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1.. Introduction 

Thee human species has been challenged for centuries by several pandemics. Despite 

repeatedd efforts to eradicate them, most of the causative agents continue to be a threat to 

globall  health in particular in developing countries due to poverty, and the lack of efficient 

strategiess for diagnosis and treatment. In developing countries where malaria and HIV 

infectionn are common, tuberculosis remains the greatest threat. The human reservoir for 

MycobacteriumMycobacterium tuberculosis is enormous as approximately one third of the world population 

iss infected with this intracellular microorganism. 

Onee approach to control further spread of the disease is to treat all tuberculosis cases 

optimally.. The WHO realized this with the implementation of the 'Direct Observed Therapy' 

strategyy (DOTS) in several TB endemic areas. Another essential component of any 

tuberculosiss control program is rapid and accurate identification of new tuberculosis cases. In 

thosee areas of the world where the tuberculosis problem is greatest (southern part of Africa, 

Southh East Asia, Latin America), diagnostic techniques are far from optimal. Field 

laboratoriess are poorly equipped and the diagnosis often relies solely on sputum smear 

examination.. As mentioned in Chapter /, the sensitivity of direct microscopy in these 

countriess is poor (around 50%) due to a variety of factors. The under-diagnosis of active 

diseasee and failure to ensure it has been eradicated means that there is significant under-

treatment,, which promotes further spread of the disease. Especially in these TB endemic 

countriess there is an urgent need for a new test, simpler and easier to perform than direct 

microscopy,microscopy, but with a higher sensitivity and equal specificity. 

Beforee starting to develop a new test, the requirements which should be met for a 

successfull  implementation need to be well defined. For a new diagnostic test for tuberculosis 

wee have defined the following criteria: 

1.. The laboratory test should be affordable when implemented as a routine test. 

Thee test should be applicable in those areas where it is most needed: in the developing 

world.. General hospital and field laboratories are often very poorly equipped and 

understaffed.. This means that there is one technician for the whole laboratory performing 

alll  tests with very littl e instrumentation available and only a remote possibility of 

purchasingg new apparatus. Thus, any new test which is to be introduced in field 

laboratoriess should require only small amounts of cheap equipment (most optimal assay 

format:: dipstick assay / lateral flow test). 
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2.2. The laboratory test should be simple to perform. 

Sincee field laboratories mostly do not have access to highly qualified personnel, the 

introductionn of sophisticated techniques (such as PCR) could easily lead to high rates of 

falsee positive or false negative results because of poor quality control measures (Chapter 

2b).2b). Antigen detection assays based on ELISA or dipstick techniques are more suitable in 

thiss regard. 

3.. Preferably it should be possible to assay multiple specimens at once. 

Laboratoryy personnel in field laboratories are often confronted by many samples each day, 

soo it would be helpful if many samples could be tested simultaneously (as is possible in 

ELISA),, or if the assay was very rapid (e.g. dipstick / lateral flow test). 

4.. The test should have a high specificity, reaching 100%. 

Sincee direct microscopy (like culture) has a high specificity -almost 100%-, any new test 

thatt is to replace microscopy should also have a high specificity. Antigen detection assays 

aree especially promising in this regard, in contrast to antibody assays (see below). 

5.. The new test should have a higher sensitivity than direct microscopy if it is to replace this. 

6.. The test should perform well in patients co-infected with HIV. The HIV epidemic has 

contributedd to the tuberculosis problem. More than 95% of the world's HIV-related TB 

casess occur in developing countries. It is therefore essential that any new test shows a high 

sensitivityy in HIV-positive TB cases as well. 

7.. Ideally, the test results should correlate with the mycobacterial load. 

Inn pulmonary TB, the risk of spread of the disease is correlated to the bacterial load in the 

sputum.. Therefore it would be helpful if the diagnostic test could give an indication of the 

bacteriall  load, as is the case with microscopy (Ziehl-Neelsen [ZN] score). Antigen 

detectionn assays are more suitable in this regard than antibody assays. 

Specificityy for M. tuberculosis is not an absolute requirement. It has been proven that 

inn countries with a high TB prevalence, tuberculosis is by far the most common mycobacterial 

diseasee (>98% of cases). Specificity will only become important if a test is to be implemented 

inn countries with low TB prevalence, as in the western world. 

