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The results of the studies described in Chapters 2 through 11 will be briefly
summarized and discussed in the following sections.

9.1.
9.2.
9.3.
9.4.

Detection of LTBI in the native Dutch population
Detection of LTBI in the immigrant Dutch population
Technical aspects of IGRA

e — — —

Differences in immune responses between cured TB patients
and subjects with LTBI
9.5.) The future of TB diagnostics

Two new commercial assays for the diagnosis of LTBI have been evaluated in this
thesis. Both of these assays rely on the presence of MTB specific T cells who will
respond with IFN-y production after recognition of the TB specific antigens. The
difference between the two assays is the method with which they visualize this
reaction, the QFT-GIT measures the concentration of the IFN-y produced while
the T-SPOT.TB visualizes the number of cells responding. Although both of these
assays have proven useful in the diagnosis of LTBI, they are not ideal. But what
are then the demands of an ideal TB detection method? It has to be simple, easy
to perform, stable at room temperature as well as the temperatures in Africa, with
a minimum of discomfort for the patient, cheap, 100% sensitive and 100% specific
for the detection of LTBI. Furthermore, ideally the assay would discriminate recent
TB infection from infection acquired longer ago, since only recent infections are
usually considered for preventive treatment. So far such an assay is not yet
available simply because we do not have the knowledge to construct such an
assay. Therefore, we have to work with the best possible alternatives and in the
mean while try to optimize the available tools in order to come close to the ideal
TB detection assay.

9.1. LTBI in the native Dutch population

In the Netherlands we have two different situations regarding the control of latent
TB infection in the population. On the one hand, there are individuals who are
born in the Netherlands and who have the most risk of encountering tuberculosis
when they visit a high endemic country, since the incidence of TB among native
Dutch individuals is less than 2 per 100,000 per year (1). On the other hand we
have immigrants coming to the Netherlands from high endemic countries, who are
predominantly BCG vaccinated and most of whom are likely to be latently infected
when entering the Netherlands (2). Furthermore the latter group is at higher risk
than native Dutchmen of acquiring TB infection in the Netherlands by re-exposure
to an immigrant with active TB (incidence of TB among the immigrant population is
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40.4 per 100,000) (1). Thus, we can conclude that these are two different groups,
which asks for different approaches regarding tracing and treatment of latent TB
infections. Therefore these two populations are discussed separately.

9.1.1 IGRA and influence of NTM infections

In the study described in chapter 2 QFT-GIT was evaluated in a BCG-naive
population of employees of the Royal Dutch Armed Forces. After deployment they
were monitored for possible exposure to TB as well as exposure to NTM during
a military mission in high endemic areas. The results showed that QFT-GIT was
positive only in 11% of TST positive participants after mission abroad, while QFT-
GIT was positive in 44% of TST positive new recruits that had not yet been send
on a mission. Bruins et al (3) already demonstrated in 1995 that more than half of
all skin test conversions in the Royal Dutch Armed Forces were due to infections
with NTM. Therefore we think that QF T-GIT detected only those individuals with
a true TST conversion due to TB infection while the positive TST in the remaining
89% of subjects were related to NTM exposure. So far few studies have been
published evaluating in humans the influence of NTM on IGRA results (4-6). One
study showed that T cell responses against ESAT-6 and/or CFP-10 can occur
also after infection with M. marinum or M. kansasii (4). These latter findings have
been confirmed in a study in cattle, showing cross-reactivity with ESAT-6 with
M. kansasii infection (7). Another obstacle for interpretation of the TST is prior BCG
vaccination, which leads to high false-positive TST rates. Since the antigens used
in QFT-GIT are absent from all BCG strains this is expected not to affect QF T-GIT
results, as was shown in several studies (8-12). To definitely conclude that the TST
positive QF T-GIT negative individuals indeed were not infected with TB, long term,
untreated follow-up of these individuals would be required. However, untreated
follow-up of military personnel with positive TST is at present not feasible and
would require additional scientific evidence regarding the risk among QFT-GIT
negative subjects of developing active TB. In conclusion it appeared that QFT-
GIT is more specific than the TST for detection of LTBI infections in a group of
immuno-competent individuals who are at high risk of false positive TST results
due to NTM exposure (13;14).

