Serial IGRA testing of trainees in the healthcare sector in
a country with low incidence for tuberculosis - a
prospective cohort study

Serielle IGRA Testung bei Auszubildenden in Gesundheitsberufen in
einem Land mit niedriger Tuberkulose-Inzidenz - eine prospektive
Kohortenstudie

Abstract

Background: Healthcare workers (HCW) are a risk group for tuberculosis Anja Schablon®
(TB). That is why interferon-gamma release assay (IGRA) serial testing
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training as a nurse or healthcare worker at the Vivantes Healthcare
Training Institute in Berlin on 1 October 2008 or 1 April 2009 were
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IGRA-tested at three different times during the three years of training.
Socio-demographic data and possible risk factors (e.g., TB contacts,
time spent abroad, area of work) were recorded by means of a standard-
ised questionnaire. The QuantiFERON Gold In-Tube (QFT) was used as
an IGRA.

Results: At the beginning of the training the cohort comprised 194
trainees. 70% were female. Their average age was 23. The prevalence
of positive QFT was 2.1% (4/194). In the first follow-up test, 2 out of
154 (1.3%) tested IGRA-positive, 151 (98%) had constantly negative
results. One IGRA was constantly positive (0.6%) and there was one
conversion and one reversion (0.6% respectively). In the second follow-
up (n=142) there was again one conversion (0.7%), one reversion and
the one constantly positive test result in all three QFT. This trainee had
active TB in 2002. All other test results were constantly negative (n=139;
98%). No case of active tuberculosis was diagnosed over the three-year
observation period. Contact with TB patients was reported by 42 (29.6%)
trainees during the follow-up. The two trainees with a conversion in QFT
had no known contact with TB patients. Discordant results in the three
consecutive QFT were observed in three trainees (2.1%). Using a bor-
derline zone from 0.2-0.7 IU/mL reduced the number of trainees with
discordant results from three to one - a reversion.

Conclusion: The prevalence rate of latent TB infection is low in health-
care trainees without known risk factors for TB infection in their history.
The infection risk seems to be low in this population even though con-
tacts with TB patients during the training were reported. Introducing a
borderline zone for the interpretation of reversions and conversions in
this cohort appears to be safe and reduces the number of discordant
results and helps to avoid unnecessary chest X-rays and preventive
treatment.

Keywords: tuberculosis, serial testing, interferon-gamma release assay,
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infection
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Zusammenfassung

Hintergrund: Beschaftigte im Gesundheitswesen haben ein erhdhtes
Tuberkulose (TB)-Risiko. Deshalb werden sie regelmafig mit einem In-
terferon-Gamma Release Assay (IGRA) untersucht, wenn sie Kontakt
zu infektidbsen Patienten oder Materialien haben. Die Variabilitat der
IGRA beim seriellen Testen ist bisher nicht gut untersucht. Deshalb
haben wir sowohl die Haufigkeit positiver IGRA als auch die Konversions-
und Reversionsraten bei Auszubildenden in Gesundheitsberufen in ei-
nem Land mit niedriger TB-Inzidenz untersucht.

Methoden: In einer prospektiven Kohorten-Studie wurden alle Auszubil-
denden (n=194) der Vivantes Pflegeschule in Berlin, die ihre Ausbildung
am 1. Oktober 2008 oder 1. April 2009 begannen, zu drei verschiedenen
Zeitpunkten wahrend der dreijahrigen Ausbildung mit einem IGRA un-
tersucht. Sozio-demografische Daten und mégliche Risikofaktoren (z.B.
TB-Kontakte, Reisen in Lander mit hoher TB-Inzidenz, berufliche Risiken)
wurden mit einem standardisierten Fragebogen erfasst. Als IGRA wurde
der QuantiFERON Gold in Tube (QFT) verwendet.