Inn our opinion, an assay based on the detection of mycobacterium-specific antigens, 

preferentiallyy in a lateral flow test format, would be the best candidate to replace microscopy, 

becausee it has the potential to meet most of the criteria mentioned above. Others have shown 

thatt ELISA-based assays can relatively easily be transformed into a dipstick assay (1, 16, 17), 

orr a lateral flow test (37). So far one lateral flow test has been described for the detection of 

M.M. tuberculosis in early cultures (1). The test showed a high sensitivity and specificity in a 

multi-centerr evaluation (18). Thus, we started with the development of an antigen capture 
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ELISAA  (Chapter 3), with the final aim to transform it (after optimization) into a dipstick test 

orr lateral flow test (Chapter 6). 

Althoughh a lateral flow test seems to be the best candidate for the near future, other 

techniques,, such as biosensor technology (Chapter 5), are very promising for the longer term. 

Iff  the biosensor system could be converted into a low-cost, semi-quantitative SPR detector, it 

couldd become a valuable diagnostic tool for tuberculosis, even in relatively poorly-equipped 

laboratoriess in areas with TB endemicity. 

Wee think that antibody based assays (measurement of antibody level or antibody 

avidity,, see below) are unlikely to replace microscopy, since they have some important 

restrictionss (see Chapter /), which will hamper their implementation in the field. At best, the 

antibody-basedd test with a high specificity will be a useful addition to the routine diagnostic 

test,, e.g. in TB suspected ZN negative samples. 

2.. The role of PCR in the diagnosis of mycobacterial diseases 

Althoughh high sensitivity and specificity rates may be obtained with PCR for detection 

off  M tuberculosis in respiratory specimens (10, 23, 35), this sophisticated technique requires 

goodd laboratory facilities, together with a high level of accuracy and motivation of well-

trainedd laboratory staff and good quality assurance (Chapter 2b). The problems which may 

arisee have been well illustrated by large inter-laboratory comparisons, which showed that the 

\S6110\S6110 PCR may not provide consistent and reliable results when used in different 

laboratoriess (24, 25). As long as there are no consensus criteria on the procedural 

standardizationn of in-house PCR methodologies, laboratories should be aware of the 

limitationss of PCR and should maintain culture as the gold standard. It is clear that PCR is an 

inappropriatee method for diagnosis of tuberculosis on a routine basis in poorly equipped 

laboratoriess in developing countries. However, in some situations PCR may be of great value, 

ass in the diagnosis of M. uleerans infection {Chapter 2a). 
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3.. Development of an immunoassay based on detection of mycobacterium-specific 

antigenss in sputum 

3.1.3.1. technical aspects concerning target antigens, capture antibodies and sputum pre-

treatment treatment 

mycobacterialmycobacterial lipopolysaccharides as target 

AA lipopolysaccharide such as lipoarabinomannan (LAM) is an ideal target for antigen 

basedd immuno-assays for TB diagnosis (Chapter 3). LAM has been detected in CSF (30), 

sputumm (8, 29), serum (32) and urine (17). It dominates the mycobacterial cell wall and is 

(strongly)) immunogenic in mice (thus murine MAbs against LAM can be produced relatively 

easily).. LAM is resistant to proteolitic degradation and is heat stable. These properties of 

LAMM were an advantage in the N-acetyl-L-cysteine (NALC)-proteinase K method for sputum 

preparationn described in Chapter 3. Degradation of sputum proteins was an essential 

preliminaryy step, since these mucous glycoproteins strongly inhibited the immunereaction 

(seee below). With the NALC-proteinase K pre-treatment method, a good recovery of free 

LAMM was obtained from the sputum. The detection limit of LAM in sputum was equal to that 

inn 'clean' LAM solutions. 

AA disadvantage of the NALC-proteinase K pre-treatment method is that only free 

LAMM ts recovered from the sample and not cell-bound LAM, since proteinase K is not 

sufficientt to liberate all (lipo)-polysaccharides from the cell wall of ('young') mycobacteria 

(Chapter(Chapter 6). This latter finding could explain the discrepancy between the ELISA signal level 

inn our LAM capture ELISA and the Ziehl-Neelsen score (Chapter 3). 

