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ABSTRACT 
 

INTRODUCTION: 

Tuberculosis detection in people living with HIV remains a challenge. This is due to 

paucibacillary nature of the sputum specimens. In 2020, the World Health Organisation 

recommended the use of GeneXpert for diagnosis of TB but its use has been limited in 

immunocompromised individuals. The LAM test was later recommended to be used in people 

with HIV with a view to improve TB notifications. This test requires the use of urine instead of 

sputum. 

OBJECTIVES: 

The main aim of this study was to assess the impact of LF- LAM test on TB notifications. The 

specific objectives was to describe trends in TB notifications among people living with HIV,  

determine the effect of LAM test introduction on TB case notification among HIV positive 

individuals and compare the median turnaround time of results between GeneXpert and LAM 

test. 

METHODOLOGY: 

This research was a quasi-experimental study design which was conducted at Levy Mwanawasa 

Teaching Hospital in Lusaka with a focusing on determining improvement in TB notifications 

following the introduction of urine Lam test. TB notifications were  collected from 2017 to 2021 

and data  divided into 2 segments; the first segment comprised notifications before the 

introduction of TB LAM, and the second segment was the TB notifications after the intervention. 

RESULTS: 

A total of 404 records for HIV infected TB patients in the TB registers were reviewed for 18 

quarters from 2017 to 2021. The median (IQR) age of the patients was 38 years. The interrupted 

series results showed a non-significant reduction of 0.74 points per quarter prior to the 

implementation. The post intervention trend in TB notifications reduced by 0.1 points (95% CI-

6.2-6.0), though not statistically significant reduction. 

CONCLUSION: 

The introduction of TB LAM was not associated with improved TB case notification. The 

current Xpert test being used for TB diagnosis is remains appropriate for the present treatment 
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algorithm. However, there is still need to conduct future studies at a non-referral site to establish 

the real impact of the use of TB LAM in people living with HIV.
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Chapter 1.0: Background/ Introduction 
Tuberculosis (TB) is an airborne disease that has killed millions of people. In 2019, about 10 

million people were infected with TB while 1.4 million died from the disease worldwide. In 

total, 7.1 million people were newly diagnosed and notified, representing about 1% increase 

compared to 2018. There were 456 426 patients that had both TB and HIV (WHO, 2020).  In 

Zambia, the country recorded a total notifications of 40, 000 in 2020. On the other hand, the TB 

program has continued to miss TB patients. An estimated number of 22,000 patients were missed 

in 2020 (MoH, 2021). 

In an effort to improve TB diagnosis, the World Health Organization (WHO) has continued to 

recommend several new rapid TB diagnostics to increase case detection. In 2010, WHO 

endorsed the use of GeneXpert technology for rapid detection of mycobacterium and rifampicin 

resistance. However, its sensitivity is still limited in people living with HIV (PLWHIV) with 

immunosuppression. This is usually attributed to paucibacillary nature of the sputum specimens 

and poor quality of samples. To increase case notifications, WHO has recommended the use of 

lateral flow urine lipoarabinomannan (LF-LAM) tests. LF-LAM is a point of care test which 

detects LAM antigen in urine. LAM is a lipopolysaccharide which is found on the cell wall of 

mycobacterium (WHO, 2016). This tests has shown improved sensitivity especially in HIV 

positive patients with low CD4 count and those that are seriously ill in both outpatient and 

inpatient settings(WHO, 2016). Multi study results demonstrated that LF LAM had a pooled 

sensitivity of 42% in HIV positive adults with TB symptoms while HIV positive adults 

irrespective of TB signs and symptoms had a pooled sensitivity of 35%(WHO, 2021). This 

shows the benefit of LF LAM when used in PLWHIV and the likelihood of increasing case 

detection in this target group. 

In Zambia, implementation of LF LAM is in the early stages and only few facilities are using the 

test for TB diagnosis. Early results have shown that LF LAM can contribute greatly to TB 

notifications. However, evidence to show this potential at program level is minimal. There are 

few published data on the impact of LF LAM. A study conducted in South Africa evaluated the 

potential impact of the test on TB incidence and mortalities and demonstrated that LF LAM 

could prevent mortalities in HIV positive individuals with advanced HIV infection. However, the 

study pointed out that achieving population level impact assessment will require expansion of LF 

LAM roll out in non HIV care settings (Ricks et al 2020). Another study conducted in Zambia 
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explored the performance of LF LAM in HIV positive adults in peri-urban sites. This study 

showed overall sensitivity of 31.7% and 81.8% in those individuals with low CD4 count of 50 

cells/ml6.  