9.1.2 IGRA during follow-up of TST positive individuals

The study described in Chapter 3 was initiated to analyze the commercially
available IGRA, QFT-GIT and T-SPOT.TB, during a large-scale contact
investigation. This contact investigation was carried out since a supermarket
employee in Zeist, the Netherlands, appeared to have had highly contagious open
lung TB during at least 8 months. By consequence, all supermarket customers
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were offered TB screening. The results of the study showed that in contrast to the
TST both IGRA were associated with exposure to TB, expressed as cumulative
shopping time in the supermarket. Agreement between both IGRA was strong,
although the T-SPOT. TB was more often positive in the low range TST indurations
as compared with the QFT-GIT. Analysis of cut-off values revealed that optimal
agreement between both IGRA was obtained when the cut-off of the QFT-GIT
was adjusted to 0.20 IU/ml and the cut-off of the T-SPOT.TB to 13 spots. It has to
be investigated whether or not the individuals with a TST of more than 15 mm but
with a negative IGRA are at risk of developing active TB or not. Other studies have
been published showing that the IGRA are quantitatively correlated to exposure in
contrast to the TST, which implies that they indeed are better markers to identify
those latently infectedwith TB (15).

One of the hypotheses was that IGRA, in contrast to the TST, will turn negative
after a certain period of time after TB exposure and that they can be used to detect
re-infections or even might be used as a correlate of treatment success (16). The
study described in Chapter 4 followed individuals with a positive TST after being
exposed to a contagious supermarket employee. It appeared that individuals with
a negative IGRA at the beginning of the study, even though they had a positive
TST, remained IGRA negative during the two year follow-up period. Responses
of individuals with a quantitatively high positive IGRA result remained strongly
positive and limited or no fluctuations were observed in follow-up. However, if
the initial IGRA result was moderately to strongly positive a dynamic pattern of
follow-up results was observed. A possible explanation could be that the immune
response of those individuals had not yet established equilibrium with the bacteria
and the results represent an ‘ongoing immunological battle’. Alternatively, it could
represent inherent variability of the assay, with a cut-off at high positive levels.
As of the time of this writing few data are available about the reproducibility of
IGRA in short and long term periods. The studies reported so far have analyzed
the inter-assay variability of QFT-GIT within a short period of time, i.e., with
repeated measurements over a maximum interval of 3 months in a population not
recently exposed to TB (17;18). These studies indicate that variability between
measurements (i.e., positive or negative) of about 16% can be expected. Another
recent study showed that in a 12 month interval most reversions and conversions
occurred in samples with values that were close to the cut-off (19). None of our
participants developed TB despite persistently positive results indicating that a
positive IGRA result not necessarily implicates that active TB will develop.
Several studies have been published suggesting that the effectiveness of treatment
in active TB patients can be monitored using IGRA, since responses decreased
during treatment (20-25). However, other studies reported that even though there
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is a decrease in response test reversions are rarely observed (16;26;27). Thus,
IGRA do not appear to have clinical value during follow-up.

The evaluation of the effect of preventive treatment on IGRA result in individuals
with latent infection has not yet resulted in a generally accepted conclusion. In
agreement with our findings there are studies showing that some individuals
with a positive IGRA will remain positive (15;28;29). A possible explanation of
persistent positive IGRA results in the absence of development of active TB could
be that some individuals mount a very effective immune response during which
many cells acquire an intermediate effector-memory phenotype that can become
activated in the short term culture of IGRA (30-32). Another hypothesis, that does
not exclude the previous one, might be that these individuals have mounted a
strong immune response, but have failed to clear the infection completely, thus
antigens are persistently presented to the immune system.

Another observation of this study was that some individuals can have discordant
IGRA results, most often a negative QFT-GIT combined with a positive T-SPOT.
TB result, the significance of which was not understood. It has been described
that T-SPOT.TB is more sensitive than QFT-GIT (33), especially in immuno-
compromised patients like those with HIV/AIDS (34;35). The most likely
explanation for this observation is that the number of PBMC’s is diminished in
immuno-compromised patients and since a defined number of isolated PBMC'’s is
used in T-SPOT.TB, while a defined volume of whole blood is used for QFT-GIT,
this could underly the enhanced sensitivity of T-SPOT.TB (36-38). On the other
hand it has been reported that more positive T-SPOT.TB results can be found
in association with a negative TST (Chapter 3)(39), which might indicate lower
specificity.

