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ABSTRACT

Tuberculosis (TB) stands as the leading cause of death from an infectious agent worldwide, with a high fatality
rate. It is primarily transmitted through the airborne Mycobacterium tuberculosis (M. tb) from an infected pa-
tient to a healthy individual. Annually, millions of people go undiagnosed for TB at an early stage and lose the
opportunity for timely treatment, making early TB diagnosis a high priority. Prevalence surveys also have
shown that many individuals with lab-confirmed TB disease lack symptoms and do not seek diagnosis or care.
Moreover, delays in initiating treatment are commonly observed even after TB diagnosis, heightening the risk
of disease transmission in the community. This research paper aims to address these challenges by analyzing
the impact of various socioeconomic, policy, and healthcare factors on the accessibility of TB diagnosis. Fur-
thermore, it aims to analyze current effective tuberculosis diagnosis techniques, assessing their strengths and
weaknesses. Despite the presence of promising new drugs in the clinical trial stage offering hope for patients
with extensively drug-resistant tuberculosis (XDR-TB) or very drug-resistant TB, the primary challenge re-
mains the timely and species-specific detection of Tuberculosis. In addition to the detection of disease, identi-
fying its drug resistance patterns and ensuring the availability of highly active short-course drug treatments are
imperative, ideally lasting just a few weeks. This is essential to support the World Health Organization’s (WHO)
Global efforts to “END TB” by 2030, to reach 90% of people primarily through early diagnosis, innovative
treatments, and vaccine development.

Introduction

Despite many medical tech advances, TB diagnosis methods are scarce in many communities because certain
diagnostic tools and techniques are expensive. As a result, impoverished communities cannot afford them.
Therefore, more research is needed to develop a cheap and widespread alternative to traditional diagnostic
techniques. Also, many advanced diagnostic methods need machines and trained staff. This may be a challenge
in low-resource regions. This is especially true in India, Indonesia, China, the Philippines, and Pakistan. Also,
if collected, samples would have to travel far to viable facilities, which may incur large added costs. This chal-
lenge shows the need for a simple, local diagnosis method that works across the world. It may also be beneficial
to understand the stigma tied to TB and how socioeconomic factors block detection (Yenet et al., 2023).
According to WHO (2023), a quarter of the global population is estimated to carry bacteria from the
Mycobacterium tuberculosis complex, which causes tuberculosis. Annually, over eight to ten million new tu-
berculosis cases emerge globally, resulting in around three million deaths around the world. Moreover, infec-
tions in immunocompromised patients, as well as multi-drug-resistant bacterial strains have magnified the prob-
lem. Early detection of tuberculosis and drug resistance significantly enhances survival rates and aids in iden-
tifying contagious cases, facilitating contact tracing and public health interventions. Standard diagnostics still
rely on methods developed in the last century, being both slow and inaccurate. For example, sputum culture,
smear microscopy, and GeneXpert PCR machines are expensive, require specific infrastructure, are time-con-
suming, and cannot detect drug-resistant strains. As a result, in rural communities, timely detection of TB is a
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problem. However, methods such as the use of Al to detect tuberculosis in posteroanterior chest radiographs,
artificial intelligence, and the use of sound analysis to identify TB with smartphones, could prove useful in low-
income countries. International programs, such as the END TB Strategy, are promising, including three major
pillars of success: integrated patient-centered care and prevention, supportive policies, and intensified research
and innovation. The third pillar is widely successful, however is often not reachable by underprivileged com-
munities. Therefore, it is vital to assess both the accessibility and reliability of these solutions. With more than
half of the world’s population lacking access to healthcare services, causing 100 million people to be pushed
into poverty, the need for an affordable, accessible solution to early TB detection is pressing. Despite the chal-
lenges associated with TB detection, continuous improvements in diagnosis have led to better access to treat-
ment for individuals affected by the disease. As a result, overall mortality from all forms of TB has shown a

significant reduction from 2000 to 2022, as depicted in the graph below.
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Figure 1. Estimated Tuberculosis Mortality Rate by Region (Tuberculosis Deaths based on the 2023 WHO
report). This image demonstrates the significant reductions from 2000 to 2022 (Graph created by Kadiri, 2024).

