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ABSTRACT

INTRODUCTION  For many years, Poland has had a mandatory vaccination program against tuberculosis,
which recommended repeated vaccinations from birth to adulthood. Therefore, the clinical value of the
tuberculin skin test (TST) in diagnosing latent tuberculosis infection (LTBI) in Poland remains unclear.
0BJECTIVES We conducted a study on the usefulness of the TST and QuantiFERON®-TB test (QFT) for
the evaluation of the prevalence and risk factors of LTBI among Polish health care workers.

PATIENTS AND METHODS ~ The study group consisted of the Polish health care workers. TST and QFT were
performed in each participant. The usefulness of TST and QFT was tested in relation to occupational
risk factors.

RESULTS A total of 305 participants were included. A positive TST result was observed in 149 cases
(48.9%) and a positive QFT result was observed only in 27 cases (8.9%). In the subgroup that declared
contact with tuberculosis (n = 44), positive QFT and TST results were found in 20.5% and 63.3% cases,
respectively. Past contact with tuberculosis was the only significant variable associated with a positive
TST result. Independent variables associated with positive QFT results were older age, lower education
level, longer period of work in health care, and previous contact with tuberculosis.

concLusions The QFT has a higher diagnostic value than the TST in the assessment of LTBI in Polish

health care workers.

INTRODUCTION  Tuberculosis still remains one
of the most common and, in many cases, lethal
infectious diseases in the world. The humanitar-
ian disaster caused by the Second World War led
to a tremendously high increase in the mortality
rate associated with tuberculosis, with an estimat-
ed notification rate in large cities amounting to be-
tween 400 and 450 deaths per 100,000 of the Pol-
ish citizens." The Polish National Tuberculosis Reg-
ister was established in 1957, and the first regis-
tered notification rate of tuberculosis amounted
to 290.4 cases per 100,000 of the Polish citizens.
Nowadays, Poland belongs to a group of coun-
tries with low incidence of tuberculosis. Howev-
er, the percentage of latent tuberculosis infection
(LTBI) in the Polish society still remains high. Nos-
ocomial infections of the respiratory system are

still a serious clinical problem.?? In several stud-
ies, health care workers appear as a subpopula-
tion with a higher risk of a tuberculosis infection
than the remaining population without occupa-
tional exposure.® Currently, 2 methods are avail-
able for the evaluation of LTBI: a tuberculin skin
test (TST) and interferon-y release assays (IGRAs).
Some data suggest a strong discrepancy between
the results of the TST and IGRAs.*> We decided to
conduct a study on the usefulness of the TST and
one of the IGRAs, QuantiFERON®-TB test (QFT),
to evaluate the prevalence of LTBI among Polish
health care workers.

PATIENTS AND METHODS The study was ap-
proved by the Ethics Committee of the Military
Institute of Medicine (Warsaw, Poland). The study
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TABLE 1  Association between the tuberculin skin test and QuantiFERON®-TB test results
Negative QFT result Positive QFT result Overall results Kendall's W
all, n (%)
TST positive 126 (41.31) 23 (7.54) 149 (48.85)
TST negative 152 (49.84) 4(1.31) 156 (51.15) 0.38
overall 278 (91.15) 27 (8.85) 305 (100)
contact with tuberculosis, n (%)
TST positive 20 (45.45) 8(18.18) 28 (63.64)
TST negative 15 (34.09) 1(2.27) 16 (36.36) 0.39
overall 35 (79.55) 9(20.45) 44 (100)
without contact with tuberculosis, n (%)
TST positive 106 (40.61) 15 (5.75) 121 (46.36)
TST negative 137 (52.49) 3(1.15) 140 (53.64) 0.37
overall 243 (93.10) 18 (6.90) 261 (100)

Abbreviations: QFT — QuantiFERON®-TB test, TST — tuberculin skin test

group consisted of health care workers employed
by the Military Institute of Medicine. A written
informed consent, a completed questionnaire
on the socio-economic, occupational, and med-
ical data, as well as the history of the Bacillus
Calmette—-Guérin (BCG) vaccination were ob-
tained from each participant. The exclusion cri-
teria were as follows: a history of active tubercu-
losis, history of acute or chronic infection symp-
toms, any vaccination during the 6 weeks preced-
ing the study, human immunodeficiency virus
infection, pregnancy, treatment with steroids or
with any other immunosuppressive drugs during
the 12 weeks preceding the study, history of a gas-
trointerstitial or lung resection, diabetes, sarcoid-
osis, rheumatoid arthritis, silicosis, any malig-
nant disease, and chronic hepatic or renal failure.

