Life Science Journal 2013;10(1)

http://www.lifesciencesite.com

Comparison of Tuberculin Skin Test (TST) and Quantiferon Test (QFT) for detection of Latent TB infection
among Health Care Workers (HCWs) in a Tertiary Care Hospital in Riyadh, Saudi Arabia.
Nasser AE. AIHamdan1; Moustafa A.F. Abbas1,2, Mohamed S. AIQahtani3 Suhail Klantan3; Lamiaa A.Fiala2 and
Gehad ElGhazali3,4
1

Community Medicine Dept., Faculty of Medicine, King Fahad Medical City, KSAU-HS, Riyadh, Saudi Arabia
2
Community Medicine Dept., Faculty of Medicine, Suez Canal University, Ismailia, Egypt
3
King Fahad Medical City, Ministry of Health, Riyadh, Saudi Arabia
4
SEHA hospital, Abu Dhabi, United Arab Emirates
mostafafouad@gmail.com

Abstract: Background: Latent TB Infection is a common finding among HCWs in the Middle East, that is usually
discovered on routine pre-employment examination or during regular health check, it needs a course of antituberculous drug medication for months with subsequent side effects. Tuberculin Skin Test (TST) is the traditional
testing method for diagnosing LTBI, but it has a known high rate of false positive with subsequent needless loss of
time, efforts, loss of productivity and side effects. QFT test has a higher sensitivity and specificity. Aim: To
determine the sensitivity, specificity, positive and negative predictive value of TST versus QFT Test as a diagnostic
tool for latent TB among new hires of health care workers at KFMC, Riyadh, Saudi Arabia. Methods: A
descriptive study of 268 new HCWs agreed to participate, questionnaire with socio-demographic data and work
history was filled, and both test were done TST and QFT test. Recent BCG vaccination and TST result of 5 mm or
less were excluded, since there is a low positive rate. Results: Sensitivity and specificity of TST at standard 10mm
or more to be positive, was 100 % and 53.4% as compared to QFT test. Using different cutoff measurements of size
of TST indurations specificity was improved at the expense of sensitivity; at 13mm or more, sensitivity, specificity
and κ were 95.5%; 73.2 and 0.611 respectively; while at 15mm or more it was 74.8%; 84.1% and 0.605
respectively. Frequency distribution of sizes of induration according to QFT test results and ROC curve showed that
at 13 mm or more specificity would be improved to 70 percent approximately and sensitivity to be still at 90%
approximately. Conclusion: When comparing TST and QFT, Rates of True negatives and Agreement were
improved from (specificity = 53.4%) and (κ=0.536), to (Specificity=63.9%) and (κ=0.611) when using a different
cut off point for induration sizes of 13 mm or more, rather than the traditional 10 mm or more cutoff point. Large
scale study is required to confirm such findings in Middle Eastern health care settings.
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expensive treatments and unwanted effects of antituberculosis medicines 7.
The QFT testing has to be carefully on
interpreted especially among children, immunocompromized and recent BCG vaccination. In
published work of Kimpmann et al., he reported that
among children QFT did not give any extra
advantage than regular TST as a routine method for
testing for TB 8.
Diagnosis and treatment of LTB is a
cornerstone in TB control in both developing and
developed countries. TST was the only available test
for TB during past century. Now with the availability
of QFT blood testing, it is more accurate o detect and
treat both LTB and active TB, consequently reduction
in morbidity and mortality due to TB9.
This research is to compare TST versus QFT
blood testing as a diagnostic tool for latent TB among

1. Introduction
Latent TB simply means presence of TB
bacilli within the human body without developing the
clinical case, such as chest x-ray findings or clinical
findings. It is estimated the one third of the world
population could have LTB 1 . QFT is claimed to be
more sensitive and specific than TST in multiple
research 2-5. Most of research were done in western
communities, with totally different prevalence and
different risk factors than our middle eastern
societies.
Routine use of QFT as a test for detecting
latent TB proved to be useful in Italy where up to
50% of positive TST were proved to be negative
using the blood testing 6.
The test QFT indeed allows to eliminate the
false positive of the skin test so avoiding useless,
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new hires. On comparing results for sensitivity,
specificity and predictive value of TST vs. the QFT
as gold standard; results will help policy makers to
decide on better resource allocation.
Aim of the study was to determine the
sensitivity, specificity, positive and negative
predictive value of TST vs. QFT Test as a diagnostic
tool for latent TB among new hires of health care
workers at KFMC, Riyadh, Saudi Arabia.

optimum size of TST indurations to fit with the
positive QFT test. SPSS version 17 was used for the
data management and statistical analysis also for
production of the figures and ROC curve.
Ethical considerations: KFMC IRB committee
approved the research on October 1st, 2011, number
11-151. Each of study Participants was explained
study objectives and procedures, it was clearly
explained to participants that it is optional. Also
participants were explained clearly that participation
in the study has nothing to do with their recruitment
process. If a candidate approved to join the study,
was given consent form to participate to sign.

