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ABSTRACT

Tuberculosis (TB) remains a major global health concern, particularly in malnourished children. Severe acute malnutrition (SAM) compromises immunity,
increasing TB susceptibility. However, diagnosing pediatric TB is challenging due to difficulties in obtaining respiratory samples. This study evaluates the
effectiveness of stool-based GeneXpert testing for pulmonary TB in hospitalized children with SAM in Sokoto State, Nigeria.

A prospective observational study was conducted at the inpatient therapeutic feeding center of the State Specialist Hospital, Sokoto. Hospitalized children
with SAM were screened for TB using stool-based GeneXpert MTB/RIF testing. Demographic and clinical data were collected to determine TB prevalence
and associated risk factors.

Among the 28 hospitalized children tested, 10 (36%) were TB-positive. TB cases were equally distributed among infants, with 3 (30%) males and 3 (30%)
females testing positive. Among children older than one year, 2 (20%) males and 2 (20%) females were TB-positive. Malaria co-infection was observed
in 1 (17%) male and 2 (33%) female infants with TB, while among older children, 2 (33%) males and 1 (17%) female had malaria. No HIV-positive cases
were recorded.

These findings highlight the high TB burden among malnourished children and reinforce stool-based GeneXpert testing as a viable diagnostic tool.
Incorporating routine TB screening using stool-based GeneXpert into diagnostic protocols for children with SAM can improve early detection and treatment
outcomes.
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Introduction

Tuberculosis (TB) remains one of the leading infectious causes
of morbidity and mortality among children worldwide, with
Nigeria bearing a significant burden [1,2]. In 2022, 30 high
TB burden countries accounted for 87% of global TB cases.
Eight countries contributed two-thirds of the total, with India
leading at 27%, followed by Indonesia (10%), China (7.1%), the

Philippines (7.0%), Pakistan (5.7%), Nigeria (4.5%), Bangladesh
(3.6%), and the Democratic Republic of the Congo (3.0%) [3].
Despite extensive global efforts, Nigeria, one of these high-
burden countries, continues to struggle with the disease [1].

According to the World Health Organization (WHO), Nigeria
ranks among the top eight countries contributing to two-
thirds of the global TB burden, with children accounting for
approximately 10-15% of all TB cases in the country. Despite
global efforts to end TB, pediatric TB remains underdiagnosed
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and underreported due to diagnostic challenges and limited
case detection strategies [4]. The situation is even more critical
among children with severe acute malnutrition (SAM), who are
at a significantly higher risk of TB infection and progression to
active disease due to their compromised immune status [5].

Background and Rationale

The high burden of childhood TB in Nigeria is compounded by
the presence of malnutrition, which is a major risk factor for TB
infection and disease progression. Malnutrition weakens cell-
mediated immunity, increasing the likelihood of Mycobacterium
tuberculosis infection and reducing the body's ability to contain
the disease [6]. Studies have demonstrated that children with
SAM have a higher prevalence of TB compared to their well-
nourished counterparts, with mortality rates significantly elevated
in those with co-existing TB and malnutrition [7,8]. Despite the
strong association between SAM and TB, TB case detection
among malnourished children remains largely passive, often
relying on clinical suspicion rather than systematic screening
[9,10]. This passive approach results in missed opportunities
for early diagnosis and treatment, thereby contributing to poor
outcomes in this vulnerable population.

One of the main challenges in diagnosing pediatric TB is the
difficulty in obtaining respiratory samples such as sputum, as
young children are unable to expectorate effectively [11,10].
In resource-limited settings like Nigeria, alternative sample
collection methods such as gastric lavage are often impractical
due to logistical constraints and the need for specialized
personnel and equipment. Recent studies have highlighted stool
as a viable alternative specimen for TB diagnosis in children, as
it contains swallowed Mycobacterium tuberculosis bacilli from
pulmonary secretions [12-14]. The introduction of GeneXpert
MTB/RIF testing on stool samples has emerged as a promising
non-invasive diagnostic tool, offering a sensitive and specific
alternative for TB detection in children[15,12,16]. Given the high
burden of TB among malnourished children and the challenges
of diagnosing pediatric TB using conventional methods, routine
stool-based GeneXpert testing presents an innovative approach
to improving case detection and treatment outcomes.

Research Gap

Despite the growing body of evidence supporting stool
GeneXpert testing for pediatric TB diagnosis, its routine
implementation in clinical settings remains limited. One of the
key barriers is the lack of standardized guidelines for integrating
stool-based TB testing into existing pediatric and malnutrition
treatment protocols [17,18]. Additionally, the feasibility and
effectiveness of this approach in real-world settings, particularly
among hospitalized malnourished children in Nigeria, have not
been systematically evaluated.

