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Introduction:Introduction: (New) diagnostic and monitoring tools in tuberculosis 

1.. Introductio n 

Tuberculosiss remains a major threat to world health. In 1993, the World Health 

Organizationn (WHO) declared tuberculosis a global emergency. The WHO predicted 10.2 

millionn new cases and 3.5 million deaths in the year 2000 [1]. The majority of these cases and 

deathss occur in the developing world, where the human immunodeficiency virus (HIV) 

epidemicc has contributed to the tuberculosis problem. More than 95% of the world's HIV-

relatedd tuberculosis cases occur in sub-Saharan Africa, South and Southeast Asia, Latin 

Americaa and the Caribbean [2--4]. In industrialized countries, HIV infection has littl e impact 

onn the overall tuberculosis morbidity, except in southern Europe and the United States [5-7]. 

Increasingg numbers of immigrants from endemic countries have contributed in large part to 

thee rising incidence in western countries [5, 7-9]. In several formerly socialist countries, the 

deteriorationn in public-health systems has been a major factor in the rising number of 

tuberculosiss cases and deaths [10, 11]. In addition, the emergence of multidrug-resistant 

tuberculosiss (MDR-TB) makes the situation even more alarming. In the former Soviet Union 

thee prevalence of primary MDR-TB ranged from 4.0-14.4% and acquired MDR-TB from 

19.2-54.4%% [11]. 

Ann essential component of any tuberculosis control program is rapid and accurate 

identificationn of new tuberculosis cases. New diagnostic techniques are urgently needed to 

replacee or facilitate microscopy, especially in low-income countries where the disease is 

endemicc and the incidence is high. Sensitive diagnostic methods including amplification 

techniquess e.g. the polymerase chain reaction (PCR) have been developed, but they are too 

sophisticatedd and expensive for routine use in developing countries, where most of the 

tuberculosiss cases occur and where the need for new diagnostic tools is greatest. We need to 

developp simple, affordable but sensitive diagnostic tools for the detection of tuberculosis, 

suitablee for use in the poorer parts of the world. 

Inn this chapter we survey the available laboratory tests for the detection of M. 

tuberculosis,tuberculosis, and discuss the merits of some of the newer methods. We address the role of 

thesee tests in different clinical circumstances and their utility in laboratories with simple or 

sophisticatedd facilities in countries where the incidence of the disease may be high or low. 

2.. Tests for  the diagnosis of mycobacterial diseases 

Thee diagnostic tests for tuberculosis can be divided into direct and indirect methods. 

Directt methods are based on the detection of the causative bacilli or their products and include 
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microscopy,, culture, nucleic acid amplification (targeting mycobacterial DNA or rRNA), gas-

liquidd chromatography-mass spectrometry for detecting specific mycobacterial lipids such as 

tuberculostearicc acid and immunoassays for detecting antigen. Indirect methods are based on 

thee measurement of the specific immune response of the host and include measurement of the 

humorall  response via the detection of specific anti-mycobacterial antibodies and measurement 

off  the cellular response via skin tests or lymphocyte stimulation assays. 

3.. Direct methods 

3.1.3.1. Microscopy 

Inn 1882, Robert Koch first isolated the tubercle bacillus [12]. In the same year a 

simplee staining technique was developed by Ziehl and modified by Neelsen in 1883. The 

Ziehl-Neelsenn (ZN) technique remains one of the most frequently used methods for the rapid 

diagnosiss of infection by mycobacteria. A positive ZN means simply that a mycobacterium is 

present,, it is not diagnostic of tuberculosis. 

Microscopyy following a ZN-staining is rapid, cheap and easy. Modification of the ZN 

techniquee with fluorescent staining using auramin or rhodamin considerably shortens the time 

neededd for reading under the microscope. Sputum microscopy for acid-fast bacteria (AFB) is 

consideredd by the WHO and IUATLD as the most appropriate method for case finding in 

tuberculosiss control programs in TB endemic countries. In resource-poor countries where 

culturee facilities are not available, the detection of AFB in sputum by direct microscopy 

remainss the usual means of diagnosing pulmonary tuberculosis. 

Thee detection limit of microscopy is 10 bacteria / ml. Microscopy can be done on 

sputum,, tissue biopsies, urine and cerebrospinal fluid but not on blood. In non-respiratory 

tuberculosiss and in diseases caused by mycobacteria other than M. tuberculosis, microscopy is 

lesss sensitive [13, 14]. In sputum the test is highly specific but sensitivity rates vary between 

35-79%% [13-17]. 

Severall  factors are responsible for this wide variation. The requirements of 

microscopyy are stringent. Usually three samples of sputum are required. Failure of patients to 

providee serial samples for testing will reduce the number of cases identified. In high-endemic 

low-incomee countries the laboratory staff are often overloaded with work and are required to 

processs a large number of slides each day. This increases the chance of human errors, 

especiallyy false-negative errors [18, 19]. These can be reduced with the use of a computer-

directedd automated microscope [20], a costly apparatus. The majority of laboratories in 
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developingg countries still examine direct smears i.e. unconcentrated sputum samples. In well-

equippedd laboratories it is usual to concentrate sputum by centrifugation using bleach or 

Sputofluoll  (Merck, Darmstadt, Germany). Conflicting results have been published, with some 

[21-24]]  but not others [25, 26] finding an increase in sensitivity using centrifugation. We 

needd better, simple means of concentrating mycobacteria in samples for testing. An older 

methodd that deserves revisiting is the use of organic solutions to concentrate the mycobacteria 

inn sputum by flotation [27, 28]. This could become a very simple way to concentrate 

mycobacteriaa especially for developing countries. 

Patientss co-infected with the human immunodeficiency virus are more likely to have 

negativee sputum-AFB smears [16, 17, 29, 30], though the reason is unclear. In these patients, 

microscopyy will be a less sensitive method of diagnosis. 

Thee diagnosis of TB in children is even more complex. Obtaining sputum samples 

fromm young children is very difficult since they tend to swallow their sputum. Gastric lavage 

iss cumbersome and a laryngeal swab is unpleasant; both have a low yield. Even in the best 

facilitiess only 30 % of cases of childhood tuberculosis are confirmed by culture. Therefore the 

diagnosiss of TB among children in most cases will be based on the results of tuberculin 

testing,, clinical features, a history of close contacts with an adult with pulmonary TB and 

chestt radiography [31]. 

Microscopyy cannot be used to identify the mycobacterial species. This is rarely a 

problemm in developing countries where tuberculosis is by far the commonest mycobacterial 

diseasee [14, 16, 32, 33]. When there is a chance that infection is due to mycobacteria other 

thann M. tuberculosis, different methods have to be used to identify the infecting mycobacteria. 

Thee choice of methods will depend upon local circumstances, e.g. culture or multiplex PCR 

[34,, 35]. 

3.2.3.2. Culture 

Culturee is still widely regarded as the 'gold standard1 method for the diagnosis of 

tuberculosis.. The egg-based solid media have most frequently been used for the isolation of 

M.M. tuberculosis. A great disadvantage of culture with these media is the slow growth of the 

mycobacteria,, resulting in incubation times ranging from approximately three weeks in the 

casee of smear-positive sputum, to eight weeks for smear-negative sputum containing few 

mycobacteria.. Over the years, new culture techniques have been introduced with the aims of 

enhancingg the recovery rate of positive cultures and reducing the time required isolating and 

identifyingg mycobacteria (Table 1). Improvements have been made using a combination of 

mildd decontamination procedures, liquid media, antibiotics and indicators for growth. 
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Forr culture, the choice and processing of the specimen are important. In pulmonary 

tuberculosis,, sputum is the obvious first choice. A series of three early-morning sputum 

specimenss should be collected on successive days (or: 1. spot {when the patient appears in the 

clinic),, 2. early morning {at home when the patient wakes up) and 3. spot). If the patient is 

unablee to produce an acceptable specimen, induced sputum is recommended. When there is 

noo sputum available, for example in children, gastric aspirate or bronchoalveolar lavage may 

bee used. However, there is a potential problem of contamination of such specimens with 

environmentall  mycobacteria. Laryngeal swabs are less efficient than sputum or gastric 

contents. . 

Mostt sputum specimens are liquefied with a mucolytic agent such as N-acetyl-L-

cystcine.. All specimens from non-sterile sites need to be decontaminated to prevent 

overgrowthh of fast growing microorganisms. Contaminating organisms must be treated with 

chemicalss to which the mycobacteria are relatively resistant {e.g. zephiran-trisodium 

phosphate,, sodium hydroxide, oxalic acid, sulphuric acid, and cetylpyridinium chloride-

sodiumm chloride). In most laboratories the preferred method of decontamination is the N-

acetyl-L-cysteine-sodiumm hydroxide (NALC NaOH) method, as described by Kubica et al. 

[36].. Recently, Thornton et al. reported a new, milder specimen-processing method using CIR-

carboxypropylbetainee (CB-18), which increased both smear and culture sensitivity [37]. So 

farr others have not confirmed this report. Specimens collected from sterile sites, such as 

cerebrospinall  fluid, tissue biopsies and blood can be inoculated directly on the media without 

decontamination. . 

Thee traditional solid media include egg-based media such as Löwenstein-Jensen (LJ), 

Ogawaa and Coletsos, and agar-based media such as Middlebrook 7H10 and 7H11. Examples 

off  liquid media are Kirchner, Middlebrook 7H9 and 7H12 broth. Liquid media are considered 

too be more sensitive than solid media. However, liquid media have the disadvantage that the 

mediumm needs to be centrifuged and a ZN stain made from the deposit to allow detection of 

mycobacteria. . 

