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Background: Based on current WHO guidelines, hospitalized tuberculosis (TB) and HIV co-infected
patients with CD4 count <100 cells/mm’ who are urine lipoarabinomannan (LAM) positive should be
initiated on TB treatment. This recommendation is conditional, and data are limited in sputum smear-
negative patients from TB endemic countries where the LAM test is largely inaccessible. Other potential
benefits of LAM, including reduction in antibiotic usage have, hitherto, not been explored.

Methods: We consecutively enrolled newly-admitted seriously-ill HIV-infected patients (n=187) with
suspected TB from three hospitals in KwaZulu-Natal, South Africa. All patients were empirically treated
for TB as per the WHO 2007 smear-negative TB algorithm (patients untreated for TB were not recruited).
Bio-banked urine, donated prior to anti-TB treatment, was tested for TB-infection using a commercially
available LAM-ELISA test. TB sputum and blood cultures were performed.

Results: Data from 156 patients containing CD4 count, urine-LAM, sputum and blood culture results
were analysed. Mean age was 37 years, median CD4-count was 75 cells/mm’ [interquartile range (IQR),
34-169 cells/mm’], 54/156 (34.6%) were sputum culture-positive, 12/54 (22.2%) blood-culture positive, and
53/156 (34.0%) LAM-positive. Thus, LAM sensitivity was 55.6% (30/54). The study design did not allow
for calculation of specificity. Urine-LAM positivity was associated with low CD4 count (P=0.002). Ninety-
point-six percent (48/53) of LAM-positive patients received antibiotics [15/48 (31.3%), 23/48 (47.9%) and
10/48 (20.8%) received one, two or three different antibiotics respectively], while the duration of antibiotic
therapy was more than 5 days in 26 of 46 (56.5%) patients.

Conclusions: Urine LAM testing in sputum smear-negative severely-ill hospitalized patients with TB-
HIV co-infection and advanced immunosuppression, offered an immediate rule-in diagnosis in one-third of
empirically treated patients. Moreover, LAM, by providing a rapid alternative diagnosis, could potentially
reduce antibiotic overusage in such patients thereby reducing health-care costs and facilitating antibiotic

stewardship.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2019;11(8):3505-3514 | http://dx.doi.org/10.21037/jtd.2019.07.69


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2019.07.69

3506 Mthiyane et al. Urine LAM diagnosis benefits in HIV-infected seriously-ill smear-negative TB

Keywords: Tuberculosis (TB); sputum; smear-negative; HIV; lipoarabinomannan (LAM)

Submitted Feb 14, 2019. Accepted for publication Jun 06, 2019.

doi: 10.21037/jtd.2019.07.69

View this article at: http://dx.doi.org/10.21037/jtd.2019.07.69

Introduction

The urine lipoarabinomannan (LAM) test has been shown
not to be useful in untargeted patients with suspected
tuberculosis (TB) in a primary health care setting (1), but
it is useful for the diagnosis of hospitalized HIV-infected
TB patients with a CD4 count <200 cells/mm’, who would
otherwise have required further investigation. This is a
test based on detection of mycobacterial LAM antigen, a
polysaccharide present in mycobacterial cell walls, which
is excreted in the urine (2), now available as a point of
care urine strip test. Given that between 24% and 62%
of HIV-infected patients with TB present with sputum
smear-negative findings (3), and that Xpert Mycobacterium
tuberculosis (MTB)/rifampicin (RIF) has limited availability
in many countries, TB in patients living with advanced
stage HIV is often difficult to diagnose. This category of
patients frequently have difficulty in producing sputum
(4,5), and when combined with low sensitivity of sputum
smear microscopy (6,7), leads to delays in diagnosis (8) and
treatment. Sputum microbiological culture is the only other
definitive tool for the diagnosis of active TB (9), but it is
labour intensive and the time to result is prolonged. The
difficulty in the diagnosis of sputum smear-negative TB
adds to the causes of failure to halt transmission and control
the epidemic, especially in high burden countries. Diagnosis
is therefore often made on clinical and radiological grounds,
which is often atypical (10). Therefore, there is a need for
tests that do not require sputum and are more sensitive to
ensure early diagnosis.

