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Abstract

Objective: To evaluate the effectiveness of the Modi-
fied Kenneth Jones Scoring System as a screening tool 
for diagnosing pulmonary tuberculosis in children.
Methodology: A cross sectional study was conduct-
ed to assess the symptoms of tuberculosis among 100 
pediatric patients with male to female ratio was 67:33.
through Modified Kenneth Jones Scoring System 
(MKJSC) at Gulab Devi Tertiary Care Hospital, La-
hore from June-December, 2022. The study included 
symptoms based on gender, drug usage and microbi-
al load. Patients diagnosed with TB were included in 
this study to assess the system's effectiveness in iden-
tifying specific symptoms and clinical manifestations 
of TB. This inclusion allowed for a comprehensive 
evaluation of the MKJSC's diagnostic accuracy and its 
potential utility in early detection and intervention in 
pediatric TB cases. The Data was analyzed using SPSS 
to identify specific symptoms.
Results: The Modified Kenneth Jones Criteria diag-
nosed 65 patients out of 100 with one false positive. 
The sensitivity for TB detection was 84.2% (95% CI: 
73.6% - 91.2%), specificity was 95.8% (95% CI: 76.8% 
- 99.7%), positive predictive value was 98.4% (95% 
CI: 90.5% - 99.9%), and negative predictive value was 
65.7% (95% CI: 47.7% - 80.3%). Statistical analysis 
with 5% confidence interval revealed a medium of age 
of 73 months and a mode of 120 months among pa-
tients. While cough prevalence varied, all patients had 
a history of prolonged fever. Meningeal irritation was 
observed in 52% of participants and 77% had contact 
with TB patients. Other findings included malnutri-
tion 50%, pneumonia 48% and BCG screening 24%.
Conclusion: The Modified Kenneth Jones Scoring Sys-
tem demonstrated high sensitivity and specificity in 
detecting tuberculosis, outperforming previous meth-
ods. It proves to be an effective tool in resource-limit-
ed healthcare settings for diagnosing TB in children.

Keywords: Tuberculosis, Bacterial load, Modified 
Kenneth Jones Scoring System.
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Introduction

Tuberculosis (TB) remains a major global health 
concern, causing significant morbidity and mor-
tality worldwide.1 To effectively combat this in-
fectious disease, it is essential to comprehend 
the clinical and diagnostic manifestations of 
tuberculosis patients, particularly with respect 
to their physical aspects and related signs and 
symptoms. Early detection and precise diagnosis 
are critical for ensuring prompt treatment ini-
tiation and decreasing the spread of TB in the 
community.1

The majority of pediatric populations who are 
infected with Mycobacterium tuberculosis ex-
hibit a lack of clinical symptoms.1,2 On the other 

hand, the likelihood of disease progression and 
extrapulmonary manifestations is greater within 
the first two years of life, with a progression risk 
of 40-50%.3 Of all cases of TB disease in chil-
dren, pulmonary TB accounts for approximately 
60-80%, with most cases developing within 2-12 
months of initial infection.4 The most prevalent 
extrapulmonary manifestation is lymphade-
nopathy, followed by central nervous system 
involvement.4 The classification system utilized 
here distinguishes between thoracic and extra 
thoracic disease, recognizing that hilar or me-
diastinal adenopathy, often viewed as extrapul-
monary disease, is a defining characteristic of 
pulmonary disease in children. Separating pul-
monary foci from regional adenopathy is not 
biologically significant.5

The primary source of infection for most chil-
dren who have contracted the disease share close 
living quarters, often within the same house-
hold. This course of action facilitates the identi-
fication of children who are at risk of developing 
TB disease because of recent infection within 
the household and enables the early detection 
of eligible children who can benefit from isonia-
zid preventive therapy (IPT).6 By implementing 
contact screening, vulnerable children can be 
recognized, and appropriate measures may be 
taken to prevent the progression of the disease.7 
In the Kenneth Jones scoring system, various 
clinical and radiological factors are assessed to 
determine the likelihood of TB in a child. These 
factors include symptoms like persistent cough, 
fever, weight loss, and radiological abnormal-
ities like chest X-ray findings.8 However, the 
presence and severity of these symptoms and 
abnormalities may vary depending on the type 
of TB manifestation in the child. 

