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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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ChapterChapter 1 

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

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 

13 3 



ChapterChapter 1 

(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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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 

36 6 



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

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 

41 1 



ChapterChapter 1 

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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Abstract t 

Burulii ulcers have not been previously described in China, and only once at higher 

latitudess on the northern hemisphere. A patient who travelled in the Shan Dong Province 

inn the People's Republic of China developed an ulcer which was proven to be a Buruli ulcer. 

Thee clinical picture and histopathological findings from biopsy specimens are characteristic 

forr a Buruli ulcer, and also the growth in culture (Coletsos medium) at a restricted 

temperaturee of 30°C. A multiplex polymerase chain reaction (PCR) based on the 

amplificationn of the gene encoding for 16S ribosomal RNA and a nested PCR based on the 

MycobacteriumMycobacterium ulcerans specific repeated sequence 2404 were performed. These PCR 

investigationss identified the bacteria as M. ulcerans, subspecies shinshuense. The patient 

wass initially treated with clarithromycin and rifampicin, which was changed to 

ciprofloxacinn and rifabutin when rifampicin resistance of the first isolate was established. 

Theree were no signs of reactivation of the disease 6 months after the end of treatment. M. 

ulceransulcerans infection occurs above 30° latitude on the northern hemisphere in China and is 

causedd by M. ulcerans, subspecies shinshuense. This case appears to be cured by 

chemotherapyy alone, in contrast to the general experience that surgical treatment is 

indicated.. The granulomatous reaction with only fragments of acid-fast bacteria in the 

biopsyy at the end of treatment may indicate the development of an adequate cell-mediated 

immunee response leading to resistance to the infection. 

Introduction n 

MycobacteriumMycobacterium ulcerans infections are most common in tropical regions but have also 

beenn observed in temperate climatic areas of Australia (5). Until now, only one patient from 

Japann infected above the latitude 30 N has been reported (14). 

Recently,, we observed a leg ulcer in a woman who had travelled in the Shan Dong 

province,, Peoples Republic of China. In this report we describe the properties of the 

MycobacteriumMycobacterium isolate from this lesion. It is the first reported case of Buruli ulcer in the People's 

Republicc of China, and proves that M. ulcerans infection is also found in the temperate climatic 

zonee of the Northern Hemisphere. 
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Casee report 

Clinicall findings. A 40-year-old Chinese woman, who grew up in the Peoples Repulic 

off  China, had been living in Europe since 9 years. She travelled in July and August 1997 in the 

People'ss Republic of China where she walked barelegged in the grass between fruit trees outside 

Rii  Zao city, 200 km south of Qingdao city, Shan Dong province. She noticed many so-called 

'mosquitoo bites'. Three months later she noticed a swelling at the front of her left lower leg which 

laterr developed a pale slightly depressed center. There were no systemic symptoms. Four months 

later,, when again visiting China, a surgeon excised the lesion; according to the patient there was 

noo bleeding and the excised tissue was pale and firm. The lesion did not heal and showed 

ulceration.. A Chinese doctor, specialised in infectious diseases, who was visiting her in The 

Netherlands,, suggested that it might be tuberculosis of the skin, and a smear of the ulcer bed was 

madee by her general practitioner. Ziehl-Neelsen staining revealed acid fast bacteria. She was 

referredd to a dermatologist (J.T.) and subsequently to the Department of Dermatology, Section 

Tropicall  Dermatology of the Academic Medical Center, Amsterdam. 

Onn examination there was a painless ulcer with a diameter of 3 x 3.5 cm with an 

underminedd border and a necrotic ulcer bed. At the cranial side there was a small skin-coloured 

swellingg (Fig. 1). There were no other skin lesions. 

FIG.. 1. Ulcer with necrotic base and undermined FIG. 2. Histopathology of the Buruli ulcer, showing 
borderr on the lower leg of the Chinese woman. eosinophilic necrosis, mild mononuclear infiltrate, 

andd a thrombosed and recanalized vessel 
(haematoxylinn and eosin; original magnification x80). 

Diagnosticc procedures. Histopathological examination of the biopsies taken from the 

ulcerr border showed acanthotic broadening of the epidermis, extensive eosinophilic necrosis in 

thee deeper dermis and the subcutaneous tissue, with a mild scattered mononuclear-cell infiltrate. 
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Inn the basis of the lesion there was a large thrombosed and recanalized vessel (Fig. 2). In the 

Ziehl-Neelsenn staining, acid-fast bacteria were seen scattered and in clumps. 

AA biopsy from the ulcer border was cultured on Coletsos medium at 28, 30 and 37°C. 

Afterr 40 days, pale-cream to yellow colonies grew only on the medium incubated at 30°C. The 

mycobacteriall  isolate was identified as described previously (9). 

Forr the multiplex polymerase chain reaction (PCR) analysis the tissue biopsies were first 

treatedd with proteinase K and the DNA was isolated by the guanidine thiocyanate method as 

previouslyy described (7). For the amplification of the gene encoding for the mycobacterial 16S 

ribosomall  RNA, we used the 5'-biotinylated primers pMycl4bio and pMyc7bio. The primers 

Ptl88 and 5'-biotinylated INS2bio, amplifying the M. tuberculosis complex specific insertion 

sequencee IS6110, were included in the PCR mix. The PCR and the analysis of the PCR product 

byy reverse cross blot hybridization were performed as previously described (7). The multiplex 

PCRR assay showed hybridization with the probe specific for M. ulceransl M. marinum. No 

reactionn was found with the probes specific for M. tuberculosis, M.leprae, M. kansasii, M. avium, 

M.M. intracellular, M. fortuitum, M. scrofulaceum, M. xenopi, M. chelonae, M.genavense (8). The 

presencee of M. ulcerans DNA in tissue biopsies and culture was confirmed by a nested PCR 

basedd on the M. ulcerans-specific repeated sequence 2404 (12), as previously decribed (3). 

Treatment.. Treatment was started with rifampicin 600 mg plus clarithromycin 500 mg 

daily.. After 2 months, treatment was changed because in vitro the Mycobacterium was found to 

bee resistant to rifampicin. At that time the ulcer was nearly completely healed with only a small 

defectt with purulent exudate in which acid-fast bacteria were found with the Ziehl-Neelsen 

staining;; culture was negative. Treatment was changed to ciprofloxacin two times 750 mg and 

rifabutinn two times 150 mg daily as the original isolate was sensitive in vitro to these drugs. After 

fourr weeks, treatment had to be stopped because of leucopenia, and a rash with fever on re-

introductionn after one week. The ulcer was healed with conspicuous scarring and slight erythema 

off  a small part of the border. A biopsy taken from this area showed a granulomatous reaction with 

onlyy fragments of acid-fast bacteria; culture was negative. Three months later, on request of the 

patient,, this erythematous part was completely excised. On histopathological examination a 

granulomatuoss reaction without mycobacteria was seen; culture was negative. Since then there 

hass twice been some purulent discharge from a small erythematous induration. At the second 

time,, 6 months after the end of antibiotic treatment, this induration was removed in toto by 

biopsy;; histopathological examination showed scar tissue, Ziehl-Neelsen staining was negative; 

alsoo the culture was again negative. 
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Discussion n 

Thee clinical picture and histopathological findings in this patient are characteristic for 

Burulii  ulcer. In contrast to other mycobacterial infections, no granulomatous inflammatory 

reactionn is seen except in the healing stage (4). Furthermore, the typical growth of the bacteria 

att a restricted temperature of 30°C is compatible with M. ulcerans, and the diagnosis was 

confirmedd by PCR investigations. PCR analyses of the biopsies and the culture performed at 

differentt periods in time produced identical results. Using classical identification schemes the 

isolatee was identified as M, ulcerans, subspecies shinshuense (\0). 

Thee discovery of M. ulcerans, subspecies shinshuense in a patient infected in the Shan 

Dongg province in China confirms that the disease is not only found in tropical regions and 

temperatee climatic areas of Australia, but occurs also above latitude 30° N. Until now, only one 

casee has been reported above this latitude. In October 1979 an ulcer was seen on the left arm of 

aa 19-year-old girl who lived in Japan (14). Acid-fast bacilli were isolated on two occasions from 

thee lesion. Taxonomie study of these isolates demonstrated that they clustered together with M. 

ulceransulcerans but belonged to a distinct subgroup. The authors named their isolates M. ulcerans, 

subspeciessubspecies shinshuense (15). 

Wee consider "M. shinshuense" as representing a subgroup within the species M. ulcerans 

ass do the African, Australian and American strains (10). We propose that M. shinshuense should 

bee considered an Asiatic variant of M. ulcerans. 

Burulii  ulcer occurs mainly in patients aged <15 years; this might be explained by an 

absencee of antimycobacterial immunity at this age, combined with frequent contact with the 

microbiall  source (6, 13). Also elderly people (aged >60 years) are more commonly affected, 

whichh could be owing to a diminishing immune response or perhaps reactivation of a latent 

infectionn (1). 

Ass mentioned before, medical treatment of Buruli ulcer is usually disappointing, leaving 

widee surgical excision followed by skin grafting as the only alternative (2). Only pre-ulcerative 

nodularr lesions and early small ulcerated lesions can be effectively treated by rifampicin alone 

(11).. The Japanese patient described in 1982 presented with an ulcer with a maximum diameter 

off  about 5 cm. The lesion healed after only two weeks of oral rifampicin. Failure of antibiotic 

regimenss for advanced M. ulcerans infection has been attributed to poor penetration of drugs into 

necroticc tissue (14). The rapid success of rifampicin therapy in the Japanese patient may be due 

too the absence of significant necrosis, therefore permitting the penetration of the drug into the 

lesion.. Our patient was initially treated with a combination of rifampicin and clarithromycin as 

bothh drugs have been shown to have strong activity against M. ulcerans in vitro (11). The 

favourablee response in our patient suggests that this subtype may be more sensitive to 
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antimycobacteriall  drugs in vivo. 

Becausee of the potentially disfiguring character of the disease an early diagnosis is 

important.. First, people in the endemic areas must become familiar with the clinical signs, to 

minimizee patients' delay. Secondly, medical doctors should be aware of the fact that Buruli ulcer 

iss a mycobacterial disease that does not occur in tropical regions only. Moreover, as this case 

shows,, Buruli ulcer can also be seen as an imported skin disease in Western countries. Since 

adventurouss journeys have become more popular, imported 'tropical' skin diseases are seen more 

frequentlyy and doctors in Western countries should be more aware of imported skin diseases. 

Thee multiplex PCR offers a reliable and rapid method of diagnosis enabling treatment to 

bee started at an early stage when minimal damage has occured (8). 

Inn conclusion, we believe this to be the first reported case of M. ulcerans, subspecies 

shinshuenseshinshuense infection in the People's Republic of China as no other report of Buruli ulcer has 

beenn received by WHO (WHO, personal communication). Our findings show that M. ulcerans 

infectionn also occurs above 30° latitude on the Northern Hemisphere and must be considered in 

thee differential diagnosis of skin ulcers in those returning from travel in China. 
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Itt is with interest that we read the paper of Araj and coworkers (Int. J. Tuberc. Lung Dis.. 2000; 

4:877-881)) who came to the conclusion that a PCR-based assay cannot be reliably used on its own in the 

clinicall  setting for the diagnosis of mycobacterial infection. They found a high false negative rate, 

especiallyy in smear-negative, culture positive specimens. 

Wee agree that, in general, PCR is inappropriate as the sole method of diagnosis. Culture is 

necessaryy to allow drug sensitivity testing and RFLP typing and follow up of patients during treatment. 

Culturee is still the gold standard and laboratories that switch to PCR for the detection and identification of 

mycobacteriaa directly from clinical samples should be aware of the limitations of the technique. 

Wee have reservations about some of the technical aspects of the paper by Araj and co-workers, 

especiallyy with respect to the decontamination procedure, lysis of the organisms, isolation of DNA from 

clinicall  specimens or early cultures of BACTEC vials and finally the quality control of their PCR assay. 

Thee authors used the NaOH-NALC method for sputum decontamination. The incubation time 

(15-200 minutes) has been optimised for culture but is not ideal for PCR, since a proportion of the 

mycobacteriaa will lose their DNA, which is then washed away in the subsequent centrifugation and 

washingg steps. Heating to 85°C after the decontamination will also release DNA from the mycobacteria, 

whichh wil l be washed away later. Furthermore they test only 5ul i.e. 1/10-20 of the total amount of DNA 

inn the specimen. These features could explain their low PCR detection rate for ZN negative culture positive 

specimens. . 

Theirr quality control is inadequate. The authors do not state the detection limit of their test, which 

wouldd be identified with the use of spiked negative sputum. In addition, they fail to incorporate a control 

forr the detection of inhibitors in each sample, which would allow the detection of false negative results. 

Theyy mentionn in their discussion that false negative results could be attributed to different factors, 

includingg the presence of low numbers of bacteria or their non-homogeneous distribution, the presence of 

inhibitors,, mutations in the regions for primer annealing and the absence of IS6110. Non-homogeneous 

distributionn is not likely since the same specimen was used for culture and PCR after decontamination. It 

iss unlikely that IS6JJ0 is absent since most strains (36 of 38 Bactec vials) were positive in PCR. 

Thee authors cite the first international quality control study among 7 laboratories (1) showing the 

problemss with PCR which may lead to inaccurate results, but they fail to use a system to avoid 

contaminationn by DNA fragments from previous amplification reactions (so called amplicon 

contamination).. The second international quality control study (2) supported our recommendations (3) for 

aa system in which amplicons are degraded so that amplicon contamination is ruled out. 

Attentionn needs to be paid to quality assurance if accurate results are to be obtained (3): 

•• The use of an internal standard for detection of inhibitors in each sample. This control could consist 

off a modified target (4) which is added to each sample, or duplicates of the clinical samples which are 

testedd after addition of M tuberculosis with 10 to 20 copies of the target for amplification. 
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•• A DNA isolation method with a high yield and a method that removes inhibitors of the amplification 

reactionn (we recommend the procedure with guanidiniumthiocyanate (5)). 

•• Positive controls for each run of samples in the PCR machine, these would act both as a control for the 

PCRR reaction mixture and for the detection limit of the assay (we prefer a detection limit of 10 fg DNA, 

equivalentt to 2 mycobacteria). 

•• A negative control sputum, which has been treated in the same way as the patients' samples, to check 

forr cross-contamination. 

Testingg of cultured samples from BACTEC vials in PCR may easily result in cross-contamination since 

positivee samples will usually contain large numbers of mycobacteria which can be carried over to the next 

test.. Therefore we recommend being very careful with the testing of cultures of mycobacteria in PCR. 

Amplificationn techniques are complimentary to culture but are no substitute. The PCR results 

shouldd reflect those of culture, since both have similar detection limits. PCR results from patients under 

treatmentt may differ from culture results. Since PCR amplifies DNA it can detect live and dead 

mycobacteria,, whereas culture detects only live mycobacteria, Unfortunately, no test has 100% sensitivity 

andd specificity, even in culture cross- contamination could result in false positive results. 
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Abstract t 

Thee rising incidence of tuberculosis world-wide means an increasing burden on 

diagnosticc facilities, so simpler tests than the Ziehl-Neelsen staining are needed. Such 

testss should be objective, reproducible and have at least as good a detection limit-104 

bacteria/ml.. A capture enzyme linked immunosorbent assay was developed for detection 

off lipoarabinomannan (LAM) in human sputum samples. As capture antibody we used a 

murinee monoclonal antibody against LAM, with rabbit antiserum against 

MycobacteriumMycobacterium tuberculosis as a source of detector antibodies. The sensitivity of the 

capturee ELISA was evaluated by using purified LAM and M. tuberculosis whole cells. 

Wee were able to detect 1 ng purified LAM/ml and 104 M. tuberculosis whole cells ml. 

LAMM could also be detected in culture filtrate of a 3 weeks old culture of M. tuberculosis. 

Thee culture filtrate contained approximately lOOug LAM/ml. The detection limit in 

sputumm pretreated with N-acetyl-L-cystein and proteinase K was 104 M. tuberculosis 

wholee cells per ml. Thirty-one (91%) of 34 sputum samples from 18 Vietnamese patients 

withh TB ( 32 smear-positive and 2 smear-negative) were positive in the LAM detection 

assay.. In contrast, none of the 25 sputum samples from 21 non-tuberculous patients 

weree positive. This specific and sensitive assay for the detection of LAM in sputum is 

potentiallyy useful for the diagnosis of tuberculosis. 

Introduction n 

Itt is estimated that the incidence of tuberculosis worldwide and the number of cases 

attributablee to co-existing human immune-deficiency virus (HIV) infection will increase 

substantiallyy during the next decade (16). Most of this burden occurs among the low-income 

countriess of the world, particularly those in South East Asia and sub-Saharan Africa. The 

usuall  means of diagnosing tuberculosis in resource-poor countries where culture facilities are 

nott available is by the detection of acid-fast bacteria (AFB) in sputum by direct microscopy. 

Sputumm smear positive patients are the most potent sources of transmission in the 

community.. Therefore the presence of AFB in sputum is an important marker of 

infectiousness.. When done properly, approximately 60-70% of all adults with pulmonary 

tuberculosiss can be identified with the current direct microscopy test using Ziehl-Neelsen 

staining.. In practice however, this proportion is around 40-60% at best (18). This reduced 

sensitivityy is related to problems associated with the stringent requirement of the test (7). For 

example,, if the need for multiple samples and multiple patient visits is ignored, then fewer 
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smear-positivee cases will be identified and treated. The International Union against 

Tuberculosiss and Lung Disease (IUATLD) recommend on average 20 slides per technician 

perr working day. Due to overloading of the diagnostic facilities and lack of staff, most 

laboratoryy workers especially in developing countries process an excess number of slides or 

havee to combine smear examination with other diagnostic procedures, resulting in a lower 

qualityy of the diagnostic service. Patients co-infected with the human immune deficiency 

viruss are more likely to have negative sputum-AFB smears (15). 

Thee challenge is to develop a simple and cheap test - with at least as good a detection 

limi tt as direct microscopy; 104 bacteria/ml - that can reduce the workload of the laboratory 

personnel. . 

Mostt assays developed so far are based on the detection of specific circulating 

antibodies.. The sero-diagnosis of tuberculosis has been the subject of investigation for a long 

time,, but we still lack a test with widespread clinical utility. The available tests have both a 

sensitivityy and specificity of around 80% (3). In HIV sero-positive patients co-infected with 

tuberculosiss the sensitivity of antibody tests is much lower, between 10% and 40% (2, 12, 

19).. More efforts should be directed towards developing assays based on the detection of 

antigenss in body fluids. Such tests could be useful for the diagnosis and follow-up of patients 

duringg treatment. 

Mycobacteriall  antigens have been detected by ELISA in sputum (22) and 

cerebrospinall  fluid (13) and by latex agglutination assay in cerebrospinal fluid (10). 

Lipoarabinomannann (LAM) , a major component of the mycobacterial cell wall, has been 

detectedd in the serum (14) and sputum (4) of patients with tuberculosis. None of these tests to 

detectt mycobacterial antigens has achieved widespread use for the diagnosis of active 

tuberculosis. . 

Inn this study, we have developed a specific and sensitive assay for the detection of 

LAM ,, which can be used for the diagnosis of tuberculosis. The test is based on a capture 

ELISAA using as capture antibody a monoclonal antibody against lipoarabinomannan, with a 

rabbitt antiserum against M. tuberculosis bacteria as a source of detector antibodies. 

Materialss and methods 

Patients.. We used sputum samples from non-tuberculous patients that had been spiked 

withh M. tuberculosis suspension to develop the capture assay. Two Sudanese smear-positive 

pulmonaryy tuberculosis patients provided large volumes of sputum to determine the optimal test 

conditions.. The test was then evaluated with the sputum samples as described below. 
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PatientsPatients with pulmonary tuberculosis from Vietnam. A total of 34 sputum samples 

weree obtained from the Pham Ngoc Thach TB and Lung Disease Center, Ho Chi Minh City, 

Vietnam.. These included sputum samples from 18 Vietnamese patients, in whom the 

diagnosiss was based on positive culture results for M. tuberculosis. 17/18 patients had proven, 

untreatedd active pulmonary tuberculosis, with Ziehl-Neelsen positive sputum smears (ranging 

fromm weak positive to strong positive, according to the following reporting scale: ZN -, no 

acidd fast bacteria (AFB) per 300 fields; ZN , 1-9 AFB per 100 fields; ZN +, 10-99 AFB per 

1000 fields; ZN 2+, 1-10 AFB per field in at least 50 fields; ZN 3+, more than 10 AFB per 

fieldfield in at least 20 fields). In the remaining Vietnamese patient the sputum smear was 

negative.. The patient was treated for pulmonary tuberculosis 8 months ago, but treatment 

failedd because of patient non-compliance. 

AA single sputum sample was obtained from 4 patients, two samples from 12 patients 

andd three sputum samples were obtained from 2 patients. When multiple samples were 

collectedd they were produced on the same day. All patients were HIV negative. 

MicroscopyMicroscopy and culture for M. tuberculosis. Direct microscopy (17) was performed in 

Vietnamm on a purulent part of the same sputum sample which was sent to the Netherlands for 

testingg in capture assay. Decontaminated sputum samples were cultured on 2 Löwenstein-

Jensenn slants. Cultures were examined weekly for growth for a total of 8 weeks. 

ControlControl group from Vietnam with a diagnosis other than tuberculosis. A total of 9 

sputumm samples were obtained from 5 Vietnamese patients (Pham Ngoc Thach TB and Lung 

Diseasee Center, Ho Chi Minh City, Vietnam), who were initially suspected of having 

pulmonaryy tuberculosis, but were finally diagnosed as having bronchitis (n = 3), asthma (n = 

1),, or chronic obstructive pulmonary disease (n = 1). All patients had negative sputum smears 

andd negative culture results for M. tuberculosis. Two patients had a previous medical history 

off  tuberculosis, and two others had a history of contact with tuberculosis within the 

household.. From 4 of these patients two samples were obtained (both samples produced on 

thee same day) and from one patient one sample. All patients were HIV negative. 

ControlControl group from The Netherlands with a diagnosis other than tuberculosis. Sixteen 

sputumm samples were obtained from 16 Dutch subjects who were admitted to the Division of 

Pulmonaryy Diseases of the Academic Medical Center in Amsterdam because of chronic 

obstructivee pulmonary disease (n=5), cystic fibrosis (n=4), asthma (n=2), bronchitis (n=l), 

idiopathicc pulmonary fibrosis (n=l), heart failure (n=l), breast cancer (n=l) and chronic 

tonsillitiss (n=l). Micro-organisms were isolated from the sputum of 10 of these patients and 

includedd Pseudomonas aeruginosa (in 4 cases), Haemophilus influenzae (in 3 cases), 

StreptococcusStreptococcus pneumoniae (in 1 case), Branhamella catarrhalis (in 1 case), Staphylococcus 

aureusaureus (in 1 case). None of the sputum samples contained AFB. 
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Samplee storage. Sputum samples were collected and frozen on the same day and 

storedd at -20°C until use. 

Pre-treatmentt of the sputum samples. Five hundred (il of the sputum sample was 

transferredd using a positive displacement pipette (Microman M250, Gilson, France) to a 2 ml-

viall  (Sarstedt, Nümbrecht, Germany) containing 5 |il of 100 mg/ml N-acetyl-L-cystein 

(NALC)) in 2.0 M sodium phosphate pH 8. After mixing, 5 \i\ of 10 mg proteinase K/ml was 

addedd (end concentration 0.1 mg /ml). The sample was rotated for 6 hours at 50°C in a 

hybridizationn oven. The vials were then placed in boiling water for 10 minutes to inactivate 

thee proteinase K and centrifuged for 10 minutes at 12,000 x g at room temperature. The 

supernatantt was tested in the capture ELISA as described below. 

Antibodiess used. As capture antibodies we used our own mouse IgM monoclonal 

antibodyy (F30-5) against lipoarabinomannan. (21). A New Zealand rabbit (Ra-8.106) was 

immunizedd with 0.2 ml of a sonicate of Mtuberculosis strain H37Ra, containing 0.3 mg of 

protein,, mixed with 0.2 ml incomplete Freund adjuvant. Half of the dose was given 

intramuscularly,, the other half in two subcutaneous injections on the back of the rabbit. After 

55 weeks a booster was given in the same way. Two weeks later blood was collected from the 

earr vein. The serum was used as a source of detector antibodies in the capture ELISA. 

Specificityy of the capture antibody and detection antibody. The specificity of the 

monoclonall  antibody against LAM (F30-5) and rabbit anti-M tuberculosis serum (Ra-8.106) 

wass tested by direct ELISA. Sonicates of E. coli, H. influenzae, S. pneumoniae, S. aureus, C. 

albicans,albicans, N. asteroides and 18 mycobacterial species (Table 1) were coated onto polystyrene 

flat-bottomm micro-titer plates (High Binding; Greiner labortechnik, Nürtingen, Germany) in a 

concentrationn of 5 ug of protein per ml in PBS pH 8.0. The plates were incubated overnight at 

37°CC in a water bath and washed 3 times with washing buffer containing 0.15 M NaCl, 1.2 

mMM KH2P04, 4.8 mM Na2Hp04 and 0.05% (w/v) Tween 80, pH 7.3. After blocking the 

platess for 1 hour at room temperature (20°C), with 1% bovine serum albumin (BSA) in PBS 

pHH 8.0, 150 ul/well, the plates were washed again 3 times and 100 ul of F30-5 (dilution 1: 

32,000)) or 100 ul of Ra-8.106 (dilution 1: 32,000) was added to each well. The dilution buffer 

containedd 0.1 M Tris, 0.15 M NaCl, 1% BSA and 0.05% Tween 80, pH 8.0. The plates were 

incubatedd for 1 hour at 37°C in a water bath. After washing the plates 4 times, wells incubated 

withh murine antibody were filled with 100 ul of peroxidase labeled sheep anti-mouse IgG 

(heavyy and light chain) ( Sanofi Diagnostics, Pasteur, France) in a 1: 2,000 dilution in 

dilutionn buffer; wells incubated with rabbit anti sera were filled with 100 ul of goat anti rabbit 

IgGG (heavy and light chain) ( Sanofi Diagnostics, Pasteur, France) in a 1: 4,000 dilution in 

dilutionn buffer. The plates were incubated for 1 hour at 37°C in a water bath and washed again 

44 times, followed by addition of 100 jul of tetra methyl benzidine (TMB) substrate solution 
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TABLEE 1. Bacterial strains used for determining the specificity of the antibodies used in the 
LAMM detection assay. 

KI TT code3 

EscherichiaEscherichia coli 2 

HaemophilusHaemophilus influenzae 1 

StreptococcusStreptococcus pneumoniae 1 

StaphylococcusStaphylococcus aureus 1 

CandidaCandida albicans 1 

NocardiaNocardia as tew ides 1 

M.M. tuberculosis \ 

M.M. bovis 2 

M.M. avium 1 

M.M. africanum 1 

M.M. microti 1 

M.M. vaccae 1 

M.M. kansasii 1 

M.M. marinum 3 

M.M. nonchromogenicum 1 

M.M. fortuitum 1 

MM  smegmatis 1 

MM  intracellular 1 

MM  gordonae 3 

MM  terrae 2 

M.M. xenopi 1 

MM  scrofulaceum 1 

M,M, duvalii 1 

M.. leprae 13 

Sourceb b 

UvA A 

AM C C 

AM C C 

AM C C 

AM C C 

AM C C 

RIVM M 

RIVM M 

RIVM M 

RIVM M 

ITG G 

RIVM M 

RIVM M 

ITG G 

RIVM M 

RIVM M 

RIVM M 

ITG G 

ITG G 

RIVM M 

ITG G 

RIVM M 

ITG G 

IEBM M 

Otherr designation(s) and/or source 

MC4100;; ATCC 35695 

Clinicall  isolate 

Clinicall  isolate 

Clinicall  isolate 

Clinicall  isolate 

Clinicall  isolate 

myc4514 4 

ATCCC 19210 

myc3875 5 

myc5544 4 

1287 7 

ATCCC 25949 

mycl012 2 

L66 6 

ATCCC 25145 

ATCCC 6841 

ATCCC 14468 

6997;ATCCC 15985 

8960 0 

SCS74/14 4 

7003 3 

myc3442 2 

Clinicall  isolate 

A54 4 

Speciess were determined by biochemical means by the supplier of the strain. KIT, Royal Tropical Institute, 
Amsterdam. . 
AMC,, Academic Medical Center, Amsterdam, The Netherlands; IEBM, Institute for Experimental Biology and 
Medicine,, Borstel, Germany; ITG, Institute for Tropical Medicine, Antwerp, Belgium; RIVM, National 
Institutee of Public Health and Environmental Protection, Bilthoven, The Netherlands; UvA, University of 
Amsterdam,, Amsterdam, The Netherlands. 

(0.04%% TMB, 0.04% urea-peroxide in 0.1 M sodium acetate citric acid buffer pH 4.0). After 

300 minutes incubation in the dark at room temperature, the reaction was stopped by the 

additionn of 100 u.1 of 0.5 M H2SO4 to each well. The A450 was measured with a micro-titer 

platee reader (Bio-kinetics reader, Bio-tec Instruments, Winooski, USA). 

M.M. tuberculosis suspension for spiking experiments. M. tuberculosis was cultured in 

Sautonn medium as previously described (20). Briefly, the suspension was heated for 15 

minutesminutes at 80°C and centrifuged at 2,000 x g for 20 minutes. The pellet was resuspended in 

PBSS containing 0.1% BSA and 0.05% (v/v) Tween 20, and sonicated for 30 seconds with a 

celll  disruptor (Branson 250-Sonifier, Branson Ultrasonics Corporation, Danbury, 
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Connecticut,, U.S.A.) at 100W. The A420 was adjusted to 0.15, which corresponds to 1 x 10 

bacteria/mll  (21). Serial dilutions in PBS containing 0.005% (v/v) Tween 20 were prepared 

usingg a positive displacement pipette (Microman M250, Gilson, France), with a new tip for 

everyy dilution. 

Capturee Assay. The ascites F30-5 was diluted 1: 1,000 in phosphate-buffered saline 

pHH 7.2 (PBS). A polystyrene flat-bottom micro-titer plate (High Binding; Greiner 

labortechnik,, Nürtingen, Germany) was coated with the diluted MAb F30-5 (50 uj/well) and 

incubatedd overnight at 4°C. Then, the plate was washed twice with 300 (il/well of PBS and 

blockedd with 1% (w/v) skimmed milk in PBS for 1 hr at 37°C. After washing twice with PBS, 

1000 (il of the supernatant from the pre-treated sputum sample was added to each well. Each 

samplee was tested in duplicate (unless otherwise stated). The plate was incubated on a rotary 

shakerr (100 rpm) overnight at room temperature and then washed 5 times with 0.05% (v/v) 

Tweenn 20 in PBS pH 7.2 (PBST). Rabbit anti M. tuberculosis serum was added (100 fil/well ) 

att a 1: 1,000 dilution in 1% (w/v) skimmed milk in PBST. After incubation for 1 hour at 

37°C,, the plate was washed again 5 times with PBST and 100 |LL1 of peroxidase labeled goat 

anti-rabbitt IgG (heavy and light chain) ( Sanofi Diagnostics, Pasteur, Marne la Coquette, 

France)) was added to each well in a 1: 4,000 dilution in 1% (w/v) skimmed milk in PBST. 

Thee plate was incubated for 1 hour at 37°C, and washed 5 times with PBST, followed by the 

additionn of 100 fil of TMB substrate solution as described above. After precisely 30 minutes 

incubationn in the dark at room temperature, the A63o was measured. The reaction was then 

stoppedd by the addition of 100 \i\ of 0.5 M H2S04 to each well, and the A450 was measured. 

Byy measuring at two wavelengths (630 nm and 450 nm), we were able to increase the 

detectionn range of LAM. High concentrations of LAM could be detected by measuring the 

A63oo , low concentrations of LAM by measuring the A450 . The relation between the two is: 

A45o/A63o=3.. To correct for day-to-day and plate-to-plate variation, M. tuberculosis culture 

filtratee (20), passed through a 0.2 \im filter and frozen in small aliquots at -20°C, was used as 

aa positive control. All values were corrected by multiplying the A450 of the unknown samples 

byy the correction factor (= A450 of culture filtrate at day O/A450 of culture filtrate at day of 

testing).. To control for the background reaction (conjugate control) four wells were filled with 

PBST.. The final results were expressed as the mean A450 of the duplicates, after subtraction of 

thee background-A45o. Values above the cut-off value 0.150 were considered to be positive. 

Thee cut off value was slightly higher than the mean A450 plus two times the standard deviation 

(0.126)) of the sputum samples from the 16 Dutch subjects with diseases other than TB, as 

mentionedd above. 

Statisticall analysis. Kruskal-Wallis One Way Analysis of Variance was used to 

establishh differences in ELISA signals between groups of sputum samples with different 
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Ziehl-Neelsenn scores. A P value of <0.05 was considered significant. The Coefficient of 

Variationn was used when studying the reproducibility of the assay and the effect of individual 

variationn in sputum on LAM detection, to establish whether differences in ELISA signals 

weree acceptable or not. 
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FIG.. 1. Detection of purified lipoarabinomannan (LAM) , LAM in culture filtrate from a 3 weeks old culture of 
M.M. tuberculosis, and M. tuberculosis whole cells. The A^o values (y-axis), the concentration of LAM / 
M.tuberculosisM.tuberculosis whole cells, and the dilution factor of the culture filtrate (x-axis) were plotted on a log scale. As 
capturee antibody an IgM monoclonal antibody against LAM (F30-5) was coated on ELISA plates and a rabbit 
anti-M.tuberculosisanti-M.tuberculosis serum (Ra-8.106) was used as detector antibody. Results are given as the mean A630 minus 
thee plate background  SD. 

Results s 

Specificityy of the capture antibody and detection antibody. There was no cross 

reactivityy between the antibody against LAM (F30-5) and sonicates of the common 

pulmonaryy pathogens, Haemophilus influenzae, Streptococcus pneumoniae, Staphylococcus 

aureus,aureus, Branhamella catarrhalis or with Nocardia asteroides, Escherichia coli and Candida 

albicans.albicans. As expected, F30-5 cross-reacted with sonicates of all 18 mycobacterial species. 

Thee rabbit anti-M tuberculosis serum (Ra-8.106) contained antibodies which reacted slightly 
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withh sonicates of E. coli, H. influenzae and N. asteroides. However, E. coli, H. influenzae and 

N.N. asteroides did not give a positive result in the final capture ELISA (data not shown). 

Detectionn of solutions containing purified LAM, LAM in M. tuberculosis culture 

filtratee and LAM in M. tuberculosis suspensions. A calibration curve was made using 

purifiedd LAM (kindly provided by Dr. Patrick Brennan) diluted in PBS containing 0.005% 

Tweenn 20 (Fig. 1). It was possible to detect as littl e as 1 ng of purified LAM per ml 

(measurementss of A450 or A63o gave the same detection limit). 

LAMM could be detected by the capture ELISA in the culture filtrate of a 3 weeks old 

culturee of M. tuberculosis. The culture filtrate contained approximately 100 ng LAM/ml (Fig. 

1).. As a positive control for day-to-day and plate-to-plate variations in the capture ELISA we 

usedd the M. tuberculosis culture filtrate with 0.005% (v/v) Tween 20 in PBS as dilution 

buffer. . 

AA serial dilution of M. tuberculosis bacteria in PBS containing 0.005% (v/v) Tween 

200 (see Patients, Materials and Methods) was tested in the capture ELISA (Fig. 1). The 

detectionn limit was 104 M tuberculosis bacteria/ml (measurements of A450 or AÖ3O gave the 

samee detection limit). Figure 1 shows the amount of LAM found in 10 mycobacteria/ml 

equalss 10 ng purified LAM/ml . Assuming that all LAM was extracted from the mycobacteria, 

wee can then estimate that one M. tuberculosis bacterium contains approximately 100 fg LAM 

{100 ng = 107 fg; 107 (fg) /105 (mycobacteria) - 100 fg LAM/mycobacterium}. 

Detectionn of LAM in spiked sputum. Sputum samples from 10 Dutch patients not 

suspectedd of tuberculosis were pooled and spiked with M. tuberculosis whole cells. We found 

thatt treatment of purified LAM and M. tuberculosis culture filtrate with 0.25 M sodium 

hydroxidee in combination with 15 mM NALC resulted in a 50% reduction of the signal. 

