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Despite diagnostic performance limitations, urine lipoara-
binomannan (LAM) predicts death in human immunodefi-
ciency virus (HIV)–infected adults with tuberculosis. Pediatric 
data are limited. Among 137 hospitalized HIV-infected chil-
dren, mortality was 4.9-fold higher among those with positive 
LAM (127 vs 31 per 100 person-years; adjusted hazard ratio, 
4.92; 95% confidence interval [CI], 1.79–13.49; P  =  .002). 
Lipoarabinomannan identifies HIV-infected children at risk for 
death potentially missed by respiratory sampling.
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Human immunodeficiency virus (HIV)–infected children are 
at high risk of tuberculosis-related morbidity and mortality, po-
tentially due to disseminated or extrapulmonary disease often 
missed by respiratory sampling [1].

Lipoarabinomannan (LAM) is a lipopolysaccharide component 
of the Mycobacterium tuberculosis cell wall, detectable in urine of 
individuals with tuberculosis, including pulmonary, extrapulmo-
nary, and disseminated forms of tuberculosis [2]. The commercially 
available LAM point-of-care test uses a lateral flow dipstick platform 
to detect LAM antigen in urine. The World Health Organization 
(WHO) recommends LAM testing in HIV-infected individuals with 
low CD4 or who are seriously ill, extending this recommendation 
to children based primarily on adult data [3]. Despite modest diag-
nostic performance [2], LAM positivity is associated with a >2-fold 

increased risk of death among HIV-infected adults with tuberculosis, 
suggesting potential prognostic utility for mortality [4].

Data are limited regarding LAM’s prognostic performance 
for mortality in seriously ill HIV-infected children. We pro-
spectively evaluated mortality associated with LAM positivity 
among HIV-infected hospitalized children in Kenya.

METHODS

Hospitalized HIV-infected, antiretroviral therapy (ART)–naive 
children aged ≤12 years were enrolled in the parent randomized 
controlled trial of urgent (<48 hours of enrollment) versus post-
stabilization (7–14  days) ART initiation, with ART regimen 
selection per Kenyan and WHO guidelines [5]. Children under-
went tuberculosis evaluation irrespective of randomization arm 
or clinical suspicion of tuberculosis. Two sputa or gastric aspi-
rates were collected for liquid culture, including 1 for GeneXpert 
MTB/RIF (Xpert, Cepheid, Sunnyvale, CA). A  trained labora-
tory technician performed LAM testing (Determine TB LAM 
Antigen test, Alere Inc, Waltham, MA) on fresh urine. Color 
change corresponding to manufacturer reference card grade ≥1 
was considered positive at the time of the study. Tuberculosis 
diagnostic results (including LAM) were made available to study 
clinicians, with treatment decisions at their discretion. Details 
regarding clinical procedures, sample processing, parent trial 
results, and diagnostic performance of LAM compared with 
Xpert and culture are described elsewhere [5, 6].

Outcomes and Statistical Analysis

The primary outcome of 6-month cumulative mortality inci-
dence by LAM result was compared using a multivariate Cox 
proportional hazard regression model adjusted for CD4%, age, 
and parent trial arm. Secondary outcomes included proportion 
of children who died by LAM result compared by χ2 test, and 
6-month cumulative mortality incidence by LAM result strati-
fied by tuberculosis status (defined post hoc as confirmed and 
unconfirmed tuberculosis vs unlikely tuberculosis per updated 
international consensus clinical case definitions) [7], HIV-
associated immunosuppression (severe vs not severe by WHO-
recommended age-appropriate CD4% or count cutoffs) [8], and 
malnutrition status (wasted with weight-for-height z score <−2 
or mid–upper arm circumference <12.5 cm vs not wasted). Data 
were entered in a Research Electronic Data Capture (REDCap, 
Vanderbilt University, Nashville, TN) database and analyzed 
with STATA version 12 (StataCorp, College Station, TX).

Ethics Approval

Written informed consent was obtained from primary car-
egivers. Study procedures were approved by the University of 
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Washington Institutional Review Board, Kenyatta National 
Hospital/University of Nairobi Ethics and Research Committee, 
and Kenya Pharmacy and Poisons Board. The trial is registered 
at ClinicalTrials.gov (NCT02063880).