AA new solid medium culture system is the microcolony method in which thinly poured 

Middlebrookk 7H11 (TL7H11) agar plates are inoculated and examined regularly 

microscopically.. The sensitivity of the microcolony method is broadly comparable to the new 

liquidd culture methods (Table 1), though some have found the microcolony method less 

sensitivee than methods using conventional media [38], especially with paucibacillary samples 

[39].. Mycobacteria can be detected in about half the time required for conventional culture on 

solidd medium. A disadvantage is that the technique necessitates examination of the culture by 

microscope,, making more work for laboratory personnel. 
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Sincee mycobacteria are difficult to grow on artificial media, it is recommended that 

bothh a liquid and a solid medium are used for culture [40-42]. Since the introduction of the 
l4C-labelledd Middlebrook 7H12 medium, broth culture has been widely adopted. In 1991 only 

24%% of public health laboratories in the United States used a combination of solid and liquid 

media,, by 1994 77% of laboratories used both [43]. 

TABL EE 1. Mean recovery rate and mean detection time of conventional and new culture systems 

culturee system 

solidd media 

conventionall  (LJ, Coletsos) 

microcolonyy method 

liquidd media 

radiometric radiometric 

BACTECC 460 

non-radiometric non-radiometric 

Septi-Chekk AFB 

BBLL MGIT 

BACTECC 9000 MB 

MB-REDOX X 

MB/BacT T 

mean n 
recoveryy rate 

(%) ) 

74 4 

83 3 

86 6 

86 6 

85 5 

84 4 

80 0 

88 8 

meann time to 
detection n 

(days) ) 

25 5 

11 1 

13 3 

22 2 

16 6 

17 7 

17 7 

14 4 

[Ref.] ] 

[38,39,47,51-53,59-61,63] ] 

[38,, 39] 

[47,51,53,57,59-61,63] ] 

[47,, 48, 58] 

[51,52,57,59,60,61,63] ] 

[50,, 58] 

[51,52] ] 

[53,, 55, 56] 

Resultss are based on smear-positive and smear-negative clinical samples containing M. tuberculosis 
complexx or non-tuberculous mycobacteria. Manufacturers: Becton Dickinson Instrument Systems, Sparks, MD, 
U.S.AA {BACTEC 460); Becton Dickinson Microbiology Systems, Cockeysville, MD, U.S.A (Septi-Chek AFB, 
BBLL MGIT, BACTEC 9000 MB); Heipha Diagnostica, Biotest AG, Dreieich, Germany (MB-REDOX); 
Organonn Teknika, Turnhout, Belgium (MB/BacT), 

Thee BACTEC 460-radiometric system (Becton Dickinson Instrument Systems, 

Sparks,, MD, U.S.A), detects the presence of bacteria by their production of radioactive CO2. 
14CC»22 is produced during bacterial growth by metabolism of the l4C-labelled palmitic acid 

whichh is present in the Middlebrook 7H12 [44]. The production of CO2 is directly related to 

thee rate of growth and is displayed as a growth index (GI). Compared to conventional culture 

methodss on solid media, the radiometric method is superior in terms of the recovery rate and 

thee mean detection time for mycobacteria belonging to the M. tuberculosis complex strains 
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(M.(M. tuberculosis, M. africanum, M. bovis, M. microti) and mycobacteria other than 

tuberculosiss (MOTT)) [45^7], However, the radiometric method is still labor-intensive, 

relativelyy expensive, and the use of a radioactive substrate entails problems of storage and 

subsequentt disposal. 

Thee Septi-Chek AFB system (Becton Dickinson Microbiology Systems, Cockeysville, 

MD,, U.S. A) is a biphasic culture system, consisting of a bottle containing Middlebrook 7H9 

brothh and a three-sided paddle containing chocolate, egg-based, and modified Middlebrook 

7H111 solid agars (which permits the growth of mycobacteria except those of the M. 

tuberculosistuberculosis complex, which will not grow in the presence of p-nitro-a-acetyl-amino-p-

hydroxypropiophenonee present in the modified medium). The paddle is mounted on top of the 

bottlee and during incubation the system is periodically inverted so that the broth floods over 

thee agar surfaces. Bacterial colonies on the solid media are then available for further 

identificationn and drug susceptibility testing. The radiometric system is superior to the 

biphasicc system in terms of average recovery time, but the speed of isolation is faster with 

bothh techniques than with conventional methods [46-^8]. 

Thee newer BBL MGIT system (Mycobacteria Growth Indicator Tube, Becton 

Dickinsonn Microbiology Systems, Cockeysville, MD, U.S.A), uses a fluorescent compound 

embeddedd in the bottom of the MGIT tube. Oxygen, dissolved in the broth, quenches the 

emissionss from the fluorescent compound. Oxygen consumption by mycobacteria is detected 

byy an increase in fluorescence, which can be measured using a suitable ultraviolet light 

source.. The system is fully automated and has the capacity to permit 960 culture tubes to be 

incubatedd and continuously monitored. The automated fluorescent BACTEC 9000 MB 

continuouss monitoring detection system (Becton Dickinson Microbiology Systems, Sparks, 

MD,, U.S.A) is based on the same principle as MGIT. The performance of these two systems 

iss comparable, but the MGIT 960 does not require needle inoculation and has a much larger 

capacityy than the BACTEC 9000 MB [49]. Pfyffer and coworkers compared the BACTEC 

90000 MB system with the BACTEC 460 system. In their hands the BACTEC 9000 MB 

systemm had excellent performance characteristics for the isolation of AFB from smear-positive 

specimens,, but fared poorly for the recovery of AFB from smear-negative specimens [50]. 

MB-REDOXX (Heipha Diagnostica, Biotest AG, Dreieich, Germany) is a new culture 

system,, which consists of a liquid medium (Kirchner medium) containing a redox indicator, a 

colorlesss tetrazolium salt, which is reduced to colored formazan by actively growing 

mycobacteria.. Mycobacteria are detected in the medium as purple pinhead-sized particles. 

Thee mean detection times of the MB-REDOX system are comparable to the MGIT system 

[51,, 52]. The automated MGIT method is less laborious than the MB-REDOX system, since 

MB-REDOXX requires a lot of handling during the visual reading procedures. 
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Thee MB/BacT automated system (Organon Teknika, Turnhout, Belgium) utilizes a 

colorimetricc sensor and reflected light to continuously monitor the CO2 concentration in the 

culturee medium. The sensor at the bottom of the culture bottle changes from dark green to 

brightt yellow in the presence of growing mycobacteria. Although in one study the MB/BacT 

systemm performed less well in terms of recovery rate than the radiometric system [53], others 

showedd a comparable sensitivity [54-56]. 

Thesee four non-radiometric systems (MGIT, BACTEC 9000 MB, MB-REDOX, and 

MB/BacT)) show higher recovery rates than conventional culture methods [50-52, 56-63]. 

Comparisonss of the MGIT and MB-REDOX systems with the BACTEC 460 TB instrument 

havee reported varying results in recovery rates and detection time, some studies in favour of 

MGITT and/or MB-REDOX, and others in favour of the BACTEC 460 TB system [51, 57, 59-

61,63,64]. . 

Itt can be concluded that the non-radiometric systems give similar results as the 

radiometricc culture system, and have the important additional advantage that no radioactive 

substancess are involved in the test (Table 1). 

AA novel approach to culture is the bacteriophage-based assay. This is a rapid culture 

method,, primarily developed for determining drug susceptibility [56], which is now 

commerciallyy available (Phagetek MB, Organon teknika, Turnhout, Belgium). The assay is 

basedd on the ability of the bacteriophage to multiply within viable mycobacteria. These 

infectingg mycobacteriophages are then protected from the phagicidal chemicals used in the 

test.. Preliminary results indicate that the PhaB method can be used for rapid (within 2 days) 

andd sensitive direct detection of M. tuberculosis in decontaminated sputum and other 

respiratoryy samples. The method could represent an improvement over conventional culture at 

aa lower cost than automated culture methods. It will be interesting to see if this test could be 

usefull  in developing countries as well. It is not yet clear how it will perform in large-scale 

fieldd trials in busy laboratories. The sensitivity in ZN-negative samples and specimens from 

sitess outside the lung needs to be determined. 

Culturee is still regarded as the 'gold standard' method for the diagnosis of 

tuberculosis.. Yet, one should be aware of the fact that during sequential processing of sputum 

specimenss from different patients cross-contamination may occur (although the prevalence of 

specimenn cross-contamination is low [66]). Even differences in susceptibility to rifampicin do 

nott exclude cross-contamination as is illustrated by Trakas and coworkers who described an 

unusuall  case of laboratory cross-contamination in a HIV-positive patient with possible 

persistentt TB [67]. The sputum specimen from this patient was positive for rifampin-

susceptiblee M. tuberculosis, and had followed a specimen of a patient with active TB that was 

positivee for rifampin-resistant M tuberculosis. Still it was considered false positive, since 
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molecularr typing demonstrated the 2 isolates to be an identical strain of M. tuberculosis. It 

wass concluded that rifampin-susceptible organisms from the resistant isolate had 

contaminatedd sputum from the HIV-positive patient. 

3.3.3.3. Identification of mycobacteria 

Traditionally,, the identification of mycobacteria cultured on conventional solid media 

wass based on their growth characteristics and biochemical properties e.g. growth rate, 

temperaturee dependence, morphology of the colonies, pigmentation pattern, niacin 

production,, catalase test result, nitrate reductase activity and susceptibility to anti-tuberculous 

reagents.. Both isolation and identification of mycobacteria can be very slow processes, 

needingg up to 6-8 weeks for growth and another 2-4 weeks for identification. Several new, 

rapidd identification methods have been introduced along with the development of rapid 

(liquid)) culture techniques such as the BACTEC system. 

Species-specificc DNA probes, such as the nonradiometric AccuProbe (Gen-Probe Inc., 

Sann Diego, California, U.S.A), have dramatically shortened the time required to identify 

MycobacteriumMycobacterium tuberculosis complex, M. avium, M. intracellular, M. kansasii, and M 

gordonaegordonae from colonies of mycobacteria [68, 69]. The DNA probes can identify mycobacteria 

directlyy from broth or solid culture [70-72]. Thus, combining the AccuProbe with BACTEC 

4600 TB, for example, can lead to identification of the infection in two weeks. 

Molecularr amplification methods, such as the Polymerase Chain Reaction (PCR, see 

below),, have also been applied to the identification of mycobacteria from positive cultures 

[71,, 73, 74]. It should be noted that the risk of laboratory cross-contamination is very high 

whenn PCR is performed on AFB positive cultures and on clinical specimens at the same time 

orr shortly after each other. 

