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Serodiagnosis of Tuberculosis: Specific Detection of Free and Complex-Dissociated Antibodies Anti-
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The diagnostic test characteristics of detecting free and complex-dissociated 1gG to three recombinant antigens of
Mycobacterium tuberculosis (38-kDa, Ag16 and Ag85B), singly and in combination, were evaluated in sera from 161
tuberculous patients [smear-positive pulmonary TB (50), smear-negative pulmonary TB (pTBsm-) (60) and
extrapulmonary TB (51)) and 214 control patients (mycobacteriosis (14), mycoses(14), leprosy(4), other underlying
diseases (82) and healthy people (100)]. The individual antigens ranged from 25% to 42% in sensitivity and from
93% to 96% in specificity, while considering free 1gG response. Addition of complex-dissociated antibodies against
each individual antigen improved the sensitivity up to 55%. The number and levels of specific antibodies varied
greatly from individual to individual. Combination of individual resultsfor free and complex-dissociated 1gG to 38-
kDa, Agl6 and Ag85B offered 76% sensitivity and 83% specificity. When the three antigenswer e placed in the same
well, the sensitivity was lower than that expected on the basis of single antigen (63%) but with a good specificity
(95%), even in the group of mycobacteriosis or mycoses. The highest contribution of complex-dissociated 1gG
results to free 1gG results was seen for the diagnosis of pTBsm- patients. In conclusion, although neither single
recombinant antigen was reactive with most sera from TB patients even after the measurement of both free and
complex-dissociated antibodies, the use of multi-antigen cocktails improved the diagnostic utility of the ELISA
assay, allowing the identification of almost 70% of pTBsm-, with a high level of specificity; the use of additional,

well selected antigens should lead to the detection of almost all patients with TB.
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To control tuberculosis (TB), it is still necessary to find
diagnostic methods that are both more rapid to carry out and
more sensitive than traditional methods (smear and culture)
but which are simpler and less expensive than the new
molecular diagnostic teststhat are based on the amplification
of nucleic acids. Serological methods, which seem to be the
ideal choice, are usually based on the detection of free soluble
circulating antibodies against mycobacterial antigens.
Research in the identification of a suitable antigen for
serodiagnosis of TB has come a long way, yet thereisalot
more to be explored [1,2]. In fact, no serological test is
commonly usedin the diagnosisof TB. One of themain reasons
for the lack of aroutine test is the variability and often low
sensitivity and specificity of the tested antigens. Specificity
has been increased by using purified antigens but
unfortunately at the expense of loss of sensitivity [1,3]. On
the other hand, the antibody repertoirein TB ishighly diverse,
with sera from different persons reacting with different
antigens, reflecting the fact that accurate serodiagnosis of
TB possibly requires multiple antigens to cover the breadth
of the antibody response [3]. However, independent of the
single-antigen or combination of antigens used, a percentage
of patients with well documented TB still present low levels
or even absence of specific antibody against any of the
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antigens evaluated. Such false negative results in patients
with TB could be explained by an absence of detection by
regular EL1SA owing to theformation of immune complexes
(IC), aspreviously reported [4-6].

We therefore looked at measuring the level of free and
complexed 1gG to antigens that previously demonstrated an
ability to induce humoral responsesin human TB by focusing
on molecules suggested to possess species-specific
serodominant epitopes. Daniel and Anderson [7], were the
first to report on the species-specific antigen 5 of
Mycobacterium tuberculosis, which was later proved to be
the same as the 38-kDa protein [8]. This antigen has shown
high specificity in al studies conducted in different parts of
theworld (88%1t0 98%) [1,2]. However, sensitivity varied from
49 to 89%, being higher in populations where more patients
present with advance disease [9-15]. Other than this, the
immunodominant 16-kDaantigen (Ag16) of M. tuberculosis,
amol ecule homol ogouswith proteins bel onging to the family
of low molecular-weight heat shock proteins [16], also
contains B-cell epitopes specific for M. tuber culosis compl ex.
Asin the case of the 38-kDa antigen, it has been suggested
that its species-specific (restriction) antigenicity of
mycobacterial speciesalmost certainly restsnot with thewhole
antigen but with their epitopes[17]. Furthermore, it has been
suggested that Ag16 is immunogenic in the early stages of
infection of M. tuberculosis and in primary TB [1,18]. The
Ag85 protein complex consists of at least three distinct but
related proteins, designated as 85A, 85B, and 85C, as shown
by crossed-immunoelectrophoresis. This antigen has been
varyingly named in literature as a2, alphaantigen, fibronectin-
binding protein or antigen 6 and 85 complex [19]. Interestingly,
positive antibody titers were more frequent in non-cavitary
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tuberculosis[20,21] and, athough homologues of Ag85 have
been reported to be present in non-pathogenic mycobacteria
and in corynebacteria [22], the presence of M. tuberculosis
complex-specific serodominant epitopes has been suggested
[20]. Of the three components, 85B has been found to have
superior valuefor diagnosis[23,24].