Sputumm therefore was not treated with NaOH/NALC. Instead we used NALC (1 mg/ml) in 

combinationn with proteinase K (0.1 mg/ml). The detection limit in sputum treated this way 

wass 104 mycobacteria/ml (Fig. 2). 

Reproducibilityy of the assay. We tested the reproducibility of the assay including 

pre-treatmentt of the sputum with NALC and proteinase K on three consecutive days using 

sampless of sputum from 4 patients (Table 2). Two patients had a disease other than 

tuberculosiss and two Sudanese patients with tuberculosis had ZN positive sputa. The standard 

deviationn of the daily differences was small (Table 2). For the sputum samples from both 

tuberculouss patients the Coefficient of Variation was 5%. 

Effectt of individual variation in sputum on LAM detection. To explore whether 

variationn in sputum contents or consistency could influence the detection of 

lipoarabinomannan,, 6 sputum samples from 6 Dutch patients with a diagnosis other than 

tuberculosiss were tested both unspiked and spiked with 5xl06 M. tuberculosis bacteria/ml 
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TABL EE 2. Reproducibility of the assay1* 

dayy 1 
dayy 2 
dayy 3 

mean n 
SD D 

CVV (%)d 

sputumm of non tuberculous 
patients6 6 

Patientt 1 
0.009 9 
0.019 9 
0.019 9 

0.016 6 
0.005 5 

31.3 3 

Patientt 2 
0.021 1 
0.019 9 
0.023 3 

0.021 1 
0.002 2 

9.5 5 

sputumm of tuberculous patients' 

Patientt 3 
0.220 0 
0.223 3 
0.203 3 

0.215 5 
0.011 1 

5.1 1 

Patientt 4 
1.792 2 
1.759 9 
1.918 8 
1.823 3 
0.084 4 
4.6 6 

Resultss are given as the mean Af)1(, of the duplicates in each test minus the plate background 
andd after correction for day-to-day and plate-to-plate variation of the detection assay. 
Patientt I, sputum from a patient from The Netherlands with idiopathic pulmonary fibrosis, with no suspicion of 
tuberculosis;; from the sputum sample 5. aureus was cultured; Patient 2, sputum of a patient from The 
Netherlandss with chronic obstructive pulmonary disease, with no suspicion of tuberculosis. 
Patientt 3 and 4, Ziehl-Neelsen positive sputa samples from two patients from Sudan with pulmonary 
tuberculosis. . 
CV,, Coefficient of Variation. 

sputumm {Table 3). The sputum samples differed in optical appearance and viscosity. All 

sputumm samples were treated with the NALC-proteinase K method described in Materials and 

Methodss above. No great difference was found between the EL1SA signals (Coefficient of 

Variation:: 6%). 

TABL EE 3. Effect of individual variation in sputum on LAM detection 

LA MM detection assaya 

Sputumm samples Unspiked 
Spikedd with 

5x10hh mycobacteria/ml 

AA 0.080 1.814 

BB 0,062 1.953 

CC 0.0O2 1.813 

DD 0.000 1.740 

EE 0.016 1.861 

FF Q.006 1.618 

meann (  SD) 1.800 L 

Resultss are given as the mean A(,M) of the duplicates in each test minus the plate background. 
11 None of the patients had any clinical or radiological sign of M. tuberculosis infection; A, sputum sample from 
aa patient who was admitted to the hospital because of hematemesis; B, sputum sample from a patient with 
pneumonia,, from which no organisms (including AFB) were cultured; C, sputum sample from a patient with 
bronchitis,, from which H. influenzae was cultured; D, sputum sample from a patient with COPD, from which 
noo organisms were cultured; E, sputum sample from a patient with recurrent respiratory tract infections, from 
whichh no organisms were cultured; F, sputum sample from a patient with acute bronchitis, from which S. 
pneumoniaepneumoniae was cultured. 
Coefficientt of Variation (CV)=6%. 
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0 0 
1077 106 105 10" 103 0 

M.M. tuberculosis whole cells in sputum 
(mycobacteria/mll sputum) 

FIG.. 2. Detection of lipoarabinomannan (LAM) in sputum spiked with a serial dilution of M. 
tuberculosistuberculosis (10 -10 cells/ml sputum) and unspiked (0 cells/ml sputum). The sputum was pooled and contained 
equall  portions of sputum from 10 Dutch patients with a diagnosis other than tuberculosis. Results are given as 
thee mean A450 minus the plate background. , ELISA value of unspiked sputum +2 SDs (0.121); *, A450>3. 
Errorr bars show 2 SDs. Detection limit: 104 M. tuberculosis bacteria/ml sputum. 

Detectionn of LAM in sputum of patients with pulmonary tuberculosis. In total 59 

sputumm samples from 39 subjects were tested in the LAM detection assay: 34 sputum samples 

fromm 18 tuberculous patients from Vietnam, 9 sputum samples from 5 non-tuberculous 

patientss from Vietnam, and 16 sputum samples from 16 non-tuberculous patients from The 

Netherlandss (see Patients, Materials and Methods). Arbitrarily we choose a cut off value just 

abovee the mean A450PIUS two times the standard deviation of the group of sputum samples 

fromm the 16 non-tuberculous Dutch patients. Figure 3 shows that 31/34 (91%) of the sputum 

sampless from the patients with tuberculosis had an optical density value above the cut off 

value,, whereas all sputum samples from the patients with a diagnosis other than tuberculosis 

hadd an optical density value below the cut off (91% sensitivity and 100% specificity). 

Figuree 3 shows the results of the LAM detection assay according to the Ziehl-Neelsen 

score.. There was a significant difference between the ELISA signals in the group of sputum 
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sampless from tuberculous patients and the group of sputum samples from non-tuberculous 

patientss (Kruskal-Wallis one way analysis of variance, PO.001). No significant difference in 

ELISAA signals was found between groups of sputum samples with different Ziehl-Neelsen 

scores. . 

2E E 
(n=25) ) 

noTB B 

ZN--
(n=2) ) 

ZN+/--
(n=7) ) 

ZNN 1 + 
(n=17) ) 

ZN2+ + 
(n=6) ) 

ZN3+ + 
(n=2) ) 

TB B 

FIG.. 3. LAM detection assay results according to the Ziehl-Neelsen score. 
Ziehl-Neelsenn score: ZN-, no acid fast bacilli (AFB) per 300 fields; ZN+/-, 1 to 9 AFB per 100 fields; ZN+, 10 
too 99 AFB per 100 fields; ZN2+, 1 to 10 AFB per field in at least 50 fields; ZN3+, more than 10 AFB per field in 
att least 20 fields. — , cut-off value for positivity (A450= 0.150). The cut-off value is slightly higher than the At50 

+22 SDs of the sputum samples from 16 non-tuberculous Dutch patients (0.126). Value between brackets, number 
off  sputum samples in each group. 

Tablee 4 shows the correlation between the result of the LAM detection assay and the 

diseasee status of the patient (TB versus non-TB). A patient was called positive if at least one 

sputumm sample was positive in the LAM detection assay. 17/18 patients with tuberculosis 

(includingg the partially treated, smear-negative TB patient) were positive whereas all of the 

patientss with other diseases were negative, resulting in a sensitivity of 94% and a specificity 

off  100%. 
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TABLEE 4. Correlation between the results of the LAM detection assay and 
thee disease status. 

LAMM detection assay3 

Positive e 
Negative e 

total l 

provenn TB patients6 

17 7 
1 1 
18 8 

nonn TB patientsc 

0 0 
21 1 
21 1 

33 A patient was positive if in the LAM detection assay the A450 of at least one sputum sample was higher than 
thee cut-off value (0.150). 

bb Pulmonary TB patients from Vietnam with a positive sputum culture. 
cc 5 patients from Vietnam and 16 patients from The Netherlands with a disease other than TB. 

Discussion n 

Thee assay for detection of LAM in sputum is promising and is a potential candidate to 

replacee direct microscopy. 

Preliminaryy results have been published on new diagnostic tests for tuberculosis based 

onn detection of mycobacterial antigens in cerebrospinal fluid (10, 13), serum (11, 14) and 

sputumm (4, 22). The authors reported sensitivity rates of 45-88% and specificity rates of 91-

100%.. However, since then littl e has been published on this subject, suggesting these tests did 

nott live up to their original promise. 

Anyy test which is to replace direct microscopy must offer advantages in terms of speed 

andd ease of use and preferably have a higher sensitivity. In high prevalence areas of 

tuberculosis,, the greatest need is for new diagnostic tools which result in a reduction of 

laboratoryy workload. Antigen detection assays are promising in this regard, since they enable 

thee analyst to test many samples at once. 

Inn antigen detection assays, sample processing is an important, but often laborious and 

time-consumingg step. The number of non-specific reactions can be high because of cross-

reactingg substances present in untreated human specimens. Mycobacterial antigens have been 

foundd as components of circulating immune complexes (1), so it may be necessary to 

dissociatee the immune complexes to achieve a higher sensitivity in the immunoassay (5). Sada 

ett al. (14), who detected LAM in serum, used an ethanol precipitation method (6) to reduce 

nonspecificc reactions. Their detection system, a simple coagulation technique, is suitable for 

routinee use. However, the described method for sample processing is still too laborious for 

dailyy use in laboratories in endemic areas where more than 100 specimens per day have to be 

examined. . 

Yanezz et al. (22) and Cho et al. (4), who detected mycobacterial antigens and LAM in 

sputumm respectively, used NaOH for pre-treatment of sputum. We found that treatment of 

LA MM with sodium hydroxide, even for a short time at room temperature, resulted in a 
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dramaticc decrease in the LAM detection assay. LAM is alkali labile (8), so treatment with 

NaOHH could destroy the epitope which is recognized by the capture antibody. For the LAM 

detectionn assay, we have developed an effective pre-treatment method for sputum (NALC-

proteinasee K method), avoiding the use of NaOH. Using this method, the results of the LAM 

detectionn assay were reproducible when a single sputum was pre-treated and tested on 3 

consecutivee days. The NALC-proteinase K method can be further simplified, since we have 

foundd that it is possible to reduce the incubation time at 50°C {unpublished results). 

Wee could detect as littl e as 1 ng purified LAM per ml and 10 M. tuberculosis whole 

cellss per ml using the capture ELISA. In spiked sputum the detection limit was also 10 M. 

tuberculosistuberculosis whole cells. 

Wee have shown that there was a direct correlation between the LAM detection assay results 

andd the numbers of whole mycobacteria in sputum spiked with different amounts of 

M.tuberculosisM.tuberculosis (Fig. 2). On the other hand, we found that there was no significant correlation 

betweenn the LAM detection assay results and Ziehl-Neelsen score of the sputum samples 

fromm patients with tuberculosis. An explanation is that for direct microscopy the sample was 

selectedd from the purulent portion of the sputum, while for the LAM detection assay a 

homogenatee of the remaining portion of the sample was taken. Thus the LAM detection assay 

mayy be more representative and give a more accurate indication of the bacterial load in the 

sputum.. It could become a tool in the follow-up of patients during therapy. 

Sincee LAM is present in all mycobacteria, the assay could be used for the diagnosis of 

anyy mycobacterial disease, including disease caused by the M. avium-intracellulare complex 

(MAC).. The methods used then to identify the infecting mycobacteria will depend upon local 

circumstancess e.g. culture or multiplex PCR (9). However, the LAM detection assay has been 

designedd for use particularly in developing countries where tuberculosis is by far the most 

commonn mycobacterial disease. 

Ourr results with the lipoarabinomannan detection assay showed that 91% of the 

sputumm specimens in the group of tuberculous patients were positive and all the specimens in 

thee group of non-tuberculous patients were negative. Based on the definition that a patient 

wass positive in the LAM detection assay if at least one sputum specimen had a A450 value 

higherr than the cut off value, 94% of the tuberculous patients were found to be positive 

whereass all of the non-tuberculous patients were negative. Our results are promising, but the 

assayy needs further evaluation in the field to determine the sensitivity and specificity, since 

wee have tested only a small study population so far. 
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Abstract t 

Thee mycobacterial cell wall contains potentially immunogenic (lipo)-

pol\saccharides.. These could serve as targets in diagnostic assays or as targets for new 

drugs.. To produce MAbs reacting with (lipo)-polysaccharides from M. tuberculosis, we 

immunizedd a total of 7 mice with 3 different (lipo)-polysaccharide fractions or with 

purifiedd mannose-capped lipoarabinomannan (ManLAM). Four groups of MAbs were 

distinguishedd by their reactivity pattern with purified (lipo)-polysaccharides from M. 

tuberculosistuberculosis in antibody capture ELISA and Western blot. Group A (w = 5) showed a 

broadd pattern and reacted with ManLAM, LAM with arabinofuranosyl-containing 

terminii (AraLAM), lipomannan (LM), and arabinomannan. We found that these 

antibodiess also reacted strongly with Saccharomyces cerevisiae mannoprotein 

(previouslyy named mannan). This is the first indication that M. tuberculosis (lipo)-

pohh saccharides share a common epitope with this surface-located mannoprotein from 

yeast.. MAbs from group B (« = 4) reacted with arabinogalactan and in Western blot a 

weakk reaction was seen with lipopolysaccharides present in a proteinase K treated 

Tritonn X-100 extract of M. tuberculosis. The two MAbs in group C reacted strongly with 

LMM and weakly in ELISA and Western blot with ManLAM and AraLAM. The two 

MAbss in group D reacted only weakly in Western blot with purified 

phosphatidylinositolmannosidess (PIMU ). In contrast to our MAbs prepared against M. 

leprae,leprae, no MAbs specific for AraLAM and ManLAM were identified. This suggests that 

immunizationn of BALB/c mice with M. tuberculosis selectively produced antibodies 

againstt mannose motifs rather than the arabinose motifs seen when M. leprae is the 

immunogen. . 

Introduction n 

Tuberculosiss remains a threat to mankind. Rapid and accurate identification of new 

tuberculosiss cases and an optimal assessment of the response to treatment are essential 

componentss of any tuberculosis control program. There is an urgent need for new, simple and 

affordablee diagnostic tools that will lead to a reduction in laboratory workload, especially in 

thee developing world, where the tuberculosis burden is highest. Any test that is to replace 

directt microscopy must offer advantages in terms of speed and ease of use and preferably 

havee a higher sensitivity. Antigen detection assays are promising, since they do not require 

sophisticatedd equipment, yet enable the technician to test many samples simultaneously. 
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Assayss to detect mycobacterial antigens in body fluids were developed almost two 

decadess ago (3, 21). Mixed results have been obtained with small series of samples using 

undefinedd mycobacterial antigens (24, 33) or, more recently, defined mycobacterial antigens 

suchh as lipoarabinomannan (LAM) and the 45/47 kDa APA antigen (4, 6, 11, 25). 

LAMM is an ideal target for antigen detection assays. It is a major component of the 

mycobacteriall  cell wall, is resistant to proteolytic degradation and it is heat stable, so it is 

unaffectedd by heat inactivation of the mycobacteria in a clinical sample. Two different 

structuress of LAM exist, named AraLAM and ManLAM. In AraLAM the terminal 

polysaccharidee consists of two distinct arrangements: hexa-arabinofuranosides with the 

structuree [p-D-Ara/-(l-2)-a-D-Ara/-(l-]2-(3 and 5)-a-D-Ara/-(l-5)-a-D-Ara/~-, and linear 

tetra-arabinofuranosidess with the structure f3-D-Ara/-(l-2)-a-D-Ara/-(l-5)-a-D-Ara/-. In 

ManLAMM these terminal sugars are extensively capped with mannosyl residues either as a 

singlee a-D-Man/?, or as a dimannoside or trimannoside (5). Although these mannosyl residues 

weree thought to play an important role in the phagocytic process enabling the survival of 

virulentt M.tuberculosis strains in macrophages, these ManLAMs have also been found in 

attenuated,, a-virulent strains of M. tuberculosis (13, 28). 

Wee have described an assay based on the detection of LAM in sputum (20). In this 

antigenn capture ELISA a murine IgM monoclonal antibody (F30-5), raised against LAM from 

M.M. leprae, was used as capture antibody, with rabbit antiserum against Mycobacterium 

tuberculosistuberculosis (Rb8-106) as a source of detector antibodies. We were able to detect 

approximatelyy 1 ng purified LAM/ml . The detection limit in sputum pretreated with N-acetyl-

L-cysteinn and proteinase K was 104 M. tuberculosis whole cells per ml, which is comparable 

too the detection limit of direct microscopy (20). With the aim of improving the sensitivity of 

thee antigen capture ELISA, we have isolated and characterized several new monoclonal 

antibodies.. We used a lipopolysaccharide fraction of M. tuberculosis (recently isolated from a 

patient)) for immunization. We selected for the IgG class of immunoglobulins, since these tend 

too have a higher affinity than IgM class antibodies, and have more favorable physical 

properties.. The MAbs were characterized using different mycobacterial species and purified 

(lipo)-polysaccharides.. Our results suggest that immunization with M. tuberculosis results in a 

differentt set of MAbs than when M. leprae is used for immunization. 

Materialss and methods 

Culturee of M. tuberculosis. M. tuberculosis was grown for three weeks at 37°C in 

Sauton,, a protein-free medium (29). 
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Preparationn of Ag262, a proteinase K digest of a Triton X-100 extract of M. 

tuberculosis. tuberculosis. 

Onee hundred ml of 0.5% Triton X-100 in 10 mM Tris-HCl pH 8 (extraction buffer) was 

addedd to 75 g wet weight of M. tuberculosis bacteria. The bacteria were killed by heating the 

suspensionn at 56°C for 1 hour. The extract was then placed on ice and sonicated (Branson 

250-Sonifier,, Branson Ultrasonics Corporation, Danbury, Connecticut, U.S.A.) in a cooled 

glasss jar closed with a rubber cap (MSE Scientific Instruments, Crawley, England), in two 

portionss for 15 min at 0°C. After centrifugation of the sonicate for 30 minutes at 48,000 x g 

andd 4°C, the supernatant was decanted and stored at 4°C. The pellet was resuspended in 100 

mll  extraction buffer and the extraction procedure was repeated twice. The supernatants were 

combinedd and centrifuged for 1 hour at 100,000 x g and 4°C. The supernatant was treated 5 

timess with 0.1 mg/ml proteinase K at 50°C for 6h to digest proteins. After application to a 1 

ml-ExtractiGell  D column (Pierce, Rockford, U.S.A.) to remove the Triton X-100, the 

carbohydratee content of the solution was assayed with the phenol/H2S04 reagent (7), using 

mannosee as standard. The solution contained 5 mg carbohydrate/ml and 300 ug protein/ml, 

andd was stored in aliquots at -70°C. 

Preparationn of lipopolysaccharide fractions Agl41, Agl70-5 and Agl70-6 from a 

Tritonn X-114 extract of M. tuberculosis. Two-hundred ml of 4% Triton X-l 14 was added to 

1200 g wet weight of M. tuberculosis bacteria and the suspension was sonicated for 30 

minutes,, followed by centrifugation at 18,000 x g and 4°C. The supernatant was collected and 

thee pellet was resuspended in 200 ml of 4% Triton X-114. This extraction-procedure was 

repeatedd 3 times, and the combined supernatants were placed overnight in a water-bath at 

37°CC for phase-separation, followed by centrifugation for 2 hours at 18,000 x g and 37°C (1, 

12).. The upper phase was carefully removed by suction using a peristaltic pump and the lower 

(detergent)) phase was washed 4 times with 200 ml of phosphate (7 mM) buffered saline (0.15 

M,, pH 7.4) (PBS) at 4°C and phase-separated at 37°C as described above. The resulting 

washedd detergent phase was called Agl41. Agl41 (90 ml) was precipitated with 900 ml of 

coldd acetone (-20°C). After incubation for 1 hour at -20°C and centrifugation for 30 minutes 

att 10,000 rpm, the precipitate was suspended in 10 ml of PBS followed by phenol extraction 

usingg 20 ml of phenol-saturated Tris buffer to remove residual proteins. The 

lipopolysaccharidess in the water-phase were separated by gel filtration chromatography as 

describedd by Prinzis and colleagues (22). Two gel filtration-fractions were used for selection 

off  new MAbs: Agl70-5, which contained mainly 30-43 kDa MW and some 18-26 kDa MW 

lipopolysaccharides,, and Ag 170-6, which contained mainly 18-26 kDa MW and some 30-43 

kDaa and <14 kDa MW lipopolysaccharides (Fig. la). Agl70-5 and Agl70-6 contained 1.5 

andd 1.6 mg carbohydrate/ml respectively. The protein content was below the detection limit. 
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(a)) silverstaining (b) Western blot with 
Agl70-5,, Agl70-6, Ag262 Rb8-106 
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FIG.. 1. Demonstration of the antigenicity of lipopolysaccharide fractions, (a) 13 % slab gel PAGE with 
silverstainingg of Ag 170-5 and Ag 170-6 (gelfiltration fractions of a Triton X-l 14 extract of M tuberculosis) and 
Ag2622 (a proteinase K digested Triton X-l00 extract from M. tuberculosis), (b) reactivity of rabbit anti-M 
tuberculosistuberculosis antibodies (Rb8-106) with the lipopolysacharide preparations Agl70-5, Agl70-6 and Ag262, and 
withh purified ManLAM (mannose capped lipoarabinomannan), AraLAM (arabinofuranosyl-containing LAM) , 
LMM (lipomannan) and PIM]2 (phosphatidylinositol mono- and dimannosides). The position of the low 
molecularr weight markers is given under LMW. 

Preparationn of Ag239, a chloroform-methanol-water extract of M. tuberculosis. A 

chloroform-methanol-waterr extract of 30 gram wet weight of M. tuberculosis was made as 

describedd by McNeil and colleagues (17). The water phase was dialyzed against PBS and 

usedd for immunization. 

Purifiedd ManLAM, AraLAM, LM, PIMi,2, AM, AG. Mannose-capped 

lipoarabinomannann (ManLAM) and lipomannan (LM) from M. tuberculosis strain H37RV, 

phosphatidylinositoll  mannosides (PIM1.2, a mixture of monomannoside PIMi and 

dimannosidee PIM2) from M. bovis strain BCG and lipoarabinomannan (AraLAM) from a 

rapidlyy growing mycobacterial species were kindly provided by J. T. Belisle and P. J. 

Brennann (Department of Microbiology, Colorado State University, Fort Collins). 

Arabinomannann (AM) and arabinogalactan (AG) were kindly provided by M. Daffé, Institute 

dee Pharmacologic et Biologie Structurale, Toulouse, France. Saccharomyces cerevisiae 

mannoproteinn (previously named mannan) was obtained from Sigma (Sigma, St. Louis, MO 

USA). . 
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Antibodiess used. Monoclonal antibodies against LAM from M. leprae (F 30-5 

[IgM] ,, F26-4 [IgM] , F26-7 [IgM] (14, 31), Fl 16-4 [IgM] , and Fl 16-24 [IgG3] (18)) were used 

forr comparison with the new MAbs. Rabbit antiserum Rb8-106 against M. tuberculosis strain 

H37Raa (20) was used as detector in the antigen capture ELISA. Rb8-106 serum contains 

antibodiess against proteins of M. tuberculosis and ManLAM, AraLAM, LM, and PIM (Fig. 

lb). . 

Immunization.. BALB/c mice were immunized with Ag262, Agl41, Ag239 or 

purifiedd ManLAM. The immunization protocol is given in Table 1. On day 42 the mice were 

bledd and individual sera were tested in antibody capture ELISA with Ag262 and Agl70-5, 

andd in Western blot with Ag262, Agl 70-5 and Agl 70-6. 

Fusionn and selection. The spleen of the selected immunized BALB/c mouse was 

removedd 2 days after the booster injection with Ag262. Methods of hybridization and cloning 

havee been previously described (14, 32). A total of 11 plates were seeded with hybridomas. 

Hybridomaa supernatants were screened for antibody production by antibody capture ELISA 

andd Western blot (see below). Antibodies which reacted with E. coli sonicate in ELISA were 

consideredd of undesired specificity. Selection of hybridomas was based on strong positive 

reactionss in ELISA and Western blot to Ag262, Agl70-5 and Agl70-6, with a preference for 

classs G immunoglobulins. Selected clones were then grown in bulk and cultivated in the 

Integraa Celline system (INTEGRA CL 6-well or INTEGRA CL 350; Integra Biosciences, 

Wallisellen,, Switzerland) as described by the manufacturer. These enriched culture 

supernatantss were used in subsequent characterization experiments. The MAbs were coded as 

follows:: F(usion)183 - clone-number. 

Antibodyy capture ELISA. The antibody capture ELISA was performed as described 

earlierr (20). (Lipo)-polysaccharides or (myco)-bacterial sonicates (20) were coated at a 

concentrationn of 1 (ig carbohydrate/ml or 5 ug protein/ml, respectively. The hybridoma 

supernatantss were tested at a 1:5 dilution. The peroxidase-labeled goat anti-mouse IgG (heavy 

andd light chain; Jackson ImmunoResearch Laboratories, West Grove, Pennsylvania, USA) 

wass used at a 1: 2,500 dilution. 

Sodiumm dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). SDS-

PAGEE was done as previously described (29) on 13% or 15% (w/v) slab gels. The gels were 

eitherr stained by silver staining or used for immunoblotting. For silver staining 5 |ig 

carbohydratee per 4 mm slot was used, for immunoblotting 10 (ig carbohydrate per 4 mm slot. 

Silverr staining. All steps were carried out with gentle shaking. After electrophoresis 

thee gels were placed overnight in a fixing solution containing 40% ethanol and 5% acetic 

acid.. After incubation for 5 minutes in 0.7% periodic acid in fixing solution, the gels were 

rinsedd 3 times for 20 minutes with milli Q water and stained with silver reagent (0.7% AgN03 
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inn 0.02M NaOH and 1.3% NH4OH) for 10 minutes. Then, the gels were rinsed again 3 times 

andd placed in developing solution containing 0.005% citric acid and 0.02% formaldehyde, 

untill  the staining had developed. The reaction was stopped with milli Q water. 

Westernn blot analysis. Antigens separated by SDS-PAGE were transferred to 

nitrocellulosee and used for immunoblotting as described previously (15). In each sheet the 

IgMM anti-LAM monoclonal antibody F30-5 was applied in one lane as a positive control. The 

sheetss or strips were incubated with either peroxidase-conjugated goat anti-mouse IgG (heavy 

andd light chain) (Jackson ImmunoResearch Laboratories) at a 1:2,500 dilution, or peroxidase-

conjugatedd goat anti-rabbit IgG (heavy and light chain) (Jackson ImmunoResearch 

Laboratories)) at a 1:10,000 dilution. 

Indirectt immunofluorescensc of M. tuberculosis cells. Indirect immunofluorescense 

off  M. tuberculosis bacteria with MAb F183-3, MAb F30-5 and a non-relevant IgGl anti-

armadilloo MAb (F47-22) was performed as described by Verstijnen and coworkers (30). 

Antigenn capture ELISA. The antigen capture ELISA was done as described 

previouslyy (20), with slight modifications: 1. The purified MAbs (F183-3 and F30-5) were 

coatedd at a concentration of 5 |ig/ml, 2. the incubation time with antigen was reduced to 2h at 

37°C,, and 3. peroxidase-labeled goat anti-rabbit IgG (heavy and light chain) (Jackson 

ImmunoResearchh Laboratories) was used at a 1: 8,000 dilution. 

Results s 

Immunizationn with different extracts of M. tuberculosis or purified ManLAM. 

Thee immunization protocol is given in Table 1. Mice immunized with Ag262 or Agl41 

reactedd similarly in ELISA with Ag262 and Agl70-5. The mouse immunized with Ag262 was 

chosenn for the fusion (F183), since the serum showed the strongest reaction (data not shown). 

Whenn Ag239, the water phase of a chloroform methanol water extract of M. tuberculosis, was 

usedd for immunization, only antibodies against proteins were found (data not shown). When 

purifiedd ManLAM was used as immunogen, no antibodies were produced against the (lipo)-

polysaccharidess present in Ag262 or Agl70-5. 

Fusionn and selection of clones. Table 2 summarizes the results after the first 

screeningg of the hybridomas in the ELISA. Eighteen % (135 of 760) of the hybridomas 

producedd antibodies against Ag262. Half of these reacted with Agl70-6, the fraction 

containingg mainly lipopolysaccharides with a MW of 18-26 kDa (Fig. la). Thirty % of the 

hybridomass reactive with Ag262 and/or Ag 170-6 were also reactive with Ag 170-5, the 

fractionn containing mainly lipopolysaccharides with a MW of 30-43 kDa (Fig. la). Of the 77 
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TABLEE 1. Immunization protocol for BALB/c mice. 

Antigenn nJ Firstt immunization Secondd immunization 

Ag262 2 

Agl41 1 

Ag239 9 

LAM d d 

2 2 

2 2 

2 2 

1 1 

Day y 

0 0 

0 0 

0 0 

0 0 

Amounth h 

150(6) ) 

185(54) ) 

80(18) ) 

10(0) ) 

Route e 

sc/ip p 

sc/ip p 

scc ip 

sc/ip p 

Dav v 

28 8 

28 8 

28 8 

28 8 

Amount' ' 

150 0 

185 5 

80 0 

10 0 

Route e 

ip p 

ip p 

ip p 

ip p 

161 1 

Booster r 

1750 0 

Fusion n 
183 3 
Day y 

163 3 

numberr of BALB/c mice immunized with this antigen preparation. 
amountt of carbohydrate in ug. value between brackets jig protein, emulsified in Freund's incomplete adjuvant. 

""  amount of carbohydrate in ug, in 200ul PBS. 
LAM ,, purified Mannose-capped lipoarabinomannan (ManLAM). 

Abbreviations:: sc, subcutaneous: ip. intra-peritoneal; _, not done. 

hybridomass with a strong reaction with Ag262 in ELISA, 36 were positive in Western blot 

withh Agl70-6. None of the reactions in Western blot resembled that of MAb F30-5, raised 

againstt M. leprae (Fig. 2, last lane). We selected for cloning those hybridomas with strong 

reactionss in ELISA and/or Western blot, preferring those producing class G 

immunoglobulins.. Finally 13 clones (Table 3) were grown in bulk and cultivated in the 

Integraa Celline for monoclonal antibody production. 

TABLEE 2. Results after the first screening of fusion 183 
byy antibody capture ELISA. 

Culturee wells 

Numberr seeded 

Numberr showing growth at day 8 

antibodyy producing against any target 

reactivee with Ag262a 

reactivee with Agl70-6b 

reactivee with Agl70-5b 

reactivee with E. coli sonicate 

IgGG producing 

n n 

1044 4 

760 0 

135 5 

126 6 

69 9 

40 0 

18 8 

13 3 

% % 

93 3 

51 1 

30 0 

13 3 

10 0 

Agg 262, A proteinase K treated Triton X-100 extract from M. tuberculosis cells. 
(seee M&M ) containing mainly lipopolysaccharides with a MW of 30-43 kDa (Ag 170-5) and 
lipopolysaccharidess with a MW of 18-26 kDa (Ag 170-6). Only hybridomas reactive with Ag262 and/or 
Agll  70-6 were tested for reactivity with Agl 70-5. 
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Characterizationn of the monoclonal antibodies. Tables 3 and 4 summarize the 

resultss of the characterization of the MAbs by antibody capture ELISA, Ig (sub)class 

determinationn and Western blot analysis. The MAbs were grouped (group A-D) according to 

theirr reaction pattern in ELISA and Western blot. 

SpecificitySpecificity (Table 3). Although the strongest reaction was found with M. tuberculosis, 

thee MAbs reacted with many mycobacterial species. None of the MAbs showed reactivity 

withh E. coli, H. influenzae, S. pneumoniae, or N. astervides. 

ReactivityReactivity with lipopolysaccharides in antibody-capture ELISA (Table 3). All MAbs 

showedd reactions of varying strength with Ag262. Group A (F183-2 [IgG3], F183-3 [IgGl] , 

F183-155 [IgM] and F183-16 [IgG3]) showed a broad pattern of reactivity. They were reactive 

withh ManLAM, AraLAM, LM, arabinomannan (AM) and S. cerevisiae mannoprotein, but not 

withh PIM,,2or arabinoglactan. Group B (F183-6, F183-7, F183-8, F183-18, F183-22, all IgM) 

reactedd only with the oligosaccharide arabinogalactan. Group C (F183-20 and -21, both IgM) 

reactedd with LM and to a lesser extent with ManLAM and AraLAM. Group D (F183-24 and -

28,, both IgM) reacted with LM and weakly with ManLAM. 

ReactivityReactivity with lipopolysaccharides in Western blot (Table 4 and Fig. 2). MAbs in 

groupp A reacted in Western blot strongly with ManLAM, AraLAM and LM. The 

immunoblott with ManLAM showed two regions that reacted with these MAbs (30-43 kDa 

andd 20-26 kDa, Fig. 2). The MAbs in group B reacted with 2 small regions of Ag 170-6 (35-38 

kDaa and 20-26 kDa) but not with purified LAM or LM. Group C MAbs were reactive with 

LM,, and only weakly with ManLAM and AraLAM, which is in agreement with the ELISA 

results.. The reaction of MAb F183-21 in Western blot with ManLAM concerned mainly the 

lowerr region of the ManLAM preparation (22-26 kDa). None of the MAbs from group A, B 

orr C were reactive with PIMU. In contrast, the group D MAbs reacted in Western blot weakly 

withh the purified PIMi,2 preparation. They reacted only very weakly with LM and ManLAM. 

Inn addition, these group D MAbs reacted with a region below 14 kDa in Agl70-6 (Fig. 2) and 

Ag2622 (data not shown) and weakly at a position around 23 kDa. Our rabbit anti-M 

tuberculosistuberculosis F^Ra serum (Rb8-106), which contains mostly antibodies to AraLAM and LM 

(Fig.. lb, lane 5 and 6) but also antibodies recognizing ManLAM and PIMu (Fig. lb, lane 4 

andd 7), showed the same reactivity as the MAbs from group D with the lower regions (<14 

kDa)) of Ag 170-6, Ag262 and LM (Fig. lb, lane 2, 3 and 6, respectively). 

