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Abstract

Background: Tuberculosis remains a worldwide problem fueled by the HIV epidemic. TB infection impacts HIV
progression and mortality even with treatment. Egypt has increasing HIV prevalence, although still in low prevalent
areas.

Results: Urinary LAM was positive in 22 (95.7%) of TB patients and 1 (1.9%) of non TB group. Sensitivity was 95.7%,
specificity 98.1%, positive and negative predictive values were 95.7% and 98.1% respectively, with accuracy 97.4%.
Urinary LAM ELISA assay has the highest sensitivity (95.7%) in relation to other tests used for TB detection in HIV
patients and its concentration was highly correlated to CD4 cell count and the extent of radiological changes.

Conclusion: The use of urinary LAM in HIV patients is rapid, safe, available, and helpful tool for ruling in TB
especially for those who cannot expectorate, critically ill, with low CD4, or presented by multiple system affection.

Keywords: Tuberculosis, HIV, Lipoarabinomannan (LAM)

Background
Mycobacterium tuberculosis infection clearly impacts
HIV progression and mortality, and disease from M. tu-
berculosis increases in HIV-infected patients as CD4 cell
counts decline [1].
However, the prevalence of HIV infection in Middle

East and North Africa (MENA) MENA is 0.1% which is
the lowest worldwide, HIV-related deaths were esti-
mated to be 15,000 cases in 2013 which representing in-
crease by two-thirds since 2005 [2].
Although marked progress in HIV management, late

presentation of cases with TB still represents a major
threat to survival. The lack of rapid and accurate assays
for HIV-associated TB has been a major hindrance to

reducing deaths from these diseases in resource-limited
settings [3].
The aim of this study was to evaluate the role of urin-

ary LAM in diagnosis of active tuberculosis in patients
with HIV in relation to different diagnostic tools to help
early management for improving outcome.

Methods
A diagnostic validity study in which urinary LAM was
done in seropositive HIV patients with symptoms sug-
gestive of TB who were included and investigated with
battery of tests to reach the final diagnosis.
The study was conducted at Mansoura Fever Hospital

in collaboration with the Chest Department and Clinical
Pathology Department, Mansoura University, Egypt,
from January 2015 to October 2016.
Ethical approval had been obtained from Medical Re-

search Ethics Committee of Faculty of Medicine, Mansoura
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University (code no: MD/138). Approval from Egyptian
Ministry of Health was taken (no.: 1-2016/18). The study
was registered in clinical trial number (NCT04813666).
Patients signed their written consents after detailed explan-
ation of the study protocol.
This study started by 214 seropositive HIV adult pa-

tients from Mansoura Fever Hospital screened by symp-
toms suggestive of TB; only 76 patients of them were
included due to presence of positive screening and the
other 214 have been excluded because of negative
screening for TB. The 76 participants were 62 (81.6%)
males and 14 (18.4%) with mean age 36.4±9.5 years, cat-
egorized into 2 groups: TB group included 23 patients
(30.3%) and non TB included 53 patients (69.7%).
The study included seropositive HIV patients with a

new diagnosis of either pulmonary or extra-pulmonary
TB, and also included patients who were presented by
symptoms suggestive for tuberculosis, changes in chest
X-ray that was not improved by full course of antibiotics
or positive tuberculin test ≥ 5 mm.
Patients on anti-TB drugs or negative screening for

sero-positive HIV patients were excluded from the
study.
After patient acceptance to be included in the study,

the patients were subjected to the following:

1- Detailed history taking: This included personal
history, present history with stress on presence
and duration of current cough, fever, weight loss
and night sweats, past history of chest diseases
or other diseases, family history, and history of
contact with TB patient. The screening carried
out in this study was as follows: current cough,
fever, weight loss, or night sweats? Any positive
answer was considered as positive screening and
the patient was included [4].

2- Clinical examination: General examination and local
examination of the chest had been done for all
patients.

3- Radiological examination: CXR posteroanterior view
had been done for all patients.

4- CD4 count has been done in Central lab of Cairo
for 64 (84.2%) of patients the missing 12 patients
were unable to travel Cairo.

