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Abstract Original Research Article

Introduction: Diagnosing Tuberculosis (TB) in children is a major challenge. This study aims to evaluate the diagnostic
performance of the Keith-Edward score compared to the Genexpert in health care facilities (HCF) in Haut-Uélé
province, in the northeast of the Democratic Republic of Congo (DRC). Methods: Using a documentary review, we
collected sociodemographic, clinical and paraclinical data. retrospectively from 105 children included in our study. We
represented the performance of the Keith-Edward score using the Receiver Operating Curve (ROC) curve and also
calculated the area under the ROC curve (AUC) as well as all the parameters of this curve. In all cases, the significance
threshold was 5% (p-value < 0.5). The rest of the methodological approach is described in our previous article [15].
Results: Keith-Edward score performance analysis showed that the area under the curve was 0.73. Its sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV) were 66.67%, 67.86%, 34.1% and
89.1%, respectively. Conclusion: The Keith-Edward score was found to be less effective and therefore could not be
recommended as the sole means of diagnosing tuberculosis in children.
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1. INTRODUCTION

Tuberculosis (TB) remains a major public
health (PH) problem worldwide. According to the World
Health Organization (WHO) report, approximately 10.6
million people developed TB in 2022, including
approximately 1.1 million children, representing 11% of
all cases worldwide. Although pediatric TB is often
underdiagnosed due to its atypical manifestations and the
difficulty of obtaining appropriate biological samples, it
is a key indicator of community transmission. Child
mortality due to TB is of concern, with nearly 226,000
deaths in 2022, largely related to insufficient access to
diagnosis and treatment. Furthermore, the emergence of
multidrug-resistant TB (MDR-TB) further complicates
its management (CM), particularly in resource-limited
settings [1,8].

Africa is one of the continents most affected by
TB, with a high incidence in several sub-Saharan
countries. The African region accounts for
approximately 25% of cases worldwide, with

particularly high rates in South Africa, Nigeria, and the
Democratic Republic of Congo (DRC) [2,3].

The Democratic Republic of Congo (DRC),
with an estimated incidence of 323 cases per 100,000
inhabitants in 2022 [4], is among the 10 countries
classified by the WHO as having a high burden of TB
disease [5]. In children, the situation is alarming due to
difficulties in diagnosis and delayed management. A
study carried out in Kinshasa revealed that the majority
of children admitted for pulmonary TB had severe forms
at the time of diagnosis against a background of
malnutrition [4]. The Congolese health system faces
major challenges, including the lack of qualified human
resources in pediatrics and limited access to advanced
diagnostic tests such as GeneXpert [6].

Genexpert is a rapid molecular diagnostic tool
that has transformed TB detection, particularly in
children, where diagnosis can be challenging [7].
Sputum smear microscopy has limited sensitivity,
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especially in children who have lower bacillary loads and
struggle to produce good-quality sputum samples. TB
culture remains the gold standard for definitive
diagnosis, but it is more time-consuming, and WHO has
recommended the use of GeneXpert Ultra for rapid
diagnosis [9]. Serological tests, which detect antibodies
to mycobacterial protein antigens, have demonstrated
low sensitivity and specificity compared to standard
culture methods and have failed to improve patient
outcomes [10]. Given these limitations, GeneXpert, a
nucleic acid amplification test that detects
Mycobacterium tuberculosis DNA and rifampicin
resistance in less than two hours, has been hailed as a
significant advance in TB diagnosis [7]. The speed and
sensitivity of GeneXpert allow for earlier identification
of TB cases, enabling rapid initiation of treatment and
reducing transmission of infection. In addition,
GeneXpert 's ability to detect resistance to rifampicin, a
key anti-TB drug, helps quickly identify patients with
drug-resistant TB who require more complex treatment
regimens. Although GeneXpert has marked a notable
advance in the rapid diagnosis of TB, it is essential for
early treatment and infection control. It is imperative to
recognize that routine replacement of culture with these
tests is not justified due to their low negative predictive
value (NPV) and barriers to implementation in low- and
middle-income countries, which account for the majority
of TB cases [11,12].

Several studies have been conducted to
compare the performance of the Keith-Edward clinical
score with that of GeneXpert for the diagnosis of TB in
children. Most of these studies observed the superiority
of the performance of GeneXpert over the Keith-Edward
score. However, studies reporting the superiority of the
Keith-Edward score over GeneXpert for the diagnosis of
TB in children are also available [13].

In resource-limited settings, the Genexpert
poses the challenge of accessibility and cost, which
limits its widespread use as a first-line diagnostic tool.
Therefore, it is essential to understand the strengths and
limitations of the GeneXpert, as well as its optimal role
in the diagnostic algorithm of childhood TB, especially
compared to older diagnostic methods such as the Keith-

Edward. Clinical diagnosis based on the Keith Edward
score may be less accurate than the GeneXpert,
especially in cases where signs and symptoms are
atypical or overlap with other common pediatric
conditions [14].

