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Abstract

Background: Clinical data may not accurately diagnose pulmonary tuberculosis (PTB), mainly due
to manifestation overlap with other diseases, causing delays and misdiagnoses. Many gaps in the
interpretation of clinical and radiographic findings were addressed and updated in our study.
Methods: An institutional-based study was carried out between 02/01/2018 and 26/06/2020 to
clinically assess TB outpatients in high-burden zones. Those patients were identified through smear
microscopy, GeneXpert Ultra, and chest X-rays and TB positives were interviewed. Of total, 329
patients were enrolled from Bench-Skeko, 23 from Skeka, and 29 from Keffa. Both descriptive and
inferential statistics were performed using Stata 14/16.

Results: A total of 410 TB confirmed cases, with 328 (80%) being PTB, 79 (19.3%) EPTB, and 3
(0.73%) involving both forms were involved in this study. The mean age was 27.65 + 11.44 years,
with 55% male. Most patients were recently identified (99.3%). GeneXpert was used in 62.4%, AFB
in 8.78%, and lesion biopsy or FNAC for EPTB in 16.83%, and 98% was on the intensive therapy for

susceptible TB. A febrile episode was diagnosed in 93% (5.4% >40°C, 87% <39°C), night sweat in
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93.17%, appetite loss in 89%, fatigue in 90%, and weight loss in 88%. Respiratory symptoms were
very common, with cough reported in 94.2%: productive in 91%, and prolonged (>3 wks) in 77%.
Abnormalities in chest X ray were reported in 16.3%, with pleural effusion in 11.2%, cavitary
formations in 13%, and lymph node enlarged in 14%. Blood pressure abnormalities were relatively
low, with 76.3% having normal. Only few findings were reported as statistically significant predictors
of active PTB. Chest abnormalities (OR=6.87), prolonged cough (OR=6.4), mucoid (OR=14.6), and
mucopurulent sputum (OR=56.4) increased PTB odds, while lymphadenopathy was less commonly
reported (OR=0.16). Appetite loss (OR=3.26), pleural effusion (OR=2.41), and fibrosis (OR=2.31)
showed weak associations.

Conclusions: A high prevalence of the TB tetrad: prolonged cough, night sweat, fever and appetite
loss were observed. PTB odds were higher with chest abnormalities, effusion, fibrosis, infiltration, and
expansion, highlighting the diagnostic value of radiology.

Clinical Trial Registration: No applicable

Key words: Chest X-ray abnormality, clinical features, imaging, PTB, EPTB

1. Background

Low bacillary loads may go undetected microbiologically, making clinical findings along with
radiographic features a crucial for diagnosing PTB. TB presents with symptoms overlapping with
pneumonia, COPD and other respiratory infections. Chest pain, persistent cough, dyspnea, and other
respiratory symptoms are frequently encountered in clinical practice and are often linked to serious
underlying pulmonary conditions[1, 2].Additionally, radiographic findings such as pleural effusions,
cavitary lesions, lymph node enlargement, and parenchymal changes can be indicative of various
pathological processes, including infections, malignancies, and inflammatory conditions[3-

5].Differential diagnosis of these findings professionally aids in determining the cause, disease
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severity, predicting outcomes, and tailoring treatment approaches[3, 6, 7].The identification of these
abnormalities through imaging techniques, such as chest X-rays and CT scans, provides invaluable
information for clinicians in making accurate diagnoses and creating individualized treatment plans| 8-
10].Moreover, radiographic assessments have become indispensable in the diagnostic process,
especially with the rise of conditions such as tuberculosis, which present with complex clinical
symptoms and imaging findings. Radiological features, including the presence of pleural effusions,
cavitary lesions, and enlarged lymph nodes, are crucial indicators of disease activity and
severity[11].These findings are often complemented by laboratory investigations, which provide
further insights into the disease process, aiding in differentiating between infectious, inflammatory,
and neoplastic conditions[7].As the role of imaging in the diagnosis and management of respiratory
diseases continues to evolve, its integration with clinical findings remains a cornerstone of effective
patient care[11-13].

Understanding the distribution and significance of various clinical and radiographic findings is
essential not only for accurate diagnosis but also for developing strategies for early intervention and
improved management of patients. The study of these findings helps in identifying patients at risk of
complications, enables healthcare providers to implement timely interventions, and ensures optimal
outcomes. By presenting a comprehensive overview of the clinical and radiographic abnormalities
observed in the study cohort, this research aims to enhance the diagnostic approach and provide
evidence-based insights into the management of pulmonary diseases[14].As healthcare systems
continue to face challenges in managing respiratory diseases, especially in regions with limited
resources, the importance of efficient and accurate diagnostic methods cannot be overstated. The
integration of clinical assessments with radiographic evaluations offers a promising approach to

improving disease detection, monitoring, and treatment[14, 15].
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Despite advances in TB diagnostic technologies, important gaps remain in the characterization and
clinical interpretation of TB manifestations, particularly in resource-constrained, high-burden settings.
Symptom-based evaluation alone may fail to identify all patients with TB, while the interpretation and
implementation of chest radiography can be affected by limitations in resources, provider knowledge,
training and health-system capacity[16].WHO therefore recognizes systematic screening using
symptoms, chest radiography, and rapid molecular diagnostic tests as important approaches for
improving TB case detection[17].However, the clinical and radiographic patterns of confirmed TB
and their relationship with disease progression, clinical outcomes, and diagnostic decision making
remain insufficiently characterized in many resource-constrained and geographically underserved
settings. The continuing global case-detection gap and the need to strengthen diagnostic algorithms
further highlight this evidence deficit. The present study addressed these gaps by systematically
describing the clinical symptoms and chest radiographic abnormalities among patients with confirmed
TB and examining their distribution and association with disease characteristics and outcomes. By
generating context-specific evidence, the study contributes to improve understanding of the clinical
and radiographic spectrum of TB and provides evidence to support more comprehensive clinical
evaluation, appropriate integration of radiographic imaging, earlier recognition of disease and

improved diagnostic and patient-management strategies in high-burden settings[18].