Ergebnisse: Die Ausbildung wurde von 194 Schilern (Durchschnittsalter
23 Jahre) begonnen, 70% der Berufsanfanger waren weiblich. Einen
positiven QFT hatten 2,1% (4/194). Im zweiten QFT waren 2 von 154
(1,3%) Schilern positiv und 151 (98%) hatten konstant negative QFT-
Ergebnisse. Ein IGRA war auch bei der ersten Verlaufsuntersuchung
positiv (0,6%). AuRerdem gab es eine Konversion und eine Reversion
(jeweils 0,6%). Im dritten QFT (n=142) gab es wieder eine Konversion
(0,7%), eine Reversion und ein konstant positives Ergebnis bei einer
Schilerin, die 2002 wegen einer aktiven TB behandelt worden war. Alle
anderen QFT waren konstant negativ (n=139; 98%). Wahrend des
dreijahrigen Follow-up wurde keine aktive TB diagnostiziert. Wahrend
der Ausbildung hatten 42 (29,6%) Schiler Kontakt zu TB-Patienten. Die
beiden Schuler mit einer Konversion im QFT hatten keinen bekannten
Kontakt zu einem TB-Patienten. Drei Schuler (2,1%) hatten abweichende
Ergebnisse in den drei aufeinander folgenden QFT. Unter Anwendung
einer Borderline-Zone von 0,2-0,7 IU/ml reduzierte sich die Anzahl der
instabilen Ergebnisse von drei auf eines - eine Reversion.
Schlussfolgerung: Die latente TB-Infektion ist bei Pflegeschilern selten,
wenn sie keine Risikofaktoren flir eine TB in der Anamnese haben. Trotz
der Uberraschend haufig angegebenen Kontakte zu TB-Patienten scheint
das Infektionsrisiko bei Pflegeschilern gering zu sein. Die Anzahl der
Reversionen und Konversionen wird durch die Anwendung einer Border-
line-Zone reduziert. Unnétige Rontgenuntersuchungen der Lunge, des
Thorax und praventive Chemotherapien konnen dadurch vermieden
werden.

Schliisselworter: Tuberkulose, serielles Testen, Interferon-Gamma
Release Assay, Beschéaftigte im Gesundheitswesen, Berufskrankheit,
latente Tuberkulose-Infektion

Background

Tuberculosis (TB) incidence in Germany is low - 5.3 cases
per 100,000 inhabitants in 2011 [1]. In spite of the low
incidence among the general public, healthcare workers
(HCW) continue to have an increased risk of TB [2], [3],
[4]. In Germany between 60 and 80 cases of TB in HCW
are recognized as an occupational disease each year [5].
In countries with a low TB incidence, the relative risk of
TB among HCWs might not exceed the risk for the general
population because HCW do not share other TB risk

factors such as homelessness or drug addiction and not
all HCWs have an increased risk of exposure to Mycobac-
terium tuberculosis [6]. However, the risk of exposure to
TB is higher for a wide range of tasks or facilities in
healthcare, such as laboratory work, pneumology depart-
ments, infection wards, emergency rooms, pathology and
geriatric care [7], [8], [9]. For this reason, TB in HCWs is
on the list of occupational diseases compiled by the Inter-
national Labour Organization (ILO) [10]. Different infection
control measures have been proposed [11], repeated
screening of exposed HCW being one of these infection
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control measures. Occupational health examinations for
HCW raise HCWs’ awareness of possible latent TB infec-
tion (LTBI) and suitable preventive treatment. They also
serve to reduce the risk of nosocomial infection by an
infectious colleague for HCW and patients.

TB screening of HCWs has been performed using the in-
terferon-gamma release assay (IGRA) for several years
[9], [12]. However, IGRA variability gives rise to concerns
about the usefulness of IGRA in serial testing of HCW
[12],[413],[14], [15], [16]. The introduction of a borderline
zone for the interpretation of the IGRA might be an option
to circumvent the variability problem of IGRA in the serial
testing of HCW [13], [17], [18], [19], [20]. Instead of a
simple negative-positive interpretation “true” conversions
or reversions of the IGRA would be defined as trespassing
of the borderline zone. Two IGRA are commercially avail-
able, the ELISA-based QuantiFERON®-TB Gold In-Tube
(QFT) and the ELISPOT-based T-SPOT.TB®. For the inter-
pretation of the T-SPOT.TB a borderline zone of 5-7 spots
has been proposed by CDC and ECDC [21], [22]. However,
this recommendation is based on little data [13]. For the
QFT different borderline zones were proposed recently
[17]. However, one paper cautioned against the use of a
borderline zone in HCW with known unprotected exposure
to M. tuberculosis [15]. For QFT interpretation in serial
TB screenings of German HCW a borderline zone of 20.2
to <0.7 IU/mL is proposed [23]. Using this borderline
zone reduced the number of conversions and reversions
considerably without inflating the number of QFT results
that fall into the borderline zone and can thus only be
interpreted with uncertainty.

