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ABSTRACT

INTRODUCTION: Tuberculosis (TB) is a major health burden in the world, and particularly in 
individuals living with HIV. This study evaluated the comparative performance of GeneXpert MTB/
RIF and Lipoarabinomannan tests against TB culture, in HIV-positive and HIV-negative patients in 
the University Teaching Hospital of Kigali. 
METHODS: A total of 124 participants (37 HIV-positive and 87 HIV-negative) were enrolled. 
Sputum, urine, and other specimens were tested using GeneXpert MTB/RIF and urinary LF-LAM, 
with results compared against TB culture on Lowenstein–Jensen media as the diagnostic gold 
standard.
RESULTS: In HIV-positive patients, LF-LAM had a sensitivity of 75% (95% CI: 47%-91%) and a 
specificity of 84% (95% CI: 65%-94%), whereas GeneXpert had a sensitivity of 67% (95% CI: 
39%-86%) and a higher specificity of 96% (95% CI: 80%-99%). All tests performed better in HIV-
positive patients (p-value = 0.0008 for LAM; p-value = 0.0001 for GeneXpert). In the HIV-negative 
group, GeneXpert's sensitivity was 65% (95% CI: 41%- 83%), significantly outperforming LF-LAM's 
sensitivity of 35% (95% CI: 17%- 59%). These findings underscore the importance of tailored 
diagnostic approaches based on patient immune status to optimize TB detection accuracy.  The 
study elucidated the disparities between the LAM test and GeneXpert in diagnosing tuberculosis 
among patients with or without HIV, paving the way for more targeted and effective diagnostic 
interventions. 
CONCLUSION: The study findings showed a complementary role of both GeneXpert and LF-LAM. 
LF-LAM is strongly effective as a quick screening test in TB detection and an early intervention 
tool in HIV-positive patients because it has a much greater diagnostic sensitivity in this population. 
Integration of the LAM test into TB diagnostic algorithms for immunocompromised populations 
could improve early detection and treatment initiation, thus reducing TB morbidity and mortality. 
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INTRODUCTION

Tuberculosis (TB) is a contagious disease and one 
of the leading causes of death globally [1]. In 2023, 
an estimated 10.8 million people were affected, 
with 1.25 million deaths, including 161,000 among 
people living with HIV. Men accounted for 6 million 
cases, women 3.6 million, and children 1.3 million. 
TB ranks second among infectious disease causes 
of death after COVID-19 [2]. WHO estimates that 
nearly 3 million TB cases remain undiagnosed 
or unreported annually, and diagnostic delays 
contribute to ongoing transmission.

Mycobacterium tuberculosis is the primary cause of 
pulmonary TB, which may be spread to other body 
organs such as the pleural cavity, abdominal cavity, 
spinal cord, or other tissues. Early and accurate 
diagnosis is crucial for minimizing transmission 
by initiating timely treatment and improving 
outcomes. It is especially difficult to diagnose in 
HIV-positive groups, where immunosuppression 
makes people more vulnerable to TB and distorts 
the clinical picture, which reduces the usefulness 
of conventional instruments [3]. The co-
infection with TB and HIV is unevenly distributed 
among the low- and middle-income countries 
(LMICs), with more than three-quarters of cases 
worldwide being in sub-Saharan Africa [4]. The 
disease is further complicated by the presence 
of paucibacillary disease, atypical symptoms, and 
comorbidities, which are further reasons to focus 
on the implementation of efficient diagnostic 
strategies [5].

WHO-approved TB diagnostic tools include 
GeneXpert MTB/RIF and the lateral flow 
liparabinomannan assay (LF-LAM). An amplification 
test (NAAT) called GeneXpert is used to identify M. 
tuberculosis DNA and rifampicin resistance in less 
than two hours [6]. LF-LAM identifies mycobacterial 
antigen in the urine, is cheap, non-invasive, and 
particularly effective in patients who are severely 
immunocompromised [6]. In the past, microscopy 
of sputum smear and culture were employed; 
however, both have limitations, particularly in HIV 
positive patients. Smear microscopy is inexpensive 
but insensitive (50-60) in paucibacillary TB [7], 
whereas culture is highly sensitive and requires 
specialized laboratories, competent staff, and a 
lengthy incubation time [8].

