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SUMMARY

SETTING—Urine antigen testing is an attractive strategy for the diagnosis of active tuberculosis
(TB), but accuracy data are scarce.

OBJECTIVE—To prospectively evaluate the diagnostic performance of commercial urinary
lipoarabinomannan (LAM) antigen testing for active TB among pulmonary and extra-pulmonary
TB suspects.

DESIGN—Prospective blinded evaluation of 200 adult TB suspects at a tertiary referral hospital
in India. Reference standards included culture and clinical diagnosis.

RESULTS—Patients were 61% male (mean age 40.4 years): 8.5% were human
immunodeficiency virus (HIV) infected and 47 of 200 (23.5%) were culture-positive for TB.
Compared to positivity on either Léwenstein-Jensen (LJ) or BACTEC cultures, LAM sensitivity
was 17.8% (95%CI 8.5-32.6), while specificity was 87.7% (95%CI 81.3-92.3). Compared to
positivity on both LJ and BACTEC, LAM sensitivity was 5.8% (95%Cl 12.5-44.9), with a
specificity of 88.8% (95%CI 82.7-92.9). Compared to the clinical diagnosis, LAM sensitivity was
20.0% (95%CI 1.1-70.1), with a specificity of 83.3% (95%CI 50.9-97.0). HIV and smear status
did not influence test accuracy.

CONCLUSION—In its current form, LAM is insensitive for the diagnosis of active TB, although
its specificity is adequate.
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The deficiencies inherent in the current tools used to diagnose active tuberculosis (TB) have
been well described,12 and contribute to the low global case detection rate of only 62%,
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reflecting a failure to achieve the 2005 goal of 70% set by the World Health Assembly.3 The
development and evaluation of new diagnostic tools is a priority for the Global Plan to Stop
TB.# Increasing numbers of cases of active TB are infected with the human
immunodeficiency virus (HIV), which contributes to the failure of conventional smear-based
diagnosis.®

A new diagnostic capable of replacing sputum smear could save 400 000 lives annually.®
Ideal new assays would involve rapid point-of-care diagnosis using non-invasive clinical
specimens that are affordable and easy to perform,” would detect both pulmonary and extra-
pulmonary disease, and would not be influenced by the level of immunosuppression of the
host.

As part of the global effort to refine diagnostic tools for TB, non-conventional specimens,
including urine, breath condensate and blood are being explored. Urine is simple and
feasible to collect, process and store in TB-endemic settings.

Antibody detection using current assays does not offer adequate diagnostic accuracy,3-10 but
antigen detection assays may correlate with bacterial burden and may not be as influenced
by HIV infection. Detection of mycobacterial lipoarabinomannan (LAM), a heat-stable
glycolipid, was originally described using serum,11:12 put this test was limited by immune
complex formation.13 Subsequent investigations determined that LAM was expressed in
urine,14 and a case-control study demonstrated promising diagnostic performancel® that was
later supported by a study in Tanzania.1® Based on these early data, a prototype urinary
LAM detection test was produced by Chemogen (South Portland, ME, USA). A commercial
version of this test is now marketed as Clearview® TB enzyme-linked immunosorbent assay
(ELISA; Inverness Medical Innovations Inc, Scarborough, ME, USA).

LAM is specific to mycobacteria,1” is released by metabolically active bacteria,18 and is
filtered by the kidney.1® LAM excreted by patients with active TB may be present in urine in
variable amounts, between 0.5 and several hundred ng/ml.20 The influence of urine
concentration and anti-tuberculosis treatment on urine LAM excretion is not known.

Given the paucity of data on LAM in high-burden countries, we performed a prospective
blinded evaluation of the diagnostic performance of urine LAM ELISA (MTB ELISA
Urinary Antigen Test Kit, Chemogen, USA, version 7, 28 February 2007) for the diagnosis
of active TB among adult TB suspects in South India.

METHODS

Setting

Our study was conducted at the Christian Medical College (CMC), a 2200-bed tertiary
referral centre in \Vellore, a town in Tamil Nadu State in South India. The study protocol was
approved by the institutional review boards at both CMC Vellore and McGill University,
Montreal, Canada. Vellore District has an annual TB case detection rate of 144 per 100 000
population.?!
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Between October 2007 and July 2008, 200 patients with suspected pulmonary or extra-
pulmonary TB consented to participate and were recruited by a trained research officer as
part of a larger diagnostics study. Sample size estimate was approximated using a
nomogram?2 based on test sensitivity of 50%, with 50% of TB suspects meeting the final
clinical diagnosis of TB, a 7% confidence interval (CI) and a significance of 0.05.