In this study, Kenneth Jones scoring system was 
used as screening tool for TB diagnosis in chil-
dren, where sputum contained a high bacterial 
load.9 Despite recent advancement and improve-
ments in bacteriological test, their performance 
in diagnosing childhood TB does not meet the 
expectations outline in the world health orga-
nization, endorsed target products profile for 
TB diagnoseis.10 The study aimed to assess the 
diagnostic accuracy of MKJSC as screening tool 
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for diagnosing pulmonary tuberculosis in children. In involved 
evaluating TB symptoms among pediatric patients and analyz-
ing data to determine the sensitivity, specificity and predictive 
values of the MKJSC in detecting TB cases. The objective was to 
provide insights into the performance of the MKJSC and its po-
tential utility in resources limited healthcare setting for early TB 
diagnosis in children. By examine the diverse physical aspects 
such as specific sign and symptoms, we aimed to acquire insights 
into the presentations of TB in this population. 

Methodology

The present research employed a cross-sectional study design to 
investigate TB patients' clinical and diagnostically manifested 
symptoms with implementation of MKJSC. A study was con-
ducted at Gulab Devi Tertiary Care Hospital in Lahore, Paki-
stan, serving as a representative sample of the region.  A detailed 
methodology was employed to compile and analyze the data. The 
data was collected and underwent analysis utilizing the SPSS sta-
tistical tools to ensure the statistical validity of the finding. The 
research study focused on evaluating the diagnostic accuracy of 
the modified Kenneth Jones scoring system as a screening tool 
for the identification of new cases of tuberculosis. The ethical 
letter was obtained from ERB with tracing ID: AAMC/IRB/EA-
28.2022. 

The study sample comprised of 100 children of both gender, 
who were diagnosed with TB based on clinical and laboratory 
criteria. A convenience sampling approach was implemented, 
wherein qualified participants who satisfied the inclusion cri-
teria were consecutively enrolled until the desired sample size 
was attained. The patients were recruited from outpatient de-
partment of the participating hospital after obtaining consent 
from the legal guardians of the children. Sputum culture was 
used as a scoring standard to determine the diagnostic accuracy 
of MKJSC, and the scoring system was determined by calculat-
ing measures such as sensitivity, specificity, positive predictive 
values, negative predictive values and the area under the receiver 
operating characteristic curve. These measures offer an assess-
ment of the system’s ability to accurately identify individuals 
with and without tuberculosis.  The trained personnel involved 
in the research project employed standardized data collection 
forms, which included clinical symptoms, medical history, and 
participant demographics such as age and gender. Diagnostic 
procedures and bacterial detection techniques were performed 
to ascertain the level of microbial burden and establish the pres-
ence of TB infection. SPSS version 21 was used to analyze the 
data. Descriptive statistics, such as frequencies and percentages, 
were utilized to compile the research participants' demographic 
details and clinical symptoms. In instances where it was appro-
priate, as per the collected data and information, the chi-square 
test or Fisher's exact test was employed to examine the relation-
ship between variables. The statistical significance was defined 
as a p-value of 0.05.

Results

The system exhibited a high degree of sensitivity, specificity, and 
an overall accuracy in differentiating between individuals with 

tuberculosis and those without the disease. Table 1 shows the 
distribution of ages within the study population. The median age 
was 73 months (average 67.01 months), while the mode was 120 
months. Although only 69% of participants reported having a 
cough that lasted longer than two weeks, all patients had a his-
tory of fever that lasted longer than two weeks. In the oldest and 
youngest age groups, coughing was more prevalent.

The 52% of the patients surveyed showed signs of meningeal 
irritation, including symptoms of fits; 77% of respondents said 
they interacted with somebody who had previously been diag-
nosed with tuberculosis; 4% of interviewees said they had never 
had whooping cough, whereas 15% confessed  they had mea-
sles in the past. Only 24% of the patients showed evidence of 
the BCG vaccine scarring, and 52% of the patients showed signs 
of malnutrition. Physical tests of the patients indicated pleural 
effusion in 8%, gibbus deformity of the thoracic spine in 2%, 
and pneumonia in 48% of the patients. In 49% of the research 
sample, radiological data showed significant opacity and differ-
ent bronchovesicular patterns. Additionally, 14% of the people 
showed signs of miliary mottling. In 57% of the individuals, a 
BCG response higher than 10mm indicated a satisfactory diag-
nostic result. 52% of those polled had CSF fluid that may have 
been connected to tuberculous meningitis. Compared to 29% of 
the patients who had positive results for acid-fast bacilli, only 
11% had cultures that tested positive for Mycobacterium tuber-
culosis.