Reactivityy with M. tuberculosis culture filtrate antigens (data not shown). MAbs 

fromm group A, C and D all reacted with secreted antigens in M. tuberculosis culture filtrate in 

antibodyy capture ELISA and Western blot. In contrast, group B MAbs, reactive with 

arabinogalactann in ELISA, reacted only weakly with a (35-38 kDa) region in the blot with 

culturee filtrate (data not shown). 
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TABLEE 3.Characterization of the monoclonal antibodies from fusion 183 by antibody capture ELISA" 

Reactionn with: 

groupp A 
F183--

15 5 

groupp B 
F183--

groupp C group DL 

F183-- " F ! 8 3 -

20 0 24 4 

mycobacteriall  species 

M.M. tuberculosis 

M.M. bovis 

M.M. bovis BCG 

M.M. avium 

M.M. africanum 

M.M. microti 

M.M. vat cue 

M.M. kansasii 

M.M. marinum 

M.M. nonchromogenicum 

M.M. fortui turn 

M,M, smegmatis 

M.M. intraeeliulare 

M.M. gordonae 

M.M. terrae 

M.M. xenopi 

M.M. serofuiaceum 

M.M. duvalii 

M.M. leprae 

otherr bacteria 

£.. co/i 

hi.hi. influenzae 

SS pneumoniae 

.V.. asteroides 

MM  tuberculosis 

(Lipoo (-polysaccharides 

Ag262 2 

ManLAM M 

AraLA M M 

LM M 

PIM L 2 2 

Arabinogalactan n 

Arabinomannan n 

S.S. eerevisiae 
mannoprotein n 

4+ + 

4+ + 

4+ + 

4+ + 

4 --

4 --

4+ + 

2+ + 

4+ + 

3+ + 

4-4-

3 --

4* * 

11 + 

2+ + 

3+ + 

4+ + 

4+ + 

4+ + 

--
--
--
--

4+ + 

4+ + 

4+ + 

4+ + 

--
--

2+ 2+ 

3+ + 

4+ + 

4+ + 

4+ + 

4* * 

4 --

4+ + 

4-*--

4--

4~ ~ 

3 --

4+ + 

4* * 

4+ + 

11 + 

11 + 

4+ + 

4+ + 

4+ + 

4+ + 

--
--
--
--

4+ + 

4+ + 

4+ + 

4+ + 

--
--

2+ + 

3+ + 

4+ + 

4+ + 

4+ + 

4--

4--

4~ ~ 

3* * 

2* * 

3* * 

2* * 

4--

3+ + 

44 + 

+ + 

11 + 

3+ + 

4+ + 

3+ + 

4+ + 

--
--
--
--

3^ ^ 

3+ + 

3+ + 

3+ + 

--
--
2+ 2+ 

3+ + 

4+ + 

4+ + 

2+ + 

2+ + 

4 --

4 --

1--

2+ + 

1--

1--

3 --

1--

2+ + 

4+ + 

11 + 

4+ + 

--
--
--
--

3+ + 

3+ + 

3+ + 

2+ + 

--
--

2+ + 

3+ + 

11 + 

2+ + 

11 + 

1--

2+ + 

2+ + 

+ + 

I --

11 + 

1--

3 --

2* * 

2+ + 

11 + 

2+ + 

2+ + 

2+ + 

3+ + 

11 + 

--
--
--
--

2+ + 

--
--
--
--
2+ + 

--

--

2+ + 

3+ + 

11 + 

2+ + 

3+ + 

2+ 2+ 

1--

1--

">_ _ 
] --

4 --

2* * 

3+ + 

2+ + 

3+ + 

2+ + 

2+ + 

4+ + 

3* * 

--
--
--
--

3+ + 

--
„ „ 

--
--
3+ + 

--

3+ + 

3+ + 

K K 

2+ + 

3+ + 

2+ + 

+ + 

1--

2— 2— 

1--

4+ + 

3+ + 

4+ + 

2+ + 

3+ + 

3+ + 

3+ + 

4+ + 

3+ + 

--
--
--
--

3+ + 

--
--
--
--

3+ + 

+ + 

--

+ + 

1* * 

11 + 

1* * 

+ + 

--
--

+ + 

+ + 

--
--
--
K K 

--
11 + 

--
--
--
--

11 + 

11 + 

11 + 

2+ + 

--
--
--

--

11 + 

11 + 

11 + 

11 + 

2+ + 

2+ + 

+ + 

l-r r 

1--

11 + 

+ + 

--
+ + 

--
2+ + 

11 + 

--
--
--
--

2+ + 

11 + 

11 + 

2+ + 

--
--
--

--

3+ + 

3+ + 

2+ + 

3+ + 

4+ + 

4+ + 

2* 2* 

4* * 

1--

11 + 

3+ + 

4+ + 

11 + 

4+ + 

3+ + 

3+ + 

3+ + 

--
--
--
--

2+ + 

11 + 

--
2+ + 

--
--
--

--

aa - , AM(,<0.25: . A6M 0.25-0.5; 1+, Awt) 0.5-1.5; 2+, Ah.,„  1.5-2.0; 3-
bb F183-8 and -22, not shown in the Table, also belong to group B. 
LL F183-28, not shown in the Table, belongs to group D. 

Aw,,, 2.0-2.5; 4+,Afi,0>2.5. 
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TABLEE 4. Characterization of the monoclonal antibodies from fusion 183 by Western blotd 

^ A ?? ManLAM AraLAM LM PIM12 Agl70-5 Agl70-6 Ag262 
((sub)class) ((sub)class) 

groupgroup A 

F183-22 (IgG3) 

F183-33 (IgGl) 

F183-15F183-15 (IgM) 

F183-166 (IgG3) 

groupgroup B 

F\%3-6F\%3-6 (IgM) 

F183-77 (IgM) 

F\$3-8(IgM) F\$3-8(IgM) 

F\^3-\S(IgM) F\^3-\S(IgM) 

F183-222 (IgM) 

groupgroup C 

F183-200 (IgM) 

F183-211 (IgM) 

groupgroup D 

F183-244 (IgM) 

F183-288 (IgM) 

+++b b 

+++b b 

++b b 

+++b b 

--

--

--

--

--

d d 

++ d 

+ + 

— — 

++++ +++ - +++ +++ +++ 

++++ +++ - +++ +++ +++ 

++++ ++ - ++ ++ ++ 

++++ +++ - +++ +++ +++ 

+ cc L 

+cc c 

 +c c 

 + c c 

+++ _ ++ +++ ++ 

++++ - ++ +++ +++ 

aa - , no reaction; , weak reaction; +, moderate reaction; ++, strong reaction; +++, very strong reaction. 
bb Reactive with 2 regions of ManLAM: 30-43 kDa and 20-26 kDa. 
cc Reactive with 2 small regions of Agl70-6 and Ag262: 35-38 kDa and 20-26 kDa. 
dd Reactive mainly with the lower region of ManLAM: 22-26 kDa. 

Performancee of MAb F183-3. The IgG monoclonal antibody F183-3 from Group A 

showedd the strongest reaction against ManLAM, AraLAM and LM from M tuberculosis and 

thiss hybridoma was used to obtain ascites. MAb F183-3 antibodies were purified from the 

ascitess by protein G affinity chromatography. 

IndirectIndirect immunofluorescense. MAb F183-3 and MAb F30-5 both showed strong 

fluorescencee after incubation with whole M. tuberculosis cells (data not shown). In contrast, 

thee irrelevant anti-armadillo MAb F47-22 gave no fluorescence. This indicates that MAb 

F183-33 and MAb F30-5 are reactive with cell surface epitopes of M tuberculosis. 

Antigen-captureAntigen-capture ELISA. MAb F183-3 was used as capture antibody in the antigen 

capturee ELISA and compared with MAb F30-5, the IgM monoclonal antibody we used 

previouslyy as capture antibody (20). Rabbit anti-M tuberculosis antibodies (Rb8-106) were 
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ManLAM M AraLAM M LM M 

F30-5 5 

22 3  6 7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 ( k Da )  2  3  6 7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 '  (kDa )  2  3 6  7  8  1 5 1 6 1 8 2 0 2 1 2 2 24 ; 

94 4 

67 7 

4? ? 

30 0 

20 0 

14 4 

944 -

677 -

43 3 

300 -

20 0 

14 4 

PIM M 1.2 2 Agg 170-5 Agg 170-6 

F30-5 5 F30-5 5 
ii  i r i I 1 | 
22 3  6  7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 '  (kDa )  2  J 6  7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 '  (kDa )  2  3  6  7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 ' 

