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Background. The urine lipoarabinomannan (LAM) antigen test is a tuberculosis (TB) diagnostic test with highest sensitivity in 
individuals with advanced human immunodeficiency virus (HIV). Its role in TB diagnostic algorithms for HIV-positive outpatients 
remains unclear.

Methods. The AIDS Clinical Trials Group (ACTG) A5274 trial demonstrated that empiric TB therapy did not improve 24-week 
survival compared to isoniazid preventive therapy (IPT) in TB screen–negative HIV-positive adults initiating antiretroviral therapy 
with CD4 counts <50 cells/µL. Retrospective LAM testing was performed on stored urine obtained at baseline. We determined the 
proportion of LAM-positive participants and conducted modified intent-to-treat analysis excluding LAM-positive participants to 
determine the effect on 24-week survival, TB incidence, and time to TB using Kaplan-Meier method.

Results. A5274 enrolled 850 participants; 53% were male and the median CD4 count was 18 (interquartile range, 9–32) cells/
µL. Of the 850, 566 (67%) had LAM testing (283 per arm); 28 (5%) were positive (21 [7%] and 7 [2%] in the empiric and IPT arms, 
respectively). Of those LAM-positive, 1 participant in each arm died and 5 of 21 and 0 of 7 in empiric and IPT arms, respectively, 
developed TB. After excluding these 28 cases, there were 19 and 21 deaths in the empiric and IPT arms, respectively (P = .88). TB 
incidence remained higher (4.6% vs 2%, P = .04) and time to TB remained faster in the empiric arm (P = .04).

Conclusions. Among outpatients with advanced HIV who screened negative for TB by clinical symptoms, microscopy, and 
Xpert testing, LAM testing identified an additional 5% of individuals with TB. Positive LAM results did not change mortality or TB 
incidence.
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Tuberculosis (TB) is one of the top 10 leading causes of deaths 
worldwide and the leading cause of death among people living 
with human immunodeficiency virus (HIV). In 2018, the 
World Health Organization (WHO) estimated 10 million cases 
of TB and 1.5 million deaths with the largest burden in low- and 

middle-income countries (LMICs). In the same year, there were 
about 862 000 cases of TB among HIV-positive individuals and 
251 000 HIV-associated TB deaths [1]. The global TB incidence 
is declining at about 2% per year. However, more effort is re-
quired to achieve the WHO End TB Strategy targets—to end 
TB as a global epidemic by reducing TB deaths by 95% and the 
number of new TB cases by 90% by 2035 [2].

Improving TB diagnosis and treatment is imperative to 
achieving global targets for ending the TB epidemic. Between 
2000 and 2017, approximately 54 million deaths were averted 
through TB diagnosis and treatment [1]. However, diagnosis of 
TB remains a challenge in LMICs, especially in HIV-positive 
individuals [3]. Since 2010, TB diagnosis has expanded from 
relying largely on sputum smear microscopy that detects 
only about half of TB cases, to use of rapid molecular diag-
nostic tools such as GeneXpert (Xpert) MTB/RIF assay and 
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Xpert Ultra assay, and biomarker-based test such as urine 
lipoarabinomannan (LAM) antigen test [1]. Xpert has been 
scaled up in many countries but its use and availability is still 
limited in LMICs, particularly in peripheral health facilities [3].

The Alere Determine TB LAM antigen lateral flow strip 
is a WHO-recommended rapid, point-of-care, lateral flow 
immunochromatographic test for qualitative detection of LAM 
antigen of mycobacteria in urine. It is recommended as an ad-
junct test to assist in TB diagnosis among HIV-positive adults, 
adolescents, and children with signs and symptoms of TB or 
with advanced HIV disease/seriously ill or those with a CD4 
count <200 cells/µL irrespective of signs and symptoms [4]. Its 
sensitivity increases with lower CD4 counts in inpatient settings 
and in high-TB-prevalence settings, making it potentially useful 
in LMICs, where the HIV-TB coinfection burden is highest [3] 
and where a significant proportion of patients present late with 
severe immunosuppression [5]. In addition, urine LAM testing 
has potential mortality benefit in some subgroups of inpatients 
including those with CD4 count  <100 cells/µL or low hemo-
globin and those suspected to have TB [6]. However, its broader 
application to TB diagnostic algorithms for HIV-positive indi-
viduals in outpatient settings remains unclear.

