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Tuberculosis (TB) among hospitalized patients is underdiagnosed. This study assessed systematic TB-
screening, followed by an enhanced TB-diagnostic package for hospitalized patients implemented by 
trained lay health workers in KwaZulu-Natal, South Africa. In this before-and-after study we included 
patients ≥ 18 years. The intervention consisted of systematic clinical screening for TB, HIV and diabetes 
mellitus by lay health workers and provision of an enhanced TB-diagnostic package including sputum 
Xpert MTB/Rif Ultra, urine lateral-flow lipoarabinomannan assay (LF-LAM), chest x-ray, and sputum 
culture. We compared TB case findings with people hospitalized one year preceding the intervention. 
In the pre-intervention phase, 5217 people were hospitalized. Among 4913 (94.2%) people not on TB 
treatment, 367 (7.5%) were diagnosed with TB. In the intervention phase, 4015 eligible people were 
hospitalized. Among 3734 (93.0%) people not on TB treatment, 560 (15.0%) were diagnosed with 
TB. The proportion of patients diagnosed with TB was higher in the intervention phase (15.0% vs. 
7.5%, p < 0.001). Overall in-hospital mortality was lower in the intervention phase [166/3734(4.5%) vs. 
336/4913(6.8%), p < 0.001]. Lay health worker-led implementation of systematic TB-screening, coupled 
with provision of an enhanced TB-diagnostic package significantly improved TB case detection and 
mortality among hospitalized adults.
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FBS  Fasting blood sugar
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IQR  Interquartile range
LF-LAM  Lateral flow urine lipoarabinomannan assay
LHW  Lay health worker
MO  Medical officer
MSF  Médecins sans Frontières
NCD  Non-communicable disease
PLHIV  People living with HIV
PTB  Pulmonary tuberculosis
RBS  Random blood sugar
RR-TB  Rifampicin-resistant tuberculosis
TB  Tuberculosis
WHO  World Health Organization
Xpert ultra  Xpert MTB/RIF Ultra

Background
Tuberculosis (TB) is a leading cause of global morbidity and mortality, with more than ten million people 
becoming sick with TB, of whom an estimated 1.3 million died in 20221. Studies show that even with newer TB 
diagnostic tools, up to one-third of people living with TB remain undiagnosed1,2. In hospitalized patients, TB 
diagnosis is often delayed, with as many as 50% of patients being “missed” despite being in a healthcare setting3,4.

Rapid improvement in TB case finding is necessary to achieve the global reduction targets in TB morbidity 
and mortality laid out in the endTB strategy5. Achieving these goals will require more effective screening tools and 
more sensitive and specific point-of-care diagnostic tests. There is also a need for more effective implementation 
strategies to deploy these tools6. Especially the role of lay health workers (LHW) may play an essential role in 
improving TB screening.

A LHW is defined as any health worker carrying out functions related to health care delivery, who is trained 
in the context of the intervention, but who does not have formal professional training/certification7. LHWs 
have a long history of providing TB care services, but they are largely based in the community and involved in 
adherence support or patient tracing. The limited number of studies assessing LHWs based in health facilities 
suggest that their activities can significantly improve TB case detection8. Given the well-documented shortages 
in professional health worker cadres9, LHWs may have a crucial role to play in TB diagnostic efforts, especially 
in improving TB screening.

In addition to screening, the impact of LHWs on TB diagnosis among hospitalized patients might be 
enhanced when combined with point-of-care TB tests that can be performed on easy to collect samples. One 
such existing test is the lateral-flow lipoarabinomannan assay (LF-LAM) recommended for all hospitalized 
people living with HIV (PLHIV)10. The test can be done at the bedside using a urine sample and could thus be 
done by trained LHWs. When point-of-care diagnostic tools, such as the Xpert MTB/Rif Ultra and LF-LAM are 
coupled, TB diagnosis among PLHIV increases by 17–25.9%; the addition of chest X-ray increases the diagnostic 
yield by an additional 10%11,12.