2. Methods and materials

2.1. Study design and Areas

A cross-sectional study was conducted to investigate clinical assessment and X-ray imaging of active
TB among outpatients. As shown in Fig. 1, three administrative zones in southwestern Ethiopia,
namely Bench-Sheko, Kaffa, and Sheka, were selected, situated at 561km, 452.5km, and 596.8km,

respectively, from Addis Ababa. Population sizes vary across these zones: 652,531 in Bench-Sheko,
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2,151,716 in Kaffa, and 199,314 in Sheka, according to the 2007 census reports. Together, they host
diverse populations, predominantly rural, with each smaller urbanization: bench-sheko at 11.53%,
sheka at 17.2%, and kaffa at 7.4%. The topographical features are also diverse, ranging from low to
highland, which many influence healthcare access and TB risk. Regional hospitals are MTU teaching
hospital and Bachuman primary Hospital in bench-sheko, Gebretsadick Shawo General hospital in
kaffa, and Teppi General hospital in sheka support the healthcare needs. The area provides diverse and
complex settings for studying TB epidemiological traits, which ensures the validity and applicability

of the research for TB control efforts.
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Fig.1:Geographical location of those study sites, Southwest Ethiopia. The upper-left panel shows the
location of southwest regions of Ethiopia, with study region highlighted. The lower-left panel presents
the three selected study zones in SW Ethiopia, represented by different colors: Bench-sheko (light
pink), Keffa(magenta), and Sheka(orange). The right panel provides an enlarged view of the study

zones and their administrative districts, where districts within bench-sheko zone are shown in light
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pink, Keffa zone in magenta, and Shuka zone in orange. The maps were prepared using the WGS84

datum and protected coordinate system (PSC), with spatial data obtained from ESA.

2.2. Study Population and sampling techniques

A multistage sampling technique was applied to select high-risk zones in Southwest Ethiopia (Fig. 1).
These study areas were considered as each recorded a high TB burden and no data showing the real
dynamic of the disease. Among many districts under each zone, healthcare settings equipped with TB
diagnostic modalities (at least Xpert MTB/RIF) were selected. Those settings with low patient flow
and inconsistencies, mainly in Bench-Sheko, were later excluded. Additionally, a primary hospital in
the Kaffa zone was excluded after months due to irregularities observed. As a result, only two hospitals
in the Bench-Sheko zone, one from Kaffa and one from Sheka, were used to conduct the study. Those
eligible participants were identified through standard diagnostic procedures: confirmed
bacteriologically (AFB smear or Xpert MTB/RIF) and/or clinically (radiologic imaging and
compelling clinical evidence). Interviews were conducted consecutively with those active TB patients,
both newly diagnosed and other types.

Exclusions were made for those unable to provide sputum samples, with mental illnesses, critically ill
patients (ICU), or those not diagnosed at the MTU TB lab. ICU patients were excluded due to their
vulnerability and ethical consideration related to patient safety. Patients unable to provide sputum
samples or complete data were also excluded because alternative invasive procedures, including
tracheobronchial or gastrointestinal lavages, were not routinely feasible in those settings, and the use
of proxy information could compromise data quality.

2.3. Sample Size Estimation
A sufficient sample size was determined to ensure high statistical power and accurate population

estimates. Using the single population proportion formula, the sample size was calculated based on
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three parameters: variability (heterogeneity), desired confidence level (95%), and an acceptable

margin of error (5%). The formula used was:

(Z%> *Px(1-p) N (1.95)% % 0.5 * (1 — 0.5)

N = =
w2 (0.05)2

= 384 Patients

— N =required Sample size,
—  Za/2 =1.96 (the Z-score corresponding to a 95% confidence interval),
— P =0.5 (the estimated population proportion, selected to maximize heterogeneity), and

— @ =0.05 (the acceptance margin of error)

The target of 384 participants per site was affected by patient flow. Ultimately, 329 patients (80.24%)
were from MTU Teaching Hospital, with 23 (5.61%) from Teppi Hospital and 29 each (7.07%) from

G/Tsadick Shawo General and Bachuma Primary Hospitals.

2.4. Data collection process and study period
The data was collected between 02/01/2018 and 26/06/2020. A structured and standardized instrument
was used to record socio-demographic, clinical, and key environmental data. Only healthcare
professionals made a face-to-face interview and recorded their responses accurately. Additionally,
diagnostic data from smear microscopy and GeneXpert Ultra for detecting MTBC and assessing drug
resistance, and high-resolution digital X-ray findings were accurately recorded. In case of low
bacillary, X-ray findings suggestive of PTB were employed to confirm diagnoses, focusing on lung
infiltrates, cavities, nodules, pleural effusion, fibrosis, and lymphadenopathy. Sputum samples were
collected from adults, and only limited induced sputum or gastric lavage was used for children. FNAC

analysis was also used to obtain samples for EPTB patients. Those diagnostic evaluations, mainly
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clinical and X-ray interpretations, were made by experts, adhering to strict protocols to ensure

consistency and reliability. Fig. 2 illustrates the diagnostic algorithm followed across the study sites.