It is used as a first-line test in high-burden settings 

because it produces high sensitivity (88-98%) and 
specificity (>99%), and has a fast turnaround; 
however, it is resource-intensive and requires 
stable infrastructure [9,10]. During active disease, 
LAM, a glycolipid of the M. tuberculosis cell wall, 
can be found in the urine. The Alere Determine 
TB LAM Ag is popular, and it has been suggested 
to use among patients who are either infected 
with HIV extensively or are severely ill [11,12]. 
Its benefits are low cost, non-invasiveness, low 
laboratory needs, and it can be used in patients 
who cannot produce sputum and the sensitivity 
in HIV-negative patients (30-50%) or patients with 
greater CD4+ counts [13].

HIV makes the diagnosis of TB complicated by 
enhancing the extrapulmonary and paucibacillary 
disease, decreasing the sensitivity of traditional 
microscopy and GeneXpert, and increasing 
the probability of LF-LAM to identify antigen in 
highly immunosuppressed patients [14]. The 
trials, including STAMP in Malawi and South 
Africa, showed that the LF-LAM in combination 
with conventional diagnostics enhanced the 
identification of TB as well as the death rate among 
hospitalized HIV-positive patients [14,15].

TB has been recorded as an opportunistic infection 
in HIV-positive people in Rwanda, and there is a 
paucity of local comparative data on GeneXpert 
and LF-LAM performance [16]. This deficiency 
limits the capacity of national TB programs to 
optimize diagnostic algorithms for specific patient 
subgroups. GeneXpert and LF-LAM are not mutually 
exclusive; rather, they are complementary, and 
their combination can help increase the quality 
of diagnosis and patient outcomes. The majority 
of comparative works are conducted in Southern 
Africa; however, the epidemiology, health system 
capacity, and demographics vary, which reduces 
their relevance in Rwanda [17,18]. The proposed 
study will address this knowledge gap by assessing 
the accuracy of diagnosis, feasibility, and possible 
cost-effectiveness of GeneXpert MTB/RIF and LF-
LAM in patients presented to CHUK [19].

METHODS

Study area 
This research was conducted in the laboratory of 
the University Teaching Hospital of Kigali, situated 
in the Nyarugenge district of Kigali City. Its mission 
is primary care, quality health services, education, 
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and research. It attends to patients, primarily 
those of all district hospitals in Rwanda and the 
East African area.  

Study design and period
The study was a cross-sectional investigation 
conducted over 3 months, from April 2025 to June 
2025. Participants were selected based on the 
availability of data and specific inclusion criteria. 
The sampling method employed in the study 
was non-probability and sampled all eligible TB-
suspected patients who were present within the 
3-month study duration (n = 124). To verify this, 
back-calculation with respect to standard sample-
size formulas indicates that a finite population of 
approximately 180-200 people, with a 5% margin 
of error and a 95% confidence interval, would 
result in a required sample size of approximately 
124 (using the Cochran formula with a finite 
population correction). Thus, although the sample 
was based on convenience, it is of the magnitude 
that should be anticipated given the usual statistical 
assumptions regarding the study population.

Study population and sample size
The study involved a total of 124 participants, 
comprising 37 HIV-positive and 87 HIV-negative 
individuals. The sample collection included a wide 
range of biological specimen types, with specimens 
classified as either pulmonary or non-pulmonary. 
The pulmonary samples, including sputum (54) and 
bronchoalveolar lavage (7), totaled 61 specimens. 
The remaining 63 specimens were non-pulmonary 
samples, which included urine (29), pleural fluid 
(15), ascitic fluid (8), cerebrospinal fluid (5), stool 
(3), pus (2), and fine-needle aspirate (1).