Eachh Mycobacterium species synthesizes a unique set of mycolic acids. Mycobacteria 

cann be identified by determining their mycolic acid pattern through high-performance liquid 

chromatographyy (HPLC) or thin-layer chromatography. These methods are highly accurate 

[755 77], but are used mainly in reference and research laboratories since they require 

considerablee expertise and access to expensive equipment. 

Althoughh these new identification methods (HPLC, PCR, Accuprobe hybridisation) 

aree rapid and sensitive, they all have the disadvantages of being expensive and sophisticated, 

makingg them unsuitable for use in laboratories with modest facilities. 

AA cheap and simple alternative for the rapid identification of mycobacteria is the 

detectionn of mycobacterial antigens in cultures by polyclonal [78] or monoclonal antibodies 

[79-83]]  in immunoassays. Enzyme-linked immunosorbent assays have a sensitivity and 
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specificityy of 100% for the identification of M. tuberculosis complex; for the M avium 

complex,, a sensitivity of 64-70% and a specificity of 100% was found, and all M. kansasii 

strainss could be identified [79-81]. Abe et al. developed a lateral flow test for the 

identificationn of M tuberculosis from solid and broth cultures [84]. In this system the MPB64 

protein,, which is specific for the M. tuberculosis complex, is captured by a monoclonal 

antibody,, immobilized on a nitrocellulose membrane. The test correctly identified M. 

tuberculosistuberculosis in 51 liquid cultures (100%) and was negative in all 57 culture specimens 

containingg mycobacteria other than M. tuberculosis (MOTT). The mean times for the 

confirmationn of the M. tuberculosis complex were 15 days and 16 days from processing of the 

specimenss with the MB-REDOX and MGIT systems, respectively. One can conclude that a 

liquidd (non-)radiometric culture system together with the use of nucleic acid probes or of 

monoclonall  antibodies provides the most rapid system for culture and identification of 

mycobacteriaa (approximately 15 days). 

Althoughh the majority of the strains isolated from clinical samples are M. 

tuberculosis,tuberculosis, it is useful to have a simple and rapid screening method which will differentiate 

M.M. tuberculosis complex from (MOTT), especially in those co-infected with HIV. The 

BACTECC NAP test employs /j-nitro-a-acetyl-amino-fi-hydroxypropiophenone (NAP) which 

inhibitss the growth of M. tuberculosis complex, but does not inhibit growth of nontuberculous 

mycobacteriaa [85]. A decrease or stabilisation in the growth index in the presence of NAP is 

presumptivee evidence of M. tuberculosis. Anargyros et al. found a 100% agreement with 

conventionall  biochemical identification [45]. 

Inn 1992, the Centers for Disease Control and Prevention (CDC) recommend the 

followingg identification methods: the use of nucleic acid probes and/or the BACTEC/NAP 

testt and/or HPLC [86]. By 1994, no public health laboratory in the United States was relying 

solelyy on conventional biochemical testing for identification of mycobacterial isolates [43]. In 

manyy laboratories the usual means of identification are the Gen-Probe hybridization test and 

thee niacin test. In resource-poor countries with high endemic rates of tuberculosis 

identificationn of the infecting mycobacterium is usually only required when there is doubt 

aboutt the diagnosis, or when a compliant patient fails to respond to anti-tuberculous 

treatment.. In those cases a feasible method for identification of the mycobacteria would be the 

NAPP test, niacin test, or identification based on monoclonal antibodies (see above), provided 

thatt culture facilities are present. 
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3,4.3,4. Nucleic acid amplification 

Nucleicc acid amplification techniques, such as the polymerase chain reaction (PCR), 

aree based on the detection of amplified mycobacterial DNA or RNA in clinical samples. The 

PCRR technique uses oligonucleotide primers to direct the amplification of target nucleic acid 

sequencess via repeated rounds of denaturation, primer annealing, and primer extension [87]. 

Thee specificity of the amplification process lies in the choice of primers. The most commonly 

usedd target is \S6110 [88-93]. This sequence is specific for the strains belonging to the M. 

tuberculosistuberculosis complex and up to 20 copies are present in the mycobacterial genome. 

PCRR has the advantages over the other diagnostic tests that results can be obtained 

withinn 24 hours and that the technique is highly sensitive and specific. The sensitivity 

comparedd with that of culture varies from 74% to greater than 100%, and specificity from 95 

too 100% [94-97]. PCR is valuable for the diagnosis of extra-pulmonary as well as pulmonary 

tuberculosiss [98], although the sensitivity of PCR in extra-pulmonary cases is lower than in 

pulmonaryy cases. Nevertheless, PCR on cerebrospinal fluid is the best method for the 

laboratoryy diagnosis of tuberculous meningitis [99-101], 

Enthusiasmm for PCR has been tempered by the results from large interlaboratory 

comparisons,, which suggested that the \S6110 PCR may not provide consistent and reliable 

resultss when used in different laboratories [102]. This has been attributed to difficulties in 

standardizingg in-house assays between laboratories, as well as to the problem of 'carry over', 

inn which amplicons (amplified products from previous assays) contaminate subsequent 

sampless and give rise to false-positive results. This last problem can be solved by the use of 

uracill  DNA glycosylase in combination with dUTP instead of dTTP [103]. Furthermore, 

false-negativee results can be diminished by the use of an internal control (see below). 

Whenn genus-specific PCR primers are used, internal species-specific probes are 

neededd to identify the mycobacterium. The sequence variation in the 16S rRNA gene has been 

usedd to design primers to amplify the genus-specific sequence followed by hybridization with 

species-specificc probes or by nucleic acid sequencing to identify the mycobacterium [104 

106].. This approach can be advantageous when an opportunistic mycobacterial infection is 

suspected. . 

Severall  commercial nucleic acid amplification kits are now available. The AMPLICOR MTB 

andd automated COBAS AMPLICOR MTB assays (Roche Diagnostic System, Basel, 

Switzerland)) are based on amplification of the 16S rRNA sequence followed by hybridization 

withh an M. tuberculosis complex-specific capture-probe. The Amplified Mycobacterium 

tuberculosistuberculosis Direct Test (AMTD ; Gen-Probe, Inc., San Diego, California) combines 

amplificationn of rRNA with a detection system involving an acridinium ester-labelled DNA 
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probee specific for the M. tuberculosis complex. The LCX M. tuberculosis assay kit from 

Abbottt (Abbott Laboratories, Abbott Park, IL, U.S.A) uses a variant of the PCR, the ligase 

chainn reaction (LCR), with labelled oligonucleotides to amplify a region of DNA coding for 

proteinn b, a 38-Kilodalton protein present only in the M. tuberculosis complex. Detection is 

basedd on the binding of an alkaline phosphatase-conjugated anti-carbazole antibody to the 

carbazole-labelledd LCR product, which forms a fluorescent end product after addition of 

substrate.. These tests have shown very high specificity (reaching 100%), and they are 

effectivee in detecting M. tuberculosis especially in smear-positive respiratory specimens 

(sensitivityy 96-100%) - perhaps the easiest type of sample to test. Their performance in 

detectingg M. tuberculosis in microscopy-negative specimens is lower (sensitivity 27-83%) 

[107-110]. . 

Althoughh PCR is now used frequently in many countries for the detection and 

identificationn of M. tuberculosis, the high costs of the PCR test kits prohibit their 

implementationn as a routine laboratory test for tuberculosis, both in developing countries 

[111]]  and the western world [112]. Furthermore, these sophisticated techniques require a high 

levell  of accuracy and motivation of well-trained laboratory staff. This, together with the need 

forr good laboratory facilities, makes these tests unsuitable for use in resource-poor countries, 

exceptt in large reference laboratories. 

Successfull  use of the PCR test for tuberculosis is dependent on good communication 

betweenn the clinician and the laboratory. Clinical material has to be delivered to the 

laboratoryy in the correct way. The PCR-laboratory needs experience with the technique on 

differentt materials, especially with extra-pulmonary samples, since the commercial tests are 

licensedd for respiratory specimens only. A selection of different controls should be used for 

qualityy assurance of the different processes involved in the whole test: 1. For the method of 

specimenn preparation, 2. For the presence of inhibitors, 3. positive controls for the PCR 

processs (reagents and equipment), and 4. Negative controls, treated in the same way as the 

clinicall  samples, for cross-contamination to enable false positive results to be identified. A 

smalll  amount of a modified M. smegmatis strain can be added to the sample to monitor the 

efficacyy of DNA extraction and to detect the presence of inhibitors of the PCR [113]. Not all 

commerciall  PCR kits contain such an internal control. 

Goodd communication between the clinician and the laboratory is also necessary for 

appropriatee interpretation of the PCR results. If a sample is ZN-positive and positive in the 

PCRR for M. tuberculosis complex (for these samples sensitivity and specificity reach 100%), 

thenn the material contains mycobacteria belonging to the M. tuberculosis complex. If the PCR 

iss negative but ZN positive, the material contains opportunistic mycobacteria. If ZN-negative 

materiall  is positive in the PCR for M. tuberculosis complex, the material contains 
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mycobacteriaa belonging to the M tuberculosis complex, provided that a false-positive 

reactionn has been excluded (see point 4. above). If the PCR is negative, no M. tuberculosis 

DNAA is present in the clinical sample, provided that steps have been taken to exclude the 

presencee of inhibitors (see point 2, above). Best results are obtained when a DNA extraction 

proceduree with a high yield is combined with a PCR with a low detection limit of 1-2 

mycobacteria.. In such cases the results of PCR are in accordance with those of culture but are 

obtainedd more quickly [98]. For laboratories processing many samples a microwell 

hybridizationn assay has been described for the detection of the PCR products [114]. 