Cough
(Dry or productive),
I weight loss, fever l
Persistent cough Acute
>2 weeks <2 weeks
Past medical history ¢
Failure New cases Broad‘specﬁum Cured or improved
Relapse antibiotic
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(+ve )=l e Clinical evaluation —(-ve)=P| Broad 'sp.ec.trum P{ Further investigation
. antibiotic
e  Risk factors and Referral

Fig.2:Diagnostic algorithm for PTB evaluation in outpatient settings. The flowchart summarizes the
systemic approaches for evaluation of patients with persistent cough, including bacteriological
testing, clinical data and radiologic assessment, empirical antibiotic therapy and subsequent initiation
of appropriate TB management based on diagnostic outcomes.
2.5. Data Analyses

Structured data entry was created with EpiData 3.1. Data cleansing, including missing values,
duplicates, and inconsistencies, was manually handled, and then those data were exported for analyses
to Stata version 14. Categorical data were summarized descriptively by frequency distributions,
percentages, and visual representations (tables and charts). Continuous measures were analyzed by
means and standard errors. Normality of those data was tested with the Shapiro-Wilk test, and to

identify factors associated with the outcomes, categorical variables were assessed using logistic
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regression analysis and Pearson chi-square tests. The SPost13 and estout packages were installed into
Stata 14 and regression analysis was conducted. Those clinical predictors of TB type (both PTB and
EPTB) were assessed using standardized odds radios (SORs) derived from multiple logistic regression
analysis. The listcoef, std command from SPost13 was used to obtain standardized coefficients and
odds ratios. The esttab from estout package was used to estimate and present regression results with

their 95% confidence interval. A statistical significance was reported at a p-value of <0.05.

2.6. Institutional Review Board and informed consent Statements
The study was conducted in accordance with the principles of the Declaration of Helsinki and relevant
national and institutional ethical standards for research involving human subjects. The study protocol
and procedure were reviewed and approved by the Institutional Review Ethics Committee (IREC) of
Aklilu Lemma Institute of health Research (ALIHR), Addis Ababa University, Ethiopia (Protocol
code: ALIPB IRB/010/2028, approved on 13 December 2018). Additionally, administrative
permission was obtained from the respective zonal health authorities and participating health facilities
to facilitate data collection and access relevant patient data required for this study. Written informed
consent was obtained from all adult participants before the interview using a consent form adapted
from WHO. Each participant was requested to provide a signature or fingerprint on the consent form
to document their consent. For participants younger than 18 years, written informed consent was
obtained from their parent or legal guardians using the same WHO-adapted consent procedures, and
they also provided a signature or fingerprint to document their consent. Where applicable, written
informed assent was also obtained from children were developmentally capable of providing assent.
Participation was voluntary, and participants were informed about the study procedures, potential risks
and benefits, and their right to withdraw at any time without affecting their access to healthcare

services. Participant confidentiality was maintained throughout the study, and all data were securely
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handled, with access restricted to authorized members of the research team. Sample collection
procedures were non-invasive except for fine-needle aspiration cytology (FNAC), which was
performed according to standard clinical procedures by pathologist or medical experts. Participant

comfort, safety and well-being were prioritized throughout all study procedures.

3. Clinical Review Reports

3.1. Participant characteristics

A total of 410 records were analyzed, with slightly more males (55%). The mean age of all participants
was 27.65+11.4 years (range: 1-73 years; male: 28.8+12.2; female: 26.2+10; t = -2.27, p = 0.024). Of
all patients, new cases were predominantly diagnosed, 99.3% (407), while failure and relapse were
each reported in only 0.24% (1). PTB was observed in 80% (328), making it the most common type;
EPTB in 19.27% (79) of cases; and only a small proportion, 0.73% (3), had both. GeneXpert MTB/RIF
was used in 62.44% (256), acid-fast bacilli (AFB) testing in 8.78% (36), and lesion biopsy or FNAC
for EPTB in 16.83% (69). Both GeneXpert MTB/RIF and AFB staining were positive in 4.63% (19),
and only 5.9% (24) were diagnosed clinically. Among the patients,97.8% (401) were on an intensive
phase for susceptible TB, 0.49% (2) were on MDR TB drugs, and 1.46% (6) did not receive the
standard first-line drugs, as fully presented by Weyesa et al[19].