In order to gain further insights into the usefulness of a
borderline zone for QFT interpretation in serial testing of
HCW a prospective follow-up study was conducted in the
course of which healthcare trainees were TB-screened
three times during their three years of training.

Material and methods

Study population

In the prospective cohort study all trainees who began
their training as a healthcare worker or a nurse at the
Vivantes Institute for Occupational Education in Health
Care in Berlin on 1 October 2008 or 1 April 2009 were
QFT-tested on three different occasions. The first test was
performed at the start of the training before the first
practical deployment. The second was carried out at the
midterm of the three-year training period. The third test
took place at the end of the training. The results of the
first and the second test have been published previously
[24]. During the training, the trainees were deployed in
different wards of the hospital group.

Data was collected by the supervising doctor and nurse
responsible for occupational medicine and was passed
on in anonymous form. The repeated tests were arranged
independently by the doctor and nurse responsible for
occupational medicine, ensuring that the forms filled in

at the three examinations could be linked by an anonym-
ous code. The occupational health physician ensured that
care of affected persons (those with a positive QFT) was
in accordance with the recommendations of the German
Central Committee against Tuberculosis (DZK) on contact
tracing and consisted of two X-rays to rule out active TB
within a year and, if necessary, the prescription of chemo-
prevention with Isoniazid for at least six months [25].

Ethics

Participation in the study was voluntary. To ensure an-
onymity, no names or other identifiers were used. All
participants gave their written and informed consent for
participation in the study, which had been approved by
the Hamburg Medical Council’s Ethics Commission.

Diagnostics

The initial occupational health check was conducted when
the trainees started training. This included a physical ex-
amination to assess suitability for a career in healthcare
and a general series of routine laboratory tests. In addi-
tion, for study purposes a QFT was performed. The QFT
was carried out in accordance with the manufacturer’s
instructions. BCG vaccination status was verified either
by an entry in the trainee’s vaccination certificate or by
means of anamnesis and vaccination scars.

Questionnaire

Standardised questionnaires were used to collect socio-
demographic data on age, gender, country of birth and
nationality. The first questionnaire also covered details
of private infection risk, personal history of TB (exposure),
BCG vaccination and previous employment in the social
sector. The main focus of questions in the second and
third questionnaires was on assessing a possible occupa-
tional infection risk. Variables included previous areas of
practical work and contact with TB patients as well as the
nature and duration of (protected and unprotected) con-
tact with these patients.

Analysis and statistical evaluation

Descriptive data evaluation was undertaken using SPSS,
Version 18 (SPSS Inc., Chicago, lllinois). The Friedman
test was used to check whether the median differed for
the three successive interferon-y (IFN) concentrations
measured.

Results

Description of the study population
(baseline)

At baseline the study comprised 194 trainees. The three-
year follow-up was completed by 142 (73%) participants
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Baseline N=194
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Figure 1: Flow chart of the study population and the QFT results

(Figure 1). All participants reported immune competence.
70% of the trainees were women. The average age was
23 with a standard deviation of 5.5 years. The youngest
study participant was 17 and the oldest 53. The majority
of trainees (92.8%) were born in Germany, with 14 sub-
jects (7.2%) born abroad (Table 1). The latter all came
from countries with an intermediate or a high incidence
of TB (annual incidence of TB >20 per 100,000 popula-
tion). Two were from Africa (Ethiopia and Cameroon), two
from Asia (Nepal and Pakistan), one from Chile and nine
from Eastern Europe (Poland, Romania, Turkey, Russia
and Kosovo, no table).