2. Materials and Methods:
On comparing results of Tuberculin Skin
Test (TST) and blood QFT test for diagnosis of latent
TB for same persons we will conclude sensitivity,
specificity, positive predictive value, and negative
predictive value of TST vs. blood test and better
detection of positive LTB, and so reducing
complications and costs due to LTB.
Study design: A descriptive study for results of the
TST and the QFT test.
Population and sample: 268 HCWs at KFMC who
had a routine pre-employment examination and
periodic health exams included into the study. During
the period of September 2011 to September 2012 all
(new hires and periodic exams) that had a TST were
candidates to be included; and were asked for
voluntary participation in the study. Exclusion
criteria was recent BCG vaccination (<2 years); and
no induration but not willing to give blood sample for
QFT (about 1000 HCWs).
Data collection instruments: a questionnaire was
filled containing socio-demographic data and work
data, also included work history e.g. previous work at
TB/Chest hospital and whether there has been
exposure to TB patient in the past 5 years.
TST procedure: TST (PPD) 5 T.U. Lot number
C3584AA, Exp. Date: March 2013.
0.1 ml given at R/L forearm (intradermal); reading in 48 to 72 hours; Positive where
those who had a size of induration 10mm or moremeans exposure to TB Bacilli.
QFT Procedure: QFT assay was used for
this study. This test involves the collection of blood
samples in tubes pre-filled with antigen (typically a
negative control tube, an M. tuberculosis–antigen
tube, and an optional mitogen tube), which simplifies
laboratory procedures. 10 The QFT–in tube test was
performed and results interpreted in accordance with
the manufacturer’s guidelines.
Statistical analysis: Frequency of positive TST and
QFT test was calculated to according each sociodemographic data such as age group, gender,
nationality and occupation, also cross table for TST
and QFT was made to calculate sensitivity,
specificity, positive predictive value and negative
predictive value. ROC cure was made to test for the

3. Results:
This is a comparative study for the findings
of TST and QFT among new hires and periodic
HCWs checkups. 268 Health care workers
participated in the study with mean age 29.1+5.2
years. 152 nurses (56.7%) represented the main
occupation in the study subjects. 137 (51.1%) East
Asian were most frequent participants, approximately
40% of study subject reported previous exposure to
TB patients. With a 6.2+4.9 years or work, and 64
(24% reported previous work at TB/ chest hospital or
ward (Table 1).
In table 2, 135 (68.5%) of TST positive were
truly positive by QFT test, and 71 (100%) of TST
negative were truly negative by QFT test. It's found
that Sensitivity 100%; specificity 53.4%; Positive
predictive value 68.5% and negative predictive value
to be 100%. As for test of agreement we found that at
cutoff point of 10 mm or more the kappa test to be κ
= 0.536; Variance=0.00293; S.E.=0.0541 and
95%CI=0.430< κ = 0.536 < 0.642; which is
considered as average agreement.
On using a different cutoff points for
positive TST (at 13mm or more and at 15 mm or
more to be positive in tables 3 and 4), specificity was
improved significantly to 63.9% and 85.7%, but on
the expense of sensitivity as expected, to be lowered
to 95.6% and 74.8%.
As for test of agreement we found that at
cutoff point of 13 mm or more the kappa test to be κ
= 0.611; Variance=0.0033; S.E.=0.0571 and
95%CI=0.498< κ = 0.611 < 0.748; which is a better
agreement than at test at 10mm or more.
And for the cutoff point of 15 mm we found
that the agreement to be κ = 0.605;
Variance=0.00386; S.E. =0.0607; and 95%CI=0.486<
κ = 0.605 < 0.724; which is less than that of the
13mm or cutoff point.
Figure 1 is a line graph represents frequency
of sizes TST indurations in mm according to whether
QFT test result. We can see clearly the bimodal
pattern for hi frequency for negative in these sizes
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less than 13 mm and increased frequency for sizes 30
or more for positives by QFT test.
Figure 2 is the ROC curve for TST
indurations sizes in mm and QFT test results. Which
shows that at 90% sensitivity specificity will be
improved to 70% approximately. Also shown ROC
area under the curve and p=0.000; also from the ROC
table at sensitivity at 13mm or more, sensitivity is
approximately to be 95% and specificity is improved
to be 70%.

