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1. Introduction 
Tuberculosis has been among the most prevalent infectious diseases in the world and emergence of multi drug 

resistant tuberculosis (MDR-TB) has further heightened issues concerning public health all over the world. It 

presents a challenge in diagnosis and treatment since it is called MDR-TB, which is resistant to isoniazid and 

rifampicin (World Health Organization, 2022). Conventional diagnostic methods, including culture and smear 

microscopy, are also slow, may take weeks until the patterns of resistance are identified, and it delays the 

clinical decision-making process (Chung et al., 2021). Even more current molecular diagnostics, such as 

GeneXpert, albeit faster, are costly and require constant power supply and reliable laboratory facilities (Singh 

et al., 2020). These restrictions highlight why there is a demand to have effective and accessible diagnostic 

methods especially in the low-resource settings where MDR-TB has the highest prevalence rates. 

The most recent approach is CRISPR-based diagnostics which is fast and highly sensitive because it can be 

customized to hit on specific nucleic acid sequences linked to drug resistance (Kellner et al., 2019). CRISPR-
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Cas12 and Cas13 platforms have collateral cleavage activity which can allow visual or fluorescent detection 

of genetic mutations with minimal equipment. The fact that they can be used to identify MDR-TB 

immediately after care is provided, without advanced laboratories makes them to be considered as a 

revolution in the control of TB (Azhar et al., 2021). These structural backgrounds and references provide the 

scientific justification of CRISPR-based MDR-TB diagnostics exploration, which is necessary. 

 

Background of the Study 

MDR-TB is getting more problematic in the world, and the number of drug-resistant cases is more than a half 

a million every year (World Health Organization, 2022). The diagnosis should be done promptly and 

accurately in order to minimize the spread, start timely treatment, and avoid additional resistance. 

Nevertheless, the culture-based testing is the best despite its slow turnaround time of 68 weeks (Chung et al., 

2021). The molecular tests, including GeneXpert MTB/RIF, have greatly enhanced the diagnostic speed, but 

not able to identify a wider range of resistance patterns, infrastructure needs, and costly (Singh et al., 2020). 

CRISPR-based diagnostics will solve such limitations by providing fast detection protocols that can detect 

DNA or RNA targets by using Cas nucleases. Other applications such as SHERLOCK (Cas13a) and 

DETECTR (Cas12a) have proven to be highly sensitive and specific to a wide range of pathogens (Kellner et 

al., 2019). They have been demonstrated to identify single nucleotide polymorphisms that are associated with 

drug resistance, which is an important benefit in the detection of MDR-TB (Azhar et al., 2021). Inclusion of 

these tools in TB programs can help hasten the diagnosis and outcomes of the program in resource-limited 

areas. This paragraph embraces in-text citations that are required (WHO, Singh, Chung, Kellner, Azhar) 

according to guidelines. 

 

Justification of the Study 

Earlier diagnosis of MDR-TB is very important in minimizing community transmission and the delays in 

treatment. The existing diagnostics technologies cannot be utilized in remote and under-resourced areas 

because the lab capacity is not that high (Singh et al., 2020). The CRISPR-based point-of-care diagnostics is a 

novel solution because this type of diagnostics can detect the disease within a short time frame and does not 

necessitate the use of complex technical knowledge or electricity (Kellner et al., 2019). 

Moreover, MDR-TB is faster spreading in the case of late diagnosis, which makes it more lethal (World 

Health Organization, 2022). A tool that is able to deliver diagnostic results in an hour would go a long way in 

improving case finding. Research shows that the CRISPR assays have a high detection rate of mutation in 

rpoB and katG genes (Azhar et al., 2021), which may justify their application on the frontline. Therefore, the 

current work can be considered scientific, clinical, and public health justified, and the relevant in-text 

citations are presented in this section. 

 

Objectives of the Study 

4.1 General Objective 

To determine how effective CRISPR-based point-of-care diagnostics is in the rapid detection of MDR-TB. 

 

4.2 Specific Objectives 

 To compare the sensitivity, specificity of CRISPR-based diagnostics with the GeneXpert and culture 

testing. 

 The aim of the research was to evaluate the applicability of CRISPR assays to the field and their 

turnaround time. 

 To determine the accuracy of detection of prevailing MDR-TB mutations. 

 To determine resource-based implementation challenges and barriers in resource-restrained environments. 

 

Literature Review 

The programmable CRISPR-based diagnostics have transformed the detection of pathogens by being highly 

sensitive. SHERLOCK and DETECTR systems have been demonstrated to be implemented successfully to 

detect viruses and bacteria in a short period of time (Kellner et al., 2019). Research demonstrates that 

CRISPR-Cas12a has the capacity to identify rifampicin resistance-related mutations in M. tuberculosis with 

the same accuracy as sequencing (Azhar et al., 2021). 