Althoughh LAM seems to be an ideal target, it does have (technical) drawbacks. Since 

aa LAM molecule contains a hydrophilic side and a liphophilic side, it will form micells with 

otherr LAM molecules and will also be engulfed by other micellular structures. Because of the 

micellularr behaviour of LAM it is difficult to obtain LAM devoid of LM (41). This micell 

formingg property has consequences for the immune reaction. We have found that if a 

detergentt such as Triton X-100 or Tween 20 is added to a LAM solution in a concentration 

abovee the critical micell concentration (CMC), a lower signal is obtained in the LAM capture 

ELISAA when MAb F30-5 is used as capture antibody (Fig. la). This suggests that the epitope 

iss (partially) hidden in the micell. Although one could avoid the use of detergents in the LAM 

capturee assay, we have chosen to add a low concentration of detergent to the sample (below 

thee CMC), to prevent LAM sticking to the sample tubes and wells in plates for ELISA. The 

optimall  concentration of Tween 20 was 0.005% (w/v), which is below the CMC. 

209 9 



ChapterChapter 10 

Onn the other hand, the tendency of LAM to form micells can be an advantage in some 

situations.. LAM is alkali-labile and treatment with 0.1 M NaOH produces a lower signal in 

thee capture ELISA with MAb F30-5. However we have found that the addition of a high 

concentrationn of detergent (above the CMC) to LAM during treatment with 0.1 M NaOH 

preventss this decrease in ELISA signal. This suggests that the micells protect LAM from 

deacylation.. Thus, NaOH treatment of sputum could also be a useful preparative method, 

providedd that a detergent is added at a concentration above the CMC. 

Caree needs to be taken with the selection of a buffer for the LAM containing sample. 

Wee found Tris HC1, a commonly used buffer was unsuitable. In our hands heating the Tris 

HCl-bufferedd LAM to 100°C resulted in complete loss of the LAM signal in the capture 

ELISA,, a phenomenon that we could not explain. We used sodium phosphate to buffer the 

sputumm sample and avoided this problem. 

Anotherr developed method, the NaOH-NALC-detergent method {Chapter 6), enabled 

uss to detect cell-bound LAM in the sputum. This method starts with the sputum 

decontaminationn procedure that is used in many laboratories, which could be an advantage for 

thosee laboratories that culture mycobacteria. However it is time consuming and all soluble 

mycobacteriall  antigens initially present in the sputum are lost. Results with samples from 

Vietnamesee TB patients were comparable to those after treatment with proteinase K and 

NALCC {Chapter 6). In contrast, using a third developed treatment method (dilution-detergent 

treatment),, which is much simpler than both the NALC-proteinase K and NaOH-NALC-

detergentt treatment, resulted in a higher sensitivity of the F30-5 ELISA in the same 

Vietnamesee TB patient group. 

Althoughh most research has focused on LAM as a target antigen, other 

lipopolysaccharidess such as lipomannan (LM) could also be useful target antigens. The 

sensitivityy of the test could possibly be increased if a combination of different 

lipopolysaccharidee target antigens could be detected using a mixture of different capture 

MAbss or a capture MAb with a broad reactivity pattern {see below). 

IsolationIsolation of monoclonal antibodies reactive with different lipopolysaccharides 

Wee have produced MAbs that are reactive with different (lipo)-polysaccharides to 

enhancee the sensitivity of the capture ELISA (Chapter 4). We have isolated a murine 

monoclonall  IgG antibody (F183-3), which reacts not only with LAM (both AraLAM and 

ManLAM)) but also with lipomannan (LM) and arbinomannan (AM) (Chapter 4). When used 

ass capture antibody (Fig. lb) this MAb showed a higher affinity for LAM than MAb F30-5 

andd had a detection limit which was approximately 5 to 10-fold lower than with F30-5. This 

MAbb F183-3 recognized a non-repeating epitope on the mannan core of LM and LAM. 

However,, when sputum samples from non-TB patients were tested with the capture assay 
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usingg MAb F183-3 (Fig. lb), high ELISA signals were obtained in many cases. We 

discoveredd that MAb F183-3 also reacts with the mannanoprotein from S. cerevisiae, which is 

thee first indication of M. tuberculosis carbohydrate mimicry with other bacteria. Probably this 

MAbb cross-reacted with a mannan-containing structure, also present in some sputum samples 

fromm non TB patients (unpublished results). The nature of this cross-reaction is unknown. 

Althoughh MAb F183-3 does not seem to be very useful for lipopolysaccharide detection in 

sputum,, we have achieved promising results with this MAb with serum specimens (Chapter 

5)5) and urine samples (data not shown). 