One hundred and seven trainees (55.2%) had undergone
BCG vaccination. Most of the trainees (96.4%) had gained
previous healthcare experience by means of internships,
a voluntary social year, civilian (as an alternative to mili-
tary) service, work for a rescue service or as helpers in
nursing homes. Only seven test subjects stated that they
had no previous experience of social work prior to the
beginning of training. Anamnesis revealed that one study
participant who completed the follow-up had been diag-
nosed with active TB and had been treated correspond-
ingly in 2002 (Table 1).

During the first year of training 40 trainees (20.6%)
dropped out, so the study population for the first follow-
up was 154 trainees. A further 12 trainees dropped out
of the training after midterm, leaving 142 subjects
(73.2%) for testing at the end of the training course (Fig-
ure 1). All eligible trainees agreed to be QFT-tested (re-
sponse rate 100%).

In total, 490 QFT were performed and 8 (2%) were posit-
ive. Fourty participants had one QFT, 154 had two QFT
and 142 had three consecutive QFT. One student out of

142 (0.6%) was positive in all three QFT. This student
had been treated for TB in 2002 and originated from
Ethiopia (Table 2). One reversion, one conversion and
one fluctuating QFT (neg, pos, neg) were observed. One
indeterminate QFT was observed in the first test series
(0.5%). The second and third QFT were negative. In the
second and third test series no indeterminate QFT was
observed.

In those six students in whom the QFT was positive at
least once, active TB was ruled out by chest X-ray. One
participant reported having spent a longer period abroad
in a high-incidence country after the first QFT and re-
mained negative in the two following QFT. Three more
students spent time abroad after the second QFT and
remained negative in the third QFT. Contact with TB pa-
tients was reported by 42 trainees (29.6%) during the
whole follow-up. In 24 cases these were contacts with
both culturally and microscopically confirmed index cases
and in three with microscopically negative but culturally
confirmed TB index cases. The other 15 participants did
not specify the contacts. The trainees with the conversion
or the fluctuating QFT had no known TB contact. Trainees
were deployed to different healthcare units, from internal
medicine, surgery, psychiatry, gynaecology and maternity
wards to outpatient work at the welfare centre.

Two participants with a positive QFT at baseline with IFN
concentrations of 12.0 IU/mL and 0.67 Ul/mL quit
training within the first year. The IFN concentrations of
the inconsistent positive QFT were between 0.47 and
1.75 IU/mL. If a borderline zone from 0.2 to 0.7 IU/mL
was used, the conversion (0.02 to 0.47 IU/mL) and the
fluctuating QFT (0.01 to 0.68 to 0.00 IU/mL) pertained
to this borderline zone. The number of unexplained pos-
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Table 1: Description of the study population in three years and three follow-up tests

Variables Initial test First retest Second retest
n/% n/% n/%
Gender
Female 136 (70.1) 108 (70.1) 104 (73.2)
Male 58 (29.9) 46 (29.9) 38 (26.8)
Age
<=20 54 (27.8) 11 (7.1) 2(1.4)
21-25 108 (565.7) 111 (72.1) 107 (75.4)
26-35 22 (11.3) 26 (16.9) 26 (18.3)
36 and over 10 (5.2) 6 (3.9) 7 (4.9)
Country of birth
Germany 180 (92.8) 144 (93.5) 133 (93.7)
Foreign born 14 (7.2) 10 (6.5) 9 (6.7)
BCG vaccination
Yes 107 (55.2) 88 (57.1) 78 (54.9)
No 87 (44.8) 66 (42.9) 64 (45.1)
QFT results
Positive 4(2.1) 2(1.3) 2(1.4)
Negative 190 (97.9) 152 (98.7) 140 (98.6)
Gap years or practical training
Yes 187 (96.4) 151 (98.1) 140 (98.6)
No 7 (36.0) 3(1.9 2(1.4)
Personal history of TB
Yes 2(1.0) 1(0.6) 1(0.7)
No 192 (99.0) 153 (99.4) 141 (99.3)
Protected or unprotected contact
with TB cases
Yes _ 35 (22.7) 19 (12.4)
No _ 119 (77.3) 123 (86.6)
Contact during follow-up - 42 (29.6)
Time spent abroad (more than 2
weeks)
Yes 33 (17.0) 1(0.6) 3(2.1)
No 161 (83.0) 153 (99.4) 139 (97.9)
Total 194 (100) 154 (100) 142 (100)
Table 2: Results of the three QFT for trainees with at least one QFT 20.35 IlU/mL