5- Tuberculin test TST, sputum ZN staining, and
sputum culture on Löwenstein–Jensen medium.

6- Empirical therapy had been started for all patients
according to the presentation of the patient. For
example, patients with consolidation, empirical
therapy was in the form of macrolide with third
generation cephalosporin.

7- GeneXpert MTB/RIF was done for 42 sputum
negative patients who were not responding initially
on antibiotic empirical therapy.

8- Flexible bronchoscopy and bronchoalveolar lavage
for 9 patients (8 in Mansoura Chest Hospital and
one in Chest Department of Mansoura University
Hospital) who were not responding to empirical
therapy with negative sputum ZN and GeneXpert.

9- CSF examination for 5 patients those presented by
symptoms and signs suggestive for meningitis
(persistent headache, vomiting, fever, and neck
rigidity) including biochemical, adenosine
deaminase (ADA), and microbiological examination.

10- Paracentesis have been done for one patient that
presented with ascitis in Tropical Department of
Mansoura Univeristy and ascitic fluid analysis by
cell count, albumin level, culture, total protein,
Gram stain, ADA, and cytology.

11-Therapeutic test was applied for six patients those
not responding to empirical with negative results
and picture consistent with tuberculosis considered
by the team of the work. The response was
monitored by the clinical and radiological
improvement. Using Isoniazid 5 mg/kg body
weight+ rifampicin 10 mg/kg + pyrazinamide 25
mg/kg + ethambutol 15 mg/kg in addition to
vitamin B6 (pyridoxine) 25 mg daily.

12-The tuberculous patients who were not admitted in
fever or chest hospitals had been followed up
monthly.

13-Urinary LAM ELISA: The test has been done in
Clinical Pathology Department of Mansoura
Faculty of Medicine using LAM ELISA kits of
Sunred Biotechnology Company and the test had
performed according to manufacturer’s
instructions [5].

Standard dilution was done according to the manufac-
ture instructions. For example, to reach concentration of
1200 pg/ml, we add 120 μl standard (2400 pg/ml) to 120
μl standard diluents. Final measures in which blank well
has been considered as zero, the optical density (OD)
measured less than 450 nm wave length within 15 min
after adding the stop solution. According to standards’
concentration and corresponding OD values, a standard
curve instituted by plotting OD for each standard on the
x-axis against the concentration on the y-axis (Table 1)

Table 1 Absorbance values (OD) against the standard
concentrations

Standard concentration Mean absorbance

2400 pg/ml 2.061

1200 pg/ml 1.417

600 pg/ml 1.019

300 pg/ml 0.634

150 pg/ml 0.344
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then the most acceptable curve drawn along the points
on the diagram paper. The compatible concentration
then founded out as stated by the sample OD value by
the sample curve.
Summary of the procedures: the steps are summarized

as follow:

1- Preparing samples, reagents, and standards
2- Adding the antibodies labeled with enzyme,

samples, and standards, incubating 1 h at 37 °C
3- Plate washing several times, adding chromogen

solutions, and incubating 10 min at 37 °C
4- Adding the stop solution
5- Measure optical density in 10 min
6- Calculation

14- Statistical analysis: The statistical analysis of data
was done by SPSS program, version 22 (New York,
USA). Qualitative data were analyzed as
percentages and numbers. Fisher’s exact and Monte
Carlo tests were utilized for groups’ comparison,
accordingly. Quantitative data were analyzed as
means or medians, according to the variant. They
were tested for normality by Kolmogorov-Smirnov
test. In the normally distributed variants, independ-
ent sample t test and one way ANOVA were used
for comparison between groups. In the non-
normally distributed variables, Mann-Whitney test
was used for comparison between groups. Sensitiv-
ity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy were
calculated to evaluate the efficiency of urine LAM
value in the diagnosis of pulmonary TB. Correlation
between two variables was done using Pearson’s
correlation. P value ≤0.05 was considered to be sta-
tistically significant.