Venous blood for QFT was collected from each
subject prior to performing the TST. The blood
was collected by qualified personnel into 2 hepa-
rinized tubes from the kit: one tube with the walls
coated with ESAT-6, CFP-10, and TB7.7 antigens
and the other containing pure physiological saline
with phosphate buffer (negative control). The se-
rum QFT was performed according to the man-
ufacturer’s instructions (Cellestis Ltd, Carne-
gie, Australia) with a cut-off value for the posi-
tive result of the interferon-y concentration of
0.35 IU/ml and higher, as accepted in Poland.’
Blood for the QFT was taken by a well-trained
nurse. The TST was performed with 2 tubercu-
lin units (0.1 ml) of a purified protein derivative,
RT23 (Statens Serum Institute, Copenhagen, Den-
mark). A TST reaction was scored as positive when
the infiltration diameter was 10 mm and higher.
The TST was performed and read 72 h later by 2
experienced public health nurses. If there was
any inconsistency between the 2 readings with
regard to the size of the post-tuberculin infiltra-
tion, an experienced pulmonologist was asked for
his opinion and the final consensus was reached.
Both the laboratory worker performing the QFT
and the nurses conducting the TST were blind-
ed to test results.

Based on the previous studies, participants
were classified according to occupation, education,
and the place of work. Four categories of occupa-
tion were distinguished for health care workers:
physicians, nurses, auxiliary staff (e.g., therapists,
housekeepers, laundry workers, pharmacists, and
technicians), and administrative staff (e.g., ad-
ministrative assistants, librarians, computer spe-
cialists, management).5""" Three educational cat-
egories were also distinguished: university, sec-
ondary or technical, and primary. The place of
work was defined as patient-care area (hospi-
tal wards, emergency room, radiology unit, etc.)
and laboratory or nonpatient-care area (manage-
ment, laundry, central supply, or any administra-
tive department).

The t test was used for the assessment of quan-
titative variables. In the case of qualitative vari-
ables, the ¥? and Fisher’s exact tests (for small
numbers) were used for comparisons between
the subgroups. The multiple logistic regression
model was used for the assessment of variables
significantly associated with the risk of latent tu-
berculosis infection, and odds ratios were calcu-
lated for significant variables. The Kendall’s coef-
ficient of concordance (Kendall’s W) was calculat-
ed for the results of the QFT and TST. Moreover,
odds ratios were compared for the assessment
of probability of positive QFT and TST results in
participants who have had contact with tubercu-
losis in the past. The confidence interval was set
at 95% for significant differences.

RESULTS A total of 320 health care work-
ers working at the Military Institute of Medi-
cine (about 1000 beds) agreed to participate in
the study. We excluded 7 participants because
of a history of active tuberculosis and the oth-
er 8 because they did not meet other inclusion
criteria. Finally, 305 participants (243 women
and 62 men) at a mean age of 42.6 +10.8 years
were recruited. Each participant was vaccinated
in the past against tuberculosis in compliance
with the mandatory Polish vaccination program.
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TABLE 2 Association between tuberculin skin test and QuantiFERON®-TB test results and participant’s age and time of work in health care

Variable TST results
positive negative
n= 149 (48.9%) n= 156 (51.1%)
age, y 42.0(10.4) 432 (11.2) 0.3
time of work in health care, y 17.1(11.3) 17.1(11.6) 0.9
time of work at the Military Institute of Medicine, y 11.0(10.1) 11.9 (10.1) 0.4

Variable QFT results
positive negative
n= 27 (8.9%) n= 278 (91.1%)
age, y 49.0 42.0 0.001°
time of work in health care, y 23.0 16.5 0.004>
time of work at the Military Institute of Medicine, y 15.7 11.0 0.02°

Data are presented as mean =

a ttest
b significant difference

Abbreviations: see TABLE 1
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standard deviation.