Furthermore, in order to develop specific serodiagnostic
reagents, substantial amounts of mycobacterial antigens are
required. Purification of such antigens directly from M.
tuberculosisisdifficult because of low cell yield, low growth
rates and the virulent nature of the organisms. A potential
solution to this problem is the production of recombinant
antigens in organisms such as Escherichia coli (E. coli).

On the other hand, many authors has pointed out that
the profile of antigens recognized by patient antibodies is
influenced by the stage of TB [25,26], suggesting that valid
comparison of potential serodiagnostic antigens can be made
only if the same cohort isused for assessment of the different
candidate antigens under study. Therefore, the purpose of
this study was to evaluate the diagnostic potential of
measuring free and complex-dissociated antibodies against
three previously characterized recombinant proteins of M.
tuberculosis (38-kDa antigen, Ag16 and Ag85B) in the sera
of TB patients and various control subgroups. The
recombinant antigens were not only used individually, but
were combined in the same microplate well, in order to
evaluate the possihility of providing more accuratetoolsfor
immunologic diagnosis.

Material and Methods
Patients Sera

A total of 375 serum samples were obtained from the
following groups of subjects.

Tuberculous Peatients

One hundred and sixty one serum samples from human
immunodeficiency virus-seronegativeindividual s (agerange,
16 to 70 years, percentage of males, 60%) were studied. All
these patients were investigated for TB at the National
Institute of Respiratory Diseases“Emilio Coni” in Santa Fe,
Argentine. One hundred and ten serum samples were from
patients with pulmonary TB (pTB), and 51 serum samples
werefrom patientswith extrapulmonary TB (epTB). ThepTB
group consisted of 50 smear-positive and culture-positive
patients (pTBsm+) who had activelesionson chest radiograms
and of 60 patients from whom two consecutive tests on
admission were smear-negative (pTBsm-); 47 of them were
culture-positive and with active chest radiogram lesions, and
13 patients with culture-negative tuberculosis who had been
diagnosed by suggestive clinical and radiological findings
with marked improvement after antitubercul osistreatment. The
extrapulmonary locations involved pleurisy (28 patients),
urinary tract (5 patients), meningitis (4 patients), disseminated
locations (5 patients), lymphatic tissues (4 patients), peritonitis
(2 patients), pericarditis (2 patients) and osteitis (1 patient).

The patients had not yet started antituberculosis treatment
when the serum samples were taken.

Control Subjects

Two hundred and fourteen serum samples from human
immunodeficiency virus-seronegative individuals were
included as controls. They were divided asfollows:

a. Patients with pulmonary mycobacteriosis and mycoses.
Consisting of 28 patients (agerange, 23to 61 years; percentage
of males, 58%) with pulmonary diseases usually considered
in the differential diagnosis of TB like pulmonary
mycobacteriosis (14 patients) and mycoses (14 patients). The
patients were included as follows: (i) pulmonary diseases
produced by nontuberculous mycobacteria (NTM)
(Mycobacteriumaviumcomplex, 10 subjects; Mycobacterium
chelonae, 2 subjects; Mycobacterium fortuitum, 2 subjects),
ii) pulmonary mycoses (paracoccidioidomycosis, 10 subjects;
aspergillosis, 2 subjects; histoplasmosis, 2 subjects).

b. Patients with underlying disorders other than
mycobacteriosis and mycoses (Others). This group was
composed of patients with suspected tuberculosis, in whom
afirm alternative diagnosiswas made. Consisted of 82 patients
(age range, 16 to 78 years, percentage of males, 54%) who
were being treated for underlying disorders other than
mycobacteriosis and mycoses, including pneumonia, 48
subjects; lung cancer, 2 subjects; asthma, 2 subjectsand non-
respiratory diseases, 30 subjects (nephrotic syndrome, 6
subjects; staphylococcal abscess, 2 subjects; congestive
hearth failure, 11 subjects; acute bacterial meningitis, 11
subjects). Additionally, all controlswith respiratory symptoms
were assessed by X-Ray; those with productive cough were
bacteriologically evaluated. Seventy six subjects had
Mycobacterium bovis BCG vaccination history. The purified
protein derivative (PPD) status of the patients was unknown.
In many countries, such as Argentina, the PPD test for
diagnosis of adult TB is considered difficult to interpret and,
therefore, suspected TB isnot usually evaluated by tuberculin
skintestinroutineclinical practice[27,28].

c. Clinically healthy patients (CHP). Consisted of 100
apparently healthy persons (age range, 15 to 69 years,
percentage of males, 51%) who agreed to undergo routine
analysis examinations at a laboratory. All of them showed
normal findingsin theblood and clinical examinations. Ninety
five subjects had Mycobacterium bovis BCG vaccination
history.

d. Leprosy patients. Thisgroup included four casesof leprosy
(agerange, 36t0 46, percentage of males, 75%).