Results
There were 214 people living with HIV (PLWH)
screened for TB, 76 only were positive and included in
the study. There were 138 PLWH with no symptoms, so
they were excluded. The positively screened 76 patients
(62 (81.6%) males and 14 (18.4%) females) were included
and investigated for TB then categorized into 2 groups:
TB group included 23 patients (30.3%) and non TB in-
cluded 53 patients (69.7%).
TB group included 23 patients (19 males and 4 males)

with mean age of 35.43 ± 9.98 years and median range
of CD4 count (159 cells/μl) and non TB group included
53 patients (43 males and 10 females) with mean age of
36.83 ±9.35 years and median range of CD4 (154 cells/
μl). Both groups were age, sex, and CD4 count matched
(p>0.05) (Table 2).

The mean age of TB group was 36.4±9.5 years and
36.83 ±9.35 years for non TB group without significance.
There were 19 (82.6%) males among TB group and 43
(81.1%) in non TB. On the other hand, females were 4
(17.4%) and 10 (18.9%) among TB and non TB respect-
ively with no significant difference.
The median CD4 cell count was insignificantly higher

among TB group than non TB

Radiological findings in both groups
Upper, lower, and extensive abnormalities in TB group
were 7 (35.0%), 2 (10.0%), and 11 (55.0%) respectively,
while were 3 (15.0%), 12 (60.0%), and 5 (25.0%) in non
TB group, the upper and extensive abnormalities were
of high statistical significance (p, 0.005) between the 2
groups (Table 3).
All patients in the TB group presented by radiological

findings in the form of infiltrates 20 (100%) while non
TB group infiltrations presented in 17 (85.0%) and 3
(15.0%) of patients shown cavitations without statistical
significance (p, 0.231).
The 20 patients with abnormal radiology were diag-

nosed as community-acquired pneumonia, Pneumocystis
carinii pneumonia, Cryptoccocus meningitis with CAP
and lymphoma. Five patients were unexplained fever as-
sumed to HIV after no improvement with therapeutic
trial of antituberculous treatment.
Tuberculin test was positive only 2 (8.7%) patients of

TB group and all non TB was negative without statistical
significance (p, 0.089). The tuberculin test had sensitivity
8.7%, specificity 100%, PPV and NPV were 100%, 71.6%
respectively with accuracy 72.3%.
Positive direct sputum smears (ZN) with positive spu-

tum cultures were in 9 (42.9%) patients, while ZN was
negative with positive culture in 4 (19%) patients and
both were negative in 8 (38.1%) of those that have pro-
duced sputum.
For patients with negative smears, GeneXpert was

done; there were 4 (33.3%) patients with positive Gene
and culture, while Gene was positive in 4 (33.3%) pa-
tients with negative culture. Both GeneXpert and culture
were negative in 4 patients (33.3%) that were received
therapeutic test with the other 2 patients who have no
sputum or BAL, all of them have shown initial clinical
response on anti TB as illustrated in Fig. 1.

Qualitative LAM analysis
LAM was done for all patients; it was positive in 22 pa-
tients (95.7%) of TB and one patient (1.9%) of non TB
group. The sensitivity was 95.7%, specificity 98.1%, posi-
tive and negative predictive values were 95.7% and 98.1%
respectively, with accuracy 97.4% (Table 4).
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Quantitative LAM analysis
The mean LAM concentration was (474.77 pg/ml ±
149.3) with very high negative significant correlation
with CD4 count (r, −0.88, p <0.001) (Table 5).

Discussion
TB/HIV co-infection is known to have a wide variety of
clinical manifestations and radiological findings mostly are
atypical and/or non-specific, so TB diagnosis in those pop-
ulations is considered a problematic dilemma [6].
Although TB-related deaths between HIV patients

have decreased since 2004 by 32 percent, it is still the
leading main cause of death among those people, as
about one in three HIV-related deaths is caused by tu-
berculosis [7].
Although marked progress in HIV management, late

presentation of cases with TB still represents a major
threat to survival. Case fatality rates among people being
treated for TB are more than three times greater if they
are HIV-positive than if they are HIV-negative and even
higher if they are not put on ART as soon as possible
after starting TB treatment [8].