Apartt from MAb F183-3 and three identical MAbs which reacted with AraLAM, 

ManLAM,, AM and LM (group A), three other groups of MAbs were isolated: the second 

groupp reacted preferentially with LM (group B), the third group reacted with arabinogalactan 

andd with (acidic) lipopolysaccharides present in a proteinase K treated Triton X-100 extract of 

M.M. tuberculosis (group C), and the fourth group (group D) reacted with PIM and weakly with 

ManLAMM and LM (Chapter 4). These different groups of MAbs could be used for the 

detectionn of LAM in body fluids, possibly for the detection of differences between strains or 

forr the detection of differences in lipopolysaccharides caused by different culture conditions 

inn vitro or in macrophages. They could also be used to study the phagocytosis of the M. 

tuberculosistuberculosis bacteria by alveolar macrophages (36). 

MixtureMixture of mycobacterial antigens (proteins and lipopolysaccharides) as target 

Besidess LAM, several mycobacterial proteins have been detected in body fluids from 

patientss with tuberculosis, such as antigen 5 (31), the 45/47-kDa protein (7) and the antigen 

855 complex (44). The latter two proteins were detected in the sputum from patients with 

pulmonaryy tuberculosis. However, the sensitivity of tests based on the detection of these 

singlee protein antigens is low. 

Thee sensitivity of detection assays could be increased by using a mixture of 

monoclonall  antibodies against different protein and/or (lipo)-polysaccharide antigens. 

Alternatively,, polyclonal anti-M tuberculosis antibodies (Fig. lc) could be used, as described 

inn Chapter 6. Our polyclonal antibodies were derived from a New Zealand rabbit immunized 

withh M. tuberculosis bacteria. The rabbit serum contained antibodies reactive with different 

lipopolysaccharides,, including AraLAM, ManLAM, LM and PIMs (see Chapter 4) and 

differentt proteins. The anti-M tuberculosis immunoglobulin fraction formed 10% of all IgG 

immunoglobulinss present in the serum (data not shown). 

Betterr results were obtained in the capture ELISA with the IgG immunoglobulin 

fractionn derived by purification of the serum by protein A column chromatography rather than 
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byy precipitation of the serum with ammonium sulphate. The detection limit of the capture 

ELISAA was not improved either by using an anti-M tuberculosis IgG fraction which had 

undergonee affinity purification using a column to which antigens from a M. tuberculosis 

detergent-extractt were bound, probably due to the isolation of low affinity antibodies by this 

procedure.. For the affinity purification, M. tuberculosis proteins were attached to the column 

byy amine coupling. Interestingly, not only anti-protein antibodies were isolated from the 

rabbitt serum, but also anti-LAM antibodies. This suggests that LAM had bound to the column 

ass well, probably indirectly through interaction with mycobacterial proteins. 

Byy using the rabbit antiserum against M. tuberculosis as capture antibody, we have 

improvedd the detection limit of the capture ELISA (0.3 ng M. tuberculosis protein/ml and 0.8 

ngg LAM/ml) . We also reduced the time needed for the assay considerably from overnight 

incubationn to two hours incubation for the antigen capture step. 

Thee NALC-proteinase K pre-treatment method of the sputum, developed initially for 

thee LAM capture ELISA using F30-5, was also useful for the capture ELISA using polyclonal 

rabbitt antibodies (Rb8-106). In a (small) Vietnamese study population the capture ELISA 

withh Rb8-106 performed even better using this sputum treatment method than the capture 

ELISAA using F30-5 (Chapter 6). However, we searched for better treatment methods, since 

thee proteinase K-NALC method is quite laborious and soluble proteins in the sputum are 

digestedd and are not detectable anymore by the polyclonal capture antibodies. Simple 

centrifugationn of the sputum and/or homogenization in the presence of a reducing agent, as 

wass described earlier to be an effective sputum treatment method for analyzing inflammatory 

mediators,, enzymes, immunoglobulins and proteins (28), was by far insufficient in our 

situation;; the resulting supernatant still contained components which strongly inhibited the 

immunereaction.. Other methods, such as mechanical disruption, heating at 50°C, filtration of 

thee sputum through a 0.45 (im filter, treatment with hexane or chloroform, or a combination 

off  these mentioned methods did not give any satisfactory results (still strong inhibitory effect, 

dataa not shown). Even after a four-fold dilution of the sputum many sputum samples still 

showedd some degree of inhibition {Chapter 6). The extent of the inhibition was related to the 

individuall  sputum sample as well as the antibodies used for the capture assay. When 

polyclonall  capture antibodies were used, less inhibition was obtained than when monoclonal 

antibodiess were used. There was no correlation between the viscosity of the sputum and the 

degreee of inhibition. We were somewhat surprised by the findings of Wallis and colleagues 