In 2018, South Africa issued guidelines recommending the use of LF-LAM for critically ill hospitalized 
patients with HIV, but there was limited implementation13.

In addition to TB, other illnesses, especially Diabetes Mellitus, play a major role in morbidity and mortality 
in people living with HIV in South Africa15. Multimorbidity has been increasing, with significant comorbidity 
between HIV, TB and non-communicable diseases (NCDs)14,15. According to the latest WHO data, NCDs were 
estimated to account for over 50% of all deaths in the country in 201616.

Systematic implementation of TB and NCD screening among hospitalized patients in high burden settings 
remains challenging. While there are a variety of reasons for this, one may be that existing facility staff are too 
overwhelmed to systematically screen all patients and to perform all available diagnostic TB tests among those 
who are eligible17. We explored an LHW-led intervention of systematic screening for TB, HIV and diabetes 
mellitus (DM), followed by the provision of an enhanced TB diagnostic package including urine LF-LAM, Xpert 
MTB/Rif Ultra, and chest X-ray for hospitalized patients in the high TB and HIV burden setting of KwaZulu-
Natal, South Africa.

Methods
Setting
This study was conducted in two hospitals (Eshowe and Mbongolwane) in King Cetshwayo District, KwaZulu-
Natal, South Africa. King Cetshwayo District has a high HIV prevalence, estimated at 26.4% of adults aged 
between 15 and 59 years in 201818. At the time the study started in 2018, the prevalence of TB was reported to 
be 717 per 100,000 people19. Médecins Sans Frontières (MSF) has run an HIV/TB project in this area since 2011 
and supported both hospitals with HIV and TB care. Eshowe Hospital is a 460-bed district hospital located in 
a semi-urban area. Mbongolwane is a 196-bed hospital located in a rural area. The project area achieved the 
UNAIDS 90-90-90 targets in 201818.

Study design
This is a before-and-after study. The intervention included implementation of systematic screening for TB, HIV 
and diabetes mellitus (DM), and enhanced TB diagnostic package including urine LF-LAM, Xpert MTB/Rif 
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Ultra, and chest X-ray. The intervention period, which was from March 2019 to March 2020 in Eshowe Hospital 
and from April 2019 to April 2020 in Mbongolwane Hospital, is referred to as the “intervention phase”. Pre-
intervention period was defined as 12 months prior to the start of the intervention, i.e. from March 2018 to 
February 2019 for both hospital sites. Pre-intervention study component was a retrospective review of hospital 
admissions and discharge registers, and review of information collected in the South African electronic HIV and 
TB patient management system (TIER.Net).

Study population
The study was conducted among adult patients aged ≥ 18  years old who were admitted for acute care to the 
medical and infectious disease wards in Eshowe and Mbongolwane hospitals during the time periods defined 
above.

In the intervention phase, all consented patients ≥ 18 years old were eligible for inclusion, with the exception 
of persons who had been known to have active TB at the time of admission. Recruitment into the study was 
implemented 7 days a week. Written informed consent was sought from all eligible patients or from their next of 
kin if a patient had decreased consciousness due to a medical condition per attestation of their treating physician. 
If a person had more than one hospital admission during the 12 months of study period, consent was sought for 
each admission. Consent and participant information forms were available in English and isiZulu. Consented 
participants were followed prospectively from the date of hospital admission to date of hospital discharge or 
death if occurring whilst in hospital. Consented patients who were discharged from hospital before release of 
positive TB culture results were traced by phone and linked to care. Patients newly diagnosed with DM or HIV 
were also linked to care for their HIV and DM management.

In the pre-intervention phase, we included all ≥ 18  years old adults, with exclusion of patients who were 
known to have active TB at time of hospital admission. Eligible hospital admissions were identified through 
review of hospital registers and Tier.Net. For the pre-intervention component, patients’ consent was waived and 
approved by Ethics Review Boards.