Existing TB diagnostic algorithms in Nigeria primarily rely
on clinical assessment, chest X-ray, and sputum testing, all
of which have limitations in pediatric populations [4]. While
WHO has endorsed GeneXpert as a frontline diagnostic tool for
TB, its application in stool-based testing for routine pediatric
TB screening remains underutilized. Furthermore, studies
evaluating the integration of stool-based TB testing in inpatient
therapeutic feeding centers (ITFCs), where children with SAM
receive treatment, are scarce. Understanding the diagnostic yield

and operational feasibility of routine stool GeneXpert testing in
these settings is crucial for informing policy and programmatic
decisions aimed at enhancing TB case detection among
malnourished children.

Objectives

The primary objective of this study is to evaluate the effectiveness
of routine stool GeneXpert testing for the diagnosis of pulmonary
TB in hospitalized children with severe acute malnutrition in
Sokoto State, Nigeria. By systematically screening children
with SAM using stool-based GeneXpert testing, this study aims
to determine the proportion of children with undiagnosed TB
who would have otherwise been missed using conventional
diagnostic methods.

The secondary objectives of this study include assessing the
prevalence of TB among hospitalized malnourished children,
identifying key risk factors associated with TB infection in
this population, and evaluating the feasibility of implementing
routine stool-based GeneXpert testing in inpatient therapeutic
feeding centers. The findings from this study will provide
evidence to support policy recommendations for incorporating
stool-based TB testing into standard clinical guidelines for
managing children with SAM, ultimately improving TB case
detection and treatment outcomes in Nigeria.

Methods

This study employs a prospective observational design to
assess the effectiveness of routine GeneXpert stool testing for
pulmonary TB diagnosis among hospitalized children with SAM.
The study was conducted in Sokoto State, Nigeria, a region with
a high burden of both TB and malnutrition. The primary study
site is the inpatient therapeutic feeding centre (ITFC) of the State
Specialist Hospital, Sokoto, which provides specialized care for
children with SAM aged between 6 months to 5 hears. The ITFC
serves as a referral center for severely malnourished children
requiring intensive nutritional rehabilitation and medical
management within the stated age group.

Hospitalized children diagnosed with SAM based on WHO
criteria, including severe wasting, nutritional edema, or a mid-
upper arm circumference (MUAC) of less than 115 mm, are
included in the study. Exclusion criteria include children who
were already diagnosed with PTB on anti-TB treatment.

Routine stool samples are collected from all eligible children
at the time of admission. Samples were processed using the
GeneXpert MTB/RIF assay, which detects Mycobacterium
tuberculosis and rifampicin resistance. The intervention was
implemented during the National Childhood TB Testing Week to
maximize coverage and ensure standardized testing procedures.

Stool samples were homogenized, treated with sample reagent,
and processed following standard GeneXpert MTB/RIF testing
protocols. Quality control measures include periodic calibration
of equipment, use of external proficiency testing panels, and
adherence to biosafety guidelines.

Data on demographics, nutritional status, comorbidities, TB test
results, and treatment outcomes are collected using structured
case report forms. Additional data on diagnostic turnaround
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time and healthcare provider feedback are gathered to assess
implementation feasibility.

Descriptive statistics were used to summarize key findings,
with proportions calculated for different age and sex groups.
This analysis provided an overview of the distribution of TB
cases and co-morbidities among children with severe acute
malnutrition (SAM).

Institutional ethical approval was obtained from the relevant
ethics review board. Informed consent was obtained from
caregivers prior to sample collection and data recording,
ensuring compliance with ethical research standards.

Results

A total of 28 hospitalized children with severe acute malnutrition
(SAM) underwent GeneXpert stool testing for pulmonary
tuberculosis. Among them, 17 (61%) were infants, while 11
(39%) were children older than one year. The sex distribution
showed that 13 (46%) were male and 15 (54%) were female
(see Table 1). Nutritional status assessment confirmed that all
participants met the WHO criteria for SAM, with significant
wasting and low mid-upper arm circumference (MUAC)
measurements.

Table 1: Baseline characteristics of children tested

Characteristic n (%)
Total children tested 28(100)
Age group
Infants (<1 year) 17(61)
>1 year 11(39)
Sex
Male 13 (46)
Female 15 (54)
TB cases
Total TB-positive 10(36)
Infants 6(60)
>1 year 4(40)
Co-morbidities (Malaria & TB)
Total with Malaria & TB 5(50)
Infants 3(50)
>] year 2(50)
Nutritional status
Met WHO SAM Criteria 28(100)
Treatment Outcomes
Initiated on TB Treatment 9(90)
Referred due to complications 1(10)

The prevalence of tuberculosis among the study population was
high, with 10 (36%) children testing positive for Mycobacterium
tuberculosis using the GeneXpert MTB/RIF assay. Among these,
6 (60%) were infants, while 4 (40%) were older than one year.
Among infants, TB cases were recorded in 3 (30%) males and
3 (30%) females. Among children older than one year, 2 (20%)
males and 2 (20%) females tested positive (see Table 2).