(44),, who could detect antigen 85 complex in sputum samples that were treated with NALC 

andd glass beads only. However, they did not check for inhibition and their detection limit is 

unknown.. Possibly freezing and thawing of the sputum could have a positive effect. 
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Thee NaOH-NALC-detergent method (see above) was considered as a non-sufficient 

treatmentt method because of its complexity and low efficiency, especially with the Rb8-106 

ELISA.. The use of this method resulted in a lower sensitivity of this assay in the Vietnamese 

studyy group {Chapter 6). 

Inn contrast, the third developed treatment method, the dilution-detergent treatment, 

showedd just a slightly lower sensitivity than the proteinase K-NALC method, but has the great 

advantagee of being much simpler. 

(a)) LAM capture ELISA (b)) LAM/LM capture ELISA 

X X 
777777 777777 

Goatt anti-Rb IgG 
(H+L) ) 

Polyclonall anti-
M.M. tub antibodies 

MAbb F30-5 
(anti-LAM) ) 

777777777777 777777777777 

'X 'X 
A A 
ff LAMM 

777777 777777 

Goatt anti-Rb IgG 
(H+L) ) 

Polyclonall anti-
M.M. tub antibodies 

MAbb F183-3 
(anti-LAM/LM) ) 

777777777777 777777777777 

(c)) M. tub. antigen capture ELISA 

Streptavidin n 

Bioo tin via ted 
Polyclonall anti-
M.M. tub antibodies 

Polyclonall anti-
M.M. tub antibodies 

FIG.. 1. Three different developed capture ELISAs. (a) and (b) are based on monoclonal capture (F30-5: anti-
LAMM and F183-3: anti-LAM/LM) . Rabbit anti-M tuberculosis antibodies (Rb8-106) are used as detector, (c) is 
basedd on both polyclonal capture and detection (Rb8-106). The antigen and detector are captured as a complex. 
M.M. tub., Mycobacterium tuberculosis; Ag, antigens. 
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3.2.3.2. Detection technologies 

Threee detection systems were applied: ELISA, dipstick assay, and Solid Phase 

Resonancee (SPR)-based biosensor technology. 

Threee ELISA formats were developed: application of MAb F30-5 (anti-LAM IgM) as 

capturee antibody (Fig. la), or MAb F183-3 (anti-LAM/LM IgG) (Fig. lb), or polyclonal 

rabbitt anti-M tuberculosis antibodies (Rb8-106) (Fig. lc). In each of these three systems 

polyclonall  anti-M tuberculosis antibodies were used as detection antibodies. The use of 

monoclonall  antibodies as detector turned out to be less sensitive in all cases. 

Surprisingly,, best coating results were obtained with passive coating on a polystyrene 

surface.. Covalent binding via amine-linkage or carboxyl-linkage gave poor results. Binding 

viaa SH-groups was slightly better than passive coating, but the practical problems of covalent 

bindingg (expensive, laborious) were not outweighed by this minimal gain in sensitivity. 

Thee detection antibodies (the polyclonal rabbit anti-M tuberculosis antibodies) were 

visualizedd either by conjugation with biotin and incubation with horse radish peroxidase 

(HRP)-labeledd streptavidin (in the system using polyclonal antibodies as capture antibodies, 

Fig.. lc), or by incubation with HRP-labeled goat anti-rabbit antibodies (in the systems using 

MAbss as capture antibodies, Fig. la+b). The (blue) color reaction was obtained by addition of 

tetramethylbenzidinee (TMB) substrate, and the reaction was stopped by addition of sulfuric 

acid.. To enhance the sensitivity of the ELISA we have evaluated several amplification 

systemss such as goat antibodies containing multiple HRP molecules per antibody (Amdex; 

Amershamm Pharmacia) and alkaline phosphatase-conjugated antibodies or streptavidin, 

followedd by amplification of the signal by a recycling method using NAD(P)H substrate 

(Ampakk / AmpliQ; Dako). However, none of these attempts resulted in a significantly higher 

signal-to-noisee ratio, mostly due to increasing background values. 