The selection of a sample was made according to 
predefined criteria that ensured an appropriate 
cohort for evaluating early-stage active TB. Samples 
enrolled were those gathered among patients with 
a high level of clinical suspicion of active TB, namely, 
both HIV-positive and HIV-negative people. On the 
other hand, excluded samples were from patients 
receiving anti-tuberculosis treatment (i.e., labeled 
as TB control), and the unknown or unconfirmed 
HIV status of the patients.  Insufficient quantity and 
quality of the samples to conduct the necessary 
laboratory analysis were also excluded.
Both INES-Ruhengeri and the ethics committee of 
the University Teaching Hospital of Kigali allowed 
the right to pursue the research. The privacy and 

confidentiality of patients’ results were taken into 
consideration, and the data were gathered using 
an identification code for the samples rather than 
a patient code or their names. The data collected 
were utilized in this study only.

Sample reception and handling
Samples that fitted predetermined eligibility 
criteria (sputum, urine, and other relevant samples) 
were received and processed systematically in 
the laboratory. The research did not require 
direct contact with patients or sampling; instead, 
the samples were sent to the laboratory via the 
clinical departments. To ensure the homogeneous 
quality of the samples and proper requests for 
examinations, the research protocol, including 
the types of specimens required and the handling 
process, was distributed to the departments. These 
protocols and standard operating procedures were 
strictly adhered to in order to maintain sample 
integrity and quality for use in the laboratory. 
Standard operating procedures were followed to 
ensure detailed sample handling procedures were 
carried out. Lateral Flow-LAM assay urine samples 
were obtained as midstream clean-catch urine 
samples, and timed specimen collection was used 
to test and store them at 2 to 8 degrees Celsius when 
immediate testing could not be performed, as per 
the departmental laboratory manual. The quality 
of the samples before culture was determined 
by a routine decontamination procedure (before 
culture on L-J) using the N-NALC-NaOH method, 
as per standard laboratory practice. These steps 
were always adhered to and recorded in the 
departmental records to ensure that the samples 
remained intact and the test results were reliable.

Diagnostic Assays
The samples that were received were tested on 
three diagnostic platforms:

GeneXpert MTB/RIF Assay: This test is quick and 
sensitive for detecting Mycobacterium tuberculosis 
complex DNA and for real-time identification of 
rifampicin resistance using polymerase chain 
reaction (PCR). The experiments were conducted 
in accordance with biosafety and manufacturers' 
standard operating procedures.
Alere Determine TB LAM Ag Assay: The qualitative 
detection of LAM antigen in a urine sample was 
performed using an immunochromatographic 
lateral flow assay (Determine TB LAM Ag by 



Rwanda Medical Journal, Vol. 82, no. 4, p. 51-60, 2025. https://dx.doi.org/10.4314/rmj.v82i4.3 -54-

Ntezirizaza et al. GeneXpert/RIF vs. lipoarabinomannan testing in tuberculosis 

Abbott). The assays were performed as per 
the manufacturer's instructions. The test strips 
were interpreted visually according to the 
manufacturer's reference scale, and measures to 
minimize inter-reader variability (such as training 
or double reading) were implemented, but are not 
described in detail.
Gold Standard Tuberculosis Diagnosis: To 
determine a definitive TB diagnosis, the findings of 
GeneXpert MTB/RIF and Alere Determine TB LAM 
were compared with culture results on Lowenstein-
Jensen (LJ) solid media. LJ culture was used as the 
reference gold standard in the diagnosis of TB, and 
the sensitivity, specificity, and predictive values 
of the rapid diagnostic tests were determined 
against it. The gold standard for TB diagnosis was 
performed using culture on Lowenstein-Jensen 
(LJ) solid media. Two separate LJ slopes were 
inoculated for each decontaminated sample. The 
inoculated cultures were incubated at 37∘°C for a 
minimum period of eight weeks (56 days) before 
being declared negative. 
Cultures were examined weekly for the presence 
of characteristic Mycobacterium tuberculosis 
growth. Any contaminated culture was repeated 
using a fresh aliquot of the stored sample, provided 
sufficient material remained. If contamination 
occurred in the repeat culture, that sample was 
recorded as contaminated and excluded from 
further analysis. All cultures demonstrating typical 
mycobacterial growth were subjected to species 
confirmation. Confirmation of Mycobacterium 
tuberculosis complex (MTBC) was performed using 
the SD BIOLINE TB Ag MPT64 Rapid Test (Standard 
Diagnostics, Inc.) according to the manufacturer's 

instructions. A positive MPT64 test result 
confirmed the isolate as MTBC. These detailed 
steps were always adhered to and recorded in the 
departmental records to ensure that the samples 
were intact and the test results were reliable.

