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Abstract t 

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 

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. Avidit y indices and serum levels of IgG to Mycobacterium 

tuberculosistuberculosis were determined in 22 patients with pulmonary tuberculosis before and 

durin gg 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.. Avidit y 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 affinit y 

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 initia l 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-affinit y antibodies against these 

releasedd antigens. 

Introductio n 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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Material ss 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. 

Avidit yy distributio n 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). 

193 3 



ChapterChapter 9 

Bothh control patients with a previous history of TB had low avidity indices (0.85 and 0.7, 

respectively). . 

4 4 

O O 

o o o o 
o o o 0 0 

o o 

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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-- IgG serum level 
-IgGG avidity 
-- combination IgG level/avidity 
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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. 

Antibod yy levels and avidity durin g 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. 
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