We sought to determine (1) the diagnostic yield of urine 
LAM in advanced HIV-positive outpatient adults (CD4 
count <50 cells/µL) who remained without a TB diagnosis after 
TB screening using routine diagnostic tools during evaluation 
for enrollment into a trial of empiric TB therapy; (2) the clin-
ical outcomes in participants who were urine LAM positive at 
baseline; and (3) the effect of urine LAM testing on mortality, 
TB incidence, and time to probable/confirmed TB when LAM-
positive participants were excluded.

METHODS

Study Design and Setting

Details of the AIDS Clinical Trials Group (ACTG) A5274 
methods have been published elsewhere [7]. In brief, the 
A5274 study, also known as Reducing Early Mortality and 
Morbidity by Empiric TB Treatment (REMEMBER), was an 
international, open-label, randomized clinical trial. It dem-
onstrated that a 4-drug empiric TB therapy regimen did not 
improve 24-week survival and was associated with an in-
creased incidence of TB during 24 weeks of follow-up com-
pared to isoniazid preventive therapy (IPT) in HIV-positive 
adults initiating efavirenz-based antiretroviral therapy (ART) 
with CD4 counts <50 cells/µL [7]. The study was conducted at 
18 sites in 10 countries (Malawi, South Africa, Haiti, Kenya, 
Zambia, India, Brazil, Zimbabwe, Peru, and Uganda), with 
most participants from sub-Saharan Africa. To be included, 
sites had to have a TB incidence >100 per 100  000 person-
years and national ART programs with documented high 
early mortality rates (>10–20 per 100 person-years) among 

outpatient populations. Noteworthy, the A5274 protocol was 
amended in February 2012 to include a requirement for urine 
sample collection and storage from each participant for testing 
using a new diagnostic assay, Alere’s Determine TB-LAM, at 
study entry. A sample was collected at the next study visit for 
the participants (11%) who enrolled before the amendment, 
and those participants were excluded from this analysis. Due 
to different approval timelines for the ethics boards for the 
study sites, there were differences in the number of partici-
pants who had urine LAM testing by site.

Study Population

The study population was HIV-positive adults who were ART 
naive, aged ≥18  years with pre-ART CD4 counts  <50 cells/
µL and no evidence of active TB. Potential participants were 
screened for TB prior to study entry using a symptom screen, 
physical examination, and locally available diagnostic tools. 
The TB symptom screen included cough ≥2 weeks, any current 
fever >38°C, hemoptysis, night sweats within the past 2 weeks, 
unintentional weight loss >10% in the past 30 days, or enlarged 
axillary or cervical lymph nodes. Locally available diagnostics 
included sputum staining for acid-fast bacilli, chest radiograph, 
and Xpert MTB/RIF implemented at screening in 5 sites only.

Study Procedures and Data Collection

Study procedures for the primary study A5274 have been pub-
lished elsewhere [7]. Urine samples were stored for retrospec-
tive batch testing. The tests were positive if 2 readers agreed. 
A  positive urine LAM test for this protocol was grade 1 or 
higher. Development of symptomatic TB disease was defined 
as having clinical symptoms of pulmonary or extrapulmonary 
tuberculosis with or without demonstrable Mycobacterium tu-
berculosis from any specimens [8].

Statistical Analysis

The A5274 primary endpoint was survival (death or unknown 
vital status) 24 weeks postrandomization. However, since there 
were very few participants with unknown vital status, we have 
concentrated on deaths only for this analysis. The proportion of 
participants who died and the incidence of confirmed or prob-
able TB was compared between the arms using χ 2 test (or Fisher 
exact test, where appropriate). The Kaplan-Meier method was 
used to estimate mortality and TB incidence rates by week 24, 
and the rates were compared by the z test. Time to confirmed 
or probable TB was compared by the log-rank test. For the 
time-to-event analyses, modified intent-to-treat analyses were 
conducted by excluding participants who were retrospectively 
identified as TB positive at the time of study entry through 
urine LAM testing, and conducted among all participants with 
LAM testing performed at baseline including 3 participants 
with inconclusive results. All analyses were conducted in SAS 
version 9.4 software.
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RESULTS