The average time of work in health care institu-
tions was 17.1 +11.4 years, while the average time
of work at the Military Institute of Medicine was
11.4 +10.1 years. There were no significant differ-
ences in the mean age and time of work in health
care between men and women (42.2 +9.9vs. 42.7
+11.03 years and 15.5 +10.1 vs. 17.5 +11.7 years,
respectively). A positive TST result was found in
149 of the participants (48.9%) while a positive
QFT was observed in 27 cases (8.9%) (TABLE 1).
A negative QFT result was noted in 126 of 149
participants (84.6%) with a positive TST result,
while a negative TST result was observed in 4 of
27 participants (14.8%) with a positive QFT re-
sult. The Kendall's W coefficient for both tests was
low - 0.38 (1aBLE 1). There were no significant dif-
ferences in age, sex, and time of work in health
care institutions between participants with posi-
tive and negative TST results, while participants
with a positive QFT result were significantly old-
er and worked longer in health care institutions
than those with a negative QFT result (TABLE 2).
There were no significant differences between
people with a positive and negative TST result
in relation to educational status, place of work
in the hospital, and occupation (TABLE 3).

It was shown that workers with primary school
education had a positive QFT result more often
than those with secondary, technical, or univer-
sity education (TABLE 4).

A positive QFT result was rarely observed
among people working in nonpatient-care area
or in laboratories (TABLE 4). The auxiliary staff had
a significantly higher probability of a positive QFT
result than the administrative staff, nurses or
physicians, while nurses were significantly more
threatened with LTBI than the administrative
staff (1ABLE 4). Of 305 participants, 44 reported
a close contact with tuberculosis (38 cases of oc-
cupational exposure and 6 cases of family contact).
Among them, there were 21 particpants (47.7%)
who declared contact with a sputum-positive case

of tuberculosis, 7 (15.9%) with a sputum-nega-
tive case, and 16 individuals (36.4%) did not know

whether they had contact with a sputum-positive

or sputum-negative case of tuberculosis (TABLES 3

and 4). A close contact with tuberculosis was de-
clared by 12 of 52 doctors (23.1%), 23 of 116 nurs-
es (19.8%), 8 of 72 auxiliary medical staff work-
ers (11.1%), and 1 of 65 administrative staff work-
ers (1.5%). Health care workers who declared con-
tact with tuberculosis had positive TST and QFT

results significantly more often (TABLES 3 and 4).
The logistic regression model showed that the pre-
vious contact with tuberculosis was the only in-
dependent prognostic factor of a positive TST re-
sult, while significant independent predictors of
positive results of QFT were older age of a partic-
ipant, longer period of work in health care, lower

level of education, and previous contact with tu-
berculosis (TABLE 5). The multiple logistic regres-
sion model showed the area of work in the hos-
pital and occupation to be weak determinants

and nonsignificant independent factors of a posi-
tive QFT result. Previous contact with tuberculo-
sis was reported by 28 of 149 participants (18%)

with a positive TST result and 9 of 27 participants

(33.3%) with a positive QFT result. In the group

of 44 participants who had contact with tuber-
culosis, TST and QFT results were positive in 28

(63.3%) and 44 participants (20.5%), respectively.
In the group of people who had no contact with

tuberculosis (n = 261), TST and QFT results were

positive in 121 (46.3%) and 18 cases (6.90%), re-
spectively (TABLE 1).

