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ABSTRACT

Background: TB-LAM tests were introduced in the
TB program in Zambia in 2019, to aid in diagnosis of
TB. We carried out a study to determine the impact
that TB lipoarabinomannan (LAM) test has had on
case identification and notification at a tertiary
hospital in a city with a high prevalence of HIV. We
also compared sensitivity, specificity, positive
predictive value and negative predictive of TB LAM
tests and X-pert MTB RIF test in HIV positive and
HIV negative patients.

Method: Retrospective analysis of the TB
laboratory as well as the TB notification registers to
determine the number of TB cases identified by TB
LAM and Xpert MTB-RIF. We identified patients
who had both TB LAM and X-pert MTB RIF tests to
determine sensitivity, specificity, positive and
negative predictive values of TB LAM and Xpert
MTB RIF, using TB notification and
commencement of anti-tuberculosis treatment as the
gold standard for comparison.
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Results: Between January 2019 and June 2022, there
were a total number of 2353 notified cases of
Tuberculosis. A total of 511 cases of Tuberculosis
were identified on the basis of positive TB LAM.
This accounted for 59% of all bacteriologically
confirmed cases of TB. The sensitivity and
specificity of TB LAM in diagnosis of TB in the
study population was 55.8% and 91.4% respectively.
Positive and Negative predictive values for TB LAM
were 84.5% and 69.6% respectively. The sensitivity
and specificity of Xpert MTB RIF in diagnosis of TB
in the study population was 29.2% and 98.2%
respectively. Positive and Negative predictive
values for Xpert MTB RIF were 93.5% and 60.4%
respectively. Positivity yield was higher for TB
LAM as compared to Xpert MTB RIF (19% versus
9% 1n 2019; 36% versus 10% in 2020 and 38%
versus 10%in2021).

Conclusion: TB LAM identified 59% of all
bacteriologically confirmed cases of tuberculosis at
Levy Mwanawasa University Teaching Hospital.
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Contrary to what has been found in other studies, the
sensitivity of TB LAM was much higher than that of
Xpert MTB RIF. In addition, the sensitivity of TB
LAM was higher in HIV negative as compared to
HIV positive, which is contrary to what has been
established in similar studies.

INTRODUCTION

Tuberculosis (TB) is among the leading causes of
mortality and morbidity globally. In 2021, it is
estimated that 10.6 million people were infected
with tuberculosis. There were an estimated 1.6
million deaths attributable to TB in the year 2021, of
which 187,000 deaths occurred among patients
living with HIV'. Zambia is one of the thirty high
burden TB countries in the world. In 2018, the
incidence of TB in Zambia was estimated to be 346
per 100, 000 population °.The diagnosis of TB in
Zambia is mainly by chest X-ray. However, not all
health care facilities in Zambia have X-ray services.
In many instances, patients have to travel
considerable distances to other health care facilities
to have X-rays done. This introduces significant
costs to the patients, and creates diagnostic delays.
According to the Zambia National TB program, the
gold standard for diagnosing TB is examination of
sputum by Xpert MTB RIF. However, not all
facilities are able to examine sputum by gene X-pert
examination. In addition, the yield of gene X-pert for
the diagnosis of Mycobacterium TB is low in our
patient population, due the high prevalence of
Human Immunodeficiency infection (HIV). Patients
with TB and HIV co-infection usually have
paucibacillary disease; thereby making the diagnosis
of TB in this patient population challenging.’

TB LAM is a point of care mycobacterial test that
detects the presence of lipoarabinomannan antigen
in urine. Lipoarabinomannan is a component of the
mycobacterium TB cell wall that is released into the
blood, and consequently filtered into urine as the
mycobacteria degrade’. In 2015, the World Health
Organization (WHO) issued a policy guidance
recommending the use of TB LAM in patients with

advanced HIV. This is because the sensitivity of TB
LAM is higher in patients with advanced HIV. TB
LAM is not recommended for use in HIV negative
patients, because the sensitivity of TB LAM in HIV
negative patients is very low .