Statistical Analysis
SPSS Version 29 was used to analyze the data. Each 
of the diagnostic techniques (GeneXpert MTB/
RIF and LF-LAM) was used to compute sensitivity, 
specificity, PPV, NPV, and odds ratios in relation 
to culture-confirmed TB status. The precision 
of the estimates was determined by estimating 
confidence intervals of sensitivity, specificity, 
PPV, and NPV. To determine whether there were 
correlations between test results (GeneXpert and 
LAM) and culture results in the overall cohort, 
including stratification by HIV status, Chi-square 
tests were performed. Comparative analysis 
using McNemar's test for paired proportions was 
conducted to evaluate differences in diagnostic 
performance between HIV-positive and HIV-
negative groups, thereby strengthening the validity 
of subgroup comparisons.

RESULTS

The participants in the study were mainly male, 
with 61.29% of them being males. The age 
distribution was skewed towards older adults, with 
the highest number of respondents aged over 55 
years (37.10%), and the smallest number being 
those aged less than 15 years (1.61%) (Table 1).
The results showed no statistically significant 
association between a person's sex or age group 

Table 1: The study population demographics 

Demographics Number of participants (N=124) Percentage (%)

Sex

Male 76 61.29

Female 48 38.71

Age Group

<15 2 1.61

16-25 10 8.06

26-35 19 15.32

36-45 20 16.13

46-55 27 21.77

>55 46 37.1
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and their likelihood of testing positive for either 
GeneXpert or LAM. This is denoted by the large 
p-values of sex (0.51 for GeneXpert and 0.50 for 
LAM) and age group (0.77 for GeneXpert and 0.45 
for LAM). The high GeneXpert positivity rate (50%) 
among the group aged less than 15 should be 
considered with caution, as the sample size is too 
small in this age group (Table 2).

The LAM test positivity varied considerably 
between the HIV-positive patients (35.1%) and 
the HIV-negative patients (9.2%), with a significant 
p-value of 0.001. Conversely, positivity between 
HIV positive (24.3%) and HIV negative (16.1%) 
samples with GeneXpert was not statistically 

significant (p = 0.41). To compare the proportion 
of test performance, McNemar's test was used 
(Table 3).
The accuracy of the estimates was calculated with 
the estimation of the sensitivity, specificity, PPV, 
and NPV confidence intervals. Chi-square tests 
were performed to identify correlations between 
test results (GeneXpert and LAM) and culture 
results in the overall cohort, stratified by HIV status. 
HIV-positive individuals showed that the LAM test 
had a higher sensitivity rate (75%) with a lower 
specificity rate (84%) than that of GeneXpert (67% 
sensitivity and 96% specificity). On the other hand, 
GeneXpert had a significantly higher sensitivity 
(65%) than LAM (35%), and both tests were highly 

Category Group n=124
GeneXpert Positive  
Rate (%)       

p-value       LAM Positive 
Rate (%) p-value

Sex

Male 21.05               0.51 14.47                             0.5

Female 14.58 20.83

Age Group

<15 50 0

16-25 20 0

26-35 21.1                 0.77 10.5                   0.45

36-45 25 15

46-55 14.8 18.5

>55 15.2 23.9

Table 2: The study population positivity rate across gender and age group

HIV Status Participants GeneXpert Positive (%) p value LAM Positive (%) p-value

HIV+ 37 24.3 0.41 35.1 0.001

HIV- 87 16.1 9.2

Total 124 18.5 16.9

Table 3: Comparison of test positivity across HIV status

HIV 
Status

 TEST
Sensitivity (95% 
CI)

Specificity (95% 
CI)

PPV (95% CI) NPV (95% CI)
P-value (vs. 
Culture)

OR (vs. 
Culture)