The aim of this study was to evaluate the role of urin-
ary LAM in diagnosis of active tuberculosis in patients
with HIV in relation to different diagnostic tools to help
early management for improving outcome.

Clinical screening for active TB among PLWH
While [9] concluded that symptom-based screening with
smear microscopy was insufficiently sensitive and more
sensitive diagnostic testing is required for HIV patients,
where the screening had 54% sensitivity much lower
than this study (82.6%), also, there were five (9.25%) of
the 54 participants with TB had none of the cardinal
symptoms of TB.
According to WHO, 2011, all PLWH should be

screened for TB by symptom-based screening as guide-
lines states that PLWH who not presented by current
cough, fever, weight loss, or night sweat are rarely have
active TB, while those who have any one symptom may
have active TB and should be evaluated for TB or other
diseases [4].

Radiological findings in both groups
As expected, a large percent of TB patients were pre-
sented by bilateral extensive infiltrates while 3 patients
(13%) were of no apparent CXR abnormalities, with sen-
sitivity (87%) and (62.3%) specificity. This was compar-
able to [10] who found limitation of radiological
abnormalities consistent with TB where the sensitivity
(68%) and the specificity (53%).
Despite relative low specificity, chest radiology had more

sensitivity than direct ZN smear (87% vs. 42.8%) in this
study also; it helps rapid assessment of patient especially
during the first visit to health care providers. Chest radiog-
raphy was found to improve the screening sensitivity when
added to clinical screening for TB in PLWH [4].

Tuberculin test
Although cutoff point for TST was 5 mm for those pa-
tients, it was positive only in 2 patients of TB group
(8.7%), the reduction in sensitivity of the TST is

Table 2 Demographic data and CD4 characteristics of TB and non TB groups

Characteristic TB group
(N=23)

Non TB group
(N=53)

Test of significance

Age (years)
Mean ± SD

35.43 ± 9.98 36.83 ±9.35 T test
t, −0.585
p value, 0.560

Gender No. (%) No. (%) Fisher’s exact test
p value, 1.00

Male 19 (82.6%) 43 (81.1%)

Female 4 (17.4%) 10 (18.9%)

CD4 (cells/μl)
Median range (Q1-Q3)

159 (93.25-248.25) 154 (90-270.5) Mann-Whitney test
Z, −0.217
p value, 0.828

TB tuberculosis, SD standard deviation, CD4 cluster differentiation

Table 3 Presence of abnormality, site, and pattern of CXR
abnormalities in TB and non TB groups

Characteristic TB group
(N=20)
No. (%)

Non TB group
(N=20)
No. (%)

Test of significance

Abnormal 20 (86.9%) 20 (37.7%) (Fisher’s exact test)
p <0.001

Normal 3 (13.1%) 33 (62.3%)

Site (Monte Carlo test)
p 0.005*

Upper lobe* 7 (35.0%) 3 (15.0%)

Lower lobe 2 (10.0%) 12 (60.0%)

Extensive* 11 (55.0%) 5 (25.0%)

Pattern (Fisher’s exact test)
p 0.231

Infiltrate 20 (100%) 17 (85.0%)

Cavity 0 (0%) 3 (15.0%)

*P < 0.001: high significance
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predominantly caused by anergy that occurs as an all-or-
non phenomenon. Consequently, the gain in sensitivity
of reducing the cutoff value for a positive TST result
from 10 mm to 5 mm is limited [11].

Pulmonary with extrapulmonary TB (EPTB)
Six TB patients (26%) were presented in our study by
pulmonary and extra pulmonary TB, apparently 5 pa-
tients of them had meningitis and one patient had peri-
tonitis, as all these patients were severely ill with very
low CD4. This finding was comparable to [12] who
found that patients co-infected by HIV and TB who had
low CD4 cell counts were more susceptible to TB men-
ingitis than others. We had detected no cases with
pleural disease which was comparable to [12, 13] who
concluded that HIV patients with EPTB were less likely
to develop TB pleurisy when compared to patients with-
out HIV.