The Keith-Edward score, a method based on
clinical and radiological criteria, has long been used to
diagnose TB in children, but poses the problem of
subjectivity and variable sensitivity. The comparison of
these two approaches is essential to evaluate the
performance of the Keith-Edwards clinical score
compared to the standard genexpert method which has
already proven its effectiveness, with a view to
implementing the diagnostic policy for childhood TB in
our region. It is in this context that this study is part of
which aims to determine the sensitivity of the clinical
score in comparison with the results of Xpert (Gold
standard) in Health Care Facilities (HCF) of the Haut-
U¢l¢ province, in the northeast of the DRC, a resource-
limited environment.

2. METHODS

The methodological approach undertaken in
this study is the same as that described in our previous
article published in April 2025
(https://doi.org/10.4236/jbm.2025.134018 ) [15].

we represented the performance of the Keith-
Edward score using the Receiver Operating Curve
(ROC) curve and also calculated the area under the ROC
curve (AUC) as well as all the parameters of this curve.
In all cases, the significance threshold was 5% (p-value
<0.5).

3. RESULTS

In total, 105 patients, of all ages, suspected of
TB based on the Keith Edward score were sampled and
had GeneXpert performed as shown in our previous
article [15]. According to the observed results, it appears
that the Keith-Edward score was positive in 66.7% of
patients (GeneXpert positive) and in 32.1% of non-
patients (GeneXpert negative) (p-value = 0.004). (Table

1.

Table 1 : Confusion matrix

GENEXPERT EXPERT Total
Characteristic YesN=21"' NoN=284' N=105" p -value
Score de Keith-Edward 0,004
Positif 14 (66,7%) 27 (32,1%) 41 (39,0%)
Négatif 7 (33,3%) 57 (67,9%) 64 (61,0%)
Total 21 (100,0%) 84 (100,0%) | 105 (100,0%)
n (%)
’Pearson’s Chi-squared test

3.1.2. Courbe ROC (Receiver Operating Curve)
Reading Figure 1 of this study shows that the
Keith-Edward score had a lower performance than the

Genexpert (considered as gold standard). Its area under
the curve was 0.73. (Figure 1).
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Figure 1: Keith-Edward ROC curve and that of GeneXpert

Table 2 above shows that at the usual threshold
(= 7), the sensitivity, specificity, positive predictive
value and negative predictive value of the Keith-Edward

score were 66.67%, 67.86%, 34.1% and 89.1%
respectively (Table 2).

Table 2: Parameters of the Keith-Edward curve

Criteria | Sensitivity (IC) Specificity (IC) VPP (IC) VPN (I0)
Score >7 | 66.67 (43.0-85.4) | 67.86 (56.8 -77.6) | 34.1 (25.2-44.4) | 89.1 (81.4-93.8)
CI =95% Confidence Interval
PPV = Positive Predictive Value (%)
NPV = Negative Predictive Value (%)
4. DISCUSSION overdiagnosis of tuberculosis and unnecessary use of

In this study, we compared the performance of
the Keith Edouard score with that of GeneXpert (gold
standard) for the diagnosis of childhood TB in Haut-
Uele, in the northeast of the DRC.

The Keith-Edward score was positive in 66.7%
of patients (GeneXpert positive) and in 32.1% of non-
patients (GeneXpert negative) (p-value = 0.004).

At the usual threshold (> 7), the Keith-Edward
score had a less satisfactory performance on several
parameters, including its area under the curve (0.73), its
sensitivity (66.67%), its specificity (67.86%) and its
positive predictive value (34.1%). Only the negative
predictive value (89.1%) of this score proved to be
satisfactory.

A prospective study conducted in Kimpese,
DRC, on 161 children, found that the sensitivity and
specificity of the Keith Edward score were 85% and
67.2%, respectively [16] .

This study suggests that the Keith Edwards
score might be useful in mass screening, but less so for
individual diagnosis due to its low specificity [16] .

Furthermore, Van Rheenen et al., point out that
the low specificity of scoring systems may lead to

anti-tuberculosis drugs [17] . They highlight the urgent
need for new diagnostic tools for tuberculosis in
children, especially in HIV-endemic areas [17] .

A study conducted in Dodoma, central
Tanzania, evaluated the performance of the Keith
Edwards score in children [18] . The sensitivity was
76.9% and the specificity was 90% [18] . The study
concluded that the utility of the Keith Edwards clinical
diagnostic tool for the diagnosis of tuberculosis in
children is limited, and advocates further validation [18]

In contrast, a systematic review and meta-
analysis by Kakinda et al, assessed the diagnostic
accuracy of clinical scoring systems for childhood
tuberculosis [19] . They found that, in a sample of 1,000
children with a tuberculosis prevalence of 10%, the Keith
Edwards scoring system had a sensitivity of 81.9% and a
specificity of 81.2% [19] .GeneXpert test has emerged as
a significant advance in the diagnosis of tuberculosis.