HIV +  LAM 0.75(0.47−0.91) 0.84(0.65−0.94) 0.69(0.42−0.87) 0.88(0.69−0.96) 0.0008 15.75

HIV + GENEXPERT 0.67(0.39−0.86) 0.96(0.80−0.99) 0.89(0.57−0.98) 0.86(0.69−0.94) 0.0001 48

HIV- LAM 0.35(0.17−0.59) 0.97(0.90−0.99) 0.75(0.41−0.93) 0.86(0.77−0.92) 0.0005 18.5455

HIV - GENEXPERT 0.65(0.41−0.83) 0.96(0.88−0.99) 0.79(0.52−0.92) 0.92(0.83−0.96) 0 40.9444

Table 4: Diagnostic Performance of LAM and GeneXpert across HIV status
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specific (>96%). GeneXpert had a better specificity, 
more PPVs, and odds ratios throughout the HIV-
positive and HIV-negative groups, which made it 
a more effective diagnostic and confirmatory test 
(Table 4). 

DISCUSSION

We have shown that the rates of positivity slightly 
differed among males and females. The p-value 
of the relationship between sex and GeneXpert 
positivity was 0.51, and that of LAM was 0.50. 
This suggests that there will likely be no significant 
difference in positivity rates between men and 
women. The findings demonstrate that there is 
no statistically significant association between a 
person's sex and their likelihood of testing positive 
for either GeneXpert or LAM. These results are 
most compatible with published studies, implying 
that other clinical and epidemiological factors 
were more decisive about a positive test result 
(HIV status and disease severity).
Likewise, the study findings did not report any 
statistically significant relationship between age 
group and positivity in GeneXpert (p = 0.77) or 
LAM (p = 0.45). Although the data indicated mild 
differences in positivity rates across age groups, 
for example, a high positivity rate on GeneXpert in 
the <15 age group or a generally rising positivity 
rate on LAM with age, such an observation did not 
hold significance across the total population. The 
latter trend can, however, be corroborated with 
published data that portrays an increased LAM 
positivity in conjunction with markers of a more 
advanced disease, including those associated 
with lower CD4 cell numbers, which are generally 
indicative of more severe and older individuals [20, 
13].
Our research findings are consistent with other 
published literature on the epidemiology of 
tuberculosis, especially the age-based distribution 
of the condition and the sensitivity of the two 
GeneXpert MTB/RIF and Alere Determine TB LAM 
Ag tests. Our findings indicate past-reported trends 
in the direction of more TB positivity in adults of 
working age compared to children. As shown by 
Diriba et al, there is a significant correlation of age 
with TB positivity and its pediatric yield (<14 years) 
is lower than that of adolescents and adults (>14 
years), which aligns with our results, though the 
pediatric positivity rate was even smaller, in turn, 
possibly because of the size of the enrolled cohort 

