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Abstract

Introduction: The diagnosis of tuberculosis relies on the identification of acid-fast bacilli on
unprocessed sputum smears using conventional light microscopy. Microscopy has high specificity
in tuberculosis-endemic countries, but modest sensitivity which varies among laboratories (range
20% to 80%). Moreover, the sensitivity is poor for paucibacillary disease (e.g., pediatric and HIV-
associated tuberculosis). Many supportiveinvestigationsincluding serolological testsbeing utilized
for tuberculosis diagnosis have wide variations in sensitivity, specificity in different studies. The
aim of study was to evaluate the recombinant 38 KDa antigen from M. tuberculosis — based Enzyme
Immunoassays (EIA) test for its sensitivity, specificity and other statistical parameters.

Methods: This hospital based prospective cross-sectional study was conducted at Tribhuvan
University Teaching Hospital, Kathmandu, from April 28, 2009to November 30,2009. Sera from
total 90 patients, pulmonary tuberculosis, extrapulmonary tuberculosis and non-tubercular chest
infection patients who did not have past TB or exposure history , 30 in each group were used for
Pathozyme Myco kit evalution to determine the IgM and 1gG antibodies activity against the
recombinant 38 KDa antigen of Mycobacteria

Results: In overal tuberculosis, IgM TB had sensitivity 48.3%,specificity 76.7%, positive
predictive value 80.6% whichwas statistically significant(p=0.025) . The 1gG TB had sensitivity
66.7%,specificity 83.3%,positive predictive value 88.9% which is statistically highly
significant(p<0.001) to diagnose tuberculosis. Utilizing IgM and IgG both together, sensitivity
decreased to 44.3%, but specificity increased to 90.0% and positive predictive value 88.5%, which
was statistically significant (p=0.006) for the diagnosis of tuberculosis.

Conclusions: 1gG TB antibody has high sensitivity and specificity for tuberculosis diagnosis, but
IgM antibody should also be evaluated along with IgG antibody to increase specificity.

Keywords: Extrapulmonary tuberculosis (EPTB), 38 kDaantigen, IgM, 1gG TB antibody, Pathozyme-
Myco, Pulmonary tuberculosis (PTB).

Introduction

The global tubercul osis epidemic resultsinnearly 2 million
deaths and 10 million new cases of the disease ayear. The
vast mgjority of tuberculosis patients live in developing
countries, where the diagnosis of tuberculosis relies on the
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identification of acid-fast bacilli on unprocessed sputum
smears using conventional light microscopy. Microscopy
has high specificity in tubercul osis-endemic countries, but
modest sensitivity, which varies, among laboratories (range
20% to 80%).* Moreover, the sensitivity is poor for
paucibacillary disease (e.g., pediatric and HIV-associated
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tuberculosis).2 Fundamental to any attack on tuberculosis
problem, is the ability to recognize this disease using
diagnostic methodsthat are atlow cost and readily applied
to number of personsunder condition that existsin area of
high tuberculosis prevalence. The diagnosisof tuberculosis
initsearly stageisdifficult. Many timesthe clinica features
of the disease are not specificin endemic zoneslike our
country Nepal. At the sametime, sputum microscopy cannot
be applied in children because they rarely produce sputum.
Sputum culture is time consuming.®** Although active
tubercular cavities are seen in chest X-Ray and the patient
hasthe diseaseclinically, negative AFB sputum smearsare
often obtained.®

Although often on the basis of suspicion, X-ray findings
have been estimated as atypical in more than 30% of
patients with Tuberculosis in developed countries. © In
adultsthe Tuberculin skin test cannot discriminate between
active disease and previous exposure to mycobacterium
tuberculosis.® Thereis aso wide variationin sensitivity,
specificity of different tools developed for diagnosing
extrapulmonary tuberculosisin different clinical studies. If
other evidences strongly suggest tuberculosis, despite
negative sputum smear, chemotherapy is often initiated
before the results of sputum culture are known. This
approach may avoid a delay of 6 to 8 weeks before the
administration of specific treatment but the risk of
committing an error gtill remains, Many times, all the clinical
pictures are supporting tuberculosis, but the documented
evidences remain lackingto start the chemotherapy. Thus,
the devel opment of rapid and accurate new diagnostic tools
is imperative. Keeping the magnitude of tuberculosisin
consideration, a technique is highly required which can
perform multiple rapid assays at reasonable cost with
good amount of specificity ina routine hospital set up
and even at peripheral centres. There is a promise in
serodiagnostic tests such as Enzyme-Linked Immuno
Sorbent Assay (ELISA), which areof valuein early diagnosis
of the disease because of their easy performance.” These
are among the rapid, reliable and less costly diagnostic
methods for the detection of tuberculosis.® The goal of
present study was, to determine the sensitivity, specificity
and other statistical parameters of serological tests
compared to traditional methods.