Mycobacterial Antigens
Culture filtrate antigens (CFA) of M. tuberculosis were
obtained aspreviously described [29]. Briefly, M tuberculosis
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H37Rv was grown for 8 weeks in Dorset Henley’s medium.
Bacteriawerekilled by treating the suspension with 1% phenoal
at 37°C for 3 days. Culture was filtered through cellulose
asbestos membranes. The filtrate was then precipitated with
trichloroacetic acid (4%) and dissolved in a phosphate buffer
pH 8 at a concentration of 2 mg/mL. Recombinant
mycobacteria antigens38-kDa, Ag16 and Ag85B were supplied
by Lionex GmbH, Germany. They were expressed asHis-tagged
proteins in E. coli from the complete coding sequences and
purified by subsequent Ni-affinity chromatography [30].

Enzyme-Immunoassay Microplate Preparation

Microtiter plates (Immulon 2, Dynatech Laboratoriesinc.,
Chantilly VA, USA) were coated with recombinant
mycobacterial antigens or CFA diluted to a concentration of
2ug/mL (Ag85B, 38-kDa, Agl6) and 25ug/mL (CFA) in0.05M
carbonate buffer, pH 9.6, and incubated overnight at 4°C. After
coating, the reactive sites were blocked by incubation for 1h
at 37°C with phosphate buffer saline (PBS) containing 1%
bovine serum albumin (BSA).

Preparation of Complex-Dissociated Antibodies

Dissociation of |C wasdoneaspreviously described [31].
Briefly, to 100 uL serum 100 uL PBS(1:1) wasadded. An equal
volume (200 uL) of 5% polyethyleneglycol 6000 (PEG 6000) in
PBS (PEG-PBS) was added and the mixture wasincubated at
4°C overnight. After centrifugation at 15009 for 20 min, the
pellet was washed twice with 2.5% PEG-PBS solution. The
pellet was then resuspended in 200 pL in PBS with 10mM
EDTA a pH 7.4 and incubated at 37°C for 30 min; then 600 pL
of cold 0.2M Glycine-HCI (pH 6.8) wasadded. After incubation
for 15minat 4°C, the solution was neutralized by adding 50 pL
of 1M K, HPO, pH 9and diluted with 2.35mL of PBS containing
1% BSA, giving afinal dilution of 1:32. Samples were used
within30min.

Enzyme-Immunoassay
EL I SA with Recombinant Antigens

Samplestested for free antibodiesfrom plain serum were
diluted 1:100 in 1% BSA-PBS with the addition of 0.05%
Tween-20, whereasfor | C-dissociated antibodies, the samples
werediluted to 1:32in BSA-PBSwithout Tween-20 asexplained
before (Section Preparation of complex-dissociated
antibodies). One hundred pL of each sample was placed in
the respective microplate well sensitized with the antigen for
free antibodies and, with and without antigen for IC-
dissociated antibodies (for verification of non-specific
binding). A reference serum sample added to 6 wellsin two-
fold dilutions (1:50to 1:1600) wasincluded in each plate. After
incubation for 60 min at 37°C, the plates were washed three
timesand 100 pL of conjugate goat anti-1gG peroxidase (Sigma
Chemical Co, StLouis, MO, USA), diluted 1:6000in 1% BSA-
PBS, was added to each well and incubated at 37°C for 1 hour.
Theamount of bound peroxidase conjugated immunoglobulin
was quantitated by reading the absorbance at 450nm (A450)

using 3,3",5,5 -tetramethylbenzidine (TMB) asasubstratein
the presence of hydrogen peroxide. Thetitres of each sample
were determined relative to the reference serum sample
included on each plate using single point reference line assay.
Thus, dose-response curves were calculated from the
absorbance value of the reference serum dilutions on the Y
axis against 2log reference serum titres on the X axis. The
method of |east squares was used to generate a straight line
fit[32] to the portion of the curve which was considered linear,
if the correlation between A450 and log dilution was > 0.95.
When appropriate, single values considered to deviate too
far the straight line, were omitted. For free antibodies, the
absorbanceval ue of each samplewastransferred to the straight
lineof the curveto obtain ewmL. For | C-dissociated antibodies,
the absorbance value of each sample was calculated by
subtracting the absorbance value of each sample in wells
without antigens from the absorbance value of the same
sampleinwellswith the antigen; the difference in absorbance
values of each sample was then transferred to the curve to
obtaineu/mL.

ELISAwithCFA

Thelevelsof free antibodieswere determined aspreviously
described [29]. Serum sampleswerediluted 1:200in 1% skim
milk-PBS with the addition of 0.05% Tween-20. Protein A
coupled with horseradish peroxidase (Sigma Chemical Co, St
Louis, MO, USA), 2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid) and hydrogen peroxide were used in the process
of revealing theimmunereaction. Thelevelsof 1C-dissociated
antibodies against CFA were quantified as described above
in Section “Enzyme-immunoassay ELISA with recombinant
antigens” .

All of the samplesweretested in duplicate wells each day
and at least twice on different days.

Data Analysis

Comparison of distribution of antibody titers and
frequencies of positivities between groups of patients were
made using the Mann-Whitney U test and the %2 test,
respectively. The significance of differences in frequencies
obtained with each pair of testswas studied using McNemar’s
test. The correlation between thelevels of free and complex-
dissociated antibodies against the same antigen were studied
with Pearson Regression Analysis. Thelevel of concordance
of humoral responseto different antigensin the same patients
was assessed using Kappa statistics, a method to correct for
chance agreement. Sensitivity and specificity were calculated
using standard methods [33].