of children in our study [21].
On the same note, Alemu et al. stressed that 
they had discovered elevated rates of TB in adults 
aged 15 -44 years, and our study identified similar 
increasing trends in detection [22]. Agustina et al. 
further supported this finding by explaining that 
children in the 10- to 18-year age group had a 
higher probability of being positive by GeneXpert 
MTB. They also cited that the specificity of 
GeneXpert was greater compared to its sensitivity 
when evaluated against culture in pediatric 
patients [23].
Our stratified population analysis was also found to 
be consistent with the current data regarding LAM 
test performance, particularly in older people and 
people with depressed immunity. According to our 
results, there appears to be an age gradient pattern 
in LAM positivity in that none of the participants 
younger than 25 years were LAM-positive, 
whereas 23.9 % of the participants aged 55 years 
and greater were LAM-positive, resulting in a rate 
of overall LAM positivity of 16.9 % (21/124). This 
trend aligns with studies suggesting improved LAM 
sensitivity in the elderly and immunocompromised 
individuals [24]. LAM test sensitivity was 59% 
(95% CI: 52-66%) in microbiologically confirmed 
TB and 67% (95% CI: 59 74%) in HIV- positive 
patients, as Broger et al. reported [24]. Their 
meta-analysis approximated the sensitivity of LAM 
in lung samples to 41% (95% CI: 15-66%) at the 
level of cases, which further supports the belief 
that the LAM test may yield decent sensitivity in 
immunocompromised individuals.
 Despite this restriction, the future diagnostic 
utility of GeneXpert in children appears promising, 
particularly in high TB-burden countries. However, 
we cannot draw clear-cut statements regarding its 
performance with this subgroup based on our data. 
The diagnostic value of GeneXpert in relation to 
routine pediatric practice needs to be determined 
through broader investigations incorporating a 
large number of pediatric subjects [25, 26]. As 
long as this is not the case, our and other similar 
findings should be treated as anecdotal.
The sensitivity of GeneXpert in HIV-positive patients 
in our study was 67%, and this is close to a lower 
estimate of the global analysis (60-90%), based on 
WHO [27]. Our results are also in line with those 
of Velen et al., who documented the sensitivity 
of GeneXpert between 26-67% in smear-negative 
and HIV-positive individual groups that were found 
to be paucibacillary most of the time [28]. Such 
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results raise the possibility that the HIV positive 
TB patients in our cohort had low bacterial loads. 
However, the 96% specificity of GeneXpert in our 
study is consistent with the WHO 95-100% global 
specificity status, which explains why it can be used 
as a confirming measure [29]. In the meantime, 
there were comparatively high values of sensitivity 
(75%) and specificity (84%) when compared with 
the LAM test on HIV-positive individuals. These 
rates are higher than the sensitivity rates (30-70%) 
typically reported in systematic reviews of studies 
on HIV-positive patients with low CD4 counts [30], 
but still within the general range of specificity (80-
95%) [30, 31].
The increase in sensitivity of LAM compared to 
GeneXpert in our HIV-positive group could be 
due to having mainly extrapulmonary samples, 
where LAM has shown utility, especially during 
disseminated TB, which is common in late-stage 
HIV [31]. LAM sensitivity was 75% (95 % confidence 
interval: 0.47 to 0.91), and specificity was 84 % (95 
% confidence interval: 0.65 to 0.94). GeneXpert 
was a bit less sensitive (67%, 95% CI: 0.39-0.86), 
but had better specificity (96%, 95% CI: 0.80-
0.99). The two tests were statistically significant 
predictors of culture-confirmed TB (LAM: p = 
0.0008, OR = 15.75; GeneXpert: p = 0.0001, OR = 
48.00). 
GeneXpert performed better than LAM in 
sensitivity among the HIV-negative participants. 
We demonstrated that GeneXpert had a sensitivity 
of 65% (95% CI: 0.41-0.83) and specificity of 96% 
(95% CI: 0.88-0.99) and was significantly related to 
the results of TB culture (p < 0.0001; OR = 40.94). 
This decreased sensitivity is in agreement with 
other studies, such as those pioneered by Theron 
et al., who observed that GeneXpert sensitivity 
may decrease to 55% or less in smear-negative 
populations or individuals with low bacillary 
load [32], and Shenai et al., who also postulated 
sensitivity to be a factor of sample type and 
bacillary load [33].
Sensitivity and specificity of the LAM test were 
much lower in HIV-negative persons [35% (95% 
CI: 0.17 to 0.59) and 97% (95% CI: 0.90 to 0.99), 
respectively]. The statistical significance of the 
p-value was found (p = 0.0005; OR = 18.54), which 
proves a prominent (though marginal) diagnostic 
power of this type of population. This insensitivity 
is in line with the recommendations of the WHO 
not to conduct routine LAM testing of people who 
are negative for HIV because of an insufficient 