Co-morbidities were observed in the TB-positive children,
with malaria being the most frequently detected. Among the
TB-positive infants, 1 (17%) male and 2 (33%) females had
concurrent malaria. Similarly, among older children with TB, 2
(33%) males and 1 (17%) female had malaria. No HIV-positive
cases were detected in the study population.

Regarding treatment outcomes, 9 out of the 10 TB-positive
children were initiated on anti-TB therapy and showed clinical
improvement upon discharge. One child was referred to a tertiary
hospital due to complications from massive pleural effusion.
The findings underscore the need for routine TB screening in
hospitalized children with SAM to enhance early detection and
treatment outcomes.

Table 2: Profile of hospitalized children with severe acute
malnutrition

Age Sex tg:illllegx(gzltfl 18 oc A8 Mngaflia
group children) ) (%)
Infants | Male 7(25) 3(30) 1(17)
>] year | Female | 10(36) 3(30) 2(33)
Male 6(21) 2(20) 2(33)
Female | 5(18) 2(20) 1(17)

These findings highlight the importance of integrating stool-
based GeneXpert testing into routine TB screening protocols
for children with SAM to enhance early detection and improve
treatment outcomes.

Discussion

The findings of this study demonstrate a high burden of
tuberculosis among children with severe acute malnutrition
(SAM), reinforcing previous evidence that malnourished
children are at an increased risk of TB infection and disease
progression [5,19-22]. The detection rate of TB through stool-
based GeneXpert testing in this study aligns with research
conducted in other high-burden settings, where stool testing has
been shown to provide a reliable alternative to sputum-based
diagnosis, particularly in children who are unable to expectorate
sputum [23-25,12,16]. The importance of integrating stool-
based GeneXpert testing into routine diagnostic protocols
is underscored by the high proportion of TB cases detected
in this study, many of whom would have been missed using
conventional diagnostic strategies reliant on respiratory samples.

When compared with similar interventions in Nigeria and other
resource-limited settings, the diagnostic yield observed in this
study is consistent with findings from South Africa and Ethiopia,
where stool GeneXpert testing has significantly improved TB
detection rates among pediatric populations [25-27,16]. This
highlights the generalizability of stool-based testing across
diverse epidemiological contexts. However, while previous
studies have primarily focused on outpatient settings, the
current study provides novel insights into TB prevalence among
hospitalized children with SAM, emphasizing the need for
systematic TB screening in inpatient therapeutic feeding centers
(ITFCs).
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The public health implications of these findings are substantial.
Given the high TB burden observed among malnourished
children, policymakers should consider revising national TB
control guidelines to incorporate stool-based GeneXpert testing
as part of routine TB screening in pediatric and malnutrition
treatment programs. Integrating this diagnostic approach
into existing healthcare frameworks could enhance early TB
detection, facilitate timely treatment initiation, and ultimately
improve survival outcomes in this vulnerable population.

Despite its strengths, including the innovative application
of stool-based GeneXpert testing in a high-risk group and its
systematic screening approach, this study has limitations. The
relatively small sample size may limit the generalizability of
findings, and the lack of long-term follow-up data precludes
assessment of treatment outcomes and TB relapse rates. Future
research should explore larger-scale implementations and assess
the impact of routine stool-based testing on TB-related morbidity
and mortality.

Conclusion and Recommendations

The findings from this study underscore the high burden of
tuberculosis among children with severe acute malnutrition and
the effectiveness of routine stool-based GeneXpert testing as a
non-invasive diagnostic alternative. A significant proportion of
hospitalized SAM children tested positive for Mycobacterium
tuberculosis, many of whom would likely have been missed
using conventional diagnostic methods reliant on sputum or
clinical suspicion. These results highlight the critical need for
systematic TB screening among this vulnerable population to
enable early detection and timely treatment initiation, which is
essential for reducing morbidity and mortality associated with
TB in malnourished children.

Given the diagnostic yield observed in this study, we strongly
recommend the incorporation of stool-based GeneXpert testing
into national TB screening protocols for pediatric populations,
particularly for malnourished children in inatient therapeutic
feeding centers. Policymakers should prioritize updating
TB control guidelines to include stool as a routine diagnostic
specimen alongside sputum, ensuring that all malnourished
children undergo TB screening upon hospital admission.
Additionally, strengthening laboratory capacity, ensuring
adequate supply chains for GeneXpert cartridges, and training
healthcare workers on stool sample processing and testing
protocols will be essential for successful implementation.

Further research is needed to evaluate the feasibility and
scalability of routine stool GeneXpert testing across multiple
settings, including both inpatient and outpatient healthcare
facilities. Large-scale studies should assess the long-term impact
of stool-based TB screening on treatment outcomes, TB-related
mortality, and potential cost-effectiveness in resource-limited
environments. Additionally, exploring the integration of stool-
based TB diagnostics into existing childhood nutrition programs
could provide a holistic approach to tackling the dual burden of
TB and malnutrition in endemic regions.
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