Results
Antibody Levels Against the Three Recombinant Antigens
and CFA In serum and Dissociated IC

Individual 1gG antibody levels against the 38-kDa, Ag16
and Ag85B recombinant antigens and CFA in serum and
dissociated | C are presented inthe Figure 1. The significance
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Figure 1. Scattergram of individual seroreactivity reflecting levels of 1gG antibody against 38-kDaantigen (left upper position,
each panel), Agl6 (right upper position, each panel), Ag85B (left lower position, each panel) and culturefiltrate antigens (right
lower position, each panel) in serum (panel A) and in dissociated immune complexes (panel B) isolated from thefollowing groups
of patients: smear-positive pulmonary TB (@), smear-negative pulmonary TB (b), extrapulmonary TB (c), mycobacteriosis (d),
mycoses (€),leprosy (f), apparently healthy subjects(g), patientswith underlying disorders other than mycobacteriosis, mycoses
and leprosy (h). Responses. Hatched horizontal lines represent the cut-off point cal culated for each antigen; the significance of
the differences between the mean antibody levelsof apparently healthy subjects and the mean antibody level of each group are
also shown by asterisks (Mann-Whitney U test ;* p<0.05; **p<0.01; ***p<0.001).
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between the antibody levels of the clinically healthy patients
group (CHP) and those of each group are also shown.

Among the TB group, we observed that, for the 38-kDa
antigen and CFA only, the level of free antibodies in the
pTBsm+ group was significantly higher as compared with
thosefound in the pTBsm- and epTB groups (Mann-Whitney
U test; p<0.05). On the other hand, wefound, for Ag85B only,
that the | C-dissociated antibody mean level in the pTBsm+
group was significantly higher than those observed for
pTBsm- and epTB groups (Mann-Whitney U test, p<0.05).
The analysis of the correlation between the level of free and
complex-dissociated antibodies against each individual
recombinant antigen in serafrom TB patients showed aslight
correlation within these parameters (r=0.24, p=0.03 for free
and complex antibodies anti-38-kDa; r=0.12, p=0.04 for free
and complex antibodiesanti-Agl16; r=0.24, p=0.02 for freeand
complex antibodiesanti-Ag85B); similar resultswere obtained
when thisanaysiswas madefor CFA (r=0.17, p=0.03).

Determination of ELI SA Cut-Off

In previous evaluations of different serological tests for
the diagnosisof TB, it has been pointed out that patientswith
non-tuberculous diseases have shown a more frequent
incidence of false-positive results than that observed in
healthy people, likely indicating that some diseases (especially
acute pneumonia) may cause interferences, possibly owing
to disorders in immune response occurring in the course of
these diseases [34,35]. In the present work, among the non-
tuberculous group of patients, themean levelsof freeand IC-
dissociated antibodies obtained from patientswith underlying
disorders other than TB (Others) were higher than those
calculated for CHP, with the exception of the determination of
IC-dissociated antibodies against Agl6. Although these
differences were only significant for free antibodies against
the 38-kDaantigen and CFA, to control for any potential effect,
the cut-off for each antigen was calculated from the mean
plus 2 standard deviations measured in the group of Others
(Figurel).

ELISA Analysisof Individual Recombinant Antigensand CFA

Percentages of positive results of ELISA for freeand I C-
dissociated antibodies agai nst recombinant antigens (38-kDa,
Ag16 and Ag85B) and CFA in subgroups of TB patients and
controls are presented in Table 1. For each of the antigens
evaluated, results of ELISA for free and I1C-dissociated
antibodies are shown both singly and in combination
(calculated on the basis of results obtained with single
antigens).

In relation to free antibodies, for 38-kDa, significantly
higher sensitivitieswere obtained in pTBsm+ thanin pTBsm-
(x 2 test, 54% vs. 33% for pTBsm+ vs. pTBsm-, respectively,
p=0.047) and in pTB with respect to epTB (2 test, 41% vs.
22%, for pTB and epTB, respectively, p=0.015). Ag85B was
themost efficient in detecting epTB (McNemar’stest, 47% vs.
22%, for Ag85 and 38-kDa, respectively, p=0.004; 47%vs. 25%

for Ag85 and Ag16, respectively, p=0.041). For the three
recombinant antigens specificity was 95% in Others, whereas
it ranged from 95%t0 100%in CHP, from 86%t0 100%inNTM
and mycosesand from 25%to 75%in leprosy, whereas ELISA
with CFA, gave extremely poor level s of specificity, with vaues
of 7% in NTM, 29% in mycoses and 25% in leprosy. By
analyzing the concordance of freeand | C-dissociated serologic
responses against each individual antigen within the same
subgroup of TB patients we found that the level of Kappa
was never higher than 0.4, reflecting a high heterogeneity
between free and | C-dissociated responses against each of
the antigens evaluated. Considering thisheterogeneity, it was
important to study, for each of the antigens, the contribution
of 1C-dissociated antibody resultsto free antibody results. In
almost al subgroup of TB patients, for each of the antigens
studied, the combination of measuring free and complex-
dissociated antibodies significantly increased the sensitivity
of thetestsin comparison with the determination of only free
antibodies (McNemar’stest, p<0.05, for combination of results
for freeand | C-dissociated antibodies vs. free antibody results
inall subgroupsof TB patients, with the exception of pTBsm+
for 38-kDa antigen and epTB for Ag85B) without any
significant loss of specificity (McNemar’s test, p>0.05, for
combination of free and |C-dissociated antibody results vs.
free antibody results against each of the antigens studied in
all control subgroups).