The study described in Chapter 5 followed individuals from the study described
in Chapter 3 and who had a negative TST combined with a positive IGRA,
predominantly positive T-SPOT.TB results, at the time of the contact investigation.
The reverse combination of a positive TST and negative IGRA could be explained
by false positive TST results due to prior BCG-vaccination or NTM infection or
alternatively by lower sensitivity of IGRA for past infection as was first hypothesized
in the study in Chapter 3. It is more difficult to contrive an explanation for a
negative TST in association with a positive IGRA. In the century of experience
with the TST it has not been reported that individuals with a TST <6mm are at risk
of developing active TB and the association of TST negative and IGRA positive
is thus highly unlikely to reflect an increased risk of active TB. One hypothesis
could be that individuals with such discordant results have been infected with
a low inoculum (low dose of bacteria) and have mounted an adequate immune
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response which truly eradicated all bacteria. It has been described in other studies
that ESAT-6 and CFP-10 have a different significance with regard to the state of
latent infection. Forinstance, responses to ESAT-6 will remain as an immunological
scar whereas those to CFP-10 might be more related to recent infection (40). In
our study, all individuals with an initial positive T-SPOT.TB response reverting to
negative one year later were CFP-10 positive, indicating that this might have been
a recent infection. However, unpublished data of the study described in Chapter
3 indicate that responses to ESAT-6 were more specific for recent infection while
those to CFP-10 were more frequent among subjects with negative TST and only
positive T-SPOT.TB result thus possibly reflecting such transient infection (S.
Arend, personal communication). It is overall surprising to find these differences
since ESAT-6 and CFP-10 are secreted as a 1:1 complex by the MTB bacteria
(41). Further research is clearly required to analyze the observed differences in
antigen-specific response patterns.

9.2 LTBI in the immigrant Dutch population

The incidence of TB is highest in underdeveloped countries where resources, drugs
and diagnostics are scarce. Already at a young age individuals are exposed to TB,
and many will be re-infected repeatedly during their lifetime. In order to protect
children from the most severe and lethal forms of TB, they are vaccinated with
BCG, the only registered TB vaccine today. One drawback of BCG vaccination is
that the tuberculin skin test can become false positive due to crossreactive immune
responses to the antigens in PPD shared by MTB and BCG, so that a TST cannot
distinguish between infection and vaccination (42). Furthermore, once positive
the TST will remain positive for a life-time precluding the possibility to detect
re-infections (42-44). This is a problem when already infected individuals from
high endemic countries immigrate to low endemic countries like the Netherlands
and are exposed to smear-positive TB. Due to the lack of specificity of the TST in
this population, it was not possible to assess latent infection. In the Netherlands,
immigrants are therefore followed-up for two years by radiographic imaging of the
lungs in order to detect active TB at an early stage.

