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Abstract- The WHO banned in 2011 the use of serological tests for the
detection of antibodies against mycobacteria. This ban rests on a meta
analysis that acknowledged the disparity in accuracy and specificity of
results observed in various studies using this technique. The meta analysis
consisted in an evaluation of published studies of widely divergent quality
and drew thereupon conclusions not on the quality of the studies analysed
but on the quality of the serological test itself. Serology is a very useful
complementary means in the diagnostic and prognostic of mycobacterial
infections.
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Introduction

Middlebrook reported in 1974 no benefit of a transfer of
immune serum to rabbits experimentally challenged with
aerobic TB [1]. The uselessness of humoral antibodies was
therewith allegedly demonstrated. All efforts are currently
directed at the detection of the pathogen at the exclusion of
tests probing the immune resources of patients and exposed
groups.. The vigorous sponsoring by WHO [2] of a test
detecting the presence in sputum of the antigen by molecular
means as well as resistance to a single drug, rifampicin [3],
while in the mean time banning serological methods on the
basis of a meta analysis of published studies [4, 5], illustrates
this. India enforced the ban and devised a new strategy based
on the Xpert MTB/RIF test. The result of this new strategy is
a significant increase in MDR-TB [6].I will show that the
meta analysis justifying the ban draws conclusions that the
data do not support and will thereafter expose the benefits
of serology for patients and exposed groups, benefits which
have been lost by this prohibition. The detection of
antibodies in association with antigen-detection tests is
useful for diagnosis and prognosis[7,8], and to monitor
illness[9].

Sensitivity and Specificity Requirements for Tb-
serodiagnostics

The WHO pronounced in 2011 a ban on the serodiagnosis of
tuberculous infections, based on a meta analysis of published
evaluations of the accuracy and specificity of diagnostic tests
[10], and on a cost-effectiveness study performed in India on
an hypothetic population [11]. The main reproach advanced
by WHO to justify the ban was the spread from 0% to 100%
of results observed in different studies, and the absence of a

stringent evaluation process applied to the tests analysed

[12].These studies, whose value is contested, were all
performed before the introduction of the GRADE system.
They were Level II observational studies and Level III expert
opinion studies. This is is also the case for more than half of
the current recommendations of the Infectious Diseases
Society of America [13]. Anecdotal evidence is an inherent
part of medicine, which was, is and will always be an art.

The WHO claims that new diagnostic tests must meet the level
of performance reached by the microscopy taken as the gold
standard, i.e. 75% sensitivity and 98% specificity [14].
However, the ZN stain used for smear microscopy stains all
mycobacteria. Its specificity is not 98% but zero. The lower
value reported for the sensitivity (75%) is traced to errors in
the manipulation and examination of the microscopic slides
but is overstated. Indeed, the leaflet produced by WHO to
promote the Xpert MTB/RIF test [2] writes :"The smear
microscopy test has a number of drawbacks, including low
sensititivy (especially in HIV- positive individual and
children)”. The authors of this meta analysis report a
sensitivity for the microscopy inferior to 30% where HIV
prevalence is high [15]. The sensitivity of microscopy in very
young children and in the elderly is also very low due to their
inability to produce the required sample.

In addition, microscopy does not detect extra-pulmonary
cases, which account for at least 30% of all TB patients. These
four groups of patients evidently belong to the TB population
and their exclusion when determining the sensitivity of a
diagnostic test is not justified yet repeatedly done where
microscopy is concerned. A realistic evaluation of the
sensitivity varies from 20% to 80% in pulmonary cases and
is zero in extra-pulmonary cases. This applies also to the Xpert
MTB test sponsored by WHO.

Flaws in the Meta-analysis Used by the WHO to Decide on
Banning Serological TB Tests

Conflict of interest: For a large number of studies used in the
meta-analysis that drove the WHO to ban serological tests for
TB, the authors accuse the clinicians to have obtained the
diagnostic kits free of charge. This is however a standard
practice in all clinical trials, included those performed by the
WHO itself, as was the case for their analysis of TB-rapid
tests, as well as all the trials performed by FIND while
evaluating new diagnostic tests for TB, malaria and other
tropical diseases.
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The critical question is: did the manufacturer control the
publication of the results? The manufacturer of the Anda-TB
tests never interfered.

No report of bad results: WHO claims that the accuracy of
investigated tests is even lower than reported because bad
results would not have been published. This assumption is
proven false by the meta-analysis itself, which included many
“negative” publications. The authors of the meta-analysis
present an assumption that does not take into account two
facts: 1) publications on clinical trials differ from those
reporting fundamental science in that negative results are just
as important as positive ones and 2) the drive for investigators
to publish is stronger than any pressure can exert to prevent
it.