Urine LAM has been investigated with varying results,
but more so in sputum smear-positive patients (1,11-32).
There are few studies that have investigated the usefulness
of urine LAM in diagnosing sputum smear-negative TB
(19,33,34), but none have investigated the use of LAM
in reducing antibiotic use. The use of antibiotics to treat
suspected TB while waiting for confirmation of diagnosis
in hospital is common, although in HIV-infected patients
a response to antibiotics may not exclude TB (35).
Considering the need to prevent antibiotics resistance,
optimal and prudent use of antibiotics is necessary in
line with antibiotic stewardship (36,37). In this study, we
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investigated the diagnostic performance of LAM-ELISA in
seriously-ill hospitalized HIV-infected patients with sputum
smear-negative pulmonary TB (PTB) and its potential
impact on antibiotic usage. The LAM-ELISA, since
completion of this study, has been superseded by the LAM
lateral flow assay but equivalence between the assays has
been demonstrated (18,38).

Methods
Design and setting

This sub-study was conducted as part of a prospective cohort
study evaluating the use of a WHO-recommended algorithm
to reduce mortality in seriously-ill HIV-infected patients
with sputum smear-negative PTB in South Africa (35).
Participants were recruited from three hospitals around
Durban between March and December 2009.

Participants

Patients with advanced immune suppression and symptoms
of TB requiring hospitalization, and with smear-negative
sputum, were consecutively enrolled once informed consent
was obtained. At one time point on admission, before
commencement of antibiotics or anti-TB therapy (ATT),
the following samples were collected from consenting
participants: spot expectorated sputum and blood for
culture, and midstream urine for LAM test. Participants
were excluded if they were: (I) currently being treated for
latent TB infection (LTBI); (II) treated for TB disease; or
(I1I) were found not to be HIV-infected based on lack of
“strong clinical HIV evidence” or an HIV test at either
screening, admission or during hospitalization. The
study was approved by the Biomedical Research Ethics
Committee of the University of KwaZulu-Natal (KZN)
(BFCO037/08) and an Institutional Review Board at the U.S.
Centers for Disease Control and Prevention (CDC).
Patients were started on TB treatment based on
criteria defined in the parent study (35): (I) had at least 2
negative specimens for acid fast bacilli; (II) radiographic
abnormalities consistent with active TB (according to the
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treating medical practitioner); (III) laboratory evidence of
HIV infection or strong clinical evidence of HIV infection,
later confirmed by a laboratory test and (IV) a decision by
a clinician to treat with a full course of ATT or sputum
smear negative for acid fast bacilli but culture positive for
Mycobacterium tuberculosis (MTB).

Sputum and blood processing

All sputum samples were processed using N-acetyl-L-
cysteine (NALC)/NaOH and microscopy smear using both
auramine and Ziehl-Neelsen staining and were cultured on
Middlebrook 7H11 selective agar (Difco) and MGIT liquid
medium (Becton Dickenson, Sparks, USA). Positive MTB
cultures were confirmed with niacin and nitrate biochemical
testing. All blood samples were collected by venipuncture
and cultured into aerobic and anaerobic culture systems
performed on BacT/ALERT MB (bioMerieux, Marcy-
I’Etoile, France) systems.

Urine LAM-ELISA

Urine samples were processed according to the
manufacturer’s instructions (Clearview TB® ELISA,
Inverness Medical Innovations, Inc., Waltham, USA); within
24 hours of collection urines were boiled at 95-100 °C for
30 min, centrifuged for 15 min at 10,000 rpm and aliquots
of 1 mL of the supernatant stored at =70 °C. The assay was
performed on the stored aliquots once a week.

From each frozen aliquot, 100 pLL sample was incubated
for 60 min at ambient temperature, and washed with
phosphate buffered saline pH 7.4/Tween-20 (PBST).
Subsequently, 100 pL of undiluted conjugate solution
(HRP-conjugated LAM-specific rabbit polyclonal antibody)
was added. After a 60 min incubation and washing with
PBST, 100 pL of the colour developer tetramethylbenzidine
(TMB) was administered to each well. The substrate was
again incubated for 15 min at ambient temperature, and
the reaction was stopped by adding 100 pL of stop solution
(I M H,SO,). The colour development was measured at
450 nm on an automated ELISA plate reader. Samples and
negative and positive controls were run in duplicate.

