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Screening for latent tuberculosis in Norwegian
health care workers: high frequency of
discordant tuberculin skin test positive and
interferon-gamma release assay negative results
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Abstract

Background: Tuberculosis (TB) presents globally a significant health problem and health care workers (HCW) are at
increased risk of contracting TB infection. There is no diagnostic gold standard for latent TB infection (LTBI), but
both blood based interferon-gamma release assays (IGRA) and the tuberculin skin test (TST) are used. According to
the national guidelines, HCW who have been exposed for TB should be screened and offered preventive anti-TB
chemotherapy, but the role of IGRA in HCW screening is still unclear.

Methods: A total of 387 HCW working in clinical and laboratory departments in three major hospitals in the
Western region of Norway with possible exposure to TB were included in a cross-sectional study. The HCW were
asked for risk factors for TB and tested with TST and the QuantiFERONWTB Gold In-Tube test (QFT). A logistic
regression model analyzed the associations between risk factors for TB and positive QFT or TST.

Results: A total of 13 (3.4%) demonstrated a persistent positive QFT, whereas 214 (55.3%) had a positive TST
(≥ 6 mm) and 53 (13.7%) a TST ≥ 15 mm. Only ten (4.7%) of the HCW with a positive TST were QFT positive. Origin
from a TB-endemic country was the only risk factor associated with a positive QFT (OR 14.13, 95% CI 1.37 - 145.38,
p = 0.026), whereas there was no significant association between risk factors for TB and TST≥ 15 mm. The five HCW
with an initial positive QFT that retested negative all had low interferon-gamma (IFN-γ) responses below 0.70 IU/ml
when first tested.

Conclusions: We demonstrate a low prevalence of LTBI in HCW working in hospitals with TB patients in our region.
The “IGRA-only” seems like a desirable screening strategy despite its limitations in serial testing, due to the high
numbers of discordant TST positive/IGRA negative results in HCW, probably caused by BCG vaccination or boosting
due to repetitive TST testing. Thus, guidelines for TB screening in HCW should be updated in order to secure
accurate diagnosis of LTBI and offer proper treatment and follow-up.

Keywords: Tuberculosis, Quantiferon, Interferon-gamma release assay, IGRA, Screening, Health care workers,
Low-endemic country, Norway
* Correspondence: a.m.d.riise@medisin.uio.no
3Department of Clinical Science, University of Bergen, Bergen N-5021, Norway
4Department of Internal Medicine, Section for Infectious Diseases, Haukeland
University Hospital, Bergen N-5021, Norway
Full list of author information is available at the end of the article

© 2013 Gran et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

mailto:a.m.d.riise@medisin.uio.no
http://creativecommons.org/licenses/by/2.0


Gran et al. BMC Public Health 2013, 13:353 Page 2 of 8
http://www.biomedcentral.com/1471-2458/13/353
Background
Tuberculosis (TB) presents globally a significant health
problem and healthcare workers (HCW) are at increased
risk of contracting latent TB infection (LTBI) and
develop active TB [1,2]. The prevalence of TB infection
and disease are highest among HCW in low/middle
income countries [1]. The overall incidence of TB in
Norway is 7/100.000 and of the approximately 350 new
TB cases annually 80-90% are imported infections from
TB-endemic countries [3]. According to the national
guidelines those exposed for TB, including HCW, should
be screened for TB infection and preventive anti-TB
chemotherapy should be considered [4].
The tuberculin skin test (TST) has high sensitivity, but

low specificity, especially in Bacillus Calmette-Guérin
(BCG)-vaccinated individuals, because of cross-reactivity
to non-tubercular mycobacterias (NTM) or due to
booster-effect caused by repetitive testing [5]. This has
resulted in long-term medical follow-up for many HCW
with positive TST. There is no diagnostic gold standard
test for LTBI, but blood based interferon-gamma release
assays (IGRA) offer better specificity (98–100%) and at
least as good sensitivity (70–97%) as the TST since they
are unaffected by previous BCG vaccination and most
NTM [2,6-9]. These assays, commercially available as
QuantiFERONWTB Gold In-Tube (QFT) and T-SPOT.
TBW measure in-vitro IFN-γ production by T-cells stimu-
lated with the M. tuberculosis-specific antigens ESAT-6,
CFP-10 and TB7.7. The tests have already been incorpo-
rated into national guidelines [10-13] and in Norway the
QFT is recommended since 2007 as the test of choice
following TST in a two-step approach [14]. Still, the role
of IGRA in HCW screening is unclear [15].
Studies from TB low-endemic countries generally find

a low prevalence of LTBI in HCW defined by IGRA
[15,16,18-27]. A high proportion of discordant TST
positive/IGRA negative results have been reported in
HCW, especially in countries with high coverage of BCG
vaccination [15,16,23,27-29]. In Norway a limited num-
ber of studies of the performance of IGRA in various
populations have been published [23,30-33], but no
study has focused on the routine screening of HCW. We
have previously shown in a cohort with a predominance
of immigrants that although one third tested QFT posi-
tive, in HCW, a subgroup of the study participants, only
10% had a positive QFT test [32].
We have performed a cross-sectional study amo-