RESULTS

Between April 2013 and May 2015, 181 HIV-infected children 
enrolled in the parent trial, 137 of whom had valid LAM results 
(Supplementary Figure 1). The median age was 26 months (inter-
quartile range, 14–73), and 74 (54.0%) were male (Supplementary 
Table  1). Ninety-six (70.1%) were severely immunosuppressed, 
and 43 (44.3%) were malnourished with wasting. Nine (6.6%) 
children had confirmed tuberculosis (positive Xpert or culture 
on sputa/gastric aspirate), 59 (43.1%) had unconfirmed tubercu-
losis, and 69 (50.4%) had unlikely tuberculosis. Fifty-one (37.5%) 
initiated tuberculosis treatment. Fifteen (11.0%) were LAM-
positive, including 5 of 15 (33.3%) with confirmed and 3 of 15 
(20.0%) with unconfirmed tuberculosis. Seven (46.7%) LAM-
positive children received tuberculosis treatment. Over 6 months 
of follow-up, 21 (15.3%) children died (cumulative mortality in-
cidence, 40 per 100 person-years). In the parent trial, there was 
no significant mortality difference between arms (median ART 
initiation after 1 day for urgent and 8 days for poststabilization 
arms). Similar proportions received ritonavir-boosted lopinavir 
or NNRTI-based regimen in each arm.

Six-month mortality was 3.7-fold higher among LAM-positive 
children compared with LAM-negative children (127/100 per-
son-years vs 31/100 person-years; hazard ratio [HR], 3.72; 95% 
confidence interval [CI], 1.44–9.59; P = .007) (Figure 1A). This 
risk remained similarly high after adjusting for baseline CD4%, 
age, and parent trial arm (adjusted HR, 4.92; 95% CI, 1.79–13.49; 
P  =  .002). The overall proportion of children who died was 
higher among LAM-positive children than LAM-negative chil-
dren (n = 6/15 [40%] vs n= 15/122 [12%]; P = .005). Stratified 
by tuberculosis status, mortality risk associated with LAM posi-
tivity remained elevated in children with confirmed and uncon-
firmed tuberculosis (HR, 9.13; 95% CI, 2.28–36.65; P = .002) but 
not unlikely tuberculosis (HR, 1.68; 95% CI, .37–7.57; P = .50) 
(Figure 1B). Risk was driven primarily by LAM-positive children 
with unconfirmed tuberculosis (HR, 10.4; 95% CI, .94–115.18; 
P = .06; data not shown). LAM positivity was also predictive of 
mortality in children with HIV-related severe immunosuppres-
sion (HR, 4.69; 95% CI, 1.73–12.70; P = .002) and malnutrition 
(as defined by wasting; HR, 5.35; 95% CI, 1.03–27.70; P = .045) 
(Figure 1B). Due to the small number of deaths in LAM-positive 
nonimmunosuppressed children, we could not compare mor-
tality by LAM result in this subgroup.

DISCUSSION

Among HIV-infected hospitalized children initiating ART, 
6-month mortality was 3.7-fold higher among LAM-positive 

children. This association remained after adjusting for factors 
potentially linked with mortality, including age, HIV immuno-
suppression, and ART initiation timing (per parent trial arm). 
Stratified by tuberculosis status, the probability of mortality 
among children with tuberculosis (confirmed and unconfirmed 
tuberculosis) with positive LAM remained elevated. Notably, 
risk of death was especially high (>10-fold) for LAM-positive 
children with unconfirmed tuberculosis, potentially missed by 
standard respiratory sampling. Similarly, risk of death among 
LAM-positive children with severe HIV immunosuppression or 
malnutrition was greater than among those with negative LAM.

Multiple studies in HIV-infected adults demonstrated increased 
mortality among LAM-positive tuberculosis cases [2]. In a recent 
meta-analysis, LAM positivity was associated with a 2.3-fold 
higher risk of mortality, with similar estimates after adjustment 
for additional mortality risk factors [4]. Our study confirms these 
findings, now among LAM-positive HIV-infected children. In 
children, mycobacterial culture is positive in 30%–62% of clinic-
ally diagnosed tuberculosis cases [9]. We intentionally evaluated 
LAM as a predictor of mortality in the overall cohort rather than 
in the subset with microbiologically confirmed tuberculosis. An 
important finding is LAM predicts mortality among children with 
unconfirmed tuberculosis. These children may benefit from treat-
ment even in absence of microbiologically confirmed tuberculo-
sis, and urine LAM could reduce time to treatment in children 
at highest risk for death. Results of a multicountry trial indicate 
bedside LAM-guided tuberculosis treatment in HIV-infected hos-
pitalized adults reduced mortality [10].

The underlying pathway between LAM and tuberculosis 
mortality is not completely clear. Lipoarabinomannan may be 
a marker of disseminated tuberculosis or higher mycobacterial 
burden, both associated with worse prognosis. Additionally, 
LAM may function as a virulence factor, inhibiting macrophage 
function and proinflammatory cytokines and enhancing 
anti-inflammatory cytokines [4].