DISCUSSION  In 1950, tuberculosis was respon-
sible for 9.1% of all deaths in Poland.! The Polish
National Tuberculosis Register was established
in 1957, and the first recorded annual notifica-
tion rate of tuberculosis amounted to 290.4 cas-
es per 100,000 of inhabitants."*'? In 2010, Po-
land reached a notification rate below 20 cas-
es/100,000 of citizens for the first time and was
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TABLE 3  Association between tuberculin skin test results and sex, past contact with tuberculosis, educational status, area of work, and occupation

Variable TST results P value?
positive negative
women 115 (47.3) 128 (52.7)

e men 34 (54.8) 28 (45.2) 03

past contact with tuberculosis

yes 28 (63.6) 16 (36.4)

sputum-positive 13(61.9) 8(38.1)

sputum-negative 5(71.4) 2 (28.6) yes vs. no, 0.03°

not known 10 (62.5) 6 (37.5)

no 121 (46.4) 140 (53.6)

education

1. university (n = 192) 101 (52.6) 91 (47.4) 1vs.2,0.08

2. secondary or technical (n = 87) 36 (41.4) 51 (58.6) 1vs.3,05

3. primary school (n = 26) 12 (46.2) 14 (53.8) 2vs. 3,07

area of work

1. patient care (n = 191) 92 (48.2) 99 (51.8) 1vs.2,0.8

2. nonpatient care (n = 79) 37(46.8) 42 (53.2) 1vs. 3,03

3. laboratory (n = 35) 20 (57.1) 15 (42.9) 2vs.3,03

occupation

1. physician (n = 52) 28 53.8) 24 (46.2) 1vs. 2,06

2.nurse (n = 116) 57 (49.1) 59 (50.9) 1vs.3,0.2

3. auxiliary staff (n = 72) 30(41.7) 42 (58.3) 1vs. 4,09

4. administrative staff (n = 65) 34 (52.3) 31(47.7) 2vs. 4,07
3vs. 4,02
2vs. 3,03

Data are presented as number (percentage).

a x’test
b significant differences

Abbreviations: see TABLE 1

among the European countries with low incidence
of tuberculosis.'? Despite the decreasing number
of active tuberculosis cases, there are some data
on the high prevalence of LTBI in the Polish pop-
ulation, especially estimated with the TST. Dur-
ing mass vaccinations against tuberculosis con-
ducted as part of the International Tuberculosis
Campaign from 1948 to 1951, it was estimated
that a positive TST result was present in about
88% of the Polish teenagers.! From 1955 to 2005,
there was an obligatory program of vaccination
against tuberculosis with repeated vaccinations
from birth to the age of 18 years. Such vaccination
calendar could affect a false-positive TST result in
the Polish population. Farhat et al.” found that
the TST rarely gives positive results at 10 years
after vaccination in populations receiving a single
vaccination immediately after birth, while a pos-
itive TST is present 10 years after vaccination 20
times more often if vaccinations were repeated
after the first year of life. Nowadays, it is esti-
mated that a positive TST result (with a cut-off
level of 10 mm) is present in 45.8% to 50.3% of
the Polish citizens.*'* In our study, we observed
positive TST results in 48.9% of the cases, while
positive QFT results were present only in 8.9% of

the participants. It was a notably larger percent-
age of a positive TST result than that in the stud-
ies from Germany or United States (18.3% and
31.8% with a cut-off level of *10 mm, respective-
ly)'5'% and rather similar to the prevalence of TST
positivity in low- and middle-income countries.®
The percentage of positive QFT results among
health care workers in Poland is about 2.5-fold
higher than that in other European countries
with low incidence of tuberculosis.® In our opin-
ion, the substantial discrepancy between the per-
centage of positive TST and QFT results from
a high percentage of postvaccination positive TST
in the Polish society. For many years, the oblig-
atory program of vaccination against tuberculo-
sis in Poland consisted even of 5 BCG injections
from birth to the age of 18 years depending on
the size of the postvaccination scar after the first
year of life and the diameter of post-tuberculin in-
filtrations at the age of 7, 12, and 18 years. Only
since 2006, newborns in Poland are vaccinated
only once, at birth, so most adults have a high
probability of a postvaccination or “postboost-
ering” positive TST result.