Qualitative urinary LAM
Urinary LAM assay in our HIV patients had higher sen-
sitivity, specificity, positive and negative predictive values
(95.7, 98.1, 95.7 and 98.1) respectively as only one pa-
tient of TB group was negative who presented by only
cough (without sputum), CD4=485 cells/mm3, normal

chest X-ray, positive TST, negative smear, and culture
while positive GeneXpert, clinically consistent with la-
tent tuberculosis.
The only false positive result was for patient presented by

lymphoma (generalized lymphadnopathy diagnosed in on-
cology center as HIV-related lymphoma—not specified).
The false positive LAM antigen could be apparent

false result due to undetected active tuberculosis any-
where as it is released only from degenerated or active
TB bacilli or it may be true false positive as a result of
urinary contamination by non-tuberculous strains al-
though it is usually of inadequate concentration to
cross-react with LAM Ag test. It was demonstrated that
there is very low cross-reactivity between tuberculous
and non-tuberculous LAM antigen [14].
While blood, bacterial, or fungal contamination shows

no effect on ELISA results, dust and soil may cause in-
creased OD (optical density) giving rise to false positive
ELISA results for LAM. So, urine collection for LAM
testing should be under strict conditions to avoid the
contamination [15].
Urinary LAM released by MTB bacilli may be pro-

duced within the urinary tract or released from other in-
fected sites dependent on to what extent this LAM is
present in the free form (uncomplexed by immune re-
sponse) in the circulation to be filtered in urine [16].

Fig. 1 Flowchart for TB diagnosis in TB group

Table 4 Results of LAM test in both groups (Qualitative LAM
analysis)

LAM TB group
N=23
No. (%)

Non TB group
N=53
No. (%)

Total
N=76
No. (%)

Positive 22 (95.7%) 1 (1.9%) 23 (30.3%)

Negative 1 (4.3%) 52 (98.1%) 53 (69.7%)

Sensitivity = 95.7%, Specificity = 98.1%, PPV = 95.7%, NPV = 98.1%, Accuracy
= 97.4%
LAM lipoarabinomannan

Table 5 Correlation between LAM concentration and CD4
count

CD4 (median
(Q1-Q3))
N=16

LAM
concentration
Mean (pg/ml) ± SD
N=22

Pearson correlation

r p

159 (93.25-248.2) 474.7 ± 149.3 −0.889 p < 0.001*

CD4 cluster differentiation, LAM lipoarabinomannan
*P < 0.001: high significance
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Is urinary lipoarabinomannan the result of renal tuber-
culosis? [17] have tried to answer by renal pathological
examination in 36 HIV-infected autopsies from Ugandan
and conclude that positive LAM results explained by
urinary tuberculosis in the majority of cases, and cases
with disseminated tuberculosis without renal affection
also diagnosed by LAM (as 5 positive LAM patients
(38%) had disseminated disease without renal involve-
ment). This result has suggested other mechanisms that
cause LAM antigenuria may take place in HIV patients.
However, the proportion of LAM in urine is originated

from urinary tract tuberculosis or resulted from pulmon-
ary TB; this has no impact on the specificity of the test,
as extra-pulmonary tuberculosis is most frequently asso-
ciated also with pulmonary in HIV patients [18].
HIV patients with tuberculosis may be missed by

sputum-based tests for many reasons: low sputum bacil-
lary load that is typically seen with them; they may not be
able to provide sufficient and/or high quality sputum sam-
ples or even no sputum at all; in addition to increased
extrapulmonary tuberculosis proportion in PLWH [3].
Tests based on urine would have advantages over that

based on sputum as urine is easy to collect and store,
and also, is lacking the infection risks associated with
sputum examination.
Several hypotheses have explained the higher sensitiv-

ity of urinary LAM in HIV patients especially in late
stages, including high TB bacillary burden, so higher
antigen load, increased incidence of genitourinary tuber-
culosis, and increased glomerular permeability to permit
higher urinary antigen levels. An alternative hypothesis
is that MTB bacilli are less able to be anatomically com-
partmentalized at low level of CD4 counts, which lead-
ing to increased risk of disease dissemination [19].
The sensitivity and specificity (95.7, 98.1) of urinary