As reported by the Centers for Disease Control (CDC), due to domestic TB control activities, the
United States has one of the lowest TB case rates in the world (Mission Statement and Activities | About Us |
TB | CDC, n.d.). Efforts to increase TB diagnosis effectiveness in the US have generally been successful, with
advanced technology being available to clinicians, particularly due to the country’s first-world status and vig-
orous government programs. However, high healthcare costs have discouraged those infected from diagnosing
and treating the disease. Available care plans may include high insurance deductibles, which limit access to
medical technologies, such as CAT scans, bronchoscopy, and tissue biopsies. The implementation of the Patient
Protection and Affordable Care Act (ACA) in U.S. public health policy, successfully granted access to
healthcare to millions, allowing for greater TB diagnosis and treatment efforts (Rosenbaum, 2011). However,
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the act is imperfect, placing poor individuals, whose incomes are greater than Medicaid eligibility standards,
out of the qualification bracket. Furthermore, the act excludes childless adults and undocumented immigrants
(Roby, 2020). As per CDC statistics for the year 2021, 4% of U.S. TB cases occurred among children younger
than 15. Children ages 5—14 years had the lowest TB incidence rate (0.4 cases per 100,000 persons). Adults 65
years of age or older had the highest TB incidence rate in 2021 (4.0 cases per 100,000 persons). This lack of
access only accentuates the need for more affordable testing regimes that target high-risk populations regardless
of insurance coverage.

According to a study conducted by the Texas Medical Association, Texas remains the uninsured cap-
ital of the US, housing more than 4.3 million people without health insurance. This handicapped much of the
population, especially the 1.6 million undocumented immigrants in the state. With many of these immigrants
passing along the Mexico-Texas border, they are often subjected to poverty, overcrowding, stress from immi-
gration, and lack of access to healthcare, all of which largely contribute to the continued spread of TB (The
Uninsured in Texas, n.d.).

The need for affordable and accessible TB testing is becoming increasingly necessary, with new ad-
vancements in technologies such as Al, computer-aided detection software with digital chest X-rays, and Gov-
ernment programs. However, these advancements only benefit the privileged, excluding impoverished popula-
tions. As a result, TB continues to remain undiagnosed among these groups of people, spreading undetected to
unassuming populations. With the help of my research, we will be able to gain insight into the various alterna-
tives to popular TB detection methods, and the advantages and disadvantages of each.

Methodology

While conducting my research, I explored the various technological options that are effective in increasing the
accessibility and accuracy of TB diagnosis. My primary goal was to identify the drawbacks and advantages of
diagnosis options. Some of these options included [Rapid Sputum Tests for Tuberculosis and cough sound
analysis using Al algorithms, ...] Furthermore, I analyzed the effectiveness of these techniques using relevant
data, compiling my findings into a comprehensive research paper.

The paper analyzes the impact of various factors on accessibility, including how impacts such as cost
and infrastructure affect the availability of Tuberculosis diagnostic tools and techniques. The paper also details
the drawbacks and advantages of several current diagnosis methods to assess their strength in tackling inacces-
sibility. In particular, it advocates for the use of the TB rapid sputum test and recognizes the potential for the
use of Al in diagnosis efforts. By utilizing Al, we can greatly reduce the costs associated with the analysis and
possible transportation of samples associated with traditional detection methods: sputum culture, smear micros-
copy, and GeneXpert PCR.

Diagnosis Options for Early Detection

Rapid Sputum Tests for Tuberculosis (TB)

A sputum culture can be used to find infection-causing pathogens. The test is conducted by adding a sample of
sputum to a solution. The growth of bacteria indicates a positive test; the patient has tuberculosis. Unlike normal
sputum cultures which take 1 to 8 weeks to provide results, a rapid sputum test can tell if a person has TB within
24 hours. (Rapid Sputum Tests for Tuberculosis (TB) | Kaiser Permanente, n.d.) A final study was conducted
comparing the performance of the TB-rapid test to the LJ culture method using a sample of 56 patients, 7 of
whom are HIV positive. With the culture test serving as the study's control, the rapid detection test was deter-
mined to have an accuracy rate of 92.70% (Aliannejad et al., 2016).
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Figure 2. Presented is a comparative matrix of test results for the rapid sputum test versus the standard culture
test conducted on a total of 56 samples. The results from rapid sputum test yielded positive results in 17 samples
and negative results in 4 samples. The sensitivity of the rapid sputum test was 100% , specificity was 89%, and
accuray rate was 92% accuracy, when compared to the Standard culture method. Created and copyrighted by
Tanvi Kadiri (Aliannejad et al., 2016).