During the active phase of tuberculosis, antibodies
especially IgM and 1gG are developed against different
mycobacterial antigens and these can be detected in
patients’ sera within a month after the development of the
disease.? PATHOZY ME-MY CO are Enzyme-immunoassays
(EIA) for the detection of antibodies to mycobacterium
species in human serum. Individual assays are available
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for IgM and 1gG TB antibodies. These testsutilizetwo highly
purified antigensto ensure good sensitivity and specificity.
Thefirst antigen purified from Mycobacterium tuberculosis,
ishighly antigenic and present in all the members of the
genus Mycobacterium.'®2 The second antigen utilized
inthisassay is a highly specific recombinant 38 KDa
antigen from M. tuberculosis which has been expressed
and purified from Escherichia coli. This antigen has been
reported asthe single most important antigen for the
serodiagnosis of Tuberculosis. ¥t is a unique disease
associated protein®®which appears to be completely
specific to the Mycobacterium tuberculosis. 1" From the
limited studies, BCG vaccination has not been shown to
€levate antibody levels.*®

M ethods

Thisis a hospital based cross-sectional prospective study
conducted at Tribhuvan University Teaching Hospital,
Kathmandu, Nepal fromApril 28, 2009 to November 30, 2009.
This study comprised of 90 patients of which 30 were
sputum positive  Tuberculosis(PTB), 30 were
Extrapulmonary tuberculosis(EPTB) and 30 subjects were
taken as control who had chest infections other than
tuberculosis. EPTB group consisted of 25 tubercular pleural
effusions and 5 cases of tubercular lymphadenitis.

Sera fromall 90 patientswere collected, who were indoor
patients, admitted in the Department of medicine of
Teaching hospital, Kathmandu. None of the either sputum
positive tuberculosis (PTB) or extrapulmonary
tuberculosis (EPTB) group were on antitubercular
treatment(ATT) at the timeof blood collection. A detailed
history was taken with particular emphasis on cough, fever,
chest pain, haemoptysis, loss of weight, appetite along with
a palpable lymphnode and findings on chest xray. The
relevant data pertaining to personal, past, family, socio-
economic history and history of past tuberculosis were
recorded.

Sera from 30 control subjectswere taken, control included
patients with chest infection other than tuberculosis who
were diagnosed on the basisof clinical and radiological
findings with no past or family history of tuberculosis.

Patients of less than 16 years of age and those already
under antitubercular regimen were excluded. Also those
unwilling to givethe consent for the study and unableto
undergo basic investigations needed for the study
protocol werealso excluded from the study.

Routine haematol ogical and biochemical investigationswere
sent along with various specific tests (Table 1).
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Tablel: Investigations done
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material isagainwashed away. On addition of the substrate,
stabilized 3,3,5,5 Tetra- methyl benzidine (TMB), acolour
will develop only in those wells in which the enzyme is
present, indicating the presence of human anti-
Mycobacterium species antibody.The enzyme reaction is
stopped by the addition of dilute sulphuric acid and the
absorbance is then measured at 450nm.For the IgM assay
any result with an optical density(OD) greater than the cut
off level is considered positive. For 1gG test,a standard
curve may be constructed by plotting the optical densities
of the references(Positiveresult: greater than 900U/ml).The
units/ml of the unknown seraarethen determined fromthe
standard curve.

Data was analyzed by Statistical package for the Social
Sciences (SPSS v 16). When a variable had “Yes” or “No”
categories, the “No” response was used as the reference
group. All the tests of significance were two-tailed and a
p-value less than 0.05 were considered to be significant.
Odd’s ratio(OR) and 95% Confidence interval (CI) were
estimated using cross tabulation method(Chi square t
test).

Results

Out of thetotal 90 patientsin our study, 62(68.89%) were
males and 28(31.11%) were females (Fig. 1). Each of the
pulmonary tuberculosis(PTB), extrapulmonary tuberculosis
(EPTB) and non tubercular chest infection(NTB) group, had
30(33.33%) patients. Theratio of maefemaewas 3:1(45:15)
in tubercular patients. All the patients were between 16 to
78 years of age, The mean age was44.88 in tubercular
patients and 48.20 in control subjects.

& Male

& Female

Fig. 1: Gender distribution of the patients.