It is well known that health care workers repre-
sent a subpopulation threatened with LTBI owing
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TABLE 4  Association between QuantiFERON test results and sex, past contact with tuberculosis, educational status, area of work, and occupation

Variable QFT results P value?

positive negative
women 21 (8.6) 222 (91.4)

e men 6(9.7) 56 (90.3) 0.48

past contact with tuberculosis

yes 9(20.5) 35(79.5)

sputum-positive 4(19.1) 17 (80.9)

sputum-negative 4 (57.1) 3(42.9) yes vs. no, 0.008°

not known 1(6.3) 15(93.7)

no 18 (6.9) 243 (93.1)

education

1. university (n = 192) 12 (6.3) 180 (93.8) 1vs. 2,03

2. secondary or technical (n = 87) 8(9.2) 79 (90.8) 1 vs. 3, 0.003°

3. primary school (n = 26) 7(26.9) 19 (73.1) 2vs. 3,003

area of work

3. patient care (n = 191) 19 (9.9) 17 (20.1) 1vs. 2,0.007°

4. nonpatient care (n = 79) 1(1.3) (98.7) 1vs. 3,0.08

3. laboratory (n = 35) 7(20.0) 28 (80.0) 2vs. 3,0.001°

occupation

1. physicians (n = 52) 3(5.8) 49 (94.2) 1vs. 2,04

2. nurses (n = 116) 10 (8.6) 60106 (91.4) 1vs. 3,002

3. auxiliary staff (n = 72) 14 (19.4) 4358 (80.6) 1vs. 4,0.09

4. administrative staff (n = 65) 0(0) 65 (100) 2vs. 4,0.01°

3vs. 4,0.0001°
2vs. 3,0.02°

Data are presented as number (percentage).

a Fisher's exact test
b significant differences

Abbreviations: see TABLE 1
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to occupational contact.’ We observed a positive
TST result in 63.6% and positive QFT in 20.5%
of the health care professionals who declared
contact with tuberculosis in the past. The per-
centage of positive test results in the subgroup
without contact with tuberculosis amounted to
46.4% and 6.9%, respectively, and was significant-
ly lower than in contact people. The Kendall's W of
the QFT and TST in the whole study group and
subgroups (with and without contact with tuber-
culosis) was rather low, which shows that there is
little concordance between the tests. In our opin-
ion, low concordance between the tests is primar-
ily the consequence of a high percentage of pos-
itive tuberculin reactions. Such overrepresenta-
tion of positive TST results in individuals who re-
ported to have previous contact with tuberculo-
sis or not seems to be related to a high number of
postvaccination positive TST results in the Pol-
ish population. Studies conducted in low- and
high-income countries, in which the only vacci-
nation against tuberculosis was obligatory or rec-
ommended, revealed that a TST could be a valu-
able predictor of LTBI and that it correlates with
different occupational and nonoccupational risk
factors.36" For example, Roth et al.? found that

a positive TST in the group of health care work-
ers is strictly related to older age, lower educa-
tional level, work in the patient area, and nurs-
ing occupations.’® Similarly, according to the Aus-
tralian data, a positive TST result was associat-
ed with more years of health care work, nursing,
older age, or foreign birth. However, it was also
stressed that the BCG vaccination is an indepen-
dent predictive factor of TST positivity.'? In the lo-
gistic regression model, we did not find any sig-
nificant relationship between positive TST re-
sults and such variables as age, occupation, level
of education, or the place and period of work in
the health care field. Only previous contact with
tuberculosis significantly increased the probabil-
ity of a positive result of TST.