Baseline Characteristics of Urine LAM–Tested Participants

A total of 850 participants (424 in the empiric arm and 426 in the 
IPT arm) were enrolled to the A5274 study. Baseline character-
istics were similar across arms (shown elsewhere) [9]. Of the 850 
enrolled participants, 566 (67%) had urine samples collected at 
baseline that were tested for LAM antigen retrospectively (283 
in each arm). LAM testing ranged from 20% in South Africa to 
100% in Peru and Brazil. Of those who had urine LAM testing, 
the median age was 36 (interquartile range [IQR], 30–42) years, 
311 (55%) were male, 491 (87%) were black, and the median 
viral load was 5.3 (IQR, 4.9–5.7) log10 copies/mL (Table 1). The 
median baseline CD4 count was higher among those who did 
not have urine LAM testing compared to those who had urine 
LAM testing (21 [IQR, 11–35] cells/μL vs 17 [IQR, 8–31] cells/
µL; P = .002). The rest of the baseline characteristics were sim-
ilar between the 2 populations (Table 1).

Clinical Outcomes of Participants Who Had a Positive Urine LAM Test

Of the 566 who had urine LAM testing, 28 (5%) were positive 
(21 [7%] and 7 [2%] in the empiric and IPT arms, respectively) 
(Table 2). Of the 28 participants with a positive test, most (23 
[82%]) participants did not develop TB. Only 5 (18%) partici-
pants developed TB and they were all in the empiric arm, and 
1 participant in each arm died from other TB-unrelated causes 
(Table 3). The 3 participants who had inconclusive urine LAM 
test results were excluded from Table 3, but they were included 
in the subsequent survival analysis.

Clinical Outcomes Excluding Participants Who Had a Positive Urine 
LAM Test

Overall, at week 24, there were 20 deaths in the empiric arm and 
22 deaths in the IPT arm, resulting in a similar mortality rate 
of 4.8% (95% confidence interval [CI]: 3.1%–7.3%) for the em-
piric arm and 5.2% (95% CI: 3.4%–7.8%) for the IPT arm and 
resulting in an absolute risk difference of 0.4% (95% CI: −2.5% 
to 3.3%) (P = .78). After excluding the 28 LAM-positive partici-
pants from the analysis, there were 19 deaths in the empiric arm 
and 21 deaths in the IPT arm. Similarly, the mortality rate across 
arms was similar at 4.8% (95% CI: 3.1%–7.4%) for the empiric 
arm and 5% (95% CI: 3.3%–7.6%) for the IPT arm, resulting 
in an absolute risk difference of 0.3% (95% CI: −2.7% to 3.2%) 
(P = .86). There was no difference in the time to death across 
arms with all participants [9], participants after excluding LAM 
positives, and participants with LAM testing conducted (Figure 
1A and 1B).

Overall, the incidence of confirmed or probable TB was 
higher in the empiric arm compared to the IPT arm (21 [5%] 
in the empiric arm vs 8 [2%] in the IPT arm; P = .01). The time 
to confirmed or probable TB was faster in the empiric arm 
compared to the IPT arm (P = .01) [9]. After excluding LAM-
positive participants, the incidence of confirmed or probable 

TB remained higher (18 [4%] in the empiric arm vs 8 [2%] 
in the IPT arm; P = .045) and the time to TB remained faster 
in the empiric arm (P  =  .04). Among participants with LAM 
testing conducted, the incidence of confirmed or probable TB 
remained higher (11 [4%] in the empiric arm vs 3 [1%] in the 
IPT arm; P = .054) and the time to TB remained faster in the 
empiric arm (P = .03) (Figure 2A and 2B).

DISCUSSION

In this study, the addition of urine LAM testing yielded 5% 
additional positive TB tests among outpatients with advanced 
HIV who had previously been systematically screened for 
TB using clinical diagnosis, microscopy, and Xpert MTB/RIF 
testing. Exclusion of LAM-positive participants did not alter the 
lack of effect of empiric TB treatment on survival or the risk of 
developing symptomatic TB disease in the empiric arm. About 
one-fifth of LAM-positive participants developed symptomatic 
TB disease, suggesting that the 4-drug anti-TB treatment in the 
empiric arm did not optimally prevent participants from devel-
oping symptomatic TB disease. This is one of the few studies 
that evaluated the role of urine LAM for diagnosis of TB among 
HIV-positive adults with advanced HIV disease who were sys-
tematically prescreened for TB.