In general, IgM antibodies alone were presentin 36, 1gG
TB in 45,1gM and IgG TB both presentin 26 of the
patients (Table 2).
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Table.2 Freguencies of different antibodies

Antibodies  IgM TB 1gGTB IgM TB+IgG TB
Positive 36(40%) 45(50%)  26(28.9%)
Negative 54(60%) 45(50%)  64(71.1%)

In 30 patients of PTB group, IgM TB had 50% sensitivity,
76.7% specificity and 68.2% poditive predictivevalue (Table
3).1gG TB had 70% sensitivity, 83.3% specificity and 80%
positive predictive value and it was statistically highly
significant for PTB diagnosis (p value < 0.001). While
utilizing both IgM and 1gG TB,43.3% sensitivity, 90.0%
specificity and positive predictive value was 81.3% for
diagnosing PTB, also they were significant for PTB
diagnosis (p value 0.0370).

37

The 1gG TB had sensitivity 66.7%, specificity 83.3%,
positive predictive value 88.9% whichisstatistically highly
significant (p<0.001) on tuberculosis diagnosis. Utilizing
IgM and 1gG both together, sensitivity decreased to
44.3%,but the specificity increasedto 90.0% and positive
predictive value of 88.5%,which was statistically
significant (p=0.006) for tuberculosis diagnosis.

Discussion

We analyzed sera obtained from 90 patients, 30 eachfrom
Pulmonary tuberculosis (PTB), Extrapulmonary
tuberculosis(EPTB) and nontubercular chest infections,
who did not have any history of contact or past TB. The
male: femaleratio was 3:1(45:15) intubercular patients. There

Table 3: Significance of different antibodiesfor diagnosing PTB

Antibodies Sensitivity Specificity Positive Odd’s ratio(95% CI) Pvalue
predictiveValue

IgMTB 50.0% 76.7% 68.2% 2.143(1.022-4.495) 0.060

1gGTB 70.0% 83.3% 80.0% 4.200(1.825-9.668) <0.001

IgM+IgGTB 48.3% 90.0% 81.3% 4.333(1.374-13.670) 0037

The sensitivity, specificity and positive predictive value
for diagnosing EPTB, was 46.7%,76.7% and 66.7%
consecutively for IgM TB, 63.3%, 83.3% and 79.2%for 1gG
TB, 33.3%, 90% and 86.9% consecutively for combined
IgM and IgGTB (Table 4). Both IgM+IgM TB were
significant for EPTB (p value 0.040), 1gG TB was tetistically
highly significant (p value< 0.001) but IgM TB was less
significant for EPTB (p value 0.103).

were more males with tuberculosis in the el der age groups
due to waning immunity and different co-morbidities. *°
Based on the results, a wide range of antibody levels was
observed in our study patients. The IgM TB antibody was
present in 36(40%), 1gG antibody in 45(50%) and both IgM,
1gG antibodies were present in 26 (28.9%) of total patients.

In smear positive Pulmonary tuberculosis(PTB) group,
IgG TB antibody had high sensitivity (70%), high
Table4: Significance of different antibodiesfor diagnosing EPTB

Antibodies Sensitivity Specificity
IgM TB 46.7% 76.7%
IgGTB 63.3% 83.3%
IgM+lgGTB 38.3% 90.0%

Overdl, the IgM TB had sensitivity 48.3%, specificity
76.7%, positive predictive value 80.6%, which was
significant(p=0.025) for dignosing tuberculosis(Table5).

Positive Odd’s ratio(95% CI)  Pvalue
predictivevalue

66.7% 2.00(0.942-4.247) 0.103
79.2% 3.800(3.800-8.848) <0.001
86.9% 4.333(1.017-9.922) 0.040

specificity (83.3%) and positive predictive value
(80.0%),which is statistically highly significant(p<
0.001).Though IgM antibody had good sensitivity 50%,

Table5: Significance of different antibodiesfor diagnosing all TB cases

Antibodies Sensitivity Specificity Positive Odd’s ratio(95% CI) Pvalue
predictivevalue

IgMTB 48.3% 76.7% 80.6% 2.07(1.03-4.17) 0035

1gGTB 66.7% 83.3% 88.9% 4.00(1.76—9.08) <0.001

IgMTB+IgGTB 44.3% 90.0% 88.5% 3.83(1.25-11.75) 0.006
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good specificity 76.7% with positive predictive value
68.20%, was not statically significant. Combined IgM and
IgG TB had sensitivity 48.3%, but high specificity 90%,
positive predictive value of 81.3%, was statistically
significant in PTB group.

In Extrapulmonary tuberculosis (EPTB) group, 1gG TB
antibody had sensitivity of 63.3%, specificity of 83.30%
and positive predictive value of 79.2%,which was aso
statistically highly significant (p<0.001). IgM antibody had
sensitivity46.7%, specificity76.7%, and positive predictive
value 66.7% which was not significant in EPTB. Combined
IgM and 1gG TB antibody had low sensitivity (38.3%) but
high specificity (90.0%) and apositive predictive value of
86.9% whichwas statistically significant (p = 0.040).