Estimates of the sensitivity and specificity of TB
LAM have been variable across studies. One meta-
analysis showed sensitivity estimates ranging from
13 to 93% and specificity estimates ranging from
87% to 99% °; while another gave sensitivity range
of 8.3-93%, and specificity estimates of 93.9-100%
" In another study that was carried out among
hospitalized patients, the sensitivity of TB LAM in
HIV positive patients with bacteriologically
confirmed TB was 59%. The specificity of TB LAM
in HIV positive patients who were TB negative by
culture was 96% °. Another study showed that the
sensitivity of TB LAM in patients with CD4 counts
lower than 50 was 45%. In this study, the specificity
and positive predictive value of TB LAM was
greater than 80%°.

Available literature suggests that when used in the
recommended population, TB LAM increases the
number of patients diagnosed with TB. A Cochrane
systematic review concluded that when used in in-
patient settings, TB LAM reduced mortality
probably by facilitating prompt diagnosis and
treatment initiation . In a prospective observational
study that was done among HIV positive ambulatory
patients in Kenya, the addition of TB LAM to the
diagnostic algorithm that included smear
microscopy, gene X-pert and culture, increased the
diagnostic yield from 36.6% to 84% '". The STAMP
trial, which was a double blind, multi-center
randomized controlled trial also showed similar
results. In this study, the use of TB LAM provided
the highest diagnostic yield (75%) as compared to
urine expert (35%) and sputum expert (40%) . In a
study that was done in Zambia, TB LAM was shown
to reduce the time to diagnosis and treatment among
people living with HIV. The sensitivity of TB LAM
in this study population was shown to be highest in
those with lower CD 4 counts . However, in a
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multicenter study that was conducted in Zambia,
Tanzania and South Africa, it was found that among
HIV positive patients who had culture positive TB;
TB LAM did have any significant impact on the
testing algorithm as an adjunct to smear microscopy
or Xpert MTB-RIF. The researchers concluded that
TB LAM did not increase same day treatment
initiation in settings where X-rays were available ",
In view of these conflicting findings, it is imperative
that we review the impact that LAM has had on the
testing algorithm at Levy Mwanawasa University
Teaching Hospital in Lusaka, Zambia. Most of the
studies that have evaluated TB-LAM have done so
under optimal research conditions, with CD4 count
available for all study participants. However, this
study was carried out using routine clinical data, and
is therefore more likely to yield results that represent
the actual impact of TB LAM on case identification
and notification; in a real life clinical setting, where
CD4 count results are not always available. The
purpose of this study is to determine the impact that
the introduction of TB LAM has had on case
detection and notifications, and to determine
sensitivity and specificity of TB-LAM, using TB
notification, and Gene Xpert as the gold standard.

METHODS
Study Design

This was aretrospective review of TB laboratory and
notification registers at Levy Mwanawasa
University Teaching Hospital. The TB laboratory
registers in one of the monitoring and evaluation
tools for the Zambia National TB program. It is
available at all health facilities that have a laboratory
on site. The results of all TB microbiological tests
such as smear microscopy, TB LAM tests and Gene
X-pert MTB tests are entered in the laboratory
register. Patient information such as age, sex,
address, and HIV status are recorded in the
laboratory register. The TB notification register
records all patients diagnosed with TB at a health
facility. This includes those diagnosed with TB using
X-rays, as well as those with extra-pulmonary TB.In

addition to the patient information such as age, sex,
address, and HIV status, the TB notification register
also records the episode of TB (i.e. new, relapse or
treatment after failure) smear microscopy results
during treatment and final outcome of treatment.

Study Site

The study was conducted at Levy Mwanawasa
University Teaching Hospital. This is a tertiary
Hospital located in the capital Lusaka. Being a
referral hospital, a significant number of cases of
disseminated TB and advanced HIV are admitted to
this hospital. Levy Mwanawasa Hospital has
laboratory facilities where smear microscopy, gene
X-pertand TB LAM tests are done.