Prior to interpretation of the urine LAM-ELISA
results, the validity of each run was confirmed as per the
manufacturer’s package insert as: (I) negative control mean
optical density (OD) was >0.1 OD and <0.3 OD and (II)
positive control mean OD was >0.3 and <0.5 above the
negative control. Differences for each sample between the
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two runs were examined to see if their difference were not
>15.0%. If the mean OD of the sample aliquots were >0.1
above the mean OD of the negative controls, the sample
was considered urine LAM positive. LAM-ELISA and
the LAM strip test have been found not to be significantly
different in studies comparing these two versions (18,38).

Chest radiograph

Chest radiographs (X-rays) were initially read by
the treating medical practitioner and then sent to an
independent radiologist for reading. The results were then
sent to the hospital concerned for the benefit of the medical
practitioner. The external radiology results did not directly
affect the start of treatment.

Statistical methods

Sample size was not calculated for this sub-study but we
used the second cohort of the main study (35). Descriptive
statistics were used to summarize the data. Comparisons of
categorical data between subgroups were made using Chi-
square tests or Fisher’s exact tests as appropriate. Numeric
variables such as CD4 and time to event were compared
using Mann-Whitney “U” test, while z-test was used for
age. Standard measures of diagnostic efficacy are reported
where culture is considered the gold standard. Data were
entered in Epidata and analysed in Stata V13.1. Kaplan
Meier was used to analyse time to death or discharge and a
log rank test used to compare subgroups. Median time to
death or discharge were compared using Mann-Whitney
tests. Statistical analysis was performed using Stata 13 and a
P<0.05 was considered significant.

Results
Demeographic characteristics

We enrolled a total of 187 patients (Figure 1), out of which
168 had sputum and urine LAM-ELISA results and 156 had
all results including CD4 count and were analysed. Table 1
shows the demographic characteristics; 87 (55.8%) patients
were male and 154 (98.7%) were black, 81 in WHO stage 3
(51.9%) and 75 (48.1%) in WHO stage 4 (39). Twenty-four
(15.4%) were on ART and 43 (27.6%) had a history of prior
ATT. Median CD4 count was 75 cells/mm’ [interquartile
range (IQR), 34-169 cells/mm’]. Fifty/156 (32.1%) of
patients had a CD4 count <50 cells/mm’; 42/156 (26.9%)
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Figure 1 Participant flow diagram of seriously-ill HIV-infected hospitalized patients with sputum smear-negative pulmonary tuberculosis.

LAM, lipoarabinomannan.

had CD4 count between 50 and 100 cells/mm’; 35/156
(22.4%) had CD4 count between 100 and 200 cells/mm’;
and 29/156 (18.6%) had CD4 count >200 cells/mm’.

Diagnostic accuracy

Out of the 156 patients analysed, 54/156 were sputum
culture-positive (34.6%), 53/156 (34.0%) were urine LAM-
positive. Thirty urine LAM-positive patients were culture-
positive, therefore, the overall test sensitivity was 55.6%.
Of the 30 urine LAM-positive/culture positive patients,
21 (70.0%) had CD4 count <100 cells/mm’. Urine LAM
sensitivity for patients with CD4 count <100 cells/mm’
was 63.6% (21/33). Urine LAM sensitivity for patients
with CD4 count 100-200 cells/mm’ was 64.3% (9/14) and
among those with CD4 count >200 cells/mm’, it was 14.3%
(1/7). Among the culture negative patients, 23 (22.5%) were
urine LAM positive, as seen in Figure 2.