Table 1:Clinical evidence of TB by form and sex of patients

Variable PTB, N(%) EPTB, N(%) Male,N(%) Female,N(%)
High Fever(>40°C)
No 305(93.56) 60(75.95) 200(90.09) 165(90.16)
Yes 15(4.60) 7(8.86) 13(5.86) 9(4.92)
No data 6(1.84) 12(15.19) 9(4.05) 9(4.92)
High Fever(<39°C)

10



No 18(5.52) 18(22.78) 20(9.01) 16(8.74)
Yes 304(93.25) 50(63.29) 195(87.84) 159(86.89)
No data 4(1.23) 11(13.92) 7(3.15) 8(4.37)
Duration of cough
<3wks 38(11.69) 32(41.56) 37(16.82) 33(18.13)
>3wks 284(87.38) 27(35.06) 173(78.64) 138(75.82)
No data 3(0.92) 18(23.38) 10(4.55) 11(6.04)
Productive cough
No 4(1.23) 13(16.88) 8(3.64) 9(4.95)
Yes 320(98.46) 49(63.64) 205(93.18) 164(90.11)
No data 1(0.31) 15(19.48) 7(3.18) 9(4.95)
Sputum character
Mucoid 290(89.23) 13(17.33) 176(80.00) 127(70.56)
Pus 6(1.85) 55(73.33) 25(11.36) 36(20.00)
Mocoprulent 13(4.00) 1(1.33) 9(4.09) 5(2.78)
Bloody 9(2.77) 0 4(1.82) 5(2.78)
No data 7(2.15) 6(8.00) 6(2.73) 7(3.89)
Night sweat
No 11(3.38) 10(13.33) 12(5.45) 9(5.00)
Yes 313(96.31) 60(80.00) 207(94.09) 166(92.22)
No data 1(0.31) 5(6.67) 1(0.45) 5(2.78)
Appetite loss
No 13(4.00) 21(28.00) 18(8.18) 16(8.89)
Yes 311(95.69) 45(60.00) 198(90.00) 158(87.78)
No data 1(0.31) 9(12.00) 4(1.82) 6(3.33)

11
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Fatigue

No 14(4.31) 18(24.00) 16(7.27) 16(8.89)
Yes 310(95.38) 50(66.67) 201(91.36) 159(88.33)
No data 1(0.31) 7(9.33) 1(1.36) 5(2.78)
Weight loss
No 16(4.92) 20(26.67) 18(8.18) 18(10.00)
Yes 308(94.77) 47(62.67) 199(90.45) 156(86.67)
No data 1(0.31) 8(10.67) 3(1.36) 6(3.33)
Body mass index
underweight 17(5.23) 6(8.00) 10(4.55) 13(7.22)
normal 44(13.54) 32(42.67) 47(21.36 ) 29(16.11)
overweight 1(0.31) 4(5.33) 2(0.91) 3(1.67)
No data 263(80.92) 33(44.00) 161(73.18) 135(75.00)
Blood pressure
Hypotensive (<90 & <60) 2(0.62) 0 0 2(1.11)
Normal (<120 & <80) 269(82.77) 39(52.00) 137(76.11) 171(77.73)
Elevated (120-129 & <80) 14(4.31) 6(8.00) 10(4.55) 10(5.56)
Stage 1 (130-139 or 80-89) 12(3.69) 12(16.00) 16(7.27) 8(4.44)
Stage II (>140 &/or >90) 3(0.92) 5(6.67) 5(2.27) 3(1.67)
Hypertensive crisis (>180 &/or 120) 0 1(1.33) 0 1(0.56)
No data 25(7.69) 12(16.00) 18(8.18) 19(10.56)

3.2. Clinical Evaluations

3.2.1. Overt and covert evidences of active TB

12
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Diverse systemic and respiratory symptoms were diagnosed in this study. A high fever (>40 °C) was
reported by 5.4% (22) of patients, not by 90.24% (370), and was not recorded in 4.4% (18). The
majority of participants had a moderate fever (<39°C), present in 87.3% (358), absent in 9% (37), with
3.7% (15) missing data. Night sweat was experienced by 93.2% (382), appetite loss by89% (365),
fatigue by 89.8% (368) and weight loss by 88.1% (361). all with minimal missing data. These clinical
evidences were very commonly observed and carried high diagnostic relevance. Respiratory problems
were also prevalent among individuals with active TB. A persistent cough (> 3 weeks) was reported
in 76.8% (315), and the cough was very productive in 91% (373). The most commonly reported
sputum type was mucoid in 74.9%, pus in 15.1%, mucopurulent in 3.4%, and bloody in 2.2%, as
shown in Fig.3. Chest pain was experienced by 75.4% (309), dyspnea by 56.6% (232), and abnormal
breath sounds by 53.4% (219). Dyspnea occurred in 2.4% (10) at rest, 8.8% (36) on exertion, with
62.9% (258) missing data. Abnormal respiratory rate was reported by 66.4% (272), normal by 26.10%
(107), and impaired chest expansion by 48.3% (198). Among these patients, BMI data were not
obtained for 73.9% (303), with 5.9% (24) underweight, 18.8% (77) normal, and only 1.5% (6)
overweight. Pulse reading indicated normal in 93.6% and tachycardia in 6.2%. Blood pressure reading
was found normal in 76.3% (313), elevated in 5.1% (21), Stage I hypertension in 6.1% (25), Stage 11
in 2% (8), and hypertensive crisis in only 0.24% (1). Hypotension was infrequently reported, being
observed in only 0.73% (3). BP data was not recorded in 9.5% (39). Table 1 and Fig.3 report the

clinical indicators that were observed.

13
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Clinical features of PTB

1.1.1 Fig.3:Typical clinical picture of PTB among study participants. The bar chart shows the
common signs and symptoms observed in this study. The X-axis shows lists of the clinical
features of case and the Y-axis represents how many times each was reported. Each feature is
displayed separately along the X axis with its corresponding count.