LAM in this study were comparable to many studies that
had evaluated urinary LAM ELISA assay (using sputum
culture as the gold standard test). The main common
observation was that the sensitivity is very significantly
correlated to CD4 count and the specificity ranging from
96 to 100% [3, 20].
Also, the findings were comparable to [21] who found

the sensitivities of the urinary LAM test and Xpert test
(that was applied to sputum or urine samples) were
greatly higher than sputum smear (25% of patients were
sputum positive) or radiology (one quarter have no
radiological abnormalities). The sensitivity of urinary
LAM reached 100% in those died within 3 months of
diagnosis.
While our study was incomparable to [22] who con-

cluded that urine LAM assay is an imperfect pathogen
biomarker for an active TB infection, but might provide
additional diagnostic value in certain clinical settings.
However, with a peak sensitivity of only 68% among the

most severely ill patients and urine LAM test should not
be used to rule out active TB disease, the LAM high
band intensity (by strip test) had a diagnostic specificity
of 100%, or no false positive results, the presence of a
strong LAM band intensity provides good diagnostic
value to clinicians.
Urine LAM considered being of superior ruling in tool

when compared to empiric therapy among HIV inpa-
tients in countries with a lower TB prevalence due to
lack of standardization of empiric treatment decision-
making. This superiority is also manifested when com-
pared it to the poor diagnostic utilities especially in
PLWH with advanced disease [23].
Also, [24] concluded that the urinary LAM was de-

tected over 50% of TB suspect cases with advanced HIV
and when this test used in combination to the direct
sputum smear, they detected two-thirds of TB cases.
The limitation of that study was overestimation of the
true sensitivity or underestimation of the true specificity
of the urinary LAM by including sputum and blood
cultures as standard tests that might have failed to
detect some TB cases as solely extrapulmonary, non-
disseminated tuberculosis.
WHO policy recommendations in 2015 for the usage

of the lateral flow urine lipoarabinomannan (LF-LAM)
test, also, matched with these findings as the policy rec-
ommended the use of LF-LAM in TB diagnosis only for
PLWH with low CD4 counts (less than or equal to 100
cells/μL) or who are seriously ill (defined based on 4
danger signs: respiratory rate > 30/min, temperature >
39 °C, heart rate > 120/min and unable to walk unaided)
regardless of CD4 count or with unknown CD4 count
out or inpatients [25].

Quantitative urinary LAM
The mean LAM concentration was 474.77pg/ml ± 149.3
with very high negative significant correlation with CD4
count (p < 0.001), and high significant correlation with
site of radiological changes (p, 0.001) where there were
very high negative correlation with upper changes (p <
0.001) and very high positive correlation with extensive
changes (p < 0.001).
Whether the patient with lymphoma with positive high

LAM concentration was true false positive, misdiag-
nosed, or has both TB and lymphoma, we cannot
answer.
The exact diagnosis of lymphomas appeared to be

challenging for pathologists, even in developed countries
without hematopathological specialization. Changing
diagnosis was made in 20% (reaching 44% in developing
one) of cases submitted to have lymphoma in the UK
after central review [26].
These results were also comparable to [27] who con-

firmed a significant difference in median OD for those
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with more localized disease in relation to those with dis-
seminated disease (p < 0.001). Also, significant negative
correlation between the urine LAM test OD and CD4
count.
Use of quantitative urinary LAM results allowed add-

itional clinical data about the degree of TB severity that
consequently reflected on the outcome of cases could
not be obtained from qualitative results alone. Quantita-
tive analysis of LAM might thus offer a more complete
understanding of test performance and the best test
usage. Clinical studies have shown that quantitative test
results were positively related to increasing bacillary
burden [28].

Conclusion
The use of urinary LAM in HIV patients is rapid, safe,
available, and helpful tool for ruling in TB especially for
those who cannot expectorate, critically ill, with low
CD4, or presented by multiple system affection.
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