Operational Definitions

The following operational definitions recommended
by the National TB and Leprosy Program apply to
this study:

Presumptive TB: A patient presenting with
symptoms and signs suggestive of Tuberculosis.

Bacteriologically Confirmed TB: Biological
specimen is positive by smear microscopy, culture or
World health Organization (WHO) approved rapid
diagnostic tests such as Xpert MTB/RIF, line probe
assay (LPA), and lateral

lipoarabinomannan (LF-LAM) assay.

flow urine

Clinically Diagnosed TB: Does not fulfill the criteria
for bacteriological confirmation, but TB been
diagnosed based on clinical or radiological features.

Study Population

The study reviewed TB LAM and Gene Xpert test
results for patients seen at Levy Mwanawasa
University Teaching from 2019 to 2022. The TB-
LAM test used at Levy Mwanawasa Teaching
Hospital is the Alere Determine TB LAM antigen
test (LF-LAM). These were supplied to the facility
either directly by Medical Stores of Zambia, or
procured for use in the TB program by our partner
TB Local Organization Network (TB LON). Testing
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for MTB by Gene Xpert was done on the Cepheid
MTB/RIF Testing Machine. All TB LAM an Xpert
MTB tests were done in the Lab according to laid
down standard operating and quality assurance
proceedures. HIV testing was done either in the lab
by trained staff, or by HIV counselors at the bedside.
The HIV tests were conducted according to the HIV
testing algorithms. Determine Rapid HIV test Kit
was used as the initial screening test. This was then
followed by confirmatory HIV testing using SD
Bioline HIV test Kits.

Selection and recruitment procedures

Simple random sampling was used to select an
appropriate sample. Using the data extraction
template, a list of all patients that have had both an
Xpert MTB test and TB LAM test was generated.
Sequential numbers were assigned to each patient
entry. A random number list was created by using a
random number generator. Based on the random
numbers generated, arandom sample was selected.

Study Inclusion Criteria

To be considered for inclusion, lab and treatment
register patient information was required to meet the
criteria below:

» Legibleentries

» complete demographic information

» Results of TB LAM and GeneXpert

Study Exclusion Criteria
» Ineligible and incomplete entries
» Missing or incomplete demographic
information
» Missing TB LAM or gene Xpert results

Data Collection

Data was extracted from the registers and entered
into excel for cleaning. It was subsequently
transferred to SPSS for analysis. Data that was
collected from the registers included demographic
variables (age, sex, and home address), HIV status
and results of Gene Xpertand TB LAM tests.

Statistical Analysis

Data was analyzed using SPSS version 23. The
primary outcome measure is the number of TB LAM
and Gene Xpert tests that were positive and
subsequently entered in the TB notification register.
The proportion of cases notified based on positive
TB LAM tests were compared to the proportion of
patients being notified based on positive X-pert
MTB test. Chi-square will be used to determine
whether there is any significant difference between
the two proportions. A significance level p less than
0.05 will be considered as statistically significant.
The incremental yield was determined by calculating
that number of notifications attributable to TB-LAM
testalone.

Ethical Consideration

Ethical approval for this study was granted by the
University of Zambia Biomedical Research Ethics
committee (UNZABREC) and the National Health
Research Authority under the reference. A waiver of
consent was granted because the study met all the
requirements for waiver of consent. Several steps
were taken to ensure that all personally identifying
information was kept private, and that
confidentiality was maintained. Only the PI had
access to the personally identifying information.
Data was kept on a password protected computer.
Treatment notification and laboratory registers were
kept under lock and key within the TB unit
throughout the study.