Intervention and procedures
MSF recruited and trained six LHWs to provide systematic screening for TB, HIV and DM for patients in the 
intervention phase. LHWs were experienced lay workers who worked in communities with local NGOs. LHWs 
went through 1 day of theoretical training, followed by continuous clinical mentoring and hands-on bed-side 
training, done by the hospital nurses and physicians, assisted by the study coordinator. These LHWs were trained 
in TB screening and testing and worked in the hospitals’ inpatient wards. They were paid according to the South 
African community LHW wages.

The screening and diagnostic algorithm is depicted in Fig. 1.
TB testing algorithm included systematic utilization of LF-LAM, Xpert MTB/Rif (Xpert), culture for 

Mycobacterium tuberculosis and drug susceptibility testing, and chest x-ray. TB testing protocol was aligned with 
South Africa guidelines13,20. In addition, this study intervention included the following components: (i) Xpert 
for all patients with HIV, DM or suspects of tuberculosis, (ii) Chest x-ray for all patients with HIV infection, 
DM, and suspected TB, and (iii) LF-LAM for all HIV positive patients irrespective of presence of advanced HIV 
disease.

For DM screening, LHWs were trained to measure random blood sugar (RBS) for all patients and assess for 
symptoms or history of DM. HbA1c or fasting blood sugar was done for those with RBS ≥ 11.1 mmol/L. HbA1c 
was measured for patients known to have DM before admission to determine their glycemic control. The Society 
for Endocrinology, Metabolism, and Diabetes of South Africa guidelines were followed for the diagnosis of 
DM21.

We systematically assessed the HIV status of the patients through clinical history and medical file review. 
LHW performed HIV testing for those with unknown status. South African national HIV counseling and testing 
policy guideline was followed for HIV testing22.

LHW provided TB health education, including an explanation of TB screening questions. They then screened 
for the presence of TB symptoms, including cough of any duration, fever of any duration, weight loss in the last 
one month, or night sweats. They showed a video on how to produce quality sputum samples for all patients with 
HIV, DM, or those patients who reported at least one TB symptom. They collected sputum for the Xpert test. All 
procedures were conducted by the LHWs in the wards where the patients were admitted, supervised by the DoH 
ward nurse. Sputum sample processing and quality assurance were performed according to the standards of the 
South African National Health Laboratory Service23.

Patients who had at least one TB symptom, HIV, or DM also had a posterior-anterior chest X-ray (CXR). The 
attending medical officers read the CXRs. If there was ambiguity about the CXR findings, telemedicine radiology 
support was provided by MSF.

Patients who were known or newly diagnosed HIV-positive underwent bedside urine LF-LAM testing 
irrespective of CD4 count or symptoms. LF-LAM diagnostic procedure was done by the LHW according to the 
manufacturer’s recommendation and South African guidelines13,24.

TB culture was done as described in Fig.  1. Genotypic testing for resistance to isoniazid, rifampicin, 
fluoroquinolones, and the injectable class of medications was done using line-probe assay testing in all persons 
found to have rifampicin resistant (RR)-TB on Xpert test.

Table 1 summarizes the screening and diagnostic tests done in the pre-intervention and intervention phases. 
In the pre-intervention phase, practice differed from the South African guidelines in that symptom-based 
screening was not systematically done, and LF-LAM wasn’t done despite the introduction of a policy to do 
LF-LAM for selected patients in 201813. Task-shifting to LHWs was done in the intervention phase, while pre-
intervention, nurses were assigned these tasks.
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TB diagnosis was determined, and treatment was started by the attending medical officers. TB was classified 
based on the method of diagnosis, site of TB, and rifampin sensitivity. For analysis, TB diagnosis was considered 
(i) microbiologically confirmed if patient had positive smear microscopy, culture or Xpert; (ii) LF LAM confirmed 
if the grade of the test was 1 or higher; (iii) radiologically confirmed if the CXR showed findings suggestive of TB. 
Patients were considered to be clinically diagnosed if they had clinical findings suggestive of TB and the treating 
physician decided to initiate TB treatment, and neither the Xpert, culture, CXR, nor LF-LAM were positive. TB 
treatment was provided based on the South African national guidelines20.