The serological reactivity of a given antigen could be
evaluated not only by estimating the number of antibody
responders among TB patients but also by determining the
proportion of high-level responses among serareacting with
that antigen. To analyze levels of antibody response, we
counted the number of highly reactive sera (defined as those
sera that have antibody levels greater than or equal to the
mean level of “ Othersgroup” plus6 standard deviations) and
then calculated the proportion of high-level antibody
responses among responders to each antigen. Agl6 elicited
high level free antibody responses in more than half of the
responders (21 of 41 responders, 51%), whereas 38-kDaantigen
elicited high level antibody responsesin 40% (23 of 58) of the
responders to this antigen. Ag85B elicited strong humoral
responsein merely about onethird (22 of 68) of theresponders.
Only around aquarter of | C-dissociated antibody responders
against 38-kDaand Ag16 (11 of 38 and 11 of 44, for 38-kDaand
Ag16, respectively) had high level antibody responsesagainst
either antigen, whereas there was almost no high reactive
seraagainst Ag85B (5%, 2 of 41).

Heterogeneity of Antigen Recognition

Anaysisof antigen recognition by individual serareveded
that the pattern of antigens reacting with serum antibodies
varied greatly from patient to patient. No single antigen or
group of antigens was reactive with all, or even with most,
serafrom TB patients. The number of antigens recognized by
free antibodies varied markedly from one (54 of the 161 TB
patients) to three (15 of the 161 patients). Inthe sameway, the
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Table 2. Concordance of serologic responses within the same TB subjects by diagnostic group.

Diagnostic 38-kDaand Ag 16 38-kDaand Ag85B Agl6and Ag85B

group Kappa(95%Cl) Kappa(95%Cl) Kappa (95%Cl)
Freeantibodies |C-dissociated Freeantibodies |C-dissociated Freeantibodies |1C-dissociated

pTBsm+ 0.15(-0.11-041) 031(005057) 043(0150.71) 0.22(0.04048) 032(0.08-060) 044(0.16-0.72)

pTBsm- 0.16(-0.10-042) 049(0.23-0.75) 0.19(-0.07-049) 045(0.19-0.71) 0.19(-0.05-043) 0.42(0.16-0.68)

epTB 0.35(0.07-063) 038(0.1-066) 0.33(0.09-057) 0.34(0.06-062) 0.18(-0.08-044) 0.46(0.18-0.74)

Cl=Confidence interval; pTBsm+=pulmonary TB patients with smear-positive; pTBsm-=pulmonary TB patients with two consecutive smear-

negative results on admission; epTB=extrapulmonary TB patients.

Table 3. Results of combination of each individual antigen serological test (cumulative results) and multi-antigen cocktail in

subgroups of TB patients and controls.

Group of Cumulativeresultsof singleantigens? Cocktail ®
patients(number  Freeantibodies |C-dissociated  Free+IC Freeantibodies |C-dissociated Free+IC
of subjects) antibodies antibodies
Senditivity (number of positiver esults)
All TB (161) 64% (103) 43% (69) 76% (123) 54% (87) 30% (48 63% (102)
PTB sm+ (50) 4% (37) 2% (21) 80% (40) 64% (32 3% (15 70% (35)
PTBsm- (60) 62% (37) 5% (27) 80% (49 50% (30) 3% (18) 65% (39)
EpTB (51) 5% (29) 1% (21) 69% (3) 4% (25) 2% (15 55% (29)
Specificity (number of negativeresults)
All controls(214) 89% (191) 9% (192) 83% (179) 96% (205) 96% (206) 95% (204)
NTM (14) 8% (12 8% (12) % (11) 9% (13 100% (14) 9% (13
Mycoses (14) 8% (12) 9% (13 8% (12) 9% (13 100% (14) 9% (13
Leprosy (4) % 2% (1) % (1) % % (1) %
Others(82) 88% (72 D% (74) 83% (69 9% (80) %% (79 %% (79
CHP(100) A% (A) 2% (92 86% (86) 9%B% (V) 9% (99) 9% (V)

2 Caculated on the basis of results obtained with single antigens; ® Experimentally obtained by testing multi-antigen cocktail; Cocktail=38kDa
+ Agl6 + Ag85B; pTBsm+=pulmonary TB patients with smear-positive; pTBsm-=pulmonary TB patients with two consecutive smear-
negative results on admission; epTB=extrapulmonary TB patients; NTM=non-tuberculous mycobacteriosis; Others=patients with underlying

disorders other than mycobacteriosis, mycoses or leprosy; CHP=clinically healthy people; |C=immunocomplexes.

number of antigens recognized by |1C-dissociated antibodies
varied from one (29 of 161 patients) tothree(14 of 161 patients).
Furthermore, by analyzing the concordance of serologic
responses of each individual antigen within the same group
of TB patients (Table 2), wefound that thelevel of Kappawas
never higher than 0.5, reflecting the above mentioned
heterogeneous response at each of the antibody levels.

