therefore regarded as having LTBI (Table 1).

Out of 38 workers with a TST positive result, 17

Information Total TST QFT
n (%)
Negative Positive Negative Positive
n (%) n (%) n (%) n (%)

Occupation

Doctors 133 (67.5) 108 (81.2) 25(18.8) 118 (88.7) 15(11.3)

Nurses 64 (32.5) 51(79.7) 13(20.3) 60 (93.7) 4(6.3)
Gender

Male 63 (32.0) 52(82.5) 11(17.5) 58(92.0) 5(8.0)

Female 134 (68.0) 107 (79.9) 27(20.1) 120 (89.5) 14 (10.5)
Age (years)

Average + (SD) 25.6+(3.12) 25.4 +(2.73) 26.6 +(4.3) 25.5+(3.04) 26.8+(3.6)

Median (Min to Max) 24 (21t039) 24 (21to27) 25 (21to 39) 24 (21to 39) 25(23t035)
Had received BCG vaccination

Yes 181 (91.9) 146 (80.6) 35(19.4) 163 (90.0) 18 (10.0)

No 7(3.6) 6 (85.7) 1(14.3) 7 (100) 0(0)

Not known 9 (4.5) 7(77.8) 2(22.2) 8(88.9) 1(11.1)
History of TB contact in house

Yes 3(1.5) 3(100) 0(0) 3(100) 0(0)

No 194 (98.5) 156 (80.4) 38(19.6) 175 (90.2) 19 (9.8)
History of work-related diseases

Low 15 (7.6) 11 (73.3) 4(26.7) 13 (86.7) 2(13.3)

High 182 (92.4) 148 (81.3) 34 (18.7) 165 (90.6) 17 (9.4)
Current symptoms

None 194 (98.5) 156 (79.2) 38(19.3) 175 (88.8) 19 (9.6)

1 symptom 2(1.0) 2(1.0) 0(0) 2(1.0) 0(0)

>2 symptoms 1(0.5) 1(0.5) 0(0) 1(0.6) 0(0)
Sputum AFB result

Positive 0(0) 0(0) 0(0) 0(0) 0(0)

Negative 32(16.2) 5(2.5) 27 (13.7) 13 (6.6) 19 (9.6)

Not examined 165 (83.8) 154 (78.2) 11 (5.6) 165 (83.8) 0(0)
Chest x-rays result

Positive 0(0) 0(0) 0(0) 0(0) 0(0)

Negative 29 (14.7) 2(1.0) 27 (13.7) 10 (5.1) 0(0)

Not examined 168 (85.3) 157 (79.7) 11 (5.6) 168 (85.3) 19 (9.6)
Diagnosis

Normal 157 (79.7) 157 (79.7) 0(0) 157 (79.7) 0(0)

LTBI 40 (20.3) 2(1.0) 38(19.3) 21(10.7) 19 (9.6)

ATBI 0(0) 0(0) 0(0) 0(0) 0(0)
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workers were found QFT-GIT positive while 21 workers
were found negative. There were 159 (80.7%) workers in
total in the group with TST negative results. Of them, two
workers were found positive while 157 other workers were
found QFT-GIT negative. Evaluation of the agreement of
TST (1 step) and QFT-GIT in 197 workers showed a 5.5%
positive agreement between the types of tests and an 83.8%
negative agreement. The total agreement was 89.3% with a
kappa coefficient of 0.45 (95% CI: 0.25, 0.65) (Table 2).
Evaluation of the agreement of TST (2 steps) and QFT-GIT
in 197 workers showed an 8.6% positive agreement between
the types of tests and a 79.7% negative agreement. The total
agreement was 88.3% with k = 0.54 (95% CI: 0.38 to 0.70)
(Table 3).

Discussion

The sample group consisted of 197 participants, a
number sufficient for calculating agreement of the two methods
of tuberculosis screening. The formula for computing the
sample size for kappa was used, following the standard
calculation. For the QFT-GIT test, the process of blood
sampling was validated through venipuncture, types of
centrifuge tubes, and the number of the tubes, centrifuge
method and preservation before testing. The test was
conducted by medical laboratory technologists in a laboratory
of the university hospital which conformed to ISO standards
(ISO 15189:2012).

For the TST, participants received the standard

Table 2. Agreement between TST (1 step) and QFT-GIT
tests

Test Agreement (%)

TST+: QFT-GIT+ 11 workers (5.5%)

TST+: QFT-GIT- 13 workers (6.6%)
TST-: QFT-GIT+ 8 workers (4.1%)
TST-: QFT-GIT- 165 workers (83.8%)
Positive agreement 5.5%

Negative agreement 83.8%

Total agreement 89.3%

Kappa (95% CI) 0.45 (0.25, 0.65)

Table 3. Agreement between TST (2 steps) and QFT-
GIT tests

Test Agreement (%)

TST (2 steps)+: QFT-GIT+
TST (2 steps)+: QFT-GIT-
TST (2 steps)-: QFT-GIT+
TST (2 steps)-: QFT-GIT-

17 workers (8.6%)
21 workers (10.6%)
2 workers (1.0%)
157 workers (79.7%)

Positive agreement 8.6%
Negative agreement 79.7%
Total agreement 88.3%

Kappa (95% CI) 0.54 (0.37,0.70)
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test dose (Thai Red Cross Society) of PPD. The PPD injected
had not expired and had been kept cold. The injection was
done by registered nurses who were trained by officers from
a hospital tuberculosis screening unit. The results were read
48 to 72 hours later, according to standard practice. The
participants were given 2-step TST with 3 to 5 weeks between
the tests 7. This study eradicated the possible effect from
TST to QFT-GIT by blood drawing before PPD injected.

