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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 thir d was a dipstick EL1SA using 

nitro-cellulosee as carrier  for  the polyclonal capture antibodies. The detection limit s of 

thee three assays were evaluated using purified LAM and a Trito n 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%. 

Introductio n 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. 

Material ss 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 limit s 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) ) 

100.000 i 5 

-»—-»— Rb8-106 

10.000 J 

o o m m 
tt 1.00 
< < 

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 

in n 
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 
•• 4,0E+06 
H8.0E+05 5 

 1.6E+05 
DD 3.0E+04 
DD NoPq 
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F30-55 assay wit h youn g M. tuberculosis suspensio n 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 

treatmen tt  metho d 

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 - lx l0 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 LA M 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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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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