Inclusion criteria were as follows: 1) age =18 years; 2) assessed by a physician who feels the
diagnosis of TB is possible; 3) willing to consent to study protocol including an 8-week
follow-up visit, an HIV test and specimen submission as outlined; 4) being symptomatic:

i Pulmonary TB (at least two of the following symptoms): a) cough for =2 weeks,
b) weight loss of at least 10% of healthy body weight, c) symptoms of fever for
=2 weeks or one measured temperature above 38.5°C.

ii. Extra-pulmonary TB: a) one focal symptom lasting =3 weeks AND b) weight
loss of at least 10% of healthy body weight AND/OR c¢) symptoms of fever for
=2 weeks or one measured temperature above 38.5°C.

Exclusion criteria were as follows: 1) received any anti-tuberculosis treatment within the last
6 months; 2) extra-pulmonary specimen submitted in formalin.

Pulmonary TB suspects submitted one spot and one morning sputum sample for TB culture,
and extra-pulmonary TB suspects submitted one sterile fluid or tissue sample for TB culture.
All patients also submitted one fresh urine specimen (=5 ml) in a sterile container at the first
study visit, prior to TB treatment.

Laboratory methods

The LAM assay was performed according to the manufacturer’s package insert.20

Urine processing

ELISA

Urine was refrigerated immediately after collection and processed the next day. Urine
collections occurring on weekend days were processed on Monday. No stabilising agent or
buffer was added to the urine. Two ml of urine was placed in a 1.5 ml microcentrifuge tube
and heated at 95°C for 30 min. After cooling to room temperature, it was centrifuged at 10
000 rpm for 15 min. Supernatant was removed into a second tube and stored at —20°C for
subsequent batch testing.

Manufacturer’s strips of antibody-coated wells were used. Positive and negative controls
provided with the kit were processed in duplicate in appropriate wells: 100 pl of processed
urine was added in duplicate to appropriate wells, and the plates were sealed using film
provided in the kit. The plates were incubated at 24°C in an air-conditioned room for 1 h,
then decanted into a collection basin, and tapped firmly over a paper towel. Wells were
manually washed four times with 300 pl of wash buffer and decanted into a collection basin.
LAM-specific horseradish peroxidase-conjugated polyclonal antibody (100 ul) was added
and sealed plates were incubated at 24°C for 1 h, then washed four more times.
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Tetramethylbenzidine single component chromogenic substrate (100 pl) was added and
plates were incubated at 24°C for 15 min. The reaction was stopped with 100 pl of 1M
H,SO4 (in-house) with gentle shaking, to achieve a yellow colour. Optical density (OD) was
read immediately at 450 nm.

As recommended by the manufacturer, the sample was reported as positive if OD was at
least 0.1 above the signal of the negative control. If both replicates of patient samples failed
to agree or were not both within 15% of the mean OD value, the test was repeated. If the
negative control was not between 0.15 and 0.25 absorbance units, or if the positive control
was not between 0.3 and 0.5 absorbance units above background, the test was repeated.

The test was performed in a large clinical microbiology laboratory at an advanced tertiary
hospital by one individual operator who was supervised by a senior technician with 20 years
of experience in serology. The department routinely performs 15 auto-immune serology tests
and six microbiology serology tests at high volume.

Direct smears were prepared from sputum, tissue or fluid. Auramine staining was used, and
slides were examined by one technician using the 25x objective, viewing at least 30 fields.

Loéwenstein-Jensen culture

Clinical specimens were decontaminated with 4% NaOH with NALC.2324 Five drops of
decontaminated specimen were inoculated onto Ldwenstein-Jensen (LJ) slants (in-house)
using a disposable pipette and incubated on a slant in the dark at 37°C for 6 weeks. Slants
were examined weekly, and contaminated slants were discarded and re-inoculated with
redecontaminated specimen. Positive growth was confirmed with Ziehl-Neelsen (ZN) smear.
Every new batch of LJ media was controlled using American Type Culture Collection
(ATCC) H37Ra.