3.2.2. X-ray findings

Bacteriologically negative and few positive cases showing clinical compatibility were subsequently
evaluated using radiologic studies, as shown in Fig.4. Of these, chest abnormalities were detected in
16.3% (67), none were found in 13.7% (56), and not performed in 69.8% (285). Infiltration was
diagnosed in 8.8% (36),16.6% (68) showed normal, and 74.4(305) had missing data. Lymph node was
enlarged in 13.7% (56), showed normal size in 11.7% (48), and 74.6% (306) had missing data. Plural
effusion was found in 11.2% (46) of cases,15.1% (62) had none, with most cases,73.4% (301) of the
data unrecorded. Cavitary lesions were reported in 12.7% (52) of patients, and 12.9% had no cavitary
lesions, with most cases,74.2% (304), having missing data. A scar of lymph node was present in 11.2%
(46) and absent in 13.9% (57), and most cases had no imaging. Calcified lesions or scars in
parenchyma were detected in 7.6% (31) of patients, and no such findings in 15.9% (65). Pleural
fibrosis was recorded in 9.5% (39), and 15.6% (64) showed no fibrosis, with 74.6% (306) unrecorded.

Finally, nodular lesions were diagnosed in 6.8% (28), and 16.6% (68) had no nodular lesions, with

14



243 76.6% (314) of the data unrecorded. Additionally, Figs.5-10 illustrates those different X ray

244  abnormalities consistent with PTB.

Female Male PTB EPTB
29

30
1

20
1

10
1

B = B >y B >y . S = 4
SSES S ST S S
~° < <° S < <9
No Effusion Effusion No effusion Effusion No nodule Nodules No nodule Nodules
[ cr: B crS | [ Normal  EEEEEE [N enlarged |

245
246  Fig.4:Prominent radiologic abnormalities by TB form(right) and sex(left). The abnormalities appear

247  on the x-axis, and the y-axis shows how often each one occurred. On the left, the presence of pleural
248  effusion with cavitation in different TB forms is shown for separate sex. On the right, the distribution

249  of lymphadenopathy, nodular lesions, and scarring across the TB forms is presented.
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Fig 2:Chest Imaging: PA Projection. The
chest X-ray showed radiographic signs
consistent with active PTB. Bilateral patchy
infiltrates were present, with ill-defined
opacities, involving both lungs, predominantly
upper and perihilar regions. The upper lobe
predominance is suggestive of reactivation
PTB. Multiple cavitary lesions were seen as
darker hallow spaces in the midzone areas,
indicating damage caused by infection.
Additionally, there was evidence of left-sided
volume loss, most likely secondary to fibrosis
and scarring, resulting in the mild ipsilateral
mediastinal and tracheal deviation. The
cardiac silhouette was within normal size
limits, although it was partially obscured by the
adjacent pulmonary abnormalities. Overall,
the radiographic findings were highly
suggestive of active PTB and were compatible
with clinical data and the confirmed diagnosis.

Fig.1:Chest Radiograph (PA View). The chest
radiograph showed findings consistent with
chronic PTB. Bilateral patch opacities, fibrotic
bands, and cavitary lesions were observed
predominantly in the upper lobes, involving the
apical and  posterior  segments, where
reactivation TB typically manifests. Evidence of
upper lobe volume loss was present, more
pronounced on the left side, as indicated by
ipsilateral hilar elevation and mild rightward

tracheal deviation, suggesting underlying
fibrotic  remodeling. No  focal airspace
consolidation and pleural effusion were

identified and the cardiac silhouette appeared
normal in size. The mediastinum was not
widened. Overall, the radiographic features,
including upper lobe predominance, cavitation,
fibrosis, and structural distortion were typical of
chronic reactivation of TB.
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Fig.3:Chest X ray (PA Projection). The chest
x ray showed bilateral patchy infiltrates
predominantly involving the upper and mid-
lung zones, with no evidence of cavitary
lesions. Lung volumes were preserved, and
there was no pleural effusion, pneumothorax,
or free extrapulmonary air. The cardiac
silhouette was within normal size limits, and
the mediastinal contours were normal, with no
evidence of mediastinal widening or hilar
lymphadenopathy. Overall, the radiographic
findings were suggestive of early or
moderately advanced PTB. Correlation with
the clinical data, including cough, weight loss,
and night sweats, was essential to support the
diagnosis.

Fig.4:Chest X-ray Imaging (PA view). The
chest X-ray showed extensive bilateral
pulmonary opacities involving both Ilung
fields, with greater extension into the middle
and lower lung zones. The opacities were
heterogeneous and patchy, consistent with
diffuse  infiltrative  changes,  raising
suspicion for disseminated PTB. The trachea
was midline without significant deviation.
The cardiac silhouette was partially
obscured by the adjacent pulmonary
opacities. The visualized thoracic bony
Structures were intact, with no evidence of
fracture or focal osseous lesions. The
costophrenic  angles  were  partially
obscured, likely reflecting adjacent lower
lobe parenchymal diseases or a mild pleural
reaction. Overall, the radiographic features
were compatible with disseminated PTB and
corrected with the clinical findings and
confirmed diagnosis.
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Fig. 5:Chest X ray (PA projection). A large area of
consolidation was observed in the left middle and
lower lung zones, with associated slightly volume
loss. The right hilum appeared elevated, and the
fissures were obscured, likely due to atelectasis or
fibrosis. These findings were considered suggestive
of post-infectious changes, or active PTB. The
right lung field was mostly clear, with normal lung
markings and no obvious infiltrates or mass lesions
seen. The trachea was noted to be deviated toward
the right, likely secondary to right lung volume
loss. The left ventricle silhouette was obscured by
the alveolar opacity. The costophrenic angles were
clearly observed and sharp bilaterally, with no
effusion detected. The bony thoracic cage,
including ribs and clavicles, was showed no
evidence of fractures or deformities.