9.2.1 Influence of prior TB infection on IGRA

One of the great bottlenecks in the eradication of tuberculosis is the large pool
of latently infected individuals from which new active TB cases arise every day.
Since one third of the world population is thought to be infected, it is impossible
to provide all those individuals with preventive treatment. Not just because of the
magnitude of drug distribution but also because large groups will have relative
contra-indications for taking the medications such as chronic viral hepatitis or other
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liver diseases which increases the risk of severe side-effects like liver failure (45).
Due to these potentially serious side-effects elderly people are usually not advised
to take preventive treatment. Therefore a different approach needs to be taken
into consideration for eradication of TB. At the moment, only those individuals
with a recent infection are taken into consideration for preventive isoniazid (INH)
treatment, since most TB cases arise among these within two years after infection.
Most convenient would be an assay that will single out individuals who will actually
develop active TB, allowing targeted treatment. As yet, no such assay exists.
It has been suggested that IGRA could be more suitable in this regard, since
these are short term incubation assays that will only detect activated effector cells
present in the blood thus reflecting ongoing bacterial replication (46), in contrast
to the TST which will induce memory responses as well since it depends on a
delayed type hypersensitivity reaction. It has been postulated that during older
latent infections, when bacilli are hiding from the immune system, some individuals
may have no, or a relative small number of circulating effector cells, while most
effector cells have progressed to become true memory cells that are supposedly
not capable of becoming activated within the short term culture of IGRA (47). In
Chapter 6 the baseline analysis of a prospective cohort study among immigrant,
BCG-vaccinated, close contacts of Ziehl-Neelsen sputum positive TB patients are
presented. As described above, the predominantly BCG-vaccinated immigrants
are not screened for LTBI in the Netherlands; therefore it was considered ethically
justified to withhold treatment from participants and follow them up for active TB
and analyze risk factors associated with development of active TB. At enroliment
in the study, all participants received a TST and if the induration was at least 5
mm they were tested with IGRA and questionnaire about their past exposure to
TB and demographic data. In chapter 6 we analyzed risk factors associated with
a positive TST or IGRA result. We showed that both IGRA are strongly correlated
to factors associated with past exposure indicating that a positive IGRA result can
reflect past infection as well as recent infection. QFT-GIT and T-SPOT.TB were
more often positive in close contacts of an active TB patient when they were born
in a high TB endemic country, which indicates prior exposure to TB. Furthermore
individuals with known previous exposure to TB, like previous participation in
contact investigations or being a former TB patient, were more likely to have a
positive IGRA than individuals who were not. A study in Norway showed that 29%
of recent immigrants were positive in QFT-GIT at entry (2), most likely reflecting
prior TB exposure, although it cannot be excluded with certainty that these
individuals were recently infected during travel or shortly after entering Norway.
Few other studies have addressed the issue of the effect of previous exposure to
TB on IGRA results. However, when analyzing results obtained in high endemic
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countries it is clear that a considerable proportion of the population can be positive
in IGRA or in-house versions of these assays (28;48) suggesting that repeated
exposure could increase the chance of persistent positive IGRA results compared
to brief exposure from one smear-positive case as is the common situation in
a low-endemic setting nowadays. In conclusion, based on the data reported in
Chapter 6 it appeared that IGRA results are influenced by remote and likely
repeated exposure to TB which may limit the usefulness of IGRA to detect recent
TB infections in immigrants.

9.2.2 Predictive value of IGRA and TST for developing active TB

Chapter 7 presents the follow-up data of the individuals untreated despite TB
exposure, as described in chapter 6. The main goal of this study was to analyze
the predictive value of IGRA and TST for identification of individuals who will
progress to active TB. After the analysis of the data in chapter 4 were completed
it was clear that the positive predictive value (PPV) of IGRA for active TB would
be very low, as almost 60% of participants was positive in one or both IGRA.
After follow-up of two years eight participants had developed active TB. Of these
8 TB cases, only 6 were positive in T-SPOT.TB and 5 in QFT-GIT at the time of
inclusion. Both manufacturers of the assays do not claim that the assay is 100%
sensitive and it is therefore possible that results of some of the infected individuals
were false negative. However, several studies have reported high responses to
ESAT-6 and CFP-10 stimulation in individuals who later progressed to TB (35;49-
52). A plausible explanation for the negative IGRA in the progressors might be that
the IGRA were performed too soon after exposure. It has been suggested that a
cellular immune response can be measured as soon as two weeks after infection
with TB (53), making the time window more narrow than that of the TST which is 6
to 8 weeks, but it has not been proven if this also applies to IGRA. On evaluation
of the interval between diagnosis of the TB index case and phlebotomy for IGRA
of the 8 participants who developed active TB it appeared that this was quite short
for some individuals (5, 19 and 34 days after diagnosis of the index patient while
the median of total group is 37 days with an inter-quartile range of 15-177 days),
although not significantly different from the interval in all individuals with a positive
IGRA response. It is known that TB patients are most infectious in the later stages
of their iliness, so it is possible that the progressors with negative IGRA had been
infected shortly before the TB index case was identified and that they therefore
had not yet mounted a detectable immune response to the antigens. In practice
this could implicate that IGRA must be performed at least 6 weeks after diagnosis
of the index patient for optimal yield, since otherwise individuals who are at risk of
progressing to active TB may be missed. Unfortunately, we were not able to repeat
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IGRA at the second round of the contact investigation and further studies should
address the minimal time to conversion. Apart from the interval between exposure
and blood test, there are other potential explanations for why some progressors
were negative in IGRA. The assays may not be completely sensitive and might
miss some infected individuals. Since none of the participants had a recognized
immune disorder or immunosuppressive treatment, it was highly unlikely that
impaired immune status had affected the results. Interestingly, all TB progressors
had a positive TST result, in contrast to IGRA response. This would indicate
enhanced sensitivity of the TST for detecting those infected individuals. However,
since the study population was predominantly BCG vaccinated and participants
eligible for IGRA were selected based on a TST result of at least 5 mm, it is also
possible that the positive TST responses reflected the non-specificity of the TST,
although that would not hold true for TST responses exceeding 15 mm which
are indicative of TB infection even in BCG vaccinated individuals (54). However,
the negative predictive value (NPV) of IGRA was very high, almost 100%, which
was also found in other studies (55-57). There have been only a few prospective
studies evaluating the predictive value of responses to ESAT-6 and CFP-10 in
untreated subjects, but none included an immigrant population. One study in
Germany showed that QFT-GIT had a significantly higher PPV than the TST at a
cut-off value of 5 mm, but not at a cut-off of 10 mm (12). In conclusion, the TST
appeared to be more sensitive than both IGRA formats for prediction of disease in
this immigrant population, but the specificity could not be compared directly as it
is not possible to discriminate between true and false positive TST results. Thus,
further studies are needed to evaluate the use of these tests with regard to the
value of prophylactic treatment in a population with a high rate of BCG vaccination
as well as of preexisting latent TB infection.