Combination of Different Individual Antigens Assays

Considering the heterogeneity of free and | C-dissociated
antibody responses against each of the antigens, it was
important to analyze the combination of resultswhen any one
of the antigens gave a positive response in free or IC-
dissociated antibody assays. The results of combinations are
shownin Table 3.

Inthe TB patient group, the combination of positive results
for free antibodies against any of the antigens increased the
percentage of positivity of the individual assays from 42%
(for Ag85B, theantigen with the highest individual sensitivity)
(Table 1) to 64% (Table 3); the highest increase in sensitivity
was obtained in the pTBsm- group in which the sensitivity
improved at least 25% (from 37% for Ag85B to 62% after the

combination of differentindividual assays). The contribution
of measuring |C-dissociated antibodies also increased de
diagnostic utility, but this contribution was only significantly
for pTBsm- (from 62% after the combination of measuring free
antibodies against any of the antigensto 80% after combining
the results of measuring |C-dissociated antibodies against
any of theantigens, McNemar’stest, p=0.001,) and for epTB
(from 57% after the combination of measuring free antibodies
against any of the antigensto 69% after combining theresults
of measuring |C-dissociated antibodies against any of the
antigens, McNemar’stest, p=0.031) (Table 3).

On the other hand, the combination of individual results
increased thefd sepositiverate, especidly inthegroup of Others,
inwhichthespecificity dropped from 95%for freeantibody assays
to each of therecombinant antigens, to 88%, after thecombination
of positiveresultsof free antibody assaysto any of theindividual
antigens, and to 83% after considering the contribution of any
positive result obtained by measuring | C-dissociated antibodies
againgt any of theantigens (95% vs. 83% for freeantibody assays
with each antigen and for combination of free and complex—
dissociated results against any of the antigens, respectively,
McNemar'stest, p=0.002) (Table3).
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ELISA Analysis of Multi-Antigen Cocktails

Besides the combination of single antigen results, the
development of multi-antigen cocktailsfor the serodiagnosis
of TB iscurrently seen asaway of improving the diagnostic
utility of this method. Therefore, we studied the serological
activity of athree-antigen cocktail (Table 3). The sensitivity
of the cocktail was lower than that expected on the basis of
singleantigen results. Only 87 of the expected 103 reactorsin
the free antibodies assays and 48 of the expected 69 reactors
in the | C-dissociated antibody assays were positive with the
cocktail, comprising aloss of 10% and 13% sensitivity for free
and IC-dissociated assays, respectively. We observed that
some low level reactivities to one or more single antigens
were lost when using cocktails. This observation was also
detected in samples from controls, resulting in a gain of
diagnostic specificity, both for free and | C-dissociated assays.
The contribution of |C-dissociated antibody results to the
free-antibody results against the cocktail was significant for
thediagnosis of pTBsm- patients, with againin sensitivity of
15% (McNemar’stest, p=0.04) (Table 3). Interestingly, even
after combining results of free and IC-dissociated antibody
anti-cocktail, thelevel of false positive resultsin the controls
was low, resulting in specificity values ranging from 93% to
98% in the different control subgroups, with the exception of
the leprosy group.

Discussion

Because of their ease of performance and cost-
effectiveness, serodiagnostic tests constitute a promise for
early detection of TB. In earlier days, these tests were
attempted using semi-purified antigens. However, because
these antigens contain cross-reactive epitopes, they yielded
reactions of poor specificity. Many authors have reported
that the use of purified antigens has partially solved this
problem by obtaining high specificity in spite of the reduced
sensitivity of each single serological assay [1,3]. Our study
confirmsthese previous observations. Infact, the use of single
recombinant antigens such as Ag85B, 38-kDa, Ag16 for the
detection of free antibodies allows a higher specificity than
an assay based on culture filtrate antigens, especialy with
the group of mycobacteriosis and mycoses, but at the cost of
alow level of sensitivity. Thislack of antibody responseina
large proportion of patients has been attributed mainly to two
factors: (i) the possible formation and circulation of specific
immune complexes that are not detected by regular ELISA
performed with whole serum and (ii) the person-to-person
variation of antigen recognition. A number of methods have
been used for detection and quantification of 1C in various
chronic diseases[36]. Since Bhattacharyaet al.. [37], Singh et
al. [38] and Bajgj et al. [39] reported asignificant risein IC
levels when using PEG precipitation in TB patients, this
method has been the one of choice of several studies. In our
work, thelevelsof complex 1gG were determined using PEG
precipitation method, but with the addition of a process of
dissociation of I C by treating them with acid pH; Udaykumar

and Saxena [40] have shown that this acid pH procedure
induces higher antigen binding ability of anti- mycobacterial
antibodies, present in complex form in TB sera. Asthey also
noticed that antibodies became stickier after exposureto acid
pH, and thisresulted in higher background absorbance values
inELISA, thereforein order to avoid the measurement of non-
specific binding, for each serum, we subtracted this
background increase before using the data for statistical
evaluation.