On the other hand, positive QFT results were
significantly related to some independent oc-
cupational and nonoccupational risk factors
typical for the Polish health care workers sur-
veyed, such as older age, lower educational lev-
el, period of work in the health care field, and
previous contact with tuberculosis. Such results
provide a more comprehensive explanation for
better efficacy of the QFT compared with the
TST in detecting LTBI in the Polish society. In
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TABLE 5 Predictors of positive QuantiFERON®-TB test and tuberculin skin test results (multiple logistic regression model)

Variable Dependent variable, QFT (negative vs. positive result) Dependent variable, TST (negative vs. positive result)
overall P value of the model, 0.003? overall P value of the model, 0.24
odds ratio 95% CI partial odds ratio 95% CI partial
P value P value
age, y 0.86 0.77-0.97 0.012 0.97 0.94-1.2 0.3
period of work in health care, y 1.15 1.04-1.27 0.0052 1.01 0.98-1.05 0.4
education
primary school vs. secondary or 2.3 1.16-4.68 0.022 0.84 0.56-1.26 0.4
technical vs. university
place of work
nonpatient care vs. patient care vs. 1.6 0.6-4.4 0.4 1.2 0.8-1.8 0.4
laboratory
occupation
administrative staff vs. physicians 1.4 0.73-2.66 0.3 1.01 0.97-1.06 0.4
vs. nurses vs. auxiliary staff
contact with tuberculosis
yes vs. no 35 1.4-9.0 0.0012 2.6 1.3-5.4 0.0082

a significant differences

Abbreviations: Cl — confidence interval, others — see TABLE 1

summary, despite the fact that Poland is current-
ly a low-incidence country, a high probability of
a false-positive TST result due to postvaccina-
tion reactions makes the TST a worse diagnostic
method for the evaluation of LTBI in the Polish
society. These findings seem to be in contrast to
those of the American Centers for Disease Con-
trol and Prevention guidelines, which do not dif-
ferentiate clearly between the clinical usefulness
of the TST and QFT."” However, they are partially
similar to the British, Canadian, or German rec-
ommendations, which stressed that the TST was
less useful than the QFT for diagnosing contact
with Mycobacterium tuberculosis in low-incidence
countries even in a partially vaccinated popula-
tion.'®-20 The QFT seems to be a markedly more
useful predictor of LTBI than the TST in Polish
health care professionals.
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STRESZCZENIE

WPROWADZENIE  Przez wiele lat w Polsce obowigzywat kalendarz obligatoryjnych szczepien przeciwko
gruzlicy, w ktérym rekomendowano wielokrotne wakcynacje od urodzenia do dorostosci. W zwigzku z tym
kliniczna warto$¢ tuberkulinowego testu skérnego (TTS) w wykrywaniu utajonego zakazenia pratkiem
gruzlicy (/atent tuberculosis infection — LTBI) w Polsce jest niejasna.

CELE  Przeprowadzono badanie dotyczace przydatno$ci TTS i testu QuantiFERON (QFT) do oceny wy-
stepowania i czynnikéw ryzyka LTBI w$rdd pracownikéw polskiej opieki zdrowotnej.

PACJENCI I METODY  Grupe badang stanowili pracownicy polskiej opieki zdrowotnej. U kazdego uczestnika
wykonano TTS i QFT. Badano przydatno$¢ TTS i QFT w odniesieniu do zawodowych czynnikéw ryzyka.
WYNIKI Do badania wtgczono ogétem 305 osdb. Dodatni wynik TTS stwierdzono w 149 przypadkach
(48,9%), a dodatni wynik QFT zaobserwowano jedynie w 27 przypadkach (8,9%). W podgrupie, ktéra
zadeklarowata kontakt z gruzlica (n = 44), dodatni wynik QFT i TTS stwierdzono odpowiednio w 20,5%
i 63,3% przypadkow. Kontakt z gruzlicg w przesziosci byt jedynym istotnym czynnikiem zwigzanym z do-
datnim wynikiem TTS. Niezaleznymi zmiennymi zwigzanymi z dodatnim wynikiem QFT byty: starszy wiek,
nizszy poziom wyksztatcenia, diuzszy staz pracy w opiece zdrowotnej i wcze$niejszy kontakt z gruZlica.
WNIosKl  QFT ma wiekszg warto$¢ diagnostyczng niz TTS w wykrywaniu LTBI w$réd pracownikéw
polskiej opieki zdrowotnej.
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