Strengths of our study include that it is one of the largest to 
date evaluating LAM in HIV-infected children and the only, 
to our knowledge, to assess mortality as primary endpoint. 
Well-characterized presentations and standardized tubercu-
losis investigations allowed us to provide mortality estimates 
by LAM result in important subgroups. In this cohort, LAM 
positivity was associated with a higher risk of mortality among 
children most likely to have tuberculosis (including confirmed 
and unconfirmed tuberculosis), children with severe immuno-
suppression, and children with malnutrition. Previous pediat-
ric LAM studies focused on diagnostic performance instead 
of patient outcomes. Nicol et al reported poor diagnostic per-
formance in a South African cohort of less–severely ill HIV-
infected and -uninfected children, of which none died [11]. In 
Tanzania, LAM performance improved among HIV-infected 
children, and mortality was associated with urine LAM detected 
by enzyme-linked immunosorbent assay among confirmed and 
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Figure 1.  A, Cumulative probability of death by urine LAM result among hospitalized HIV–infected children. * indicates adjusted for age, CD4%, and parent trial antiretro-
viral therapy treatment arm. B, Cumulative probability of death by urine LAM result among hospitalized HIV-infected children stratified by TB, HIV-related immunosuppres-
sion, and malnutrition status. Confirmed TB was that for which a bacterial confirmation was obtained with positive respiratory sample Xpert or culture result. Unconfirmed 
TB was that for which bacterial confirmation was not obtained and at least 2 of the following were present: suggestive symptoms of TB, chest X-ray consistent with TB, 
close TB exposure or immunologic evidence of Mycobacterium tuberculosis infection, TB treatment response. Unlikely TB was that not fitting in any of the TB diagnosis 
criteria. (Graham et al [7]). Severe immunosuppression was based on World Health Organization (WHO) age-specified CD4 cutoffs—CD4%: aged <12 months, <25%; aged 
12–35 months, <20%; aged >36 months, <15%—or, in absence of CD4% data, CD4 count: aged <12 months, <1500 cells/µL; aged 12–35 months, <750 cells/µL; aged 
>36 months, <350 cells/µL (WHO 2007). Malnourished was based on WHO definitions of wasting with either weight-to-height z score <−2 or mid–upper arm circumference 
<12.5 cm. Abbreviations: aHR, adjusted hazard ratio; HIV, human immunodeficiency virus; HR, hazard ratio; LAM, lipoarabinomannan; PY, person-years; TB, tuberculosis.
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probable tuberculosis cases [12]. Sample size restricted their 
ability to evaluate performance by HIV immunosuppression, 
and mortality estimates among LAM-positive HIV-infected 
children were not reported. Interestingly, death only occurred 
in children with probable or possible tuberculosis (considered 
unconfirmed tuberculosis in current guidelines). In our recent 
tuberculosis diagnostic accuracy study conducted in this same 
population, urine LAM performance (compared with sputum/
gastric aspirate  Xpert or culture) improved among children 
with severe immunosuppression and those aged <24  months 
[6]. This current study extends our findings by focusing on the 
clinically relevant patient outcome—mortality—and evaluating 
mortality risk by LAM result in the entire cohort, not just those 
with confirmed pulmonary disease. This strategy likely identi-
fied children with tuberculosis missed by respiratory sampling 
at risk of death.

Limitations include lack of confirmatory testing for dissemi-
nated or extrapulmonary tuberculosis. Urine was not collected 
from all children; it was not collected primarily among children 
who died ≤24 hours after enrollment and during LAM assay 
stock-out. Although tuberculosis was common (50% of chil-
dren met criteria for confirmed or unconfirmed tuberculosis), 
there were likely additional causes of death for which LAM is 
unlikely to predict mortality. A  comprehensive evaluation of 
all-cause mortality correlates is currently underway.

In conclusion, we found an increased risk of mortality among 
LAM-positive HIV-infected hospitalized children initiating 
ART—a group in which tuberculosis diagnosis is often missed 
and for whom early tuberculosis treatment is lifesaving. These 
data provide evidence to support WHO’s recommendation that 
urine LAM is helpful for tuberculosis diagnosis in severely ill 
HIV-infected children, including those at greatest mortality 
risk. Benefits of urine LAM include its rapid point-of-care plat-
form, low cost, and readily accessible sample type. Future stud-
ies are needed to confirm whether incorporation of urine LAM 
testing can prevent mortality in HIV-infected children.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
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so questions or comments should be addressed to the corresponding author.
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