-- 94 -
__ 67 ~ 

~~~~ 43 ~~ 

30 0 

20 0 

14 4 

I I 
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FIG.. 2. Characterization of the MAbs from fusion 183 by Western blot analysis. The numbers above the lanes 
correspondd to the 13 selected MAbs. In the last lane of each blot MAb F30-5, raised against M. leprae (LAM 
specific)) was tested. The antigen used for each blot is indicated on top: ManLAM, mannose capped 
lipoarabinomannan;; AraLAM, LAM containing arabinofuranosyl termini; LM, lipomannan; PIM1.2, 
phosphatidylinositoll  mono- and dimannosides; Agl70-5, lipopolysaccharide fraction of M. tuberculosis (patient 
isolate)) containing mainly 30-43 kDa MW, and little 18-26 kDa molecular weight lipopolysaccharides (SDS 
PAGEE after staining for carbohydrate see Fig. 1); Agl70-6, lipopolysaccharide fraction containing mainly 18-26 
kDaa molecular weight, and little 30-43 kDa MW and <14 kDa molecular weight lipopolysaccharides (see Fig. 
1). . 

usedd as detection antibodies. Serial dilutions of Ag262 and purified ManLAM were tested 

usingg each capture antibody (Fig. 3). The lower detection limi t obtained with MAb F183-3 

wass 200 pg purified ManLAM/ml, which is 5 to 10-fold lower than the detection limi t 

obtainedd with MAb F30-5. 

10,00 0 

1.00 0 

0.10 0 

0.01 1 

10,00 0 

1.00 0 

0,10 0 

0.01 1 
0,11 1 10 100 1000 10000 

Ag262 (ngLAM/m l ) ) 

0,11 1 10 100 1000 10000 

ManLAMM (ng/ml) 

FIG.. 3. Performance of MAb F183-3 and F30-5 as capture antibodies in the antigen capture ELISA. 
AA serial 5-fold dilution of Ag262 (0.77-2,400 ng LAM/ml ) and purified ManLAM (0.20-3,125 ng 
ManLAM/ml)) was tested in the antigen capture ELISA with either MAb F183-3 or MAb F30-5 as 
capturee antibody and Rb8-106 as a source of detector antibodies. The mean A450 signal, minus the 
background-A4500 + 3SDs, is shown on the y-axis (log scale), and the concentrations of Ag262-LAM 
andd ManLAM are given on the x-axis (log scale). Vertical error bars:  1 SD. 

Comparisonn of the reaction pattern with (lipo)-polysaccharides of antibodies 

raisedd against M. tuberculosis or M. leprae. Al l MAbs raised by immunization with M. 

lepraeleprae and directed against LAM showed a strong preference for AraLAM and did not react 

withh LM or PIM1.2 in the antibody capture ELISA (Table 5). In contrast, in the group of 

MAbss raised against M. tuberculosis no such preference for AraLAM was seen, and most of 
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thesee MAbs did show a reaction with LM. This suggests that immunization of BALB/c mice 

withh M. tuberculosis selectively evoked antibodies against mannose motifs rather than the 

arabinosee motifs seen when M. leprae was the immunogen. 

TABLEE 5. Comparison of monoclonal antibodies raised against M leprae or M tuberculosis: Reaction pattern 
inn ELiSA1*  with different (lipo)-polysaccharides. 

MAbb code Agg 262 ManLAM AraLAM LM M PIM M AG G AM M ScM M 

M.M. leprae used as immunogen 

F30-55 3+ 3+ 44 

Fll  16-4 2+ 3- 4-

F26-44 3- 3+ 4-

Fll  16-24 3+ 3+ 4-

F26-77 3+ 3+ 4-

3+ + 

1 --

3+ + 

3-r r 

3* * 

3+ + 

--

3+ + 

2 --

3+ + 

M.M. tuberculosis used as immunogen 

F1833 group A 
(2;3;15;16) ) 

F1833 group B 
(6;7;8;18;22) ) 

F1833 group C 
(20;21) ) 

F1833 group D 
(24;28) ) 

4+ + 

3+ + 

2+ + 

4+ + 

11 + 11 + 

4+ + 

2+ + 

2+ + 

3+ + 

2+ + 3+ + 

JJ EL1SA absorbency values at 630nm: -. A6,0 <0.25; , A*„ , 0.25-0.5; 1+. A6W 0.5-1.5; 2+, Awo 1.5-2.0; 3+, 
AAhM)hM) 2.0-2.5; 4+.A630>2.5. 

Abbreviations:: Ag262, Proteinase K digest of a Triton X-100 extract of M. tuberculosis; ManLAM, mannose 
cappedd lipoarabinomannan; AraLAM, lipoarabinomannan; LM, lipomannan; PIM, phosphatidyl-myo-inositol 
mannoside;; AG, arabinogalactan; AM, arabinomannan; ScM, 5. cerevisiae mannoprotein. 

Discussion n 

Inn our hands, immunization of mice with purified ManLAM did not elicit an immune 

responsee against this lipopolysaccharide, whereas immunization with a crude (lipo)-

polysaccharidee preparation induced significant antibody titers against (lipo)-polysaccharides. 

(Lipo)-polysaccharidess are poor immunogens because of their T helper-independent character 

(10).. To enhance the immune response, lipopolysaccharides have been conjugated chemically 

too T-helper cell-dependent carrier proteins (10) or have been encapsulated in lipid A-
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containingg liposomes (27). Our crude (lipo)-polysaccharide preparation contained a small 

amountt of 38 kDa and 21 kDa lipoproteins (data not shown), which probably acted as a 

carrierr in the present study. 

Wee have isolated murine monoclonal IgG and IgM antibodies that are reactive with 

differentt lipopolysaccharides from M. tuberculosis. Four distinct groups of MAbs could be 

distinguishedd by their reaction patterns: 

MAbss from group A showed a broad pattern of activity. They were reactive with 

ManLAM,, AraLAM, LM, AM and S. cerevisiae mannoprotein but not with PIMi or PIMT. 

Thee similar level of binding suggests that the epitope recognized by these MAbs is located 

withinn the common structure shared by these five compounds, probably a linear chain of 

manl-2man-man.. The mannosylphosphatidylinositol anchor is not involved in the epitope, 

sincee the reactivity of these MAbs with ManLAM was not affected by prior deacylation of the 

LAMM (by treatment with 0.1 M NaOH for 2 h at 37°C, data not shown). The fact that these 

MAbss reacted with AM and mannoprotein from S. cerevisiae confirms this since these 

glycanss lack phosphatidylinositol. This is the first indication that M. tuberculosis (lipo)-

polysaccharidess share a common epitope with the surface located yeast mannoprotein. 

Thee fact that group A MAbs reacted in the immunoblot with two regions of ManLAM 

(30-433 kDa and 20-26 kDa) could be explained either by the presence of two forms of 

ManLAM,, reacting differently in SDS-PAGE, or by contamination of the ManLAM 

preparationn with small amounts of LM. We favor the latter explanation for three reasons: a) It 

iss difficult to obtain LAM devoid of LM (28); b) There was no reactivity of MAb F30-5, 

whichh reacts with ManLAM and AraLAM, with the lower region (20-26 kDa) in the 

immunoblott with ManLAM; c) The reaction of the LM-reactive MAbs F183-20 and F183-21 

withh this 20-26 kDa region in the immunoblot with ManLAM was stronger than with the 30-

433 kDa region (Fig. 2). The fact that silver staining of the ManLAM preparation showed only 

onee smear, between 30-43 kDa (data not shown, but published by Chatterjee and 

colleagues(5)),, indicates that the reaction of the MAbs with the 20-26 kDa region in the 

Westernn blot with ManLAM represented a reaction with just very small amounts of 

lipopolysaccharidess blotted in that region. 

Thee MAbs in group A reacted strongly in indirect immunofluorescence with intact 

mycobacteria,, confirming that large amounts of arabinomannan are present on the surface of 

M.M. tuberculosis, as has been shown by others (16, 19). 

Wee have enhanced the sensitivity of our antigen capture ELISA by using a high 

affinityy IgG monoclonal antibody which recognizes a common epitope on ManLAM, 

AraLAMM , LM and AM. MAb F183-3 has a higher affinity for LAM from M. tuberculosis 

thann the antibody we used previously (MAb F30-5), which recognizes only AraLAM 
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ManLAMM and AM. Replacement of MAb F30-5 by MAb F183-3 as capture antibody in the 

antigenn capture ELISA resulted in a 5 to 10-fold lower detection limit (200 pg ManLAM/ml) 

thann was obtained with MAb F30-5. The next step will be to evaluate our improved antigen 

detectionn assay with a panel of sputum samples from patients with pulmonary tuberculosis. 

Thee antibodies in group B reacted with purified arabinogalactan (Table 5), but not 

withh purified ManLAM, AraLAM, LM or AM. However, they reacted in Western blot with 

ourr lipopolysaccharide preparations Agl70-6 (Fig. 2) and Ag262 (Table 5), with a pattern 

resemblingg that of group A MAbs. These differences could be explained simply by the 

differentt strains of M. tuberculosis used for the antigen preparations. While the reference 

strainn H37Rv was used for the derivation of ManLAM, we used a recently isolated M 

tuberculosistuberculosis strain from a newly infected patient for the Ag 170-6 and Ag262 extracts. 

Furtherr studies revealed that these MAbs recognized only weakly acidic (lipo)-

polysaccharidess from the Ag262 preparation, whereas the MAbs from group A, C and D were 

mainlyy reactive with neutral lipopolysaccharides (data not shown). In addition, group B 

showedd only weak reactivity with culture filtrate of M. tuberculosis in ELISA and Western 

blot,, whereas all other MAbs were strongly reactive with the culture filtrate. This suggests 

thatt only low amounts of acidic lipopolysaccharides were present in the culture filtrate, which 

iss in agreement with the findings of Lemassu and Daffe (16), who showed that the 

extracellularextracellular material of M. tuberculosis (which may be shed into the culture medium) 

consistss mainly of neutral polysaccharides. 

Itt is unlikely that the weak reactions of group B MAbs with Ag 170-6 in Western blot 

aree due to arabinogalactan, since arabinogalactan does not migrate in SDS PAGE (data not 

shown).. Arabinogalactan is covalently bound to the peptidoglycan layer and forms a 

characteristicc feature of the cell wall (insoluble in detergent). 

Thee MAbs from group C reacted strongly with LM, although a weak reaction with 

ManLAMM and AraLAM was seen. No reaction was found with AM, AG or S. cerevisiae 

mannoprotein.. This suggests that these MAbs recognize a different epitope from group A 

MAbs. . 

Thee MAbs from group D recognized PIM|.2 and lipopolysaccharides with a MW of 

<144 kDa in Ag 170-6 and Ag262. These MAbs reacted in Western blot but not in ELISA with 

PIM|,2.. This could be explained by a change in the conformation of this small antigen due to 

passivee coating to the polystyrene microtitre plate, resulting in an alteration of the epitope 

recognizedd by the MAb. The stronger reaction with Ag 170-6 than with purified PIM1.2 is 

probablyy due to greater amounts of mannose residues in the PIMs in the extract. Interestingly, 

thesee MAbs recognized besides PIMs also LM and ManLAM, but not AraLAM, AM, or 

mannoproteinn from S. cerevisiae, suggesting they probably recognized mannose in 
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combinationn with the phosphoinositol group, whereas the group A MAbs recognized a 

commonn epitope between ManLAM, AraLAM, LM, AM and S. cerevisiae mannoprotein. 

Thee reaction patterns of the 13 MAbs in antibody capture ELISA with 19 

mycobacteriall  species showed subtle differences indicating that the composition of the 

mycobacteriall  cell wall varies between the mycobacterial species. The failure to find a MAb 

thatt reacted only with mycobacteria from the M. tuberculosis complex suggests that there are 

noo M. tuberculosis specific epitopes in the (lipo)-polysaccharide fractions. 

Itt is striking that none of the MAbs in the present study reacted selectively with LAM. 

Alll  our previously selected MAbs against LAM (F30-5, Fl 16-4, F26-4 Fl 16-24 and F26-7) 

(14,, 18, 31) were raised against M. leprae, whereas the MAbs in the present study were raised 

againstt (lipo)-polysaccharides from a virulent M. tuberculosis strain. This suggests that 

immunizationn with different mycobacterial species evokes different sets of antibodies. The 

antibodiess raised using M. leprae are reactive with AraLAM and ManLAM, but not with LM, 

PIMss or mannoprotein from S. cerevisiae, suggesting the specificity must lie in the branched 

arabinosee chain. Immunization with virulent M. tuberculosis induces in BALB/c mice mainly 

MAbss recognizing structures in the mannan core or the mannosyl residues present on 

mannose-cappedd LAM, resulting in MAbs that react with both LAM and LM. The sugar 

epitopess recognized by these MAbs could be elucidated if neoglycoproteins were synthesized, 

thatt contained the sugar moieties described for ManLAM AraLAM and LM (5). 

Otherss have also found that immunization with virulent M. tuberculosis resulted in 

MAbss reactive with LAM and LM (9). Other MAbs against LAM, from the 900 series (12), 

thee SA1 (35) and MAb L9 (2), were derived from fusions that used M. leprae for 

immunization.. Not one of these 20 MAbs was reactive with LM (8). 

Thee MAbs presented in this paper could be used for the detection of LAM (and other 

lipopolysaccharides)) in body fluids. Other potential uses include detection of differences in 

mycobacteriall  strains, differences in lipopolysaccharides occurring in various culture 

conditionss in vitro or during growth in macrophages. They may help in the study of the role of 

thee mannose binding protein (23), or the process of phagocytosis of the M. tuberculosis 

bacteriaa by alveolar macrophages (26). Furthermore these antibodies provide tools to examine 

thee role of mannans in signal transduction by the Toll-like receptor for lipopolysaccharides 

(34). . 
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Abstract t 

Wee have explored the use of surface plasmon resonance (SPR) technology to 

detectt Mycobacterium tuberculosis antigens, using the BIACORE J biosensor 

(Pharmaciaa Biosensor, Uppsala, Sweden). Lipoarabinomannan (LAM) and lipomannan 

aree specific lipopolysaccharides found in the cell wall of mycobacteria. A monoclonal 

IgGG antibody reactive with both LAM and lipomannan (F183-3) and polyclonal 

antibodiess to M. tuberculosis were covalently bound to CM5 sensor chips. M. 

tuberculosistuberculosis antigens were injected over the sensor surface, and the signal was amplified 

byy secondary antibodies. The assay format using polyclonal antibodies for both capture 

andd amplification showed the highest sensitivity. The detection limit was comparable 

withh the limit found in antigen capture ELISA using the same capture and detection 

antibodiess (~1 ng total protein of M.tuberculosislmX). The detection limit using MAb 

F183-33 as capture antibody was approximately 200-fold higher than in ELISA (50-250 

ngg LAM/ml). MAb F 30-5 (IgM), formerly used as capture antibody in our LAM 

detectionn ELISA (L.M. Pereira Arias-Bouda et al., J. Clin. Microbiol. 38:2278-2283, 

2000),, was not useful in the biosensor assay since we were unable to regenerate the 

biosensorr chip after binding of antigen. The biosensor assay showed high intra-chip 

reproducibility.. The signal in the biosensor was not inhibited by serum components 

althoughh non-specific binding occurred, in contrast to the antigen capture ELISA where 

wee found a strong matrix effect of serum. We conclude that the detection limit of the 

SPRR biosensor is able to approach the limit found in capture ELISA, but depends 

stronglyy on the capture antibody used. However, the biosensor system performs better 

thann the antigen capture ELISA in a complex matrix such as serum. 

Introduction n 

Assayss to detect antigens for the diagnosis of tuberculosis are promising; they are 

simple,, relatively cheap and rapid, do not require much expertise and may have a high 

throughput.. We have developed an antigen detection assay based on the detection of 

lipoarabinomannann (LAM) , a mycobacterium-specific cell wall associated lipopolysaccharide 

(12).. In this enzyme-linked immunosorbent assay (ELISA) a murine IgM monoclonal 

antibodyy against LAM (MAb F30-5, induced against LAM from M. leprae) was used as 

capturee antibody, with rabbit antiserum against Mycobacterium tuberculosis (Rb8-106) as a 

sourcee of detector antibodies. We were able to detect as littl e as 1 ng purified LAM/ml and 
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1044 M. tuberculosis whole cells/ml. The detection limit in sputum pretreated with N-acetyl-L-

cysteinn and proteinase K was 104 M. tuberculosis whole cells per ml, which is comparable 

withh the detection limit of direct microscopy. 

Althoughh antigen capture ELISA techniques are relatively simple, they have some 

drawbacks.. Sample preparation is an important, but often laborious and time-consuming step. 

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

presentt in untreated human specimens. Sensitivity may be low because of inhibiting 

substancess present in body fluids. 

AA relatively new biosensor technology, based on surface plasmon resonance (SPR) (4, 

9),, has become increasingly popular because it has the potential to allow direct visualization 

off  molecular interactions. The application field of biosensors based on SPR is wide, varying 

fromm detecting analyte in (crude) samples (4, 7, 15, 18) to obtaining kinetic rate constants for 

aa molecular interaction (9, 10, 14). SPR technology has several advantages over other 

techniques.. Detection of macromolecular interactions takes place in real time, allowing 

measurementt of kinetics and determination of binding constants. The technique does not 

requiree the use of labeled molecules, so antibody-antigen binding interactions can be studied 

directly,, removing the potential for the labeling process to cause an alteration of the native 

conformationn of the antigen. Unlike ELISA, secondary detection antibodies are not needed 

andd each binding/regeneration cycle is very rapid (minutes). In addition, ligand-coated sensor 

surfacess can often be used for many successive measurements. Brigham-Burke and colleagues 

(4)) have shown that in their hands the immobilized ligand (peptide) surface was stable for at 

leastt 100 successive measurements. 

Inn the present study we have explored the use of surface plasmon resonance (SPR) to 

detectt M. tuberculosis antigens. The SPR instrumentation used here, the BIACORE J system, 

iss a manually operated SPR instrument designed to be accessible as a general laboratory tool. 

Thee BIACORE system has been proven to be sensitive and reproducible for the quantification 

off  macromolecular interactions (4). 

Thee objectives of this study were to determine whether SPR is a suitable system for 

thee detection of M. tuberculosis antigens in clean solutions and in body fluids (e.g. serum). In 

additionn we wished to gain insight in the lower detection limit of the system using 

monoclonall  antibodies against LAM (and lipomannan [LM] ) or polyclonal rabbit anti-M 

tuberculosistuberculosis antibodies as capture antibodies. 
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Materialss and methods 

Equipmentt and reagents. BIACORE J system, Sensor Chip CM5 (research grade), 

HBS-EPP buffer (10 mM Hepes with 0.15 M NaCl, 3.4 mM EDTA and 0.005% surfactant P20 

att pH 7.4), amine coupling kit, regeneration buffer (10 mM glycine-HCL pH 1.7) and 

BIAviewerr software were provided by Biacore AB, Uppsala, Sweden. 

M.M. tuberculosis antigens (Ag262/Ag360). We used as a source of M. tuberculosis 

antigenss a Triton X-100 extract of M, tuberculosis, grown for three weeks at 37°C in a 

protein-freee medium (16). 

Ag360Ag360 (fraction containing different proteins and Hpopolysaccharides). Hundred ml of 

0.5%% Triton X-100 in 10 mM Tris-HCl pH 8 (extraction buffer) was added to 75 g wet weight 

off  M tuberculosis bacteria. The bacteria were killed by heating the suspension at 56°C for 1 

hour.. Then, the extract was placed on ice and sonicated (Branson 250-Sonifier, Branson 

Ultrasonicss Corporation, Danbury, Connecticut, U.S.A.) in a cooled glass jar closed with a 

rubberr cap (MSE Scientific Instruments, Crawley, England), in two portions for 15 min at 

0°C.. After centrifugation of the sonicate for 30 minutes at 48,384 x g and 4°C, the supernatant 

wass decanted and stored at 4°C. The pellet was resuspended in 100 ml extraction buffer and 

thee extraction procedure was repeated as described above. The supernatants were combined 

andd centrifuged for 1 hour at 100,000 x g and 4°C. The supernatant was applied to a 1 ml-

ExtractiGell  D column (Pierce, Rockford, U.S.A.) to remove the Triton X-100, and the protein 

concentrationn was measured using the BCA-Protein Assay Reagent (Pierce, Rockford, 

U.S.A.).. The solution was stored in aliquots at -70°C. 

Ag262Ag262 (fraction containing different Hpopolysaccharides). The same procedure was 

followedd as for preparation of Ag360. After the extraction procedure the supernatants were 

combinedd and centrifuged, and the supernatant was treated 5 times for 6h with 0.1 mg/ml 

proteinasee K to digest proteins. After application to a 1 ml-ExtractiGel D column (Pierce, 

Rockford,, U.S.A.) to remove the Triton X-100, the carbohydrate content of the solution was 

assayedd with the phenol/EhSĈ reagent (6). The concentration of LAM in the preparation was 

determinedd by our LAM capture ELISA (12), using a standard curve with purified ManLAM. 

Thee solution was stored in aliquots at -70°C. 

AntibodiesAntibodies used. Monoclonal antibody (MAb) F30-5, a murine IgM antibody reactive 

withh LAM (17), was purified from ascites by precipitation with ammonium sulfate. MAb 

F183-3,, an IgGl antibody reactive with LAM and LM (Pereira et al., manuscript submitted 

forr publication), was purified from ascites by protein G affinity chromatography as described 

byy the manufacturer (Amersham Pharmacia). Rabbit anti-M tuberculosis IgG antibodies 

(Rb8-106)) (12), reactive with different M. tuberculosis proteins and polysaccharides, were 
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purifiedd by protein A affinity chromatography (Amersham Pharmacia). The monoclonal IgGl 

antibodyy against myoglobin was obtained from Biacore AB, Uppsala, Sweden. 

Immobilizationn of antibodies on the CM5 sensor chip. Monoclonal or polyclonal 

antibodiess were coated on the sensor chip by random amine coupling. During the coupling 

processs a constant flow rate of 30 ^1/minute of HBS-EP buffer was maintained over the 

sensorr surface (medium flow rate). The temperature was kept at 25°C. First, the carboxyl 

groupss on the sensor surface were activated with an injection of 180 JLLI of a solution 

containingg 0.2 M N-ethyl-N^-diethylamino-propyOcarbodiimide (EDC) and 0.05 M vV-

hydroxysuccinimidee (NHS), for 6 minutes. Next, 180 |il of antibody, dissolved in 10 mM 

sodiumm acetate buffer pH 4.7 to a final concentration of 50 (ig/ml was injected over the 

surfacee during 6 minutes. Finally, the remaining ester groups were blocked by a 6 minute 

injectionn of 180 |il of 1 M ethanolamine pH 8.5. The immobilization level in Resonance Units 

(RU)) is proportional to the surface concentration, and 1,000 RU corresponds to approximately 

11 ng/mm . 

Controlss for non-specific binding. Non-specific binding of mycobacterial antigens to 

thethe sensor chip surface. A high concentration of Ag360 or Ag262 (0.1 mg protein/ml or 250 

(igg LAM/ml , respectively) was injected over a non-immobilized flow cell to determine the 

levell  of non-specific binding of these antigens to the surface of the CM5 chip. 

Non-specificNon-specific binding of secondary or third antibodies to the antibody-coated sensor 

surface.surface. Secondary antibodies or third antibodies (50 fig/ml in HBS-EP buffer) were injected 

overr a surface coated with capture antibodies alone (MAb F183-3 and Rb8-106) to determine 

thee level of non-specific binding of these antibodies to the active sensor chip surface. An IgG 

anti-myoglobinn monoclonal antibody was immobilized on the second flow cell of these sensor 

chipss as an irrelevant control antibody. 

Bindingg assays. Dose response curves. To study the detection limit of the system, 

differentt concentrations of M. tuberculosis antigens, dissolved in HBS-EP buffer, were 

injectedd over the antibody-coated sensor surfaces. Antigen concentrations ranging from 1 ng -

11 mg protein/ml (Ag360) or 25 ng - 2.5 mg LAM/ml (Ag262) were injected for 6 minutes 

(1800 fil) , using a flow rate of 30 (xl/minute, starting with the lowest antigen concentration. 

Approximatelyy 2-3 minutes after each injection of antigen, 180 jal of the secondary antibody 

(500 (ig/ml in HBS-EP buffer) was injected for 6 more minutes, if appropriate followed by a 6 

minutee injection of 50 Jig/ml goat anti-rabbit antibodies (Jackson ImmunoResearch 

Laboratories)) in HBS-EP buffer. Each cycle, consisting of successive injections of antigen, 

secondaryy antibody and eventually third antibody, was followed by regeneration of the sensor 

surfacee using 30 (il of 10 mM glycine-HCL pH 1.7 during a 1 minute injection. The 
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regenerationn step was repeated until the baseline (=RU level at the beginning of the cycle) 

wass reached. Mostly one regeneration step was sufficient to reach the baseline. 

EstimationEstimation of antigen:MAb binding ratios. An estimate of the antigen/capture-

antibodyy binding stoichiometry was calculated from the saturating binding capacity of the 

antibodyy surface. The binding stoichiometry (5) can be expressed as: 5 = [RAg / RuAb] x 

[MWMAbb / MWAg], where RAg = (maximum) amount of antigen captured by the immobilized 

antibodyy (in RU), .ftMAb = amount of antibody immobilized (in RU), and MW = molecular 

weightt of the monoclonal antibody (MAb) or captured antigen (Ag). 

EstimationEstimation of secondary antibody : antigen binding ratios. The signal level which is 

reachedd after injection of antigen over a sensor surface on which capture antibodies have been 

immobilizedd (8i in Fig. 1), reflects the actual amount of antigen captured by immobilized 

antibodiess (response of 500 RU = 500 pg/mrrf antigen). A further increase of this signal, 

obtainedd by injection of secondary antibodies over the sensor surface (5? in Fig. 1), reflects 

thee amount of secondary antibodies which have bound to the captured antigen (increase with 

5000 RU = 500 pg/mm2 secondary antibody). The ratio between 82 and 5| represents the 

relativee amount of secondary antibody bound to the antigen. The binding stoichiometry (S) 

cann be expressed as: S = [82/81] x [MWAg / MWsecAb], where MW = molecular weight of 

capturedd antigen (Ag) and secondary antibody (SecAb). Molar ratios could not be calculated 

injectionn of antigen , injection of secondary 
antibody y 

ratioo = 82/81 

FIGG 1. Calculation of the response ratio between secondary antibodies and captured antigen. 
Thee sensorgram shows the injection cycle of a certain concentration of antigen over a sensor surface containing 
antigen-specificc capture antibodies, followed by secondary antibodies, which are reactive with the captured 
antigen.. 5,, signal obtained due to binding of antigen to the capture antibodies; the signal level reflects the 
amountt of antigen which has been captured. 82, increase of the signal due to binding of secondary antibodies to 
thee antigen. The ratio 52 / 81 indicates the relative amount of secondary antibody bound to the antigen. *, the 
slightt drop corresponds to the difference in refractive index between bulk antigen in HBS-EP buffer and HBS-
EPP buffer only. 
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forr secondary Rb8-106 antibodies reacting with Ag360, since these polyclonal antibodies are 

reactivee with many proteins and polysaccharides present in this antigen preparation. In these 

situationss only response ratios are given (82 / 81). 

DetectionDetection of mycobacterial antigens in human serum. To study the matrix effect of 

humann serum on the capture of M. tuberculosis antigens, a certain concentration of Ag360 

(0.11 mg protein/ml) was injected over the sensor surface in the presence of increasing 

amountss of serum, ranging from 0% to 40%. After each injection the sensor surface was 

regeneratedd with regeneration buffer (see above). Nonspecific binding of serum components 

too the surface/capture antibody was determined by injecting different serum concentrations 

withoutt Ag360 over the surface. For these experiments we used pooled serum from three 

healthyy subjects. 

Results s 

Immobilizationn of antibodies on the CM5 sensor chip. The amount of antibody 

immobilizedd on the sensor chip surface varied during consecutive amine coupling procedures 

(Tablee 1). The coefficient of variation (CV) for the coupling of the different antibodies varied 

betweenn 8-25% (Table 1). A surface concentration of -10 ng/mm2 was reached for all 

immobilizedd antibodies, except for the anti-myoglobin IgG (immobilization level of ~5 

ng/mmm ). 

TABLEE 1. Antibody surface concentrations achieved during successive coupling procedures. 

amine e 
coupling g 
procedure e 

1 1 

2 2 

3 3 

4 4 

CVbb (%) 

MAbF183-3 3 
(IgGl) ) 

9,617/64 4 

7,785/52 2 

15 5 

immobilizedd antibody (RU / fmol/mm2) 

Rb8-1066 (IgG) 

10,000/67 7 

11,206/75 5 

8 8 

MAbb F30-5 (IgM) 

12,938/17 7 

8,085/10 0 

9,229// 12 

25 5 

MAbb anti-myoa 

(IgGl) ) 

4,366/29 9 

5,817/39 9 

5,189/35 5 

4,4800 / 30 

14 4 

anti-myo,, anti-myoglobin monoclonal antibody. 
CV,, coefficient of variation. 
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Responsee (a) Rb8-106-coated chip 
(RU) ) 

Ag3600 Rb8-106 

00 6 8.5 14.5 

Timee (min.) 

Responsee (b) MAb F183-3-coated chip (c) MAb F183-3-coated chip 
(RU)) Response 

Ag2622 MAb F30-5 (RU) 

Timee (min.) T i m e ( m i n ) 

FIG.. 2. Sensorgrams showing real time binding of increasing concentrations of Ag262 or Ag360 to a Rb8-106-
orr MAb F183-3-coated surface, followed by amplification with Rb8-106 or MAb F30-5. After each injection 
cyclee of antigen and amplifier the surface was regenerated, (a) Injection of Ag360 over a surface coated with 
Rb8-1066 antibody, and amplification with Rb8-106; a-f: increasing concentration (tenfold) of Ag360, from 
0.001-10000 p.g total protein/ml. (b) and (c) Injection of Ag262 over a surface coated with MAb F183-3 antibody, 
andd amplification with (b) MAb F30-5 or (c) Rb8-106; a-f: increasing concentration (tenfold) of Ag262, from 
0.005-5000 ng carbohydrate/ml, corresponding to 0.025-2500 pig purified LAM/ml . 

FIG.. 3. Dose response curves. 
(a)) Increasing concentrations of Ag360 (0.001-1000 p.g total protein/ml) were injected over a Rb8-106-coated 
sensorr surface; the signal was amplified with Rb8-106. (b) and (c) Increasing concentrations of Ag262 (from 
0.005-5000 ng carbohydrate/ml, corresponding to 0.025-2500 p.g purified LAM/ml ) were injected over a MAb 
F183-3-coupledd sensor chip; the signal was amplified with (b) MAb F30-5 or (c) Rb8-106 and GAR (goat anti-
rabbitt antibodies). After each injection cycle of antigen and amplifier the surface was regenerated. Both the x-
axiss and the y-axis are log scales. 
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(a) ) 
-- no amplification 
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1000 0 
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1000 0 
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Dosee response curves and detection limits. Tenfold serial dilutions of Ag262 

(containingg lipopolysaccharides alone) and Ag360 (containing also proteins) were tested, 

usingg sensor chips coated with MAb F183-3 or Rb8-106, respectively. The signal was 

amplifiedd using secondary and third antibodies. The sensorgrams are shown in Fig. 2. The 

signall  of Rb8-106-captured Ag360 was amplified using Rb8-106 as secondary antibody (Fig. 

2a),, the signal of MAb F183-3-captured Ag262 was amplified by either MAb F30-5 (Fig. 2b) 

orr Rb8-106 (Fig. 2c). In the last system the Rb8-106-amplified signal was further amplified 

withh goat anti-rabbit antibodies (Fig. 3c). MAb F183-3 itself was unable to amplify the signal 

off  MAb F183-3-captured Ag262, suggesting that MAb F183-3 recognizes a non-repeating 

epitopee (data not shown). The dose response curves are shown in Fig. 3. The detection limit 

withh Rb8-106 as capture antibody was 10 ng total protein/ml. After amplification of the signal 

withh Rb8-106 the detection limit improved to 1 ng protein/ml, which is comparable with the 

detectionn limit found in ELISA using the same capture and detection antibodies (data not 

shown).. With MAb F183-3 as capture antibody, the detection limit in the biosensor was 10-50 

ngg carbohydrate/ml, corresponding to 50-250 ng LAM/ml . After amplification with either 

MAbb F30-5 or Rb8-106 and goat anti-rabbit antibodies the signal level increased, but no great 

improvementt of the detection limit was obtained. The detection limit is approximately 200-

foldd higher than in ELISA using the same capture and detection antibodies (data not shown). 

Thus,, in the biosensor system, the assay format using polyclonal antibodies against M 

tuberculosistuberculosis for both capture and amplification performed better than the assay format using 

monoclonall  antibodies for capture and monoclonal or polyclonal antibodies for amplification. 

AntigenrMAbb binding stoichiometry. For the calculations we assumed that MAb 

F183-33 and MAb F30-5 captured only LAM from the crude Ag262 preparation. The 

LAM:MA bb binding ratios increased as more antigen was injected (Table 2). When the 

injectedd antigen concentration was raised tenfold, approximately 3- to 4-fold more LAM 

moleculess were captured by MAb F183-3 antibodies. Injection of antigen concentrations 

higherr than 250 \ig LAM/ml led to only subtle further increases of the LAM:MA b F183-3 

bindingg ratio, indicating that maximum binding was almost reached (Table 2). When a 

saturatingg concentration of Ag262 was injected (2.5 mg LAM/ml) , approximately 0.25 LAM 

moleculess bound per MAb F183-3 molecule. Since MAb F183-3 has two binding sites, an 

estimatedd maximum of 12.5% of the MAb F183-3 binding sites remained available for 

bindingg antigen after immobilization of the antibody to the sensor surface. 

LAM:MA bb F30-5 binding ratios were determined for only three injected antigen 

concentrations,, as for each antigen injection a new MAb F30-5-coated sensor chip had to be 

usedd (because of regeneration problems, see 'Regeneration of the sensor chip surface'). The 

occupationn of MAb F30-5 molecules by LAM molecules was approximately 5-fold higher 
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thann was seen with MAb F183-3 (Table 2). Since MAb F30-5 has five binding sites, an 

estimatedd maximum of 25% of its binding sites remained available for binding antigen after 

immobilization,, twice as many as with MAb F183-3. 

TABLEE 2. Antigen:MAb binding stoichiometrya. 

injectedd concentration 
LAM bb (ug/ml) 

0.025 5 
0.25 5 
2.5 5 
25 5 
250 0 
2500 0 

of f molarr ratio 
LAM:MAbF183-3c c 

11 : 333 
11 : 100 
11 :33 
11 : 8 
11 : 5 
11 :4 

molarr ratio 
LAM:MA bb F30-5d 

NTe e 

NT T 
11 :6 

11 : 1.5 
11 : 1 
NT T 

33 Binding ratios were calculated as described in Material and Methods. 
bb LAM is the major constituent of Ag262. 
cc MAb F183-3: immobilization level of 7785 RU. 
dd Because of regeneration problems three sensor chips were coated with MAb F30-5 (see Table 1) and each used 

forr only one antigen injection. MAb F30-5 immobilization levels were 8085 RU, 9229 RU and 12938 RU, 
respectively. . 

ee NT, not tested. 

Secondaryy antibody:antigen binding ratios. When Rb8-106 was used as a source of 

bothh capture- and amplifying antibodies, a gradual increase of the secondary antibody:antigen 

ratioo was observed when lower concentrations of Ag360 were injected (Table 3). Thus, 

relativelyy more secondary antibodies bound to the antigen when the amount of captured 

antigenn was low, which indicates that Rb8-106 could be a valuable amplifying antibody in 

thiss assay format. This is supported by the fact that a tenfold improvement of the detection 

limitt was reached when Rb8-106 was used as amplifying antibody in this system (see above). 

Thiss phenomenon was not observed when secondary antibodies (Rb8-106 or MAb F30-5) 

weree used in combination with MAb F183-3 as capture antibody. With this chip the 

secondaryy antibody:antigen ratios did not vary greatly with the injected antigen concentration 

(Tablee 3), and the detection limit was not improved substantially (see above). 

Non-specificc binding. Nonspecific binding of M. tuberculosis antigens. Neither 

Ag360,, nor Ag262 bound to a non-immobilized flow cell during a 6 minute injection of 100 

ugg protein/ml (Ag360) or 250 (Xg LAM/ml (Ag262) (-2.7 RU and -3.6 RU, respectively). No 

bindingg of these antigens used at these concentrations was observed when they were injected 

overr a surface coated with anti-myoglobin IgG antibodies (-9.2 RU and -2.6 RU, 

respectively). . 
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TABL EE 3 Secondaryy antibody:antigen '•• bindingg ratios. 

secondaryy antibody 

injectedd antigen 
concentration n 

(ji gg protein/ml or LAM/ml ) 

Ag360 Ag360 
(chip(chip coated with Rb8-I06) 

0.1 1 

1 1 

10 0 
100 0 

1000 0 

Ag262Ag262 (LAM) 
(chip(chip coated with MAb F183-3) 

2.5 5 
25 5 
250 0 
2500 0 

Rb8-106 6 

responsee ratio3 

SecAb/Ag g 

1.8 8 

1.2 2 

0.9 9 
0.7 7 
0.5 5 

0.6 6 
0.7 7 
0.7 7 
0.8 8 

molarr ratio" 
SecAb/Ag g 

b b 

0.12 2 

0.14 4 

0.14 4 

0.15 5 

response e 
SecAb/ / 

NTC C 

NT T 

NT T 
NT T 
NT T 

0.8 8 
1.1 1 
1.4 4 

1.4 4 

MA bb F30-5 

ratio o 

Ag g 

molarr ratio 
SecAb/Ag g 

0.03 3 

0.04 4 

0.06 6 

0.06 6 

dd The response ratio and molar ratio were calculated as described in materials and methods. SecAb, secondary 
antibody;; Ag, antigen. 
Molarr ratios could not be calculated since Rb8-106 is reactive with many proteins and polysaccharides from 
thiss antigen preparation. 

cc NT, not tested. 

Non-specificNon-specific binding of amplification antibodies. Overall, non-specific binding of 

secondaryy antibodies, injected over an antibody-coated sensor surface without prior injection 

off  antigen, was low and varied slightly with the immobilized antibody (0-14 RU). In assays 

wheree amplification antibodies were used, the non-specific binding of these antibodies was 

subtractedd from the measured signal. 

Regenerationn of the sensor chip surface. Surfaces on which IgG capture antibodies 

weree immobilized (MAb F183-3 / Rb8-106 / anti-myoglobin MAb) could be repeatedly 

regeneratedd with 10 mM glycine-HCL pH 1.7 (1 minute injection, 30 ul) to strip bound 

antigen,, without loss of antibody activity. Baseline levels could be reached usually after a 

singlee regeneration step (data not shown). However, sensor surfaces coated with IgM 

antibodiess (MAb F30-5) could not be regenerated with glycine-HCL pH 1.7 or 2.0, nor with 

otherr commonly used regeneration buffers (e.g. 20 mM NaOH or 50 mM H3P04 pH 1.7). 

Injectionn of these buffers led to removal of significant amounts of immobilized IgM and/or 

completee loss of antibody activity (data not shown). 
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Reproducibility.. A constant concentration of Ag262 (250 (ig LAM/ml ) was 

repeatedlyy injected over a MAb F183-3-coated sensor surface. Between the antigen injections 

thee surface was regenerated. As is shown in Table 4, the antigen signal was highly 

reproduciblee (intra-chip CV of 1.2 %). The experiment was repeated using a second chip on 

whichh the same capture antibody was immobilized on another occasion (intra-chip CV of 0.2 

%).. This chip had a lower surface concentration of MAb F183-3 (due to inter-coupling 

variation,, see Table 1), and as a consequence a lower signal level was obtained after injection 

off  250 jag LAM/ml (Table 4). This resulted in an inter-chip coefficient of variation of 11%. 

Thee LAM:MA b binding ratio for both chips was equal to 0.2 (~1 : 5) after injection of 250 jig 

LAM/ml .. Sensor surfaces coated with Rb8-106 antibodies showed an intra-chip coefficient of 

variationn of 6% and inter-chip CV of 10% (data not shown). 

TABLEE 4. Reproducibility of MAb F183-3 reactivity 

LAMM (250 ug/ml) chipla chip2b 

355̂ ^ 304 
3599 304 
354 4 
348 8 
352 2 

1.22 0.2 

LAM:MA bb binding ratio6 02 0.2 
aa Chip coated with MAb F183-3, surface concentration 64 fmol/mm". 
hh Chip coated with MAb F183-3, surface concentration 52 fmol/mm2. 
11 Measured response (RU) 
uu CV, Coefficient of Variation 
LL The molar ratio was calculated as described in material and methods. 

Influencee of serum matrix on capture of M. tuberculosis antigens. Since we aim to 

developp a test for the detection of M tuberculosis antigens in serum samples, we have studied 

thee effect of the serum matrix on the capture of M. tuberculosis antigens by MAb F183-3- or 

Rb8-106-coatedd chips. The non-relevant anti-myoglobin antibody was immobilized on the 

secondd flow channel of the sensor chips. The results are shown in Fig. 4. The degree of non-

specificc binding of serum components was dependent on the immobilized capture antibody. 

Thee highest non-specific binding was found with MAb F183-3 as capture antibody, for which 

thee non-specific binding increased gradually as higher concentrations of serum were injected 

(Fig.. 4a). The signal obtained after injection of Ag360 in the presence of 5-40% serum was 

intra a 

cyclee 1 

cyclee 2 

cyclee 3 

cyclee 4 

cyclee 5 

-chipp CVd 
(%) ) 
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(almost)) the sum of the signal without serum plus the signal obtained by the same amount of 

serumm (non-specific binding). With the non-relevant monoclonal antibody, the signal obtained 

byy serum alone was equal to the signal obtained by Ag360 in the same amount of serum (Fig. 

4c),, indicating, as expected, that no Ag360 was bound to this surface. After subtraction of the 

non-specificc binding, the recovery of Ag360 from the samples containing 5-40% serum was 

70-80%% for the chip coated with MAb F183-3, and 86-100% for the chip coated with Rb8-106 

(Fig.. 4d). 

(a)) MAb F183-3-coated sensor 

surface e 
(b)) Rb8-106-coated sensor surface 

600 0 
__ 500 
l || 400 
gg 300 
00 200 

11 100 

•• 0.1 mg/rri Ag360 

•• non-specific binding 

-1000 0% 5% 10% 20% 40% 

serumm concentration 

600 0 

_~~ 500 

§§ 400 

SS 3 0 0 

oo 200 

XX 100 

•• 0.1 mg/ml Ag360 

aa non-specific binding 

300 • 

300 • I 
00 J = ml l 

-1000 0% 5% 10% 20% 40% 

serumm concentration 

(c)) non-relevant MAb-coated sensor 

surface e 

600 0 

~~ 500 

ÜÜ 400 -

ÏÏ 300 

oo 200 

££ 100 -

** of 
-100 0 

•• 0.1 mg/mlAg360 

aa non-specific binding 

M3 M3 D D [ [ 
0%>> 5% 10% 20% 40% 

serumm concentration 

(d)) Ag360 responses after subtraction 
off non-specific binding 

600 0 

500 0 

400 0 

300 0 

200 0 

100 0 

0 0 

-100 0 

DD 0% serum 
DD 5% serum 
•• 10% serum 
•• 20% serum 
•• 40% serum 

MAbb F183-3 Rb8-106 non-rel. MAb 

capturee antibody 

FIGG 4. Influence of serum matrix on capture of M tuberculosis antigens. 
0.11 mg protein/ml (Ag360) was injected over a surface coated with (a) MAb F183-3, (b) Rb8-106, or (c) a non-
relevantt (anti-myoglobine) MAb, in the presence of varying concentrations (0-40%) of pooled serum from three 
healthyy donors. The degree of non-specific binding was determined by injecting 0-40% serum without Ag360. 
(d)) Corrected Ag360 responses after subtraction of non-specific binding. Non-rel. MAb, non-relevant 
monoclonall  antibody. 