In our work, using a complex antigen, such as CFA, we
found values of IC-dissociated IgG positivity ranging from
36% to 48% among the different subgroups of TB patients.
Accordingly, an early study [40], using a similar antigen,
reveal ed that about 40% of the TB patients had positiveresults
to I C-dissociated IgG. Overall, wefound asensitivity for free
antibody anti—CFA of about 40% and 50%in epTB and smear-
negative pTB, respectively, whereasit increased to 60% and
80% in epTB and smear-negative pTB, after adding the
contribution of positive results for |C-dissociated antibody
anti-CFA. However, the levels of specificity were poor,
especially in the group of diseases considered in the
differential diagnosis of TB, such as mycobacteriosis and
mycoses. On the other hand, using individual recombinant
antigens, our results showed a sensitivity ranging from 22%
to 54% when measuring free 1gG antibodies in the different
subgroups of TB patients; similar low levelsof positivity were
obtained by Lyashchenko et al. [39] when determining serum
IgG antibodies against the same group of recombinant
antigens; we noticed a variable contribution of complex 1gG
antibody to the diagnostic efficacy of the EL1SAs performed
with serum, depending on the tuberculosis state and the
individual antigen used. Overall, the cumul ative determination
of free and complex-dissociated antibodies against each
individual antigen showed a sensitivity of up to around 55%
of TB cases. The best improvement in sensitivity wasseenin
paucibacillary pTB patients. Previous reports [42-44], using
chromatography purified 38-kDa, Ag16 and Ag85B antigens,
found that detection of antibodies in IC, in addition to free
antibodies, greatly improved the outcome of each individual
antigentest, with high levelsof sensitivity (near 85%in culture-
proven cases and 70% in roentgenogram cases) and
specificity. Studies on reactivity of human and murine sera
with antigens of M. tuberculosis suggest that, in contrast to
the murineantibodies, human antibodies €licited during natural
disease progression would recognize glycosylated,
conformationa epitopeson native proteins[26,45]. In addition,
another report showed that the reactivity of human serawith
overlapping peptides of Agl6 was 20 to 50% lower than the
reactivity with native antigens[46]. Since recombinant antigens
used in thisstudy were expressed in E. coli, thelow reactivity
of sera with these proteins may be due to the lack of
glycosylation. Thisfactor would contribute to explaining the
decreased reactivity observed with each individual
recombinant antigen in this study in comparison with the
resultsobtained by UmaDevy et d. [42] and Rajaet al. [43,44)]
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with native proteins. Another issue related to the decreased
reactivity of our antigensmay bethe existence of an association
between antibody titers against particular M. tuberculosis-
specific epitopes and certain alleles, so that the performance
of the same assays on popul ationsfrom different ethnic origins
may give contrasting results. Genetic restriction of immune
response to mycobacteria [47] and/or differential
characteristics among mycobacterial strains prevalent in
distinct regions of the world, inducing different host
responses, could account for these differences.
Accordingly, evaluation of acommercial kit based on the
determination of antibodies anti r38kDa and Agl6 gave
contrasting results when it was used on population from
different ethnic origins[48-50].

Our data raise the issue of the variability of the anti-
mycobacterial antibody responsein different individualsand
cohorts, and highlight the difficulties of identifying asingle
recombinant mycobacterial antigen to develop serologictests
of wide applicability. The number of serologically reactive
antigensvariesgreatly fromindividual toindividua. Inagiven
serathelevel of specific antibodiesalso varieswith theantigen,
irrespective of the total number of antigens recognized by
that particular serum, and this heterogeneity was seen not
only for free antibodies but also for those in IC. This
heterogeneous humoral response found using protei naceous
antigens provide the rational for the devel opment of amullti-
antigen test. Therefore, we studied the serological activity of
a three-recombinant antigen cocktail. In agreement with
Gennaro [51], our work showed that high level serum
reactivitiesto asingleantigen are sufficient to yield diagnostic
positivity to cocktails of multiple antigens. Some low-level
reactivities in sera from tuberculosis and control patients to
one or more antigens are lost when using cocktails; therefore
false-positive reactions caused by low level reactivities in
tuberculosis-negative sera were lost when a multi-antigen
cocktail was used, with againin diagnostic specificity (Table
3). However, there is also a loss of diagnostic sensitivity
associated with low-level reactivitiesin serafor tuberculous
patients. This finding could, presumably, be due to antigens
interfering with each other in the microtiter plate for binding
to polystyrene.