Analysis of Mycobacterium tuberculosis Using Artificial Intelligence

Al has increasingly become prevalent in the medical industry, allowing for easier diagnosis methods. However,
though efficient, the technology may pose some problems. For, example, while TB-AI demonstrates high sen-
sitivity in identifying bacilli, its ability to differentiate between pathogenic and contaminant bacilli remains
relatively weak. This discrimination relies on recognizing morphological changes induced by specific histolog-
ical reactions, such as caseous necrosis, granuloma formation, and inflammation. As of now, TB-AI lacks the
knowledge to make definitive diagnoses, still needing external confirmation by physicians. TB-Al is designed
to automatically detect acid-fast stained TB bacilli and exhibits high sensitivity and moderate specificity. With
this technology, pathologists don't need to manually search for bacilli under a microscope, reducing the risk of
misdiagnosis. In practical application, positive results from TB-AI require confirmation by pathologists, while
negative results should undergo review to ensure accuracy (Xiong et al., 2018).
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AlBacilli(Sputum) — Al software for TB Bacilli detection in images of sputum slides

AlBacilli - 1.0

Artificial Intelligence Software for detection

Detects single and multiple bacilli as well as artefacts
with high confidence score

Figure 3. AlBacilli: Automated detection of single and multiple bacilli in sputum smear tests, using an Al
software developed at the Institute of Plasma Research. Al-based technique of Object Detection is used by this
software , where the work was conducted at Civil Hospital, Ahmedabad. The software can run on
CPU/GPU/ARM devices (Robotics, AI & ML, n.d.-b).

Al-Assisted Chest X-Rays

The use of modern digital radiography machines, coupled with computer-aided detection, could serve as an
essential tool to increase the efficiency of TB diagnosis. Labor-intensive manual inspection methods require
experience in this particular field to provide precise conclusions. However, Al greatly accelerates the screening
process (Acharya et al., 2022). To analyze the accuracy of this technology, a study uses a database of 3500 TB
infected and 3500 normal chest X-ray images. Using ChexNet, our findings concluded that the accuracy, pre-
cision, and sensitivity in the detection of tuberculosis using X-ray images were 96.47%, 96.62%, and 96.47%,
respectively. However, though being more efficient, the technology is expensive and requires constant access
to electricity. Therefore, the method is not currently viable for impoverished communities (Rahman et al.,
2020).
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Figure 4. Al Software for Fast Automated Screening ~ Figure 5. Shows Chest X-ray interpretation using Al
of TB using Chest X-Ray Images, in collaboration with published in - The Hindu Prasad (2023)
ICMR headquarters, Delhi (Robotics, Al & ML, n.d.-b).

The qXR software, an Al tool, is designed to interpret chest X-ray (CXR) images for tuberculosis (TB)
abnormalities. It has been endorsed by the World Health Organization (WHO) for use in TB screening and
triage. The gXR algorithm analyzes the CXR image and promptly generates a TB abnormality score, ranging
from 0.01 to 0.99, within a matter of seconds (John et al., 2023).

Deep learning -
based

Segmentation
model

Input image Segmentation mask TB area localization

Figure 6. Utilizing Al in reading Chest X-rays for TB screening in Vietnam (VinBrain and FIT Utilizing Al in
Tuberculosis Screening in Vietnam, n.d.)

Machine Learning Cough Sound Analysis

The use of cough analysis to detect TB is fairly new, and still in its developing stages. Symptom-based screening
acts as a replacement in low-resource regions, where triage tools, such as chest-rays, are unavailable. Advance-
ments in technology have led to improved tracking devices, making the process even easier. The technology
analyzes both the frequency and the nature of cough sounds, converting the captured sound into spectrograms.
An algorithm is then used to detect coughs as well as identify the cough. However, further research must be
conducted to validate the various Al algorithms. Extreme verification of these algorithms is either limited,
doesn't exist, or uses a small data set. The LCM, CayeCoM, and VitaloJak have been recognized for accurately
measuring cough frequency, however, these devices are large and bulky, generally being obstructive to the
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common user. With the development of Al, however, smartphones with cough detection and recording appli-
cations can provide a more discrete and reliable alternative. (Zimmer, 2022) A study published by Cornell
University aims to validate the credibility of smartphone collections using a dataset of 724,694 cough audio
samples and 1,105 patients. A visual representation of the frequency and time characteristics of sounds can be
achieved through various methods, including spectrograms and waveform displays.