In this study, we intend to evaluate the impact of LF LAM on TB notifications in Lusaka 

District. 

1.1 Statement of the Problem 

There was a decline in TB notifications from 57,601 in 2003 to 40,000 in 2020. This is attributed 

to failure to detect cases or inability to notify detected cases. In an effort to improve TB 

notifications, MoH has initiated interventions such as active case finding (ACF) activities with 

no remarkable improvement. The major challenges are missing TB cases among patients who 

visit the facilities and reduced sensitivity of diagnostic tests in HIV immunosuppressed patients. 

If these cases are not detected in the community in a timely manner, there will be continuous 

transmission of infections leading to high levels of mortalities, increased catastrophic costs 

associated with tuberculosis care at household level and diminished productive workforce. WHO 

has endorsed the use of LF- LAM to detect cases in PLWHIV which may lead to an increase in 

TB case detection, though the benefit of this new test on TB notification is not well documented 

in Zambia. Based on the above statement it became necessary for the researcher to undertake a 

study that described the impact of LF-LAM on TB notifications in Lusaka District. 

1.2 Significance of the Study: 

The results of the study will assist to make sound policy decisions on the role LF-LAM will play 

in detection of TB cases especially in those patients where TB is difficult to find.  Once more 

cases are found and put on treatment; it will lead to reduced number of TB related death. Based 

on the study results, the TB program may decide to revise the algorithm and make it more 

comprehensive to ensure the right people are tested using LF-LAM. 

1.3 General Research Objective: To assess the impact of LF- LAM test on TB notifications at a 

selected health facility. 

1.4 Specific Research Objectives: 

• To describe trends in TB notifications among people living with HIV 

• To determine the effect of LAM test introduction on TB case notification among HIV 

positive individuals. 
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• To compare the median turnaround time of results between GeneXpert and LAM test 

1.5 Research Questions: 

• What are the trends in TB notifications among people living with PLWHIV 

• What is the difference in TB notifications among PLWHIV before and after LF-LAM 

introduction? 

• What is the median turnaround time of receiving TB laboratory results for GeneXpert and 

LAM test 
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Chapter 2: Literature Review 

Minion et al (2011) reviewed nine (9) studies to examine the accuracy of the LF LAM in the 

detection of active TB. The study revealed that sensitivity ranged between 13% and 93%. When 

LAM was used in HIV positive individuals, the incremental yield increased between 3% and 

51.8%. The study further explained that more TB positive cases were found among those who 

were immunosuppressed. Shah et al (2009) also examined the accuracy of LAM for detection of 

TB. The study findings revealed that the sensitivity of LAM was 59% among bacteriologically 

TB confirmed cases. The test was also more sensitive than acid fast bacilli smear microscopy, 

detecting 56% of smear negative TB cases. 

De Vasconcellos, Ramjathan & Singh (2021) evaluated the usefulness of the LF LAM test in a 

prospective observational study which was focused on presumptive TB patients with or without 

HIV who were seriously ill and being managed in intensive care unit (ICU). They found that 

LAM had a sensitivity of 50% in those patients with confirmed TB disease. In a study conducted 

by Sangkhla et al (2019) to determine the accuracy of the LF LAM in adults with advanced HIV 

disease, the yield improved by 11% when both smear microscopy and LF LAM were used at the 

same time. The study also noted increased sensitivity in people with advanced HIV disease and 

in those patients who were co-infected. 

Mutemba et al (2017) evaluated the value of including LF LAM test in the diagnostic algorithm 

in Mozambique.  The study revealed that the use of point of care test improved TB case finding 

among HIV positive patients. In Brazil, research was carried out to determine the diagnostic 

performance of LF LAM in people with HIV using the public health diagnostic algorithm. The 

findings showed that the test had clinical value to rapidly diagnose TB in immunosuppressed 

individuals (Benjamin et al, 2019). The accuracy was 79.9% while sensitivity was 46.9%. People 

with very low CD4 count had an improved sensitivity of 70.4%. 