RESULTS

In 2019, a total of 703 patients were diagnosed with
Tuberculosis and commenced on treatment. The
marjority of these patients had pulmonary
tuberculosis (PTB). The total number of
bacteriologically confirmed cases of TB in 2019 was
137. Out of'these, 37 (27%) cases were notified based
on positive TB LAM. The positivity yield for TB
LAM tests in this year was 19%, as compared to 9%
for Xpert MTB-RIF examination of sputum. In 2020,
a total of 612 patients were diagnosed with TB and
notified. In this year, there were a total number of 214
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bacteriologically confirmed cases of TB. Out of
these 96 (45%) cases were notified on the basis of
positive TB LAM. In 2020, the positivity yield for
TB LAM was much higher than

Graph 1: Contribution of TB LAM to TB
notifications between January 2019 and June 2022

that for Gene X-pert (36% versus
10% respectively). In 2021, a
total of 668 patients were
diagnosed with TB and notified.
In this year, there were a total
number of 262 bacteriologically
confirmed cases of TB. Out of
these 219 (84%) cases were
notified on the basis of positive
TB LAM. The positivity yield for
TB LAM in 2021 was 38%,
while that for gene Xpert was
9%. Between January and June
2022, there have been a total
number of 370 notifications. Out
of these, 254 (69%) are
bacteriologically confirmed TB
cases. Of the 254 bacteriologically confirmed TB
cases, 159 (63%) patients were diagnosed and
notified based on a positive TB LAM test. The
contribution of TB LAM to notification between
2019 and 2022 are shown in the table and graph
below:

Table 1: Number of cases of TB identified by TB
LAM from January 2019 to June 2022

Total Notified 03 612 668 370
Total Bacteriologically confirmed 137 24 262 254
TBLAM 37 96 219 159
Xpert 100 118 43 95
Clinical/Xray 566 398 406 123

The overall sensitivity of TB LAM in diagnosis of
TB in the study population was 55.8%. The
specificity of TB LAM was found to be higher, at
91.4%. The positive and negative predictive values
of TB LAM were 84.5% and 69.6% respectively.
Among HIV positive patients, the sensitivity of TB
LAM for the diagnosis of TB was 54.3%, while the
specificity was 95.4%. The positive and negative
predictive values of TB LAM test among patients
with HIV were 95.6% and 53.1% respectively.

Among HIV negative patients, the sensitivity of TB
LAM for the diagnosis of TB was 63%, while the
specificity was 100%. The positive and negative
predictive values of TB LAM test among HIV
negative patients were 100% and 41.7%
respectively.

The overall sensitivity of Xpert MTB RIF in
diagnosis of TB was 29.2%. The specificity of Xpert
MTB RIF was found to be higher, at 98.2%. The
positive and negative predictive values of Gene
Xpert MTB RIF were 93.5% and 60.4%
respectively. Among HIV positive patients, the
sensitivity of Gene Xpert MTB RIFfor the diagnosis
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of TB was 30.9%, while the specificity was 97.7%.
The positive and negative predictive values of Gene
Xpert MTB RIF test among patients with HIV were
96.1% and 43.4% respectively.

Among HIV negative patients, the sensitivity of
Gene Xpert MTB RIF for the diagnosis of TB was

18%, while the specificity was 100%. The positive
and negative predictive values of Gene Xpert MTB
RIF test among HIV negative patients were 100%
and 23.8% respectively.A comparison of sensitivity,
specificity and predictive values of Alere Determine
TB-LAM and Xpert MTB RIF are shown in the table
2 below:

Table 2: Comparison of sensitivity, specificity and predictive values of Alere Determine TB-LAM and Xpert

MTBRIF

Alere Determine TB LAM

Xpert MTB RIF

Overall Sensitivity

55.8% (95% CI 47.4%-64%)

29.2% (95%CI 22%-37.3%)

Overall Specificity

91.4%(95%CI 86%-95.2%)

98.2% (95%CI 94.7%-99.6%)

Positive predictive value

84.5% (95%CI 76.7%-91.8%)

93.5% (95%CI 82.1%-98.6%)

Negative Predictive Value

69.6% (95%Cl 63%-75.7%)

60.4% (95% CI 54.4%-66.5%)