In overall Tuberculosis cases, PTB and EPTB, IgG TB
antibody had good sensitivity 66.7%, high specificity
83.3% and positive predictive value 88.9% which was
statistically significant(p<0.001). IgM TB antibody had
sensitivity 48.3%,specificity 76.7%, positive predictive
value 80.6% which was also statistically significant (p value
0.035). Combined IgM and 1gG antibody had overall
sensitivity 44.3%, high specificity 90.0%, positive
predictive value 88.5% which was also significant(p value
0.006). Measurement of IgG alone cannot differentiate
patients with active disease from those who had TB in the
preceding few years.® However, the IgG level isvaluablein
differentiating Tuberculosis patients from those with non
tubercular and no prior history of TB.® Few other studies
have shown a relationship between 1gG levels and the
previous TB disease. 2! Patients showed slight raised IgM,
who had no history of TB inthe past. Thelevel of IgM was
not statistically significant in mgjority of TB patients who
had a history of TB in the last few years.? Based on this
study resullts, it may be concluded that variationin IgM &
IgG antibody levels could be an important index in
determining the stage of tuberculosis, so raised 1gG & low
level of IgM, could represent as a feature in evaluation of
secondary disease.®

We found a significant correlation between antibody levels
and smear positivity. The highest levels of 1gG antibody
were encountered in AFB smear positive patients (PTB)
and thelower in patientswith anegative smear and EPTB in
this study. Turneer and colleagues previously pointed out
similar results.?? Sero-diagnosis of tuberculosis using
various antigens-based ELISA tests has been reviewed by
Bhatiaet al.? The review mentioned IgG antibody test to
be more sensitive and specific than IgM antibody. Uma et
al. reported sensitivity as 61% for 1gG and only 10% for
IgM antibody using 38 kDa antigen.? Mathai et al.
compared five different antigens-based commercial kitsand
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the sensitivity varied from 46 to 68%. %

Thethreshold values of 200 U and 250 U have been used in
other studies.? 2" In our present study, threshold had to be
raised to 900 U. Therefore, setting up of threshold values
for the individual laboratory based on the local population
isrequired for adequate sensitivity and specificity. 2

The duration of illness and the age group also need to be
considered for the negative antibody tests. 2 |ower positivity
has been reported for age group 1-14 years and duration of
less than 3 months in case of tubercul ous lymphadenitis.
The class of the antibody is also an important factor.
Immuno- globulin G holds the great promisein diagnosis of
active tuberculosis both in children and in adults.
Sensitivity and specificity for 1gG antibody was found to
beinthe range of 75-100% in various other Indian reports.
23.262128293031  However, proper evaluation, setting up of
thresholds, and reproducibility study was lacking in most
of the studies.®

The IgM antibody is the first to appear for any antigen and
therefore could be expected to be of diagnostic value for
the recent tuberculosis.® However, in case of IgM
antibodiestest, the sensitivity waslow (48.3%) in our study.
This possibly could be due to inclusion of PTB cases with
asymptomatic history of 1-12 months. Asaresult of longer
duration of infection, the IgM antibodies might have
declined inthe proportion of PTB cases. Longer incubation
period in case of tuberculosis may result in decline of IgM
before symptoms appear. However, the IgM antibody
appears to be less sensitive as evident in the present study
and also has been reported by others.Z2#%2 Bhatia et d
reported 1gG sensitivity of 94% and IgM sensitivity of
only 33%inextraPTB, whereas Maheshwari et al observed
1gG sensitivity of 75% and IgM sensitivity of 37.5% in
tuberculoma cases.?? |n a metaanalysis, the resultsfor all
commercial kits for serological diagnosis of tuberculosis,
varied markedly with sengitivity ranging from 15.7%to 89.2%
and specificity ranging from 50% to 100%. * In general,
higher sensitivity comes at the cost of lower specificity.
One of the mgjor problemsin the serodiagnosis of TB has
been heterologous antibody responses to various M.
tuberculosis antigens.® Hence, the multicentric trials on
the diagnostic utility of the test on large number of cases of
tuberculosis are suggested.

Conclusions

IgM TB antibody had sensitivity 48.3%, specificity 76.7%,
and positive predictive value 80.6% which was statistically
significant. 1gG TB antibody had good sensitivity
66.7%,high specificity 83.3%, positive predictive value
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88.9% whichwas statistically very significant. On utilizing
both IgM and 1gG TB antibodies, sensitivity decreased to
44.3% but very high specificity 90.0%, positive predictive
value 88.5% which was al so statistically significant. So this
study recommends evaluating both the IgM and 1gG
antibodies to increase the specificity.
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