3.5.3.5. Detection oftuberculostearic acid 

Anotherr approach to the laboratory diagnosis of tuberculosis is the detection of 

tuberculostearicc acid (TBSA. a lipid component of the mycobacterial cell wall) in clinical 

sampless using gas chromatography-mass spectrometry with selective ion monitoring. Good 

resultss have been reported detecting TBSA in cerebrospinal fluid [115] and in sputum [116] 

thoughh results with pleural fluid were poor [117]. The need for complex and expensive 

equipmentt wil l prevent the utilisation of this method. Herz et al. have shown that 

conventionall  capillary gas-chromatography may be sensitive and specific enough to be used 

forr the detection of TBSA in sputum of patients with pulmonary tuberculosis [118], but there 

aree other, simpler methods available. 

3.6.3.6. Detection of mycobacterial antigens 

Inn areas of high prevalence of tuberculosis, there is a great need for new diagnostic 

tools,, which are both simple and affordable, and which wil l lead to a reduction in laboratory 

workload.. In addition any test that is to replace direct microscopy, must offer advantages in 

termss of speed and ease of use and preferably have a higher sensitivity. Serological tests are 

promisingg in this regard, since they do not require sophisticated equipment, yet enable the 

analystt to test many samples simultaneously. 

Somee promising results have been reported with assays to detect mycobacterial 

antigenss in body fluids. These assays were largely developed 20 years ago but still need to 

provee their value for large numbers of samples tested under field conditions. In the last decade 

attentionn has focussed on new culture methods and amplification techniques, and the area of 

antigenn detection has been neglected. 

DetectionDetection of non-defined mycobacterial antigens 
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Inn 1983, Sada et al. described the detection of mycobacterial antigens in the 

cerebrospinall  fluid (CSF) of patients with tuberculous meningitis by enzyme-linked 

immunosorbentt assay (ELISA). They were able to detect mycobacterial antigen in 13 out of 

166 patients with tuberculous meningitis; the specificity of the test was 90% in meningitis of 

otherr causes and 100% in control subjects [119]. The results of the different non-defined 

antigenn tests are summarised in Table 2. 

DetectionDetection of defined protein antigens ofM. tuberculosis 

Thee 38-Kilodalton antigen (or antigen 5) is a M. tuberculosis complex specific protein 

whichh is secreted by actively growing mycobacteria. Antigen 5 has been found in patients 

withh tuberculosis in bronchoalveolar lavage fluid [126], in serum as circulating immune 

complexx [127], and CSF [128] (Table 3). 

Thee 45/47-Kilodalton protein complex is excreted in consistent amounts from actively 

growingg M. tuberculosis or BCG. It is encoded by a single gene, referred to as the apa gene 

becausee of the high percentages of alanine and proline in the purified protein [129]. The 

proteinn is immunodominant. The sera from guinea pigs immunized with live mycobacteria 

containn antibodies reacting with the 45/47-antigen complex, whereas antibodies are absent in 

seraa from guinea pigs immunized with dead bacteria [130]. A capture ELISA was developed 

forr detection of the 45/47-Kilodalton protein in sputum and serum using anti-APA rabbit 

polyclonall  antibodies as capture antibody and a mixture of 3 monoclonal anti-APA IgG 

antibodiess as secondary antibody [131] (Table 3). In total 23 sputum and serum samples from 

non-tuberculouss individuals and 64 pairs of smear-positive sputum and serum samples from 

patientss with tuberculosis were tested. The assay showed a high specificity (96%); 

disappointingly,, the sensitivity was poor and did not exceed 40%. The APA level was around 

200 times less in sputum than in serum. 

Wadeee et al. developed a sandwich ELISA using purified rabbit anti-M tuberculosis 

IgGG as capture antibodies and enzyme-labeled purified human anti-M tuberculosis IgG as 

secondaryy antibodies [132]. The human antibodies were derived from pooled serum from 50 

patientss with proven tuberculosis. The test was evaluated using 200 pleural fluid specimens, 
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Introduction:Introduction: (New) diagnostic and monitoring tools in tuberculosis 

1177 ascitic fluid specimens and 253 CSF specimens. The assay was positive in all 74 pleural 

fluidd specimens from patients with pulmonary tuberculosis, all 46 ascitic fluid specimensfrom 

patientss with abdominal tuberculosis and also in all 52 CSF specimens from patients with 

TBM.. The specificities were 97% for pleural and ascitic fluids, and 96% for CSF. Analyses of 

thesee body fluids by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

andd Western blotting indicated that the human anti-M tuberculosis antibody detected an 

antigenn of 43-Kilodalton, which is probably the same antigen as the APA antigen mentioned 

above. . 

DetectionDetection of glycolipids and lipopolysaccarides 

Mycobacteriall  glycolipids and lipopolysaccharides have been found in the body fluids 

off  patients with tuberculosis. Lipoarabinomannan (LAM) is an immunodominant 

lipopolysaccharidee with a molecular weight of 30 to 40 Kilodalton. It is a major cell wall 

componentt specific for mycobacteria and exhibits a wide spectrum of immunoregulatory 

functions.. LAM has been detected in patients with tuberculosis in CSF [133], sputum [134, 

135]]  or serum samples [136]. Chandramuki et al. used agglutination with sheep red blood 

cellss sensitized with an IgM monoclonal antibody against LAM for detection of the LAM 

antigenn in CSF. LAM was demonstrable in 88% of culture-positive and 73% of culture-

negativee TBM patients. However, it was also detected in 21% of Indian patients with 

pyogenicc meningitis, and in 8% of Indian and 1% of UK control subjects [133]. In sputum 

moree promising results regarding specificity and sensitivity were found by Cho et al. [134] 

andd Pereira et al. [135]. Pereira and coworkers used a capture ELISA and found a detection 

limitt of 104 M. tuberculosis bacteria/ml in spiked sputum, which is comparable to the 

detectionn limit of microscopy. A high sensitivity and specificity was found with sputum 

sampless from TB patients and in control patients without TB (Table 4). 

Wee need large-scale studies to evaluate antigen detection tests in regions with modest 

orr poor laboratory facilities. The performance in HIV-positive, smear-negative patients with 

tuberculosiss needs to be evaluated. The strength of these assays lies in their potential to enable 

largee numbers of samples to be tested in poorly equipped laboratories. Moreover, antigen 

detectionn assays in general have a very high specificity, reaching 100%. This is a prerequisite 

forr any new test to be of value for the diagnosis of tuberculosis, since the existing tests i.e. 

Ziehl-Neelsenn staining and culture have a very high specificity. 
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4.. Indirect methods 

4.1.4.1. Measurement of the humoral response 

Thee humoral response can be measured via the detection of specific anti-

mycobacteriall  antibodies. Arloing et al. were the first to describe a technique for the 

serodiagnosiss of tuberculosis in 1898 [137], Since then, there have been many reports 

describingg new serological methods. However, these were characterized by poor 

reproducibilityy and lack of specificity, mainly because of the use of crude mycobacterial 

preparationss such as sonicates or filtrates. These preparations contain complex antigens that 

havee a low specificity in tests, probably due to cross-reactions with environmental 

mycobacteriaa and other bacteria [138, 139]. 

Thee ideal antigen for serodiagnosis would be completely species-specific and have a 

highh specificity and sensitivity. The use of purified antigens, instead of crude mycobacterial 

preparations,, has improved the specificity of the antibody detection assays [140]. However, 

thee sensitivity of antibody to single antigens has been -75% at best, even in patients with 

smear-positivee pulmonary tuberculosis [141]. This is probably due to the relationship between 

thee humoral response in mycobacterial disease and HLA class II allotypes [142], Different 

patientss recognize different antigens [139, 140]. Thus it is unlikely that all patients with 

tuberculosiss will recognize a single antigen. 

However,, even combining the results of tests using several antigens gives a sensitivity 

off  not more than 90% [139, 141]. This probably reflects the individual difference in immune 

responsivenesss associated with the disease. For example, HLA-DR8 has been associated with 

aa general unresponsiveness to mycobacterial antigens [143]. A reciprocal relationship 

betweenn delayed hypersensitivity and humoral activity has been observed [141]. As would be 

expected,, in HIV seropositive patients co-infected with tuberculosis, the sensitivity of 

antibodyy assays drops dramatically, due to the impaired humoral immunity [144-147]. An 

understandingg of these limitations of diagnostic serology is essential in maximizing the 

benefitss from a test. A serological test would be especially valuable in areas where 

conventionall  means of diagnosis are less reliable, as in smear-negative pulmonary 

tuberculosis,, extrapulmonary tuberculosis and primary tuberculosis in children. In childhood 

tuberculosis,, a test with a high specificity, even with a low sensitivity, would be useful. 

Semi-purifiedd genus-common antigens have been obtained by non-specific separation 

techniquess such as ion-exchange and gelfiltration chromatography, iso-electric focusing and 

electrophoresiss [148 150]. Semi-purified species-restricted antigens have been obtained by 

affinityy chromatography, using hyperimmune sera and monoclonal antibodies [140]. A 
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disadvantagee of these purification methods is that the antigens are difficult to prepare, so the 

reproducibilityy of the antigen preparation is variable. This is a problem, since new 

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

dependd are readily available. 

Exampless of semi-purified antigens are antigen 5 (mainly consisting of the 38-

Kilodaltonn protein, which is specific for the M. tuberculosis complex), antigen 6 (which 

equatess with the unseparated antigen 85 complex from M. bovis BCG) and the A60 antigen 

(composedd of both free and bound lipids and polysaccharides in addition to protein). 