Bias in studies analysed: The authors of the meta analysis
claim to have accurately reported the results of the trials they
included in their meta-analysis. This is not true on several
occasions. For example, results concerning pulmonary cases,
obtained in Gevaudan’s study_[16], were not mentioned in
the meta analysis and only extra-pulmonary cases were
considered, but no difference was drawn between IgG and
IgM antibodies for the evaluation of the results, which
confused the outcome. Similarly, the results obtained with
pulmonary cases by Alifano[17] are included in the meta-
analysis, but not those reported in the same paper and a
subsequent paper[18] on extra pulmonary cases.

Studies in India: The meta analysis disregards a large number
of published studies performed in India. The Indian
mycobacterial community is principally concerned with
diagnosis of extra-pulmonary and paediatric tuberculosis, and
the usefulness of different capture antigens in serodiagnosis.
The meta analysis ignored their 46 publications [19].

Evaluation of IgG, IgM and IgA responses: The meta-analysis
made no difference between IgG, IgM and IgA antibodies,
despite the well-known fact that they have their separate use
in diagnosis, as is the case in other diseases such as
Mononucleosis and Dengue. IgM detection would be used to
detect primary disease in children and adults; that the trials
report a low percentage of IgM positive cases only indicates,
as is the case with other diseases, that most patients suffer
from secondary infections. IgG would be used to confirm
secondary or long-standing disease. Detection of IgA has a
particular use in TB, as this class of antibodies can still be
detected in most cases of immuno-suppression. To lump the
results of the IgG, IgM and IgA tests together is illicit.

Children: The WHO policy statement claims that no tests were
made on infants and children although 7 authors published
on this subject [20- 26].

HIV: The policy statement of WHO claims that only one test
(SDHO rapid test) was made on HIV populations. I report here
three studies on the subject [27- 29].

Latent infections: The study made by Anderson
[29] and referenced as # 5 in the indicting meta analysis,
announces a 50% sensitivity for the Anda-TB test in HIV-
patients. This study focused on the identification of
latent infections. Within this study, Anderson based
his judgment on the value of the serological test on

references #3 and #24. He reported for the Anda Biologicals
TB ELISA a positivity rate of 30.8%, which was asserted to
be about 10 times higher than the expected conversion rate
(3% to 5%) from latent TB infection to active TB infection
rates. The reference #3 used by Anderson to claim such a
low conversion rate is the guidelines of the American
Thoracic Society [30]. These guidelines accept the 4.7%
conversion rate found in a study on UK school children
[31]. This sample is not representative of populations living
in regions of high TB incidence. Reference #24 cited by
Anderson upgrades this evaluation to at least 20% [32].
Anderson disregarded this evaluation. This last
evaluation (20% or more of reactivation risk) reflects more
accurately the true level of the conversion rate in a general
population in regions with a high TB incidence.

The Anda-tb test appears as an excellent test to detect latent

infections. This was already clear from the study of Wirrman

[41].

Value of the Cost/effectiveness Analysis

The evaluation of the cost of ELISA TB tests made in the
publication used by WHO to determine its policy is based on
the analysis of a hypothetical Indian population [11]. It
states: “Since anda-TB is likely to outperform more poorly
studied in-house serological tests and less accurate rapid test
formats, and laboratory accuracy is likely to exceed that in the
field, our analysis likely overestimates the accuracy of
serology”. The 3 assumptions “likely” included in this single
sentence applied to a virtual population invalidate the
conclusions of the cost analysis. Our inquiries indicate that
the prices for a serological test Anda in Delhi and Mumbai
vary from 7 to 12 $. The price per test of a Xpert MTB/RIF
Test is 14 $, with a huge price reduction of 79%! This
reduction will sooner or later be waived. The WHO
announces that the cost of testing all MDR-TB and HIV-
cases by the Xpert Test is 2% of current funding, restricted
of course solely to sputum-positive cases [2]. An expose of
some situations in which a serological determination is
advisable is given infra. The inclusion of a serodiagnostic test
that has the properties here mentioned seems reasonable.

The ANDA TB Elisa Test

The Anda-ELISA tests for TB antibody detection are useful for
diagnostic, prognostic and latent infections.