Tuberculin
Skin
TEST

Table (3): Comparison of different cutoff (13mm)
for TST and QFT test among new Health care staff
at KFMC, Saudi Arabia

Tables (1): Characteristics of study subjects
(n=268)
Variable
Age (mean ± SD)
29.1+5.2
Gender:
Male
Female
Occupation:
Nurse
Physician
Technician
Administrator
Nationality:
Western
Middle East
South Asia
East Asia
Exposure to TB pts:
Yes
No
Work years:
(mean ± SD)
6.2+4.9
Previous work at TB Hospital:
Yes
No

QFT Test

Frequency

Percent

92
176

34.3%
65.7%

152
43
28
45

56.7%
16.0%
10.4%
16.8%

4
114
13
137

1.5%
42.5%
4.9%
51.1%

106
162

39.6%
60.4%

64
204

Tuberculin
Skin
TEST

QFT Test

Tuberculin
Skin
TEST

Table (2): Comparison of TST and QFT test among
new Health care staff at KFMC, Saudi Arabia
Positive
135(68.5%)

Positive
(10mm)
Negative (<10

P
value

0 (0.0%)

Negative
62
(31.5%)
71

Positive
Negative
>=13 mm
131(73.2%)
48(26.8%)
<13 mm
4(4.5%)
85(95.5%
Sensitivity = 131/131+4 = 95.6%
Specificity = 85/85+48 = 63.9%
Positive PV = 131/131+48 = 73.2%
Negative PV = 85/85+4
= 95.5%
κ = 0.611
Variance=0.0033
S.E.=0.0571
95%CI=0.498< κ = 0.611 < 0.748

0.0000

Positive
Negative
>=15 mm
101(84.2%)
19 (15.8%)
(very
positive)
<15 mm
34 (23.0%)
114(77.0%)
Sensitivity
= 101/101+34 = 74.8%
Specificity
= 114/114+19= 85.7%
Positive PV = 101/101+19 = 84.1%
Negative PV = 114/114+34 = 77.0%
κ = 0.605
Variance=0.00386
S.E.=0.0607
95%CI=0.486< κ = 0.605 < 0.724

Results of Quantiferon test according to TST
induration in mm
70

numberof HCWs

60
50
40

Quantiferon test "+ve
Quantiferon test "-ve

30
20
10
0
0

P
value

0.0000

Table (4): Comparison of different cutoff (15mm)
for TST and QFT test among new Health care staff
at KFMC, Saudi Arabia

24%
76%

QFT Test

mm)
(100.0%)
Sensitivity = 135/135+0 = 100.0%
Specificity = 71/62+71 = 53.4%
Positive PV = 135/135+62 = 68.5%
Negative PV = 71/71+0 = 100.0%
κ = 0.536
Variance=0.00293
S.E.=0.0541
95%CI=0.430< κ = 0.536 < 0.642

8 10 12 13 14 15 16 17 18 19 20 21 22 25
indura tion in mm

Figure (1): Results of QFT according to TST induration in mm
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Positive if
Greater Than or
Equal To