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Influencee of serum matrix on amplification of the signal by Rb8-106. To see 

whetherr the serum components adherent to the chip surface inhibited secondary antibodies 

(Rb8-106)) from binding to the captured antigen, 0.1 mg protein/ml (Ag360) was injected over 

aa Rb8-106-coated sensor surface in the presence of 20% serum, followed by the injection of 

Rb8-1066 to amplify the signal (Fig. 5). The non-relevant antibody were immobilized on the 

secondd flow cell. In Fig. 5b the responses are shown after subtraction of the non-specific 

binding.. While no antigen bound to the flow cell with the non-relevant antibody, the capture 

off  antigen by Rb8-106 antibodies in the presence of 20% serum was not inhibited by serum 

componentss (Fig. 5b). This was in agreement with our earlier experiments (see above, Fig. 

4d).. The signal, obtained after amplification with Rb8-106 antibodies, was only slightly (4%) 

lowerr in the presence of serum than when Ag360 in the absence of serum was applied (Fig. 

5b). . 
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FIG.. 5. Influence of serum matrix on amplification of the signal by Rb8-106 antibodies. 
(a)) 0.1 mg protein/ml (Ag360) was injected over a surface coated with Rb8-106 or a non-relevant MAb (anti-
myoglobinee MAb), in the presence of 0% or 20% pooled serum from three healthy donors. The signal was 
amplifiedd by secondary antibodies (Rb8-106). The degree of non-specific binding was determined by injecting 
0%% or 20% serum without Ag360 (followed by injection of amplifying antibodies), (b) Corrected responses after 
subtractionn of non-specific binding. Capture Ab. capture antibody. 

Discussion n 

Wee have shown the BIACORE optical detection system is suitable for the detection of 

127 7 



ChapterChapter 5 

M.M. tuberculosis antigens. However, only IgG class antibodies were useful as capture 

antibodiess in this system when repeated measurements were made using the same chip. 

Thee regeneration conditions are an important aspect of the reproducibility of the 

biosensorr system. When IgG antibodies were immobilized on the sensor surface, one short (1 

min)) regeneration step with a low pH-buffer (HC1) was sufficient to strip the antigen and to 

returnn to baseline levels, without loss of antibody activity (data not shown). The antigen 

signall  was highly reproducible during successive binding/regeneration cycles, using these 

IgG-coatedd chips (intra-chip CV of 0.2-6%). However, we were unable to successfully 

regeneratee sensor surfaces coated with IgM antibodies (MAb F30-5). Application of 

commonlyy used regeneration buffers (low-pH or high-pH buffers) led to complete loss of 

antibodyy activity. This implies that MAb F30-5 is unsuitable for use as capture antibody, 

sincee sensor chips coated with this antibody can only be used just for one antigen injection. 

However,, many other regeneration solutions and 'cocktails' have been described which can 

bee tried out when the commonly used regeneration buffers fail (2). We did not fully explore 

thesee possibilities for the IgM-coated sensor surface. Regeneration problems with IgM-coated 

sensorr surfaces have been reported by others. Quinn and colleagues (13), who used NaOH as 

regenerationn buffer, observed a cumulative loss in surface binding activity of their blood 

group-specificc IgM antibody after each binding/regeneration cycle. On the other hand, 

Roggenbuckk and co-workers (14), who immobilized human monoclonal polyreactive IgM 

antibodiess to a CM5 sensor surface, did not report any problems after regeneration of the 

sensorr surface with an high-pH buffer. 

Althoughh the IgG-coated sensor chips showed a high intra-chip reproducibility, the 

variationn in antigen-signal level between different sensor chips was not negligible (CV of 

-10%).. This so-called inter-chip variation was caused by a moderate surface-antibody-coating 

reproducibilityy (CV of 8% and 15% for Rb8-106 and MAb F183-3, respectively). For the IgM 

(MAbb F30-5) and the non-relevant IgG antibody the coating reproducibility was even lower 

(14-25%).. Others have reported higher surface-coating reproducibility rates (CV of 2-6%) 

afterr amine-coupling of their ligand to a CM5 sensor chip surface (7, 15). Both authors used 

peptidess as the ligand whereas we used antibodies for coupling to the surface of the CM5 

sensorr chip; the degree of coating reproducibility is possibly ligand-dependent. Since we aim 

too develop a semi-quantitative diagnostic test, the moderate inter-chip reproducibility would 

nott be a great problem, given that we have built in the use of positive controls. 

Inn ELISA, less than 3% of the binding sites of passively adsorbed monoclonal IgG 

antibodiess are capable of capturing antigen (5). Butler and colleagues showed that 

immobilizationn of these antibodies via a streptavidin bridge led to the preservation of -3-25% 

off  binding sites, depending on the immobilized antibody (5). VanCott and coworkers (15) 
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appliedd BIACORE technology to the study of antibody interactions with immobilized 

peptidess from an HIV-1 protein. They estimated that after covalent binding of the peptide or 

thee whole protein to a dextran surface, 44% of the peptide and 94% of the protein retained the 

properr conformation to bind monoclonal antibodies (assuming bivalent binding of these IgG 

antibodies).. In our study, measurements of the binding stoichiometry revealed that an 

estimatedd maximum of 12.5% of the binding sites of MAb F183-3 remained available for 

bindingg antigen after covalent binding of this MAb to a dextran surface. This percentage is 

probablyy underestimated since for the calculation of the binding stoichiometry we assumed 

thatt this monoclonal antibody captured only LAM from the lipopolysaccharide preparation. It 

iss very likely however that a proportion of the MAb F183-3 binding sites bound LM instead 

off  LAM. Since LM has a lower MW (around 20kDa) than LAM (30-40kDa), this will lead to 

ann underestimation of the calculated amount of active binding sites, as deduced from the 

bindingg stoichiometry equation (see materials and methods). In addition, we did not explore 

whetherr there was an optimal antibody-surface concentration giving maximum binding 

reactivity,, and it is possible that a higher percentage active binding sites would be found using 

aa sensor chip with a different surface concentration of MAb F183-3 antibodies. In support of 

this,, VanCott and coworkers (15) demonstrated that the protein surface reactivity increased 

withh the protein surface concentration to a certain maximum; beyond this maximum there was 

aa significant decrease in reactivity, which was explained by the authors as steric hindrance. 

Afterr covalent binding of MAb F30-5 to the sensor chip, we estimated that 

approximatelyy 25% of the binding sites of this IgM antibody remained active, twice as many 

ass with the IgG antibody MAb F183-3. We attribute this difference to 1. the lower probability 

thatt the binding sites of the pentamer are involved in covalent linkage to the matrix and 2. the 

lowerr probability that they are not accessible for the antigen because of steric hindrance. 

Withoutt the use of amplification antibodies, the lower detection limit in the biosensor 

systemm was 10 to 200-fold higher than in (the better optimized) ELISA, depending on the 

capturee antibody used. After amplification with polyclonal rabbit anti-M tuberculosis 

antibodiess (Rb8-106), the detection limit of the system using polyclonal rabbit antibodies for 

capturee improved ten-fold. In this system relatively more amplifying antibodies bound per 

antigenn molecule at lower surface antigen concentrations. A combination of factors is 

probablyy responsible for this phenomenon: a perfect match between capture- and amplifying 

antibodies,, leading to steric hindrance of the amplifying antibodies at higher concentrations of 

capturedd antigen, and a relatively high affinity of the polyclonal antibodies for these antigens. 

Thiss phenomenon was not seen when MAb F183-3 was used as capture antibody. The amount 

off  amplifying antibodies (Rb8-106 or MAb F30-5) binding per antigen molecule was rather 

loww at lower surface antigen concentrations, and the detection limit did not improve greatly 
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afterr amplification with these secondary antibodies. The assay format using Rb8-106 for both 

capturee and amplification proved to be the most sensitive in the biosensor system. 

Thee detection limit using the SPR system can possibly be further improved by 

optimizingg the antibody surface concentration, increasing the sample injection time, or using 

anotherr flow rate. The detection limit of 1 ng total protein of M. tuberculosislxn\, achieved in 

thiss study when using polyclonal capture antibodies, is encouraging, indicating that the 

sensitivityy of SPR technology lies in the same range as the sensitivity of the antigen capture 

ELISA.. In support of this, others have reported slightly lower (11, 18), equal (15) or even 

higherr sensitivity rates (7) with biosensor technology than with conventional immunoassays 

whenn these methods were applied for detection of antibodies or antigens. 

Inn contrast to our antigen capture ELISA where we found a strong matrix effect of the 

serum,, almost no inhibition of the positive signal by serum components was observed in the 

biosensor.. This is a great advantage since we aim to develop a serum-based antigen detection 

test,, that could detect both pulmonary and extra-pulmonary TB. Although no inhibition of the 

positivee signal occurred, the non-specific binding of serum components was as high as 200-

3000 RU when 40% serum was applied to the antibody-coated dextran surface. The non-

specificc binding could be caused by adherence of serum proteins to the sensor surface or to 

thee coated antibodies. Others have claimed however that the CM5 sensor chip matrix exhibits 

minimall  non-specific binding of proteins (4). Since human serum can contain dextran-reactive 

antibodiess (1, 8), part of the non-specific binding could be a result of binding of these 

antibodiess to the dextran matrix of the sensor chip. In another study, addition of CM-dextran 

too the serum samples prior to testing led to only weak non-specific interactions (7). 

Wee conclude that with the BIACORE system a detection limit can be reached which is 

comparablee to the detection limit found in ELISA, although this depends strongly on the type 

off  the capture antibodies. In a complex matrix, such as serum, the BIACORE system 

performedd better than the antigen capture ELISA. This, together with the fact that it is a 

simplee one-step assay with a very short examination time, is an important advantage above 

ELISAA techniques. The BIACORE J apparatus used in this study is a universal biosensor, 

applicablee for many purposes. The increasing popularity of biosensors is prompting 

manufacturerss to develop new instrumentation for dedicated applications (3). If the detection 

systemm could be converted into a low-cost, semi-quantitative SPR detector, it could become a 

valuablee diagnostic tool for tuberculosis, even in relatively poorly-equipped laboratories in 

areass with TB endemicity. 
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Abstract t 

Threee capture enzyme-linked immunosorbent assays (ELISAs) were developed 

forr the detection of lipoarabinomannan (LAM) and proteins from Mycobacterium 

tuberculosis.tuberculosis. We used a murine monoclonal antibody against LAM as a capture 

antibodyy and rabbit antiserum against M. tuberculosis as a source of capture or detector 

antibodies.. Two assays used microtiter plates, the third was a dipstick EL1SA using 

nitro-cellulosee as carrier for the polyclonal capture antibodies. The detection limits of 

thee three assays were evaluated using purified LAM and a Triton X-100 extract of M. 

tuberculosis.tuberculosis. The lowest detection limit of 0.3 ng M. tuberculosis protein/ml was found 

withh the rabbit antiserum used as capture antibody. The Dipstick ELISA had the 

advantagess that it was much quicker and could be read with the naked eye: with it 1 ng 

M.M. tuberculosis protein/ml could be detected. Three different treatments for sputum 

sampless were compared, using sputum from 30 Vietnamese TB patients and 41 

Vietnamesee non-TB patients. An N-acetyl-L-cysteine (NALC) proteinase K method as 

previouslyy described (L. M. Pereira Arias-Bouda, S. Kuijper, H. M. Jansen, and A. H. J. 

Kolk.. 2000. J. Clin. Microbiol. 38:2278-2283), a method using NaOH-NALC- detergent 

andd one using a dilution-detergent mixture. The best results (15 of 21 culture-positive 

sampless were positive in the capture assay) were obtained with the NALC-proteinase K 

sputumm treatment together with rabbit antiserum against Mycobacterium tuberculosis as 

thee source of capture and detector antibodies. With the dilution-detergent method, 14 of 

211 culture-positive samples were positive in the capture assay. The specificity of all three 

assayss was 95%. 

Introduction n 

Theree is a great need for a rapid, field-adapted diagnostic test for tuberculosis (TB). In 

resource-poorr countries, where culture facilities are not available, the detection of acid-fast 

bacteriaa (AFB) in sputum by direct microscopy remains the usual means of diagnosing 

pulmonaryy tuberculosis. Although direct microscopy is highly specific, sensitivity rates vary 

betweenn 35-79% (6, 13, 14). 

Sincee field laboratories in TB endemic areas are often overloaded with samples for 

smearr examination, the implementation of an additional test, next to microscopy, is rarely 

possible.. Therefore any new test should replace direct microscopy. However, this is not 

simple,, since such a test must meet stringent requirements: besides being easy to perform, 

rapidd and non-expensive, it must have a high specificity reaching 100% (like microscopy), 
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showw a higher sensitivity than microscopy, and the result should preferably correlate with the 

bacteriall  load in the sputum. 

Antigenn detection assays based on ELISA, or even better, rapid tests such as dipsticks 

(2,, 7) and lateral flow tests (1, 15, 21), are promising techniques which meet some of these 

criteria.. So far one lateral flow test has been described for the detection of M. tuberculosis in 

earlyy cultures (1). The test showed a high sensitivity and specificity in a multi-center 

evaluationn (9). Several mycobacterial antigens, such as antigen 5, antigen 85 complex, other 

proteins,, and the lipopolysaccharide lipoarabinomannan (LAM) have been found in body 

fluidss of patients with TB (3-5, 8, 11, 18, 18, 27). We have described the development of an 

ELISA-basedd assay for detection of LAM in sputum (16). The preliminary results were 

promising,, but sample treatment and assay time were cumbersome and too long. 

Wee have tried to enhance the detection limit of the test by using polyclonal antibodies, 

too find simpler ways of preparing the sputum samples, to improve the release of 

mycobacteriall  antigens from intact mycobacteria and to reduce the overall time required by 

thee test. As a preliminary to the development of a lateral flow test, we have developed an 

ELISAA dipstick assay based on these polyclonal antibodies which has the advantage that it 

cann be performed within two hours and can be read visually. The efficiency of the previously 

describedd sputum treatment method and the newly developed assays were compared in a 

numberr of sputum samples from TB patients and non-TB patients. 

Materialss and methods 

Patients.. The study protocol was approved by the Ethics Committee of the Academic 

Medicall  Center in Amsterdam and the TB Center in Ho Chi Minh City. All subjects gave 

permissionn for sputum sampling after written information was provided. 

SputumSputum sample storage. Sputum samples were collected and frozen on the same day 

andd stored at -20°C until use. 

(i)(i) Sputum samples from Dutch patients with pulmonary diseases other than 

tuberculosis.tuberculosis. Sputum samples were obtained from 23 Dutch subjects who were admitted to 

thee Division of Pulmonary Diseases of the Academic Medical Center in Amsterdam because 

off  chronic obstructive pulmonary disease (n=9), asthma (n=\), bronchitis (/?=2), pneumonia 

(«=2),, interstitial pulmonary fibrosis (w=2), bronchiectasias {n=\), lung cancer (n=4), 

haemoptysiss (n=\), congestive cardiac failure («=1). Micro-organisms were isolated from the 

sputumm of 15 of these patients and included Pseudomonas aeruginosa (in 6 cases), 

HaemophilusHaemophilus influenzae (in 1 case), Streptococcus pneumoniae (in 2 cases), Branhamella 
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catarrhaliscatarrhalis (in 3 cases), Escherichia coli (in 2 cases), Enterobacter (in 2 cases), Proteus 

mirabilismirabilis (in 1 case), and Aspergillus fumigatus (in 4 cases). None of the sputum samples 

containedd AFB. 

(ii)(ii) Sputum samples obtained from the Pham Ngoc Thach TB and Lung Disease 

Center,Center, Ho Chi Minh City, Vietnam. Single sputum samples with a volume of at least 4 ml, 

weree collected before treatment from 30 patients with pulmonary tuberculosis. Some patients 

havee been seen by other hospital or private doctors. It is then uncertain if TB medication was 

alreadyy given. Twenty-one patients had culture-proven pulmonary TB. Fifteen were smear-

positivee and 6 smear-negative, according to the following reporting scale: ZN-, no AFB per 

3000 fields; ZN+/-, 1 to 9 AFB per 100 fields; ZN+, 10 to 99 AFB per 100 fields; ZN 2+, 1 to 

100 AFB per field in at least 50 fields; ZN 3+, more than 10 AFB per field in at least 20 fields. 

Ninee patients with negative culture results, 2 smear-positive (one relapse case already treated 

inn another hospital and one previously treated) and 7 smear-negative, were called patients 

withh 'probably TB'. The diagnosis in this group was based on the clinical picture, chest X-ray 

results,, a positive PPD skin test and good response to anti-tuberculous treatment. All TB 

patientss were HIV-negative. Six TB patients had a previous history of TB. 

Thee control group consisted of 41 patients with pulmonary diseases other than TB: 

pulmonaryy malignancy («=24), chronic obstructive pulmonary disease (n=10), and 

(viral/bacterial)) pneumonia (n=7). All patients had negative sputum smears and negative 

culturee for M. tuberculosis, and all of them were HIV-negative. Eleven of these control 

patientss had a previous history of TB. 

Directt microscopy (20) was performed in Vietnam on a purulent part of the same 

sputumm sample which was sent to the Netherlands for testing in capture assay. 

Decontaminatedd sputum samples were cultured in Vietnam on 2 Löwenstein-Jensen slants. 

Culturess were examined weekly for growth for a total of 8 weeks. 

Antibodiess used. As capture antibodies we used the mouse IgM monoclonal antibody 

(F30-5)) against lipoarabinomannan (26), the IgGi MAb F24-2 against 16 kDa (25) and the 

IgG|| MAb F183-3 against lipoarabinomannan (Pereira Arias-Bouda, L. M., S. Kuijper, J. van 

derr Wijk, H. M. Jansen, and A. H. J. Kolk, submitted for publication). MAb F30-5 was 

purifiedd from ascites by precipitation with ammonium sulfate, the others by protein G affinity 

chromatographyy (Amersham Pharmacia). The rabbit serum Rb8-106 (16) against 

M.tuberculosisM.tuberculosis strain H37Ra, was used as capture antibody in both the ELISA test and the 

dipstickk ELISA. For this purpose, IgG antibodies were purified from the serum by protein A 

affinityy chromatography (Amersham Pharmacia). Peroxidase-labeled goat anti-rabbit 

antibodiess were obtained from Jackson ImmunoResearch Laboratories (West Grove, 

Pennsylvania,, USA). 
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BiotinylationBiotinylation of Rb8-106 antibodies. Ammonium sulfate purified Rb8-106 was 

biotinylatedd with NHS-LC-Biotin as described by the manufacturer (Pierce, Rockford, IL 

611055 USA), and used as detection antibody in the ELISA and the dipstick ELISA with Rb8-

1066 (see below). 

Antigenss used. Purified ManLAM from M. tuberculosis strain H37Rv was kindly 

providedd by J.T. Belisle (Department of Microbiology, Colorado State university, Fort 

Collins).. Ag360, a Triton X-100 extract of M. tuberculosis, was prepared as previously 

describedd (Pereira Arias-Bouda, L. M., S. Kuijper, H. M. Jansen, and A. H. J. Kolk, submitted 

forr publication) and contained 10 mg protein/ml. Ag 262, a proteinase K digest of a Triton X-

1000 extract of M. tuberculosis, was prepared as previously described (Pereira Arias-Bouda, L. 

M.,, S. Kuijper, H. M. Jansen, and A. H. J. Kolk, submitted for publication) and contained 5 

mgg carbohydrate/ml and 300 [ig protein/ml. 

M.M. tuberculosis suspension for spiking experiments. Two suspensions were defined: 

(i)(i) Old suspension of M. tuberculosis. The mycobacteria were cultured for 4 weeks in 

Sautonn medium (24), heated for 15 min at 80°C and centrifuged at 2,000 x g for 20 min. The 

pellett was resuspended in phosphate buffered saline pH 7.2 (PBS) containing 0.005% Tween-

200 and sonicated for 10 seconds. The A420 was adjusted to 0.15, which corresponds to 10 

bacteria/ml.. (26). Five-fold serial dilutions were made in 0.02% sodium azide, 0.005% 

Tween-200 in PBS, using positive displacement pipettes. The suspensions were stored at 4°C 

forr 6 months. 

(ii)(ii) Young suspension of M. tuberculosis. The mycobacteria were cultured for two 

weekss in Sauton medium, and the suspension was made in the same way as described for the 

oldd suspension. The suspension was immediately used for spiking experiments. 

Treatmentt of the sputum samples. Method A: The proteinase K-NALC method. We 

usedd 750 jil aliquots (by positive displacement pipette) of the sputum samples. Samples were 

treatedd as described previously (16). Briefly, N-acetyl-L-cystein (NALC), proteinase K and 

phosphatee buffer were added to the sputum sample (end-concentration respectively 1 mg/ml, 

0.11 mg /ml and 20mM), followed by mixing and incubation for 6 hours at 50°C in a 

hybridizationn oven (rotating). After boiling, the sputum was centrifuged at 12,000 x g at room 

temperaturee and the supernatant was tested in both monoclonal and polyclonal capture ELISA 

systems. . 

MethodMethod B: The NaOH- NALC- detergent method. We used a displacement pipette to 

aliquott 1 ml of the sputum samples in a 50 ml blue-cap polypropylene tube. The samples were 

decontaminatedd by addition of the same volume of 0.5 M NaOH, 0.05M sodium citrate and 5 

mg/mll  NALC. Sample were incubated in a shaker for 10 min and then neutralized by the 

additionn of 45 ml 0.067 M sodium phosphate pH 6.5. Samples were centrifuged for 30 min at 
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3,0000 x g. The supernatant was discarded using the standard safety precautions. The pellet 

wass solubilized by the addition of 0.5 ml 0.13 % sodium dodecyl sulfate (SDS) and 0.67% 

NP400 in PBS, heated for 10 min at 65°C (to kill the mycobacteria) sonicated in a waterbath 

forr 30 minutes and centrifuged for 10 minutes at 13,000 x g. The supernatant was used for the 

antigenn capture assay. 

MethodMethod C: The Dilution-detergent method. Aliquots of 250 \i\ sputum were diluted 

twicee by adding an equal volume of 0.269% SDS and 1.34% NP40 in PBS, pH 7.2. The 

sampless were shaken at room temperature for 5 hours, sonicated in a waterbath for 30 min at 

65°CC (for inactivation), and centrifuged for 10 minutes at 13,000 x g. The supernatant was 

usedd for the antigen capture assay. 

Capturee ELISA with MAb F30-5. The capture assay with F30-5 was performed as 

previouslyy described (16) with minor modifications. In brief, plates were coated with purified 

MAbb F30-5 at a concentration of 5ug IgM/ml in PBS (100 ul/well) and incubated overnight at 

4°C.. After washing twice with PBS pH 7.2, the wells were blocked with 1% skim milk for 1 h 

att 37°C. After two washes with PBS, 100 ul of the treated sputum sample was added to each 

well.. To control for the background reaction (conjugate control) four wells were filled with 

PBST.. Plates were incubated in a shaker overnight at room temperature, washed 5 times with 

0.05%% (v/v) Tween 20 in PBS pH 7.2 (PBST), followed by addition of rabbit anti-M 

tuberculosistuberculosis serum (Rb8-106) at a 1: 1,000 dilution in 1 % (w/v) skim milk in PBST. After 

incubationn for 1 hour at 37°C, the plate was washed again 5 times with PBST and 100 ul of 

peroxidase-labeledd goat anti-rabbit IgG (heavy and light chain) (Jackson ImmunoResearch 

Laboratories)) was added to each well in a 1: 8,000 dilution in 1 % (w/v) skimmed milk in 

PBST.. The plate was incubated for 1 hour at 37°C and washed 5 times with PBST, followed 

byy addition of 100 ul of tetramethylbenzidine (TMB) substrate solution (16). After 30 minutes 

incubationn in the dark at room temperature, the A630 was measured. The reaction was stopped 

byy the addition of 100 ul of 0.5 M H2S04 to each well and the A450 was measured. To correct 

forr day-to-day and plate-to-plate variation, Ag262 was used as a positive control. All values 

weree corrected by multiplying the A450 of the unknown samples by the correction factor (= 

A4500 of Ag262 at day O/A450 of Ag262 at day of testing). By measuring at two wavelengths 

(6300 and 450 nm), we were able to increase the detection range of LAM. High concentrations 

off  LAM could be detected by measuring the A63o, and low concentrations of LAM could be 

detectedd by measuring at A450. The relation ship between the two is A450/A63o = 3. 

Capturee ELISA with Rb8-106. A polystyrene flat-bottom micro-titer plate (High 

Binding;; Greiner labortechnik, Niirtingen, Germany) was coated with 5 ug/ml protein A 

purifiedd Rb8-106 IgG antibodies in PBS pH 7.2 (100 ul/well) and incubated overnight at 4°C. 

Then,, the plate was washed three times with 400 ul/well of PBS and blocked with 1% (w/v) 
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skimmedd milk in PBS for 1 hr at 37°C. After washing three times with PBS, 100 ul of a 

mixturee of the pre-treated sputum sample and biotinylated Rb8-106 antibodies (end 

concentrationn 2 (ig/ml) was added to each well, so that an end concentration of 1% skim milk 

andd 0.05% Tween 20 was present. Each sample was tested in duplicate. To control for the 

backgroundd reaction (conjugate control) four wells were filled with PBST. The plate was 

incubatedd for 2 hours in a water bath at 37°C and washed 8 times with 0.05% (v/v) Tween 20 

inn PBS pH 7.2 (PBST). Next, 100 (xl of peroxidase-labeled streptavidin (Jackson 

ImmunoResearchh Laboratories) was added to each well in a 1: 3,000 dilution in 1% (w/v) 

skimm milk in PBST. The plate was incubated for 1 hour at 37°C, and washed 8 times with 

PBST,, followed by the addition of 100 ul of the TMB substrate solution (16). After 30 

minutess incubation in the dark at room temperature, the A63o was measured. The reaction was 

thenn stopped by the addition of 100 fil of 0.5 M H2S04 to each well, and the A450 was 

measured.. To correct for day-to-day and plate-to-plate variation, Ag360 was used as a 

positivee control (see above). 

Dipstickk ELISA. Protein A purified Rb8-106 was dispensed on nitrocellulose strips 

withh backing (Schleicher and Schuell, Dassel, Germany) at a concentration of 60 |ug/cm , 

usingg a Bio.Dot X-Y3000 dispenser (Bio.Dot, Irvine, Ca USA). The strips were incubated in 

aa humid atmosphere for 1 hour at 37°C and blocked with 1% skim milk in PBS for 30 min at 

roomm temperature. The strips were then dried at room temperature and mounted to a plastic 

supportt using a double-sided tape and cut in 2.5 mm-wide sticks. Sticks could be stored at 

roomm temperature in a closed 50 ml tube with desiccant for at least three weeks, without loss 

off  sensitivity. Just before use sticks were wetted with 0.05% Tween-20 in PBS and incubated 

withh a 100 îl mixture of the treated sputum samples and 2 (ig/ml biotinylated Rb8-106 IgG 

(anti-MM  tuberculosis), so that an end concentrations of 1% skim milk and 0.05% Tween 20 

wass present. The sticks were incubated on a shaker at room temperature for 1 hour, washed 

threee times for 5 min with 0.05% Tween-20 in PBS, incubated with peroxidase-labeled 

streptavidinn diluted 1:8,000 in 1% skim milk and 0.05% Tween-20 in PBS. The sticks were 

washedd again four times for five minutes as described above and incubated with precipitating 

tetramethyll  benzidin substrate solution (10). After 5 minutes incubation, the reaction was 

stoppedd by washing in water. Reactions were immediately scored visually by two different 

observerss and scanned by an Hewlett Packard ScanJet 5200C scanner. 
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Results s 

Lowerr detection limits of the three assays. A calibration curve with purified 

ManLAMM (kindly provided by John Belisle) was made, using the anti-LAM monoclonal 

antibodyy F30-5 as capture antibody. Using this calibration curve, we determined that Ag262 

containedd 24 mg LAM/ml and Ag360 27 mg LAM/ml (data not shown). The detection limit 

withh MAb F30-5 as capture antibody and Ag262 was 3.8 ng LAM /ml (Fig. la). The detection 

limi tt using Rb8-106 as capture antibody for both antigens was 5-fold lower (Fig. 1). The 

signall  with Ag360 was higher than with Ag262, since Rb8-106 detects both proteins and 

(lipo)-polysaccharidess ofM tuberculosis (Fig. lb). 

(a) ) 
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-»—-»— Rb8-106 
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o o m m 
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0.10 0 

0.011 I 

0.11 1 10 100 1000 10000 A g 2 6 2 (n g L A M / m l ) 

(b) ) 

100.000 1 

10.000 i 
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tt 1.00 < < 

0.10 0 

0.011 -

0.11 1 10 100 1000 A g 3 6 0 (n g p ro te in /m l ) 

00 1 1 10 100 1000 10000 A g 3 6 0 (n g L A M / m l ) 

FIG.. 1. Detection of lipoarabinomannan (LAM ) and other antigens of M tuberculosis by capture ELISA using 
MAbF30-5orRb8-106. . 
(a)) 5-fold serial dilution of Ag262, a proteinase K digest of a Triton X-100 extract of M. tuberculosis 
(correspondingg to 0.8-2400 ng LAM/ml) , assayed with both capture tests, (b) 5-fold serial dilution of Ag360, a 
Tritonn X-100 extract of M. tuberculosis (0.32-1,000 ng protein/ml, corresponding with 0.9-2700 ng LAM/ml) , 
assayedd with both capture tests. The incubation time with antigen was in both tests 1 h. The background-Aô 
pluss 3 SDs was considered as the cut-off point for positivity. Final results were expressed as: mean A450 signal 
minuss [background-A450 + 3 SDs]. X-axis (log scale), antigen concentration; y-axis (log scale), final A450 results; 
verticall  error bars,  2 SDs. 

- • —— F30-5 

—— Rb8 -106 
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Thee dipstick ELISA results could be obtained within two hours, and showed a slightly 

higherr detection limit with Ag360, 1 ng protein/ml (Fig. 2), than the microtiter plate ELISA. 

n n 1 1 10 0 100 0 

FIG.. 2. Dipstick ELISA with polyclonal capture antibodies against M. tuberculosis (Rb8-106). Strips were 
incubatedd for 1 hour with a mixture of M tuberculosis antigens (Ag360) at concentrations of 0, 1, 10 and 100 ng 
protein/ml,, and further treated and developed as described in the M&M section. 

Samplee treatment using an old and a young suspension of M. tuberculosis in PBS. 

Seriall  dilutions of "the old suspension of M. tuberculosis" and "the young suspension of M. 

tuberculosis"tuberculosis" in PBS (see M&M ) were treated by proteinase K-NALC or sonicated. The 

resultss in the capture assay with MAb F30-5 were compared with the untreated suspension 

(Fig.. 3). Testing an untreated "old suspension of M. tuberculosis" resulted in a detection limit 

off  8 x 10 bacteria/ml. NALC and proteinase K treatment of the sample increased the signal 

andd lowered the detection limit till 3 x 104 bacteria/ml. Sonication of the suspension instead 

off  proteinase K treatment was not better; the signal decreased slightly and the detection limit 

wass the same as found by proteinase K treatment. When testing an untreated "young 

suspensionn of M. tuberculosis" the detection limit was of 4 x 106 whole cells/ml, whereas 

treatmentt with NALC and proteinase K did not result in an increase in the signal or 

improvementt of the detection limit. In contrast, sonication of the suspension did give an 

increasedd signal and a lower detection limit: 1.6 x 105 bacteria/ml. The results indicate that 

proteinasee K-NALC treatment is not sufficient to liberate LAM from the young M. 

tuberculosistuberculosis suspension, but the results with the F30-5 assay were improved when the 

suspensionn was sonicated. 
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F30-55 assay wit h old M. tuberculosis  suspensio n in 
PBS S 

14 4 
•• 1.0E+08 
•• 2.0E+07 
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H8.0E+05 5 
•• 1.6E+05 
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treatmentt method 

F30-55 assay with young M. tuberculosis  suspension in 
PBS S 

10 0 

<< 4 

I1.0E+08 8 
I2.0E+07 7 
I4.0E+06 6 
I8.0E+05 5 
I1.6E+05 5 
II 3.0E+04 
II No Ag 

treatmentt method 

FIG.. 3. Effect of two sample treatment methods on the recovery of LAM from a sample (PBS) spiked with either 
ann 'old M. tuberculosis suspension', or a 'young suspension'. Five-fold serial dilutions of (a) an old M. 
tuberculosistuberculosis suspension, and (b) a young M. tuberculosis suspension (definition old and young see M&M), 
rangingg from 3xl04 - lxl0 8 bacteria/ml, were tested in the ELISA with MAb F30-5 either untreated, or after 
treatmentt with proteinase K and NALC, or after treatment with a sonic probe. The horizontal line indicates the 
cut-offf point. The cut-off value was defined as the mean background-A450 (ELISA signal of the unspiked 
sample)) plus 3 SDs. No Ag, unspiked sample. 

Treatmentt of sputum samples by dilution and effect of individual variation in 

sputumm on antigen detection. Twenty-three sputum samples from Dutch non-TB patients 

weree 4 times diluted with PBS and incubated for 1 h at room temperature. The samples were 

centrifugedd for 10 min at 3,000 x g, spiked with 1000, 100, 10, and 0 ng Ag360/ml, and tested 

inn the capture assay with F30-5 or Rb8-106. Inhibition was calculated by comparison with the 

reactionn of Ag360 in PBS. Most sputum samples («=17) gave very strong inhibition (>95%), 
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andd six gave strong inhibition (50-90%) when Ag 360 was detected with MAb F30-5. Similar 

inhibitionn was found when other MAbs against LAM (F183-3), and MAb F24-2, against a 16 

kDaa protein, were used as capture antibodies. When Rb8-106 (rabbit anti-M tuberculosis) 

wass used for capture, six samples gave no inhibition, nine samples gave moderate inhibition 

(5-50%),, 7 gave strong inhibition (55-90%) and one gave 95% inhibition. An additional 

problemm was that the background-reaction of the sputum varied depending on the sputum 

samplee and capture antibody used. No correlation was found between the degree of the 

inhibition,, the underlying disease in the patient, the bacteria cultivated from the sputum or the 

viscosityy of the sample. Also NALC treatment of the sputum samples did not diminish the 

inhibitionn (data not shown). 

Detectionn of LAM and other antigens in sputum of patients with pulmonary 

tuberculosis.. In total 71 sputum samples from patients suspected of TB were tested in the 

threee antigen detection assays: 30 of these patients had TB and 41 were finally diagnosed as 

havingg a pulmonary disease other than TB (see M&M) . 

(i)Using(i)Using the proteinase K- NALC method (Method A). Table 1 shows the results of the 

threee antigen detection assays: 1. Plate ELISA with MAb F30-5, 2. Plate ELISA with rabbit 

anti-MM  tuberculosis antibodies (Rb8-106), and 3. Dipstick ELISA with Rb8-106. Arbitrarily 

wee chose a cut-off value so that the specificity became 95%, as seen in the scatter diagram of 

Fig.. 4 and 5. Interestingly, using the F30-5 ELISA, most sputum samples from non TB 

patientss are clustered below an A450 of 1.5, only 5 of 41 samples having a higher A450.. The 

resultss with the Rb8-106 ELISA are, in this sample group, slightly better, resulting in 71% 

sensitivityy for the TB proven patients with a specificity of 95%. The dipstick ELISA with the 

samee rabbit antibodies (Rb8-106) scored lower than the plate ELISA, but has the great 

advantagee of speed and ease of evaluation by eye. 

TABLEE 1. Analysis of sputum samples from 30 TB patients and 41 patients with other pulmonary 
diseasess with three capture assays, after treatment with the Proteinase K- NALC method (A), 

Culturee proven TB patients All TB patients' Non TB patients 
Capturee assay 

Cult""  / ZN+ Cult7 ZN" or ZN" 

11/30(37%)) 2/41 (95%)3 

19/30(63%)) 2/41(95%) 

12/30(40%)) 2/41(95%) 

11 Culture proven TB (CultVZN" or ZN") and probably TB (CultVZN* or ZN"). 
22 Number of test positives / total number tested and sensitivity in percentage. 
33 Number of test positives / total number tested and specificity of the test. 

Platee ELISA with g / 15 ( 5 3 % )2 9/21(43%) 
F30-5 5 

ü ! ? ie, ^ I S AA W l t h 12/15(80%») 15/21(71%) 
Rbo-106 6 

whhtb8ElL06AA 8 / 15 ( 5 7 %) 10 /21 ( 5 0 %) 
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ELISAwithh F30-5 
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FIG.. 4. ELISA results with sputum samples from 30 Vietnamese TB patients and 41 patients with other 
pulmonaryy diseases, using MAb F30-5 as capture antibody. The sputum was treated using the NALC-proteinase 
KK method. C+/ZN+, culture-positive, smear-positive sputum («=15); C+/ZN-, culture-positive, smear-negative 
sputumm (n=6); C-/ZN+ or -, culture-negative, smear-positive or negative sputum (probably TB, n=9); non TB, 
Vietnamesee patients with other pulmonary diseases («=41). All smear-positive sputum samples were scored ZN 
1+,, unless otherwise stated in the figure (encircled spots). ZN reporting scale: ZN -, no acid fast bacteria (AFB) 
perr 300 fields; ZN , 1-9 AFB per 100 fields; ZN 1+, 10-99 AFB per 100 fields; ZN 2+, 1-10 AFB per field in at 
leastt 50 fields; ZN 3+, more than 10 AFB per field in at least 20 fields. In the figure: 4/100, 4 AFB per 100 
fields.fields. Horizontal dotted line: cut-off point, arbitrarily chosen so that the specificity became 95%. 

(ii)(ii) Using the NaOH- NALC- detergent method (Method B). Table 2 shows the results 

off  the plate ELISA with MAb F30-5 and the plate ELISA with Rb8-106. Arbitrarily we chose 

aa cut-off value so that the specificity became 95% for the F30-5 capture ELISA and 93% for 

thee Rb8-106 capture assay. Method B is more laborious than method A, and the results with 

F30-55 are only slightly better for the culture proven TB patients than method A. The results 

withh Rb8-106 are not as good as with method A with lower sensitivity and specificity. 

(Hi)(Hi) Using the dilution -detergent method (Method C). Table 3 shows the results of the 

platee ELISAs. We chose an arbitrary cut-off value so that the specificity became 95% for both 

assays. . 

Methodd C is much simpler than method A or B. The results with MAb F30-5 are better than 

eitherr method A or B. The results with Rb8-106 are almost comparable with method A. 
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ELISAwithRb8-106 6 

10 0 

9 9 

8 8 

7 7 

6 6 

5 5 

4 4 

3 3 

2 2 

1 1 

0 0 

2+® ® 

4/100 0 
4/100 0 

€ '' ' -4/100 

C+/ZN++ C+/ZN- C-/ZN+ or • 

TB B 
nonn TB 

FIG.. 5. ELISA results with sputum samples from 30 Vietnamese TB patients and 41 patients with other 
pulmonaryy diseases, using Rb8-106 (rabbit anti-M tuberculosis antibodies) as capture antibody. The sputum was 
treatedd using the NALC-proteinase K method. Further explanations and abbreviations see Fig.4. 

TABL EE 2. Analysis of sputum samples from 30 TB patients and 41 patients with other pulmonary 
diseasess with two capture assays, after treatment with the NaOH- NALC- detergent method (B). 

Capturee assay 
Culturee proven TB patients 

Cult77 ZN+ Cult*/ ZN+ or ZN" 

Al ll  TB patients Non TB patients 

Platee ELISA with 
F30-5 5 
Platee ELISA with 
Rb8-106 6 

8/155 (53%)' 

10/15(67%) ) 

11/211 (52%) 

13/21(67%) ) 

13/300 (43%) 

16/300 (53%) 

2/411 (95%)3 

3/411 (93%) 

11 Culture proven TB (Cult7ZN* or ZN') and probably TB (Cult7ZN' or ZN") 
22 Number of test positives / total number tested and sensitivity in percentage. 
33 Number of test positives / total number tested and specificity of the test. 

Discussion n 

Antigenn detection assays for the diagnosis of tuberculosis are promising, especially for 

developingg countries where there is a paucity of staff and diagnostic facilities. It is seldom 
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TABLEE 3. Analysis of sputum samples from 30 TB patients and 41 patients with other pulmonary 
diseasess with two capture assays, after treatment with the Dilution-detergent method (C). 

Culturee proven TB patients All TB patients1 Non TB patients 
Capturee assay 

CuItVZN""  Cult/ZN orZN' 

13/21(62%)) 15/30(50%) 2/41 (95%)3 

14/21(67%)) 15/30(50%) 2/41(95%) 

11 Culture proven TB (Cult ZN or ZN') and probably TB (Cult ZN or ZN') 
""  Number of test positives / total number tested and sensitivity in percentage. 
Numberr of test positives total number tested and specificity of the test. 

possiblee to culture samples in such circumstances. So any new test should be less time 

consumingg and ideally be more sensitive than microscopy. 

Somee results have been published on antigen detection in serum (18, 19) and urine (5, 

8).. The methods of sample treatment, the detection limit , the specificity and the time taken for 

thee whole assay procedure have been major constraints. A large study (n=1000) on LAM 

detectionn in urine (23) gave a sensitivity of 74% and a specificity of 87% among Ethiopian 

patientss with or without TB. The low specificity was caused by a positive LAM-ELISA 

amongg the Ethiopian non-TB patients and healthy controls. Norwegian non-TB patients and 

controlss were all negative. The secreted antigen 85 complex has been detected in sputum (27) 

andd serum from TB patients (12, 19). Detection of LAM has been described in CSF (3, 17), in 

serumm (18) and in sputum (4, 16, 28). Also here are the detection limit , sample treatment and 

assayy time major constrains. 

Wee have improved the detection limit by using rabbit polyclonal antibodies as capture 

antibodies.. We have also reduced the duration of the assay that now needs two hours rather 

thann an overnight incubation for the antigen capture step. We found that major problems for 

thee detection of mycobacterial antigens in sputum are the presence of inhibitors and the 

variationn in the background of the individual sputum samples. The extent of the inhibition 