9.3 Technical aspects of IGRA

Chapter 8 and 9 discussed some technical issues of IGRA. In Chapter 8, T-SPOT.
TB results of the PREDICT study (Chapter 6) were used for comparison of inter-
rater interpretation of the assay. All 27 T-SPOT. TB plates were read and interpreted
by four individual human raters of two different laboratories who did not have
knowledge of each other results, and by two automated spot raters. From the
analysis it appeared that there was considerable variation between the six raters.
The highest rater interpreted 17% more samples as positive than the lowest rater
even though five out of six raters were within a 6% difference of each other. So far
no studies have been published that addressed T-SPOT.TB reading. It should be
noted that the population on which this study was based included an extraordinarily
high rate of latently infected individuals. Since the number of positive tests will in
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general be smaller in daily practice it is expected that the absolute differences
will be smaller while the relative difference will remain, indicating that there is a
subjective componentin the T-SPOT. TB result that may affect the decision whether
or not to treat. A possible explanation for the observed inter-rater differences could
be that each rater has his or her own internal standard about the definition of
what signifies a true spot. The manufacturer has developed a web based tool to
practice rating spots in order to learn the definition of a spot. However, all human
raters in this study had had personal training in rating the spots and still there
was considerable discordance. Future research should focus on this discrepancy
in interpretation of spots by independent raters of multiple laboratories. Other
populations like hospital patients or participants of contact investigations among
non-immigrants should also be included since our study included an unusually
high rate of positive results. Since this study only analyzed the agreement in spot
rating, future research should also include distributing samples among different
laboratories to analyze between-laboratory variation in overall performance of the
assay.

There have been suggestions to use quantitative as well as qualitative results of
IGRA. However, the significance of quantitative test results is unclear at present,
especially whether very high test results could indicate an increased risk of
progression. The standard curve used to calculate the concentration of IFN-y in
QFT-GIT ends at the high end at 4 IU/ml. The cut off value is 0.35 IU/ml and all
higher measurements are considered positive. Due to the limited range of the
standard curve, values in the high range may therefore not be precise. In Chapter
9 the results were shown of a concise study in which ELISA results of QFT-GIT
samples with a high test result were compared to their diluted equivalent. The data
in Chapter 7 show that for values above 10 IU/ml it is no longer justified to report
them as such as they can be a factor 10 higher than the ELISA result suggests.
This could be a problem when researchers try to analyze the effect of treatment on
test outcome and report values initially exceeding 10 or 50 1U/ml which appeared
to have decreased on follow-up. The newest version of the software provided by
the manufacturer to analyze results now contains an upper limitation and values
above 10 are reported as >10 1U/ml.