Sensitivity 1 - Specificity

-1.0000

1.000

1.000

4.0000

1.000

.541

9.0000

1.000

.466

11.0000

1.000

.421

12.5000

.970

.361

13.5000

.837

.233

14.5000

.748

.143

15.5000

.556

.030

16.5000

.393

.030

17.5000

.333

.000

18.5000

.244

.000

19.5000

.193

.000

20.5000

.119

.000

21.5000

.089

.000

23.5000

.030

.000

26.0000

.000

.000

Area Under the Curve
95% Confidence Interval
Area

Std. Error
.910

p value

.017

Lower Bound
.000

Upper Bound
.877

.942

Figure 2: Recipient Observer Curve (ROC) for the size of the induration and QFT test for detection of LTBI.
and encourage treatment of LTBI among HCWs to
prevent progression to TB disease. The problem
with this recommendation is that the specificity of
TST is poor as reported in the study done by Klein et
al., 14 who compared QFT and TST and reported
that TST even to be non specific for LTBI. This will
lead to higher numbers of false positives with
subsequent
waste
in
costs,
absenteeism,
investigations and loss of productivity. Here comes
importance of our work, it cover a gap in the cutoff
point in TST through which many false positive
cases are identified by TST.
TST is also affected by immune status of
the subjects as revealed by the study conducted by
Mardani et al., 15 on 50 HV positive subjects, they
reported that even with high agreement between
TST and QFT, but still QFT renders more accurate
results of LTBI among HIV patients rather than the
TST. Which again is congruent with our findings.
Accurate testing to identify positive and
exclude negative LTBI will reduce the number
needed to be treated to prevent a case of
tuberculosis, this will be achieved by use of modern
new generation of immunodiagnostic tests as
explained by Chee et al., 16, which is achieved by
our study, since we benefited from the new
immunodiagnostic test of QFT to increase accuracy
of the traditional TST.

4. Discussion:
The present study compared results of TST
and QFT as a method for diagnosing LTBI among
HCWs, results showed the following three major
findings. First, agreement between the two tests
improved when using 13mm cutoff point for
induration reading on TST. Second, specificity
(ability to exclude true negative by the TST) was
improved also. Third, sensitivity did not deteriorate
greatly by using such cutoff point. In a previous
work, by the same authors for the current study,
Abbas et al., 11, found that prevalence of LTB
among new hires at KFMC, Riyadh Saudi Arabia
was 11% using the standard routine of TST. Our
findings in table 2, explain that 135 (68.5%) of those
who were classified by TST as Positive were
classified by the QFT test as true positives, the rest
were false positive 62 (31.5%), with a Kappa value
of 0.536 at a cut off point of 10mm or more which is
improved to be 0.611 on using 13mm as a cutoff
point. Which is comparable improvement to
agreement when compared to the work done by
Anibarro et al., 12 who used presence of erythema as
improvement to the measurement of induration.
In a study examining surveillance data for
TB among HCWs in the United States; Lambert et
al., 13 reported that in the United States 3% of the
those who developed open TB in the US were
HCWs, and recommended to intensify TB screening
409
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used with HCWs, in vitro testing for LTBI provide
higher specificity than traditional TST.
In this matter, Abdel Hamid et al., 25
suggested a two step TST and a QFT for positive
will increase specificity and will at the same time
make a cost reduction of 50 %.which is in agreement
with our finding, but subject of cost reduction need
to be addressed in another study.
So, QFT has a high specificity which
benefited us to increase specificity of TST by
increasing the cutoff point from 10mm or more to
13 mm or more to diagnose LTBI among HCWs.
Our study had several limitations that had
to be addressed. The population is a mixture of
many nationalities with different pattern of
exposures and different patterns of prevalence of
TB, also, needed a larger number of subjects to
improve significance of testing, and since it is
voluntary to take the Anti-tuberculous drugs in case
of positive TST, many HCWs refuse to participate
after being either negative on TST or even after
being positive TST to go on and give blood samples
for the QFT testing.

Study subjects were non BCG vaccinated,
even with this status results showed average
agreement (κ=0.611) which is less than the work
done by Brock et al., 17 who compared agreement
of TST and QFT among bcg vs. non BCG
vaccinated students, who reported that agreement
among non BCG vaccinated was high (κ=0.866),
difference again might be due to different exposure
pattern between western community and middle
eastern settings.
We as health care professionals are after
high specificity tests for the LTBI in order to avoid
false positive results by TST who are unnecessarily
treated with anti-tuberculous drugs, same concept
explained by the work done by Lalvant, 18 who
compared two new immuno-diagnostic tests at this
time, one of which was the QFT and reported that it
will benefit to reduce false positive and increase
diagnostic sensitivity for LTBI. Comparing TST and
QFT in our Middle Eastern health care settings will
help improve diagnostic utility for TST by trying to
readjust the cutoff points.
M tuberculosis infection is a global health
problem with estimated 1.7 million deaths in 2009
19
, about 2billion are LTBI and About 10% of LTBI
will progress to open TB during their lifetime 20, 21,
here comes the importance for of increasing the
specificity for the diagnostic tests, by the current
work with increased specificity, the false positive
rate will be reduced and subsequently there is a
reduction of wasted resources on treating false
positives and allocating these resources to LTBI who
are in real need for it. Conneli et al., 22 reported that
use of the new diagnostic tests for LTB will help
reduce progression of LTBI to open TB especially
for immigrants from high burden countries to low
burden countries as regards TB prevalence, but in
this work we can use a low cost traditional TST to
diagnose LTBI with increased specificity and reduce
false positives. The high false positive in on using
TST Saudi Arabia might be due to the noticed
common practice of drinking milk without boiling.
Costa et al., 23 used Interferon Gama
Release Assay (IGRA) to increase the specificity of
diagnosing LTBI and concluded that by use IGRA,
could prevent half of chest x-rays to discover TB
among HCWs, and even none of TST +ve and IGRA
– ve developed open TB on follow up. This explains
importance of avoiding false positive due to TST.
This can be achieved as we mentioned in results that
increasing the cutoff point for TST to diagnose LTB
to 13mm or more will increase specificity and
subsequent decrease in sensitivity is not harmful.
These findings is in agreement also with the work
done by Girardi et al., 24 who reported that when