Glycolipidss such as diacyltrehaloses (DAT), cord factor, and phenolic glycolipid (PGL-tb), 

andd the lipopolysaccharide lipoarabinomannan (LAM) have also been isolated from 

mycobacteriaa and evaluated in serological assays. Examples of purified proteins are 38-

Kilodalton,, 30/31-Kilodalton (corresponding to antigens 85A (P32) and 85B) and the heat-

shockk proteins 14-, 65- and 70-Kilodalton. 

Too simplify the production of mycobacterial antigens, genetic material from M 

tuberculosistuberculosis has been cloned into libraries and recombinant antigens have been produced by 

overexpressingg specific genes in Escherichia coli, e.g. the 38-Kilodalton antigen, which is 

specificc for the M. tuberculosis complex [151]. 

Too increase the specificity of the serological test, peptide antigens have been 

synthesizedd from the sequence of known proteins. However, the loss of conformational 

epitopess significantly affected the sensitivity of assays where these peptides were used [152, 

153]. . 

Hewittt et al. showed that the need for purification of antigens can be completely 

bypassedd by using an inhibition immunoassay, which measures antibody titers to those parts 

off  the surface of an antigen which overlap with the epitope of a monoclonal antibody [154]. 

Ivanyii  and co-workers developed an inhibition RIA using a monoclonal antibody against the 

38-Kilodaltonn protein (TB72). The test is based on the competition of the labeled monoclonal 

antibodyy against the 38-Kilodalton protein and the patient antibodies for the same epitope. 

Thee results were promising [155], but their ELISA modification (see below) proved more 

useful. . 

MeasurementMeasurement of the humoral response, using purified 38-Kilodalton protein antigen and the 

competitioncompetition assay 

Promisingg results have been achieved in ELISA with the 38-Kilodalton protein in 

smear-positivee pulmonary tuberculosis, where a sensitivity of up to 85% was obtained with a 

specificityy of 97% [140, 156]. However, in smear-negative disease the test performed poorly, 

withh sensitivity rates as low as 15%. Verbon et al. evaluated several purified antigens, 
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includingg the recombinant 38-Kilodalton antigen, using ELISA (see below) [144]. The results 

withh the recombinant 38-Kilodalton antigen were very disappointing, probably because of the 

poorr quality of the 38-Kilodalton protein used, which made it impossible to discriminate 

betweenn TB patients and control subjects. Better results were obtained with an ELISA 

modificationn of the competition R1A described by Yvanyi et al. [155] using the anti-38-

Kilodaltonn monoclonal antibody TB72 [157]. This modified TB72 competition assay was 

evaluatedd in 238 patients with suspected pulmonary tuberculosis and 480 random samples 

fromm other patients who were admitted to the hospital. The specificity was 96%, 22 out of 27 

patientss who had smear-negative, culture-positive disease were positive (82% sensitivity), 

withh comparable results in smear-positive disease (84% sensitivity) [158]. The test was also 

usefull  in extra-pulmonary tuberculosis (73% sensitivity) [159], Verbon et al. found a lower 

sensitivityy of 51% (with a specificity of 96%) when evaluating the TB72 assay in 91 TB 

patientss and 220 control subjects [144]. 

Promisingg results were reported in tuberculous meningitis (TBM) with antigen 5 

(containingg the 38-Kilodalton protein as a major component). Radhakrishnan et al. measured, 

byy indirect ELISA, IgG antibody to antigen 5 in the cerebrospinal fluid of patients with 

tuberculouss meningitis. The assay had a specificity of 100%, and was positive in all 14 cases 

off  culture-positive TBM, and in 34 out of 56 (61%) culture-negative patients with a clinical 

diagnosiss of TBM [160]. These authors had similar results for the detection in CSF of 

mycobacteriall  antigens [125], antigen 5 [128] (see above) and antibodies to antigen 5. 

MeasurementMeasurement of the humoral response, using semi-purified antigen 6 or antigen 85 complex 

(30/31-(30/31- Kilodalton protein) 

Antibodyy levels to proteins of the antigen 85 complex (30/31 Kilodalton antigens from 

M.M. bovis BCG) have been evaluated for the serodiagnosis of tuberculosis. Van Vooren et al. 

separatedd the antigen 85 complex by isoelectric focusing into two components 85A and 85B. 

Westernn blot analysis with sera from patients with tuberculosis and healthy controls revealed 

thatt antigen 85 B was more useful for the serodiagnosis of active tuberculosis, since sera from 

somee healthy subjects recognized the 85A antigen [161]. 

Turneerr et al. measured IgG and IgA antibodies to 85A, and found a sensitivity of 55% and 

40%% respectively, with a specificity of 95%. In smear-negative disease sensitivity decreased 

too 35% and 24% [162]. With antigen 6, a sensitivity of 70% was reported in patients with 

pulmonaryy tuberculosis, 22% in miliary tuberculosis and 14% in pleural tuberculosis, with a 

specificityy of 100% [163]. In a study of pericardial tuberculosis, using a competition ELISA 

withh a monoclonal antibody to the 30/31-K.ilodalton antigen (IT-39), a sensitivity of 73% and 

specificityy of >98% was found [164]. Using the 85B antigen, test sensitivity dropped from 
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62%% in non HIV infected tuberculous patients to 28% in HIV infected tuberculous patients 

[145].. On the other hand, and somewhat surprisingly, Farber and coworkers showed that the 

85AA antigen was of value in serodiagnosis of tuberculosis in immunecompromised patients: 

IgGG antibodies were present in 7 of 8 HIV-infected tuberculous patients [165]. 

MeasurementMeasurement of the humoral response, using the 19-Kkilodalton lipoprotein of M. 

tuberculosis. tuberculosis. 

Initially,, the 19-Kilodalton antigen seemed to have the best test characteristics of all 

purifiedd antigens in smear-negative pulmonary disease, with a sensitivity of 58% at a 

specificityy of 97% [156]. However, the initial promise has faded in the light of the significant 

geographicall  variation in the antibody response to this antigen [166]. 

MeasurementMeasurement of the humoral response, using the 45/47-Kilodalton secreted antigen of M. 

tuberculosis tuberculosis 

Diagbougaa et al. evaluated the IgG antibody response to the 45/47-Kilodalton secreted 

proteinn of M. tuberculosis by immunoblot assay. At a specificity of 98%, the test had a 

sensitivityy of 40% [167]. Chanteau et al. found a poorer specificity of 73%, though a higher 

sensitivityy of 77% [131]. 

MeasurementMeasurement of the humoral response, using glycolipids and lipopolysaccharides of M. 

tuberculosis tuberculosis 

Glycolipidss and lipopolysaccharides have also been evaluated for the serodiagnosis of 

tuberculosis.. The results of these tests vary widely. Chanteau et al. found that phenolic 

glycolipidd Tbl (PGLTbl), its synthetic analog PGLTbO and the Sulfolipid IV (later referred 

too as diacyl trehalose, DAT) antigens were not useful for the serodiagnosis of tuberculosis 

[168].. Similar, poor results were reported by Daleine et al., with IgG against the DAT and 

PGLTbll  antigens [169], A simple dot blot assay with DAT was developed for detection of 

specificc IgG antibodies in serum [170]. Although rapid and simple, sensitivity was 

insufficientt (50%, with a specificity of 97%). Simonney et al. reported better results with the 

DATT and PGLTbl antigen. IgG antibodies were measured in the sera from 153 patients with 

activee tuberculosis (50 were co-infected with HIV), 152 healthy blood donors, 149 

asymptomaticc HIV seropositive patients, 12 HIV seronegative patients with conditions 

simulatingg tuberculosis and HIV seropositive patients with pulmonary disease from whom 

mycobacteriaa were not isolated in culture. 74% of the HIV positive and 77% of the HIV 

negativee tuberculosis patients were positive for anti-DAT and anti-PGLTbl antibodies, with a 

specificityy of 91-95%. There was no significant difference between the sensitivity in smear-

positivee and smear-negative patients with pulmonary tuberculosis [171]. It is unclear why 

theree is such a discrepancy between the reported findings. 
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Daleinee et al. obtained significant results only with the ELISA measuring specific 

IgGG against the lipooligosaccharide (LOS) antigen (75% sensitivity and 95% specificity) in 36 

patientss with active tuberculosis and 104 negative control subjects [169]. Surprisingly, the 

sensitivityy was greater in the TB HIV positive subgroup (94%) compared with the TB HIV 

negativee subgroup (60%), although numbers are small. 

Ann ELISA has been developed for measurement of IgG antibodies to 

lipoarabinomannann (LAM ) in serum [172]. Antibodies were found in 25/31 (81%) of patients 

withh pulmonary tuberculosis, 14/17 (82%) of patients with miliary tuberculosis, 6/14 (43%) of 

patientss with pleural tuberculosis and 3/4 (75%) of patients with tuberculous lymphadenitis, 

withh a specificity of 92%. Poor results were found with a commercial dot blot assay using the 

LA MM antigen, especially in newly acquired tuberculosis (sensitivity 10%) [173], smear-

negativee tuberculosis (sensitivity 7%) [174], and in HIV seropositive patients (sensitivity 11-

40%)) [146, 147]. Park et al. detected IgG antibodies against LAM in cerebrospinal fluid 

(CSF)) and serum from patients with tuberculous meningitis (TBM), using ELISA. For CSF, 

thee sensitivity and specificity were 85% and 96%, respectively, and were higher than for the 

PPDD antigen (59% and 94%). The IgG antibodies were more frequently elevated in the CSF 

thann in the sera, suggesting a local synthesis of IgG in the central nervous system [175]. 

Similarr results were found by Srivastava et al., who detected IgG antibodies to M. 

tuberculosistuberculosis strain H37Rv in CSF and serum from children with TBM. Antibodies in CSF 

showedd 74% sensitivity and 90% specificity, while antibodies in serum showed a lower 

sensitivityy (50%), at a specificity of 92% [176]. Others observed that whilst in adult TBM 

theree were frequently raised levels of antibodies to the LAM antigen, the antibody to 16-

Kilodaltonn was more common in children with TBM [177]. 