1. The Capture Antigen Complex: A60

A60 is the Thermostable Macromolecular Antigen (TMA) of
M. bovis and M. tuberculosis. It is named according to a
reference system based on bidimensional immuno
electrophoresis. Eighty-nine precipitinogen lines were
described for M. bovis BCG and M. tuberculosis [33], of
which the line 60lwas chosen as capture antigen [34]. The
A60 of BCG and that of M. tuberculosis are identical, hence
the same name. TMAs are present in all Mycobacteria,
Nocardia, and Corynebacteria. A60 is the major proteinic
constituent of old tuberculin and is also present in purified
protein derivatives (PPD)[35, 36 ]. A60 is the first
component against which antibodies are formed in the
rabbit [37]. In mice, A60 induces an important primary
response followed by a sharp and long-lasting secondary
response upon boosting [38]. The composition of this
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antigen, its localisation on the outer membrane of the
bacteria, its high antigenic characteristics, its
thermostability, make it a first choice antigen for general use
in serological tests.

2. A60 Antibodies in Normal Populations, Non-
tuberculous Patients and Groups at Risk.

It has been shown that 4% of the general population in low
TB incidence countries has low but significant levels of anti-
A60 antibodies [39]. These 4% were found to be restricted
to two groups of persons, HIV-seropositive groups and drug
addicts, both of which are high exposure groups [40]. It has
been shown that, within a group of workers, 50% of healthy
persons in contact with the general population (i.e. cashiers
in a supermarket) and therefore at higher risk of exposure,
had IgG anti-TB titres whereas those people employed in
administrative tasks and shielded from public contact had
none [41]. Further, the positive cases detected among
non-tuberculous patients (table 1) are not false but true
because not distributed at random. Kaustova confirmed
this observation by analysing cancer patients: A60 IgG
seropositivity was restricted to only some cancer forms [8]
and follow up of patients indicated that seropositivity was
indicative of true mycobacterial disease unapparent upon
first evaluation. Mycobacterial infections, not necessarily
TB, are also frequent in HIV-positives [42], cancerous
children [43] and transplant patients [44].

3. Production of Antibodies in Tuberculous Patients

Figure 1 represents the production of IgG antibodies by four
patients under treatment [9]. One patient was devoid
of antibodies at entry and failed to produce significant
amounts of IgG antibody during treatment but the treatment
eliminated the pathogen (negative cultures). The second
patient had a low level of antibodies at the start of the
treatment, and the treatment timidly amplified their
production. A third patient had a high level of antibodies
at entry and amplified this response during treatment. The
fourth patient had low levels of antibody at entry. This level
did not augment during the first three months of
treatment, nor did the treatment improve his condition.
The clinician modified the regimen on the third month, with
a spectacular surge of antibodies and recovery.

Figure 2 shows IgG, IgM and IgA production during treatment
of one patient during 12.5 months. Only IgM antibodies were
detectable at entry. The treatment spurred the synthesis of
IgA and IgM antibodies but not of IgG antibodies. This might
also have been the case for patients’ output in figure 1.

Figure 3 describes the poor production of IgG and IgM
antibodies by a patient, which did not increase during
treatment, and of IgA antibodies, that were absent throughout.

Figure 4 follows a patient for IgG, IgM and IgA antibodies
during first treatment and treatment during relapse. No
antibody of any class was detected at the beginning of the first
treatment but all three increased significantly as soon as
treatment started, and declined to base level with recovery.
No sign of immunological booster effect could be observed on
either IgG or IgA antibody production during the secondary
infection, but well an unexpected production of IgM

antibodies, as if the patient was without immunological
memory.

TB antibodies’ production in patients is personalised,
sometimes associated to an immuno-depression affecting in
a different way all three classes of antibodies, and its value
cannot be assessed with a statistical approach build on linear
decreases.

4. Serological Response to a BCG Vaccination.

Non-BCG vaccinated infants less than 2 years old were
compared to BCG-vaccinated infants less and older than five
years for IgG antibodies’ production against A60 (figure 5).
No production of antibodies is detected in the non-vaccinated
group but antibodies in the two vaccinated groups are also
absent, with respectively two and one case barely emerging
above the cut-off line. These borderline-positive cases may be
traced to increased exposure of the children to contacts
outside the home (i.e. nursery, kindergarten and relatives).
The absence of IgG antibodies against antigen 60 during the
5 years that followed the vaccination is remarkable since A60
is the dominant antigen during experimental infections
[37, 38].