An algorithm is then run to analyze the cough’s features to identify TB. Ultimately, the study con-
cluded the method has a 90% sensitivity and 70% specificity, therefore making it a good “first step,” surpassing
WHO’s requirements for a triage test (Suda, 2023).
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Figure 7. Example image of a TB Positive (right) and Negative (left) Mel Spectrogram (Suda, 2023).

The use of Al to diagnose tuberculosis is still developing and may have a place for error. A study was
conducted to assess this margin of error, using a dataset with 33,000 passive coughs and 1600 forced coughs in
a controlled setting with similar demographics (Sharma et al., 2024).

Collecting data using a smartphone model, it can be concluded that the device had a 95% confidence
interval in subjects with a higher bacterial load or lung cavities. Another aspect of sound diagnosis is differen-
tiating TB and other related respiratory illnesses. A study approached this question by presenting experiments
based on a dataset of 1358 forced cough recordings obtained in a developing-world clinic from 16 patients with
confirmed active pulmonary TB and 35 patients suffering from respiratory conditions suggestive of TB but
confirmed to be TB negative. It was determined that the LR system yields the most accurate results using 5
machine learning classifiers, logistic regression (LR), support vector machines, k-nearest neighbor, multilayer
perceptron, and convolutional neural networks (Pahar et al., 2021). A third study analyzed the detection of TB
versus other respiratory diseases using a constant data collector. The study collected data, using the Hyfe Re-
search application, by monitoring the coughs of patients in 5 different countries (Uganda, South Africa, the
Philippines, Vietnam, and India) and compared patterns of cough between people with microbiologically con-
firmed TB, clinical TB, and other respiratory diseases. Participants were required to have a new or worsening
cough and were excluded if they had taken TB or other antimicrobial medication. There are no conclusive
results offered from the study (Huddart et al., 2023).

Molecular Tests (GeneXpert Omni)
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Traditional molecular TB tests have a high sensitivity, generally recommended for use. However, the technol-
ogy is expensive and requires a laboratory facility with continuous power. When faced with rural and resource-
limited areas, this challenge is unavoidable, with the added cost of the transportation of samples. However, with
the development of the GeneXpert Omni, a portable molecular testing kit, this obstacle is overcome, offering
an inexpensive, on-site diagnosis (Gill et al, 2022). Operating with a mobile and having a cloud connection, the
device makes it easy to access and transfer data and is easy to transport.

Additionally, its ability to withstand dust, humidity, and high temperatures allows it to be used in
various environments. A study was conducted to analyze the device’s accuracy, using a sample size of 160 TB
positive samples and 40 TB negative samples. The study's primary goal was to analyze the accuracy rate be-
tween GeneXpert (traditional molecular testing) and Omni in a controlled environment. The results indicated
the sensitivity for rifampicin-resistant TB detection of MTB Ultra on Omni was estimated to be 0.7% higher
than of MTB Ultra on GeneXpert (Georghiou et al, 2021).

Positive Negative Total (%)
]
2
= 158 (79.8%) 142 (0.5%) 159 (79.9%)
e
2
E, 0 (0.0%) 40 (20.1%) 40 (20.1%)
=z
S
s 158 (79.4%) 41 (20.6%) 199 (100%)
o
=

Figure 8. Results from the study analyzing the accuracy of Omni in comparison to GeneXpert Omni. Created
and copyrighted by Tanvi Kadiri (Georghiou et al., 2021)

Tuberculin Skin Test (TST)

Being an intradermal injection, the TST Tests skin hypersensitivity for mycobacterial antigens. This test is fairly
accessible, being both low cost and having a high availability rate. However, its accuracy may vary, not differ-
entiating latent infection from the disease, and it's important to note that if the individual is vaccinated with
Bacille Calmette-Guérin (BCG) can potentially lead to a false positive reaction on a TB skin test (Tuberculosis
(TB) - Testing in BCG-Vaccinated Persons, 2022). Some limitations of the test are that it can take weeks post-
exposure for the immune system to react. In addition, two visits are required to analyze the TST results with
the help of a trained medical professional. Furthermore, immunosuppressed individuals may not mount an im-
mune response. This proves to be significant as many impoverished people’s immune systems are damaged due
to poor sanitation and living conditions. Therefore, the test would not be reliable for our target demographic.
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Some Examples of NEGATIVE TB Reactions [ x-ray
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Figure 9. Some examples of Positive and Negative Skin test results for reference (DRP-TB-Study-Guide,
2021).