ngst HCW in three major hospitals in the Western
region of Norway to study the prevalence of QFT
positivity in HCW working in hospital departments
with possible risk of TB infection, identify possible
risk factors for LTBI in our hospitals and investigate
the performance of the QFT test in routine testing
of HCW.
Methods
Study participants
HCW working in out-patient TB clinics and wards at
the departments of Pulmonary medicine and Infectious
medicine or in the laboratories at the departments of
Microbiology and Pathology in three major hospitals in
the Western region of Norway were included in the
study in the period from September 2008 to September
2009. All HCW had possible contacts with patients with
diagnosed or suspected infectious TB, infected biological
material or TB cultures as part of clinical work or
diagnostic procedures and consisted of medical doctors,
nurses, laboratory staff and administrative personnel.
The study participants with a positive QFT were
followed according to clinical practice with clinical and
radiological examination to rule out active TB. Treat-
ment of LTBI for three months was offered in accord-
ance with the Norwegian recommendations [4]. The
following variables were registered using a standardized
questionnaire: age, sex, workplace, occupation, country of
origin, year of immigration, previous TB, stay (>2 weeks)
or work in a TB endemic country, occupational exposure
to TB in the actual hospital or outside the hospital
(included working in hospitals in TB-endemic coun-
tries), prior TST and BCG vaccination, also assessed
through inspection for scars. A TST (0.1 ml tuberculin
PPD RT23 2 TU, SSI, Copenhagen, DK) was performed
after blood was collected for QFT to avoid the possibility
of boosting and read after 72 hours [4]. In some subjects
no TST was performed due to earlier strong reactions or
previous TB infection [34].
Inclusion in the study was voluntary and written in-

formed consent was given from all the study participants
before inclusion in the study. The study was approved
by the Regional Ethics Committee for Medical Research
(REK-vest) and the Norwegian Data Inspectorate.

QuantiFERON TB-gold in-tube assay
Blood was drawn from all HCW at their respective hos-
pitals and analysed with the QuantiFERONW TB-Gold
In-tube assay (QFT), (Cellestis/Qiagen) at the laboratory
for Infectious diseases at Haukeland University hospital.
All HCW with a positive or inconclusive QFT test were
offered retesting. The HCW with negative first test
were not retested. The blood samples were treated as
recommended by the manufacturer. Briefly, one ml of
whole blood was sampled in each of the three QFT
tubes containing either TB specific antigen (ESAT-6,
CFP-10 and TB7.7), no antigen (negative control) or
mitogen antigen (positive control) and the IFN-γ con-
centrations (IU/ml) in plasma was measured by an
ELISA reader and calculated by the ‘QFT-TB-analysis
Software’. An IFN-γ ≥ 0.35 IU/ml (TB antigens minus
negative control) was considered a positive test.



Table 1 Characteristics of study participants (n = 387)

Characteristics No (%)

Age 1) 36 23-64

Sex

Male 61 15.8

Female 326 84.2

Origin

Norway 357 92.2

TB low-endemic country 15 3.9

TB high-endemic country 15 3.9

Work place

Infectious Medicine 160 41.3

Pulmonary Medicine 123 31.8

Microbiology 80 20.7
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Statistics
Statistical analysis was performed using SPSS 20 and
the graphics was done by Matlab 2010a. Data are
presented as median values with range. Univariate as-
sessment of risk factors for positive QFT and TST ≥
15 mm was done by Chi square test and t-test as
appropriate.
The associations between QFT and TST as depen-

dent variables and age, sex, country of origin, stay
in TB endemic country and TB exposure as pre-
dictors were analyzed by a logistic regression model. We
considered a fully adjusted multivariate model con-
taining all predictors as well as an univariate model for
each predictor. We selected 15 mm as cut-off to
dichotomize TST. The general significance level was set
to 0.05.
Pathology 24 6.2

Profession

Nurse 222 57.4

Physician 60 15.5

Laboratory staff 99 25.6

Administration 6 1.6

Work TB endemic country 2) 59 15.2

Stay TB endemic country 2) 288 74.4

Exposure to TB at work 3)