BACTEC 460 culture

BACTEC 12B vials (Becton Dickinson, Gurgaon, Haryana, India) containing 0.1 ml of
polymyxin B, amphotericin B, nalidixic acid, trimethoprim, azlocillin (PANTA; Becton
Dickinson) were inoculated with 0.5 ml of decontaminated specimen after cleaning the
rubber septum with 70% ethanol and flushing the bottle with CO». Vials were incubated at
37°C for 6 weeks, and tested for growth every day in the first 2 weeks, followed by alternate
day testing for 4 weeks. Each bottle was cleaned with 70% ethanol before testing. Positive
bottles were smeared when the growth index reached 50. Contaminated vials were discarded
and re-inoculated with frozen decontaminate. p-nitro-a.-acetylamino-p-hydroxy-
propiophenone (NAP) test was used for identification.2®

Two uninoculated 12B bottles were tested at the end of each run, at the last position, to serve
as negative controls. Positive controls (ATCC H37Ra) were inoculated with every batch, and
machine performance was tested monthly with performance standards. NAP test was
controlled at baseline using ATCC H37Ra and ATCC Mycobacterium gordonae.
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Blinding
Urine specimens were labelled with a four-digit random number by the laboratory
investigator. The technician was not aware of the identity of each specimen. A table
connecting random numbers with study numbers was kept by the laboratory investigator in a
locked file.

Analysis

Two hundred pulmonary and extra-pulmonary TB suspects were recruited as part of a
diagnostic evaluation project, in which the sample size had been calculated to evaluate the
performance of several new diagnostic tests for TB. Data were entered by two separate
operators, and manually rechecked after entry. Data analysis was performed using SPSS
15.0 (LEAD Technologies Inc, Charlotte, NC, USA). Performance was reported as
sensitivity and specificity (with 95% Cls) of LAM as compared to three reference standards:
1) positivity in either solid (LJ) or liquid (BACTEC 460) culture; 2) positivity in both solid
and liquid culture; 3) final clinical diagnosis based on culture, smear, histology and response
to empirical treatment at 8 weeks (presence of two or more pre-defined clinical and
laboratory response criteria (modified from Wilson26). See Table 1 for response to treatment
criteria.

RESULTS

Figure 1 shows the recruitment process and clinical diagnosis and Table 2 provides a
description of the study participants. Patients were mostly male (122/200, 61%), out-patients
(184/200, 92.0%) with a mean age of 40.4 years (standard deviation [SD] 16.2) and a mean
body mass index of 19.7 (SD 4.10). Seventeen of the 200 (8.5%) were HIV-infected and
47/200 (23.5%) were culture-positive for TB. No adverse events were observed during the
study.

The LAM assay provided evaluable results in all 200 participants, with no indeterminate or
invalid results. The LAM assay had very poor sensitivity and adequate specificity for active
TB diagnosis, as determined by positivity on LJ and BACTEC culture. When positivity on
either LJ or BACTEC was considered (Table 3), LAM sensitivity was 17.8% (95%CI 8.5-
32.6), with a specificity of 87.7% (95%CI 81.3-92.3), providing a positive predictive value
(PPV) of 29.6% (95%CI 14.5-50.3) and a negative predictive value (NPV) of 78.6% (95%
Cl 71.6-84.3). When positivity on both LJ and BACTEC was considered (data not shown),
sensitivity was 5.8% (95%CI 12.5-44.9), with a specificity of 88.8% (95%CI 82.7-92.9),
providing a PPV of 29.6% (95%CI 14.5-50.3) and an NPV of 86.7% (95%CI 80.5-91.2).

Final clinical diagnosis was determined for all patients. Patients were grouped into two
groups: definite (culture-positive), probable (smear-positive with response to treatment) and
possible TB (response to treatment), as compared to all others, including patients who had
firm alternative diagnoses, those who did not receive empirical treatment, and those who did
not return for follow up. When compared to this binary definition of clinical diagnosis, LAM
sensitivity was 20.0% (95%CI 1.05-70.1), with a specificity of 83.3% (95%CI 50.9-97.0),
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providing a PPV of 33.3% (95%CI 1.77-87.5) and an NPV of 71.4% (95%Cl 42.0-90.4;
Table 4).