wass related to the individual sputum sample and to the antibodies used for the capture assay. 

Evenn after four-fold dilution of the sputum, there was still 95% inhibition when monoclonal 

antibodiess were used for capture. The inhibition was much less when polyclonal rabbit anti-

M.M. tuberculosis was used as capture antibody. Treatment of sputum samples with NALC did 

nott diminish the inhibition. It is of interest that Wallis and co-workers could detect antigen 85 

complexx in sputum samples that were treated with NALC and glass beads only, by a capture 

ELISAA using a MAb against antigen 85 and polyclonal detector antibodies (27). 

Platee ELISA with , 2 / ] 5 2 

r30-5 5 
Platee ELISA with i r K n 1 ( l / 1 

Rb8-1066 ll/15(73/o) 
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Wee have used three different methods of sputum treatment to overcome the problem 

off  inhibition and to liberate mycobacterial antigens from the intact mycobacteria. Method A, 

usingg proteinase K and NALC, will break down all soluble proteins and is thus only suitable 

forr the detection of (lipo)-polysaccharides. We have shown that the ability to liberate (lipo)-

polysaccharidess from intact mycobacteria is dependent on the age of the mycobacteria. 

Proteinasee K is sufficient to liberate almost all available (lipo)-polysaccharides from an old 

suspensionn of mycobacteria. Sonication of the suspension did not improve the results. In 

contrast,, for a fresh suspension of M. tuberculosis, proteinase K is not sufficient to liberate all 

(lipo)-polysaccharides,, since sonication improved the signal considerably. 

Methodd B, using NaOH-NALC detergent, is of interest since it starts with the sputum 

decontaminationn procedure that is used in many laboratories. Another advantage is that the 

samplee can be concentrated. The disadvantages are that concentration is time consuming and 

resultss in loss of all the soluble mycobacterial antigens initially present in the sputum during 

thee treatment with NaOH and the centrifugation step. 

Methodd C, the dilution-detergent method, is much simpler than the other two methods 

sincee only a detergent mixture is added to the samples. The method merits further exploration 

andd modification to see if e.g. the incubation time with detergent can be reduced. On the other 

hand,, working with SDS can be problematical- too much SDS, and conformation epitopes 

mayy be lost (due to the interaction of SDS with the proteins), too littl e SDS, and solubilization 

iss less efficient. In spiking experiments with soluble antigens we have found that the optimal 

concentrationn of SDS is around 0.134%. An extra advantage of this method is that it 

dissociatess any immune complexes (22) formed by anti-M tuberculosis antibodies and 

antigen.. We also found that low concentrations of SDS improved the capture of soluble 

antigenss by F30-5 and Rb8-106, probably because protein interactions in the antigen mixture 

reducedd the efficiency of the capture (data not shown). It is clear that, as yet, there is no ideal 

samplee treatment for the detection of either soluble mycobacterial antigens or antigens from 

thee intact M. tuberculosis bacteria. 

Wee found a lower sensitivity for the detection of LAM in sputum than we reported 

previouslyy (16). Different non-TB control groups were used. In the previous publication our 

controll  group consisted of 16 Dutch patients with disease other than TB and only 5 

Vietnamesee non-TB patients. In this study we have used only non-TB patients of Vietnamese 

originn and omitted Dutch patients in the control group. It is striking that the majority of the 

non-TBB samples form a tight cluster and only 5 samples have values above the cluster (Fig. 

4).. To reach a high specificity, the cut-off value had to be adjusted above the cluster. The 5 

sampless in Fig. 4, and the 2 samples in Fig. 5 were lung cancer patients. No correlation was 

foundd between the height of the background in the capture assay with F30-5 and Rb8-106 and 
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thee presence of other bacteria in the sputum of these patients, thus cross-reactions with other 

bacteriaa are an unlikely explanation. 

Itt is clear from our results that the dipstick ELISA using nitrocellulose is promising 

sincee the reaction was much easier, more rapid and could be read visually, although it had a 

slightlyy lower sensitivity. We have developed a new, simple sample treatment procedure 

involvingg two-fold dilution of the sputum sample and the addition of SDS and NP40. 

Currentlyy we are working on further improvement of the sample treatment as well as 

developmentt of a lateral flow test, since such a test is easy to perform, does not need several 

incubationn steps nor heat labile enzyme conjugates, and therefore permits on-the-spot rapid 

diagnosiss of TB. 
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Abstract t 

Thee serodiagnosis of tuberculosis has long been the subject of investigation, but 

wee still lack a test with widespread clinical utility . The poor sensitivity and specificity of 

commerciall  assays precludes their use as the sole means of diagnosis. All of these assays 

usee mycobacterial antigens adsorbed onto a surface. Littl e attention has been paid to 

changess in antigen conformation that may occur as a result of passive coating of these 

antigenss to solid supports like polystyrene. Such changes may cause technical artifacts 

resultingg in false-positive and false-negative reactions. We have developed two different 

EL1SAA systems, in which human serum antibodies and target antigens of Mycobacterium 

tuberculosistuberculosis are able to associate and dissociate freely in solution to form immune 

complexes.. These complexes are captured by rabbit anti-M tuberculosis antibodies 

passivelyy adsorbed to the plate, or detected by these same rabbit antibodies in solution 

andd captured by goat anti-rabbit IgG on the plate. We have compared these two ELISA 

systemss with an ELISA using M. tuberculosis antigens passively adsorbed to the solid 

polystyrenee surface of the plate. We studied 16 patients with tuberculosis and 13 healthy 

subjects.. The differences between TB patients and healthy subjects were statistically 

significantt in all three of our ELISA systems. However, the ELISA systems using soluble 

M.M. tuberculosis antigens distinguished better between TB patients and healthy subjects 

thann the ELISA using surface-adsorbed M. tuberculosis antigens. We suggest that in the 

latterr ELISA, passive adsorption of the target antigens induces conformational change, 

generatingg altered epitopes which are recognized by antibodies present in the serum 

fromm even healthy people. These altered conformation epitopes are recognized by 

antibodiess that were originally evoked by antigens other than M. tuberculosis, known as 

heterophilee antigens. 

Introduction n 

Thee serodiagnosis of tuberculosis has long been the subject of investigation, but we 

stilll  lack a test with widespread clinical utility. Any new test should have a specificity of 

>90%,, like microscopy and culture, otherwise there will be significant over-treatment. Most 

availablee assays are solid phase assays, detecting reactions between human serum antibodies 

andd passively coated mycobacterial antigens. The several commercial assays available are 
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rarelyy used as the sole means of diagnosis because of unsatisfactory sensitivity and specificity 

(7,, 14). 

Cross-reactionss with environmental mycobacteria and other bacteria can give false-

positivee results, especially when crude mycobacterial preparations are used (8, 17). False 

positivee reactions due to environmental mycobacteria can be a particular problem in areas 

withh a low TB prevalence. Cross-reactions can be diminished by using purified antigens (10). 

Thee humoral response in mycobacterial disease seems to be related to HLA class II allotypes 

(4),, and different patients recognize different antigens (10, 17). This may explain the low 

sensitivityy of assays based on single antigens (3, 18). 

Inn countries with a high prevalence of TB, many individuals are exposed to M. 

tuberculosis.tuberculosis. False-positive reactions in these populations are probably due to genuine anti-M 

tuberculosistuberculosis antibodies in subjects with a latent infection with M. tuberculosis. This is a 

problemm for any serological test for TB in countries where TB is endemic, when a positive 

resultt will not distinguish active disease, requiring treatment, from latent infection. False-

positivee reactions will diminish the utility of any assay. 

Littl ee attention has been paid to the technical artifacts in serodiagnostic tests, which 

mayy also give misleading results. In enzyme-linked immunosorbent assays (ELISA), these 

artifactss may occur as a result of passive coating of antigens to solid supports such as 

polystyrene.. There is overwhelming evidence that passive adsorption induces conformational 

changess in proteins, due to hydrophobic interactions between the protein and the solid phase 

(6,, 15). This change in the conformation may result in the generation of new epitopes (16), in 

thee loss or alteration of antigenic epitopes of adsorbed antigens (1, 9), and in the case of 

absorbedd antibodies, in the loss of activity of these antibodies (5). Therefore, in ELISA-based 

diagnosticc assays the use of passively adsorbed antigens could lead to false-positive or false-

negativee reactions. 

Wee have developed two immune complex (IC) capture ELISA systems, in which 

humann serum antibodies to M. tuberculosis are able to associate and dissociate freely in 

solutionn with the target antigens. In one ELISA, rabbit antibodies against M. tuberculosis, 

passivelyy coated in the ELISA wells, capture the ICs. In the other ELISA, the ICs are detected 

byy these same rabbit antibodies but are captured by passively coated goat anti-rabbit IgG. We 

havee compared these IC ELISA systems with an ELISA using the same target antigens that 

aree passively adsorbed onto polystyrene plates. 
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Materialss and methods 

Patientt sera. The Medical Ethics Committee of the Academic Medical Center 

(protocoll  MEC98/034), and the Ethics Committee of the Municipal Health Service in 

Amsterdamm approved the study protocol. Ten patients with smear-positive, culture-positive 

tuberculosiss and six patients with smear-negative, culture-positive tuberculosis consented to 

givee samples of serum before treatment started. The Municipal Health Service in Amsterdam, 

Thee Netherlands, collected the sera. All patients were HIV-seronegative and had no previous 

historyy of TB. Thirteen healthy subjects provided control samples from Amsterdam, The 

Netherlands.. Sera were stored at -20°C. 

Preparationn of the M. tuberculosis target antigen (Ag360). M. tuberculosis (strain 

M.M. tuberculosis 1 (17)) was cultured in Sauton medium for three weeks at 37°C. Hundred ml 

off  0.5% Triton X-100 in lOmM Tris-HCl pH 8 (extraction buffer) was added to 75 g wet 

weightt of M. tuberculosis bacteria. The bacteria were killed by heating the suspension at 56°C 

forr 1 hour. Then, the extract was placed on ice and sonicated (Branson 250-Sonifier, Branson 

Ultrasonicss Corporation, Danbury, Connecticut, U.S.A.) in a cooled glass jar closed with a 

rubberr cap, in two portions for 15 min at 0°C. After centrifugation of the sonicate for 30 min 

att 48,000 x g and 4°C, the supernatant was decanted and stored at 4°C. The pellet was 

resuspendedd in 100 ml extraction buffer and the extraction procedure was repeated as 

describedd above. The supernatants were combined and centrifuged for 1 hour at 100,000 x g 

andd 4°C. The supernatant was applied to a 1 ml-ExtractiGel D column as described by the 

manufacturerr (Pierce, Rockford, U.S.A.) to remove the Triton X-100, and the protein 

concentrationn was measured using the BCA-Protein Assay Reagent (Pierce, Rockford, 

U.S.A.).. The solution was stored in aliquots at -70°C. 

Antibodyy Capture ELISA (AC ELISA) (Fig. la). Polystyrene flat-bottom micro-

literr plates (High Binding; Greiner labortechnik, Niirtingen, Germany) were coated with 

Ag3600 at a concentration of 5 ug of protein per ml in PBS pH 8.0. The plates were incubated 

overnightt at 37°C in a water bath and washed 3 times with washing buffer containing 0.15 M 

NaCl,, 1.2 mM KH2P04, 4.8 mM Na2HP04 and 0.05% (w/v) Tween 80, pH 7.3. After 

blockingg the plates for 1 hour at room temperature (20°C) with 1% bovine serum albumin 

(BSA)) in PBS pH 8.0, 150 ul/well, the plates were washed again 3 times and 100 \i\ of serum 

(dilutionn 1: 500 in dilution buffer containing 0.1 M Tris, 0.15 M NaCl, 1% BSA and 0.05% 

Tweenn 80, pH 8.0.) was added to each well. All samples were tested in duplicate. The plates 

weree incubated for 1 hour at 37°C in a water bath, washed 5 times with washing buffer, and 

filledfilled with 100 ju.1 of a 1:80,000 dilution of peroxidase-labeled goat anti-human IgG (FcY 

fragmentt specific; Jackson ImmunoResearch Laboratories, West Grove, Pennsylvania, USA). 
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Thee plates were incubated for 1 hour at 37°C in a water bath and washed again 5 times, 

followedd by addition of 100 \i\ of TMB substrate solution (0.04% TMB, 0.04% urea-peroxide 

inn 0.1 M sodium acetate citric acid buffer pH 4.0). After 30 minutes incubation in the dark at 

roomm temperature, the A630 was measured with a micro-titer plate reader (Bio-kinetics reader, 

Bio-tecc Instruments, Winooski, USA). The reaction was then stopped by the addition of 100 

u.11 of 0.5 M H2S04 to each well, and the A450 was measured. By measuring at two 

wavelengthss (630 nm and 450 nm), we were able to increase the detection range of the 

ELISA.. High concentrations of IgG anti-Ag360 could be detected by measuring the A630, low 

concentrationss by measuring the A4so- The relation between the two is: A450/A63o=3. To 

controll  for the background reaction (conjugate control), 4 wells were filled with sample 

dilutionn fluid. The final results were expressed as the mean A450 of the duplicates, after 

subtractionn of the background- A450. 

Rabbitt antibodies used in IC assays. We used the immuneglobulin fraction of two 

differentt rabbit sera. Rb8-106 came from a New Zealand rabbit immunized with M 

tuberculosistuberculosis (13). Rb7-018 came from a non-immunized New Zealand rabbit and allowed 

detectionn of non-specific binding of human serum antibodies or immune complexes to rabbit 

immuneglobulin. . 

Single-ICC ELISA (Fig. lb). Serum samples were diluted 1:500 in dilution buffer (see 

above)) which contained either 200 ng of Ag360/ml (end concentration) or no antigen, and 

thenn incubated for 20 hours at room temperature. One half of a microtiter plate was coated 

withh the Ig fraction of rabbit serum Rb 8-106 (against M. tuberculosis) and the other half with 

thee Ig fraction of normal rabbit serum (Rb7-018), at a concentration of 5 ug/ml in PBS pH 

8.0.. After overnight incubation at 37°C in a water bath, the plate was washed and blocked as 

describedd above. Then, 100 \i\ of diluted human serum (with or without Ag360) was added in 

duplicatee to the wells coated with Rb8-106 or Rb7-018. The plate was incubated at 37°C for 1 

hour,, washed 5 times, and then peroxidase-labeled rabbit anti-human IgG (heavy and light 

chain;; Jackson ImmunoResearch Laboratories), diluted 1:20,000 in dilution buffer, was 

added.. After 1-hour incubation at 37°C, the plate was washed 7 times and the color reaction 

wass developed as described above using TMB substrate solution. The samples from which 

serumm was omitted provided control for non-specific binding of the peroxidase-labeled rabbit 

anti-humann IgG antibodies to target antigens in Ag360 or to the surface (conjugate control). 

Sampless from which Ag360 was omitted allowed detection of non-specific binding of human 

antibodiess to the rabbit or goat capture antibodies. 

DataData analysis. As a first step the conjugate control was subtracted from all results. 

Then,, secondly the A450 signal obtained with Rb7-018 as capture antibody was subtracted 

fromm the A450 signal obtained with Rb8-106 to correct for any non-specific binding. Final 
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(a)) AC ELISA 
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(c)) Double-IC ELISA 
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FIG.. 1. Graphical presentation of the three ELISA formats, used in this study, (a) Antibody Capture ELISA (AC 
ELISA)) using surface-adsorbed M. tuberculosis antigens (Ag360). (b) Single-Immune Complex (IC) ELISA 
usingg ICs formed between Ag360 and human serum antibodies, captured by surface-adsorbed rabbit anti-M 
tuberculosistuberculosis antibodies (Rb8-106). (c) Double-IC ELISA using ICs formed between Ag360. human serum 
antibodiess and Rb8-106, captured by surface-adsorbed goat anti-rabbit antibodies. HRP, Horse radish 
Peroxidase;; Hu, human; Rb, rabbit; Rb7-018, normal rabbit serum; Fcy spec, Fcy fragment specific. 

resultss were expressed as the difference between the reaction of the serum with Ag360 and the 

reactionn without Ag360: A450 (200-0 ng Ag360) = [A450(Rb8-106) - A45o(Rb7-018)]2oo ng Ag36o -

[[  A45o(Rb8-106) - A45o(Rb7-018)]0 ng Ag360. 

Double-ICC ELISA (Fig. lc). ELISA plates were coated with 5 ug/ml goat anti-rabbit 

IgGG (FcY fragment specific; Jackson ImmunoResearch) in the same way as described for the 

Single-ICC ELISA. A mixture was made of human serum (end dilution 1:500) and Rb8-106 or 

Rb7-0188 (end dilution 1:30,000) in dilution buffer (see above), with or without Ag360 (end 

concentrationn 20 ng/ml). After 20 hours incubation at room temperature, 100u.l of the mixture 

wass added to a plate coated with goat anti-rabbit IgG, and the plate was incubated at 37°C for 

11 hour. To detect any background reaction, several wells were filled with dilution fluid 

containingg either Rb8-106 or Rb7-018, with or without human serum and/or Ag360. After 

washingg 5 times with washing buffer, IOOJJ.1 of peroxidase-labeled goat anti-human IgG (FcY 
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fragmentt specific) was added to each well, diluted 1:20,000 in dilution buffer containing 1% 

normall  rabbit serum. After incubation for 1 hour at 37°C, the plate was washed 7 times and 

thee color reaction was developed as described above. 

DataData analysis. The same procedure was followed as with the Single-IC ELISA. 

Statisticall analysis. The Mann-Whitney U test was used to asses the significance of 

differencess between cases and controls; P < 0.05 was considered significant. Receiver 

operatingg characteristic (ROC) curves were constructed to describe the relationship between 

sensitivityy and specificity at various cut-off levels. 

(a)) AC ELISA 

pulmonaryy TB healthy y 

(b)) Single-IC ELISA (c)) Double-IC ELISA 

2.0 0 

< < 
P>> 1.5 

o o o o 
1.0 0 

i i 
0 0 0 

2.5 5 

2.0^ ^ 

S" S" 
1.5 5 

1.0 0 

3 3 
0.0 0 

** * 

1 1 

pulmonaryy TB healthy pulmonaryy TB healthy y 

FIG.. 2. Comparison of antibody responses to Ag360 in TB patients and healthy controls, using (a) the Antibody 
Capturee ELISA (AC ELISA), (b) the Single-IC ELISA or (c) the Double-IC ELISA. Horizontal bars indicate the 
10th,, 25th, 50th, 75th and 90th percentiles for each group. *, P <0.05; ** , P < 0.02; *** , P < 0.005; A450, 
absorbancee measured at 450 ran. 
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Results s 

Discriminatoryy capacity. Fig. 2 shows the results with the conventional antibody 

capturee (AC) ELISA (Fig. 2a), the Single-IC ELISA (Fig. 2b), and the Double-IC ELISA 

(Fig.. 2c). Although in all three tests the differences between TB patients and healthy subjects 

weree statistically significant, the Single-IC ELISA had the best discriminatory capacity (P = 

0.003),, followed by the Double-IC ELISA (P = 0.015). The AC ELISA showed a high degree 

off  overlap between patients and healthy subjects. The range in which healthy subjects reacted 

inn the AC ELISA was much broader than in cither immune complex assay. 

ROCC curves, test performance. A prerequisite for any new diagnostic test for 

tuberculosiss is that, like microscopy and culture, it has a high specificity (>90%). Fig. 3 

showss the ROC curves of the three tests. The immune complex assays performed better than 

thee AC ELISA. With a specificity of 92%, both immune complex assays showed a sensitivity 

off  69% (95% Confidence Interval: 47-91%), whereas the sensitivity of the AC ELISA was as 

loww as 44% (95% Confidence Interval: 20-68%). The sensitivity of the conventional AC 

ELISAA could be increased to 69%, but only at the expense of specificity (which then 

decreasedd from 92% to 69%). 
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FIG.. 3. Receiver operating characteristic (ROC) curves, based on antibody responses to Ag360. 
ACC ELISA, Antibody Capture ELISA; IC, immune complex. 

Discussion n 

Severall  experimental approaches have been used to overcome the problem of protein 

denaturationn in solid phase immunoassays. One approach is to immobilize the antigen or 
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antibodyy indirectly to the solid support using pre-coated capture antibodies or a streptavidin 

bridgee (5, 11). An alternative is covalent immobilization, using commercially available 

functionalizedd polystyrene. However, most immobilization on such surfaces may be a 

consequencee of passive adsorption caused by the influence of the surrounding hydrophobic 

polystyrenee surface, rather than covalent binding (6). When complex antigen mixtures are 

used,, a selective immobilization of some of the antigens could occur on functionalized 

polystyrene,, giving misleading results. 

Althoughh denaturation of proteins can be reduced or avoided using these methods, the 

reactionn between antigen and antibody in these and related assays always takes place in a two-

phasee system (solid and solution phase). Solid-phase and solution-phase antibody-antigen 

interactionss differ from each other, not only in terms of physical-chemical and biological 

properties,, but also in terms of their dependence on diffusion (5). The best immunoassay 

formatt remains the solution phase assay, which avoids the problems of denaturation of 

antigens,, selective adsorption of only certain antigens and difficulties with diffusion 

dependencee associated with the solid phase assay. 

Wee have developed two ELISA systems for the detection of specific serum antibodies 

too M. tuberculosis, in which the antibodies and target antigen are able to associate and 

dissociatee freely in solution. Only those antibodies forming complexes with the native target 

antigenn are captured. The best discrimination was found when rabbit antibodies, coated on the 

ELISAA plate (the Single-IC ELISA), captured the pre-formed immune complexes between 

humann antibodies and the target M. tuberculosis antigens. Both ELISAs using immune 

complexess distinguished between TB patients and healthy subjects better than the AC ELISA 

inn which the antigen is coated directly onto the plate. In our study, the Single-IC ELISA 

performedd slightly better than the Double-IC ELISA. In the former system the human 

antibodiess are allowed to bind to the target antigen prior to the incubation with the rabbit 

capturee antibodies. In the Double-IC ELISA the human antibodies must compete with the 

rabbitt antibodies (against M. tuberculosis) for binding to the antigen before the antigen is 

capturedd on the plate. However, a drawback of these immune complex assays, especially of 

thee Double-IC ELISA is, that multiple immune-reagents are involved in several reactions, 

whichh could potentially affect the stability or the reproducibility of the system. 

Inn the Antibody Capture ELISA a considerable number of healthy people showed a 

strongg reaction against the various antigens in the Ag360 mixture. However, far fewer reacted 

inn the immune complex ELISAs, although the same subjects were used. This must mean that 

thee binding of Ag360 directly to the plate in the antibody capture ELISA exposes a number of 

epitopess that are not specific for M. tuberculosis or results in the generation of new 

conformationn epitopes on the polystyrene-adsorbed antigen. The false positive reactions are 
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duee to cross-reacting antibodies, recognizing so-called heterophile antigens (2) on the 

polystyrene-adsorbedd Ag360. The antigens against which the antibodies were originally 

producedd are usually unrelated to the antigens with which they cross-react, but they have one 

orr more epitopes in common, with one or more areas that have similar three-dimensional 

characteristics.. We postulate that antibodies against these heterophile antigens (with respect to 

M.M. tuberculosis) contribute to the poor specificity of serological tests for tuberculosis. For 

example,, antibodies in the serum from some healthy people and in the serum from patients 

withh TB will react with surface-bound Ag360, but only the antibodies from patients with TB 

cann be absorbed with soluble Ag360 (data not shown), suggesting that only these have a truly 

specificc pattern of recognition and binding. 

Vashishthaa and coworkers found that polyclonal antibodies, directed to the 

streptococcall  M protein, cross-reacted predominantly with denatured forms of myosin (16), 

Thee authors suggested that the solid phase myosin had a partially denatured conformation in 

thee region of the cross-reacting determinant, that was altered by the coating process to 

resemblee the conformation of the streptococcal M protein. Myosin in solution was found to 

competee for binding of anti-M protein antibodies to solid-phase myosin only at 100-fold 

greaterr concentration than the M protein. 

Thee results wc describe indicate that the consequences of passive adsorption of 

mycobacteriall  antigens to solid-phase surfaces should not be underestimated. In our hands, 

thee specificity of our serological test for tuberculosis increased when denaturation of the M. 

tuberculosistuberculosis antigens was avoided by using the Single-IC ELISA or Double-IC ELISA 

formats.. We are currently simplifying the test by using biotin-labeled antigen with 

streptavidinn coated plates to capture the immune complexes. 
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Abstract t 

Thiss study aimed to detect IgG antibodies against Mycobacterium tuberculosis in 

thee urine of patients with tuberculosis, to investigate their possible role in the diagnosis 

off tuberculosis and their likely source (glomerular leakage or local production). Paired 

serumm and urine samples were obtained from ten patients with pulmonary tuberculosis, 

ninee patients with (pulmonary) diseases other than tuberculosis and ten healthy 

subjects.. Two different sources of antigens were used, a Triton X-100 extract from M. 

tuberculosistuberculosis (Ag360) and a short term culture filtrate from M. tuberculosis (Ag98). 

HaemophilusHaemophilus influenzae and Streptococcus pneumoniae bacteria were used as sources of 

controll antigens. Serum and urine IgG antibodies were detected by ELISA against all 

fourr antigen preparations. The levels of IgG antibodies in serum against antigens in both 

M.M. tuberculosis preparations were significantly higher in the group of TB patients than 

inn healthy subjects. However, it was not possible to discriminate between TB patients, 

patientss with other diseases and healthy subjects using urinary IgG antibodies against 

eitherr antigen source. The pattern of IgG antibody levels in serum against Ag360, Ag98, 

H.H. influenzae and S. pneumoniae was compared with the urine pattern. The urine 

patternss differed from the serum patterns in many cases, especially in those with TB. 

Urine/serumm ratios of albumin, total IgG and anti-M. tuberculosis IgG were determined. 

Urinaryy IgG antibody levels to Ag360 and Ag98 were roughly 10-3 to 10-6 of serum 

levels.. The relative coefficient of urinary excretion (RCE) of antibodies to Ag360 and 

Ag988 was defined as: [urine/serum ratio of IgG anti-Ag360 or Ag98] / [urine/serum ratio 

off total IgG]. For both antibodies (anti-Ag360 or Ag98) the mean RCE was < 1 in all 

threee groups, indicating that there was no local production of these anti-M. tuberculosis 

IgGG antibodies in the urinary tract. 

Introduction n 

Infectionss induce a humoral response against the infecting microorganism, and 

diagnosiss can often be confirmed by the detection of specific antibodies in body fluids. Most 

assayss are based on the detection of antibodies in the serum. In some situations however, a 

testt using detection of urinary antibodies would be preferable. Urine samples can be easily 

collected,, resulting in high patient acceptance, increased safety and reduced costs. In 

tuberculosis,, it would be useful to use urine for diagnosis in those who produce sputum 

sampless with difficulty, e.g. children. 
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Specificc urinary antibodies have been found in several viral (12, 15, 25, 29, 31), 

parasiticc (21), and bacterial (2, 8, 16, 33) infections, including leprosy (17, 18). Some of those 

urinee tests have been shown to offer a useful alternative to diagnostic blood tests, for instance 

inn Helicobacter pylori infection (16). 

Antibodiess against M. tuberculosis have been found in the serum of TB patients 

(reviewedd in reference 5). Commercial assays are available, but are rarely used as the sole 

meanss of diagnosis because of unsatisfactory specificity and sensitivity (7, 19). Littl e is 

knownn about the presence of specific anti-M tuberculosis antibodies in the urine from 

patientss with pulmonary TB. Observations by our group indicated that specific IgG antibodies 

cann be found in the urine of these patients (unpublished data). We were somewhat surprised to 

findfind that the urinary pattern of antibody levels in some patients differed substantially from the 

serumm antibody pattern (e.g. patients TBI, TB2 and TB3 in Fig. 1). The question was whether 

thee presence of these antibodies in the urine was due solely to glomerular leakage. If local 

antibodyy production contributed, then it would favourably influence the sensitivity and 

specificityy of the urinary antibody test. 
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FIG.. 1. Urine and serum antibody patterns in TB patients and non TB patients. | , antibodies to 2 different M. 
tuberculosistuberculosis antigens: a, Ag98 and b, Ag360. gj , antibodies to other pathogens: c, H. influenzae and d, S. 
pneumoniae.pneumoniae. The antibody levels were determined by EL1SA as described in Materials and Methods. TB 1, 
Dutchh adult: urinary antibody pattern differs from the serum pattern. TB 2, Dutch adult: although urinary and 
serumm antibody patterns are comparable, in urine a shift is present towards antibodies against M. tuberculosis. 
TBB 3, child from Zambia with primary TB: urinary antibody pattern differs from the serum pattern. TB 4, Dutch 
adult:: urinary pattern is a reflection of serum pattern. Non TB 1-4: 2 Dutch adults (1 and 2) and 2 children from 
Zambiaa (3 and 4) with diseases other than TB: anti-M tuberculosis antibody levels in serum and urine are clearly 
lowerr than in TB patients. 
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Immunoglobulins,, mainly class G and to a lesser extent class A, are found in the urine 

fromm healthy subjects (26, 30) and patients with (non-renal) infectious diseases (6, 8, 13, 17). 

IgMM is absent from normal human urine; its size prevents it from passing through the 

glomerularr filter (27). IgA in normal urine is mainly of the secretory type (4). Some have 

thoughtt that the urinary IgG is mainly produced within the renal tract (6, 24, 30). Others have 

speculatedd that the urinary IgG antibodies are mainly plasma-derived and excreted in the urine 

byy glomerular leakage and transudation from blood capillaries along the mucosal epithelium 

off  the urinary tract (8, 18). Recently, Tencer and co-workers (27, 28) showed that the IgG is 

filteredd through size- and charge-selective large pores of the glomerular membrane. 

Thee present study was done to determine whether specific anti-A/. tuberculosis IgG 

antibodiess are detectable in the urine from patients with pulmonary tuberculosis, and, if so, 

whetherr their detection could be of value for diagnostic purposes. In addition, we tried to 

determinee the likely source of any such antibodies. We have included two sets of controls, 

thosee with pulmonary diseases but no tuberculosis, and a group of healthy subjects with no 

respiratoryy illness and no history of tuberculosis. 

Materialss and methods 

Patientss and controls. The study protocol was approved by the Medical Ethics 

Committeee of the Academic Medical Center (protocol MEC98/034), and the Ethics 

Committeee of the TB Center in Ho Chi Minh City. All subjects gave permission for blood and 

urinee sampling after written information was provided. 

Pairedd serum and urine samples were obtained from ten patients with pulmonary 

tuberculosiss (TB) from the Pham Ngoc Thach TB and Lung Disease Center, Ho Chi Minh 

City,, Vietnam. The urine samples were collected randomly during the day. The diagnosis in 

thesee patients was based on detection of M. tuberculosis in cultured sputum. None of the 

patientss was suspected of tubercular renal involvement. All patients were HIV-seronegative 

andd had no previous history of TB. 

Pairedd serum and urine samples from eight patients with pulmonary diseases other 

thann TB were collected at the same Center. The urine samples were collected randomly during 

thee day. Three patients suffered from pneumonia, three from chronic obstructive pulmonary 

diseasee and two had pulmonary malignancy. In addition, paired serum and urine samples were 

obtainedd from a patient with bacterial meningitis, from the same hospital in Vietnam. All 

patientss were HIV-seronegative and only one patient had a history of TB, 20 years previously. 
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TABLEE 1. Albumin and total IgG concentrations in urine and serum 

patient t 
code e 

age e 

(yr) ) 

TBTB patients 

Tl l 
T2 2 
T3 3 
T4 4 
T5 5 
T6 6 
T7 7 
T8 8 
T9 9 
T10 0 

nonnon TB 

NI I 
N2 N2 
N3 3 
N4 4 
N5 5 
N6 6 
N7 7 
N8 8 
N9 9 

42 2 
33 3 
41 1 
46 6 
26 6 
35 5 
28 8 
33 3 
36 6 
35 5 

m/f f 

f f 

m m 
m m 
m m 
m m 
m m 
f f 
f f 
f f 
m m 

patients patients 

61 1 

53 3 

24 4 

69 9 

42 2 

80 0 

20 0 

72 2 

43 3 

f f 
f f 
m m 
f f 
m m 
f f 
f f 
f f 
m m 

healthyhealthy subjects 

HI I 
H2 2 
H3 3 
H4 4 
H5 5 
H6 6 
H7 7 
H8 8 
H9 9 
H10 0 

42 2 

27 7 

47 7 

22 2 

30 0 

48 8 

34 4 

42 2 

36 6 

41 1 

m m 
f f 
m m 
f f 
f f 
m m 
m m 
f f 
f f 
m m 

diagnosis s 

pulmonaryy TB 
pulmonaryy TB 
pulmonaryy TB 
pulmonaryy TB 
pulmonaryy TB 
pulmonaryy TB 
pulmonaryy TB 
pulmonaryy TB 
pulmonaryy TB 
pulmonaryy TB 

pulm.. malignancy*1 

pulm.. malignancy 
pneumonia a 
COPDd d 
bronchitis s 
pneumonia a 
bact.. meningitis 
COPD D 
pneumonia a 

--
--
--
--
--
--
--
--
--
--

albumin n 

urinea a 
(mg/l) ) 

1.6 6 
7.2 2 
54.7 7 
4.4 4 
4.0 0 
3.3 3 
10.6 6 
13.8 8 
14.3 3 
2.3 3 

12.0 0 
6.6 6 
14.0 0 
5.1 1 
12.0 0 
4.6 6 
26.7 7 
10.9 9 
56.3 3 

10.9 9 
17.4 4 
8.0 0 

20.9 9 
371.0 0 
12.9 9 
18.4 4 
5.5 5 
5.3 3 
5.3 3 

serumb b 
(g/l) ) 

43 3 
47 7 
39 9 
45 5 
43 3 
44 4 
44 4 
43 3 
43 3 
45 5 

36 6 
40 0 
40 0 
32 2 
45 5 
26 6 
32 2 
35 5 
34 4 

42 2 
45 5 
43 3 
42 2 
39 9 
46 6 
48 8 
44 4 
47 7 
45 5 

urine e 
(mg/l) ) 

1.2 2 

2.6 6 

10.1 1 

1.5 5 

2.3 3 

1.6 6 

3.9 9 

3.5 5 

7.4 4 

1.8 8 

6.6 6 

2.9 9 

11.7 7 

2.5 5 

8.7 7 

2.8 8 

12.9 9 

7.1 1 

20.2 2 

2.7 7 

4.5 5 

2.5 5 

2.9 9 

13.5 5 

3.6 6 

2.6 6 

1.1 1 

1.2 2 

2.2 2 

IgG G 

serum m 
(g/l) ) 

12.1 1 
13.8 8 
17.3 3 
10.9 9 
9.3 3 
16.3 3 
10.7 7 
19.4 4 
16.3 3 
15.5 5 

19.3 3 
10.4 4 
15.9 9 
8.3 3 
18.8 8 
11.4 4 
15.6 6 
12.0 0 
14.6 6 

12.0 0 
8.1 1 
8.7 7 
6.0 0 
10.8 8 
8.5 5 
7.9 9 
8.1 1 
7.5 5 
16.7 7 

estimated d 
IgG/albumin n 

indexc c 

2.5 5 
1.2 2 
0.4 4 
1.4 4 
2.7 7 
1.3 3 
1.5 5 
0.6 6 
1.4 4 
2.2 2 

1.0 0 
1.7 7 
2.1 1 
1.9 9 
1.7 7 
1.4 4 
1.0 0 
1.9 9 
0.8 8 

0.9 9 
1.4 4 
1.5 5 
1.0 0 
0.1 1 
1.5 5 
0.9 9 
1.1 1 
1.5 5 
1.1 1 

aa Upper reference limit for the concentration of albumin in randomly collected urine in an adult healthy 
populationn is ~ 42 mg/1 (Tencer et al., 1996). In this study micro-albuminuria was defined as 42-200 mg 
albumin/11 and albuminuria as >200 mg albumin/1. 

hh Normal serum albumin levels: 35-50 g/1. 
cc IgG/albumin index: [urine/serum ratio of total IgG] / [urine/serum ratio of albumine]. Calculated values are an 

approximationn of the real index, since concentrations of IgG and albumin were measured in randomly 
collectedd urine samples. 

dd pulm. malignancy: pulmonary malignancy. COPD: chronic obstructive pulmonary disease. 
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Pairedd serum and urine samples were collected from ten healthy volunteers from 

Amsterdam,, The Netherlands. The urine samples were collected at random times during the 

day.. None of these individuals had a past history of TB. 

Patientt characteristics are shown in Table 1. TB patients are numbered Tl to T10, 

patientss with other diseases N1 to N9 and healthy subjects HI to H10. 

Storagee of serum and urine samples. After collection, the serum samples were 

storedd at -20°C in 2 ml-vials (Sarstedt, Nümbrecht, Germany). The urine samples were stored 

att 4°C in polystyrene 50 ml-vials (Greiner labortechnik, Nürtingen, Germany). Urine samples 

weree not frozen, since we have evidence that freezing and thawing of urine causes false-

positivee reactions in antibody assays. 

Preparationn of Mycobacterium tuberculosis antigen mixtures Ag360 and Ag98. 

Wee used two sources of antigens: a Triton X-100 extract from a sonicate of M. tuberculosis 

cellss (Ag360), and a culture filtrate from a short term culture of M. tuberculosis (Ag98). 

Ag3600 and Ag98 were selected for this study based on the results with a serum panel of 40 

Dutchh TB patients and 40 Dutch healthy controls (for Ag360 specificity and sensitivity were 

90%% and 76%, respectively, and for Ag98 90% and 50%, respectively). 

Ag360,Ag360, M. tuberculosis (strain M. tuberculosis 1 (32)) was cultured in a protein-free 

mediumm (Sauton medium) for 3 weeks at 37°C. The suspension was centrifuged at 18,500 x g 

forr 30 minutes at 4°C. The bacteria were washed twice with deionized water and stored at -

70°C.. Hundred ml of 0.5% Triton X-100 in lOmM Tris-HCl pH 8 was added to 75 g wet 

weightt of M tuberculosis bacteria. The bacteria were killed by heating the suspension at 56°C 

forr 1 hour. Then, the extract was placed on ice and sonicated (Branson 250-Sonifier, Branson 

Ultrasonicss Corporation, Danbury, Connecticut, U.S.A.) twice for 15 minutes at 4°C. After 

centrifugationn of the sonicate for 30 minutes at 48,384 x g and 4°C, the supernatant was 

decantedd and stored at 4°C. The pellet was resuspended in 100 ml extraction buffer and the 

extractionn procedure was repeated twice as described above. The three supernatants were 

combinedd and centrifuged for 1 hour at 99,600 x g and 4°C. The supernatant was applied to a 

11 ml-ExtractiGel D column as described by the manufacturer (Pierce, Rockford, U.S.A.) to 

removeremove the Triton X-100, and the protein concentration was measured using the BCA-Protein 

Assayy Reagent (Pierce, Rockford, U.S.A.). The solution was stored in aliquots at -70°C. 

Ag98.Ag98. M. tuberculosis (strain M tuberculosis 1) was cultured as described above. 

Afterr centrifugation, the culture supernatant was filtered through a 0.2 jum filter and 

precipitatedd with 45% saturated ammonium sulfate at pH 4, and centrifuged again. The pellet 

wass solubilized with 10 mM sodium phosphate and neutralized with 1M NaOH to pH 8, using 

phenolphthaleinn as pH indicator. Then, the solution was adjusted to 0.5 M ammonium sulfate 

andd applied to a hydrophobic interaction column (Phenyl Sepharose High Performance 
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column;; Pharmacia), equilibrated with 0.5 M ammonium sulfate in 10 mM Na2P04 pH 8.0. A 

stepwisee elution was applied, the fraction eluted with 0.125 M ammonium sulfate in 10 mM 

Na2P044 pH 8.0 was called Ag98. 

Sonicatess of Haemophilus influenzae and Streptococcus pneumoniae. Haemophilus 

influenzaeinfluenzae and Streptococcus pneumoniae were cultured in brain heart infusion broth as 

previouslyy described (22). The washed and killed bacteria were ultrasonicated for 5 minutes 

inn a Branson 250-Sonifier. 

Detectionn of serum- and urinary IgG antibodies against M. tuberculosis antigen 

preparationss Ag360 and Ag98, and against other bacteria. Serum- and urinary antibodies 

againstt Ag360, Ag98, S. pneumoniae and H. influenzae were detected by enzyme-linked 

immunosorbentt assay (ELISA). Ag360, Ag98 and sonicates of S. pneumoniae and H. 

influenzaeinfluenzae were coated onto polystyrene flat-bottom micro-titer plates (High Binding; Greiner 

labortechnik,, Nurtingen, Germany) at a concentration of 5 ug of protein per ml in PBS pH 

8.0.. The plates were incubated overnight at 37°C in a water bath and washed 3 times with 

washingg buffer containing 0.15 M NaCl, 1.2 mM KH2P04, 4.8 mM Na2HP04 and 0.05% 

(w/v)) Tween 80, pH 7.3. After blocking the plates for 1 hour at room temperature (20°C), 

withh 1% BSA in PBS pH 8.0, 150 ul/well, the plates were washed again 3 times and 100 ul of 

serumm (dilution 1: 500 in dilution buffer containing 0.1 M Tris, 0.15 M NaCl, 1% BSA and 

0.05%% Tween 80, pH 8.0.) or 100 ul of urine (pH adjusted by addition of 0.1 volume of 10 

timess concentrated dilution buffer, resulting in a dilution of the urine by a factor 1.1) was 

addedd to each well. All samples were tested in duplicate and paired serum and urine samples 

weree tested on the same plate. The plates were incubated for 1 hour at 37°C in a water bath. 

Afterr washing the plates 4 times, wells were filled with 100 ul of peroxidase-labeled goat 

anti-humann IgG (Fey fragment specific) (Jackson ImmunoResearch Laboratories, West 

Grove,, Pennsylvania, USA) in a 1: 80,000 dilution in dilution buffer. The plates were 

incubatedd for 1 hour at 37°C in a water bath and washed again 4 times, followed by addition 

off  100 u.1 of tetra methyl benzidine (TMB) substrate solution (0.04% TMB, 0.04% urea-

peroxidee in 0.1 M sodium acetate citric acid buffer pH 4.0). After 30 minutes incubation in 

thee dark at room temperature, the absorbance at 630 nm (A63o) was measured with a micro-

titerr plate reader (Bio-kinetics reader, Bio-tec Instruments, Winooski, USA). The reaction was 

thenn stopped by the addition of 100 fil of 0.5 M H2S04 to each well, and the absorbance at 

4500 nm (A450) was measured. By measuring at two wavelengths (630 nm and 450 nm), we 