Patients 239 61.8

Laboratory 85 22.0

Exposure to TB outside work 50 12.9

BCG vaccinated 379 97.9

BCG scar 358 92.5

Previous TB 3 0.8
1)Median (range). Definitions: TB = Tuberculosis. 2)The three longest visits were
registered. 3)The three longest contacts were registered.
Results
Study population
A total of 387 HCW working in the clinical departments
diagnosing and treating TB patients or in the laborator-
ies handling possible TB infected biological samples were
included in the study (Table 1). The majority of the
study participants were female (84.2%) and the median
age was 36. Most of them were ethnically Norwegians
(92.2%) and only 15 (3.9%) had migrated from TB high-
endemic regions, predominately from Asia. The majority
of the HCW were nurses (57.4%), 15.5% were physicians,
25.6% were laboratory staff and 1.6% were administra-
tion staff. A history of BCG vaccination was reported in
97.9% and the time since BCG-vaccination was median
21 years. Most of the foreign-born were vaccinated as
infants or young children, whereas the Norwegians were
vaccinated at the age of fourteen according to the
Norwegian national vaccination program [4]. Three
HCW (0.8%), all from TB low-endemic countries, had
previously been treated for active TB disease (8, 13 and
29 years back). A total of 74.4% of the HCW reported
stay in a TB-endemic country, most for shorter time-
periods and only 34% stayed for a minimum of three
months, whereas 59 (15.2%) HCW had been working
in a TB-endemic country, but only 21 of them
worked for a period of three months or more. The
median time since the last work period was five years
(range 0-33). A total of 61.8% of the HCW reported
known exposure to an infectious TB patient at their
workplace and 22% reported contact with TB infected
biological material. The majority of the HCW reported
use of infection control equipment during contact with
TB patients or infectious material (82.4% and 83.2%,
respectively). Known exposure to TB outside work,
including at foreign hospitals, was reported in 50
(12.9%) HCW.
Characteristics of health care workers with a positive
QuantiFERON-TB test
A positive QFT result was observed in 18 HCW when
first tested (median 0.76 IU/ml, range 0.39-7.9 IU/ml)
(Table 2). These HCW, except two refusing to repeat the
test, were retested twice or three times. Thus, after
retesting 13 (3.4%) of all the HCW had a persistent posi-
tive QFT, indicating LTBI. Two HCW tested positive the
first time (0.40-0.76 IU/ml), then negative the second
test (0.30 IU/ml), whereas both reverted to positive
(0.49-0.93 IU/ml) when tested for the third time and
were concluded as positive. The additional five HCW
with a positive initial QFT that retested negative all had
low initial responses (0.39-0.66 IU/ml). In two other
HCW the QFT was initially indeterminate, but negative
when retested.



Table 2 Characteristics of HCW with positive or indeterminate QuantiFERON-TB

HCW Age Sex 1. QFT (IU/ml) Origin Occupation BCG TST ≥ 6 2. QFT (IU/ml)

1 22 F 4.51 Norway Laboratory no yes 9.51

2 35 F 0.57 Norway Laboratory yes yes −0.05

3 26 F 0.66 Norway Laboratory yes yes −0.01

4 41 F 0.40 Asia Laboratory yes yes 0.491

5 34 M 0.76 Norway Laboratory yes no 0.931

6 32 F IND Norway Laboratory yes yes 0.05

7 24 F 1.60 Norway Nurse yes yes 1.09

8 59 F 0.47 Norway Nurse yes 2 0.49

9 39 F 0.39 Norway Secretary yes yes −0.01

10 44 F 0.40 W. Europe Physician yes yes 2

11 46 M 1.09 Norway Physician yes yes 1.36

12 29 M 0.46 Norway Physician yes no −0.14

13 54 M 2.31 Norway Physician yes yes 2.66

14 44 M 1.66 N. America Physician no yes 2

15 28 M IND Norway Nurse yes yes neg

16 25 F 7.90 Africa Nurse yes no pos3

17 60 F 5.85 Asia Nurse yes yes 4.15

18 60 F 0.68 Norway Assistant yes yes neg3

19 65 F 1.31 Norway Nurse yes yes 2.17

20 33 M 5.51 Norway Physician yes yes >10
1Third QFT, second test 0.30 UI/ml in both HCW 4 and 5. 2No test was performed. 3No value was given.
QFT = QuantiFERON-TB. IND = indeterminate.
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The characteristics of the 13 HCW with a persistent posi-
tive QFT were as follows; the HCW worked in different
hospitals in different departments. Five were nurses, five
medical doctors and three laboratory staff. One HCW had
been diagnosed with active TB 29 years back, but had only
received treatment for four months. It is of note that the
two others with previous active TB were QFT negative.
Ten QFT positive HCW were born in western TB low-
endemic countries, the majority in Norway and three had
origin from TB-endemic regions. Eleven of the QFT
positive HCW were BCG vaccinated with visible scars.
Eight HCW reported stay, but only two reported working
in a TB-endemic region. All QFT positive HCW reported
known exposure to TB during work at the hospital in
Norway. Ten HCW reported contact with an infectious TB
Table 3 Multivariate analysis of risk factors associated with a

Univariate (N = 13)

Characteristics OR (95% CI)

Female 3.54 (1.12, 11.21)

Age 1.04 (0.99, 1.09)

Origin 9.05 (2.20, 37.16)

Stay in TB endemic country 0.74 (0.22, 2.45)