The proportion of LAM positives was not different between those patients who did not
return for follow-up and those patients classified as ‘not TB or not treated” (results not
shown, x2 P=0.186).

When data from HIV-infected individuals were analysed separately, LAM performance was
not different (Table 5; sensitivity 20.0%, 95%CI 1.05-70.1; specificity 83.3%, 95%CI 50.9-
97.0; PPV 33.3%, 95%CI 1.77-87.5; NPV 71.4%, 95%CI 42.0-90.4, as compared to
positivity on LJ or BACTEC), although accuracy estimates were imprecise because of the
smaller numbers of participants.

Among 45 patients who were smear-positive, LAM was slightly more sensitive than the
overall population (sensitivity 23.0%, 95%CI 9.8-44.0; specificity 84.2%, 95%CI 59.5—
95.8; PPV 66.6%, 95%CI 30.9-90.0; NPV 44.4%, 95%CI 28.3-61.7). Among 155 patients
who were smear-negative, performance was similar to the overall population (sensitivity
25.0%, 95%CI 4.45-64.0; specificity 89.1%, 95%CI 82.6-93.4; PPV 11.1%, 95%CI 1.94—
3.60; NPV 95.6%, 95%CI 90.2-98.2; data not shown).

LAM results were analysed using a receiver operating characteristic (ROC) curve to assess
the global performance (Figure 2). The area under the curve was 0.508 (95%CI 0.407-
0.610), suggesting poor overall diagnostic performance as compared to positivity on LJ or
BACTEC. This would suggest that there is no optimal LAM cut-off value where sensitivity
and specificity are optimised.

DISCUSSION

Although early data on urinary LAM were positive, our data suggest that urinary LAM
antigen detection does not have adequate sensitivity to be used for the detection of active
TB. However, urine LAM does have a reasonably high NPV, suggesting that a negative
result could be used as evidence against active TB. Our study did not demonstrate a
significant impact of HIV status on urine LAM performance, but it lacked power to assess
this subgroup.

A prospective evaluation of the same commercial detection system for LAM in urine was
performed in Tanzania among 231 pulmonary TB suspects (69% HIV-positive) and 103
healthy volunteers;16 132 (57.1% of total suspects) were sputum culture-positive, and were
compared to healthy volunteers. Sensitivity was 80.3%, with 99.0% specificity. HIV
infection had no effect on sensitivity. Patients with strongly positive sputum smears had
higher LAM concentrations.

A second clinical evaluation was undertaken in 2005 (unpublished data from Chemogen).20
Among 600 TB suspects (53% HIV-positive), 78 were AFB smear-positive (13.0%); of
these, 53 were LAM-positive (69.0% sensitivity compared to AFB smear), while 226
healthy volunteers gave two false-positive LAM results (specificity 99.1%).

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2010 October 08.
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These evaluations have used healthy volunteers instead of culture-negative TB suspects to
define specificity, a weakness in study design, as healthy volunteers are not the group the
test is designed to be used on. This may have biased the results towards a higher specificity.

A recent abstract demonstrated low sensitivity of LAM (28-44%), but higher sensitivity
among HIV-infected patients than HIV-negatives.2” These evaluations have been performed
in high HIV prevalence areas, which are unique to Africa. The manufacturer clearly
recommends that the test be used only among HIV-infected patients.20 It is conceivable that
HIV-infected patients may excrete greater amounts of mycobacterial antigens in urine.

Our study is the first to evaluate LAM technology in a TB-endemic country with low HIV
prevalence. We evaluated the Chemogen version of the LAM assay, and not the more recent
ClearView kit, which was not available at the time of our study. Our data show poor
diagnostic performance. Urine-based TB diagnosis is attractive, and further work is needed
to improve the LAM assay. The use of larger volumes of urine, alternative methods of
extraction that avoid high temperatures, and stabilising agents that can be added to urine at
the time of collection, may improve sensitivity. It is also important to evaluate other urine
antigens that may have diagnostic accuracy.
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Patients screened for inclusion

A

Not recruited (n = 39)
Recent TB treatment (n = 10)
Aged <18 years (n = 4)
Not available for follow-up (n = 15)
Could not produce sputum (n = 3)
Did not fit symptom (n = 3)
No reason given (n = 4)