MeasurementMeasurement of the humoral response, using combinations of protein antigens and lipid 

antigens antigens 

Thee combination of ELISA results with different antigens has been used to increase 

thee sensitivity of the antibody assay. Verbon et al. evaluated several purified proteins of M. 

tuberculosistuberculosis (10-, 16-, 24-, 30-, 38-, and 70-Kilodalton) by ELISA in 91 TB patients and 220 

controll  subjects. Only the ELISA with the 10-, 16-, and 24-Kilodalton antigens and a 

competitionn ELISA using monoclonal antibodies against the 38-Kilodalton antigen (TB72 

assay)) discriminated between HIV negative TB patients and the control subjects. Specificity 

variedd from 95 to 98%» and sensitivity from 29 to 51% with the different antigens. 

Combinationn of the ELISA with the 16-Kilodalton antigen and the TB72 assay increased the 

sensitivityy to 65%, without lowering the specificity of 96% [144]. 
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Harringtonn III et al. adsorbed four lipid antigens of M. tuberculosis (DAT, 

sulphoglycolipidd I, phosphatidylinositol manoside, and bis-N, N-dioctadecylamide of 

trehalosee dicarboxylic acid) in the same microplate well to detect IgG from plain serum and 

dissociatedd immune complexes. The ELISA with plain serum showed a sensitivity of 61% 

andd a specificity of 95% in 155 tuberculosis patients and 211 control subjects (all HIV 

negative).. The results of the ELISA with dissociated immune complexes, performed with the 

subsett of patients and controls who were negative in the ELISA with plain serum, improved 

thee sensitivity to 80% without changing the specificity [178]. 

CommerciallyCommercially available antibody tests in pulmonary tuberculosis 

Thee majority of commercial serological kits currently available are based on the 

detectionn of antibodies against the lipopolysaccharide lipoarabinomannan (LAM) , 38-

Kilodaltonn recombinant proteins or antigen A60 which is composed of both free and bound 

lipidss and polysaccharides in addition to protein. 

RapidRapid assays 

Rapidd assays have the great advantage that a minimum of handling is needed to 

performm the test and results are ready within minutes. The MycoDot™ assay (Genelabs, 

Geneva,, Switzerland) is a dot-blot-based assay, which detects IgG antibodies to the LAM 

antigen.. In one study the MycoDot™ test was positive in 25 of 28 HIV seronegative patients 

withh microbiologically ascertained tuberculosis and negative in all 122 non-tuberculous 

patientss [179]. Several others have reported poor results as mentioned earlier [146, 147, 173, 

174]. . 

ICTT Diagnostics developed a rapid membrane-based assay system using the 

recombinantt 38-Kilodalton antigen to detect antibodies from pulmonary tuberculosis patients 

(ICTT Diagnostics, Sidney, Australia). The test was evaluated by Cole et al. with 61 serum 

sampless from smear-positive patients with pulmonary tuberculosis, 91 samples from smear-

negativee tuberculosis patients, 56 samples from non-tuberculous respiratory patients and 30 

fromm healthy controls. They found a sensitivity of 89% in smear-positive, and 74% in smear-

negativee patients, with a specificity of 93% [180]. Comparable results were reported in 

anotherr study [181]. 

ELISAELISA based assays 

Thee Pathozyme-TB complex EIA (Omega Diagnostics, Alloa, Scotland) is based on 

thee detection of IgG antibodies to the recombinant 38- Kilodalton antigen. Wilkinson et al. 

foundd a sensitivity of 73% compared to culture, with a specificity of 95% [151]. Other studies 

showedd a sensitivity of 70% in smear-positive and 40% in smear-negative cases, with a 

specificityy of >95% [182, 183]. The Pathozyme-Myco EIA (Omega Diagnostics, Alloa, 
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Scotland)) combines detection of antibodies to the recombinant 38-Kilodalton antigen with 

antibodiess to LAM. The assay performed well in smear-positive cases (96% sensitivity, 91% 

specificity)) and moderately in smear-negative cases (42% sensitivity, 96% specificity) [182, 

183]. . 

Thee Antigen A60 assay (Anda-Tb: Anda Biologicals, Strasbourg, France) is an ELISA 

basedd assay, detecting IgG and IgM antibodies to antigen A60. Reported sensitivity rates vary 

betweenn 68% and 96% in smear-positive tuberculosis and 36% in smear-negative tuberculosis 

[184-186]. . 

Thee DETECT-TB assay (BioChem ImmunoSystems, Montreal, Canada) uses three 

recombinantt proteins and two synthetic peptides for the detection of anti-Mycobacterium 

tuberculosistuberculosis IgG. The test showed a sensitivity of 84% in smear-positive, and 65% in smear-

negativee tuberculosis, with a specificity of 97% [187, 188]. 

StudiesStudies comparing commercially available serological tests 

Chiangg and coworkers [189] compared three commercially available serological tests 

inn 594 Chinese patients: 1. Antigen A60 assay (Anda-Tb; Anda Biologicals, Strasbourg, 

France;; see above), 2. Kp90 IgA assay (Kxeatech Diagnostics, Amsterdam, The Netherlands), 

whichh detects IgA antibodies to a mycobacterial cellular compound (Kp90), and 3. 

Pathozyme-TBB complex EIA (Omega Diagnostics, Alloa, Scotland; see above). The Antigen 

A600 assay had better test performances (81%) sensitivity, 88% specificity) than the 

Pathozyme-TBB complex EIA (64% sensitivity, 81% specificity) or the Kp90 assay (63% 

sensitivity,, 66% specificity). 

Inn a recent study [190] in 298 individuals from New Zealand seven serological tests 

weree compared: 1. ICT Tuberculosis diagnostic kit using recombinant 38-Kilodalton antigen 

(ICTT Diagnostics, Sydney, Australia; see above), 2. RAPID TEST TB (Quorum Diagnostics, 

Vancouver,, British Columbia, Canada), which is a one-step colored immunochromatographic 

assayy detecting antibodies to the recombinant 38-Kilodalton antigen, 3. Kp90 IgA assay 

(Kreatechh Diagnostics, Amsterdam, The Netherlands; see above), 4. Pathozyme-TB complex 

EIAA (Omega Diagnostics, Alloa, Scotland; see above), 5., 6., and 7. Pathozyme-Myco IgG, 

IgAA and IgM assay kits (Omega Diagnostics, Alloa, Scotland), measuring antibodies to 

lipoarabinomannann and the 38-Kilodalton protein. Test performances are shown in Table 5. 

Thee specificities of the tests ranged from 80 to 97% and the Kp90 assay had the highest 

sensitivityy (57%). 

ClinicalClinical usefulness of antibody assays 

Likee antigen detection assays, antibody assays are relatively simple and cheap, and 

havee the advantage that many samples can be processed at once, making them potentially 
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suitablee for use in developing countries. However, they also have some important restrictions, 

whichh will hamper their implementation in the field. Before antibody assays can be widely 

applied,, the antigens upon which they depend must be consistent and readily available, which 

iss often a problem. The use of more crude mycobacterial preparations decreases specificity 

probablyy due to cross-reactive antibodies induced by environmental mycobacteria, which is 

nott acceptable since a very high specificity is required for any new test that is to be applied to 

iss often a problem. The use of more crude mycobacterial preparations decreases specificity 

thee diagnosis of tuberculosis. As mentioned before, the need for purification of antigens can 

bee bypassed by using inhibition ELISA with a monoclonal antibody, though this method is 

moree complicated than direct ELISA. It will remain difficult to reach a high sensitivity 

consistentlyy in different populations, since genetic variation in the major histocompatibility 

complexx causes individual variation in antibody response. This geographical variation in 

antibodyy response makes it necessary to evaluate a new test (and eventually adapt) in different 

areas.. In endemic countries many healthy individuals have been infected with M 

tuberculosis.tuberculosis. An ideal test should make a difference between infection, active disease and 

previouss disease. Matters are further complicated by the fact that many tuberculosis patients 

inn developing Sub Saharan countries are co-infected with HIV, and so their development of 

ann antibody response will be impaired, especially in those with AIDS. Moreover, since 

antibodyy levels to mycobacterial antigens tend to be lower in children than in adults with 

tuberculosis,, cut-off values need to be adapted to age. 

Antibodyy assays have a future especially in HIV negative patients when other simple 

testss e.g. microscopy are negative yet the index of suspicion is high. A prerequisite for these 

antibodyy tests is that they, like microscopy and culture, have a high specificity of >95%, 

otherwisee there will be significant overtreatment. In resource-rich countries with a low 

prevalencee of TB antibody tests will only be used in addition to microscopy, since culture 

resultss will always be utilized for the final diagnosis. In resource-poor countries antibody 

assayss will be used especially for microscopy-negative pulmonary TB suspects and for the 

diagnosiss of extra-pulmonary TB. 
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4.2.4.2. Measurement of the cellular response 

InIn vivo intradermal test 

Purifiedd protein derivative (PPD) has been used for many years as a skin test reagent 

forr measuring the patient's delayed-type hypersensitivity reaction (DTH). PPD contains many 

mycobacteriall  antigens, some of which are common to pathogenic mycobacteria belonging to 

thee M. tuberculosis complex, environmental nontuberculous mycobacteria (NTM), and the 

vaccinee substrain M. bovis BCG. Thus, although responsiveness to PPD is an important aid in 

thee diagnosis of tuberculosis and can give an indication of exposure to mycobacteria, it is 

oftenn impossible to distinguish BCG vaccination or exposure to NTM from M. tuberculosis 

infection.. Moreover, the skin test does not discriminate between active tuberculosis and 

infectionn with mycobacteria of the M. tuberculosis complex without disease. Interpretation of 

thee PPD response varies with geographical area, BCG vaccination status and previous 

exposuree to mycobacteria. Malnutrition, the severity of mycobacterial disease [191], co-

existingg disease, immunosuppression (such as HIV positivity) and age [192] all contribute to 

losss of skin test reactivity, also called anergy. Up to 20-30% of ill patients with TB may have 

negativee skin tests [193]. 