Outcomes
The outcomes of the study were the number of newly diagnosed TB cases, time from admission to TB treatment 
initiation, and all-cause in-hospital mortality during 12-months period. The primary outcomes during the 
intervention period were compared with pre-intervention period. The secondary outcomes were prevalence of 
DM, HIV infection, and TB, each as an individual condition and as comorbidities, among hospitalized patients 
during the 12 months intervention period.

Data collection and analysis
In the intervention phase, we prospectively recorded the patients’ demographic, clinical and laboratory tests 
data using standard pretested data form. If a patient had repeat admissions during the study period, data was 
collected for each eligible hospital admission.

For the pre-intervention phase, we retrospectively collected data on demographic characteristics, dates of 
admission and discharge, TB diagnosis, and discharge outcomes from hospital admission and discharge registers. 

Fig. 1. Diagnostic algorithm for TB screening among hospitalized patients in KwaZulu Natal, South Africa. 
TB tuberculosis, LHW lay health workers, PICT provider-initiated HIV counseling and testing, DM diabetes 
mellitus, RBS random blood sugar, HbA1C hemoglobin A1C, FBS fasting blood sugar, Xpert Xpert MTB/RIF 
Ultra, CXR chest X-ray, LF-LAM lateral flow urine lipoarabinomannan assay.
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For patients who had evidence of a diagnosis of TB in admission and discharge registers, additional information 
on the date of diagnosis, type of TB, TB site, methods of TB diagnosis, date of TB treatment initiation, HIV 
status, CD4 count, and DM status was collected from the South African electronic patient management system 
(TIER.Net) or patient files. Information on HIV status and DM was collected only for newly diagnosed TB 
patients in pre-intervention phase (i.e. not collected for all admitted patients).

Demographic characteristics of enrolled patients and outcomes were described and compared using 
descriptive statistical methods. Methods of TB diagnosis among new TB cases were compared between study’s 
phases and displayed using Venn diagrams. Categorical data were compared using Chi-square or Fisher’s exact 
tests, as appropriate, continuous variables were compared using Wilcoxon rank-sum test. In all statistical tests, 
p-values ≤ 0.05 were considered significant.

Patient information for both study phases was entered in a study database designed in Epi-InfoTM 7 (CDC, 
Atlanta). Data analysis was done using STATA version 15 (StataCorp, College Station, TX).

Ethics
The study was approved by the Biomedical Research Ethics Committee of the University of KwaZulu-Natal, 
South Africa (BFC/109/18) and the MSF Ethics Review Board (Geneva, Switzerland) (ID: 1833).

Results
Study population
A total of 10,159 eligible patients were admitted to both hospitals during the study period (Fig. 2). In the pre-
intervention phase, 5217 eligible patients were admitted, of whom 304 (5.8%) were excluded because they 
were already on TB treatment. A total of 4913 patients [median age 50 years (IQR 32–67); 56.6% females] were 
included. Out of these, 367 (7.5%) patients were diagnosed with TB. In the intervention phase, 4942 eligible 
patients were admitted, among whom 4015 (81.2%) provided consent; 281 (7.0%) were excluded because they 
were already on TB treatment; 3734 patients [median age 51 years (IQR 33–68); 62.0% females] were included. 
Out of these, 560 (15.0%) patients were diagnosed with TB. The age distribution of people included in the study 
was similar between the intervention and non-intervention phase (median age 50 years, IQR 32–67 vs. median 
age 51  years, IQR 33–68 respectively (p = 0.053), but the proportion of females included in the intervention 
phase was higher than the pre-intervention phase (62.0% vs. 56.6%, p < 0.001).