Sputum, chest radiograph, urine LAM and blood culture

Figure 2 shows culture positivity, with 54/156 (34.6%)
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sputum culture positive patients with at least one sputum
sample. Although all patients’ diagnosis included chest
radiography, only 120/156 (76.9%) patients had their chest
X-rays read by an independent radiologist. Of the 53 urine
LAM-positive patients 35/53 (66.0%) had a chest X-ray
read by the radiologist and 20/35 (57.1%) were consistent
with PTB. The majority, 52/53 (98.1%), of the urine LAM-
positive patients had blood culture ordered, 11/52 (21.2%)
of whom were sputum and blood culture positive and
32/52 (61.5%) blood culture negative, with 7/52 (13.5%)
contaminated and 2/52 (3.8%) not done. Only 1/54 (1.9%)
culture positive patient was urine LAM negative and 8/11
(72.7%) blood culture positive patients had a CD4 <100
cells/mm’. As shown in Tuble 2, of the 12 blood culture
positive patients, 6 (50.0%) were confirmed as not PTB by
the radiologist.

Factors associated with a positive urine LAM result

Prior AT'T was associated with a negative urine LAM result
at the univariate level, 8 (15.1%) of urine-LAM positive
patients had prior AT'T compared to 35 (34.0%) of urine-
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Table 1 Demographic characteristics of seriously-ill HIV-infected patients (n=156)
Culture & LAM
P value
Total (n=156) Positive Negative
Characteristios Culture (1=54)  LAM (n=53) Culture LAM (n=103)
(n=102) Culture  LAM
N % N % N % N % N %
Sex 0.046  0.131
Male 87 55.8 36 66.7 34 64.2 51 50.0 53 515
Female 69 44.2 18 33.3 19 35.8 51 50.0 50 485
Race 1.000"  1.000'
Black 154 98.7 54 100.0 53 100.0 100 98.0 101 98.1
Indian 1 0.6 0 0 0 0 1 1.0 1 1.0
White 1 0.6 0 0 0 0 1 1.0 1 1.0
Clinical stage 0.182 0.873
Stage 3 81 51.9 32 59.3 28 52.8 49 48.0 53 51.5
Stage 4 75 48.1 22 40.7 25 47.2 53 52.0 50 48.5
On ART 0.542  0.589
Yes 24 15.4 7 13.0 7 13.2 17 16.7 17 16.5
No 132 84.6 47 87.0 46 86.8 85 83.3 86 83.5
Prior ATT 0.027  0.012
Yes 43 27.6 9 16.7 8 15.1 34 33.3 35 34.0
No 113 72.4 45 83.3 45 84.9 68 66.7 68  66.0
CD4 group (cells/mm?®) 0.310" 0.016"
<50 50 32.1 15 27.8 18 34.0 35 34.3 32 31.1
50 to <100 42 26.9 18 33.3 18 34.0 24 23.5 24 233
100-200 35 22.4 14 25.9 14 26.4 21 20.6 21 20.4
>200 29 18.6 7 13.0 3 5.6 22 21.6 26 25.2
X-ray - -
Not TB 38 24.4 17 31.5 15 28.3 21 20.6 23 223
B 57 36.5 19 35.2 18 33.9 38 37.3 39 379
Atypical TB 7 4.5 1 1.9 1 1.9 6 5.9 6 5.8
Pleural effusion 1 0.6 1 1.9 1 1.9 0 0 0 0
Signed out 1 0.6 0 0 1 1.9 1 1 0 0
transfer 3 1.9 2 3.7 2 3.8 1 1 1 1.0
Missing 49 31.4 14 25.9 15 28.3 35 34.3 34 33.0
Anti-TB treatment started 0.393 0.718
0-5 days 121 77.6 44 81.5 42 79.3 77 75.5 79 76.7
6-22 days 35 22.4 10 18.5 11 20.8 25 245 24 233

T, comparison done using fisher's exact test. LAM, lipoarabinomannan; ART, antiretroviral therapy; ATT, anti-TB therapy; TB, tuberculosis.
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Figure 2 LAM, sputum and blood culture, in seriously-ill, HIV-infected patients with sputum smear-negative pulmonary tuberculosis

(n=156). LAM, lipoarabinomannan; Pos, positive; Neg, negative.