Assessmentt of the patient's T cell dependent DTH reaction following intracutaneous 

injectionn of a pre-determined amount of PPD remains a simple test for tuberculous infection 

whenn performed in a non-BCG vaccinated population with a low prevalence of tuberculosis. 

Thee sensitivity of the skin test in patients with culture-positive tuberculosis has been 

estimatedd at 87%, with a specificity of 80% in a non-vaccinated healthy population, with a 

13-15%% variability in the reading of the skin test [194]. 

Researchh aimed at developing a more specific skin test has focused on the use of semi-

purifiedd antigens. The 38-Kilodalton protein (Antigen 5) was tested in 92 healthy volunteers 

andd elicited a positive skin test reaction in all PPD positive persons and in one PPD negative 

subjectt [195]. However, antigen 5 appeared to be no more specific than PPD [196]. Since 

then,, several other purified antigens have been investigated as potential reagents, of which the 

MPB644 antigen (24-Kilodalton protein), the 6-Kilodalton early secretory antigenic target 

(ESAT-6),, and Culture Filtrate Protein 10 (CFP10) are the most promising. 

MPB644 mycobacterial antigen (24-Kilodalton antigen) was evaluated as a potential 

skinn test reagent for distinguishing tuberculous patients from those who are infected but have 

nott developed the disease. Preliminary results were promising: 52 of 53 active tuberculosis 

patientss showed a positive reaction to MPB64, while none of 43 PPD positive controls did 

[197]. . 
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Thee 6-Kilodalton early secretory antigenic target (ESAT-6) protein is present in short-

termm culture filtrates of M tuberculosis and has been shown to provoke a strong T-cell 

responsee in mouse models of immunity to tuberculosis [198]. Analyses at both the genetic and 

proteinn levels have demonstrated the lack of ESAT-6 in vaccine strains of BCG and in most 

off  the tested mycobacteria other than M. tuberculosis complex. By contrast, the gene was 

consistentlyy found in clinical isolates of M tuberculosis and M. bovis [199]. This makes it an 

interestingg target as a diagnostic reagent for detecting infection with M. tuberculosis and M 

bovis.bovis. Indeed, in vitro and in vivo studies have shown that ESAT-6 is a potential diagnostic 

reagentt which is highly specific for active tuberculosis [200, 201]. 

Thee skin test is a simple and cheap test. PPD is not a useful reagent for diagnosis in 

developingg countries, where most people are BCG vaccinated. In such countries an agent like 

ESAT-6,, which is absent in BCG vaccine strains, offers much promise. A disadvantage of the 

skinn test is the need for a follow-up visit at 48 -72 hours to measure the response, since in 

developingg countries patient compliance is poor. 

InIn vitro gamma interferon assay 

Inn vitro methods using "skin test antigens" for the specific diagnosis of M 

tuberculosistuberculosis infection would avoid some of the practical difficulties associated with 

intradermall  skin testing, such as the variability in intradermal administration and subjectivity 

off  measurement of responses as well as the need for a follow-up visit to read the result of the 

test. . 

Inn vitro diagnostic tests, based on the detection of gamma interferon (IFN-y) liberated 

fromm whole blood cultures incubated in vitro with PPD, have been developed for cattle for M 

bovisbovis infection [202] and for humans for M. tuberculosis infection (using PPD or culture 

filtratee antigens) [203, 204]. Lein and coworkers have developed an IFN-y assay based on 

ESAT-6.. Significant IFN-y responses to ESAT-6 were measured in 16/27 (59%) M. 

tuberculosistuberculosis pulmonary disease patients, in 0/8 M avium complex (MAC) disease patients, 

andd 0/8 controls, whereas significant IFN-y responses to PPD were detected in 23/27 (85%) of 

M.M. tuberculosis pulmonary disease patients, 2/8 (25%) MAC disease patients, and 5/8 (63%) 

healthyy controls. So, ESAT-6, unlike PPD, was able to differentiate patients with pulmonary 

diseasee due to M. tuberculosis from patients with pulmonary disease due to MAC. However, 

thee sensitivity of this single antigen was lower than that of the PPD antigen mixture [200]. 

Likee ESAT-6, culture filtrate protein 10 (CFP10) is a secreted low-molecular-mass 

proteinn present in M. tuberculosis complex, but absent in BCG vaccine strains and in 

mycobacteriaa not belonging to the M. tuberculosis complex [205]. Van Pinxteren et al. 

increasedd the sensitivity of the IFN-y assay by combining ESAT-6 and CFP10 [201]. The 
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combinationn had a high sensitivity (73%) and a much higher specificity (93%) than PPD 

(7%).. Arend et al. evaluated the T cell responses to ESAT-6 and CFP10 in 37 TB patients, 12 

individualss with PPD conversion, 14 BCG vaccinated subjects and 8 healthy, PPD negative, 

non-BCGG vaccinated subjects [206]. Comparing the TB patients with BCG vaccinated and 

PPDD negative, non-BCG vaccinated controls (taken together as a group without TB), at a 

certainn cutoff level a sensitivity of 84% was found with a specificity of 100%. These results 

seemm very promising and should be evaluated in larger prospective studies, involving 

populationss from different countries. However, it is unclear whether the assay is able to 

discriminatee between active TB and infection with mycobacteria of the M. tuberculosis 

complexx without disease. If not, then the test would be of littl e use in areas where infection 

withh M. tuberculosis is common. In countries where TB is endemic, many people are co-

infectedd with HIV, so the sensitivity of these T cell activation assays will be much lower 

becausee of defective cell-mediated immunity. Although these in vitro T-cell assays show 

greatt promise, they are expensive and need facilities for cell-culture and cytokine assays, 

makingg them unsuitable for use in resource-poor laboratories. 

5.. Other, nonspecific tests 

Raisedd lysozyme levels have been demonstrated in the serum of patients with 

tuberculosiss or leprosy. The lysozyme assay was compared with assays for antibodies to LAM 

andd PGL-1. The lysozyme assay was able to detect more of the individuals with tuberculosis 

(100%% sensitivity in 19 patients) or leprosy (86% sensitivity in 36 patients) than either of the 

antibodyy assays [207]. However, the test is not specific for mycobacterial disease, as raised 

lysozymee levels can also be detected in other chronic granulomatoses. 

Tuberculouss peritonitis has been associated with increased CA 125 levels in the serum of 

thesee patients [208, 209]. This test is not specific since intra-abdominal malignancies 

(especiallyy ovarian cancer), chylous ascites and other causes of peritoneal or pleural irritation 

leadd to elevation of CA 125 in serum. 

6.. Diagnostic pathways for  suspected pulmonary TB in different settings 

Inn figure 1 and 2 the diagnostic pathways for suspected pulmonary TB in resource-

poorr countries with high prevalence and resource-rich countries with low prevalence are 
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shown,, respectively. The schemes are simplified, but illustrate well the major differences 

betweenn the extremes. 

Thee utility of a test depends not only on its performance, but also on factors associated with 

locall  circumstances. In developed countries with a low TB prevalence and well-equipped 

laboratories,, sophisticated and relatively expensive techniques are more readily available. 

Thesee countries can afford to perform a whole panel of tests in any case of suspected TB to 

detectt or exclude the disease as quickly as possible, to identify the infecting bacteria and to 

tailorr the treatment to the drug susceptibility profile. In regions with modest laboratory 

facilitiess (as in several formerly socialist countries) or poor facilities (as in developing 

countries)) the situation is different. Here microscopy for acid-fast bacteria is often the only 

laboratoryy test available. In these endemic areas the laboratories are overloaded with samples. 

Thee diagnosis has to be obtained quickly, otherwise patients disappear before treatment can 

bee started. Since the TB prevalence is high, identification of the infecting mycobacteria is not 

requiredd in most cases. 

Inn developing countries new simple diagnostic tools are urgently needed to replace 

microscopy.. In figure 1 the assumption is made that the specificities of these new tests, 

depictedd in italic and boxed in dotted lines, is high reaching 95-100%. Antibody assays have 

manyy restrictions e.g. they are only suitable in HIV negative patients for the diagnosis of 

microscopy-negativee pulmonary TB and extra-pulmonary TB. We think that antigen detection 

assays,, although still in their infancy, are the most promising and will also be valuable for 

resource-richh countries for the follow-up of patients during treatment. 
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7.. New monitoring tools for assessment of treatment response 

Treatmentt of tuberculosis is more prolonged and more complex than that for most 

otherr infections, so tools for monitoring the efficacy of treatment are useful. The emergence 

off  multi-drug resistant tuberculosis (MDR-TB) means we need simple laboratory tools to 

followw the effect of treatment early on stage. It would be a great help to be able to estimate the 

ratee of clearance of infection with new anti-tuberculous drug regimens, especially for the 

MDR-TBB patients. Patients with pulmonary tuberculosis can be followed by culture. 

Conversionn of a positive culture to a negative one at 1 to 2 months after initiation of treatment 

correlatess with the sterilizing activity of the drugs administered, and is considered the best 

predictorr of treatment success [210]. However, sophisticated, rapid culture facilities must be 

available.. Patients with sputum-smear-positive pulmonary tuberculosis can also be followed 

byy direct microscopy, but clearance of AFB from sputum is often protracted, and staining 

cannott distinguish viable from nonviable mycobacteria. For extra-pulmonary tuberculosis no 

monitoringg tools are available, and in such cases the clinician has to depend on the clinical 

picturee alone. 

7.1.7.1. RNA /DNA amplification techniques as monitoring tool 

Thee use of expensive techniques of nucleic acid amplification for evaluation of the 

efficacyy of chemotherapy is practicable only in countries with excellent laboratory facilities. 

However,, multi-drug resistant TB is particularly a problem in poor regions in Eastern 

Europeann countries and in developing countries _ exactly the situation where such an efficient 

tooll  would be most useful. Nucleic acid amplification, like microscopy and culture, is only 

usefull  for pulmonary tuberculosis, since in extra-pulmonary TB representative samples can 

oftenn only be collected by using invasive techniques. 