Fig. 6:Chest X-ray Imaging (PA view). Diffuse
patchy opacities were observed in both lungs,
with greater involvement of the middle and lower
zones on the right side. These shows
inflammatory process or infiltration. A suspicious
cavitary lesion was detected in the right upper
lung zome. This was considered suggestive of
post-primary (reactivation)PTB. The trachea was
found to be in the midline and the cardiac
silhouette was seen with normal size and contour.
No mediastinal shift was identified. However, the
right costophrenic angle was partially obscured,
raising suspicion for a possible pleural effusion
or basal consolidation. The body thoracic
structures, including ribs, clavicles, and spine
were visualized and speared without not
abnormalities or fractures.
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3.3. Clinical evidence statistically suggestive of PTB

The classic features that suggest the likelihood of predicting PTB were statistically presented in Tables
2 and 3. Several features have shown a stronger association with PTB than others in this study. Overall
chest abnormalities, prolonged cough, and sputum characteristics were the strongest clinical features
suggestive of PTB whereas other features showed weak or no statistical evidence. Fever >40°C
(OR=0.19, P=0.001) was a less likely predictor of PTB, indicating that this extreme fever was less
likely to characterize PTB. Fever <39 °C was more common than extreme temperature(>40°C) among
those patients, although its association with PTB was not statistically significant (OR=1.42; P=0.47).
Appetite loss (OR=3.26, P=0.09) was found to be a good clinical indicator of PTB with very weak
statistical evidence. The presence of chest abnormalities (OR=6.87, P=0.00) was also among the
strongest predictors of PTB. The diagnosis of pleural effusion on imaging (OR = 2.41, P = 0.09) was
very weakly associated with PTB. Conversely, enlarged lymph nodes (OR=0.16, P=0.00) were less
likely to be a clinical predictor of PTB. Pleural fibrosis (OR = 2.31, P = 0.19) slightly suggested the
risk of PTB.

Cough >3weeks (OR=6,40, P<0.001) showed a positive association with PTB, but not statistically
supported. Using bloody sputum as a reference, patients with mucoid sputum had significantly higher
odds of PTB (OR=14.6, P<001). Similarly, mucopurulent sputum was significantly associated with
increased odds of PTB (OR=56.40; P=0.01). In contrast, purulent sputum was associated with
significantly lower odds of PTB compared with bloody sputum (OR=0.12, P=0.03). Using normal
BMI as the reference, no significant association with PTB was observed among underweight
(OR=1.45; P=0.71) or overweight participants (OR=0.47; P=0.71).Analysis of clinical data revealed

that, compared with patients without dyspnea, those with dyspnea at rest showed a marginal
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298

association with PTB (OR=22.4; P=0.05), whereas dyspnea on exertion was not significantly
associated PTB (OR=0.26; P=0.13).Blood pressure status was not significantly associated with
PTB.Compared with normal blood pressure, elevated blood pressure (OR=1.20; P=0.86), stage I
hypertension (OR=2.21; P=0,76), and stage II hypertension (OR=0.17; P=0.20) showed no significant
associations. Similarly, increased respiratory rate was not significantly associated with PTB.
Respiratory count of >21breaths/min (OR=0.22; P=0.14) and >41breaths/min (OR=0.17; P=0.10)
were not significant indicators of PTB.

Table 2:Association between PTB and prominent symptoms in Active PTB patients

Variable b z P>z e’b 95%CI e”bStdX SDofX
Fever(=40°C) -1.66 -5.03 0.00 0.19 0.10-0.36 0.46 0.47
Fever(<39°C) 0.35 0.73 047 142 0.55-3.65 1.13 0.36
Cough duration 0.16 0.38 0.71 1.17 0.52-2.62 1.07 0.45
Productive cough -0.47 -0.69 049 0.62 0.16-2.36 0.88 0.27
Night sweat -0.77 -1.1 028 046 0.11-1.85 0.81 0.27
Appetite loss 1.18 1.67 0.09 326 0.82-13.0 1.50 0.34
Fatigue 0.30 0.33 075 135 0.22-8.15 1.10 0.32
Weight loss 0.41 0.55 059 1.51 0.35-6.57 1.15 0.34
Chest pain 0.68 1.46 0.15 2.00 0.79-4.91 1.38 0.47
Dyspnea -0.23 -0.55 059 0.80 0.35-1.82 0.87 0.58
Breath sound -0.39 -1.00 033 0.68 0.31-149 0.79 0.59
Respiratory rate 0.23 0.60 0.55 127 0.58-2.76 1.14 0.53
Chest expansion 0.24 0.78 044 128 0.69-2.36 1.19 0.70
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Chest abnormalities
Parenchymal infiltration
Lymph Node enlarged
Pleural effusion

Cavity

Lymph node scars
Parenchymal calcification
Pleural fibrosis

Nodular lesion

constant

299

Variable (Reference) Subcategory

Cough duration >3 weeks
(<3wks) No data
Mucoid
Sputum character
Pus
(Bloody)
Mucopurulent
Underweight
BMI (Normal) Overweight
No data
Dyspnea Severity Rest
(No dyspnea) Exertion