9.4 Differences in immune responses between cured TB patients
and subjects with LTBI

The study which is described in Chapter 10 of this thesis was initiated to explain
an observation made by Leyten et al (58). Among latently infected individuals,
defined by TST conversion after reported contact with a TB patient, they detected
a subgroup which had negative results in QFT-GIT and ELISPOT, but after
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prolonged stimulation their PBMC'’s did respond with IFN-y production in response
to ESAT-6 and/or CFP-10 stimulation indicating that they were truly latently
infected with TB. Since this subgroup comprised almost 50% of the participants
this prompted further study to analyze the discordance between the negative QF T-
GIT and positive long term culture result. The results in Chapter 10 showed that
these latently infected individuals did have IFN-y producing cells after stimulation
with ESAT-6 or CFP-10, even after a short stimulation, but in the supernatants
no IFN-y was detected suggesting that the cells had not (yet) secreted their
IFN-y. Further analysis showed that the phenotype of the IFN-y producing cells
of these LTBI was different from that of the IFN-y producing cells of cured TB
patients, who did have high IFN-y levels in their supernatants. The cells of the
cured TB patients producing IFN-y had an effector-memory phenotype; in contrast
the phenotype of the IFN-y producing lymphocytes of the subjects with LTBI was
much more diverse and was dominated by supposedly naive and central memory
cells. Together these data suggest that cells producing IFN-y in the short-term
culture assay indeed are of the effector-memory phenotype, as was suggested
previously (46;47). An explanation for the negative IGRA result could be a lack of
antigen-specific cells of the effector-memory phenotype in part of the subjects with
LTBI, as could be associated with absence of bacterial replication and subsequent
lack of antigen presentation that is required to drive persistence of a cell type
with the capacity of immediate responsiveness. It is not known whether such
state indicates the complete absence of any live bacilli or just a deeply dormant
state from which periods of limited replication may still occur, which would be
relevant in case treatment of persistent latent infection is indicated as e.g. before
immunosuppressive treatment.

It has also been described in other studies that some latently infected individuals
are negative in QFT-GIT (59;60). Questions have been raised about whether or
not IFN-y is the most sensitive readout cytokine, or whether other cytokines or
a combination of cytokines should be used. Ruhwald et al have demonstrated
that interferon-y inducible protein (IP-10) might be a more sensitive marker than
IFN-y, since patients with active TB and latently infected individuals who were
negative in QFT-GIT did mount a strong IP-10 response (61-63), findings that
have been confirmed by others (64;65). When we analyzed IP-10 production of
PBMC'’s of cured TB patients and latently infected individuals, it appeared that
latently infected individuals indeed produced IP-10 at the same level as cured TB
patients after prolonged stimulation with the TB specific antigens. Unfortunately,
we were unable to analyze QFT-GIT plasmas of the individuals to confirm that they
also produce IP-10 after short-term stimulation. Future research should therefore
include the analysis of IP-10 in QFT-GIT supernatants of these individuals.
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The study also showed that PBMC’s of cured TB patients can be induced to
become multifunctional T cells, a cell type that has been associated with protection
from disease (66;67). However, a recent study in a murine model showed that
the presence of systemic multifunctional T cells was not correlated to protection
from TB disease (68). More definite information about the role and induction
of multifunctional T cells should be provided with a longitudinal study among
recently TB infected individuals who are not treated and asses the presence of
multifunctional T cells over time in relation to clinical status and protected or non-
progressor state in particular.

9.5 Future of TB diagnostics

Although IGRA have proven to be useful in the diagnosis of active as well as latent
TB in several populations, there are potential limitations. As discussed above, the
usefulness of IGRA in individuals with a history of prior TB infection seems to be
limited (Chapter 6). Furthermore, the assays are quite expensive and require good
laboratory equipment. IGRA may therefore not be very suitable for use in poorly
developed countries, where most LTBI and TB cases can be found. Therefore
other initiatives have been employed in order to better separate those infected
with TB from those who are not.