. QFT1 QFT 2 QFT 3 Contact to Place of
Trainee (UmL) | (umL) | (umL) | A9e | Gender | 1p  tient birth
Trainee 1 1.75 0.00 0.00 22 F No Germany
Trainee 2 0.01 0.68* 0.00 23 F No Germany
Trainee 3 0.01 0.02 0.47* 21 F No Germany
Trainee 4** 2.05 2.40 0.97 40 F No Ethiopia
Trainee 5 >10.0 dropout dropout 19 M No Germany
Trainee 6 0.67* dropout dropout 24 F No Germany

* QFT results in the borderline zone of 20.20—<0.70 1U/mL
** Active TB in 2002

F=female, M=male

itive QFT therefore decreased from three (2.1%) to one
(0.7%) by applying this borderline zone for trainees with
no known TB contact.
One hundred and thirty-nine participants tested consist-
ently QFT-negative with IFN concentrations of between

zero and 0.31 IU/ml. The median of the IFN concentration
was changed from 0.00 IU/mL in the initial QFT to
0.01 1U/mL in the second QFT and remained unchanged
in the third QFT (Figure 2). No statistically significant dif-

grs|es
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Figure 2: Dot plot of individual responses to QFT for 142 healthcare workers available for a third QFT three years after initial
testing. The line represents the cut-off of 0.35 IU/mL for IFN (TB antigen minus nil control). The short black horizontal lines
represent the respective group’s median IFN values.

ference was observed when comparing the median con-
centrations of the three consecutive QFT.

No case of active tuberculosis was diagnosed during fol-
low-up over a three-year observational period.

Discussion

This is the first study to investigate the performance of
the QFT in serial testing of nursing trainees with a low
risk of unprotected exposure to M. tuberculosis over a
period of three years with three consecutive QFT. The
probability of a positive QFT in this young cohort with
limited TB exposure was low. The only person with a
continuously positive QFT had a history of active TB. Three
further participants showed at least one positive QFT.
However, when applying a borderline zone from 0.2 to
0.7 IU/mL, two out of these three participants had a QFT
within this zone. As no active TB was diagnosed at
baseline and during follow-up and as the few trainees
with a QFT conversion had no known TB contact, the use
of the proposed borderline zone in this group with a low
TB risk seems to be safe.

IGRA are dynamic assays and IFN values tend to fluctuate
around the cut-off, leading to apparent conversions and
reversions [26]. Reasons for the test variability of IGRA
may be based on variations of handling and reading of
the test, variability of the immune system and differences
in the activity of the M. tuberculosis infection, that is,
transient infection, infection with low replication of
M. tuberculosis with no stimulation of the immune system
or high replication of M. tuberculosis with stimulation of
the immune system, and uncontrolled replication causing
active TB infection [26]. In addition, reversions may be
partly explained by the statistical mechanism of regres-
sion toward the mean [13], which is a ubiquitous and in-
evitable statistical phenomenon that occurs whenever
repeated measurements on the same subject are ob-
served with random error, i.e., nonsystematic variation
around a true mean [27]. In our study the two reversions