(n=200)

TB suspects recruited

A 4

A

Pulmonary TB suspects
(n=189)

Extra-pulmonary TB suspects
(n=11)

\ 4

¥

Final clinical diagnosis

Definite TB 44 (23.3%)

Probable TB 2 (1.1%)

Possible TB 5(2.6%)

Not TB (alternative diagnosis) 27 (14.3%)

Did not receive ATT 62 (32.8%)

Did not return for follow-up 49 (25.9%)
Total 189 (100%)

Final clinical diagnosis
Definite TB 3 (27.3%)
Possible TB 3(27.3%)
Not TB (alternative diagnosis) 3 (27.3%)
Did not return for follow-up 2 (18.2%)
Total 11 (100%)

Figurel.

Study recruitment process and final clinical diagnosis. TB = tuberculosis; ATT = anti-
tuberculosis treatment.
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Figure 2.

Receiver operating characteristic (ROC) curve of LAM diagnostic performance with
positivity on LJ or BACTEC as the reference standard. LAM = lipoarabinomannan; LJ =
Léwenstein-Jensen.
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Response to empirical treatment criteria applied at 8-week visit (modified from Wilson25)

Responsecriteria

Definition of response (compared to baseline)

Smear conversion

Body weight

Haemoglobin

C-reactive protein

Karnofsky performance index

Symptom count ratio (number of symptoms improved or resolved, divided by
number of symptoms at baseline. Symptoms from predefined list of
acceptable symptoms)

Change from positive to negative

Increase of 5%

Increase of at least 1.0 g/dI

Decrease of at least 70%

Increase of at least 20 points (or 10 points if baseline was = 80)

Improvement or resolution of at least 50% of symptoms
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Table 2
Demographics of study participants, V=200

n %
Total TB suspects included (pulmonary and extra-pulmonary) 200 100
Male 122 611
Age, years, mean (SD) 40.4 (16.2)
BMI, mean (SD) (7= 189) 19.7 (4.1)
Pulmonary TB suspected 189 945
Out-patient 184 92.0
Living in Tamil Nadu State 184 92.0
Monthly family income <US$115 180 90.0
Experiencing cough 193 965
Experiencing chest pain 106 53.0
Experiencing fever 172 86.0
HIV-infected 17 85
Given treatment for TB after recruitment (/7= 139) 39 281

TB = tuberculosis; SD = standard deviation; BMI = body mass index; HIV = human immunodeficiency virus.
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Table 3

Diagnostic accuracy of LAM as compared to L J or BACTEC culture ™

Any L Jor BACTEC culture-positive

Negative Positive  Total

LAM interpretation
Negative 136 37 173
Positive 19 8 27
Total 155 45 200

*
Sensitivity 17.8% (95%ClI 8.5-32.6); specificity 87.7% (95%CI 81.3-92.3); PPV 29.6% (95%C| 14.5-50.3); NPV 78.6% (95%CI 71.6-84.3).

LAM = lipoarabinomannan; LJ = Léwenstein Jensen; Cl = confidence interval; PPV = positive predictive value; NPV = negative predictive value.
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Table 4

Diagnostic accuracy of LAM as compared to clinical diagnosis™

Final diagnosis

Not TB or not treated or did not return  Definite or probableor possible TB  Total

LAM interpretation

Negative 126 47 173
Positive 17 10 27
Total 143 57 200

*
Sensitivity 17.5% (95%CI 9.2-30.4); specificity 88.1% (95%C| 81.4-92.7); PPV 37.0% (95%CI 20.1-57.5); NPV 72.8% (95%CI 65.5-79.2).

LAM = lipoarabinomannan; TB = tuberculosis; CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value.
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Table 5

Diagnostic accuracy of LAM as compared to LJ or BACTEC among HIV-infected individuals ™

Any L Jor BACTEC culture-positive

Negative Positive  Total

LAM interpretation
Negative 10 4 14
Positive 2 1 3
Total 12 5 17

*
Sensitivity 20.0% (95%CI 1.1-70.1); specificity: 83.3% (95%C| 50.9-97.0); PPV 33.3% (95%C| 1.8-87.5); NPV 71.4% (95%ClI 42.0-90.4).

LAM = lipoarabinomannan; L J = Léwenstein Jensen; CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value.
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