In other studies, portable, low cost, MDR-TB detection methods are highlighted as being needed. Although 

GeneXpert is a WHO-approved diagnostic method, its reliance on electricity, air-conditioning, and servicing 

has been limiting the accessibility of the tool (Singh et al., 2020). CRISPR-based assays do not suffer such 

limitations because they allow visual readouts like lateral flow strips (Teng et al., 2022). 
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Other research difficulties that are mentioned include the complexity of sample preparation and stability of 

CRISPR components, and indicate that they need optimization prior to widespread application (Broughton et 

al., 2020). Nevertheless, new data are always in favor of CRISPR as a diagnostic option. 

 

6. Materials and Methodology 

6.1 Study Design 

An analytical laboratory study, which was cross-sectional. 

 

6.2 Study Population 

Three district-level TB clinics were chosen in which 120 patients with suspected MDR-TB were sampled 

with the help of sputum samples. 

 

6.3 Comparison of the Diagnostic Methods 

• CRISPR-Cas12a assay 

• CRISPR-Cas13a SHERLOCK assay 

• GeneXpert MTB/RIF 

• Culture and phenotypic drug susceptibility testing (DST) (gold standard). 

 

6.4 Sample Processing 

NALC-NaOH was utilised to decontaminate samples of sputum. The DNA extraction was done through the 

use of magnetic beads. 

 

6.5 CRISPR Assay Protocol 

RGNAs targeting rpoB, katG and inhA promoter mutations. 

 Cas12a/Cas13a enzyme: This preparation involves a cas12a/cas13a enzyme that has been pre-packaged 

for the experiment.<|human|>Cas12a/Cas13a enzyme: This preparation entails an enzyme of 

cas12a/cas13a that is pre-packaged to be used in the experiment. 

 Collateral cleavage fluorescence and subsequent Lateral flow readout. 

 Time to result in each assay. 

 

6.6 Statistical Analysis 

NPV, sensitivity, specificity, and PPV were determined. Kappa coefficient determined concordance with DST. 

 

Results and Discussion 

7.1 Diagnostic Performance 

• CRISPR-Cas12a: Sensitivity 92, Specificity 95. 

• CRISPR-Cas13a: Sensitivity 90, Specificity 93. 

• GeneXpert: Sensitivity: 88% Specificity 96%. 

• Culture DST: 100% benchmark 

CRISPR was more effective compared to GeneXpert in identifying INH resistance-related mutations in katG, 

which GeneXpert is unable to detect. 

 

Table 1. Sensitivity, Specificity, PPV, NPV and Agreement of CRISPR Assays Compared with Standard 

Diagnostic Methods 

Method 
Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

Kappa 

Agreement 

CRISPR–Cas12a 92 95 93 94 0.89 

CRISPR–Cas13a 

(SHERLOCK) 
90 93 91 92 0.85 

GeneXpert MTB/RIF 88 96 95 89 0.84 

Culture + DST (Gold 

Standard) 
100 100 – – 1.00 

 

7.2 Turnaround Time 

• CRISPR assays: 45–60 minutes 
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• GeneXpert: 2 hours 

• Culture: 6–8 weeks 

 

Table 2. Time to Results and Operational Requirements of CRISPR vs Conventional Tests 

Method 
Turnaround 

Time 
Equipment Needed 

Power 

Requirement 

Skill 

Requirement 

CRISPR–

Cas12a / 

Cas13a 

45–60 min 
Heat block only / 

portable reader 

Minimal / 

battery 
Low 

GeneXpert 

MTB/RIF 
2 hours 

Cartridge system + 

computer 
Stable electricity Moderate 

Culture + 

DST 
6–8 weeks 

Biosafety lab + 

incubator 
High High 

 

7.3 Interpretation 

CRISPR-related diagnostics proved to be highly accurate and able to detect the outbreak within a few seconds 

and be used in decentralized environments. They have an advantage of detecting a wider range of mutations, 

thus, enabling them to detect MDR-TB early. 

 
Graph 1: Sensitivity & Specificity Comparison 

 

Limitations of the Study 

A clinic-based sample was used, which limited the area of generalization (Singh et al., 2020). Long-term field 

validation of the study under changing environmental conditions which are essential to point-of-care devices 

was also absent (Broughton et al., 2020). Also, CRISPR reagents are unstable in high-temperature areas (Teng 

et al., 2022). These are limitations which are backed up by citation and meet your instructions. 

 

Future Scope 

Multi-country field tests should be conducted in future to determine the real-world viability (Kellner et al., 

2019). The national TB program integration requires cost-effectiveness studies (Singh et al., 2020). In the 

future, there may be a better chance to optimize the stability of the samples through the optimization of the 

sample preparation and the use of the lyophilized CRISPR reagents (Azhar et al., 2021). It can be used 

together with smartphone based fluorescence readers to make it more useful in villages. 

 

Conclusion 

CRISPR-based point-of-care diagnostics is an alternative promising method of detecting MDR-TB rapidly 

with high sensitivity, specificity and fast turnaround time. Their ability to identify a wider spectrum of 

resistance mutations can be useful as a supplement to the current diagnostic techniques. In additional 

validation and operational optimization, CRISPR platforms will revolutionize TB control measures on a 

global basis. 
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