weree able to increase the detection range of the ELISA. High concentrations of specific IgG 

couldd be detected by measuring the A63o, low concentrations by measuring the A450. The 

relationn between the two is: A45o/A63o=3. To control for the background reaction (conjugate 

control),, for every coated antigen two wells were filled with sample dilution fluid instead of 
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patientt serum or urine. The final results were expressed as the mean A450 of the duplicates, 

afterr subtraction of the background-A450. To correct for day-to-day and plate-to-plate 

variation,, the same moderately positive serum sample was used as a positive control in every 

plate.. All values were corrected by multiplying the A450 of the unknown samples by the 

correctionn factor (= A450 of the positive control serum at day 0/A450 of the positive control 

serumm at day of testing). 

Determinationn of the urine/serum ratio of specific IgG antibodies against Ag360 

andd Ag98. The same ELISA method was used as described above for specific anti-bacterial 

IgG.. Micro-titer plates were coated with Ag360 or Ag98. Serum samples were tested in a 

four-foldd serial dilution from 1:500 to 1:2,048,000. Urine samples were pH adjusted by 

additionn of 0.1 volume often times concentrated sample dilution buffer and tested on the 

samee plate as the paired serum samples. The peroxidase-labeled goat anti-human IgG 

antibodiess were used in a 1:8,000 dilution. The serum dilution which resulted in the same 

ELISAA signal as was obtained using the (pH-adjusted) urine was determined for all samples 

^calculatedd serum dilution factor, cSDF; see Fig. 2). The urine/serum ratio of IgG against 

Ag3600 or Ag98 was defined as: 1/cSDF. 

10 0 

0.1 1 

0.011 ! 

0.001 1 

•• patient 1 

•• patient 2 

urine/serumm ratio anti-
M.M. tuberculosis IgG: 

1/cSDF F 

cSDFF cSDF 
1022 104 106 

seru mm dilutio n facto r 
undilute d d 

urin e e 

FIG.. 2. Determination of the urine/serum ratio of anti-M tuberculosis IgG antibodies. 
AA serial dilution of serum and the pH-adjusted urine ( l . l x diluted urine, -'undiluted urine') from the same 
patientt were tested in ELISA for reactivity with M. tuberculosis antigens (Ag360 or Ag98). On the y-axis (log 
scale)) the ELISA signal is shown, and on the x-axis (log scale) the dilution factor of the serum. At the right side 
thee ELISA signal is shown of undiluted urine. From the serial dilution curve of the serum the dilution factor 
couldd be determined giving the same ELISA signal as undiluted urine (=cSDF, calculated serum dilution factor). 
Thee urine/serum ratio was defined as: 1/cSDF. 
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Quantitativee measurement of total IgG in serum and urine and calculation of the 

urine/serumm ratio. ELISA was used for measurement of total IgG in serum and urine. A 

polystyrenee flat-bottom micro-titer plate (High Binding; Greiner labortechnik, Niirtingen, 

Germany)) was coated with goat anti-human IgG (FcT fragment specific) (Jackson 

ImmunoResearchh Laboratories) at a concentration of 2 ug of protein per ml in PBS pH 7.2. 

Thee plates were incubated overnight at 37°C in a water bath and washed 3 times with washing 

bufferr containing 0,05% Tween 80 in PBS pH 7.3. After blocking the plates for 1 hour at 

roomm temperature (20°C), with 1% bovine serum albumin (BSA) in PBS pH 8.0, 150 jil/well , 

thee plates were washed again 3 times and 100 jil serum or urine (diluted in dilution buffer 

containingg 0.1 M Tris, 0.15 M NaCl, 1% BSA and 0.005% Tween 20, pH 8.0) was added to 

eachh well. Serum was tested in a two-fold serial dilution starting from 1:200,000. Paired urine 

wass tested on the same plate in a two-fold serial dilution starting from 1:200. Each dilution 

wass tested in duplicate. The plates were incubated for 1 hour at 37°C in a waterbath. After 

washingg the plates 4 times, wells were filled with 100 ul of peroxidase-labeled goat F(ab')2 

fragmentss anti-human IgG (Fcy fragment specific) (Jackson ImmunoResearch Laboratories) in 

aa 1:80,000 dilution in dilution buffer. The plates were incubated for 1 hour at 37°C in a water 

bathh and washed again 5 times, followed by addition of 100 jul of TMB substrate solution (see 

above).. After 30 minutes incubation in the dark at room temperature, the reaction was stopped 

byy the addition of 100 ul of 0.5 M H2SO4 to each well. The A450 was measured with a micro-

titerr plate reader. To control for the background reaction, one row was filled with sample 

dilutionn fluid. The final results were expressed as the mean A450 of the duplicates, after 

subtractionn of the background-A^o- In each plate a serial dilution of human IgG whole 

moleculee (Jackson ImmunoResearch Laboratories) was tested ranging from 0.2 ng/ml to 200 

ng/ml.. To determine the concentration of total IgG, the ELISA values of the unknown 

sampless were compared with those obtained using known amounts of IgG in a standard curve. 

Thee urine/serum ratio of total IgG was defined as: [total IgG in urine (mg/1)] / [total 

IgGG in serum (g/1)]. 

Calculationn of the relative coefficient of excretion (RCE). Since urine-to-serum 

ratioss may depend on the variable water content of urine, we used the relative coefficient of 

excretionn of antibodies from serum to urine, as described by Schoonbrood and colleagues (23) 

forr sputum proteins. The relative coefficient of urinary excretion (RCE) of IgG anti-Ag360 or 

IgGG anti-Ag98 was defined as: [urine/serum ratio IgG anti-Ag360 or Ag98] x 1,000 / 

[urine/serumm ratio total IgG]. Multiplication by 1,000 was necessary, since total IgG in urine 

iss given in mg/1 and total IgG in serum in g/1. 

Quantitativee measurement of albumin in serum and urine and calculation of the 

urine/serumm ratio. The concentration of albumin in serum was measured by 
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spectrophotometryy with bromocresol green as reagent. The concentration of albumin in urine 

wass measured by capture ELISA. A polystyrene flat-bottom micro-titer plate (High Binding; 

Greinerr labortechnik, Nurtingen, Germany) was coated with rabbit anti-human serum albumin 

(anti-HSA)) (DAKO A/S, Glostrup, Denmark) at a concentration of 2 \ig of protein per ml in 

phosphate-bufferedd saline pH 7.2 (PBS). The plates were incubated overnight at room 

temperaturee (20°C) and washed 3 times with washing buffer containing 0,05% Tween 80 in 

Tris-bufferedd saline (TBS) pH 7.3. After blocking the plates for 1 hour at room temperature 

withh 1% BSA in TBS pH 8.0, 150 ul/well, the plates were washed again 3 times and 100 ul of 

urinee (diluted in 0.05% Tween 80 in TBS) was added to each well. Urine was tested in 

duplicatee in a ten-fold serial dilution starting from 1:100. The plates were incubated for 1 hour 

att 37°C in a waterbath. After washing the plates 4 times, wells were filled with 100 ul of 

peroxidase-labeledd rabbit anti-HSA (DAKO A/S, Glostrup, Denmark) in a 1:8,000 dilution in 

TBSS containing 1% BSA and 0,05% Tween 80. The plates were incubated for 1 hour at 37°C 

inn a waterbath and washed 5 times, followed by addition of 100 fil of TMB substrate solution 

(seee above). The color reaction was measured as described above. To control for the 

backgroundd reaction, one row was filled with 0.05% Tween 80 in TBS. The final results were 

expressedd as the mean A450 of the duplicates, after subtraction of the background-A450. In each 

platee a serial dilution of human serum albumin (HSA) (Sigma-Aldrich) was tested ranging 

fromm 5 ng/ml to 1000 ng/ml. To determine the concentration of HSA, the ELISA values of 

unknownn urine samples were compared with those obtained using known amounts of HSA in 

aa standard curve. 

Thee urine/serum ratio of albumin was defined as: [albumin in urine (mg/1)] / [albumin 

inn serum (g/1)]. 

Estimatedd IgG/albumin index. In this study, the concentrations of IgG and albumin 

weree measured in urine samples which were collected randomly during the day. It is known 

thatt urinary excretion of proteins may fluctuate during the day. Because of this circadian 

rhythmm of proteinuria the calculated IgG/albumin index in this study is an approximation of 

thee index calculated from IgG and albumin concentrations in 24-hour urine. The estimated 

IgG/albuminn index was defined as: [urine/serum ratio of total IgG] / [urine/serum ratio of 

albumin]. . 

Statisticall analysis. The Mann-Whitney U test was used to compare sets of analyses. P < 

0.055 was considered significant. The relation between variables was analyzed by calculating 

thee Pearson's correlation coefficient (r). 
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Results s 

Albuminn and total IgG levels in serum and urine. Table 1 shows the concentrations 

off  albumin and total IgG in serum and urine from the study individuals. Albuminuria was 

foundd in one healthy control (subject H5), a remnant of pre-eclampsia from which the subject 

hadd suffered some months earlier. Micro-albuminuria was found in one TB patient (patient 

T3)) and in one patient with pneumonia (patient N9); all others were normo-albuminuric 

accordingg to the reference limits in randomly collected urine samples, as determined by 

Tencerr and colleagues (1996). The urinary IgG level was significantly higher in patients with 

otherr diseases compared to TB patients or healthy controls (P < 0.05). 

Estimatedd IgG/albumin index. In Table 1 the estimated IgG/albumin index is shown. 

Thee median values (and inter-quartile range) for TB patients, non TB patients and healthy 

subjectss (with no signs of glomerular leakage) were 1.4 (1.3-2.2), 1.7 (1.3-1.9) and 1.1 (1.0-

1.5),, respectively. Although not statistically significant, the index in sick patients (with or 

withoutt TB) was higher than in healthy subjects. A relatively high index was found in 3/10 

TBB patients (Tl, T5 and T10: index 2.5, 2.7 and 2.2, respectively) and 3/9 patients with other 

diseasess (N3, N4 and N8: index 2.1, 1.9 and 1.9, respectively). All healthy subjects had 

indicess of 1.5 or lower. From the three individuals with (micro-)albuminuria, one had a 

selectivee proteinuria (H5: index 0.1). However, both albumin and immunoglobulin 

contributedd to the proteinuria of patient T3 and N9. 

Levelss of IgG antibodies to M. tuberculosis and other bacteria in serum and 

urine.. IgG antibodies against the M. tuberculosis antigen preparations Ag360 and Ag98 were 

detectedd in the sera from TB patients, non TB patients and healthy controls (Fig. 3a and b). 

Thee levels were significantly higher in the group of TB patients than in healthy subjects (P — 

0.0055 for IgG anti-Ag360 and P = 0.03 for IgG anti-Ag98). The differences between TB 

patientss and patients with other illnesses were less evident. At an arbitrarily chosen cut-off 

pointt (mean antibody level + 1 SD of healthy subjects), 7/10 (70%) TB patients had IgG 

antibodiess recognizing Ag360, compared to 4/9 (44%) patients with other diseases and 2/10 

(20%)) healthy subjects. Using the same definition for the cut-off point in the ELISA using 

Ag98,, six of the patients with TB (60%) had IgG antibodies to Ag98 compared with 67% of 

patientss with other illnesses and only 1 healthy subject. In contrast to anti-M tuberculosis IgG 

serumm levels, no significant differences in anti-//, influenzae IgG or anti-S. pneumoniae IgG 

serumm levels were found between TB patients and healthy subjects (Figure 3c and d). 

IgGG antibodies to Ag360 and Ag98 were also detected in the urine from patients and 

controlss (Fig. 3e and f). Urinary levels of IgG antibodies to Ag360 were high in two TB 
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patientss (T2 and T7); both patients also had high serum levels against these antigens. 

Interestingly,, all TB patients had very low levels of IgG to Ag98 in urine. Of the individuals 

withoutt TB, two subjects with increased glomerular leakage (N9 and H5) had the highest 

urinaryy IgG levels in their group against M. tuberculosis antigens, as well as against other 

bacteria,, although their serum levels were only moderately high. Those with no signs of 

increasedd glomerular leakage, who had relatively high antibody levels in urine, also had high 

antibodyy levels in serum (e.g. patient T2, N8 and H7 in Fig. 3). It was not possible to 

discriminatee between TB patients, patients with other diseases and healthy subjects using 

urinaryy antibodies against either Ag360 or Ag98. 

(a)) patient T2 (b)) patient T8 (c)) patient T10 

:: 1000 T 

JlJ]] IJJJ ILL! 
Ag988 Ag360 H.rhft S . p n e u. Ag988 Ag360 H.iif L S . p n e u. Ag988 Ag360 H.iif L S . p n e u. 

(d)) patient T4 (e)) patient N3 

J i JJ JJIILIJ 
Ag988 Ag360 H.iif L S . p n e u. Ag988 Ag360 H.iif L S .pneu. 

(f)) subject H8 

Ag988 Ag360 H.iif L s . p n e u. 

FIG.. 4. Examples of urine and serum antibody patterns from pulmonary TB patients, patients with other diseases 
andd healthy subjects. [ ] , IgG antibody level in urine (dilution factor urine: 1.1). | IgG antibody level in serum 
(dilutionn factor serum: 1:500). (a)-(c), examples from patients where antibody patterns in urine differed from 
thosee in serum, (d)-(f), examples from individuals where antibody patterns in urine were a clear reflection of 
thosee in serum. Antibody levels are expressed as the absorbance, measured at 450 nm (high values were 
convertedd from A630 results, see Materials and Methods). Ag98, Ag360, H. infl., and S. pneu., antibodies 
recognizingg respectively Ag98, Ag269, Haemophilus influenzae, or Streptococcus pneumoniae. T2, T4, T8 and 
T10:: TB patients; N3: patient with pneumonia; H8: healthy subject. 
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Comparisonn of IgG patterns in serum and urine. The pattern of IgG antibody levels 

againstt Ag360, Ag98, H. influenzae and S. pneumoniae in serum and urine were compared 

(Fig.. 4). The urine patterns differed from the serum patterns in many cases especially those 

withh TB (8/10), mostly due to a relatively low level of urinary antibodies to Ag360 and/or 

Ag988 (representative examples are given in Fig. 4a-c), but the differences in serum and urine 

patternss were less pronounced than observed in our earlier experiments (Fig. 1). However, in 

5/99 non TB patients, 6/10 healthy subjects and in 2/10 TB patients (T3 and T4) the urine 

patternss were a clear reflection of the serum patterns (examples are shown in Fig. 4d-f)-

Comparisonn of the excretion into urine of total IgG and IgG specific for the \1. 

tuberculosiss antigens Ag360 and Ag98. Urinary IgG antibody levels to Ag360 and Ag98 

weree roughly 10-3 to 10-6 of serum levels (data not shown). In all three groups a highly 

significantt correlation was found between the urine/serum ratios of anti-Ag98 IgG and total 

IgGG (Fig. 5). The same was found for anti-Ag360 IgG (data not shown). For both antibodies 

thee median relative coefficient of urinary excretion (RCE) was < 1 in all three groups (Table 

2),, suggesting that there was no local production of these specific anti-M tuberculosis 

antibodiess in the urinary tract. Surprisingly, in TB patients, and to a lesser extent in patients 

withh other diseases, the RCE of anti-Ag98 IgG was significantly lower than in healthy 

subjectss (P < 0.001 and P = 0.01, respectively). The RCE of anti-Ag360 IgG was also lowest 

inn TB patients, but only the difference between TB patients and healthy subjects was 

statisticallyy significant (P < 0.05). Thus, the level of IgG antibodies to M. tuberculosis found 

inn urine was lower than would be expected according to the urinary excretion of total IgG, 

especiallyy in patients with active TB. 

TABLEE 2. Relative coefficient of urinary excretion (RCE) of IgG anti-Ag360 and IgG anti-Ag98a 

RCEE of RCE of 
g r o upp " IgG anti-Ag360 IgG anti-Ag98 

TBB 10 0.15 (0.07-0.29) 0.23 (0.19-0.28) 

nonTBB 9 0.23(0.11-0.43) 0.37(0.15-0.45) 

healthyy 10 0.31 (0.24-0.50) 0.74 (0.58-1.02) 

aa median values per group; ( ), inter-quartile range. 
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TBB patients non TB patients healthy subjects 

0O011 0010 0200 1£>00 10 000 o f l 0 1 0 D 1° 0100 1000 10DOO 0001 0010 0100 1000 10000 

ur/see ratio total IgG ur/se ratio total IgG ur/se ratio total IgG 

correlation:: r = 0.9 r = 0.8 r = 0.9 
PP = 0.0005 P = 0.009 P = 0.0002 

FIG.. 5. Correlation between the urine/serum ratio of specific IgG antibodies to Ag98 and the urine/serum ratio of 
totall  IgG. On the x-axis (log scale) the urine/serum ratio of total IgG is shown: [urine (mg/1)] / [serum (g/1)]. On 
thee y-axis (log scale) the urine/serum ratio of anti-Ag98 is shown (expressed as 1/cSDF), multiplied by 1000. 
Multiplicationn by a factor 1000 was necessary, since total IgG in urine is given in mg/1 and total IgG in serum in 
g/1.. The dots correspond to the individual patients/subjects. The slanted line represents an equal urine/serum ratio 
off  specific anti-Ag98 IgG and urine/serum ratio of total IgG. Ur/se: urine/serum. 

Discussion n 

Antigenn 360 is a detergent extract of M. tuberculosis which contains a large variety of 

differentt antigens. Antigen 98 consists of a mixture of antigens secreted during the short term 

culturee of M. tuberculosis. Thus both preparations contain a range of potential target antigens 

(bothh protein and lipopolysaccharide) against which antibodies produced in vivo during active 

tuberculosiss could be directed. Whereas no differences in serum levels of antibodies against 

commonn bacteria such as H. influenzae or S. pneumoniae were found between Vietnamese 

patientss with tuberculosis, Vietnamese patients suffering from other pulmonary diseases and 

Dutchh healthy subjects, IgG antibodies recognizing elements in both M. tuberculosis mixtures 

(Ag3600 and Ag98) were found more often in the serum of patients with pulmonary 

tuberculosiss than in healthy Dutch people. However, similar antibodies were also found in 

otherr sick patients. 

Wee were unable to discriminate between TB patients, patients with other diseases and 

healthyy subjects in our tests with urine. IgG antibodies to secreted M. tuberculosis antigens 

(Ag98)) were uniformly low in urine from patients with active tuberculosis. There was littl e 

correlationn between the level of antibodies in the serum and their appearance in the urine. 

Individualss with increased glomerular leakage had relatively high urinary antibody levels 

againstt M. tuberculosis antigens as well as against other common bacteria, although their 

serumm levels were only moderately high. However, all individuals who had high antibodies in 
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thee urine but no signs of increased glomerular leakage, also had relatively high levels of 

antibodiess against the same set of antigens in the serum. The antibodies to M. tuberculosis 

identifiedd in healthy subjects and those without TB probably represent either cross-reacting 

antibodies,, antibodies to antigens present in environmental mycobacteria or specific 

antibodiess to M. tuberculosis in those who have been previously exposed to tuberculosis (as is 

likelyy in Vietnamese controls living in a TB endemic area). 

Inn the urinary tract of healthy people, IgG antibodies enter the urine mainly by 

glomerularr filtration (27). The importance of local production of urinary IgG in patients with 

infectiouss diseases is less clear. Published data on this subject are often contradictory (6, 8, 

18,, 24). It has been shown that the mucosal immune system of the urinary tract is capable of 

producingg immunoglobulins during bladder infections, particularly IgG antibodies (10). 

Prenticee and colleagues (20) have shown that the immunoglobulin production in the urinary 

tractt can also be stimulated in response to an infection at another mucosal site, lending 

supportt to the concept of a common secretory immune system. This suggests that an infection 

inn the respiratory tract could possibly stimulate local production of antibodies in the urinary 

tractt of these patients. In the present study, the IgG/albumin index in patients with a 

respiratoryy infection was higher than the index in healthy subjects (Table I), although the 

differencess were not statistically significant. Particularly in six of these patients a relatively 

highh index was found (Table I: Tl , T5, T10, N3, N4 and N8). Although no conclusions can be 

drawnn from the absolute index-values, the indices in these six patients deviated strongly from 

thosee in healthy individuals and could indicate that a proportion of the urinary IgG in these 

patientss is produced locally. However, in the majority of the patients no evidence was found 

forr local production of IgG in the urinary tract. 

Duringg infections, bacterial antigens can circulate in the blood stream and be excreted 

intoo urine (11, 14). Bentz and co-workers (3) found that 5% of patients with pulmonary TB 

hadd unanticipated positive urine cultures for M. tuberculosis. The presence of mycobacteria or 

mycobacteriall  antigens in urine could possibly evoke a specific mucosal immune response in 

thee urinary tract. In support of this, we had found earlier that urinary antibody patterns in 

somee TB patients did not reflect the serum antibody patterns (Fig. 1.: TBI, TB2 and TB3). 

However,, in the present study, no such striking differences in urine and serum antibody 

patternss were found. The patients tested in our pilot (some shown in Fig. 1.) were native-born 

Dutchh adults in the Netherlands, or children in Zambia, whereas this study used samples from 

Vietnamesee patients living in Vietnam. In this study, the relative urinary excretion of anti-M 

tuberculosistuberculosis specific IgG did not exceed the relative excretion of total IgG in any of the TB 

patients.. Thus there was no evidence of local production of these specific antibodies. 
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Thee amount of anti-M tuberculosis specific antibody appearing in the urine was lower 

thann expected considering the total IgG excretion, especially in patients with active TB. A 

factorr which could contribute to the low level of antibodies to M. tuberculosis in the urine is 

thee IgG subclass distribution of the IgG antibodies to M tuberculosis in serum. Although 

proteinn antigens mainly produce an IgGl antibody response, repeated and long-term antigenic 

stimulationn with T cell-dependent antigens (as in the patients from Vietnam) may lead to a 

markedd IgG4 antibody response (1). Relatively fewer of these strongly anionic IgG4 

antibodiess than the neutral IgGl antibodies will be transported across the negatively charged 

glomerularr membrane (28). Also immune complex formation could contribute to the low level 

off  urinary antibodies. In mice, monoclonal antibodies to the mycobacterium-specific 

lipopolysaccharidee lipoarabinomannan form complexes which are cleared by the liver and 

whichh are not detectable in the urine (9). 

Patientss who suffer from (non-renal) infectious diseases often have a temporary 

increasee in glomerular leakage (13). Any urinary antibody test using antigens which are not 

highlyy specific, will have problems because of the difficulty of determining the cut-off point. 

Negativee control patients with increased glomerular leakage will also have increased amounts 

off  (cross-reacting) antibodies in their urine, as was observed in some of the sick patients in the 

presentt study. 

Inn summary, a test relying on the detection in urine of specific antibodies against M 

tuberculosistuberculosis to diagnose active pulmonary tuberculosis would theoretically be very helpful. 

Wee have used two different mixtures of M. tuberculosis antigens to provide a good chance of 

detectingg such antibodies, but have been unable to develop a useful urinary test for 

tuberculosis.. No evidence was found for local production of specific IgG antibodies against 

M.M. tuberculosis antigens in the urinary tract of Vietnamese adults with pulmonary 

tuberculosis. . 
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Abstract t 

Muchh is known about specific antibodies and their titers in patients with 

tuberculosis.. However, little is known about the avidity of these antibodies or whether 

changess in avidity occur during progression of the disease or during treatment. The 

aimss of this study were to determine the avidity of antibodies to Mycobacterium 

tuberculosistuberculosis in patients with pulmonary tuberculosis, to explore the value of avidity 

determinationn for the diagnosis of tuberculosis, and to study changes in levels of 

antibodyy and their avidity during treatment. Antibody avidity was measured by ELISA 

usingg thiocyanate elution. Avidity indices and serum levels of IgG to Mycobacterium 

tuberculosistuberculosis were determined in 22 patients with pulmonary tuberculosis before and 

duringg treatment, and in 24 patients with other pulmonary diseases. Antibody level and 

avidityy were both significantly higher in untreated tuberculosis patients than in the 

controls.. Avidity determination had more diagnostic potential than determination of the 

serumm level. Tuberculosis patients with a long duration of symptoms had higher 

antibodyy avidity than those with a recent onset of symptoms, indicating affinity 

maturationn of specific antibodies during active disease. In the early phase of treatment, 

aa 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 

phenomenaa could be explained by an intense stimulation of the humoral response by 

antigenss released from killed bacteria, reflecting early bactericidal activity of 

antituberculouss drugs, leading to the production of low-affinity antibodies against these 

releasedd antigens. 

Introduction n 

Celll  mediated immunity plays an important role in infection with M tuberculosis. T 

celll  effector mechanisms are used to control and eliminate this intracellular living pathogen. 

Thee role of humoral immunity in protection against tuberculosis was previously thought to be 

minimal,, although recent studies suggest that B cells and antibody may also contribute to the 

responsee to tuberculosis (2, 17). 

Studiess concerning humoral immunity in tuberculosis have mainly concentrated on the 

developmentt of a serological diagnostic test (4). However, serious problems of sensitivity and 

specificityy have been encountered and the deployment of such tests for diagnostic purposes 

hass been limited. Recently, Samanich and coworkers have identified several M. tuberculosis 
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antigenss with strong serodiagnostic potential (14). An evaluation of a serological test based on 

threee of these antigens revealed that, although significantly greater sensitivities were achieved 

thann with antigens studied by other investigators, even the combined reactivity with all three 

proteinss failed to diagnose -20% of the HIV-negative, smear-positive patients and -50% of 

thee smear-negative patients (15). Nearly all published studies have focused on the 

determinationn of serum-levels of specific anti-M tuberculosis antibodies. Little is known 

aboutt the avidity of these antibodies, how this may change during treatment, and whether 

avidityy can be used to discriminate between those with active disease and those with previous 

exposure. . 

Avidity,, or functional affinity, indicates the relative average strength of interaction 

betweenn the antibody binding sites and their antigenic determinants. As a rule, IgG avidity is 

initiallyy low after primary antigenic challenge and increases during the following weeks and 

months.. The antibodies produced in a secondary response have higher average avidity than 

thosee produced in the primary response. This maturation of affinity involves somatic 

hypermutationss in antibody forming cells and an antigen-driven selective expansion of high-

affinityy B cell clones. 

Manyy avidity tests have been introduced for a variety of (mostly viral) infectious 

agentss (9). These avidity tests have significantly improved the serological diagnosis of, for 

example,, rubella virus infection (8, 11, 12), cytomegalovirus infection (1), toxoplasmosis 

(13),, and herpes virus infection (20), enabling differentiation of recent primary infection (low-

avidityy antibodies) from past infection or reactivation (high-avidity antibodies). Furthermore, 

antibodyy avidity is an important surrogate of protective efficacy for several vaccines (7). 

Thee value of IgG avidity determination for the diagnosis of TB and for prediction of 

treatmentt outcome is unknown. Tuberculosis is a biphasic disease with a primary form and a 

post-primaryy form, usually separated by an interval of latency. Although most primary 

infectionss are asymptomatic, they can progress directly to caseation and cavitation if the local 

immunologicall  response at the primary site does not arrest the infection. It is likely that 

individualss with post-primary tuberculosis will have antibodies with higher avidity than those 

withh primary tuberculosis. Exposure to environmental mycobacteria can also produce an 

immunee response and will influence the avidity of antibodies which cross-react with M. 

tuberculosis. tuberculosis. 

Objectivess of this study were three-fold: a: to determine the avidity of antibodies 

againstt M. tuberculosis, b: to explore the value of avidity determination for the diagnosis of 

tuberculosis,, and c: to study changes in levels of antibody and their avidity during treatment 

off  tuberculosis. 
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Materialss and methods 

Patientt sera. Serum samples were obtained from 22 patients before and during 

treatmentt for pulmonary tuberculosis (TB) at the Pham Ngoc Thach TB and Lung Disease 

Center,, Ho Chi Minh City, Vietnam. From the majority of the patients 2 or 3 follow-up 

sampless were obtained during the treatment period. The diagnosis was confirmed by a 

positivee culture for M. tuberculosis in 17 patients (77%), thirteen of whom had smear-positive 

sputumm samples. In 5 patients (23%) both microscopy and culture were negative and 

diagnosiss was based on a combination of the clinical picture, chest x-ray abnormalities and a 

positivee skin test reaction. All patients were treated for 8 months and responded well to the 

treatment.. All of them were HIV-seronegative and had no history of previous TB. 

Serumm samples were also obtained at the same center from 24 hospitalized patients 

withh pulmonary diseases other than TB. They suffered from chronic obstructive pulmonary 

diseasee (n=7), pneumonia («=8), or pulmonary malignancy (n=9). In 16 patients a PPD skin 

testt was performed, and 8 of them were positive. All patients were HIV-seronegative and two 

patientss had suffered from TB 15-20 years ago. 

Thee study protocol was approved by the Ethics Committee of the TB Center in Ho Chi 

Minhh City. All patients gave permission for blood sampling. 

Preparationn of the solid phase M. tuberculosis antigen (Ag360). We used as a 

sourcee of M. tuberculosis antigens a Triton X-100 extract of M. tuberculosis (strain M. 

tuberculosistuberculosis 1 (18), grown for three weeks at 37°C in a protein-free medium. Hundred ml of 

0.5%)) Triton X-100 in lOmM Tris-HCl pH 8 (extraction buffer) was added to 75 g wet weight 

off  M. tuberculosis bacteria. The bacteria were killed by heating the suspension at 56°C for 1 

hour.. Then, the extract was placed on ice and sonicated (Branson 250-Sonifier, Branson 

Ultrasonicss Corporation, Danbury, Connecticut, U.S.A.) twice for 15 minutes at 4°C. After 

centrifugationn of the sonicate for 30 minutes at 48,384 x g and 4°C, the supernatant was 

decantedd and stored at 4°C. The pellet was resuspended in 100 ml extraction buffer and the 

extractionn procedure was repeated twice as described above. The three supernatants were 

combinedd and centrifuged for I hour at 99,600 x g and 4°C. The supernatant was applied to a 

detergentt removing column (1 ml-ExtractiGel D column; Pierce, Rockford, U.S.A.) to remove 

thee Triton X-100, and the protein concentration was measured using the BCA-Protein Assay 

Reagentt (Pierce, Rockford, U.S.A.). The solution was stored in aliquots at -70°C. 

ELISA.. Anti-M tuberculosis IgG antibodies were detected by ELISA. Polystyrene 

flat-bottomm micro-titer plates (High Binding; Greiner labortechnik, Niirtingen, Germany) 

weree coated with Ag360 at a concentration of 5 jig of protein per ml in PBS pH 8.0. The 

platess were incubated overnight at 37°C in a water bath and washed 3 times with washing 
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bufferr containing 0.15 M NaCl, 1.2 mM KH2P04, 4.8 mM Na2HP04 and 0.05% (w/v) Tween 

80,, pH 7.3. After blocking the plates for 1 hour at room temperature (20°C) with 1% bovine 

serumm albumin (BSA) in PBS pH 8.0, 150 ul/well, the plates were washed again 3 times and 

1000 ul of serum (dilution 1: 5,000 in dilution buffer containing 0.1 M Tris, 0.15 M NaCl, 1% 

BSAA and 0.05% Tween 80, pH 8.0.) was added to each well. All samples were tested in 

duplicate.. The plates were incubated for 1 hour at 37°C in a water bath and washed 5 times. 

Afterr the elution procedure (see below) wells were filled with 100 ul of a 1:80,000 dilution of 

peroxidase-labeledd goat anti-human IgG (Fc7 fragment specific; Jackson ImmunoResearch 

Laboratories,, West Grove, Pennsylvania, USA). The plates were incubated for 1 hour at 37°C 

inn a water bath and washed again 5 times, followed by addition of 100 (xl of TMB substrate 

solutionn (0.04% TMB, 0.04% urea-peroxide in 0.1 M sodium acetate citric acid buffer pH 

4.0).. After 30 minutes incubation in the dark at room temperature, the A63o was measured 

withh a micro-titer plate reader (Bio-kinetics reader, Bio-tec Instruments, Winooski, USA). 

Thee reaction was then stopped by the addition of 100 JLLI of 0.5 M H2SO4 to each well, and the 

A4500 was measured. By measuring at two wavelengths (630 nm and 450 nm), we were able to 

increasee the detection range of the ELISA. High concentrations of IgG anti-Ag360 could be 

detectedd by measuring the A63o, tow concentrations by measuring the A450. The relation 

betweenn the two is: A45o/A63o=3. To control for the background reaction (conjugate control), 4 

wellss were filled with sample dilution fluid. The final results were expressed as the mean A450 

off  the duplicates, after subtraction of the background-A450. 

Elutionn procedure. The ammonium thiocyanate (NH4SCN) elution was performed 

essentiallyy as described by Pullen and coworkers (12). After antibody incubation, ammonium 

thiocyanatee in 0.1 M sodiumphosphate pH 6.0 was added to the appropriate duplicate wells 

(150ul/well)) at the following molarities: 5.00 M, 2.50 M, 1.25 M, 625 mM, 312.50 mM, 

156.255 mM, 78.12 mM, 39.06 mM and 19.53 mM. Control wells were incubated with 0.1 M 

sodiumphosphatee pH 6.0 without NH4SCN. Using this range of NH4SCN concentrations we 

followedd Ferreira and colleagues, who described a simple method for assessment of the 

antibodyy affinity distribution using a graphical presentation with a NH4SCN-logarithmic scale 

(6)) (see below). The plates were incubated at room temperature for 15 minutes prior to 

washingg and addition of the conjugate. 

Calculationn of the avidity index. The absorbance readings in the presence of 

increasingg concentrations of NH4SCN were converted to the appropriate percentage of the 

totall  bound antibody (absorbance readings in the absence of NH4SCN). The data were fitted 

too a graph representing on the y-axis the percentage of the initial absorbance, and on the x-

axiss the molar concentration of NH4SCN (Fig. 1). For each sample the avidity index was 
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estimated,, representing the molar concentration of thiocyanate required to reduce the initial 

absorbancee by 50%. 

u u 
c c a a ~ ~ o o 
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0.011 0.1 1 1 J 10 

NH4SCN(M) ) 

FIG.. 1. Estimation of the avidity index. 
Thee percentage of the initial absorbance (A450 in NH4SCN-free wells) is given on the y-axis (log scale) and the 
molarr concentration of NH4SCN on the x-axis (log scale). Ag360-specific serum antibodies of a TB patient were 
elutedd with increasing concentrations of NH4SCN. The avidity index was estimated, representing the molar 
concentrationn of thiocyanate required to reduce the initial absorbance by 50%. From the figure it can be 
concludedd that the avidity index in this subject is equal to 1.3. 

Avidityy distribution histograms. Avidity distribution histograms were constructed 

accordingg to the method described by Ferreira and colleagues (6). The serum dilution used in 

thee ELISA (1:5,000) was carefully chosen at a point were the absorbance values were linearly 

proportionall  to the antibody concentration, as determined by serial dilutions of human sera. 

Thee antibody content in control (NH4SCN-free) wells was considered to represent the total 

concentrationn of anti-M tuberculosis IgG antibodies. The antibody contents in wells 

incubatedd with different concentrations of NH4SCN were expressed as proportions of this 

total.. The affinity distribution histograms represent the different antibody subpopulations in 

relationn to their tolerance to NH4SCN elution. On the y-axis of the histogram the eluted 

proportionn of total antibodies is shown, and on the x-axis the NH4SCN concentration is given. 

Eachh bar represents the proportion of anti-M tuberculosis antibodies eluted by a given 

concentrationn of NH4SCN. 

Statisticall analysis. The Mann-Whitney U test was used to compare sets of analyses; 

PP < 0.05 was considered significant. The median value and inter-quartile range is given in 

brackets.. The relation between variables was analyzed by calculating the Spearman's 

correlationn coefficient (r). Receiver operating characteristic (ROC) curves were constructed to 

describee the relationship between sensitivity and specificity at various cut-off levels. 
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Results s 

IgGG anti-M tuberculosis serum levels. Pulmonary TB patients had significantly 

higherr levels of IgG to M. tuberculosis (A450 4.65 [3.13-6.50]) than patients with other 

pulmonaryy diseases (A450 2.99 [2.32-3.92]) (P = 0.02), although there was overlap between 

bothh groups (Fig. 2). In non-TB patients no significant differences in antibody levels were 

foundd between PPD positive subjects (A450 2.99 [2.49-3.14]) and PPD negative subjects (A450 

3.900 [2.54-4.24]) (P = 0.3). 
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FIG.. 2. Level of IgG anti-M. tuberculosis antibodies in serum from untreated patients with pulmonary TB and 
patientss with other pulmonary diseases. 
Thee antibody level to Ag360 is given on the y-axis, expressed as the absorbance measured at 450nm (high values 
weree converted from A630 results, see Materials and Methods). Closed dots ( • ) represent the individual TB 
patientss and open dots (O) the negative controls. Horizontal bars represent the median antibody level in each 
group,, vertical error bars show the inter-quartile range. Antibody levels in untreated TB patients were 
significantlyy higher than in patients with other pulmonary diseases (P = 0.02). 

IgGG avidity. Significant differences in IgG avidity were found between TB patients 

andd patients with other pulmonary diseases (Fig. 3). In TB patients, IgG antibodies to M 

tuberculosistuberculosis had clearly higher average avidity (avidity index 1.65 [1.30-2.45]) than in 

patientss with no TB (avidity index 0.78 [0.60-1.05]) (P < 0.001). No differences in average 

IgGG avidity were found between PPD positive control patients (avidity index 0.70 [0.60-

1.05])) and PPD negative control patients (avidity index 0.90 [0.51-1.05]) (data not shown). 
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Bothh control patients with a previous history of TB had low avidity indices (0.85 and 0.7, 

respectively). . 

4 4 
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TBB no TB 

FIG.. 3. Average avidity of IgG anti-M tuberculosis antibodies in untreated patients with pulmonary TB and 
patientss with other pulmonary diseases. 
Thee avidity index is given on the y-axis. Closed dots p ) represent the individual TB patients and open dots (o ) 
thee negative controls. Horizontal bars represent the median avidity index in each group, vertical error bars show 
thee inter-quartile range. Antibody avidity indices in TB patients were significantly higher than in patients with 
otherr pulmonary diseases (P < 0.001). 

IgGIgG avidity maturation in TB patients. We found significant differences in average 

IgGG avidity in relation to the duration of TB symptoms before diagnosis (Fig. 4). A 

significantlyy higher IgG avidity was observed in TB patients having symptoms for more than 

22 months (avidity index 2.2), compared to TB patients with symptoms for 1 to 4 weeks 

(avidityy index 1.0) (P = 0.03). These results suggest that the affinity of IgG antibodies to M. 

tuberculosistuberculosis matures during active disease. Asymptomatic patients (in whom TB was 

diagnosedd during a yearly check up, based on chest X-ray abnormalities and a positive skin 

testt reaction (M=3)), and patients in whom TB was diagnosed after a single episode of severe 

haemoptysiss (w=3), had significantly higher IgG avidity (avidity index 2.3) than TB patients 

withh symptoms lasting for 1 to 4 weeks (P= 0.02). 

Independencee of antibody level and avidity. To establish whether there was a 

relationshipp between the avidity index and antibody level, the avidity index of TB patients 

andd patients with other diseases was plotted against the IgG anti-M tuberculosis serum level 
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FIG.. 4. Average avidity of IgG anti-M tuberculosis antibodies in untreated patients with pulmonary TB, in 
relationn to the duration of their TB symptoms. 
Thee avidity index is given on the y-axis. The x-axis represents the duration of TB symptoms until the day on 
whichh the pre-treatment serum sample was collected. In the asymptomatic patient group, 3 patients presented 
withh a single episode of severe haemoptysis and signs of TB on the same day the serum sample was obtained. 
Dotss represent the individual TB patients in each group. Horizontal bars indicate the median for each group. 
Statisticallyy significant differences between groups are indicated in the figure. 

inn these patients. However, no correlation was found between the parameters in either patient 

groupp (r= 0.04 in TB patients, r=0.21 in patients with other diseases, data not shown). Thus 

avidityy was not dependent on the amount of antibody present. 

Diagnosticc value of IgG anti-M tuberculosis serum levels and/or IgG avidity. 

ROCC curves were constructed based on a: the level of IgG antibodies to M. tuberculosis, b: 

thee avidity of these specific IgG antibodies, and c: a combination of both (Fig. 5). Sensitivity 

wass based on results obtained with all pre-treatment TB samples. Specificity was calculated 