5. Conclusion and Recommendations:
When comparing TST and QFT, Rates of
True negatives and Agreement were improved from
(specificity = 53.4%) and (κ=0.536), to
(Specificity=63.9%) and (κ=0.611) when using a
different cut off point for induration sizes of 13 mm
or more, rather than the traditional 10 mm or more
cutoff point. Large scale study is required to confirm
such findings in Middle Eastern health care settings.
Acknowledgement:
Authors would like to acknowledge efforts
of Ms. Jean Palmares, Employee Health Clinic,
KFMC, Riyadh, Saudi Arabia and Ms. Maria Paz,
Immunology Dept., KFMC, Riyadh, Saudi Arabia;,
Ms. Mai AlThaqafy, Administrator, Faculty of
Medicine, KFMC, KFMC, Riyadh, Saudi Arabia,
Ms. Nouf AlWabel, Faculty of Medicine, KFMC,
Riyadh, Saudi Arabia; also Ms. Turkia AlOtaibi,
administrative support at Employee health clinic,
KFMC, Riyadh, Saudi Arabia; for their efforts to
complete the study.
Also, the authors would like to express
appreciation to Prof. Omar Kasule, Head of IRB
committee, KFMC, Riyadh, Saudi Arabia, for his
advice and efforts in ethical aspects of the study.
This work was funded by a grant from the Research
Committee, Faculty of Medicine, KSAU-HS,
KFMC, number 11/32/8.
Conflict of interests: Non declared by authors.

410

Life Science Journal 2013;10(1)

http://www.lifesciencesite.com
12.

Corresponding Author:
Prof. Mostafa AF Abbas,
Community Medicine Dept., Faculty of Medicine,
King Fahad Medical City, KSAU-HS, Riyadh, Saudi
Arabia
Community Medicine Dept., Faculty of Medicine,
Suez Canal University, Ismailia, Egypt
E-mail: moustafafouad@yahoo.com

13.

14.

References:
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Dye C, Scheel S, Dolin P, Pathama V, Raviglione MC
(1999): Consensus statement, global burden of
tuberculosis: estimated incidence, prevalence and
mortality by country. WHO global surveillance and
monitoring project. JAMA, 282, 677-686.
Brock I, Weldingh K, Lilleback T, Follman F and
Andersen P. Comprison of Tuberculin skin test and new
specific blood test in tuberculosis contacts. Am J Respir
Crit Care Med. 2004, 170:65-69.
Arend S, Thijsen S, Leyten E, Bouwman J, Franken W,
Koster B et al. Comparison of two interferon-γ Assays
and tuberculin skin test for tracing tuberculosis
contacts. Am J Respir Crit Care Med 2007, 175 : 618627.
Connell T, Ritz N, Paxton G, Buttery J, Curtis N and
Ranganathan S. A three way cmparison of tuberculin
skin testing Quantiferon-TB gold and T-Spot.TB in
children.
2008, Plos
one 3(7):e2624. doi;
10,1371/journal.pone.0002624.
Kang Y, Lee H, Yoon H, Cho B, Han S and Shim Y.
Discrepancy between the tuberculin skin test and the
whle blood interferon γ assay for the diagnosis of latent
tuberculosis infection in an intermediate tuberculosis
burden country. JAMA, June 8 2005. 293, (22):27562761.
Ferrara G, Losi M, Meacci M, Meccugni B, Piro R and
Roversi P et al. Routine hospital use of a new
commercial while blood interferon γ assay for the
diagnosis of tuberculosis infection. Am J Respir Crit
Care Med. 2005, Vol. 172. p631-635.
Okamba P, Staal A, Tabary T, Le Ber V, Panter-Brick
B, Boyer C, Rio Y. Meaning of Quantiferon TB Gold in
tube in screening of the tuberculosis among the
hospitable staff in case of very former or recent positive
skin test. Pathol Biol (Paris). 2008 ;56(7-8):467-70.
Kampmann B., Whittaker E., Williams A., Walters S.,
Gordon A., and Martinez-Alier N.: Interferon-c release
assays do not identify more children with active
tuberculosis than the tuberculin skin test. Eur Respir J
2009; 33: 1374–1382.
Lalvani A and Pareek M. a 100 year update on
diagnosis of Tuberculosis infection. British Medical
Bulletin 2010; 93: 69-84.
Farris A, Branda J. QuantiFERON-TB Gold assay for
tuberculosis infection.Clin Microbiol Newsl 2007;129136.
.Abbas MAF; AlHamdan NAE; Fiala LA; AlEnezy AK
and AlQahtani MS: Prevalence of Latent TB among
Health Care Workers in four major tertiary care
hospitals in Riyadh, Saudi Arabia. J Egypt Public
Health Assoc 85(1&2), 2010; 77-87.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