Newly diagnosed TB cases
560/3734 (15.0%) of patients in intervention phase and 367/4913 (7.8%) in pre-intervention were newly 
diagnosed with TB during hospital admission (p < 0.001). TB patients in intervention phase were older as 
compared to pre-intervention (median age 43 years old vs 40 years old, p = 0.004), (Table 2). Newly diagnosed 
TB patients in pre-intervention phase had higher proportion of those with unknown HIV or DM status (Table 

Pre-intervention phase Intervention phase

Activity Cadre responsible Activity Cadre responsible

DM 
screening RBS was clinically prompted

MO to decide when RBS 
was needed, nurse to 
take the sample

Systematic DM screening and RBS, with HbA1c or FBS for those with 
RBS > 11.1 mmol

LHW to screen RBS
Nurse to do HbA1c/ FBS

HIV 
testing HIV testing for all TB patients Nurse Systematic HIV testing for those with unknown statusa regardless of 

TB status LHW

TB 
screening 
and 
diagnosis

Symptom screening not 
systematically done Nurse Systematic symptom screening after TB education LHW

CXR was done for 
presumptive TB patients and 
interpreted by medical officers

CXR requested by 
nurse, done by hospital 
radiographer
MO to interpret CXR

Systematic CXR for HIV-positive, DM, or presumptive TB patients
CXR interpretation

CXR requested by nurse, done 
by hospital radiographer
MO/expert telemedicine 
radiologist advice

No use of urine LF-LAM NA Systematic urine LF-LAM for HIV-positive patients regardless of 
symptoms or CD4 count LHW

Xpert if a clinical presumption 
of TB

Nurse to collect sputum 
sample Systematic Xpert for HIV-positive, DM or presumptive TB patients

LHW explains how to produce 
a good sputum sample and 
collects the sample
Nurse to process the sample 
and send it for testing to 
the lab

TB culture if Xpert negative 
and other conditions are met

MO to decide need for 
culture

Depending on screening results we considered:
- Suggestive CXR
- First-line TB treatment failing
- Clinical presumption of TB
- Positive LF-LAM

MO to decide need for culture

Table 1. Comparison of screening strategy and diagnostic tests between pre-intervention and intervention 
phases of the study. DM diabetes mellitus, RBS random blood sugar, HbA1c hemoglobin A1, FBS fasting blood 
sugar, TB tuberculosis, CXR chest x-ray, LF-LAM lateral flow lipoarabinomannan assay, Xpert Xpert MTB/RIF 
ultra, LHW lay health worker, MO medical officer. aunknown HIV status, never tested before or does not have 
a documented HIV negative test in the last 3 months.
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2). Out of those whose status was known, the proportion of those with HIV infection or DM did not differ 
between two study phases (intervention vs pre-intervention: HIV, 73 vs 74%, p = 0.67; DM, 8.8 vs 5.6%, p = 0.11).

41% (230/560) of new TB cases in intervention phase were LF LAM positive. As compared to pre-intervention, 
newly diagnosed TB patient in the intervention phase had similar proportion of microbiologically confirmed 
disease [119 (21%) vs 87(24%), p = 0.29) and higher proportion of chest X-ray confirmation [422 (80%) vs 189 
(51%), p < 0.001). Consequently, TB patients in intervention phase had fewer people diagnosed on clinical 
grounds alone [49 (8.8%) vs 94 (26%) p < 0.001] (Fig. 3). Out of those diagnosed clinically, 26/94 (27.7%) in the 
pre-intervention group and 38/49 (77.6%) in the intervention group were diagnosed with EPTB.

Comorbidities
The overlap of TB, HIV, and DM in the intervention phase is depicted in Fig. 4. Out of the 3734 patients included 
in the intervention, 1346 (36.0%) were HIV-positive, 706 (18.9%) had diabetes, and 560 (15.0%) were newly 
diagnosed with TB during this admission. Among patients with TB, 402 (71.8%) were HIV-positive, and 49 
(8.8%) had DM; among the HIV-positive, 402 (29.9%) were newly diagnosed with TB and 114 (8.5%) had DM; 
and among those with DM, 114 (16.1%) had HIV and 49 (6.9%) were diagnosed with TB.

Outcomes
Among those diagnosed, 361 (98.4%) in the pre-intervention and 556 (99.3%) in the intervention group were 
initiated on TB treatment during hospitalization. The median time from admission to TB treatment initiation 
was two days (IQR: 0–5) in the pre-intervention phase and 2 days (IQR: 0–4) in the intervention phase. Most 
of the patients enrolled in the study started TB treatment within 30 days of admission [369 (99.2%) in the pre-
intervention phase (min–max 0–44 days), and 557 (99.5%) in the intervention phase (min–max 0–62 days)].