In a recent Cochrane systematic review of 15 unique studies 
in the LMICs, pooled sensitivity and specificity of the Alere 
Determine TB LAM Ag assay among unselected participants 
not assessed for signs and symptoms of TB were 35% (95% 
CI: 22%–50%) and 95% (95% CI: 89%–96%), respectively. 
LAM sensitivity was higher among inpatients, severely ill pa-
tients, and high-TB-prevalence countries and increased with 
decreasing CD4 count [10]. Consequently, the WHO recently 
revised its policy recommendation in late 2019 to include urine 
LAM as an “add-on” test to assist in TB diagnosis in a broader 
patient setting, particularly more inclusive of outpatients [4]. 
The current consensus is that urine LAM testing has the poten-
tial to increase diagnostic yield among HIV-positive individuals 
and provide an alternative diagnostic method for TB in people 
who cannot produce sputum, especially in resource-limited set-
tings where standard diagnostics for TB are scarce [10–12].

However, there are important differences in the diagnostic 
yield of urine LAM testing depending on setting. Some re-
searchers have reported very low diagnostic yield of urine LAM 
testing. In Uganda, sensitivity and additional yield of urine 
LAM relative to sputum Xpert MTB/RIF was 7.9% and 1%, re-
spectively. However, the study had a broad enrollment criteria 
of both inpatient and outpatient adults, HIV positive and HIV 
negative, undergoing sputum-based TB screening, which may 
have influenced their findings [11]. Among HIV-positive out-
patient adults irrespective of TB symptoms initiating ART in 
Mozambique, urine LAM sensitivity was 3.5%. The early stage 
of HIV disease (67% WHO HIV stage 1) and higher CD4 count 
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Table 1. Baseline Characteristics for Participants by Urine Lipoarabinomannan Testing

Characteristic LAM Not Tested (n = 284) LAM Tested (n = 566) Total (N = 850) P Value

Sex     

 Male 139 (49) 311 (55) 450 (53) .098a

 Female 145 (51) 255 (45) 400 (47)  

Race     

 Black 277 (98) 491 (87) 768 (90) <.001a

 Other 7 (2) 75 (13) 82 (10)  

Age     

 No. 284 566 850 .533b

 Mean (SD) 36.8 (8.2) 36.4 (8.9) 36.5 (8.7)  

 Min, Max 22, 65 18, 70 18, 70  

 Median (IQR) 36 (31–41) 36 (30–42) 36 (30–42)  

 <20 0 (0) 5 (1) 5 (1)  

 20–29 57 (20) 125 (22) 182 (21)  

 30–39 138 (49) 250 (44) 388 (46)  

 40–49 65 (23) 144 (25) 209 (25)  

 50–59 21 (7) 34 (6) 55 (6)  

 60–69 3 (1) 7 (1) 10 (1)  

 ≥70 0 (0) 1 (0) 1 (0)  

CD4 count at baseline, cells/μL     

 No. 284 563 847 .002b 

 Mean (SD) 25.6 (20.6) 21.6 (17.7) 22.9 (18.8)  

 Min, Max 0, 154 0, 145 0, 154  

 Median (IQR) 21 (11–35) 17 (8–31)  …  

 <25 162 (57) 361 (64) 523 (62)  

 25–49 100 (35) 165 (29) 265 (31)  

 50–100 18 (6) 36 (6) 54 (6)  

 101–200 4 (1) 1 (0) 5 (1)  

 Invalid result/result not obtained 0 (0) 3 (1) 3 (0)  

HIV-1 RNA at baseline, log10 copies/mL

 No. 281 563 844 .594b

 Mean (SD) 5.3 (0.7) 5.3 (0.7) 5.3 (0.7)  

 Min, Max 1.7, 7.0 1.7, 7.0 1.7, 7.0  

 Median (IQR) 5.3 (4.9–5.7) 5.3 (4.9–5.7) 5.3 (4.9–5.7)  

 <1000 2 (1) 7 (1) 9 (1)  

 1000–9999 5 (2) 7 (1) 12 (1)  