In a study by Lupande et al., the performance of
GeneXpert MTB/RIF compared to conventional Ziehl-
Neelsen microscopy was evaluated in a hospital in
Bukavu, DRC [20] . In this study, GeneXpert MTB/RIF
detected 13 additional cases of tuberculosis that
microscopy had missed.
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It appears that tuberculosis culture remains the
gold standard for definitive diagnosis, but it is more time-
consuming and the WHO has recommended the use of
GeneXpert Ultra for rapid diagnosis [21] . The
GeneXpert provides a result in 1.75 hours, which
includes the presence of genotypic resistance to
rifampicin, with a sensitivity and specificity of 98% and
99%, respectively. However, its use in resource-limited
settings may be limited by cost and the availability of
uninterrupted power supply [22] .

In areas where microbiological confirmation of
tuberculosis is not possible, the Tanzanian Ministry of
Health recommends the use of a Keith Edwards clinical
scoring tool for the diagnosis of tuberculosis in children
[18].

Other studies have shown that the Keith
Edwards score has a high sensitivity, meaning it is good
at identifying children with TB, but it has a lower
specificity, meaning it may misidentify some children as
having TB when they do not [16] .

The performance of the Keith Edwards score
varies between studies. Indeed, a systematic review and
meta-analysis of 14 studies on the performance of
clinical diagnostic scores for childhood tuberculosis
revealed a wide variability in the sensitivity (23% to
97%) and specificity of different scores, including the
Keith Edwards score [19] .

This variability may be attributed to differences
in study populations, diagnostic criteria for tuberculosis,
and thresholds used to define a positive score.

Furthermore, the sensitivity of light microscopy
is low due to the paucibacillary nature of tuberculosis in
children and lacks reproducibility [23] .

In the specific context of Haut-Uélé, where
resources are limited and access to sophisticated
laboratory tests such as GeneXpert may be restricted, the
use of the Keith Edwards score could be considered as
an initial triage tool to identify children at high risk of
tuberculosis, and not as a means of diagnosing
tuberculosis due to its low sensitivity.

However, it is crucial to recognize the
limitations of this score and combine it with other
clinical assessments and, if possible, laboratory tests to
confirm the diagnosis.

Therefore, a combined diagnostic approach,
integrating the Keith Edwards score, clinical assessment
and laboratory tests, is likely to be most effective in the
context of Haut-U¢lé.

The World Health Organization recommends
an integrated diagnostic approach for childhood
tuberculosis, which includes clinical assessment,

laboratory tests, and history of tuberculosis exposure
[19]. In resource-limited settings, a simple clinical score
could rapidly identify high-risk patients who should be
considered for antituberculosis treatment [24] .

The imperfect specificity of the tests can lead to
false positives, which is of particular concern because of
the possibility of latent tuberculosis infection, BCG
vaccination, and non-tuberculous mycobacterial
infections [19] .

The use of scoring systems and algorithms has
been shown to be beneficial in the diagnosis of childhood
tuberculosis, particularly in lower-level health care
settings [19] .

These tools help identify patients requiring
further investigation, thus enabling rational management
of resources and improved patient outcomes [19] .

Ideally, a diagnostic test should distinguish
between affected and unaffected individuals. However,
no diagnostic test is perfect. Therefore, when adopting a
diagnostic test, there is often a trade-off between patients
who do not have the target condition but are incorrectly
identified as positive and those who do have the target
condition [19] .

Tuberculosis remains a major public health
problem worldwide, with approximately one-third of the
world's population infected with Mycobacterium
tuberculosis, the causative agent of the disease [25] .

The variability in reported performance of the
Keith Edwards score suggests that its utility may depend
on the specific population and setting. The lower
sensitivity and specificity observed in our study,
compared with the Kimpese study, could be due to
differences in the study population, prevalence of
tuberculosis, or other factors.

GeneXpert generally offers higher sensitivity
and specificity, particularly for detecting drug-resistant
TB strains. However, it is also more expensive and may
not be readily available in resource-limited settings. The
choice between the Keith Edwards score and GeneXpert
may therefore depend on the specific context and
available resources.

5. CONCLUSION

At the end of our study, it was observed that the
sensitivity, specificity and positive predictive value of
the Keith-Edward score are low, not allowing its
recommendation for daily use in the diagnosis of
tuberculosis in children in our region. Further research is
needed to optimize the use of these diagnostic tools and
to develop new, more accurate methods for diagnosing
tuberculosis in children. The low specificity of the Keith
Edward score makes it a less recommended tool for the
individual diagnosis of pulmonary tuberculosis in
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children, but it could be useful in mass screening in
public health [17] .

LIMITS OF THE STUDY

The limitation of this study is that these results

cannot be extrapolated to the whole of the DRC because
studies carried out elsewhere have demonstrated that the
results of the genexpert are a function of the population
studied, sampling methods and the diagnostic criteria
used.
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