Stephen et al (2009) conducted a cross sectional study to examine the utility of LF LAM in HIV 

positive individuals with high prevalence of smear negative results. The study found that a 

positive LF LAM tests was strongly associated with low CD4 count and all those patients with 

immune reconstituted disease had a positive LF LAM test at baseline.  

Huerga et al (2021) examined the diagnosis of TB among 387 patients admitted in hospital 

settings. Among the patients, 54% had a CD4 <200 cells/mm3, 64% were classified as 
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presumptive TB, and while 90% had one or more TB symptoms. LAM results were available for 

99.0% of patients. They found that 26.1% (100/383) had LAM-positive results and among those 

who had not received Xpert result, 28.5% (43/151) were LAM-positive. In another study, Huerga 

et al (2017) assessed the incremental yield of LAM in HIV positive individuals when based on 

TB symptoms, smear microscopy, x ray and GeneXpert test. They found that LAM increased the 

diagnostic yield from 47.4% to 84.0% when used in combination with clinical signs and X-ray; 

with clinical signs and microscopy from 62.2% to 82.1%, and from 74.4% to 87.8% when used 

based on clinical signs and Xpert.  

Another research was conducted by Peter et al (2013) to examine if the use of LF LAM can add 

value to the decisions made by the clinicians empirically. In this research, treatment of patients 

based on the result from LAM strip testing was better than empirical treatment as LF LAM 

detected more TB cases in persons with advanced immunosuppression and greater disease 

severity. 

Mathabire et al (2019) evaluated the utility of LAM in resource limited settings using HIV 

positive adults as a study group. They found that time to treatment was reduced due to improved 

turnaround time as results were available on the same day. The people that received LAM test 

results were more than those that received smear microscopy results. 

Singhroy et al (2020) conducted a study to ascertain challenges that come with the introduction 

of LF LAM in 31 high TB and HIV/AIDS countries. They found that the challenges such as lack 

of specific allocated budget, poor coordination between TB and HIV programs, product approval 

hurdles and consideration of the test as benefiting only a few individuals affected the smooth 

implementation of the test. 

Kasaro et al (2020) examined the overall sensitivity of LF LAM among adults with HIV who 

were also on antiretroviral treatment in a study conducted in Zambia. They found that LF LAM 

had the ability to detect positive cases by 31.7% compared to TB culture methods. For those 

patients with CD4 count of 50 cells/mm3, the sensitivity improved further to 81.8% (95%CI 

52.3–94.9). 

The diagnosis of TB in children remains a challenge as children do not easily produce sputum 

samples. Schramm et al (2021) determined the value of using LAM in malnourished children. 

The study assessed the prevalence of TB among children with TB signs and symptoms and those 
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without. LAM-positivity was 52.0% for those with probable TB and 37.0% in children without 

TB symptoms.  

2.1 Theoretical Framework: Germ Theory 

The germ theory was postulated by Joseph Lister, Robert Koch and Louis Pasteur in mid-19th 

century. The germ theory states that there are microorganisms that are too small to be seen with 

unaided eyes and these organisms can cause disease. The theory was further made possible by 

the certain laboratory methods that allowed the study of bacteria. In this study, LF-LAM test is 

recommended to be used in immunosuppressed individuals such as people living with HIV and 

malnourished children due to its higher sensitivity. The test is capable of providing TB diagnosis 

by detection of lipoarabinomannan, a mycobacterium biomarker, which confirm presence of the 

TB disease. This theory will help understand how a newly approved LF-LAM can be used to 

increase TB detection and notifications among PLWHIV.  

Figure 1:  Conceptual Framework 
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Figure 1: Conceptual framework on the impact of Lateral Flow Urine LAM Test on TB Case 

Notifications among People with HIV at Levy Mwanawasa Teaching Hospital, Zambia. This is 

my own model of a conceptual framework.  

Narrative  

The proposed conceptual framework builds on the fact that efficient supply chain of LAM test, 

TB screening, and increased awareness on the availability of the urine test can ensure optimal 

utilization of LF-LAM leading to increase in TB notifications among people living with HIV. 