 10 000–99 999 80 (28) 150 (27) 230 (27)  

 100 000–499 999 121 (43) 256 (45) 377 (44)  

 ≥500 000 73 (26) 143 (25) 216 (25)  

 Result not obtained 3 (1) 3 (1) 6 (1)  

Country     

 South Africa 140 (49) 36 (6) 176 (21) <.001a

 India 6 (2) 23 (4) 29 (3)  

 Zambia 6 (2) 30 (5) 36 (4)  

 Malawi 12 (4) 181 (32) 193 (23)  

 Kenya 87 (31) 65 (11) 152 (18)  

 Haiti 27 (10) 82 (14) 109 (13)  

 Peru 0 (0) 39 (7) 39 (5)  

 Zimbabwe 1 (0) 51 (9) 52 (6)  

 Brazil 0 (0) 15 (3) 15 (2)  

 Uganda 5 (2) 44 (8) 49 (6)  

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: HIV-1, human immunodeficiency virus type 1; IQR, interquartile range; LAM, lipoarabinomannan; SD, standard deviation.
aχ 2 test.
bWilcoxon test.
cFisher exact test.



e874 • cid 2021:73 (15 August) • Matoga et al

(median, 278 cells/µL) of the study participants could explain 
the low urine LAM sensitivity [13].

In contrast, other researchers have reported higher urine 
LAM diagnostic yield. In Kenya, in a cohort of outpatients who 
were either severely ill or with CD4 <200 cells/µL or with body 
mass index <17 kg/m2 and with symptoms of pulmonary TB, 
urine LAM sensitivity was 58% and the incremental yield to an 
algorithm based on clinical signs and smear microscopy was 
12%. In another adult outpatient population with TB symptoms 
and CD4 count <200 cells/µL in Malawi, urine LAM sensitivity 
was 24.9% and urine LAM testing doubled the yield of TB cases 
identified relative to sputum Xpert MTB/RIF alone [12]. Both 
studies enrolled populations with TB symptoms for whom yield 
for TB diagnostics is bound to be high.

Our finding of a 5% diagnostic yield is arguably high, par-
ticularly in an outpatient population of patients who, despite 
having low CD4 counts of <50 cells/µL, were systematically 
prescreened for TB using standard TB diagnostic tools in-
cluding Xpert MTB/RIF. Among participants screened out of 
A5274, a third had TB [7]. We hypothesize that the diagnostic 
yield could have been higher if these participants received urine 
LAM testing. In addition, we conducted retrospective testing 
on stored urine samples. Although no study has directly com-
pared the diagnostic yield of LAM testing on fresh urine vs 
frozen urine, the Cochrane review showed that urine LAM sen-
sitivity was higher on fresh nonstored urine [10]. The frozen 
urine samples and retrospective testing may have reduced the 
diagnostic yield of LAM testing in our study.

Several studies have reported benefits of urine LAM testing on 
clinical outcomes including mortality. Peter et al found that urine 
LAM–guided initiation of TB therapy reduced absolute risk of 

mortality by 4% and relative risk by 17% [14]. In the Rapid urine-
based screening for tuberculosis in HIV-positive patients ad-
mitted to hospital in Africa trial, urine LAM testing significantly 
reduced the risk of mortality in 3 prespecified clinical subgroups: 
patients with CD4 counts <100 cells/µL, severely anemic patients, 
and those with clinically suspected TB [15]. Huerga et al reported 
that urine LAM grade was a marker for patients at higher risk of 
death [12] and a marker for severe disease and TB dissemina-
tion. Despite the growing evidence on mortality benefits of LAM 
testing, the uptake and implementation of LAM testing remains 
low in high-TB/HIV-burden countries—only 21% had imple-
mented LAM testing by end 2019 [16]. In our study, regardless 
of the striking imbalance across arms in positive pre-ART urine 
LAM tests (21 cases in the empiric arm vs 7 cases in the IPT arm), 
exclusion of urine LAM-positive participants had no impact on the 
risk of developing symptomatic TB disease and mortality. Similar 
outcomes were seen in the Systematic Empirical vs. Test-guided 
Anti-TB Treatment Impact in Severely Immunosuppressed HIV-
infected Adults Initiating ART With CD4 Cell Counts <100/mm3 
[17] and TB Fast Track [18] studies.