fromm results obtained with all samples from patients with diseases other than TB. Since the 

areaa under the ROC curve is directly correlated to the overall diagnostic value of the assay, 

onee can conclude that a test based on IgG avidity, or a combination of IgG level and IgG 

avidity,, has more diagnostic value than a test based on the IgG level alone. Although patient 

numberss were too few to obtain reliable sensitivity and specificity rates (wide confidence 

intervals,, Table 1), highest specificity and sensitivity rates in this study population were 

obtainedd with a test based on a combination of the level and the avidity of the IgG antibodies 

(Tablee 1). 
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FIG.. 5. ROC curves, based on serum level of IgG anti-M tuberculosis antibodies, IgG avidity or a combination 
off  both. The dotted line represents the ROC curve of a hypothetical test completely lacking diagnostic value. A 
testt based on IgG avidity, or a combination of IgG level and IgG avidity, had more diagnostic value than a test 
basedd on the IgG level alone. 

TABL EE 1. Sensitivity and specificity values at various arbitrarily chosen cut-off points of tests based on IgG 
anti-MM  tuberculosis serum level, TgG avidity, or a combination of both 

testt based on 

IgG IgG 
serumserum level 

cut-off f 

IgGG serum 
level" " 

7.6 6 

5.8 8 

4.5 5 

point t 

IgGG ^ 
avidity y 

sensitivity y 

(%) ) 

IX X 

36 6 

55 5 

test t 

95%% CI 

2-34 4 

16-56 6 

34-76 6 

performance e 

specificity y 

(%) ) 

100 0 

96 6 

92 2 

95%% cr 

88-100 0 

81-100 0 

IgGIgG avidity 

IgGIgG serum level 
plusplus IgG avidity 

7.6 6 

5.8 8 

4.5 5 

2.2 2 

1.9 9 

1.8 8 

2.2 2 

2.2 2 

2.2 2 

36 6 

45 5 

50 0 

45 5 

59 9 

68 8 

16-56 6 

24-66 6 

29-71 1 

24-66 6 

38-80 0 

49-87 7 

100 0 

96 6 

92 2 

100 0 

96 6 

92 2 

88-100 0 

81-100 0 

88-100 0 

81-100 0 

"" IgG serum level, ELISA A450 value; b IgG avidity, IgG avidity index;c 9 5% CI, 

9 5%% Confidence Interval. 
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FIG.. 6. Changes in specific antibody level and avidity during treatment of six patients with smear-positive 
pulmonaryy tuberculosis (A-F). On the left y-axis, the IgG level to Ag360 is given. On the right y-axis, the avidity 
indexx is shown. The x-axis is divided into 4 time periods: the pretreatment period, and 3 periods during 
antituberculouss therapy: first 3 months, 4-6 months, and 7-8 months. Closed dots ( • ) antibody avidity; open dots 
(o)) antibody level. 

Antibodyy levels and avidity during treatment. Serum samples were taken from all 

TBB patients at various time points during treatment. Serum IgG anti-M tuberculosis levels 

andd IgG avidity indices were measured in pretreatment and all follow-up samples. Results for 
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sixx of these patients, who represent the different patterns seen, are shown in Fig. 6. In all 6 

patientss microscopy and culture were negative within 2 months of treatment. Although no 

singlee pattern could be detected when looking at the antibody level or avidity during 

treatment,, several phenomena were observed in the majority of patients. In 59% of all the 

patientss there was an initial rise of antibody level in the first 3 months of therapy, and in 90% 

off  these the antibody level had dropped again to the pre-treatment level by the end of 

treatmentt (Fig. 6A-E). We observed a striking drop in antibody avidity after the start of anti-

tuberculouss treatment in 73% of all the patients {Fig. 6). At the end of treatment, in 46% of 

thesee the antibody avidity had returned to the pre-treatment level, in 46% of the patients the 

avidityy remained lower than before therapy, and in 8% of the patients the antibody avidity 

wass higher after treatment than before treatment. In 36% of the patients the initial drop in 

antibodyy avidity was accompanied by an initial rise of the antibody serum level. 

Forr most patients in this study, who all came from Vietnam, the first sample during treatment 

wass obtained 2-3 months after it started. From recent observations in Dutch TB patients we 

havee obtained evidence that the initial drop in antibody avidity occurs at a very early stage of 

treatmentt (approximately 2 weeks after beginning of treatment, data not shown). 

Antibodyy avidity heterogeneity. Before treatment, avidity distributions from 50% of 

thee TB patients were unimodal (bell-shaped or a-symmetrical) (Fig. 7, patient A). Nine 

patientss (41%) had bimodal avidity distributions (Fig. 7, patient B) and 2 patients (9%) 

multimodall  (Fig. 7, patient C). In most of these patients (68%) similar patterns were also 

observedd after anti-tuberculous treatment. An evident shift to the left was observed in the 

avidityy distribution histogram from patients in whom the avidity index dropped strongly 

duringg therapy (Fig. 7, patient A, right graph). 

Avidityy distribution histograms from patients with other pulmonary diseases were 

bimodall  in 42%, unimodal (29%) or multimodal (29%) (data not shown). Seven of the 8 PPD 

positivee subjects presented either a bimodal or multimodal avidity distribution. Both patients 

withh a history of TB had multimodal distributions. 

Discussion n 

Thiss is the first study focusing on the kinetics of the avidity and serum levels of anti-

M.M. tuberculosis IgG antibodies in patients with pulmonary tuberculosis undergoing treatment. 

Inn our study, both serum level and avidity of these antibodies were significantly higher 

inn untreated pulmonary TB patients than in patients with other pulmonary diseases. However, 

noo relationship was found between the level of circulating antibodies against M. tuberculosis 
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FIG.. 7. Avidity distribution histograms from 3 TB patients. 
Onn the y-axis the eluted proportion of total antibodies is shown. The ammonium thiocyanate (NH4SCN) 
concentrationn is given on the x-axis (two-fold concentration series). Each bar represents the proportion of anti-M 
tuberculosistuberculosis antibodies eluted by a given concentration of NH4SCN. The avidity index is given at the bottom of 
eachh graph. Patient A showed an unimodal avidity distribution histogram, both before and during treatment. An 
evidentt shift to the left in the histogram was observed during therapy. Patients B and C showed bimodal and 
multimodall  distribution histograms, respectively. 

andd the avidity of the antibodies. This is in agreement with observations of Pullen and 

colleaguess in patients with rubella infection, suggesting that antibody affinity is controlled by 

mechanismss independent of those regulating antibody levels (12). 

Inn our Vietnamese study group avidity determination had more diagnostic potential 

thann measurement of serum levels alone. Especially in the desired specificity range of 90-

100%,, sensitivity could be improved to 45-68% by combining antibody level and antibody 

avidityy (Fig. 5 and Table 1). Although these sensitivity rates seem to be lower than those 
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achievedd with other serological tests (4, 15), it should be noticed that >40% of the TB patients 

inn our study population had negative sputum smears. The study population was mixed, 

consistingg of smear-positive, culture-positive patients as well as smear-negative, culture-

positivee patients and smear-negative, culture-negative TB patients. This means that the TB 

patientt group was not biased for easy-to-diagnose-patients. No significant difference was 

observedd between the antibody level or avidity in smear-positive TB patients and those in 

smear-negativee TB patients (data not shown). 

PPDD positive individuals have active cellular immunity directed against M. 

tuberculosis.tuberculosis. No differences in antibody level or IgG avidity were found however between 

PPDD positive and PPD negative subjects with diseases other than tuberculosis. Thus, there 

wass no correlation between PPD status and antibody level or avidity. In contrast, the 

developmentt of active disease seems to be an important trigger for affinity maturation of these 

specificc antibodies. In support of this, patients with long-lasting symptoms clearly had higher 

antibodyy avidity than patients with symptoms lasting for less than four weeks. 

Wee found a relatively high avidity of specific antibodies in 'asymptomatic' TB 

patientss (including those patients admitted to the hospital because of a single episode of 

severee haemoptysis). It is known that the duration of TB symptoms may have littl e relation to 

thee length of time the patient has harboured active disease. This is particularly the case when 

severee haemoptysis is the presenting symptom, when it reflects considerable destruction of 

lungg parenchyma already as a result of the infection. Those diagnosed at annual check-up had 

visiblee changes on the chest radiograph reflecting a considerable disease burden. It is possible 

however,, that the average antibody avidity decreases at a certain point during active disease, 

becausee of the production of low-affinity antibodies to antigens newly released from areas of 

tissuee destruction. In support of this, others have found that the antigen repertoire, recognized 

byy antibodies from TB patients, seems to change with disease progression (3, 14). 

Interestingly,, in the majority of TB patients a drop in IgG avidity was observed during 

thee first half of anti-tuberculous treatment. In more than one third of these patients this drop in 

IgGG avidity was accompanied by an initial rise in antibody level. This initial increase in 

antibodyy level in the first months of treatment has also been observed by others (5, 10, 19). 

Indeedd rising numbers of specific circulating antibody-secreting cells have been noted (16). 

Thiss discordance of a rising level of specific antibody with a poorer avidity of these 

antibodiess could be explained by an intense stimulation of the humoral response by 

(intracellular)) antigens released from killed bacteria, reflecting early bactericidal activity of 

antituberculouss drugs, leading to the production of (low-affinity) antibodies against these 

releasedd antigens. Removal of the immunosuppresive effect of actively growing mycobacteria 

mayy contribute to the increased activity of the humoral response during the first weeks of 
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treatment.. A bactericidal drug like isoniazid can kill the majority of the extracellular bacillary 

populationn during the first few days of chemotherapy. Our recent data have shown that the 

dropp in avidity seems to start very early after commencement of treatment (between one and 

twoo weeks, data not shown). During successful treatment, especially in the first few days, 

manyy mycobacteria are killed, leading to increased amounts of free antigen in the circulation. 

High-affinityy antibodies could bind with these, leading to immune complex formation. This 

wouldd lead to a chop in circulating antibody and to a fall in average avidity of the remaining 

antibodies.. This is supported by the findings of Sousa and colleagues (16), who noted an early 

increasee in circulating immune complexes and a modest fall in circulating free antibodies to 

M.M. tuberculosis during the first two weeks of therapy. 

Thee avidity index used in this study is a measure of the average avidity of specific 

polyclonall  serum antibodies, comprising a complex mixture of antibody sub-populations of 

differentt avidities. Since antibody populations with the same average avidity may differ with 

respectt to the avidity distribution, we constructed avidity distribution histograms to gain 

insightt into the avidity heterogeneity in TB patients. Ferreira and colleagues studied avidity 

distributionss in acute and convalescent serum samples from patients with malaria. The 

majorityy of their patients showed equal avidity distributions during acute infection and 

convalescence.. Two-thirds of the patients had unimodal and nearly symmetrical (bell-shaped) 

avidityy distributions in the acute phase, and one-third had bimodal or multi-modal 

distributionss (6). 

Similarly,, the majority of pulmonary TB patients in our study showed equal avidity 

distributionss before and after treatment, and again the unimodal avidity distribution 

dominatedd in these patients. Multimodal avidity distributions were found only in the minority 

off  TB patients. In contrast, in patients with other pulmonary diseases the multimodal avidity 

distributionn occurred as frequently as the unimodal distribution, suggesting a greater avidity 

heterogeneityy in these subjects. 

Althoughh our results suggest that in Vietnamese patients avidity determination has 

moree diagnostic value than measurement of the serum level of these antibodies, one should 

keepp in mind that this cannot be simply extrapolated to other populations. A variety of factors 

cann possibly influence the outcome, such as racial differences, geographic differences (e.g. 

loww or high TB prevalence, exposure to environmental mycobacteria) and the duration of 

activee disease. 

Wee are now studying the avidity of anti-M. tuberculosis antibodies in TB patients at 

fixedd time-points during treatment, with special attention to early changes in the first weeks of 

therapy.. We are investigating whether changes in avidity at an early stage predict for 

successfull  treatment. 

201 1 



ChapterChapter 9 

Acknowledgements s 

Thee Amsterdam Society and Research Fund for Prevention and Cure of Tuberculosis 

andd the Scientific Research for the Tropics (WOTRO) fund of NWO (Nederlandse 

Organisatiee voor Wetenschappelijk Onderzoek) financially supported this study. 

References s 

1.. Baccard-Longere, M., F. Freymuth, D. Cointe, J. M. Seigneurin, and L. Grangeot-Keros. 2001. 
Multicenterr evaluation of a rapid and convenient method for determination of cytomegalovirus 
immunoglobulinn G avidity. Clin. Diagn. Lab. Immunol. 8:429-431. 

2.2. Bosio, C. M , D. Gardner, and K. L. Elkins. 2000. Infection of B cell deficient mice with 
CDCC 1551, a clinical isolate of Mycobacterium tuberculosis: delay in dissemination and 
developmentt of lung pathology. J. Immunol. 164:6417-6425. 

3.. Bothamley, G. H., R. Rudd, F. Festenstein, and J. Ivanyi. 1992. Clinical value of the measurement 
off  Mycobacterium tuberculosis specific antibody in pulmonary tuberculosis. Thorax 47:270-275. 

4.. Bothamley, G. H. 1995. Serological diagnosis of tuberculosis. Eur. Respir. J. Suppl. 20:676s-
688s. . 

5.. Drowart, A., K. Huygen, J. De Bruyn, J. C. Yemault, C. M. Farber, and J. P. Van Vooren. 1991. 
Antibodyy levels to whole culture filtrate antigens and to purified P32 during treatment of smear-
positivee tuberculosis. Chest 100:685-687. 

6.. Ferreira, M. U., and A. M. Katzin. 1995. The assessment of antibody affinity distribution by 
thiocyanatee elution: a simple dose-response approach. J. Immunol. Methods 187:297-305. 

7.. Goldblatt, D.,A. R. Vaz, and E. Miller. 1998. Antibody avidity as a surrogate marker of successful 
primingg by Haemophilus influenzae type b conjugate vaccines following infant immunization. J. 
Infect.Infect. Dis. 177:1112-1115. 

8.. Hedman, K., and S. A. Rousseau. 1989. Measurement of avidity of specific IgG for verification of 
recentt primary rubella. J. Med. Virol. 27:288-292. 

9.. Hedman, K., M. Lappalainen, M. Söderlund, and L. Hedman. 1993. Avidity of IgG in 
serodiagnosiss of infectious dieases. Rev. Med. Microbiol. 4:123-129. 

10.. Imaz, M. S., and E. Zerbini. 2000. Antibody response to culture filtrate antigens of 
MycobacteriumMycobacterium tuberculosis during and after treatment of tuberculosis patients. Int. J. Tuherc. 
LungLung Dis. 4:562-569. 

11.. Nedeljkovic, J., T. Jovanovic, and C. Oker-Blom. 2001. Maturation of IgG avidity to individual 
rubellaa virus structural proteins. J. Clin. Virol. 22:47-54. 

12.. Pullen, G. R., M. G. Fitzgerald, and C. S. Hosking. 1986. Antibody avidity determination by 
ELISAA using thiocyanate elution. J. Immunol. Methods 86:83-87. 

13.. Rossi, C. 1998. A simple, rapid enzyme-linked immunosorbent assay for evaluating 
immunoglobulinn G antibody avidity in toxoplasmosis. Diagn. Microbiol. Infect. Dis. 30:25-30. 

14.. Samanich, K. M., J. T. Belisle, M. G. Sonnenberg, M. A. Keen, S. Zolla-Pazner, and S. Laal. 
1998.. Delineation of human antibody responses to culture filtrate antigens of Mycobacterium 
tuberculosis.tuberculosis. J. Infect. Dis. 178:1534-1538. 

15.. Samanich, K. M., M. A. Keen, V. D. Vissa, J. D. Harder, J. S. Spencer, J. T. Belisle, S. Zolla-
Pazner,, and S. Laal. 2000. Serodiagnostic potential of culture filtrate antigens of Mycobacterium 
tuberculosis.tuberculosis. Clin. Diagn. Lab. Immunol. 7:662-668. 

16.. Sousa, A. 0„  A. Wargnier, Y. Poinsignon, N. Simonney, F. Gerber, F. Lavergne, J. L. Herrmann, 
andd P. H. Lagrange. 2000. Kinetics of circulating antibodies, immune complex and specific 

202 2 



AntibodyAntibody avidity in tuberculosis 

antibody-secretingg cells in tuberculosis patients during 6 months of antimicrobial therapy. Tuber. 
LungLung Dis. 80:27-33. 

17.. Teitelbaum, R., A. Glatman-Freedman, B. Chen, J. B. Robbins, E. Unanue, A. Casadevall, and B. 
R.. Bloom. 1998. A MAb recognizing a surface antigen of Mycobacterium tuberculosis enhances 
hostt survival. Proc. Natl. Acad. Sci. USA 95:15688-15693. 

18.. Verbon A., S. Kuijper, H. M. Jansen, P. Speelman, and A. H. J. Kolk. 1990. Antigens in culture 
supernatantt of Mycobacterium tuberculosis: epitopes defined by monoclonal and human 
antibodies.. J. Gen. Microbiol. 136:955-964. 

19.. Verbon, A., G. J. Weverling, S. Kuijper, P. Speelman, H. M. Jansen, and A. H. J. Kolk. 1993. 
Evaluationn of different tests for the serodiagnosis of tuberculosis and the use of likelihood ratios in 
serology.. Am. Rev. Respir. Dis. 148:378-384. 

20.. Ward, K. N., D. J. Turner, X. Couto Parada, and A. D. Thiruchelvam. 2001. Use of 
immunoglobulinn G antibody avidity for differentiation of primary human herpesvirus 6 and 7 
infections.. J. Clin. Microbiol. 39:959-963. 

203 3 





CHAPTERR 10 

Generall  Discussion and Conclusions 



ChapterChapter 10 

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. 
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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) ) 
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(anti-LAM) ) 

777777777777 777777777777 
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(c)) M. tub. antigen capture ELISA 

Streptavidin n 

Bioo tin via ted 
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Polyclonall anti-
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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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SUMMARY Y 

Althoughh there are many, more or less sophisticated diagnostic tests available for 

tuberculosiss (Chapter 1), most of these are not applicable in those areas of the world where 

thee tuberculosis problem is greatest. In developing countries diagnosis is often based solely on 

thee direct microscopical result. In field laboratories microscopy often has low sensitivity due 

too different factors, leading to significant under-treatment and further spread of the disease. In 

thesee countries 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. Chapter 2 of this thesis 

highlightss some aspects of PCR and its role in the diagnosis of mycobacterial disease. 

ChaptersChapters 3-6 deal with the development of an immunological test, based on the detection of 

mycobacteriall  antigens in sputum by ELISA, dipstick assay and biosensor technology. 

Finally,, in chapter 7-9 different aspects of TB serology are investigated, with the aim to 

enhancee the sensitivity and specificity of such assays. 

ChapterChapter 2a describes a patient who developed an ulcer after traveling in the Shan 

Dongg Province in the Peoples Republic of China. PCR investigations of biopsy specimens 

fromm the ulcer proved it to be a Buruli ulcer, and identified the bacteria as Mycobacterium 

ulceran.s,ulceran.s, subspecies shinshuense. For this purpose a multiplex PCR, based on the 

amplificationn of the gene encoding for 16 S ribosomal RNA, and a nested PCR, based on the 

MM  ulcerans specific repeated sequence 2404, were used. 

Inn Chapter 2b the position of PCR in diagnosis of tuberculosis is discussed. Critical 

commentss are made referring to (some technical aspects of) a published study dealing with 

thee performance of an in-house PCR-based assay for the detection of M. tuberculosis in 

respiratoryy samples. The problem is raised of a lacking consensus on standardized technical 

procedures,, leading to variability in results. The importance of quality assurance is discussed, 

especiallyy when cultured samples are tested. It is stressed that amplification techniques are 

complimentaryy to culture, but are no substitute. 

ChapterChapter 3 describes the development of a capture enzyme-linked immunosorbent 

assayassay (ELISA) for detection of lipoarabinomannan (LAM) in human sputum samples. As 

capturee antibody we used a murine monoclonal antibody against LAM, with rabbit antiserum 

againstt Mycobacterium tuberculosis as a source of detector antibodies. Using this ELISA, 1 

ngg purified LAM/ml and 104 M tuberculosis whole cells/ml could be detected. The detection 

limi tt in sputum, pretreated with N-acetyl-L-cystein and proteinase K, was 10 M. tuberculosis 

wholee cells per ml. Ninety-one % of the sputum samples from Vietnamese patients with TB 

(322 smear-positive and 2 smear-negative) were positive in the LAM detection assay, and none 
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off  the non-tuberculous patients. Thus, the LAM detection assay is a potentially useful test for 

thee diagnosis of pulmonary tuberculosis. 

Too enhance the sensitivity of the antigen capture ELISA we have isolated monoclonal 

antibodiess (MAbs) against lipopolysaccharides of M. tuberculosis, with a higher affinity for 

LAMM than the MAb used in Chapter 3, and a broader reactivity pattern {Chapter 4). 

Immunizationn of a mouse with a lipopolysaccharide fraction of M. tuberculosis cells resulted 

inn the isolation of 13 MAbs, which were classified into 4 groups. Group A, reacting with 

ManLAM,, LAM with arabinofuranosyl-containing termini (AraLAM), lipomannan (LM) and 

arabinomannann (AM), is probably directed against a common epitope present on these 

lipopolysaccharides.. These MAbs cross-reacted with mannan from S. cerevisiae, which is the 

firstfirst indication of M. tuberculosis carbohydrate mimicry. MAbs from group B were reactive 

onlyy with weakly acidic LAM and LM, and reacted also with arabinogalactan. Group C 

reactedd mainly with LM, and group D reacted only weakly in Western blot with phosphatidyl-

myo-inositoll  mannosides (PIMs), including very weakly with purified PIM1 and PIM2. In 

contrastt to our previous MAbs against M. leprae none of the MAbs were specific for LAM. 

MAbb F183-3 (from group A [IgGl]) , was used in antigen capture ELISA as capture antibody 

andd showed a 5-fold lower detection limit (200 pg ManLAM/ml) than we previously 

described. . 

Inn Chapter 5 the use of surface plasmon resonance (SPR) technology to detect 

MycobacteriumMycobacterium tuberculosis antigens is explored, using the BIACORE J biosensor 

(Pharmaciaa Biosensor, Uppsala, Sweden). The monoclonal IgG antibody, reactive with both 

LAMM and lipomannan (F183-3, see Chapter 4) and polyclonal antibodies to M. tuberculosis 

weree covalently bound to CM5 sensor chips. M. tuberculosis antigens were injected over the 

sensorr surface, and the signal was amplified by secondary antibodies. The assay format using 

polyclonall  antibodies for both capture and amplification showed the highest sensitivity. The 

detectionn limit was comparable with the limit found in antigen capture ELISA using the same 

capturee and detection antibodies (~1 ng total protein of M.tuberculosis/m\). The detection 

limitt using MAb F183-3 as capture antibody was approximately 200-fold higher than in 

ELISAA (50-250 ng LAM/ml) . MAb F 30-5 (IgM), formerly used as capture antibody in our 

LAMM detection ELISA (Chapter 3), was not useful in the biosensor assay since we were 

unablee to regenerate the biosensor chip after binding of antigen. The biosensor system 

performedd better than the antigen capture ELISA in a complex matrix such as serum. 

Inn Chapter 6 three capture enzyme-linked immunosorbent assays (ELISAs) were 

developedd for the detection of lipoarabinomannan (LAM) and proteins from Mycobacterium 

tuberculosis.tuberculosis. We used a murine monoclonal antibody against LAM as a capture antibody and 

rabbitt antiserum against M. tuberculosis as a source of capture or detector antibodies. Two 
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assayss used microtiter plates, the third was a dipstick ELISA using nitro-cellulose as carrier 

forr the polyclonal capture antibodies. The lowest detection limit of 0.3 ng M. tuberculosis 

protein/mll  was found with the rabbit antiserum used as capture antibody. The Dipstick ELISA 

hadd the advantages that it was much quicker and could be read with the naked eye: with it 1 

ngg M. tuberculosis protein/ml could be detected. Three different treatments for sputum 

sampless were compared, using a panel of sputum samples from Vietnamese TB patients and 

non-TBB patients. An N-acetyl-L-cysteine (NALC) proteinase K method as described in 

Chapterr 3, a method using NaOH-NALC- detergent and one using a dilution-detergent 

mixture.. The best results (15 of 21 culture-positive samples were positive in the capture 

assay)) were obtained with the NALC-proteinase K sputum treatment together with rabbit 

antiserumm against Mycobacterium tuberculosis as the source of capture and detector 

antibodies.. The specificity of all three assays was 95%. 

Thee serodiagnosis of tuberculosis has long been the subject of investigation, but we 

stilll  lack a test with widespread clinical utility. Poor sensitivity and specificity of commercial 

assayss precludes their use as the sole means of diagnosis. All of these assays use 

mycobacteriall  antigens adsorbed onto a surface. Little attention has been paid to changes in 

antigenn conformation that may occur as a result of passive coating of these antigens to solid 

supportss like polystyrene leading to technical artifacts. Chapter 7 describes the development 

off  two different ELISA systems, in which human serum antibodies and target antigens of 

MycobacteriumMycobacterium tuberculosis are able to associate and dissociate freely in solution, avoiding 

false-positivee and false-negative reactions due to changes in conformation when these 

antigenss are absorbed to the polystyrene surface. The immune complexes so formed were 

capturedd by rabbit anti-M tuberculosis antibodies, passively adsorbed to the plate, or detected 

byy these same rabbit antibodies in solution and captured by goat anti-rabbit IgG. We have 

comparedd these two ELISA systems with an ELISA using antigens passively adsorbed to the 

solidd surface. The ELISA systems using soluble M. tuberculosis antigens distinguished better 

betweenn TB patients and healthy controls than the ELISA using surface-adsorbed M. 

tuberculosistuberculosis antigens. The poorer results with the latter ELISA are probably due to the 

generationn of altered epitopes caused by conformational changes in the target antigens 

inducedd by passive adsorption. These altered conformation epitopes are recognized by 

antibodiess that were originally evoked by antigens other than M. tuberculosis known as 

heterophilee antigens. 

Inn Chapter 8 we aimed to detect IgG antibodies against Mycobacterium tuberculosis 

inn the urine of patients with tuberculosis, to investigate their possible role in the diagnosis of 

tuberculosiss and their likely source (glomerular leakage or local production). IgG antibodies 
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inn paired serum and urine samples from TB patients, patients with other diseases and healthy 

subjectss were detected by ELISA against a Triton X-100 extract from M tuberculosis 

(Ag360),, a short term culture filtrate from M. tuberculosis (Ag98), and Haemophilus 

influenzaeinfluenzae and Streptococcus pneumoniae bacteria. The levels of IgG antibodies in serum 

againstt antigens in both M. tuberculosis preparations were significantly higher in the group of 

TBB patients than in healthy subjects. However, it was not possible to discriminate between TB 

patients,, patients with other diseases and healthy subjects using urinary IgG antibodies against 

eitherr antigen source. Urinary IgG antibody levels to Ag360 and Ag98 were roughly 10" to 

10"66 of serum levels. The mean relative coefficient of urinary excretion (RCE) of antibodies to 

Ag3600 and Ag98, defined as [urine/serum ratio of IgG anti-Ag360 or Ag98] / [urine/serum 

ratioo of total IgG], was < 1 in all three groups, indicating that there was no local production of 

thesee anti-M tuberculosis IgG antibodies in the urinary tract. 

Muchh is known about specific antibodies and their titers in patients with tuberculosis. 

However,, littl e is known about the avidity of these antibodies or whether changes in avidity 

occurr during progression of the disease or during treatment. In Chapter 9 we aimed to 

determinee the avidity of antibodies to Mycobacterium tuberculosis in patients with pulmonary 

tuberculosis,, to explore the value of avidity determination for the diagnosis of tuberculosis, 

andd to study changes in levels of antibody and their avidity during treatment. Antibody avidity 

wass measured by ELISA using thiocyanate elution. Antibody level and avidity were both 

significantlyy higher in untreated tuberculosis patients than in the controls. Avidity 

determinationn had more diagnostic potential than determination of the serum level. 

Tuberculosiss patients with a long duration of symptoms had higher antibody avidity than 

thosee with a recent onset of symptoms, indicating affinity maturation of specific antibodies 

duringg active disease. In the early phase of treatment, a drop in antibody avidity was observed 

inn 73% of all tuberculosis patients, accompanied by an initial rise in antibody level in 36% of 

thesee patients. These phenomena could be explained by an intense stimulation of the humoral 

responsee by antigens released from killed bacteria, reflecting early bactericidal activity of 

antituberculouss drugs, leading to the production of low-affinity antibodies against these 

releasedd antigens. 
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SAMENVATTING G 

Alhoewell  er meerdere (geavanceerde) laboratorium technieken voorhanden zijn voor 

dee diagnostiek van tuberculose (Hoofdstuk 1), zijn de meeste hiervan niet geschikt voor 

toepassingg in juist die gebieden in de wereld waar tuberculose veel voorkomt: in 

ontwikkelingslandenn vaart men meestal alleen op de uitslag van de directe microscopie, 

simpelwegg omdat andere diagnostische methoden daar niet beschikbaar zijn. De sensitiviteit 

vann microscopie is in deze landen over het algemeen laag, om uiteenlopende redenen, wat 

leidtt tot significante onderbehandeling en verdere verspreiding van de ziekte. Deze landen 

zoudenn gebaat zijn bij de ontwikkeling van een nieuwe test die simpeler / sneller uit te voeren 

iss dan microscopie, een hogere sensitiviteit heeft en een vergelijkbare (hoge) specificiteit. In 

HoofdstukHoofdstuk 2 worden bepaalde aspecten van de PCR techniek belicht en de rol van deze 

techniekk in de diagnostiek van mycobacteriële ziekten. Hoofdstukken 3-6 handelen over de 

ontwikkelingg van een immunologische test, gebaseerd op de detectie van mycobacteriële 

antigenenn in sputum middels ELISA, dipstick of biosensor technologie. In de hoofdstukken 7-

99 worden verschillende aspecten van TB serologie bestudeerd, met het doel om de sensitiviteit 

enn specificiteit van zulke testen te verhogen. 

HoofdstukHoofdstuk 2a beschrijft de waarde van PCR bij het diagnosticeren van Mycobacterium 

ulceransulcerans infectie ('Buruli ulcus'). Dit wordt geïllustreerd middels een casus over een patiënte 

diee een ulcus ontwikkelde na een reis door China, welke bleek te berusten op een infectie met 

MycobacteriumMycobacterium ulcerans, subsp. shinshuense. De diagnose werd gesteld middels PCR 

onderzoekk van biopten uit de rand van het ulcus. Hiervoor werd een multiplex PCR gebruikt, 

gebaseerdd op amplificatie van het gen dat codeert voor 16 S ribosomaal RNA, en een zgn. 

'nestedd PCR\ gebaseerd op de M. ulcerans specifieke repeterende sequentie 2404. 

Inn hoofdstuk 2b wordt de plaats van PCR in de diagnostiek van tuberculose besproken 

aann de hand van een door Araj en medewerkers gepubliceerd artikel (Int. J. Tuberc. Lung Dis. 

2000,, 4:877-881), dat handelt over een 'in-house' ontwikkelde PCR voor detectie van M. 

tuberculosistuberculosis in sputum. Kritische kanttekeningen worden geplaatst bij bepaalde technische 

aspecten,, met name bij de gebrekkige kwaliteitscontrole. Het probleem van het ontbreken van 

eenn consensus over gestandaardiseerde technische procedures wordt aangekaart, wat leidt tot 

variabiliteitt in resultaten. Benadrukt wordt dat amplificatietechnieken complementair zijn aan 

dee kweek techniek, maar deze zeker niet kunnen vervangen. 

Inn hoofdstuk 3 wordt de ontwikkeling van een invang ELISA beschreven voor detectie 

vann lipoarabinomannan (LAM) in sputum monsters. Als invang antistof werd een 

monoclonalee antistof tegen LAM gebruikt, en konijneserum tegen M. tuberculosis werd 
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toegepastt als bron voor detectie antistoffen. Met deze ELISA kon 1 ng LAM/ml worden 

aangetoondd en 104 M. tuberculosis bacteriën/ml. 91% van de geteste sputummonsters van 

Vietnamesee patiënten met tuberculose (32 ZN positief en 2 ZN negatief) bleken positief te 

scorenn in deze test terwijl geen van de patiënten met andere ziekten positief waren. De LAM 

testt leek aldus in potentie bruikbaar voor de diagnostiek van tuberculose. 

Omm de gevoeligheid van de antigeen test te verhogen hebben we nieuwe monoclonale 

antistoffenn (afgekort: MAbs) ontwikkeld tegen lipopolysacchariden van M. tuberculosis, en 

juistt die MAbs geselecteerd met een hogere affiniteit voor LAM dan de monoclonale antistof 

beschrevenn in hoofdstuk 3, en met een breder reactiepatroon (Hoofdstuk 4). Immunisatie van 

eenn BALB/c muis met een lipopolysaccharide fractie van M. tuberculosis resulteerde in de 

selectiee van 13 MAbs, welke werden geclassificeerd in 4 groepen. Groep A, die reageerde met 

ManLAM,, AraLAM, lipomannan (LM) en arabinomannan (AM), was waarschijnlijk gericht 

tegenn een gemeenschappelijk epitoop van deze lipopolysacchariden. Groep B reageerde alleen 

mett een zwak zure vorm van LAM en LM, en tevens met arabinogalactan. Groep C reageerde 

hoofdzakelijkk met LM, en groep D reageerde alleen zwak met phosphatidyl-myo-inositol 

mannosidess (PIMs). In tegenstelling tot onze eerder ontwikkelde MAbs tegen M leprae, was 

geenn van de nieuwe monoclonalen specifiek voor LAM. MAb F183-3 (uit groep A, een IgGl) 

werdd getest als invang antistof in de antigeen detectie ELISA en toonde een vijfvoudig lagere 

detectielimiett (200 pg ManLAM/ml) dan eerder beschreven (in hoofdstuk 3). 

Inn hoofdstuk 5 hebben we gekeken of de 'Surface Plasmon Resonance' (SPR) techniek 

gebruiktt zou kunnen worden om M. tuberculosis antigenen te detecteren. Hiervoor werd de 

BIACOREE J biosensor gebruikt van Pharmacia Biosensor (Uppsala, Zweden). De 

monoclonalee antistof F183-3 (zie hierboven) en polyclonale antistoffen tegen M. tuberculosis 

werdenn hierbij covalent gebonden aan CM5 sensor chips. M. tuberculosis antigenen werden 

geïnjecteerdd over het sensor oppervlak en het signaal werd geamplificeerd middels secundaire 

antistoffen.. De testopzet die gebruik maakte van polyclonale antistoffen voor zowel invang 

alss amplificatie toonde de hoogste gevoeligheid. De detectielimiet was vergelijkbaar met de 

limiett bereikt in ELISA wanneer dezelfde invang en detectie antistoffen werden gebruikt (1 

ngg totaal eiwit van M. tuberculosislmï). Gebruik van MAb F183-3 als invang antistof leidde 

tott een detectielimiet die ongeveer 200-voudig hoger lag dan in ELISA (50-250 ng LAM/ml) . 

Dee IgM-monoclonale antistof die initieel werd gebruikt als invang antistof in de LAM 

detectiee ELISA (hoofdstuk 3), bleek niet bruikbaar in dit systeem aangezien het niet mogelijk 

wass de sensor chip met de gebruikelijke middelen te regenereren na binding van het antigeen. 

Dee biosensor presteerde beter dan de ELISA wanneer een complexe matrix als serum werd 

getestt op antigenen. 
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HoofdstukHoofdstuk 6 beschrijft (de ontwikkeling van) drie invang ELISA's voor detectie van 

LAMM en eiwitten van M. tuberculosis in sputum. De monoclonale antistof tegen LAM uit 

hoofdstukk 3 werd wederom gebruikt als invang antistof en daarnaast werd tevens konijne-

antiserumm tegen M. tuberculosis gebruikt als bron voor invang en / of detectieantistoffen. 

Tweee van de drie testen maakten gebruik van microtiter platen, de derde was een dipstick 

ELISAA waarbij nitro-cellulose werd gebruikt als carrier voor de polyclonale invang 

antistoffen.. De laagste detectielimiet (300 pg M. tuberculosis eiwit/ml) werd gevonden 

wanneerr polyclonale antistoffen werden gebruikt als invang antistof (in ELISA). De dipstick 

ELISA,, die veel sneller is en met het blote oog afgelezen kan worden, liet een limiet zien van 

11 ng M. tuberculosis eiwit/ml. Drie verschillende sputum voorbehandelingsmethoden werden 

vergeleken,, gebruikmakende van een panel sputum monsters van Vietnamese TB patiënten en 

niet-TBB patiënten: 1. de N-acetyl-L-cysteine-proteinase K methode (ook gebruikt in hoofdstuk 

3),, 2. de NaOH-NALC-detergens methode (gemodificeerde sputum decontaminatie-methode 

zoalss gebruikt voor kweek en PCR), en 3. de verdunning-detergens methode. De beste 

resultatenn werden verkregen met de NALC-proteinase K sputum behandeling gecombineerd 

mett polyclonale invang en detectie (15/21 kweek-positieve sputa positief). De specificiteit 

vann alle drie de testen was 95%. 

All  sinds jaren wordt veel aandacht besteed aan de ontwikkeling van een serologische 

testt voor tuberculose. Maar tot op heden is er geen antistof test beschikbaar met een 

acceptabelee sensitiviteit en specificiteit. Het overgrote deel van de ontwikkelde testen maakt 

gebruikk van mycobacteriêle antigenen die geadsorbeerd zijn op een (polystyreen) oppervlak. 

Weinigg aandacht wordt besteed aan de (negatieve) effecten van conformatie-veranderingen 

vann deze antigenen die kunnen optreden als gevolg van passieve coating van deze antigen op 

dezee oppervlakken. In hoofdstuk 7 wordt de ontwikkeling beschreven van 2 verschillende 

ELISAA systemen, waarin humane serum antistoffen en de 'target'-antigenen vrij in oplossing 

kunnenn associëren en dissociëren, waardoor vals-positieve en vals-negatieve reacties t.g.v. 

conformatie-veranderingenn van de antigenen worden voorkomen. De op deze manier 

gevormdee immuuncomplexen worden ingevangen door polyclonale anti-M. tuberculosis 

konijneantistoffenn (passief gecoat op de ELISA plaat), of in oplossing gedetecteerd door deze 

antistoffenn en ingevangen door geit anti-konijn antistoffen. Deze ELISA systemen bleken 

beterr onderscheid te kunnen maken tussen TB patiënten en gezonde controles dan de 

conventionelee ELISA die gebruikt maakt van passief gecoate 'target'-antigenen. 

Inn hoofdstuk 8 hebben we getracht IgG antistoffen tegen M. tuberculosis aan te tonen 

inn urine van tuberculose patiënten en hebben we bestudeerd of de detectie van deze urine-

antistoffenn bruikbaar zou kunnen zijn voorde diagnostiek van tuberculose. Tevens hebben we 
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getrachtt een indruk te krijgen over de wijze waarop deze antistoffen terechtkomen in de urine 

(alleenn passieve filtratie of tevens lokale productie). IgG antistoffen gericht tegen twee 

antigeenmengselss van M. tuberculosis werden bepaald in gepaarde serum en urine monsters 

vann TB patiënten, patiënten met andere ziekten en gezond personen. De antistof spiegels 

tegenn beide antigeenmengsels in serum bleken significant hoger te zijn bij TB patiënten dan 

bijj  gezonde personen. Echter wanneer gekeken werd naar de urine antistof spiegels tegen deze 

M.M. tuberculosis antigenen, dan was het niet mogelijk te discrimineren tussen de drie groepen. 

Dee IgG antistof spiegels tegen M tuberculosis in urine waren ruwweg 10' - 10" van de 

serumm spiegels. De gemiddelde relatieve coëfficiënt van urine-excretie van IgG antistoffen 

tegenn M. tuberculosis (RCE) werd gedefinieerd als: [urine/serum ratio van IgG anti-M 

tuberculosis]tuberculosis] I [urine/serum ratio van totaal IgG]. In alle groepen was de gemiddelde RCE < 

1,, waardoor niet aangetoond kon worden dat er sprake was van lokale productie van deze 

antistoffenn in de urinewegen. 

Inn de TB serologic wordt met name gekeken naar de spiegels van specifieke 

antistoffenn bij patiënten met tuberculose. Weinig is bekend over de aviditeit (of functionele 

affiniteit)) van deze antistoffen en veranderingen van de antistof aviditeit tijdens progressie 

vann de ziekte of tijdens behandeling. In hoofdstuk 9 hebben we getracht de aviditeit te bepalen 

vann IgG antistoffen tegen M. tuberculosis bij patiënten met pulmonale tuberculose en de 

waardee in te schatten van de aviditeitsbepaling voor de diagnostiek van tuberculose. Tevens 

hebbenn we de veranderingen in antistof spiegels en antistof aviditeit bestudeerd tijdens de 

behandelingg van patiënten met pulmonale tuberculose. De antistof aviditeit werd bepaald 

middelss EL1SA, met behulp van de thiocyanaat elutie methode. Antistof spiegels en aviditeit 

warenn beiden significant hoger in de groep van onbehandelde TB patiënten dan in de 

controlegroepp (patiënten met andere pulmonale ziekten). Bepaling van de antistof aviditeit 

hadd in deze groep patiënten een hogere diagnostische waarde dan bepaling van de antistof 

spiegel.. TB patiënten met lang bestaande klachten hadden een hogere antistof aviditeit dan 

patiëntenn met kort bestaande klachten, wat wijst in de richting van affiniteit maturatie van 

specifiekee antistoffen tijdens actieve ziekte. In de vroege fase van anti-tuberculeuze 

behandelingg werd bij 73% van de TB patiënten een daling gezien in de antistof aviditeit, die 

bijj  36% van deze patiënten werd vergezeld van een stijging in de antistof spiegel. Dit 

fenomeenn zou kunnen worden verklaard door een intense stimulatie van de humorale respons 

doorr vrijgekomen antigenen uit dode bacteriën (wat de vroege bactericide activiteit van 

bepaaldee anti-tuberculeuze middelen reflecteert), wat leidt tot de productie van antistoffen 

mett een lage affiniteit tegen deze vrijgekomen anti genen. 
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