OR; odds ratio; CI; confidence interval; OR per standard-deviation increase for contin
Norway, 2) other TB low- endemic countries, 3) TB endemic countries; Stay in TB en
Exposure to TB was too unbalanced to produce definite confidence intervals and th
patient, eight HCW at two or more occasions and six had
performed or assisted during bronchoscopy. Nine of these
had used recommended infection control equipment at
regular basis. Three HCW had been in contact with TB
infected biological material during diagnostic handling or
procedures and had for most of the occasions used
infection control equipment. Seven HCW had also been in
contact with TB-patients outside the hospital. In the univar-
iate logistic regression analysis female and country of origin
were significant associated with a positive QFT, whereas in
the multivariate analysis only country of origin remained
significant (Table 3). Clinical and radiological examination
did not show any signs of active TB in any of the HCW.
They were offered preventive TB therapy after medical
evaluation, but only one was treated.
positive QFT

Multivariate (N = 13)

P-value OR (95% CI) P-value

.031 2.59 (0.76, 8.86) .131

.141 1.03 (0.98, 1.08) .259

.002 14.13 (1.37, 145.38) .026

.681 0.80 (0.31, 2.04) .632

uous variables Age; Origin; country of birth, divided into three groups, 1)
demic country; stayed and/or worked in TB endemic country (>2 weeks).
erefore not reported.



Table 4 QuantiFERON-TB results in HCW for various TST
reactions

Induration
(mm)

TST (n = 387) QFT (n = 13)

n (%) n (% of TST group)

≥ 6 214 (55.3) 10 (4.7)

0-5 154 (39.8) 2 (1.3)

6-10 85 (22.0) 4 (4.7)

11-14 76 (19.6) 4 (5.3)

≥ 15 53 (13.7) 2 (3.8)

No TST1 19 (4.9) 1 (5.3)

TST = tuberculin skin test. QFT = QuantiFERON-TB.
1)Not tested due to previous strong response or previous active TB.
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Discordant tuberculin skin tests and QuantiFERON-TB
results in health care workers
A total of 214 (55.3%) demonstrated a positive TST
(≥ 6 mm) and 13.7% had even TST ≥ 15 mm (Table 4).
In 19 (4.9%) a TST was not performed due to earlier
strong reactions or previous active TB. In the multivari-
ate analysis there was no significant association between
risk factors for TB infection and TST ≥ 15 mm (Table 5).
Only 4.7% of the HCW with a positive TST ≥ 6 mm

were QFT positive and there was a wide range of TST
reactions seen in the QFT positive group (Table 4). Only
two of the 53 (3.8%) HCW with TST ≥ 15 mm demon-
strated a positive QFT and none one of the two HCW
with previously strong TST responses > 25 mm were
QFT positive. In contrast, two of the TST negative
HCW (1.3%) were QFT positive, one with origin from a
TB endemic country and the other had been exposed for
TB at work in the laboratory (Table 2; HCW 5 and 16,
respectively). The association between TST and QFT for
the various age groups is shown in Figure 1.

Discussion
We present a cross sectional study on routine IGRA testing
of HCW working in three major hospitals in the Western
region of Norway, a TB low-endemic country. We find that
only 3.4% of the HCW tested positive with QFT in contrast
to 55.3% with TST, indicating low level of LTBI in HCW
Table 5 Multivariate analysis of risk factors associated with a

Univariate (n = 384

Characteristics OR (95% CI)

Female 0.34 (0.08, 1.47)

Age 1.01 (0.98, 1.05)

Origin 1.66 (0.36, 7.69)

Stay in TB endemic country 0.86 (0.38, 1.92)

Exposure to TB 0.79 (0.34, 1.84)

OR; odds ratio; CI; confidence interval; OR per standard-deviation increase for contin
Norway, 2) other TB low- endemic countries, 3) TB endemic countries; Stay in TB en
Exposure to TB; exposed to TB at work, either in direct contact with patients or in a
working at Norwegian hospitals. This is in support of a
previous Norwegian contact investigation study that also
found a frequency of 3% of LTBI among HCW by the
T-SPOT.TB test [23] and a Danish study from hospital
medical wards where only 1% of the HCW had a positive
QFT [16]. In contrast, in a study from Russia, a TB high-
endemic country, 47% of the HCW in the TB department
were IGRA positive [17]. We did not find any effect of age
on the QFT results. In the study by Nienhaus et al,
however, IGRA results among HCW depended greatly on
age and country with a QFT positivity of 25% in Germany,
45% in Portugal and 33% in France in the age group over
55 years [26]. In a recent review from Zwerling et al. the
pooled prevalence of positive IGRA using either test was
significantly lower than for a positive TST among HCW in
low TB incidence settings, and IGRA showed good correl-
ation with occupational risk factors for TB exposure [29].
The 13 HCW with a persistent positive QFT were

equally distributed between the three hospitals and
between nurses, medical doctors and laboratory staff
and the majority was born in Norway. All HCW
reported known exposure to TB at work, but had used
infection control equipment during patient care and
diagnostic procedures. Seven HCW reported additional
possible environmental exposure to TB. Further, four of
the HCW had either origin from and/or reported work-
ing in TB high-endemic regions. It is likely that these
were infected abroad since country of origin was the
only risk factor significantly associated with a positive
QFT test in the multivariate analysis. One HCW had
been diagnosed with active TB several years back illus-
trating that IGRAs could stay positive long after treated
infection [32]. From 2005 a total of 47 HCW with
TB infection, of whom 14 developed active TB, have
been reported in Norway (personal communication,
The Norwegian Institute of Public Health). However, 25
were born outside Norway possibly implying that TB ex-
posure had occurred abroad. Based on our results we can-
not conclude for sure, but altogether this indicates a low
risk of contracting TB and a good infectious control at
Norwegian hospitals.
TST ≥ 15 mm