Conclusion

In conclusion, eradicating TB hinges on early detection, accessibility, and affordability. These factors play a
crucial role in ensuring that individuals affected by TB receive prompt diagnosis and treatment, ultimately
contributing to global efforts to eliminate this disease. This goal can be achieved through the application of the
Rapid Sputum Test, and the GeneXpert Omni, a molecular test. Additionally, the use of machine learning sound
analysis seems promising but may need further research. These methods all prioritize affordability and low
resource consumption, therefore serving a greater demographic. In comparison, traditional TB testing methods,
such as sputum culture, smear microscopy, X-rays, and GeneXpert PCR, require high monetary and energy
costs, which may not be available for underdeveloped societies. By prioritizing early detection strategies, en-
hancing access to diagnostic services, and making treatments affordable, we can move closer to achieving the
goal of eradicating TB worldwide.

Acknowledgments

I am deeply thankful to several people, who have played a vital role in guiding me throughout the journey of
this research paper. Firstly, I would like to thank Dr. Kathryn Wilwohl, Professor Virgel Torremocha, and
Coach Jothsna Ketar for their invaluable insights and guidance. Dr. Kate's extensive expertise in infectious
diseases and science as a whole served as a continual source of inspiration and motivation for me throughout
this research endeavor. Dr. Virgel's life lessons and proficiency in research writing were instrumental in helping
me complete this paper. Coach Jo, I am grateful to you for creating such a valuable opportunity for high school-
ers like myself; I thoroughly enjoyed the entire process. I am immensely grateful to all of them for their unwa-
vering patience and support throughout. Secondly, I would like to thank my parents for their support, and as-
sistance in managing my duties, and encouraging me to remain focused throughout this process. Their encour-
agement and guidance have been indispensable to me, and I deeply appreciate their efforts.

ISSN: 2167-1907 www.JSR.org/hs 9



HIGHECHOOLEPITION Volume 13 Issue 2 (2024)

@ Journal of Student Rescarch

References

Acharya, V., Dhiman, G., Prakasha, K., Bahadur, P., Choraria, A., M, S., J, S., Prabhu, S., Chadaga, K.,
Viriyasitavat, W., & Kautish, S. (2022). Al-Assisted Tuberculosis Detection and Classification from
Chest X-Rays Using a Deep Learning Normalization-Free Network Model. Computational
intelligence and neuroscience, 2022, 2399428. https://doi.org/10.1155/2022/2399428

Aliannejad, R., Bahrmand, A., Abtahi, H., Seifi, M., Safavi, E., Abdolrahimi, F., & Shahriaran, S. (2016).
Accuracy of a new rapid antigen detection test for pulmonary tuberculosis. Iranian journal of
microbiology, 8(4), 238-242.

Georghiou, S. B., Alagna, R., Cirillo, D. M., Carmona, S., Rithwald, M., & Schumacher, S. G. (2021).
Equivalence of the GeneXpert System and GeneXpert Omni System for tuberculosis and rifampicin
resistance detection. PLOS ONE, 16(12), e0261442. https://doi.org/10.1371/journal.pone.0261442

Huddart, S., Asege, L., Jaganath, D., Golla, M. M., Dang, H. N., Lovelina, L., Derendinger, B., Andama, A.,
Christopher, D., Nhung, N. V., Theron, G., Denkinger, C. M., Nahid, P., Cattamanchi, A., & Yu, C.
(2023). Continuous cough monitoring: a novel digital biomarker for TB diagnosis and treatment
response monitoring. International Journal of Tuberculosis and Lung Disease, 27(3), 221-222.
https://doi.org/10.5588/ijtld.22.0511

Mission Statement and Activities | About Us | TB | CDC. (n.d.).
https://www.cdc.gov/tb/about/mission.htm#:~:text=To0%20fulfill%200ur%20mission%2C%20the,in
vestigation%?20%20and%20specialized%20periodic%20surveys