12/20/2012

411

Anibarro L; Trigo M; Feijoo D; Rios M; Palomares L
and Pena A: Value of the tuberculin skin testing and of
an interferon-gamma release assay in haemodialysis
patients after exposure to M. Tuberculosis. BMC
Infectious Diseases 2012, 12:195.
Lambert LA; Pratt RH; Armstrong LR and Haddad
MB: Tuberculosis among healthcare workers, united
states, 1995-2007. Infect Control Hosp Epidemiol. 2012
Nov; 33(11):1126-32.
Klein M; Jarosova K; Forejtove S; Becvar R; Sedova L
and Pavelka K: Quantiferon TB gold and tuberculin
skin tests for the detection of latent tuberculosis
infection in patients treated with tumor necrosis factor
alpha blocking agents. Clin Exp Rhumatol. 2012, Oct
24 (Epub ahead of publication,) accessed on 10-112012.
Mardani M, Rabarsi P, Hadavand F, Taheri M, Chitsaz
E and Gachkar L: Accuracy pf Quantiferon-TB gold
test vs tuberculin skin test to detect latenbt tuberculosis
infection in HIV positive individuals in Iran, 13th
international congress on Infectiou Diseases Abstracts,
Poster presentations, 2008. p e323.
Chee CB, Sester M, Zhang W and Lange C.: Diagnosis
and treatment of latent infection with Mycobacterium
tuberculosis. Respirology, 2012 Oct 29, Epub Ahead of
print, accessed on 11-11-2012.
Brock I, Weldingh K, Lilleback T, Follmann F, and
Andersen P.: Comparison of Tuberculin Skin Test and
New Specific Blood test in Tuberculosis contacts. Am J
Respir Crit Care Med. 2004, Vol 179, p65-69.
Lalvant A.: Diagnosing Tuberculosis infection in the
21st century, new tools to tackle an old enemy. CHEST,
2007, 131(6): 1898-1906.
World Health Organization. Global Tuberculosis
Control 2010. WHO/HTM/TB/2010.7. Geneva, World
Health Organization, 2010.
Comstock GW, Livesay VT, Woolpert SF. The
prognosis of a positive tuberculin reaction in childhood
and adolescence. Am J Epidemiol 1974; 99: 131–138.
Vynnycky E, Fine PE. Lifetime risks, incubation
period, and serial interval of tuberculosis. Am J
Epidemiol 2000; 152: 247–263.
Connell DW, Berry M, Cooke, G. and Kon OM:
Update on tuberculosis: TB in the early 21st century.
Eur Respir Rev 2011; 20: 120, 71–84.
Costa JT, Sa R., Cardoso MJ, Silva R., Ferreira J.,
Ribeiro C, and M. Miranda: Tuberculosis screening in
Portuguese healthcare workers using the tuberculin skin
test and the interferon-c release assay. Eur Respir J
2009; 34: 1423–1428
Girardi E, Angeletti1 C, Puro1 V, Sorrentino R,
Magnavita N, and Vincenti1 D: Estimating diagnostic
accuracy of tests for LTBI without a gold standard
among HCWs. Eurisurveillance, published on 29
October 2009. p 1-9
Abdalhamid B, Hinrichs S, Garrett J, O’Neill
J,Hansen-Cain J, Armbrust A,2 and Iwen1P: Utilization
of the QuantiFERON-TB Gold Test in a Two-Step
Process with the Tuberculin Skin Test To Evaluate
Health Care Workers for Latent Tuberculosis. Journal
Of Clinical Microbiology, Aug. 2010, p. 2955–2956.