LAM negative patients (OR: 2.6; 95% CI: 1.2-5.9, P=0.02).
A positive urine LAM result was also associated with a
CD4 count <200 cells/mm’, 39.4% (50/127); compared to
10.3% (3/29) patients with CD4 count 200 cells/mm’ (OR:
5.6; 95% CI: 1.6-19.6, P=0.007). In a multivariable model
containing variables significant at the univariate level, both
remained independently associated with a positive LAM
result: OR,4: 3.2; 95% CI: 1.3-7.6, P=0.009; OR,4: 6.2;
95% CI: 1.8-21.8, P=0.005) respectively.

Antibiotic use and ATT

The majority 48/53 (90.6%) of the urine LAM-positive
patients received antibiotics and 18/46 (39.1%) with
recorded time, were on antibiotics for a median time of 5
days (1able 3). Of the 48/53 (90.6%) LAM-positive patients
that received antibiotics, 10 (20.8%) received three types
or more while 23/48 (47.9%) received two types and
15/48 (31.3%) received one type of antibiotics. All patients
received ATT, of the 53 urine LAM-positive patients,
32 (60.4%) received AT'T within 3 days of admission as per
protocol, and the rest within 4-22 days.

Trreatment outcomes—time to discharge and time to death

© Journal of Thoracic Disease. All rights reserved.

Median time to discharge, excluding deaths was 5 days
(IQR, 4-6 days) for the urine LAM positive (n=48) and
6 days (IQR, 4-8 days) for the urine LAM negatives (n=99),
and was statistically significantly different (P=0.03). Median
time to death was 12 days (IQR, 11-13 days) for the urine
LAM positive (n=5) and 7 days IQR, 7-8 days), for the
urine LAM negative (n=4) but was not significantly different
(P=0.11).

Discussion

We evaluated the use of urine LAM for the diagnosis
of smear negative TB and found that more than 52%
of culture-positive patients were urine LAM positive.
Moreover, nearly 20% of sputum smear- and culture-
negative presumptive TB patients were urine LAM positive.

Almost all the patients in this study received empiric
antibiotics. With the availability of LAM results, in at least
one third of the patients, antibiotic usage could have been
obviated or curtailed. Although all patients in this study
should have been started on ATT within 3 days, (as per
2007 WHO guidelines for treatment of smear negative TB
and study protocol), and all were found to have chest X-ray
abnormality consistent with TB by their treating clinician,
we found that at least 10 LAM-positive patients were given
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Table 2 Seriously-ill HIV-infected patients with sputum smear-negative pulmonary tuberculosis and with positive blood culture (n=12)

PID History of TB  Radiology X-ray =~ Sputum culture  Blood culture Urine LAM CD4 value Dead/alive Days to
(yes/no) reading result positive result positive positive (cells/mm®  after 56 days positivity
1334 0 Not TB 1 1 1 97.0 1 6
1376 0 TB 1 1 1 63.1 1 5
1543 0 Not TB 1 1 0 79.4 1 17
2466 0 Not TB 1 1 1 88.0 1 8
3247 0 Not TB 1 1 1 65.0 1 24
3284 0 NA 1 1 1 26.0 0 NA
3317 0 NA 1 1 1 74.0 1 NA
3372 0 B 1 1 1 68.0 0 8
3404 0 NA 1 1 1 106.0 1 9
3406 1 Not TB 1 1 1 68.0 1 9
3434 0 Not TB 1 1 1 128.0 1 11
3508 0 NA 1 1 1 176.0 0 31

Yes =1 and no =0; positive =1; alive =1; dead =0. NA, not available; TB, tuberculosis; LAM, lipoarabinomannan; PID, patient identification.

three or more types of antibiotics with or without AT'T for
more than 5 days (43.5%). This was to empirically cover
the patients for other bacterial infections given that the TB
could not be rapidly confirmed (however, there were no
confirmed bacterial infections confirmed in these patients).
In addition, nearly 40% of the 53 urine-LAM positive
patients received AT'T within 4-22 days, and the delay may
have been due to the need to allow antibiotics time to act
while waiting for sputum-culture results.