The study described in Chapter 11 evaluated the use of the TB specific antigen
ESAT-6 as a skin test reagent, as compared with PPD. This study was a Phase-I
clinical trial and the first to evaluate the safety in healthy volunteers and treated TB
patients. From the study it appeared that uninfected volunteers did not experience
significant adverse effects. Furthermore, the healthy TB naive volunteers did
not respond to ESAT-6 stimulation demonstrating the specificity of the antigen.
Secondly, it was evaluated if skin reactions could be induced in previously
treated TB patients. This was indeed the case; at 0.1 ug ESAT both redness and
induration were induced to the same extent as the reactions to PPD. From this
data it appeared that ESAT-6 can be safely used as skin test reagent and further
research should be performed to analyze the sensitivity and predictive value
in latently infected individuals. A skin test based on ESAT-6 could be useful in
developing countries, as there is already extensive experience with the tuberculin
skin test which makes implication of the assay quite straightforward and costs will
likely be lower compared to IGRA. However, although a new skin test may solve
the specificity problem of the TST, other drawbacks remain like the need to return
for reading and the fact that it cannot differentiate between past or recent infection
or between latent and active TB infection.
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With regard to patients suspected of active TB, others have tried to enhance the
sensitivity of IGRA by using cells obtained from biopsies, pleural fluid or bronchial
lavage fluid (69-74). The idea behind this is that most specific T cells could be
present at the site of infection and not in the blood compartment (75), which might
explain the high rate of false negative IGRA results in patients with active TB.
Using pleural effusion mononuclear cells for T-SPOT.TB resulted in enhanced
sensitivity compared to using PBMC (72). Another study showed that directly
detecting IFN-y in pleural fluid was more accurate in identifying active TB patients
(all patients were detected) than the QFT-GIT or the QFT-GIT using pleural fluid
as cell source (73).

Apart from immunodiagnosis as was studied in this thesis, future research should
be extended to other possible methods for detecting TB infection. With the PCR
technique it is already possible to detect TB bacteria in sputum, other excreta or
in biopsies of patients (76;77), but obtaining biopsies can be very difficult and
uncomfortable for the patient (78;79). A limitation of latent TB infection is that no
material can be readily obtained to perform assays to directly detect bacilli or their
components. New initiatives focus on detecting excretion products of the TB bacilli,
like latency proteins and specific fatty lipids, directly in urine or breath condensates
(unpublished data). This can be accomplished by different techniques like e-nose,
nuclear magnetic resonance spectroscopy or mass spectrometry.

During the latent phase of TB infection certain proteins, named latency proteins,
are strongly upregulated due to exposure to adverse intracellular conditions such
as hypoxia (80). The best characterized latency antigen is the 16kDa-o-crystallin
protein encoded by Rv2031c. Latency antigens are encoded by 48 genes named
the dormancy regulon (DosR) (81). During latent infection it might thus be
possible to directly detect those proteins. However, it was demonstrated that T
cell responses to latency antigens were found in patients with past active TB as
well, indicating that those proteins may not be truly phase-specific (82).

Another topic of intensive research is vaccine development. Vaccination of
individuals at risk of encountering TB has so far been with limited success. The only
vaccine registered today is the BCG vaccine. This will protect small children from
the most severe forms of TB, but does not protect adults from the contagious lung
TB. A lot of effort is put in designing new TB vaccines which will protect everyone
from acquiring TB disease on the one hand and preventing reactivation in those
who are already infected with TB (83;84). Some have altered the existing BCG-
vaccine so that an over expression of strongly recognized epitopes, like Ag85B,
is accomplished (85)(86). Others have prepared a recombinant fusion vaccine
of several MTB antigens like combinations of Ag85B and TB10.4 or Ag85B and
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ESAT-6 (86). Some of these vaccines are being evaluated in clinical trials for
safety and efficacy. At the department of Infectious Diseases in Leiden, a phase-|
clinical trial has been performed using a fusion protein of Ag85B with ESAT-6.
Results of this study are not yet published. Other studies used latency antigens in
a post-exposure vaccination strategy (87),

In conclusion, the studies described in this thesis have shown that IGRA have
added value for the specific diagnosis of LTBI, but as is the case for any other assay,
they have limitations as well. The results of IGRA should therefore be interpreted
carefully in the light of the setting and the complete clinical data. Future research
should not be limited to enhance the performance of IGRA but also include new
opportunities, like an improved skin test or the detection of bacterial products in
clinical specimens.
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