Pahar, M., Klopper, M., Reeve, B. W. P., Warren, R. M., Theron, G., & Niesler, T. (2021). Automatic cough
classification for tuberculosis screening in a real-world environment. Physiological Measurement,
42(10), 105014. https://doi.org/10.1088/1361-6579/ac2{b8

Prasad, R. (2023, September 4). Chest X-ray interpretation using Al can detect more TB cases. The Hindu.
https://www.thehindu.com/sci-tech/science/chest-x-ray-interpretation-using-ai-can-detect-more-tb-
cases/article67259924.ece

Rapid sputum tests for tuberculosis (TB) | Kaiser Permanente. (n.d.). Kaiser Permanente.
https://healthy .kaiserpermanente.org/health-wellness/health-encyclopedia/he.rapid-sputum-tests-for-
tuberculosis-tb.abk7483

Robotics, Al & ML. (n.d.-b). https://www.ipr.res.in/robotics_ai_ml.html

Roby, D. H. (2020). Evidence from early state Medicaid expansions demonstrates that uneven state
implementation harms childless young adults. Journal of Adolescent Health, 67(3), 319-320.

https://doi.org/10.1016/j.jadohealth.2020.06.028

Rosenbaum, S. (2011). The Patient Protection and Affordable Care Act: Implications for Public Health Policy
and Practice. Public Health Reports, 126(1), 130-135. https://doi.org/10.1177/003335491112600118

ISSN: 2167-1907 www.JSR.org/hs 10


https://doi.org/10.1155/2022/2399428
https://doi.org/10.1371/journal.pone.0261442
https://doi.org/10.5588/ijtld.22.0511
https://www.cdc.gov/tb/about/mission.htm#:%7E:text=To%20fulfill%20our%20mission%2C%20the,investigation%2C%20and%20specialized%20periodic%20surveys
https://www.cdc.gov/tb/about/mission.htm#:%7E:text=To%20fulfill%20our%20mission%2C%20the,investigation%2C%20and%20specialized%20periodic%20surveys
https://www.cdc.gov/tb/about/mission.htm#:%7E:text=To%20fulfill%20our%20mission%2C%20the,investigation%2C%20and%20specialized%20periodic%20surveys
https://doi.org/10.1088/1361-6579/ac2fb8
https://www.thehindu.com/sci-tech/science/chest-x-ray-interpretation-using-ai-can-detect-more-tb-cases/article67259924.ece
https://www.thehindu.com/sci-tech/science/chest-x-ray-interpretation-using-ai-can-detect-more-tb-cases/article67259924.ece
https://www.thehindu.com/sci-tech/science/chest-x-ray-interpretation-using-ai-can-detect-more-tb-cases/article67259924.ece
https://healthy.kaiserpermanente.org/health-wellness/health-encyclopedia/he.rapid-sputum-tests-for-tuberculosis-tb.abk7483
https://healthy.kaiserpermanente.org/health-wellness/health-encyclopedia/he.rapid-sputum-tests-for-tuberculosis-tb.abk7483
https://www.ipr.res.in/robotics_ai_ml.html
https://doi.org/10.1016/j.jadohealth.2020.06.028
https://doi.org/10.1177/003335491112600118

HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 13 Issue 2 (2024)

Sharma, M., Nduba, V., Njagi, L. N., Murithi, W., Mwongera, Z., Hawn, T. R., Patel, S., & Horné, D. (2024).
TBscreen: A passive cough classifier for tuberculosis screening with a controlled dataset. Science
Advances, 10(1). https://doi.org/10.1126/sciadv.adi0282

Suda, C. (2023, October 25). Early Detection of Tuberculosis with Machine Learning Cough Audio Analysis:
Towards More Accessible Global Triaging Usage. arXiv.org.
https://arxiv.org/abs/2310.17675#:~:text=Cough%2C%20an%20objective%20biomarker%20for,whe
1e%20TB%?20i5%20most%20prevalent.

The Uninsured in Texas. (n.d.).
https://www.texmed.org/uninsured_in_texas/#:~:text=Texas%20is%20the%20uninsured%?20capital,
623%2C000%20children%20%2D%?20lack%?20health%20insurance

Tuberculosis deaths. (2023, November 7). Our World in Data.
https://ourworldindata.org/grapher/tuberculosis-deaths-who?tab=table

Tuberculosis: Totally drug-resistant TB. (n.d.). https://www.who.int/news-room/questions-and-
answers/item/tuberculosis-totally-drug-resistant-tb

Tuberculosis (TB) - testing in BCG-Vaccinated persons. (2022, August 30). Centers for Disease Control and
Prevention.
https://www.cdc.gov/tb/topic/testing/testingbcgvaccinated.htm#: ~:text=A%?20positive%20reaction%
20t0%20a,people%20who%20have%?20received%20BCG.