Althoughh many requirements (see paragraph 1.) are met with ELISA technology, 

underr field conditions, the most optimal test format is the dipstick assay or lateral flow test. 

Thereforee our final aim was to transfer the ELISA-based antigen capture test into a lateral 

floww format. We have developed a dipstick ELISA with a detection limit of 1 ng M 

tuberculosistuberculosis protein/ml (Chapter 6). The test is the first start towards a lateral flow test. A 

laterall  flow test is a so-called one-step immunoassay. All the reagents are present in the 

device.. The system employs two different antibodies that bind distinct epitopes. The capture 

antibodiess are immobilized on the surface of a nitrocellulose membrane. The detection 

antibodiess are conjugated to colloidal gold. The sample first reacts with the gold conjugate. 

Thiss antigen-antibody complex migrates to the immobilized capture antibody, which 

generatess a signal in proportion to the concentration of the analyte (M tuberculosis 
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antigen(s)).. Lateral flow tests are simply to perform, rapid, do not need cold storage of, for 

example,, the conjugate and can be read visually. 

Anotherr detection system that we have explored, is the SPR-based biosensor (Chapter 

5).5). In the last years biosensors have gained interest for many purposes (21, 22), including 

diagnosticss (15, 40, 45). For diagnostic purposes these sensors are very promising, because 

resultss are obtained very quickly (often after a single sample injection, taking a few minutes) 

andd many successive measurements can be performed using one and the same sensor surface. 

However,, the nowadays-available biosensors are expensive, sophisticated systems, useful for 

manyy research applications. Introduction in relatively poor regions will only become possible 

iff  more simple, payable systems will be developed focused on diagnostic purposes only. 

3.3.3.3. Sensitivity and specificity of the developed antigen capture assays 

Ass mycobacteria and secreted mycobacterial antigens are present in sputum only when 

thee disease is active, one would think that antigen based tests should be able to reach a high 

specificity,, equal to microscopy. Indeed, our LAM detection test in sputum (Chapter 3 and 6) 

showedd a high specificity among Dutch and Vietnamese patients with pulmonary diseases 

resemblingg TB, independent of the fact whether the patient had a previous history of TB or 

not. . 

Samplee processing is an important step, which can influence the specificity of a test. 

Thee number of non-specific reactions can be high because of cross-reacting substances 

presentt in untreated human specimens, which will lead to low specificity. MAb F183-3 cross-

reactedd with mannan-containing sputum components, present in sputum samples from some 

nonn TB patients, making it less suitable for detection of antigens in sputum. However, 

promisingg results were obtained with serum samples using this monoclonal antibody in the 

biosensorr system (Chapter 5). Sample treatment methods which keep both the 

lipopolysaccharidess and the proteins intact, in general lead to a higher degree of cross-

reactionn / non-specific binding, especially when polyclonal capture antibodies are used. 

Forr the F30-5 ELISA, best results were obtained using the Dilution-detergent method: 

withh a specificity of 95%, a sensitivity of 62% was reached in culture-proven (both smear-

positivee and smear-negative) pulmonary TB patients. 

Forr the Rb8-106 ELISA, best results were obtained using the Proteinase K-NALC 

method:: with a specificity of 95%, a sensitivity of 71% was found in culture-proven 

pulmonaryy TB patients. With the Dilution-detergent method, the sensitivity was only slightly 

lowerr (67%). 
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Itt is clear that the capture assay needs further optimization. The optimal sputum 

treatmentt method has still to be found. Most promising is the capture assay using polyclonal 

capturee antibodies (Rb8-106), especially if the non-specific binding can be further reduced. 

Thee first steps have been made towards a simple and fast antigen detection test. Preliminary 

resultss with a Dipstick ELISA using Rb8-106 as capture antibody (Chapter 6) were 

promising,, since the assay was, although slightly lower in sensitivity, much easier and faster 

too perform and could be read visually. 

4.. Antibody assays: useful for diagnosis of tuberculosis? 

Duringg many years extensive efforts have been made to develop a sensitive and 

specificc antibody test for tuberculosis (Chapter I). However, until now, success has been 

limited.. Best results have been obtained with the 38-kDa protein, providing a high specificity 

(>95%)) (5, 20). However, the sensitivity with this antigen varied strongly between 50 and 

85%% between different study groups (5, 43). 