Sensitivity in HIV positive

54.3% (95%Cl142.9%-65.4%)

30.9% (95%CI 21.1%-42.1%)

Specificity in HIV positive

95.4% (95%CI 84.5%-99.4%)

97.7% (95%CI 88%-99.9%)

Positive predictive value in HIV

positive

95.6% (95%Cl185.2%-99.5%)

96.1% (95%CI 80.4%-99.9%)

Negative predictive value in

HIVpositive

53.1% (95%CI 41.6%-64.5%)

43.4% (95%CI 33.5%-53.8%)

Sensitivity in HIV negative

63.2% (95%Cl146%-78.2%)

18% (95%CI 7.7%-34.3%)

Specificity in HIV negative

100% (95%CI 69.2%-100%)

100% (95%CI 69.2-100%)

Positive predictive value in HIV

negative

100% (95% CI 85.8%-100%)

100% (95%CI 59%-100%)

Negative predictive value in

HIVnegative

41.7% (95%CI 22.1%-63.4%)

23.8% (95% CI 12.4%-40.3%)
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DISCUSSION

Out of the 2353 cases of tuberculosis that were
identified between January 2019 and June 2022,
21.7% were identified by TB LAM whereas 15.1%
were identified by Xpert MTB RIF. This shows that
LAM is contributing to the identification of
bacteriologically confirmed TB cases. This has
implications on contact tracing, and the provision of
TB preventative treatment. Current practice is to
follow up only contacts of bacteriologically
confirmed TB patients. TB LAM is increasing the
number of households that are screened for TB, and
consequently TB case detection and the provision of
TB preventative therapy.

In their multi-centre study, Peter et al. concluded that
TB LAM did not have any significant impact on the
testing algorithm as an adjunct to smear microscopy
or Xpert MTB-RIF. “ We disagree with these
findings, based on the results of our analysis. In the
same study, Peter et al concluded that where X-rays
are available, TB LAM is unlikely to increase same
day initiation of treatment. We agree with this
finding. Most cases of TB at our hospital are
diagnosed by chest X-ray.

The sensitivity and specificity of TB LAM among
HIV positive patients in our study was higher than
that found in other studies™ . The difference may be
due to differences in the gold standard used. Other
studies have used TB culture as the gold standard'* "
while our study has used TB notification to indicate
definite TB. Not all studies that have evaluated
sensitivity and specificity of TB-LAM have used TB
culture as the gold standard. Tessema et al carried out
a study to determine the sensitivity and specificity of
TB-LAM among Ethiopian patients. In their study,
TB was confirmed by positive smear microscopy
and by clinical symptoms of TB. In this study the
sensitivity and specificity of TB LAM 74% and
86.9% respectively. Their study had higher
sensitivity of TB LAM and lower specificity, as
compared to our study. The positive and negative
predictive values were 58.5% and 93.0% ". In the
study by Huerga et al, the gold standard used to

determine TB LAM sensitivity and specificity was
Xpert examination of sputum, not TB culture . The
sensitivity and specificity of TB LAM in HIV
negative patients was higher than that observed in
other studies”*”"". This has to be investigated further.

There are suggestions that the degree of positivity,
based on the intensity of the test bands could affect
sensitivity estimates, with suggestions that faint
lines could be false positive . Our study could not
address this coming concern as it was retrospective
innature. This could have affected the results.

We will source funding to evaluate TB LAM in HIV
negative patients, using culture as the gold standard;
and then compare with other studies. The positive
predictive values of TB-LAM in HIV positive and
HIV negative patients was similar to that which was
found in other studies.’Other limitations of this study
were the absence of CD 4 cell count results, and
missing HIV testresults for some patients.

CONCLUSIONAND RECOMMENDATIONS

TB LAM is useful for identifying patients with TB.
Where available, TB LAM test should be offered to
HIV positive patients, as well as HIV negative
patients unable to provide sputum samples. TB
LAM is also a useful marker of mortality, and thus
can be used as a prognostic marker."'* "
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