Active case finding is a confounder variable. It can increase the TB notifications without being 

related to LF-LAM utilization. 
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Chapter 3: Methodology 

This chapter outlined the methodology that was used in the study. The chapter also provided 

guidance on data collection and analysis based on the laid out plan. 

3.1 Research Approach 

Sacred Heart University (2020) defines research design as a strategy that coherently addresses 

the research problem using empirical data. It constitutes data collection, measurement and 

analysis. Voxco (2021) defined research design as a framework that allows the researcher to use 

a suitable method for the study. The researcher used quantitative study approach so as to give 

statistical tables and graphs showing the trends since the introduction of Lam test on TB cases at 

Levy Mwanawasa Teaching Hospital  

3.2 Research design 

The researcher employed quasi experimental study design also known as an interrupted time 

series design.  Data was collected on TB notifications from 2017 to 2021. The main purpose was 

to observe changes in the dependent variable (TB notifications) for some time before and after 

the LF – LAM test was introduced. Ultimately, the design was to allow the researcher to 

investigate the impact of LF-LAM on TB Case Notifications among People living with HIV at 

Levy Mwanawasa Teaching Hospital, Zambia. 

3.3 Study Population/ Target population 

The study population included HIV positive individuals who accessed ART services at Levy 

Mwanawasa Teaching Hospital. Based on the MoH/NTLP diagnostic algorithm, HIV positive 

individuals with low CD4 count, seriously ill and advanced HIV disease (AHD) were eligible for 

LF LAM testing. 

The target population were adults (above 14years old) living with HIV and accessing ART at 

Levy Mwanawasa Teaching Hospital. 

3.4 Sample and sampling technique 

The sample size was determined using a formula known as Yamene formula. This is because the 

population was already known from the facility statistics. Systematic sampling was used to 

obtain a representative sample by picking the nth file of the client.   

The Yamane formula is as follows: 

Where: 

n =N/ (1+N (e)2) 
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n signifies the sample size 

N signifies population under study 

e signifies the level of precision 

In this study: N=1600, e=5% 

n = 1600/(1+1600 (0.05)2) 

n = 1600/ (1+1600(0.0025) 

n = 1600/1+4 

n = 1600/5 

n = 320 

Therefore, thee sample size was 320 people living with HIV. 

3.5 Inclusion Criteria 

• People living with HIV at Levy Mwanawasa Teaching Hospital. 

• HIV positive patients who were tested for TB  between 2017 and 2021. 

• People living with HIV between the age of 15 and 70 years. 

3.6 Exclusion Criteria 

• People that did not test HIV positive at Levy Mwanawasa Teaching Hospital. 

• HIV positive patients who have never tested for TB 

• People below the age of 15 years and above the age of 70 years at Levy Mwanawasa 

Teaching Hospital. 

3.7 Data collection 

The researcher reviewed the TB treatment register and the presumptive register as a data 

collection sources. TB treatment register provided the TB status of HIV positive client. 

3.8 Validity and reliability 

Validity and reliability are important concepts and of concern throughout the research process. 

They are important to the researcher during the research process and to those who read the study 

report as they provide a basis for making decisions as they consider using the findings in their 
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practice. Since Levy Mwanawasa is a big facility in the district, the findings of this study will be 

suitable to apply to the practice of the other health facilities in the district.  

3.9 Data analysis 

The researcher used interrupted time series analysis for TB notifications collected from 2017 to 

2021. TB notifications were  collected over time and data  divided into 2 segments; the first 

segment comprised notifications before the introduction of TB LAM, and the second segment is 

the TB notifications after the intervention. Segmented regression was used to measure 

statistically the changes in level and slope in the post-intervention period compared to the pre-

intervention period. Using segmented regression, there was a different intercept and slope 

coefficients for the pre and post intervention time periods; hence the trends were established. In 

addition, the researcher calculated and compared the median turnaround time of all TB results 

received in the chest clinic between GeneXpert and TB LAM test. 

4.0 Ethical considerations 

This research involved data collection and no interviews were conducted to the patients. The 

patient names were de-identified to maintain confidentiality during the data collection process. 