TB Data and Statistics | Texas DSHS. (n.d.). https://www.dshs.texas.gov/tuberculosis-tb/tb-data-statistics

VinBrain and FIT utilizing Al in tuberculosis screening in Veitnam. (n.d.).
https://biopharmaapac.com/news/77/248/vinbrain-and-fit-utilizing-ai-in-tuberculosis-screening-in-
veitnam.html

World Health Organization: WHO & World Health Organization: WHO. (2023, November 7). Tuberculosis.
https://www.who.int/news-room/fact-sheets/detail/tuberculosis

Xiong, Y., Ba, X., Ao, H., Zhang, K., Chen, L., & Li, T. (2018). Automatic detection of Mycobacterium
tuberculosis using artificial intelligence. Journal of Thoracic Disease, 10(3), 1936—1940.
https://doi.org/10.21037/jtd.2018.01.91

Yenet, A., Nibret, G., & Tegegne, B. A. (2023). Challenges to the availability and affordability of essential
medicines in African countries: a scoping review. ClinicoEconomics and Outcomes Research,
Volume 15, 443-458. https://doi.org/10.2147/ceor.s413546

Zimmer, A. J., Ugarte-Gil, C., Pathri, R., Dewan, P., Jaganath, D., Cattamanchi, A., Pai, M., & Grandjean

Lapierre, S. (2022). Making cough count in tuberculosis care. Communications Medicine, 2(1).
https://doi.org/10.1038/s43856-022-00149-w

ISSN: 2167-1907 www.JSR.org/hs 11


https://doi.org/10.1126/sciadv.adi0282
https://arxiv.org/abs/2310.17675#:%7E:text=Cough%2C%20an%20objective%20biomarker%20for,where%20TB%20is%20most%20prevalent
https://arxiv.org/abs/2310.17675#:%7E:text=Cough%2C%20an%20objective%20biomarker%20for,where%20TB%20is%20most%20prevalent
https://www.texmed.org/uninsured_in_texas/#:%7E:text=Texas%20is%20the%20uninsured%20capital,623%2C000%20children%20%2D%20lack%20health%20insurance
https://www.texmed.org/uninsured_in_texas/#:%7E:text=Texas%20is%20the%20uninsured%20capital,623%2C000%20children%20%2D%20lack%20health%20insurance
https://www.texmed.org/uninsured_in_texas/#:%7E:text=Texas%20is%20the%20uninsured%20capital,623%2C000%20children%20%2D%20lack%20health%20insurance
https://ourworldindata.org/grapher/tuberculosis-deaths-who?tab=table
https://www.who.int/news-room/questions-and-answers/item/tuberculosis-totally-drug-resistant-tb
https://www.who.int/news-room/questions-and-answers/item/tuberculosis-totally-drug-resistant-tb
https://www.cdc.gov/tb/topic/testing/testingbcgvaccinated.htm#:%7E:text=A%20positive%20reaction%20to%20a,people%20who%20have%20received%20BCG
https://www.cdc.gov/tb/topic/testing/testingbcgvaccinated.htm#:%7E:text=A%20positive%20reaction%20to%20a,people%20who%20have%20received%20BCG
https://www.dshs.texas.gov/tuberculosis-tb/tb-data-statistics
https://biopharmaapac.com/news/77/248/vinbrain-and-fit-utilizing-ai-in-tuberculosis-screening-in-veitnam.html
https://biopharmaapac.com/news/77/248/vinbrain-and-fit-utilizing-ai-in-tuberculosis-screening-in-veitnam.html
https://www.who.int/news-room/fact-sheets/detail/tuberculosis
https://doi.org/10.21037/jtd.2018.01.91
https://doi.org/10.2147/ceor.s413546
https://doi.org/10.1038/s43856-022-00149-w

	AI has increasingly become prevalent in the medical industry, allowing for easier diagnosis methods. However, though efficient, the technology may pose some problems. For, example, while TB-AI demonstrates high sensitivity in identifying bacilli, its ...