The Modified Kenneth Jones criteria were found to be satisfied 
by 65 patients, and there was only one incidence of a false posi-
tive diagnosis. It's important to note that, according to the Ken-
neth Jones criteria, only 12 out of the total study participants 
received a negative score (below 7). However, the results of 
subsequent tests revealed that these patients did in fact have tu-
berculosis. The computed sensitivity for tuberculosis detection 
using the Kenneth Jones criteria was 84.2%, with a 95% confi-
dence interval (CI) ranging from 73.6% to 91.2%. A specificity 
of 95.8% (95% CI: 76.8% to 99.7%) was found. Additionally, it 
was found that the positive predictive value was 98.4% (95% CI: 
90.5% to 99.9%) and the negative predictive value was 65.7% 
(95% CI: 47.7% to 80.3%).

The quantification of the bacterial load, which represents the 
concentration of Mycobacterium tuberculosis in a patient's sys-
tem, was assessed and categorized into three levels: low, medi-
um, and high. By quantifying the bacterial load, medical practi-
tioners can employ the most optimal means MKJSC of infection 
control to curb the spread of tuberculosis and make informed 
decisions about the selection and duration of antibiotic therapy. 

The outcomes of the study propose that the modified Kenneth 
Jones scoring system can be a valuable tool in the primary 
screening and diagnosis of tuberculosis cases. Its high diagnostic 
accuracy makes it a potentially useful approach in resource-lim-
ited settings where access to advanced diagnostic techniques 
may be limited. The sign and symptoms with bacterial load over 
age are mentioned in Table 2 within gender base. 
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Table 1: Data of some patients from this cross sectional study 
 

Age 
(months)

Gender Symptoms Bacteria 
Load  
Detection

Other 
Evidence

MKJSC

14-15 Male Cough, 
Weight 
Loss

Low Mantoux 
Positive, 
Hemop-
tysis

3-4

13-14 Female Fever, 
Cough

Low Mantoux 
Positive, 
Sputum 
ATB 
Positive, 

≥5

12-13 Male Fever, 
Cough, 
Weight 
Loss

Medium Sputum 
ATB

3-4

11-12 Female Fever, 
Cough, 
Weight 
Loss

Medium Sputum 
ATB

3-4

8-10 Male Fever, 
Cough

High Mantoux 
Positive, 
Sputum 
ATB 
Positive, 

≥5

5-8 Female Fever, 
Cough, 
Weight 
Loss

High Mantoux 
Positive, 
Sputum 
ATB, 
Sputum

≥5

3-5 Male Fever, 
Cough, 
Weight 
Loss

High Sputum 
ATB

3-4

1-2 Female Fever, 
Cough, 
Weight 
Loss

High Sputum 
ATB

3-4

<1 Male Fever, 
Cough, 
Weight 
Loss

High Sputum 
ATB

3-4

Table 2: KJ Scoring and Gene Expert Comparison

KJ 
Score

Inference Gene 
Expert*

KJ score Efficiency 
(Total)

Std. Dev. 

3-4 Negative Negative 100%

3.808

≥5 Positive Negative MTB Detected
3-4 Negative Negative 100%
3-4 Negative Negative 100%
≥5 Positive Positive 100%
≥5 Positive Positive 100%
3-4 Negative Negative 100%
3-4 Negative Positive MTB Not Detected
3-4 Negative Negative 100%

*Gene Expert is a rapid molecular diagnostic test for tuberculosis and rifam-
picin resistance. It detects Mycobacterium tuberculosis DNA and rifampicin 

resistance mutations using PCR technology, providing results within two hours.