The overall in-hospital mortality of the patients included in the study was significantly lower in the 
intervention phase compared with the pre-intervention phase [166/3734(4.4%) vs. 336/4913(6.8%), p < 0.001].

Discussion
In this study, we demonstrate that enhanced TB screening and diagnostic package that relied on all available 
TB testing methods was associated with a significant two-fold increase in number of newly diagnosed TB 

Fig. 2. Cascade of TB screening by lay health workers among hospitalized patients in KwaZulu-Natal, South 
Africa. TB tuberculosis.
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Fig. 3. TB diagnosis by diagnostic tests among hospitalized patients in KwaZulu-Natal, n (%). (A) Pre-
intervention (n = 367) and (B) intervention (n = 560). CXR chest X-ray, GXP gene-Xpert, LF-LAM lateral flow 
urine lipoarabinomannan assay.

 

Total

Pre-intervention (n %) Intervention (n %)

p-valueN = 367 N = 560

Female 141 (38.4) 244 (43.6) 0.12

Median age years (IQR) 40 (30–53) 43 (32–57) 0.004

Site of TB disease

PTB 306 (83.4) 448 (80.0)
0.20

EPTB 61 (16.6) 112 (20.0)

Type of TB

DSTB 353 (96.2) 548 (97.9)
0.13

RRTB 14 (3.8) 12 (2.1)

HIV status

Negative 88 (24.0) 152 (27.1)
0.67b

Positive 249 (67.8) 402 (71.8)

Unknown 30 (8.2) 6(1.1)

Median CD4 count (IQR)a 136 (42–323) 183 (45–432) 0.15

Diabetes mellitus

No 283 (77.1) 511 (91.2)
0.11b

Yes 17 (4.6) 49 (8.8)

Unknown 67 (18.3) 0 (0.0)

Table 2. Characteristics of patients diagnosed with TB during hospitalization by study phase. TB tuberculosis, 
IQR interquartile range, PTB pulmonary TB, EPTB extra-pulmonary TB, DSTB drug sensitive TB, RRTB 
rifampin-resistant TB. aCD4 test was done for 134 patients in pre-intervention and 400 patients in intervention 
phase. bp-value for chi-square test for comparing those with known HIV or DM status.
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cases among patients admitted for acute hospital care. The findings of this study support calls for increased 
access to point-of-care TB tests that rely on easy to collect samples in order to improve testing coverage and 
timely treatment initiation25. We demonstrated the access to TB testing could be improved through addressing 
shortage of nursing staff and tasks shifting to trained lay health workers. In our study, trained LHWs effectively 
administrated LF-LAM to hospitalized patients.

Our study adds to available evidence that adding LF LAM to initial TB diagnostic tests among HIV-positive 
patients could diagnose notable number of TB disease, who otherwise could be missed12,26. The improvement 
in TB diagnosis in our study is also consistent with the result of the STAMP trial in which the addition of LF-
LAM to the TB diagnostic algorithm in HIV-positive patients in South Africa and Malawi improved TB case-
finding27. However, our study differs from the STAMP trial in that our study is an implementation study and 
LHW administered LF-LAM and other screening tasks. Compared with the pre-intervention group, a lower 
proportion of patients in the intervention group were diagnosed on clinical grounds alone. Of note, most of 
the patients diagnosed clinically in the intervention group had EPTB. Similar results have also been reported in 
other studies in which the certainty of diagnosis of TB improved when the TB diagnostic algorithm included 
the use of urinary LF-LAM, particularly in sputum-scarce patients28,29. Increased certainty in TB diagnosis 
might have downstream positive effects for patients, as studies with other diseases show that the certainty of 
diagnosis may improve adherence30. Although this would need to be formally assessed in persons living with TB, 
it represents another compelling reason to increase access to improved TB tests.