1.93

0.37

-1.81

0.88

-0.36

0.25

-0.91

0.84

-0.33

-0.61

3.90

0.67

-2.87

1.70

-0.67

0.43

-1.62

1.32

-0.54

-0.74

0.00

0.51

0.00

0.09

0.50

0.67

0.11

0.19

0.59

0.46

b z
1.86 2.89
-1.21 0 -1.13
2.68 291
-2.16  -2.13
4.03 2.51
0.37 0.37
-0.75  -0.37
1.77 2.59
3.10 1.96
-1.35 -1.52

21

6.87

1.45

0.16

2.41

0.70

1.28

0.40

2.31

0.72

P>z

0.00

0.26

0.00

0.03

0.01

0.71

0.71

0.01

0.05

0.13

Table 3:Multiple logistic regression (SOR) analysis for each parameter of PTB patients

2.61-18.1 3.93 0.71
0.49 -4.29 1.32 0.75
0.05-0.56 0.29 0.69
0.87 - 6.67 1.89 0.72
0.24 -2.01 0.78 0.70
0.41 - 4.03 1.20 0.71
0.13-1.21 0.51 0.73
0.66 - 8.08 1.84 0.72
0.22-2.38 0.78 0.75
e’b 95%CI e”bStdX
6.40 1.81-22.6 2.12
030 0.04-2.44 0.76
146  2.40-88.4 3.05
0.12  0.02-0.84 0.46
564 2.42-1315 2.17
1.45  0.20-104 1.08
047  0.01-24.7 0.92
5.90 1.54-22.5 2.16
22.4 1.01 - 498 1.66
026  0.05-1.48 0.71

SDof

0.41

0.22

0.42

0.36

0.19

0.21

0.12

0.43

0.16

0.25



No data 0.43 0.66 051 1.53 0.43-5.43 1.22

Elevated (120-129 & <80) 0.18 0.17  0.86 1.20 0.16 - 9.04 1.04
Blood Pressure
Stage 1 (130-139 or 80-89) 0.79 0.76 045 221 0.29-17.0 1.20
(Normal)
Stage II (>140 &/or >90) -1.79  -1.29 020 0.17 0.01 -2.52 0.77
No data 0.75 0.79 042 2.13 0.33-13.8 1.24
Respiratory Count  >21 breaths/min -1.51 -147  0.14 0.22 0.03-1.65 0.48
(NFR) >41 breaths/min -1.79  -1.63  0.10 0.17 0.02 - 1.44 0.41
Constant -098  -0.72  0.46 . 0.03 -5.30
300 Abbreviations: b = raw coefficient; e*b = exp(b) = factor change in odds for unit increase in X;
301 e”bStdX =exp (b*SD of X) = change in odds for SD increase in X; SDofX = standard deviation of X
302 4. Discussions
303 Data from those patients clinically and bacteriologically confirmed with active TB were assessed to
304  evaluate the predictive value of symptoms and signs for diagnosis[20].The study documented that the
305 accuracy of clinical reports, particularly for smear-negative active PTB, was crucial, relying on
306 clinician judgment and chest X-rays to ensure timely treatment. Respiratory and systemic
307 manifestations were consistently observed in both PTB and EPTB cases; however, they were more
308 prevalent and clinically pronounced in PTB [21, 22].The combination of the tetrad of symptoms—
309 cough, fever, night sweats, and weight loss—with X-ray findings was found to be vital for early
310  diagnosis and preventing delays[23, 24].However, many previous studies reported clinical findings as
311  limited in accuracy, with chest X-rays enhancing detection but still requiring further tests[8, 25].Gaps
312 in those literature were highlighted by these findings, emphasizing the importance of these indicators
313  forearly PTB prediction[26].The clinical and radiologic observations in this study closely aligned with
314  established diagnostic patterns in TB. Higher proportion of male patients (55%) was reported in this
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study, [27, 28] linked to factors like increased exposure and lower healthcare-seeking behavior[29-
31].PTB (80%) was most common, consistent with global trends. EPTB (20%) was less frequent,
primarily in immunocompromised individuals[32-35].

Data from our study showed that moderate fever(<39°C), observed in 87.32% of patients was
identified as key indicators of PTB. The data suggested that extremely high fever was not a hallmark
of PTB, potentially leading to misclassification in clinical practice. These findings aligned with
previous studies[36].These symptoms were strongly suggestive of PTB and played a critical role in
raising early clinical suspicion, with numerous studies affirming its diagnostic value [23]. Cough
duration of more than 3 weeks (OR = 6.4, P = 0.00), reported by 76.83%, has been widely recognized
as a potential indicator of PTB, with chronic cough often serving as a primary screening tool for
PTB[37, 38].In this study, consistently it was identified as a strong, statistically significant predictor.
Previous studies have also highlighted persistent cough as one of the most common and early signs of
PTB, with a duration of more than three weeks being a significant marker for diagnosing PTB, as
specified by previous studies[24, 39, 40]. The presence of productive cough and chest pain in a
significant portion of patients further supported the respiratory nature of the disease. The presence of
a productive cough, seen in 90.98% of patients, and night sweats, observed in 93.17%, were further
confirmed as hallmark signs of PTB[36, 38].Mucoid was the most commonly observed type, and its
diagnostic specificity for PTB appears to be strong. All evaluated sputum characteristics were
statistically significant predictors and showed high diagnostic specificity for PTB in this study,
although productive cough showed comparatively lower specificity. Those findings were supported
with previous studies[41].