Discussion

A comprehensive research investigation was carried out on pa-
tients with TB based on the provided data, which focused on 
both male and female individuals across different age groups 
and examined clinical manifestation, symptoms and detection 
of bacterial load in order to gain insights into the progression 
and transmission of the disease.11 The study reveals that TB pa-
tients exhibit similar signs and symptoms across age groups, but 
the severity of bacterial burden varies, suggesting different stag-
es of the disease. Bacterial load was categorized into low, me-
dium, and high levels, providing insights into microorganism 
proliferation and potential implications.12 Some patients show 
early-stage disease with lower bacterial loads, indicating early 
infection or less active disease, while a considerable proportion 
display medium or high bacterial loads, signifying advanced dis-
ease stages and increased transmission risk.14 

Screening new cases of pulmonary tuberculosis in children is a 
critical task that requires an accurate diagnostic tool. The mod-
ified Kenneth Jones scoring system has been evaluated for its 
efficacy as a screening tool.13 It integrates multiple clinical and 
laboratory parameters to assign a scoring the indicate the like 
hood of tuberculosis. These parameters may encompass symp-
toms, radiographic findings and laboratory test results.5   Un-
derstanding the bacterial burden in TB patients is essential for 
disease management including treatment decision infection 
control and assessing transmission risk.15 Quantifying bacte-
rial load helps healthcare provides choose antibiotics, monitor 
treatment response and implement infections control measure 
to contain TB spread. Early detection and intervention are em-
phasized to prevent transmission and reduce diagnostics and 
treatment options, considering the challenges posed by varying 
bacterial loads and clinical manifestations in TB.16,17

Further analysis of symptoms presentation between male and fe-
male TB patients reveals both similarities and differences. Both 
genders commonly experience symptoms such as fever and 
cough while females may also present with chest pain, weight 
loss vomiting abdominal pain.18 The findings underscore the im-
portance of early detection, tailored treatment approaches and 
effectives infections control measure to mitigate the impact of 
TB on individuals and communities. The data also highlights the 
ongoing need for further research and advancement in diagnos-
tic and treatment options to address the challenges associated 
with varying bacterial loads and the divers’ clinical manifesta-
tions of TB.19 This study describes a cross sectional study that 
aims to evaluate the clinical and diagnostically manifestation 
symptoms of TB patients in relations to their physical response. 
The following sections offers compressive description of the 
study methods data analysis and results followed by discussion 
other implications and potential applications of the findings. 
The study extensively highlights its methodology, including 
aspects such as age, distribution, symptoms, bacterial load de-
tection, and the MKJSC utilization. For instance, the findings 
reveal a median age of 73 months and a mode of 120 months 
among the participants. Furthermore, all patients exhibited a 
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history of prolonged fever, with the prevalence of cough varying 
across different age groups. The sample size is determined using 
sample size determination for estimation of a single population 
proportion formula and the following assumptions are consid-
ered 95% confidence interval The determination of the sample 
size was conducted through the utilization of appropriate statis-
tical methods to guarantee ample representation of the intended 
population. 

The total number of cases detected through specific testing strat-
egies defines the diagnostic yield. In the case of intrathoracic tu-
berculosis in children by following Kenneth Jones scoring sys-
tem as a screening tool, various factors affected the diagnostic 
yield, which included Persistent cough (>2-3 weeks), persistent 
fever (>1 week), unexplained weight loss, close contact with a 
TB case, presence of night sweats, enlarged lymph nodes, BCG 
vaccination status, chest X-ray abnormalities (hilar lymphade-
nopathy, lung infiltrates, cavitations), and detailed CT scan find-
ings. The factors mentioned, including the inherent diagnostic 
accuracy of laboratory tests, specimen quality and quantity, 
transport efficiency, and laboratory system quality, directly in-
fluence the diagnostic yield of the Kenneth Jones scoring system. 
For example, if laboratory tests used to confirm TB are not accu-
rate or if specimen collection is inadequate, the diagnostic yield 
may be compromised.5,8