quantity of urinary antigens [31]. However, its 
high specificity supports its value as a confirming 
agent, especially in clinical situations where TB is 
a possibility [30].
Our analysis reveals that LAM positivity was 
significantly more frequent in HIV-positive 
individuals (35.14%) than in HIV-negative 
individuals (9.20%), a pattern consistent with 
WHO guidelines and previous studies emphasizing 
LAM's usefulness in advanced HIV [31, 30]. The 
high LAM detection rate in HIV-positive patients 
exemplifies its use in the prompt treatment 
and care of an HIV-infected person. Its vastly 
superior sensitivity in highly immunosuppressed 
demographics has been confirmed by Huang 
et al. and others [34]. Interestingly, there was 
no significant difference between HIV-positive 
(24.32%) and HIV-negative (16.09%) groups 
concerning GeneXpert positivity(p=0.4084). 
This indicates that GeneXpert's performance is 
relatively stable across HIV statuses, reinforcing 
its value as a universal diagnostic tool. In contrast, 
LAM's rapid turnaround time, non-sputum 
nature, and elevated performance in HIV-positive 
individuals, especially those unable to produce 
sputum, make it a crucial complementary test for 
this subgroup [35].
The predictive value of GeneXpert was always 
better than that of LAM in both HIV-positive 
and HIV-negative populations, and this showed 
that positive results with GeneXpert were more 
likely to indicate actual cases of TB. GeneXpert 
also had better negative predictive value (NPV), 
especially in HIV-negative persons (92%), which 
is an indication of its power in eliminating TB. 
LAM exhibited moderate NPVs (86-88 %), though 
with lower PPVs, particularly among HIV-positive 
patients, which could put false positives at risk. 
These results indicate that LAM can be used as an 
adjunctive screening in the high-risk populations 
of HIV. This justifies the clinical application of LAM 
in patients who cannot provide sputum, in which 
the timely diagnosis of TB is urgently needed. 

Our study has a study limitation that the study 
population is small in terms of demographic 
groups, which compromises the generalizability 
and statistical power of our results. The extremely 
high rate of positivity for GeneXpert (50%) in the 
sample of children under 15 years old should be 
regarded with utmost caution, as there are only 
two individuals in this sample. This raises the issue 
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of inference for those very small subgroups and 
the fact that these findings will be anecdotal in 
nature, potentially not being representative of the 
broader pediatric population. In addition, there 
was no a priori calculation of the sample size; 
instead, we used convenience sampling, including 
all eligible patients who were available during 
the three-month study period (n = 124). This 
dependency on patient availability, as opposed to 
a probability sampling strategy, could have created 
a selection bias and led to suboptimal statistical 
power, thereby restricting the extrapolability of 
the results.
Additionally, the most severe restraint was the lack 
of comprehensive clinical information, particularly 
regarding comorbidities and other pre-existing 
conditions. We did not obtain complete data on 
diagnostics, and the equipment used to measure 
CD4 cell counts was not in normal configuration 
when collecting data. This is a critical issue 
because published literature suggests that the 
diagnostic performance of tests like LF-LAM 
is highly dependent on the patient's immune 
status. The lack of quality data on CD4 means 
we cannot discuss the relationship between the 
level of immunosuppression and the accuracy of 
the tests, which would have provided insight into 
our findings. There was a significant relationship 
between a positive LAM result and HIV status.

CONCLUSION

The present study clearly demonstrates the 
complementary nature of GeneXpert MTB/RIF 
and Lateral Flow Urine Lipoarabinomannan (LF-
LAM) in the diagnosis of TB disease, particularly 
in stratification based on HIV status. LF-LAM 
was found to be much more diagnostic in HIV-
positive individuals, and it definitively proves its 
great effectiveness in terms of early screening 
and intervention in this immunocompromised 
group of people. GeneXpert, on the other hand, 
demonstrated greater total specificity in both 
groups and retained better sensitivity in HIV-
negative patients, which further supports its 
use as the test of choice as a primary diagnostic 
and confirmatory test. It is important to 
consider integrating the strategic application 
of LF-LAM to early detection in patients with 
immunocompromised cases, along with GeneXpert 
as a highly specific tool for confirming the diagnosis 
in all types of patients, which will lead to better 

outcomes in terms of diabetes prompt dress, 
and based on the achievement of the reduction 
of TB-related morbidity and death. The research 
is justified for expanding on these customized 
diagnostic approaches because future studies with 
larger and more diverse cohorts, particularly in 
resource-constrained and rural areas, are needed 
to provide a stronger evidence base to inform 
national TB control policies.
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