) Multivariate (n = 53)

P-value OR (95% CI) P-value

.148 0.27 (0.06, 1.21) .088

.413 1.02 (0.98, 1.05) .382

.519 1.16 (0.19, 7.16) .871

.705 0.42 (0.12, 1.55) .193

.588 0.79 (0.33, 1.90) .598

uous variables Age; Origin; country of birth, divided into three groups, 1)
demic country; stayed and/or worked in TB endemic country (>2 weeks);
laboratory.
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Figure 1 Relationship between age, tuberculin skin test and QFT. The red triangles show the study participants with a positive QFT (n = 12).
The circles show the study participants with a negative QFT (n = 355). One QFT positive was not included since no TST was performed.
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The growing literature raises the question of whether
IGRA could replace the TST when screening HCW for
TB in routine practice or contact investigations due to the
improved specificity [15,18,26-28]. This is especially
relevant in countries like Norway with high coverage of
BCG vaccination and discordant TST positive/IGRA
negative results. In a Canadian study LTBI prevalence
among HCW measured by the TST was low and the most
common discordant test results were TST negative/QFT
positive [35]. In contrast, we observed that a total of 33%
of the HCW had TST > 10 mm, 13.7% had TST ≥ 15 mm
with a frequency of only 4% QFT positivity and even
HCW with the highest TST values > 25 mm were QFT
negative. This might represent false negative QFT, but
there was no association between known TB risk factors
and TST ≥ 15 mm. BCG vaccination at the age of fourteen
was performed according to the Norwegian national
vaccination program from 1947 to 2009 and explains why
98% of all the HCW in our cohort were vaccinated. Thus,
the discrepancy it most likely explained by false positive
TST due to high BCG vaccination coverage or booster
effects after repeatedly TST testing in the hospitals. With
over half of the HCW in our study demonstrating a posi-
tive TST, which we believe is representative for HCW
working at Norwegian hospitals, it is obvious the TST in
our setting generally is of little use. Instead, IGRA offer
better specificity and thereby lower prevalence of positive
tests and fewer HCW who require X-rays, further clinical
follow-up or LTBI treatment. Still, medical follow-up of
HCW with strong TST reactions and risk factors for TB
reactivation might be warranted since there is no diagnos-
tic gold standard for LTBI.
There is concern about IGRA reproducibility, defining

the optimum cut-off values for positive tests which most
accurately distinguish new TB infection from random
variation as well as defining the right interpretation of
discordant TST and IGRA in serial screening [29,36,37].
In our study, the HCW with initial positive QFT that
retested negative all had low initial IFN-γ responses
below 0.70 IU/ml. Poor reproducibility of the assay is a
more likely explanation than true reversions since
the tests were performed within short periods. Such
fluctuations in IGRA findings were also demonstrated in
a study where HCW in contact with TB patients were
tested monthly [38]. When an increase in QFT cut-off
from < 0.35 to ≥ 0.70 IU/ml was applied inconsistent
IGRA results were reduced from 52% to 27% and
consistency in QFT results was associated with baseline
IFN-γ levels. A recent review also concludes that
subjects with baseline results around the diagnostic
threshold are more likely to show inconsistent results on
retesting [36]. Also in our cohort there was a tendency
to higher IFN-γ levels in those with consistent positive
QFT. Thus, a borderline zone from 0.20-0.70 IU/ml has
been suggested in the routine screening of HCW
with retesting before preventive chemotherapy is rec-
ommended [36]. Longitudinal research is therefore re-
quested to inform guidelines on IGRA serial testing.
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Some countries such as the USA have almost since
their introduction recommended the two new IGRAs for
screening of LTBI [11]. Others, including the Norwegian
guidelines, have in general been more cautious and
recommended a two-step approach with an initial TST
[14]. The European guidelines conclude that IGRA may
be used as part of the overall risk assessment to diagnose
LTBI and identify individuals for preventive treatment
[10]. In the updated guidelines from the USA the advan-
tages and disadvantages of the various tests are discussed
[39]. When choosing test one must consider the accur-
acy of the test in the specific risk groups as well as
populations. The guidelines also conclude that due to
the high negative predictive value, progression to active
TB in healthy immune competent individuals with
negative IGRA is very unlikely.
According to Norwegian guidelines HCW who has