are most likely explained by regression toward the mean
as no TB risk was known for the respective trainees and
the QFT concentration of one positive test was below
0.7 IU/mL. The two conversions we observed are most
likely due to unspecific variations as well, because again
the respective trainees had no known exposure and the
positive QFT results were <0.7 IU/mL. As no active TB
was diagnosed in the course of the study, the application
of a borderline zone stretching from 0.2 to 0.7 IU/mL for
the QFT in this group of HCW with a low TB risk helps to
avoid unnecessary chest X-rays and preventive treatment.
In the study by Fong et al. 71% of reversions had IFN
values <1 IU/mL [18]. The authors therefor argue to ex-
tend a putative borderline zone to 0.1 to 1.0 IU/mL. Joshi
and colleagues suggested to extend the borderline to
2.0 1U/mL as all reverts in their study had concentrations
between 0.35 and 2.0 IU/mL in the baseline QFT [19].
In an attempt to balance sensitivity and specificity of the
QFT and to minimize conversions that might lead to un-
necessary preventive treatment, a threshold of
1.11 IU/mL was proposed for serial QFT testing of HCW
in the US [17]. Following these recommendations, low
risk individuals with an initial QFT >0.35 IU/mL and <0.7,
1.0, 1.11 or 2.0 IU/mL should be retested by clinicians.
As in none of these studies active TB at baseline or pro-
gression from LTBI to active TB was observed, it is im-
possible to tell which of the upper limits of a borderline
zone should be applied. Our study does not help either
to decide which borderline zone is most appropriate as
using either of these borderline zones with an upper limit
of 0.7, 1.0, 1.1 or 2.0 IU/mL would only affect the inter-
pretation of one positive QFT (1.75 IU/mL, Table 2). As
there is no biological but only a statistical reason for in-
troducing a borderline zone for serial testing of HCW, in-
tuitively, the smaller the borderline zone the greater the
confidence in the QFT results. Therefore, the tighter bor-
derline zone seems to be appropriate for our study group.
However, it should be borne in mind that even this tight
borderline zone of 0.2-0.7 IU/mL increases the risk of
false negative QFT results in HCW with prevalent active
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TB or the risk of progression from LTBI to active TB, as it
was shown in the only HCW study that reported diagnosis
of active TB when performing routine serial testing of
HCW [15].

Risk of LTBI infection

LTBI prevalence at the start of training was low (n=4/194,
2.1%). In another German study, no trainees tested pos-
itive [28]. There are few comparable studies of TB
screening among those beginning careers in the health-
care sector in other countries. Chee and colleagues tested
270 medical students from Singapore in their final
semester using the T-SPOT.TB. Here, 4.3% of the students
tested positive [29]. Singapore is a country with an inter-
mediate TB incidence. This might account for the preval-
ence rate of positive IGRA being twice as high as in our
study. In a US study, students at the University of Tennes-
see Health Science Center in Memphis were tested. Ret-
rospectively, all students who had been routinely QFT-
tested between June 2005 and August 2006 were in-
cluded in the study. QFT was positive in 14.8% (8/54) of
the students [30]. As only students with positive indicators
for a risk of LTBI in their personal history were screened,
the high LTBI prevalence rate is not surprising. Hence,
the study does not allow for an estimate of the prevalence
of LTBI in students in general.

In our study 29.6% of the trainees stated that they had
been in contact with TB patients during their practical
work but the two participants with the conversions had
had no known contact with TB patients. As hygiene
standards in Germany are high, contact with TB patients
does not necessarily result in exposure to M. tuberculosis.
Therefore, it seems plausible that none of the trainees
who reported contact with TB patients was positive in the
QFT.

The sample of our study is rather small and the follow-up
period is limited. Thus, conclusions from our study results
should be drawn with caution. Cum grano salis, our data
does not support the need for regular TB screenings in
healthcare trainees in a country with a low TB incidence
in the general population and high in-hospital hygiene
standards. We assume that our study population was TB
unexposed during the study period. Therefore, our recom-
mendations regarding the use of a borderline zone in the
serial testing of HCW should only be applied to unexposed
groups with a low a priori risk of LTBI.

Conclusions

We observed a low variability of IGRA results in this young
and healthy group of trainees with a low risk of TB expos-
ure in the healthcare sector. In countries with a low TB
incidence and high hygiene standards, the infection risk
during training in healthcare seems to be low and the
application of a borderline zone of 0.2-0.7 IU/mL may
help to avoid unnecessary chest X-rays and preventive
chemotherapy.
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