Recently,, promising results have been published by Samanich et al., who have defined 

thee repertoire of antigens recognized by antibodies from TB patients by 2-dimensional 

fractionationn of culture filtrate proteins of M tuberculosis (33). They defined several antigens 

withh strong serodiagnostic potential, such as an 88-kDa protein, antigen 85C, and MPT32. 

Basedd on these antigens, a sensitivity was obtained of respectively 74, 79, and 69%, with a 

specificityy of 100% in a group of 42 HIV negative, smear positive TB patients and 83 controls 

(34).. Combination of these antigens raised the sensitivity to 81%. However, as was shown 

earlierr with other antigens (3, 13, 43), poor results were obtained in HIV positive TB patients 

(sensitivityy 20-25%, except for the 88-kDa antigen: 66%), as well as in smear negative TB 

patientss (sensitivity 33%). And these are just the patient groups in which a new test is most 

needed. . 

Neww serological tests can only be widely applied when the antigens upon which they 

dependd are readily available, e.g. recombinant antigens. Until now, results obtained with 

recombinantt antigens were disappointing. Studies on recombinant (r) 38 kDa (43), r 85C and r 

MPT322 (34) all showed low sensitivity. Native mycobacterial proteins probably possess B-

celll  epitopes that elicit antibodies during natural infection and are absent from the 

recombinantt versions. Similar problems were encountered by our group, when recombinant 

ESAT-6ESAT-6 was used as target in the antibody capture ELISA (unpublished results). 

Thesee problems with sensitivity and specificity in TB serology can be attributed to 

severall  factors. Firstly, many individuals are infected with M. tuberculosis worldwide, 
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especiallyy in TB endemic areas. Thus, false-positive reactions in these populations are 

probablyy due to genuine anti-M tuberculosis antibodies in subjects with a latent infection 

withh M. tuberculosis. Secondly, cross-reactions with environmental mycobacteria and other 

bacteriaa can give false-positive results, especially when crude mycobacterial preparations are 

usedd (12, 42). One way to increase the specificity is to use single, M. tuberculosis specific 

proteinss as target. However, this often leads to low sensitivity (5, 43). The poor sensitivity can 

bee explained by the fact that the humoral response in TB is very diverse; different patients 

recognizee different antigens (20, 42). The humoral response in mycobacterial disease seems to 

bee related to HLA class II allotypes (4), as well as to disease progression (33). All these 

factorss make it difficult to develop a serological test that is useful for all patients from 

differentt geographical areas. 

Wee have focused on several aspects of serological assays, with the aim to increase the 

specificityy and sensitivity. We managed to increase the specificity of our antibody capture 

ELISA,, which was based on detection of antibodies against a mixture of M. tuberculosis 

proteinss and lipopolysaccharides, by avoiding denaturation of the target proteins as a result of 

adherencee of these antigens to polystyrene surfaces (Chapter 7). The conformational change 

off  the adsorbed proteins probably led to the generation of new conformation epitopes, causing 

false-positivee reactions. Keeping the specificity at 92%, the sensitivity increased from 44% to 

69%% in a group of Dutch TB patients (10 smear-positive and 6 smear-negative). 

Inn several infections specific antibodies have been found in the urine of these patients 

(2,, 11, 19, 38), including in leprosy patients (26, 27). We have also found specific antibodies 

too M, tuberculosis antigens in the urine of patients with tuberculosis. At first we had the 

impressionn that the mechanism by which these antibodies appeared in the urine was not 

simplee ultrafiltration, since the urinary antibody spectrum differed from the serum spectrum in 

severall  patients. To investigate the likely source of these antibodies and their possible role in 

diagnosiss of tuberculosis, we determined the urine/serum ratios of albumin, total IgG and anti-

M.M. tuberculosis IgG in a group of Vietnamese TB patients and patients with other diseases 

{Chapter{Chapter 8). Urinary IgG antibody levels to M tuberculosis antigens were roughly 10"3 to 10"6 

off  serum levels. The relative coefficient of urinary excretion (RCE) of these antibodies 