worked or stayed in a TB endemic country or are
included in contact investigations should be screened for
TB infection in a two-step approach with an initial TST
before IGRA [14]. Many hospitals have also performed
regular routine TST in HCW with risk for TB infection
at their workplace. Our study demonstrating a high
frequency of discordant TST positive/IGRA negative
results indicates that the National guidelines should be
updated and an “IGRA-only strategy” considered for
HCW. Use of IGRA in this population is expected to
increase diagnostic specificity and improve acceptance of
treatment for LTBI. The higher per-test cost of IGRAs
may be compensated for by lower post-screening costs
(medical follow-up, chest x-rays and chemoprevention).
A recent review of cost-effectiveness of IGRA concludes
that in four studies, the “two-step strategy” and in two
studies the “IGRA-only strategy” was most cost-effective
[40]. A recent British study concludes that IGRA can be
an institutional cost saving and result in higher compli-
ance rates [41]. There is growing evidence in support of
the use of IGRA in screening risk groups such as HCW.
However, one must be aware of the uncertainty of IGRA
during serial-testing with yet undefined proper cut-off
levels and possible low-level false-positive IGRA results
that will lead to unnecessary follow-up of low-risk HCW.
The limitations of our study are the small number of

IGRA positive to draw strong conclusions on the overall
prevalence of TB infection in HWC in Norway, the risk
factors for TB infection and the effects of serial testing.
In addition it is not possible to show the frequency
of converters since no repetitive testing of the QFT
negative were performed.

Conclusions
We find in this cross sectional study that only 3.4% of
HCW were QFT positive in contrast to 55.3% TST posi-
tive indicating a low level of LTBI among HCW working
at hospitals in Western Norway. The only risk factor asso-
ciated with a positive QFT was origin from a TB-endemic
country implying a low risk for contracting TB infection at
Norwegian hospitals. The “IGRA-only” seems like a desir-
able strategy, despite its limitations, due to the high
number of false positive TST probably caused by BCG
vaccination and repetitive TST testing. Thus, there is a
need for an update of Norwegian guidelines for TB
screening in HCW in order to get more accurate diagnosis
of LTBI and offer proper treatment and follow-up.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
GG: has participated in design of the study, recruiting study participants,
interpretation of data, statistical analysis and drafted the manuscript. JA: has
performed statistical analysis and revising of the manuscript. AMDR: has
designed the study, participated in interpretation of data, statistical analysis
and drafted the manuscript. All authors have read and approved the final
manuscript.

Acknowledgements
The study was funded by grants from Blakstad and Maarschalk TB
foundation and NSFs association for Pulmonary nurses. We will thank
professor Odd Mørkve, Centre for International health, University of Bergen
for valuable contribution, the health care workers at the department of
Pulmonary medicine, Haukeland University Hospital, especially Gyda
Smedsvik and Haldis Kollbotn, the TB coordinators at Stavanger University
Hospital Hilde Elise Andersen and Tone Louise Skorge and the TB
coordinator at Haugesund Hospital Ann Iren Muren Olsen for valuable
assistance in recruiting patients and collection of samples.

Author details
1Department of Pulmonary Medicine, Haukeland University Hospital, Bergen
N-5021, Norway. 2Centre for Clinical Research, Haukeland University Hospital,
Bergen N-5021, Norway. 3Department of Clinical Science, University of Bergen,
Bergen N-5021, Norway. 4Department of Internal Medicine, Section for
Infectious Diseases, Haukeland University Hospital, Bergen N-5021, Norway.
5Present address: Department of Infectious Diseases, Oslo University Hospital,
pb 4956 Nydalen, Oslo 0424, Norway.

Received: 22 December 2012 Accepted: 11 April 2013
Published: 17 April 2013

References
1. Joshi R, Reingold AL, Menzies D, Pai M: Tuberculosis among health-care

workers in low- and middle-income countries: a systematic review.
PLoS Med 2006, 3(12):e494.

2. Menzies D, Joshi R, Pai M: Risk of tuberculosis infection and disease associated
with work in health care settings. Int J Tuberc Lung Dis 2007, 11:593e605.

3. Arnesen TM, Heldal E, Mannsåker T, Sandbu S, Rønning K, Eide KÅ:
Tuberculosis in Norway 2010-2011. Oslo: The Norwegian Institute of Public
Health; 2012. http://www.fhi.no/dokumenter/2a2afe07bf.pdf.

4. The Norwegian Institute of Public Health. Forebygging og kontroll av
tuberkulose, en veileder (Norwegian): Guidelines for prevention and
control of tuberculosis, Volume 7. Oslo: Nasjonalt Folkehelseinstitutt; 2002.
http://www.fhi.no/dav/EC1BCA06C5.pdf.

5. Menzies D: What does tuberculin reactivity after bacille Calmette- Guerin
vaccination tell us? Clin Infect Dis 2000, 31(Suppl 3):S71–S74.

6. Nahid P, Pai M, Hopewell PC: Advances in the diagnosis and treatment of
tuberculosis. Proc Am Thorac Soc 2006, 3(1):103–110.

7. Pai M, Kalantri S, Dheda K: New tools and emerging technologies for the
diagnosis of tuberculosis: part I. Latent tuberculosis. Expert Rev Mol Diagn
2006, 3:413–422.