Among the LAM-positive participants, 18% developed 
symptomatic TB disease—all in the empiric arm only (5 cases 
in the empiric arm and 0 cases in the IPT arm). This finding 
implies that the 4-drug anti-TB treatment in the empiric arm 
did not optimally prevent participants from developing symp-
tomatic TB disease. Although self-reported drug adherence was 
similar between arms in A5274, there were more premature 
drug discontinuations in the empiric arm (47 empiric vs 18 IPT 
discontinuations) [7], which may have resulted in more symp-
tomatic TB disease. In addition, despite the similar grade 3 or 
4 adverse events between arms [7], the premature discontinu-
ations may have been due to more grade 1 or 2 adverse events in 
the empiric arm compared to the IPT arm, which were not part 
of the A5274 primary analysis. Last, as the study was unblinded, 
diagnostic suspicion bias between the arms may have differed, 
resulting in more aggressive use of TB diagnostics or more lib-
eral TB diagnosis in the empiric arm.

Our study enrolled HIV-positive outpatients who had 
screened negative for TB using standard TB diagnostic tools 
who started either empiric TB treatment or IPT plus ART. 
Despite the low CD4 count, in such a setting, TB cases are 

Table 2. Urine Lipoarabinomannan Results by Study Arm

Urine LAM Result

Strategy Arm
Total 

(N = 566)Empiric (n =283) IPT (n = 283)

Negative 260  (92) 275 (97) 535 (94)

Positive 21 (7) 7 (2) 28 (5)

Inconclusive 2 (1) 1 (1) 3 (1)

Data are presented as No (%).
Abbreviations: IPT, isoniazid preventive therapy; LAM, lipoarabinomannan.

Table 3. Tuberculosis Diagnoses and Survival Status Within 24 Weeks by Study Arm and Urine Lipoarabinomannan Status

Status

Empiric (n = 281a) IPT (n = 282a) Total (N = 563a)

LAM Positive (n = 21) LAM Negative (n = 260) LAM Positive (n = 7) LAM Negative (n = 275) LAM Positive (n = 28) LAM Negative (n = 535)

TB 5 (24) 10 (4) 0 (0) 5 (2) 5 (18) 15 (3)

No TB 16 (76) 250 (96) 7 (100) 270 (98) 23 (82) 520 (97)

Death 1 (5) 13 (5) 1 (14) 13 (5) 2 (7) 26 (5)

Alive 20 (95) 247 (95) 6 (86) 262 (95) 26 (93) 509 (95)

Data are presented as No (%).

Abbreviations: IPT, isoniazid preventive therapy; LAM, lipoarabinomannan; TB, tuberculosis.
aDenotes number of participants with conclusive LAM test result.
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expected to be low, potentially limiting the generalizability of 
our results. In addition, the lack of an ART-only arm in the 
A5274 study may have masked the role of urine LAM testing in 
patients with subclinical disease who may have later developed 
active TB. Last, our results should be interpreted with caution 
as it was not a real randomized comparison, since we used a 
subset of the A5274 study participants and did not compare 
urine LAM results with microbiologically confirmed tests due 
to the lack of a perfect reference standard, particularly for pa-
tients with extrapulmonary TB and paucibacillary disease [19].

In our study, addition of LAM testing yielded more additional 
positive TB tests to clinical diagnosis, and microscopy and Xpert 

MTB/RIF testing among outpatients with advanced HIV who 
were systematically prescreened for TB; however, LAM testing 
was a poor marker for risk of development of symptomatic TB 
disease or mortality. Ultimately, our results support the cur-
rent consensus that urine LAM testing has the potential to in-
crease diagnostic yield among HIV-positive outpatients and 
provide an alternative diagnostic method for TB in people who 
cannot produce sputum, especially in resource-limited settings. 
Implementation and scale-up of existing LAM tests and devel-
opment of next-generation assays such as the FujiLAM assay 
and the Foundation for Innovative New Diagnostics should be 
prioritized.

A

B

Figure 1. A, Time to death, with urine lipoarabinomannan (LAM)–positive participants excluded. B, Time to death among participants with LAM testing done. Abbreviation: 
IPT, isoniazid preventive therapy.
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