In this respect, we found that Ag16, although having the
poorest sensitivity of the evaluated antigens, because most
of itsreactivity was of high-level, itsrole in the positivity of
the cocktail ELISA was high; on the other hand, Ag85B, that
showed the highest level of sensitivity, as most of its
serological responses were of low-level, its contribution to
the sensitivity of the cocktail assay was markedly lower than
that expected.

Although patients who are smear-negative clearly expel
fewer organi smsthan those who are smear-positive, the delay
intreatment and lack of isolation may significantly contribute
to the propagation of TB [52]. Measures to accelerate the
rapid diagnosis of these patients may contributeto controlling
TB. Our results show that in HIV-negative, smear-negative

pTB patients, free and complex-dissociated antibodiesto each
individual 38-kDa, Ag16 and 85B antigens are detected only
inasmall proportion of patients; combining inthe same plate
the reactivity of all three antigens raised the sensitivity to
about 65%, with avery good level of specificity, especially in
patients included in the differential diagnosis of TB such as
patients with mycoses and mycobacteriosis.

Only alimited number of studies have been conducted to
measure free and compl ex-dissociated antibodiesin serafrom
patients with epTB. Our data showed that even after
combination of free and complex-dissociated antibodies to
38-kDa, Agl6 and 85B antigens, epTB can be diagnosed with
only 55% sensitivity. Accordingly, Simmoney et al. [53], in
their evaluation of the levels of antibodies to glycolipid
antigens, also found that the contributive effect of complexed
IgG specific antibodies was restricted, almost entirely, to
children with pTB, and to alesser extent those with epTB. In
tuberculous meningitis, it has been suggested that antigen-
antibody complexes formed in the central nervous system
could be unable to cross the blood brain barrier and may be
responsible for false negative results found in patients with
meningitisin sometrials[54]; the antigen-antibody formedin
the cerebrospinal fluid (CSF) may be present in CSF in the
active disease but may not be found in serum. In accordance
with this hypothesis, in the four cases of culture proven
tubercul ous meningitis, enzymatic units for the detection of
antibodiesin | Cswere bel ow the cut-off point. Further, these
patients responded to specific antituberculosis therapy, thus
ruling out the possibility of false negativity.

With both free and compl ex-dissociated antibodiesto the
cocktail of antigens, positive (false positive) results were
obtainedin 10 of 214 controls. The maximum number of false
positive results (75%) was obtained in patients with leprosy,
which correlateswith apreviousreport [50] in which three of
four patients with leprosy were positive for antibodies anti
recombinant 38- and 16-kDa. Itiswell known that theinclusion
of patients with non-TB underlying disorders is crucial for
clinical evaluation of new tests, sincethey areat risk of being
confused with TB patients and an unspecific
hyperglobulinemia described for some non-respiratory
diseases may contribute to false positive results [55]; for this
reason, in the present work, we have included alarge number
of non-TB disease patients (38% with respect to the overal
controls). In this group, eighty two patients with suspected
pulmonary tuberculosisgained afirm alternative diagnosis, but
three (4%) were positivefor either free or complex antibodiesto
the cocktail. The decision to treat patients for tuberculosisin
whom there was no microbiological confirmation of disease
was clearly made on clinical grounds. Thus, in these patients,
theremust be at | east one symptom or sign of TB in addition to
an abnormal chest radiograph. Antibody titers >400euw/mL and
>350euw/mL for freeand complex antibody anti-cocktail assays,
respectively, were not found when screening patientswith other
underlying disorders (including mycosesand mycobacteriosis),
and this antibody level could be vauable in deciding which
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patients without bacteriological confirmation of tuberculosis
should be treated. Because a considerable number of
tuberculous patients have free or complex antibody levels
between the cut of f point (200ew/mL and 250euw/mL for freeand
complex antibody anti-cocktail, respectively) and those
indicated above, patientsincluded in thisrange merit continued
observation.

To our knowledge, this is the first report that describes
the performance of measuring both free and complex-
dissociated antibodies against recombinant proteins of M.
tuber culosisin abroad range of tubercul ous patientsincluding
epTB. We have found that no single recombinant antigen
was reactive with most sera from TB patients even after the
measurement of both free and compl ex-dissociated antibodies;
the use of multi-antigen cocktails improved the diagnostic
utility of the ELI SA assay, allowing theidentification of almost
70% of smear negative pTB, with ahigh level of specificity
especialy in the group of patients with diseasesincluded in
the differential diagnosisof TB, such asmycobacteriosisand
mycoses; the use of additional recombinant specific antigens
of M. tuberculosis could lead to the detection of specific free
and complex antibodiesin almost all patientswith active TB.
Furthermore, the fact that high level serum reactivitiesto a
single antigen are sufficient to yield diagnostic positivity to
cocktails of multiple antigens whereas some low-level
reactivities are lost when using cocktails, has important
practical implicationsfor the design of antigen combinations
that would achieve high diagnostic accuracy; therefore, for a
better characterization of a given antigen, it would be very
valuable if reports about the reactivity of an antigen would
estimate not only the number of antibody responders but
also the proportion of high-level responders among sera
reacting with that antigen.
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