Over half of hospital admissions had HIV, DM, TB, or a combination of the three diseases. Two-thirds of 
patients with TB were HIV-positive, which is consistent with previous reports from the province31 and one-third 
of those living with HIV were newly diagnosed with TB, highlighting the importance of providing integrated 
care. Prevalence of DM in our intervention cohort was 18.9% what was generally in agreement DM burden 
estimates ranging from 10 to 22% from other studies in the country32,33.

The important finding from our study is that the overall in-hospital mortality in the intervention phase 
was significantly lower than in the pre-intervention phase. Our intervention that included TB, HIV and DM 
diagnostics (Fig. 1) and rapid initiation of relevant treatment may have contributed to this observation. These 
findings are consistent with modelling studies which show that enhanced techniques of TB diagnosis that rely 
on active case finding and rapid molecular testing, can reduce TB mortality34,35. In pre-intervention phase we 
observed higher proportion of patients with unknown DM status which mirrors concerns of others regarding 
underdiagnosis and gaps in DM care in South Africa32,36. Contextual factors such as improved ART coverage 
in our area18 may have also contributed to the observed reduction in mortality seen in this study. Although our 
study design limits our ability to make causal inferences, the decreased in-hospital mortality suggests a notable 
benefit for patients that should be further assessed.

Fig. 4. Overlap of HIV, DM, and TB among patients in intervention phase among patients hospitalized 
in KwaZulu Natal, South Africa (total number = 3734), n (% total participants). DM diabetes mellitus, TB 
tuberculosis.
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Our study utilized trained, supervised, and paid LHWs to deliver much of the screening and point-of-
care testing in the intervention period. They also facilitated the sample collection and logistics for the other 
TB diagnostic tests, working in partnership with nurses and medical officers. The presence of this cadre of 
healthcare workers was likely an important part of the success of the overall intervention. Other studies have 
shown the effectiveness of LHWs in inpatient settings, but these are largely from the era before the use of LF-
LAM and Xpert MTB/Rif Ultra37,38. Our study also expanded the role of LHWs beyond what is sometimes 
described in the literature as “cough officers” focused only on symptom screening or sample collection39. The 
range of activities LHWs can take on can include both HIV and TB testing40 and our findings support expanding 
their work to inpatient settings and NCD screening as part of disease programs integration and overall health 
systems strengthening.

Health system weaknesses in the diagnostic approach to TB, including shortages of physicians and nurses 
enhance the importance to task-shift work to LHWs41,42. The LHWs were a key part of this intervention, 
however, facility LHW are not existing cadres within the Department of Health system, so their positions were 
not maintained after the study. There is a need for professionalizing and formalizing this important cadre of 
healthcare paraprofessionals.

This study has several limitations. Improvements in care over the study period might have contributed 
to improvement in TB diagnosis and mortality as we used a historical comparison group. Data in the pre-
intervention phase was collected retrospectively. TB, HIV and DM screening were not done systematically and as 
such, screening information was often missing in the pre-intervention phase, which might have introduced biases. 
In the intervention phase, 12.8% of the patients were not able to give consent, and 6% declined to participate. 
One of the reasons was a notable number of patients with psychiatric conditions admitted to the medical wards 
who were not able to provide consent. It may be that these groups of patients were fundamentally different from 
those included, and they could have had both higher or lower rates of TB, or different outcomes. Furthermore, 
this study’s intervention was a complex intervention and it is difficult to determine which component(s) of the 
intervention might have been more effective in improving TB case detection.

Conclusion
The implementation of LHW-supported, systematic screening for TB, HIV, and DM with the provision of an 
enhanced package of diagnostic tests, including LF-LAM, Xpert, CXR, and/or TB culture for patients with TB 
symptoms, DM, or HIV, improved TB case finding among hospitalized patients. Task shifting of a major part 
of the screening and testing package to LHWs sets this intervention apart and turns the implementation of 
an enhanced TB diagnostic package into a success without overburdening medical staff, offering a potential 
solution to improve widespread implementation of enhanced TB screening.
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