This study was conducted to examine agreement
of the TST and QFT-GIT tests in screening Mycobacterium
tuberculosis infection in 197 new healthcare workers (HCWs)
at a university hospital. Agreement between the two tests
was moderate, with a kappa value of 0.54 (95% CI 0.38 to
0.70). This is consistent with a previous study in the same
region of Thailand, which found a kappa value of 0.41.
However, the previous result was obtained from a different
sample group, which consisted of infectious-stage
tuberculosis patients, their caregivers and co-residents!?.
Therefore, this is the first study in Thailand to compare the
TST and QFT-GIT methods in screening for Mycobacterium
tuberculosis infection in HCWs.

Our results of the present study were in
accordance with other studies on HCWs in high-burden
countries. Countries with the highest agreement values were
India, Georgia, Vietnam, Brazil, South Korea and China:
kappa values of 0.61, 0.43, 0.41, 0.31, 0.22 and 0.22,
respectively!®2¥, Similar studies in intermediate-burden
countries had kappa values of 0.19, while low-burden
countries had kappa values of 0.25%. For example, the kappa
values from Germany, Malaysia, Egypt and France were
0.27,0.12, 0.11, and 0.10, respectively®®2”.

We found latent tuberculosis in 20.3% of our
participants. This high percentage was consistent with other
studies of LTBI in sample groups in Thailand (18.8%), tested
using IGRACY, Similar results have also been reported from
other countries, where the LTBI burden ranged from 26%
to 54%!2. In high tuberculosis burden countries, the highest
prevalence of LTBI among HCWs were in Bangladesh (44%),
China (41.4%), South Africa (38%) and India (31.4%),
while the lowest was in Brazil (6.9%)%?#3239_ In other low
tuberculosis burden countries, prevalence of LTBI among
HCWs were 8.85% in Poland, 12% in the Netherlands and
20.6% in Turkey®3”. Around 0.5% to 14.3% of individuals
with latent tuberculosis will develop active tuberculosis in
the future®. Consequently, the LTBI group needs to be
screened regularly for TB.

We found 19.3% of our participants to be TST-
positive and 9.6% to be QFT-GIT-positive. Chest x-ray and
sputum AFB examinations were conducted for further
diagnosis on these participants. However, active-stage
tuberculosis was not detected in any member of this group.
There are three interesting points to be made: first, false
positives in the TST could occur in participants who had
received BCG vaccinations®-%. According to studies in the
United States of America, HCWs who had received BCG
vaccination had a higher tendency to yield TST+/IGRA-
results than those who had not received the vaccine, with a
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high odds ratio of 25.1 (95% CI: 15.5, 40.5)%%. In this study,
91.9% of'the participants had a history of a BCG vaccination,
which could explain the greater number of positive TST
results. Second, the specificity of IGRA (98%) is higher than
that of TST (55% to 95%)?%. In Germany, TST+/QFT-
results accounted for 80.4%, while TST+/QFT+ results were
19.6%. A TST+/QFT- result was 3.5 times more frequent
than a TST+/QFT+ result (95% CI 2.4, 5.99)¢0. Lastly,
other factors could affect the results, including techniques in
screening, background history of tuberculosis infection or
tuberculosis contact!®V.

Among our participants, 19.3% returned a positive
TST, which prompted further tuberculosis diagnostic tests
(chest x-ray and sputum AFB examination). A smaller number
of participants (9.6%) were positive for the QFT-GIT test,
meaning that fewer individuals would require further testing.
Studies conducted in Germany, which implemented
Mycobacterium tuberculosis screening using IGRA and TST,
found that accepting the results from IGRA could reduce the
requirement for preventive chemotherapy and decrease the
number of chest x-ray examinations from 24% to only
9.9%“). A similar result was reported from France, with a
reduction from 65.5% to 18.9%?. Therefore, to reduce
expenses in tuberculosis diagnosis, people who have
reportedly received a BCG vaccine should be diagnosed using
IGRA only“?.

Conclusion

The study showed moderate agreement between
the TST and QFT-GIT methods, consistent with previous
studies in high tuberculosis burden countries. The researchers
suggest that HCWs in Thailand should be screened for TB
using the QFT-GIT test during pre-placement programs.

What is already known on this topic?

WHO!"” recommended either IGRA or TST
should be used to test for screening tuberculosis infection.
In high-income countries with a low incidence of TB, the
IGRA test is preferred because of its high specificity for
tuberculosis infection!'"!'”, In Thailand, use of the IGRA test
is very limited because of cost. There has been no previous
study of agreement of TST and IGRA in HCWs, especially
in the pre-placement phase and during work-related health
checks.

What this study adds?

This is the first study to investigate the agreement
of TST and IGRA among HCWs in Thailand. Most of the
Thai population has received a BCG vaccination. HCWs are
at high risk of tuberculosis infection and are advised to be
regularly screened for tuberculosis using the IGRA method,
which is more suitable than the TST method.
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