Moreover, the drivers’ manifestations of intrathoracic TB in 
children such as cavity disease or primary lymph node disease, 
affected bacilli recovery from secretions. Cavity disease often 
yield higher concentrations of bacilli compared to primary 
lymph node disease where bacilli level might be lowered. This 
variations in bacilli recovery can impact the sensitivity of diag-
nostic test and consequently the diagnostic yield of the Kenneth 
jones scoring system. 
Therefore, these factors collectively influence the sensitivity and 
specificity of the Kenneth Jones Scoring Criteria, impacting 
its ability to accurately diagnose intrathoracic TB in children. 
These include the inherent diagnostic accuracy of laboratory 
tests, the quality and quantity of collected specimens, the effica-
cy and promptness of specimen’s transport and the availability of 
high-quality laboratory system which rely on skilled personnel. 
It is noteworthy that intrathoracic TB in children has a broad 
secretion,8 for example, cavitary disease such as Ghon focus le-
sion, the most common form of intrathoracic TB in children, 
may exhibit very low levels of bacilli, MKJSC might be utilized 
as a screening tool for its diagnosis. By illuminating the diverse 
manifestations of tuberculosis, this study aims to contribute to 
the ongoing efforts in tuberculosis research and enhance the un-
derstanding of this global health challenge.20 This study's prima-
ry goal was to evaluate the diagnostic accuracy of the modified 
Kenneth Jones scoring system, which was used as a screening 
tool to find new cases of pediatric pulmonary TB. The study 
identified diverse symptoms and bacterial burden levels in tu-
berculosis patients. Accurate quantification of bacterial load is 
vital for disease management and control. Early detection and 
intervention are crucial to reduce transmission and disease bur-
den. Further research is needed for improved diagnostics and 
treatments for varying bacterial loads in tuberculosis patients.21 

The findings exhibited a moderate degree of diagnostic accuracy, 
characterized by excellent sensitivity and positive predictive val-
ue (Table-2). The results of study identified the ability to identify 
the specific physical characteristic linked to tuberculosis, as well 
as their correlation with patients’ attributes, providing health-
care professional with valuable insights for timely identification 
and intervention.22,23 These discoveries bear substantial conse-
quences for the management, treatment, and formulation of 
preventive approaches for tuberculosis globally. The study places 
its findings within the wider framework of tuberculosis research, 
addressing the challenges posed by diverse bacterial loads and 
clinical presentations. It also delves into the potential utility of 
the Modified Kenneth Jones scoring system in settings with lim-
ited resources, emphasizing its effectiveness as a screening tool 
for diagnosing tuberculosis in children.

Limitations

The relatively small sample size may affect the generalizability of 
the results. Secondly, the research was conducted at a single hos-
pital in Lahore, which may limit the applicability of findings to 
other regions. Thirdly, the study relied on the Modified Kenneth 
Jones Scoring System without comparing it to other advanced 
diagnostic tools, potentially limiting its comprehensiveness. Ad-
ditionally, there may be selection bias as patients were recruited 
from outpatient departments, possibly excluding more severe 
cases not attending the clinic. Lastly, the cross-sectional design 
captures data at a single point in time, which may not reflect 
long-term outcomes or variations in symptoms over time. how-
ever, these tests have limited sensitivity in detecting paucibac-
illary TB in diagnosing testing, which refers to cases with low 
levels of bacilli, due to inherent technologies limitations. 

Future Perspective

By examining TB clinical manifestations and laboratory pa-
rameters, we assessed the system’s sensitivity, specificity and 
predictive values in detecting TB cases. Understanding the per-
formance of the MKJSC in diverse patients’ populations in dif-
ferent areas under disease conditions is essential for its effective 
implementations in clinical practice. Moreover, insights gained 
from this study may inform strategies for early detection and in-
tervention, particularly in resource limited setting where access 
to advanced diagnostic techniques may be limited. To minimize 
cost in implementing the modified Kenneth jones scoring sys-
tem for pediatric TB screening, leverage existing infrastructure 
train healthcare staff prioritize cost effective diagnostic test, and 
integrate screening into community health program. 

The manuscript puts forward the need for additional investi-
gation and advancement in area of diagnostic and therapeutic 
options to address the challenges associate with fluctuating bac-
terial and diverse clinical manifestation of TB.  The modified 
scoring system created by Kenneth Jones holds promise as a 
valuable tool in the initial screening and identified of TB cases, 
particularly in setting with limited availability of state of art di-
agnostic techniques. 

Conclusion

The finding of our research pertaining to the scoring chart de-
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veloped by Kenneth jones have demonstrated higher level of 
sensitivity and specificity in comparison to previous investiga-
tion conducted in the field. 
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