This study, which demonstrates the poor production of IgG
antibodies after vaccination of children was completed (figure 6)
with the follow-up during three years of infants vaccinated
with BCG at birth [21], monitored for the production of IgG
and IgM antibodies against PPD and A60. PPD contains A60
antigen but also an array of other molecules [45]. There
was virtually no production of IgG antibodies against either
A60 or PPD during the first 15 months following
vaccination. This observation confirms the data displayed on
figure 5.

However, antibodies against A60 IgG were detected at birth
in the serum of about 50% of the infants and vanished on
the second month following the vaccination, indicating a
maternal transfer of IgG antibodies against A60 to
newborns. IgM antibodies against A60 and PPD were absent
at birth and slowly rose in time, with a surge of IgM
antibodies against tuberculin at month 24, but not against
A60, indicating that these IgM antibodies were directed
against the non-peptide moiety of the tuberculin.

It is tempting to attribute, at least in part, the variability of
efficacy of protection given by the BCG to the presence of IgG
maternal antibodies in about 50% of the infants at birth. The
late surge of IgM antibodies against PPD remains obscure.

Conclusions

Reduction of the TB diagnostic problem to antigen detection
contributes to the current failure to eradicate this disease.
Serological monitoring can help improve the fight against the
disease [46- 50] by the following observations:

1. The humoral immune response to TB is just as important
as the cellular one, and is subject to partial to total
suppression by the pathogen: the depression may
independently influence production of IgG, IgM, or IgA
anti-TB antibodies in different patients. A heavy bacterial
load may correspond to a negative serology.
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2. One third of humanity is infected by a mycobacterial
entity but most mycobacterial infections are latent,
indicating that TB is an inefficient pathogen needing
particular conditions to develop disease. Antibody
detection is a good means to discover the cases prone to
convert.

3. Mycobacterial infections revealed by the presence of
antibodies are observed with variable frequency in non
-tuberculous patients suffering from diverse diseases.
Not all diseases allow a mycobacterial-superposed
infection.

4. Animmunosuppressive drug may demonstrate an anti-TB
activity in vitro but its immunosuppressive activity will
remain concealed. In patients, the immunosuppression
of the drug will add to the immunosupression induced by
TB.

5. BCG rarely elicits IgG antibodies against the
mycobacterial dominant A60-antigen in vaccinated
newborns. Transferred maternal IgG antibodies may
impair the efficacy of the vaccination.

6. Primary TB: serology of the IgM and IgG classes is a good
adjunct to a microscopy that may be wanting.

7. Secondary TB: serology is useful in paucibacillary and
extra-pulmonary TB.

8. Serology is advisable in children who yield poor sputum
samples and are mostly paucibacillary.

9. The elderly produce sputum with difficulty, which makes
serology useful.

10. Serology is very useful for prognosis and patient follow-
up during treatment.

Contrary to the conclusions of the meta-analysis and of the
cost-effectiveness studies, serological tests based on A60 have
their use and are not as expensive as claimed. At least in the
field of diagnosis, we have serological tools that complement
the standard ones and that are even more efficient than them
in some groups of people. As other diagnostic tools, the
serology has strengths and weaknesses. Its use not only allows
to detect a large number of TB patients negative with the
conventional methods but it also allows to uncover hitherto
unsuspected aspects of the tuberculosis problem.
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Table 1: Frequency of anti-mycobacterial IgG antibodies in patients suffering from various illnesses.
Diseases Positives/Total %
Viral Infections 0/32 0
HIV-Sero-Positives 4/143 2.7
Mycoplasma 0/11 0
Toxoplasmosis 0/33 0
Amoebiasis 0/10 0
Crohn’s Disease 0/34 3
Bacterial Pneumopathies 1/24 0
Cold 1/46 2.2
Coxiella 1/17 5
Syphilis 3/31 10
Asthma 7/72 10
AIDS 12/75 16
Legionella 6/18 33
Sarcoidosis 12/53 23
Cancer Pneumopathies 26/175 15
Echinococcus 6/20 30
Cistic Fibreosis 15/33 45
Leishmaniasis 19/31 62
Norcardia 5/5 100

Figure 1: IgG response monitored in four patients during TB treatment. "C" represents positive cultures.
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Figure 2: Antibodies of the IgA, IgG and IgM classes produced duing TB treatment.
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Figure 3: Monitoring of IgA, IgG and IgM classes in a patient under TB treatment.
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Figure 4: Production of antibodies of the IgA, IgG and IgM classes in a TB patient who relapsed.
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Figure 5: Production of IgG antibodies against A60 in non-vaccinated and BCG vaccinated children.
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Figure 6: Production of IgG and IgM antibodies against A60 and PPD in BCG-vaccinated children.
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