Information collected by the researcher was used for academic purposes and never availed to the 

public. The researcher ensured that all the respondents were free from any risk of harm. Identity 

numbers were used instead of names for anonymity and confidentiality.  
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CHAPTER 4.0: Results 

A total of 404 records for TB patients in the TB registers at Levy Mwanawasa hospital were 

reviewed. The median (IQR) age of the patients was 38 years (30 years -47 years).Most of the 

patients were aged between 25-35 years of age ,135 (33%), whereas only 34 (8.4%) were aged 

less than 24 years. Half of the participants were female. Seventy-seven (19.1%) were tested 

using a LAM test while 327(80.9%) were tested Xpert TB test. 

Table 1: Baseline Characteristics 

 N (%) 

Age    

<24 34 (8.4%) 

25-35 135 (33.4%) 

36-45 113 (28.0%) 

45+ 122 (30.2%) 

Gender   

Female 202 (50.0%) 

Male 202 (50.0%) 

TB test   

LAM 77 (19.1%) 

Xpert 327 (80.9%) 

Seventy five percent of the patients got their results with a day median (IQR) 1(1-1), both before 

and after the intervention.  The mean turnaround time for TB results was 1 day both in the pre 

and post intervention.  Figure 1 below shows the results for the t test comparing TAT before and 

after the intervention. The results below show that mean turnaround time before was lower than 

that after the intervention by 0.30115 days (p value <0.05)  
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Figure 2: t test results 
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Figure 3: Interrupted time series results 

 

There were records for 18 quarters from 2017-2021.  The interrupted series results below show 

that in 2017 the estimated notifications were started at 116 per month then there was a non-

significant reduction of 0.74 points per quarter prior to the implementation.  In the first quarter of 

the intervention the reduction in TB notifications was estimated to be 10 points (95% CI -0.65- 

45, p value > 0.7). This was followed by an increase in the quarterly trend of TB notifications 

relative to the preintervention trend of 0.65 points (95% CI -9.7 -11.1, p value =0.90) per quarter 

in the post intervention trend in TB notification see figure 1 above. The post intervention trend in 

TB notifications reduced by 0.1 points (95% CI-6.2-6.0), though not statistically significant 

reduction. Figure 2 below shows the trends in TB notifications pre and post the intervention and 

the change in the slope pre and post. 
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Figure 4: Plot of the estimated and projected TB notification  
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CHAPTER 5.0: Discussion 
The TB notifications among people living with HIV were unstable during the pre and post 

intervention period. During the post intervention (2021), the trend in TB notifications reduced by 

0.1 points (95% CI-6.2-6.0). This post intervention period was marked by covid-19 pandemic 

which was marred by restrictions from government officials. The reduction in TB notifications is 

in line with the recent study which showed that there was a notable decease in TB case 

notifications among people living with HIV in Zambia during the covid-19 pandemic (Lungu et 

al, 2020). 

The findings of the study shows that mean turnaround time before was lower than that after the 

intervention by 0.30115 days (p value <0.05) though the difference was very minimal. It means 

the use of TB LAM could not provide an additional benefit in clinical decision making for 

bacteriologically confirmed cases as results were received at the same time before and after the 

intervention. This TAT was still acceptable based on the national TB program recommendations. 

There notable limitations to the study that need to be explored. The WHO recommends the use 

of TB LAM in immunosuppressed adults (CD4 count less than 200 for inpatients and CD4 less 

than 100 for outpatients), advanced HIV disease people with sepsis and seriously ill. The test has 

proved to be highly sensitive in those patient categories (WHO, 2020). The study did not collect 

data on the eligibility criteria for TB LAM. Hence could not establish whether the LAM test was 

correctly used. In addition, the study could not examine the supply chain of the LAM test though 

the findings showed that fewer tests for LAM were performed compared to Xpert. Ineffective 

supply chain may adversely affect case detection especially if there are frequent stock outs of 

laboratory reagents. 
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CHAPTER 6.0: Conclusion and Recommendations 
The implementation of TB LAM was not associated with improved TB case finding. This can be 

attributed to so many factors such as inability of the clients to access services due to covid-19 

restrictions, failure to follow the eligibility criteria and short supply of the commodity at the 

facility. Future studies are needed to establish the real impact of TB LAM test on cases detected 

in the TB program.  
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Appendix 1: Gantt chart  