8. Andersen P, Munk ME, Pollock JM, Doherty TM: Specific immune-based
diagnosis of tuberculosis. Lancet 2000, 356(9235):1099–1104.

http://www.fhi.no/dokumenter/2a2afe07bf.pdf
http://www.fhi.no/dav/EC1BCA06C5.pdf


Gran et al. BMC Public Health 2013, 13:353 Page 8 of 8
http://www.biomedcentral.com/1471-2458/13/353
9. Diel R, Goletti D, Ferrara G, Bothamley G, Cirillo D, Kampmann B, Lange C,
Losi M, Markova R, Migliori GB, Nienhaus A, Ruhwald M, Wagner D,
Zellweger JP, Huitric E, Sandgren A, Manissero D: Interferon-c release
assays for the diagnosis of latent Mycobacterium tuberculosis infection:
a systematic review and meta-analysis. Eur Respir J 2011, 37:88–99.

10. European Centre for Disease Prevention and Control: Use of interferon-
gamma release assays in support of TB diagnosis. Stockholm: ECDC; 2011.

11. Jensen PA, Lambert LA, Iademarco MF, Ridzon R, CDC: Guidelines for
preventing the transmission of mycobacterium tuberculosis in health
care settings, 2005. MMWR Recomm Rep 2005, 54:1–141.

12. Tuberculosis: Clinical Diagnosis and Management of Tuberculosis, and
Measures for Its Prevention and Control: National Collaborating Centre for
Chronic Conditions (UK), Centre for Clinical Practice at NICE (UK). London:
National Institute for Health and Clinical Excellence (UK); 2011.

13. Menzies D, Pai M, Comstock G: Meta-analysis: new tests for the diagnosis
of latent tuberculosis infection: areas of uncertainty and
recommendations for research. Ann Intern Med 2007, 146(5):340–354.

14. Winje B, Oftung F, Mannsåker T, Dyrhol-Riise AM: New immunological
blood based assays for detection of tuberculosis. A report from the
Infectious Disease Control Register (Norwegian). MSIS-rapport 2007, 35:10.

15. Nienhaus A, Loddenkemper R, Hauer B, Wolf N, Diel R: Latent tuberculosis
infection in healthcare workers-evaluation of an Interferon-gamma
release assay. Pneumology 2007, 61(4):219–223.

16. Soborg B, Andersen AB, Larsen HK, Weldingh K, Andersen P, Kofoed K, Ravn
P: Detecting a low prevalence of latent tuberculosis among health care
workers in Denmark detected by M. tuberculosis specific IFN-gamma
whole-blood test. Scand J Infect Dis 2007, 39(6–7):554–559.

17. Drobniewski F, Balabanova Y, Zakamova E, Nikolayevskyy V, Fedorin I: Rates of
latent tuberculosis in health care staff in Russia. PLoS Med 2007, 4(2):e55.

18. Vinton P, Mihrshahi S, Johnson P, Jenkin GA, Jolley D, Biggs BA:
Comparison of QuantiFERON-TB Gold In-Tube Test and tuberculin skin
test for identification of latent Mycobacterium tuberculosis infection in
healthcare staff and association between positive test results and known
risk factors for infection. Infect Control Hosp Epidemiol 2009, 3:215–221.

19. Harada N, Nakajima Y, Higuchi K, Sekiya Y, Rothel J, Mori T: Screening for
tuberculosis infection using whole-blood interferon-gamma and
Mantoux testing among Japanese healthcare workers. Infect Control Hosp
Epidemiol 2006, 27(5):442–448.

20. Stebler A, Iseli P, Muhlemann K, Bodmer T:Whole-blood interferon- gamma
release assay for baseline tuberculosis screening of healthcare workers at a
swiss university hospital. Infect Control Hosp Epidemiol 2008, 29(7):681–683.

21. Ringshausen FC, Schlosser S, Nienhaus A, Schablon A, Schultze- Werninghaus G,
Rohde G: In-hospital contact investigation among health care workers after
exposure to smear-negative tuberculosis. J Occup Med Toxicol 2009, 4:11.

22. Schablon A, Beckmann G, Harling M, Diel R, Nienhaus A: Prevalence of
Latent Tuberculosis Infection among Health Care Workers in a hospital
for pulmonary diseases. J Occup Med Toxicol 2009, 4:1.

23. Storla DG, Kristiansen I, Oftung F, Korsvold GE, Gaupset M, Gran G, Øverby
AK, Dyrhol-Riise AM, Bjune GA: Use of interferon gamma-based assay to
diagnose tuberculosis infection in health care workers after short term
exposure. BMC Infect Dis 2009, 9:60.

24. Nienhaus A, Schablon A, Siano B, le Bacle C, Diel R: Evaluation of the
Interferon-gamma Release Assay in Healthcare Workers. Int Arch Occup
Environ Health 2008, 81(3):295–300.

25. Schablon A, Harling M, Diel R, Nienhaus A: Risk of latent TB infection in
individuals employed in the healthcare sector in Germany: a multicentre
prevalence study. BMC Infect Dis 2010, 10:107.