Itt is possible to amplify mycobacterial DNA, mRNA or rRNA. DNA is the most stable 

target,, but measurement does not distinguish viable from nonviable mycobacteria, making it 

off  less value as a monitoring tool. The mRNA seems to be a better target, since it has a short 

half-lifee and is likely to be found only in viable organisms. Desjardin et al. measured IS6110 

DNA,, 85B mRNA and 16S rRNA in follow-up sputum samples of 19 smear-positive 

pulmonaryy tuberculosis patients [211]. Al l patients responded well to therapy and were 100% 

culturee negative after 3 months of treatment. They found that levels of 85B mRNA declined 

rapidlyy after initiation of therapy (as did viable M. tuberculosis colony counts), with 90% of 

patientss becoming negative for both markers after two months of treatment. Moore and 

coworkerss [212] found that rRNA amplification results (AMTD test; Gen-Probe, Inc., San 
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Diego,, California) remained longer positive than either smear or culture. They postulate a 

periodd during which TB patients shed non-cultivable bacteria; in this period rRNA is 

detectablee but culture is negative. From these results we may conclude that rRNA is much 

moree stable than previously suggested by in vitro studies with M. smegmatis [213]. 

Inn conclusion both DNA and rRNA amplification are not suitable to distinguish viable 

fromm nonviable mycobacteria. So far detection of mRNA is the only target for amplification 

thatt can be used to monitor for viable mycobacteria. 

7.2.7.2. Detection of mycobacterial antigens in body fluids as a monitoring tool 

Iff  mycobacterial antigens are present in body fluids then the disease is active, so 

antigenn detection assays could become an important tool in monitoring anti-tuberculous 

therapyy and detecting treatment failure and relapse, especially in poorly equipped laboratories 

inn less-developed countries. Since some antigens can be measured in serum, this method 

couldd also be applicable to those with extra-pulmonary tuberculosis. 

Inn tuberculous meningitis the concentration of mycobacterial antigens [214] and 

antigenn 5 (38-Kilodalton protein) [128] in CSF showed a gradual decrease from the second 

untill  the fourth week of therapy. There was an inverse correlation between clinical recovery 

andd antigen concentration. 

Mahonn et al. showed that after the start of chemotherapy in lepromatous leprosy 

patients,, there was often a transient increase of urinary phenolic glycolipid I (PGL-1), 

followedd by a steady decline; within 3 months of multiple drug therapy, urinary PGL-1 levels 

weree reduced by 90-99% and were often undetectable [215], 

Thee antigen 85 complex comprises three distinct 30- to 31-Kilodalton proteins (85A, 

85B,, and 85C) encoded by 3 genes located at different sites in the mycobacterial genome. The 

proteins,, mycolyl transferases, are mainly localized to the extracellular space during in vitro 

growthh of M. tuberculosis, and are essential for cell wall biosynthesis. Expression of the 

antigenn 85 complex is induced by isoniazid in vitro. Its induction may represent an adaptive 

transitionn to a persistent state during therapy. Bentley-Hibbert and coworkers found that 

antigenn 85 is present in the circulation primarily as complexes with plasma fibronectin and 

IgGG rather than in unbound form [216]. Wallis et al. followed levels of the antigen 85 

complexx in sputum in 42 patients with pulmonary tuberculosis during treatment [217]. Four 

patientss had persistent disease to day 90 or beyond and in two of these treatment failed. In 

thesee four patients only, expression of antigen 85 complex increased significantly from day 0 

too day 14, but by day 30, it had fallen to levels seen in the rest of the test population. The 

concentrationn at day 14 was the only predictor of persistence to day 90 or beyond. 
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Sethnaa et al. [208] measured the secretory (antigen 85) and cytoplasmic (65-

Kilodalton)) antigen ratio (SCR) in the sera of 125 patients with pulmonary tuberculosis at the 

startt of therapy, after completion of the 2 month intensive phase of treatment, after 

completionn of the treatment which lasted 6-8 months and 3-6 months thereafter. The SCR is 

definedd as: 

SCRR = Absolute amount of antigen 85 (32-Kilodalton) / Absolute amount of 65-Kilodalton. 

AA ratio of >1 indicates a predominance of antigen 85 and, therefore, the presence of viable 

bacilli,, whereas a SCR of <1 indicates a predominance of 65 Kilodalton and thus the presence 

off  dead bacilli. They found a reduced ratio at 2 months (due to an increase of 65-K.ilodalton) 

andd a further decline at completion of treatment (when most patients had a ratio<l). Three to 

sixx months later, all but one patients had a ratio<l, which correlated with clinical and 

radiologicall  improvement. This one patient, whose ratio remained >1 throughout the 

treatmentt phase, showed clinical and radiological deterioration. Though interesting, this 

methodd is too laborious for regular use in developing countries. 

Clearlyy these antigen detection tests which predicted for failure of treatment need 

validatingg in larger populations. 

'' 7.3. Humoral and cellular responses during and after treatment 

Itt is unlikely that antibody assays will be useful as monitoring tools, since antibody 

levelss may remain high during the whole treatment period and even for some time after 

completionn of therapy [219-222]. Imaz et al. measured antibodies against culture filtrate 

antigenss of M. tuberculosis and like Drowart et al. [219] found an initial increase in antibody 

levelss in the first two months of treatment [221]. The initial increase in antibody level could 

bee explained by an intense stimulation of the humoral response by antigens released from 

killedd bacteria, reflecting early bactericidal activity of antituberculous drugs. This was shown 

byy Sousa et al., who measured numbers of specific circulating antibody-secreting cells (ASC) 

beforee and during therapy, using an ELISPOT assay [222]. They found a marked increase of 

ASCC in 12/13 patients at day 8, followed by a three-fold decrease at day 15, and a 10-fold 

decreasee at day 30. All 12 patients responded well to treatment. One patient relapsed one year 

laterr and had persistently elevated numbers of ASC after 2 months. 

Cellularr immunity was analyzed in 31 TB patients during therapy. Numbers of ESAT-

6-specificc IFN-y producing T-cells were detected before and after 60 days of treatment using 

ELISPOTT [223]. All patients responded well to therapy. A mean 10-fold increase of anti-

ESAT-66 IFN-y producing T-cells was found after 60 days of therapy. 
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Althoughh the kinetics of antibody secreting cells and specific IFN-y producing T-cells 

duringg treatment may predict the efficacy of treatment, the techniques are too laborious and 

expensivee for regular use outside very specialist laboratories. 

Thee development of monitoring tools for tuberculosis is still in its infancy. The 

challengee is to develop a simple test for the detection of circulating mycobacterial antigens or 

mycobacteriall  immune-complexes in serum or other body fluids. Such a test could be used for 

thee diagnosis of TB and for the assessment of the response to treatment in patients with 

pulmonaryy or extra-pulmonary tuberculosis. 

8.. Outline of the present thesis 

Theree is a great need for simple and inexpensive diagnostic tools, which would permit 

rapidd diagnosis of TB in poorly equipped laboratories. Such assays would make a significant 

contributionn to early diagnosis and treatment of this disease and control the spread of TB, 

especiallyy in developing countries. The aim of this thesis was to develop a diagnostic test for 

TB,, based on a simple and inexpensive format such as ELISA or dipstick technology. We 

focusedd both on antigen detection assays as on serological assays. 

Inn Chapter 2 the position of Polymerase Chain Reaction (PCR) technology in the 

diagnosiss of mycobacterial disease is discussed. The usefulness of PCR in diagnosis of Buruli 

ulcerr is illustrated by a case report about a patient suffering from a Mycobacterium ulcerans 

infection,, acquired in China. In addition, critical comments are made on (technical aspects of) 

aa study published in the International Journal of Tuberculosis and Lung Diseases, dealing 

withh the performance of an in-house PCR-based assay for direct detection of M. tuberculosis 

inn respiratory specimens. 

ChaptersChapters 3-6 describe the development of a simple antigen detection assay for the 

diagnosiss of pulmonary tuberculosis. Chapter 3 describes the development of an antigen 

capturee immuno-assay, based on the detection of a mycobacterium-specific 

lipopolysaccharidee (lipoarabinomannan [LAM] ) in the sputum of these patients, using ELISA 

technology. . 

Too enhance the sensitivity of the antigen capture ELISA, new monoclonal antibodies 

(MAbs)) against lipopolysaccharides of M. tuberculosis were produced. The MAb with the 

strongestt reactions with different lipopolysaccharides in ELISA and Western blot was used in 

thee antigen capture ELISA. Chapter 4 describes the isolation and characterization of these 

MAbs. . 
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Inn Chapter 5 the use of Surface Plasmon Resonance (SPR) technology was explored 

too detect M. tuberculosis antigens, using the BIACORE J biosensor. Both monoclonal and 

polyclonall  antibodies reactive with M. tuberculosis antigens were applied in this system. 

ChapterChapter 6 describes the development of three capture ELISAs for detection of LAM 

andd proteins from M. tuberculosis: two plate ELISAs using either monoclonal or polyclonal 

capturee antibodies, and a dipstick ELISA using polyclonal capture antibodies. Three different 

sputumm sample treatments were compared, using sputum samples from Vietnamese TB 

patientss and patients with other pulmonary diseases. 

Inn Chapter 7-10 different aspects of TB serology are studied. Chapter 7 deals with 

technicall  artifacts induced by passive coating of proteins to solid supports, leading to false-

positive/false-negativee reactions. 

Inn Chapter 8 the presence and excretion pathway of antibodies to M. tuberculosis in 

urinee is investigated. The usefulness of a urine-based antibody test for diagnosis of 

tuberculosiss is discussed. 

Inn Chapter 9 the question was raised whether high antibody avidity could be a better 

diseasee marker than the antibody level, and both antibody level and avidity were followed in a 

groupp of Vietnamese patients during treatment. 
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