  Activity Responsible 

person 

Aug 

2021 

Nov 2021 Jan 

2022 

Feb - 

Apr 

2022 

May- 

Jun 

2022 

1 Research Topic 

Submission 

Researcher X     

2 Research Proposal  

Submission 

Researcher    X      

3 Proposal Presentation Researcher  X    

3 Testing of data collection 

tools 

Researcher      X    

4 Data collection Researcher       X  

5 Data entry and cleaning Researcher        X  

6 Data analysis Researcher        X  

7 Report writing Researcher        X  

8 Submission of Final 

Dissertation 

Researcher         X 
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Appendix 2: The Budget 

Research on the impact of lateral flow urine LAM test on TB Case notifications among people 

living with HIV at Levy Mwanawasa Teaching Hospital, Zambia 

           

Budget Description No. of People/units Unit 

Cost 

No. of 

Days 

No. of 

times 

Total   

Transport for Researcher 1 100 5 1 500 

Research assistants 2 200 5 1 2,000 

Lunch allowance for 

Research team 

3 100 5 1 1,500 

Stationary (realm of paper 

and pens) 

1 400 1 1 400 

Printing 100 5 1 1 500 

Ethical clearance 1 500 1 1 500 

Total         5,400 
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Appendix 3: Consent Form 

Hello! My name is___________________________ and I am a student from the University of 

Lusaka. I am conducting a study to assess the impact of lateral flow urine lam test on TB Case 

notifications among people living with HIV at Levy Mwanawasa Teaching Hospital, Zambia. 

This study is part of my course requirement and findings can be used to inform the government 

and other relevant non-governmental organisations (NGOs) who implement various TB related 

intervention. 

Participants for this study will be males and females supporting either TB or HIV program. 

Participating in this study is a personal choice. 

What will happen if I join the study? 

If you accept to take part in the study, you will be asked a set of questions which might take 

around 30 minutes. Your participation is completely voluntary and you have the right to refuse. 

What are the risks and benefits for being in the study? 

This study involves asking questions about how the TB LAM is implemented. However, there 

are no risks involved in participating in the study. 

There will be no direct benefit for taking part in the study. The data we get from the study will 

help know the situation on the ground; this will put us in a better position to give advice to 

agencies who want to roll out intervention programs. The study findings will also add to the 

body academics. 
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Confidentiality 

Your responses to the questionnaire will be kept as private as possible. I will keep the records 

using numbers, not names. Your name or other things that may identify you will not appear when 

I discuss the results of the study. 

What are my rights if I join the study? 

Taking part in this study is your choice. You can choose to take part in the study or not. You may 

also leave the study at any time, for any reason. 

Who can answer my questions about the study? 

If you have any question concerning the study, you can contact Robertson Chibumbya on 

0963747745. 

 

STATEMENT OF CONSENT 

I want to be sure that you have read this form and understood it. You should sign below only if 

the interviewer has explained the form to you clearly and answered all your questions. If you 

want to participate, please sign below. 

The interviewer has explained all the procedures of the study to me. I agree to join the study. I 

have had a chance to ask questions and I feel that all my questions have been answered. I know 

that participating in this research study is my choice. I know the information will be kept as 

private as possible. I have received a copy of this consent form. I agree to complete the 

questionnaire. 

[  ] I agree                                                                [   ] I don’t agree 
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Appendix 4:  

Data Collection Tool I 
Year Quarter Number of PLWHIV in 

ART 

Number of TB patients 

notified 

2017 One   

 Two   

 Three   

 Four   

 Total   

2018 One   

 Two   

 Three   

 Four   

 Total   

2019 One   

 Two   

 Three   

 Four   

 Total   

2020 One   

 Two   

 Three   

 Four   

 Total   

2021 One   

 Two   

 Three   
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 Four   

 Total   

 

Data Collection Tool II 
Serial Number Sex Age 

 (in 

years) 

Residence TB Test 

performed 

Turnaroun

d time 

(TAT) 

Quasi Condition 

(Before or after intervention) 
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Appendix 5: Ethical Clearance 
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Appendix 6: Permission Letter 
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Appendix 7: NHRA Research Approval 
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Appendix 8: Lusaka Provincial Health Office Research Clearance 
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Appendix 9: Levy Mwanawasa Research Clearance Application
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Appendix 10: Levy Mwanawasa Research Clearance 

 