26. Nienhaus A, Schablon A, Tripodi D, Torres Costa J: The prevalence of latent
tuberculosis infections among health-care workers–a three-country
comparison. Pneumologie 2011, 12:726–729.

27. Kobashi Y, Obase Y, Fukuda M, Yoshida K, Miyashita N, Fujii M, Oka M:
Usefulness of QuantiFERON TB-2G, a diagnostic method for latent
tuberculosis infection, in a contact investigation of health care workers.
Intern Med 2007, 46:1543–1549.

28. Lee SS, Liu YC, Huang TS, Chen YS, Tsai HC, Wann SR, Lin HH: Comparison
of the interferon- gamma release assay and the tuberculin skin test for
contact investigation of tuberculosis in BCG-vaccinated health care
workers. Scand J Infect Dis 2008, 40(5):373–380.

29. Zwerling A, van den Hof S, Scholten J, Cobelens F, Menzies D, Pai M:
Interferon-gamma release assays for tuberculosis screening of healthcare
workers: a systematic review. Thorax 2012, 67(1):62–70.
30. Winje BA, Oftung F, Korsvold GE, Mannsåker T, Jeppesen AS, Harstad I, Heier
BT, Heldal E: Screening for tuberculosis infection among newly arrived
asylum seekers: comparison of QuantiFERONTB Gold with tuberculin
skin test. BMC Infect Dis 2008, 8:65.

31. Winje BA, Oftung F, Korsvold GE, Mannsåker T, Nesthus IL, Harstad I,
Dyrhol-Riise AM, Heldal E: School based screening for tuberculosis
infection in Norway: comparison of positive tuberculin skin test with
interferon-gamma release assay. BMC Infect Diseases 2008, 8:140.

32. Dyrhol-Riise AM, Gran G, Wenzel-Larsen T, Blomberg B, Gill HC, Mørkve O:
Diagnosis and follow-up of treatment of latent tuberculosis; the utility of
the QuantiFERON-TB Gold In-Tube assay in outpatients from a
tuberculosis low-endemic country. BMC Infect Dis 2010, 10:57.

33. Harstad I, Winje BA, Heldal E, Oftung F, Jacobsen GW: Predictive values of
QuantiFERON-TB Gold testing in screening for tuberculosis disease in
asylum seekers. Int J Tuberc Lung Dis 2010, 9:1209–1211.

34. Nasjonalt Folkehelseinstitutt. Veiledning om vaksinasjon for helsepersonell
(Norwegian): Guidelines for vaccination of health care workers. Oslo: Nasjonalt
Folkehelseinstitutt; 2008.

35. Zwerling A, Cojocariu M, McIntosh F, Pietrangelo F, Behr MA, Schwartzman
K, Benedetti A, Dendukuri N, Menzies D, Pai M: TB Screening in Canadian
Health Care Workers Using Interferon-Gamma Release Assays.
PLoS One 2012, 7(8):e43014.

36. Ringshausen FC, Schablon A, Nienhaus A: Interferon-gamma release assays
for the tuberculosis serial testing of health care workers: a systematic
review. J Occup Med Toxicol 2012, 7(1):6.

37. Fong KS, Tomford JW, Teixeira L, Fraser TG, van Duin D, Yen-Lieberman B,
Gordon SM, Miranda C: Challenges of interferon-γ release assay
conversions in serial testing of health-care workers in a TB control
program. Chest 2012, 142(1):55–62.

38. Park JS, Lee JS, Kim MY, Lee CH, Yoon HI, Lee SM, Yoo CG, Kim YW, Han SK,
Yim JJ: Monthly follow-ups of interferon-γ release assays among healthcare
workers in contact with patients with TB. Chest 2012, 142(6):461–468.

39. Mazurek GH, Jereb J, Vernon A, LoBue P, Goldberg S, Castro K: IGRA Expert
Committee; Centers for Disease Control and Prevention (CDC) Updated
guidelines for using Interferon Gamma Release Assays to detect
Mycobacterium tuberculosis infection - United States. MMWR Recomm
Rep 2010, 59(RR-5):1–25.

40. Nienhaus A, Schablon A, Costa JT, Diel R: Systematic review of cost and cost-
effectiveness of different TB-screening strategies. BMC Heal Serv Res 2011, 11:247.

41. Wrighton-Smith P, Sneed L, Humphrey F, Tao X, Bernacki E: Screening
health care workers with interferon-γ release assay versus tuberculin
skin test: impact on costs and adherence to testing (the SWITCH study).
J Occup Environ Med 2012, 54(7):806–815.

doi:10.1186/1471-2458-13-353
Cite this article as: Gran et al.: Screening for latent tuberculosis in
Norwegian health care workers: high frequency of discordant tuberculin
skin test positive and interferon-gamma release assay negative results.
BMC Public Health 2013 13:353.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study participants
	QuantiFERON TB-gold in-tube assay
	Statistics

	Results
	Study population
	Characteristics of health care workers with a positive QuantiFERON-TB test
	Discordant tuberculin skin tests and QuantiFERON-TB results in health care workers

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