The presence of night sweat was observed in 93.17%, were further confirmed as hallmark signs of

PTB.These findings disagreed with established literature, where night sweats are widely recognized
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as a prominent symptom in the majority of PTB cases [20].In fact, night sweats, along with weight
loss and fatigue, are considered some of the triad of systemic symptoms, often occurring in conjunction
with each other and raising clinical suspicion for TB, as suggested by many findings[36, 39, 42].Body
weight was not statistically identified as a reliable PTB indicator, though prevalent in our findings.
However, malnutrition in underweight individuals increased TB susceptibility. BMI, some dyspnea
type, and blood pressure showed no significant associations with PTB, consistent with other studies.
Dyspnea at rest was a strong predictor of PTB, with 22.4-fold higher odds compared with no dyspnea,
consistent with findings from previous studies. However, because the confidence interval for dyspnea
at rest was extremely wide and the p-value was exactly 0.05, this finding should be interpreted with
great caution. In contrast, exertional dyspnea was not common among those patients and not
statistically supported(OR = 0.26, p = 0.13) [41].Dyspnea at given the high frequency of these
symptoms among PTB patients, they were considered crucial for early detection and were promptly
investigated through sputum analysis and chest imaging. This was supported by previous studies
highlighting their role in timely diagnosis. Overall, the systemic findings presented in this study were
consistent with the WHO's recommendation for screening based on four symptoms: cough, fever, night
sweats, and weight loss[20, 37].

The radiological findings, particularly the absence of chest abnormalities in 69.76% of patients,
reflected limitations in diagnostic infrastructure [8, 43, 44].Similar findings were noted in studies
where chest X-ray abnormalities were not observed in a significant portion of patients, which could
be attributed to differences in radiological interpretation or the use of less advanced imaging
techniques[24, 42, 45, 46].However, the identification of pleural effusion and cavitary lesions in a
portion of patients pointed to more advanced disease and supported earlier reports of radiographic

manifestations of TB[45, 47, 48]. Chest pain (OR = 2.00; P = 0.15) and chest abnormalities (OR =
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6.87; P =10.00) were identified as a statistically weak predictor of PTB. Thorough chest examinations
and radiographic imaging results strongly suggested PTB. The clinical relevance of these findings
emphasized the necessity of prompt evaluation in patients presenting with persistent chest pain and
radiological abnormalities to facilitate early diagnosis and timely initiation of treatment, ultimately
improving patient outcomes[49].Pleural effusion (OR = 2.41; P = 0.09) was identified as a weakly
significant indicator, highlighting the importance of imaging studies in diagnosing PTB. Given its
relevance, patients with pleural effusion should undergo further investigations, including pleural fluid
analysis, to differentiate TB-related effusions from other potential causes. Enlarged hilar lymph nodes
were less prevalent in this study and showed an inverse association with PTB (OR = 0.16, P = 0.00),
suggesting that they should not be relied upon as a primary diagnostic indicator, emphasizing the need
for further assessments in PTB. Pleural fibrosis (OR = 2.31, P = 0.19) showed a statistically non-
significant association with PTB, indicating the need to consider a patient’s history of PTB or chronic
lung conditions when interpreting imaging[50].Overall, the data indicated that imaging modalities
played a significant role in the detection of smear-negative and clinically overt PTB cases. Previous
literature also reported similar findings regarding these radiologic features[51].

The results reported in this study should be interpreted in light of several limitations. First, the
evaluation of predictors of PTB against EPTP may have been influenced by the imbalance in sample
sizes between the two groups, potentially affecting the precision and stability of the estimated
associations. Second, the unequal distribution of participants across study sites may have also
influenced the overall findings, which predominantly reflects situations in Bench-Sheko zone. Third,
data collection in Sheka zone coincided with outbreak of ethnic conflict and a high level of insecurity,
which disrupted fieldwork and interrupted data collection process, creating challenges to access the

study site. Additionally, resource constraints and some operational irregularities encountered during
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the study may have affected the completeness and consistency of data collection. Collectively, these
factors may have introduced selection bias and information biases and should therefore be considered
when interpreting and generalizing the findings. Consequently, the actual TB burden observed in two
of those study sites may have been underreported. Nevertheless, the study was conducted as rigorously
as possible under the prevailing circumstances, and the findings provide an important representation
and baseline data of the observed study population and study settings. Similar limitations were also

presented in our previous work[19].
5. Conclusions

This study provided insights into the prevalence, clinical presentation, and diagnostic methods of
active TB, with all participants being newly diagnosed and no cases of relapse, treatment defaults, or
MDR TB. The most common symptoms were night sweats, fatigue, appetite loss, weight loss, and
productive cough. Chest pain and dyspnea were also frequent. Similarly, lymphadenopathy, cavitation,
and pleural effusion were the most prevalent abnormalities. Some respiratory symptoms and chest
abnormalities were important predictors of active PTB, with mucopurulent, mucoid sputum, prolonged
cough, and abnormal chest findings sharing the strongest associations. Lymphadenopathy was
negatively associated, while appetite loss, pleural effusion and fibrosis showed weak associations. The
low incidence of relapse and treatment defaults suggested the need for further research to understand
these outcomes and improve TB control efforts. MDR TB was not fully addressed here but will be

evaluated under subsequent publications.
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