It is reasonable to assume that fewer antibiotics could
have been used had the urine LAM results been available
on the day of admission. Peter et /. suggested that the
urine LAM assay may be used as a “rule in” test for
smear negative HIV-infected patients (40). Using LAM
as a rule in test, in conjunction with clinical signs and
symptoms and radiographic findings, urine LAM-positive
patients could receive ATT within hours of admission,
saving excessive use of antibiotics. This would be in line
with current country-specific and antibiotic stewardship
guidelines. Indeed, Padayatchi et /. have advocated for
ensuring that patients receive appropriate treatment with
specific attention to dosing and duration as the first goal of
antibiotic stewardship preventing drug overuse and abuse
as the second goal, and minimizing TB drug resistance at
an individual and community level as the third goal (41).
However, clinicians in many settings still rely strongly
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on antibiotic trials for smear negative TB (42). There are
recent studies investigating the use of trial of antibiotics as
a diagnostic tool for smear negative TB (43) indicating that
the practice is ongoing. A study by Walusimbi et /. (44)
recommends that it is useful to start HIV infected smear
negative patients on an initial course of antibiotics and
in South Africa, four of the five patients given antibiotics
while waiting for culture results (patients were smear and
Xpert negative) could not be started on ATT as they were
lost to follow up by the time the results were available,
and recommended to start HIV-infected sputum smear-
negative patients on an initial course of antibiotics (45). In
this setting, a positive urine LAM test is likely to reduce
antibiotic usage.

We found that a positive blood culture was one of the
factors associated with a positive urine LAM, consistent with
findings of Shah and colleagues (20). More than 80% of
patients with positive blood culture were positive for urine
LAM, and 58% of them had chest X-rays not consistent
with TB by a radiologist (7able 2). Thus, urine LAM, being
of much lower cost and a point of care assay, could replace
blood culture as a screening investigation in HIV-infected
hospitalised patients with fever and advanced HIV disease.

Our study had several limitations. We did not enroll a
control group, and since all the patients were either culture-
confirmed TB or clinically diagnosed TB, we could not
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Table 3 Potential benefits of early diagnosis with LAM in seriously-
ill HIV-infected patients with sputum smear-negative pulmonary
tuberculosis (n=53)

Treatment and length of stay LAM positive (n=53)

Antibiotics given, n (%)

Yes 48 (90.6)
No 5(9.4)

Time on antibiotics (n=46, 2 patients 5 [3-7]

missing time), median [IQR] (days)

Time on antibiotics (n=46), n (%) 26 (56.5)
<5 days 20 (43.5)
=5 days

Number of antibiotics (n=48), n (%)

1 15 (31.3)
2 23 (47.9)
3 or more 10 (20.8)

Start of TB treatment (n=53), median time 3 [2-4]

of start of TB treatment, median [IQR]

(days)

0-3 days, n (%) 33 (63.3)
4-22 days, n (%) 20 (37.7)

Length of stay (n=53), n (%)

0-3 days 12 (22.6)
4-6 days 25(47.2)
7 days and above 16 (30.2)

LAM, lipoarabinomannan; IQR, interquartile range; TB,
tuberculosis.

calculate the specificity. Indeed, a limited autopsy study by
Cohen et al. found that almost half of the HIV coinfected
inpatients who died had evidence of TB at the time of
death (46). More than half were not on TB treatment,
and based on this information from the same geographical
area as our study, we could not confirm that the culture
negative patients did not have TB disease. Nevertheless, it
was interesting that LAM detected 23 additional diagnoses
in the culture negative empirically treated group, which
represents a 14.7% increase over the number of cases
initially diagnosed. The LAM-ELISA, since completion
of this study, has been superseded by the LAM lateral
flow assay but equivalence between the assays has been
demonstrated (18,38). Interestingly, there are new assays
emerging with better sensitivity. The Fujifilm SILVAMP
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TB LAM assay offered superior diagnostic sensitivity
compared to urine LAM, while maintaining specificity (47).
We did not directly demonstrate a reduction in antibiotic
usage though it is likely this could have been substantially
curtailed in urine LAM-positive patients. This will need to
be evaluated in a future prospective study using LAM and
remains an important question to be answered.

In summary, urine LAM testing in sputum smear-
negative severely ill HIV-infected hospitalized patients with
suspected TB and advanced immunosuppression offers the
potential to start ATT early and to decrease the number
and duration of antibiotics used.
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