(definedd as: [urine/serum ratio of specific IgG ] / [urine/serum ratio of total IgG]) was < 1 in 

thee TB patients, as well as in the non TB patients and healthy controls, suggesting that there 

wass no local production of these anti-M. tuberculosis IgG antibodies in the urinary tract. In 

addition,, it was not possible to discriminate between TB patients, patients with other diseases 

andd healthy subjects using urinary IgG antibodies, so the role of these urinary antibodies for 

TBB diagnosis seems to be minimal. However, in some specific patient groups it could be 

helpful,, such as in renal TB and in childhood TB (data not shown). 
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Differentiationn between patients infected with M. tuberculosis and patients with active 

TBB could theoretically be achieved by determination of the avidity of the captured antibodies 

(Chapter(Chapter 9). It could be expected that patients with active TB have a higher average antibody 

avidityavidity (due to IgG affinity maturation) than patients who had been exposed to M. 

tuberculosistuberculosis without having active disease. Indeed, the mean avidity of anti-M tuberculosis 

antibodiess from Vietnamese patients with active TB was significantly higher than from 

Vietnamesee patients with other pulmonary diseases. Avidity determination discriminated 

slightlyy better between these groups than determination of the antibody level (Chapter 9). 

Interestingly,, approximately one third of the treated TB patients exhibited a characteristic 

coursee of the antibody avidity and antibody level during treatment: in the early phase of 

treatment,, a drop in antibody avidity was observed in 73% of all tuberculosis patients, 

accompaniedd by an initial rise in antibody level in 36% of these patients. These phenomena 

couldd be explained by an intense stimulation of the humoral response by antigens released 

fromm killed bacteria, reflecting early bactericidal activity of antituberculous drugs, leading to 

thee production of low-affinity antibodies against these released antigens. It would be 

interestingg to see whether changes in avidity at an early stage could predict for successful 

treatment. . 

Takenn all together, by using the newly developed immune complex ELISA we have 

madee some progress with our antibody assay concerning the sensitivity and specificity rates. 

Alsoo determination of the avidity could be helpful. Still, it's clear that results are far from 

optimal. . 

5.. Future prospects 

Thee development of antigen or antibody detection assays based on simple and 

inexpensivee formats such as dipstick assays and lateral flow tests are urgently required. Such 

assays,, which would permit on-the-spot rapid diagnosis of TB in the absence of laboratory 

infrastructure,, would make a significant contribution to early treatment and control the spread 

off  TB, especially in developing countries. 

Althoughh many promising results, especially with antigen detection assays (Chapter 

I),I), have been published, in most cases no subsequent studies have been published upon 

amelioration,, evaluation and, finally, application of these novel diagnostic tools in clinical 

practice.. This could be due to different factors, such as poor reproducibility of the published 

resultss and/or disappointing results after evaluation of the assay in large sample populations 

andd in different geographical areas, or too complicated sample pre-treatment methods. A 
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furtherr problem is that it is difficult to find a company, which is willin g to produce such 

cheap,, commercially-non-interesting assays, for application in developing countries. 

Ourr developed antigen capture assay(s) need to be further optimized and simplified, 

followedd by evaluation of the assay in a large patient population, preferentially in the field. It 

needss to be elucidated how the test performs in HIV-positive patients, an important patient 

groupp in TB endemic areas. Further research has to be focussed on detection of antigens in 

serumm and/or urine, since with such tests also cases with extra-pulmonary TB could be 

diagnosed.. Promising results in this regard have been recently published (9, 17, 39). 

Forr antibody assays, precise definition of the antigens that are recognized by 

antibodiess from TB patients by 2-dimensional fractionation of M. tuberculosis, is probably the 

bestt way to select a successful cocktail of target antigens, which is needed to create a test with 

sufficientt sensitivity and specificity. 

Wee have tested a panel of sera from TB patients and controls against a range of 

antigenss including purified lipopolysaccharides (ManLAM, AraLAM, LM and PIM) from M, 

tuberculosis,tuberculosis, mannoprotein from S. cerevisiae, and crude (lipo)-polysaccharide and protein 

extractss from M. tuberculosis (unpublished data). The idea was to detect patterns of antibody 

activityy for specific conditions. The complex results need further analysis with the help of an 

expertt in bioinformatics. This could be the first example of a microarray technique for B cell 

epitopes.. We need to explore whether different patterns of antigen recognition induced by 

exposuree to the environment (e.g. pathogens, environmental bacteria, and food antigens) 

correlatee with specific infections and disease characteristics (e.g. severity, clinical outcome). 
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