.. '
(F
RES PUBLISHERS

Electronic Journal of Medical Research
https://ejmr.respublishers.com

Research article

Pulmonary Tuberculosis and COVID-19 Co-infections in Lahore, Pakistan:
A retrospective cohort study

Muneeb Ahmad !, Muhammad Umer Saeed 2, Mavra Hafeez 2, Sara Masood Cheema 3, and

Jawaria Parvaiz #*

! Department of Radiology, Lahore General Hospital, Lahore, Pakistan

2 Department of Medical Education, King Edward Medical University, Lahore 54000, Punjab, Pakistan
3 Department of Pathology, Azra Naheed Medical College, Lahore 54000, Punjab, Pakistan

4 Department of Medical Microbiology and Parasitology, School of Medical Sciences, Universiti Sains
Malaysia, 16150 Kubang Kerian, Kelantan, Malaysia

*Correspondence: jawariaa@student.usm.my

Article information:
Received: 21-07-2025
Revised: 18-08-2025
Accepted: 20-08-2025
Published: 26-08-2025

Academic Editor:
Dr. Mai Abusalah

Keywords:

Rifampicin resistance
Rif

SARS-CoV-2

early diagnosis
conventional methods
MDR-TB

Abstract: Tuberculosis (TB) and Coronavirus disease-2019 (COVID-19)
are two major re-emerging diseases that poses significant health issues.
Increase in disease burden and subsequent misuse of anti-TB drugs has
become a serious health challenge. Early diagnosis followed by antibiotic
susceptibility testing can lower the increase in occurrence of multidrug
resistant TB. The present study was designed to compare the
performance of GeneXpert and microscopy to the gold standard
(culture) in sputum and broncho-alveolar lavage samples (n = 2862) and
to check the prevalence of COVID-19 coinfections among the TB patients
in Lahore, Pakistan. Results of the present study showed that, a total of
642 samples were found positive for TB via BD MGIT Liquid cultures
method, 483 using Ziehl-Neelsen staining technique, 507 with
fluorescent staining technique and 663 using GeneXpert respectively. In
overall, 23% prevalence of TB was seen in the current study. The positive
ratio of TB using GeneXpert in broncho alveolar lavage samples (24.56%)
was more as compare to the Sputum (23.07%). Out of these 663 TB
positive patients, a total of 197 were having COVID-19 like symptoms
and were tested for COVID-19 using PCR. Among these 197 cases, 13
were found positive for COVID-19, from which 3 were resistant to
Rifampicin (Rif). The diagnostic tests like GeneXpert have made
improvements in the rapid diagnosis of TB and has high specificity and
sensitivity.

Article citation: Ahmad, M., Saeed, M.U., Hafeez, M., Cheema, S.M., Pervaiz, J. Pulmonary Tuberculosis and COVID-
19 Co-infections in Lahore, Pakistan: A retrospective cohort study. Electron J Med Res. 2025. 1(1): 45-53.

Introduction

The corona virus diseases-2019 (COVID-19) caused by a severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), has been spreading over the world since December 2019 (Ahmed et al.,
2020; Anis et al., 2021). COVID-19 patients with preexisting comorbidities such diabetes,
hypertension, and cardiovascular disease seem to be at higher risk of mortality, however few studies
have reported that COVID-19 patients are also afflicted with other respiratory infectious diseases like
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TB (Kalil et al., 2021). COVID-19 has symptoms that are similar to those of other respiratory infections
including TB and influenza. Coinfections with common viral, bacterial, and fungal pathogens are
widespread among COVID-19 patients, which might complicate COVID-19 diagnosis and therapy
(Ahmed et al., 2022). TB has been the world's most deadly infectious disease for many years prior to
the COVID-19 pandemic (Aggarwal et al., 2021; McQuaid et al., 2021).

The TB stands amongst top ten causes of deaths worldwide (Yaqoob et al., 2021). Pakistan ranks
5th, amongst high burden countries for TB, globally (Abubakar et al., 2021). The biggest issue in the
treatment, prevention and control of TB is drug resistance (Malik et al., 2018). Occurrence of
multidrug resistant (MDR) TB is a serious issue which needs to be addressed. New patients of TB have
MDR and Rif resistance rate of up to 4.2% and 16% among those who previously received treatment
(Maori et al., 2021). There is another issue of emergence of extensive drug resistance (XDR); which
is a more complicated form of MDR-TB as it also shows resistance to fluoroquinolones and at least
one additional group A drug (Gautam et al., 2021).

The most important first line drug used to treat TB is Rif and is considered as a key in determining
the efficacy of different treatment regimens adopted for TB (Abubakar et al., 2021). The rapid spread
and emergence of drug resistant TB represents a challenge for healthcare systems (Kim et al., 2021).
Culture for TB diagnosis are the gold standard in diagnosing TB and as compared to the solid agar
media cultures, the liquid agar cultures (e.g. MGIT) are relatively faster to get the diagnosis within 7-
10 days but these methods are still time consuming as more time efficient tests can aid in early
diagnosis (Jabbar et al., 2006). In 2011, WHO endorsed the use of a fully automated molecular test
utilizing the real-time polymerase chain reaction (PCR) and is called Xpert MTB/RIF assay (WHO,
2011). It has the ability to simultaneously detect MTB and resistance mutations in the rpoB gene
against Rif (Andama et al., 2021).

Keeping in mind the COVID-19 pandemic versus TB scenario, everyday increase in the prevalence
of TB and higher antimicrobial resistance (AMR) rates in Pakistan, the present study was conducted
to see the prevalence of pulmonary TB, COVID-19 coinfections among symptomatic TB patients, and
to determine the frequency of Rif resistance in Mycobacterium Tuberculosis.

Materials and Methods

A retrospective cohort study was conducted on pulmonary TB patients, who visited the TB clinic of a
tertiary care hospital in Lahore, Pakistan during the duration of 3@ August 2021 to 20" April 2022.
Broncho-alveolar lavage (BAL) and sputum samples were collected initially from the patients initially
for the diagnosis of TB. To avoid contamination, sterile containers were provided for sample
collection. After collection, samples were immediately transported to biosafety level Il laboratory,
by following standard protocols.

A total of 2862 samples from the suspected pulmonary TB patients. From the total samples 171
were BAL while other 2691 were sputum. The socio demographic characteristics of patients were
also noted before the collection of samples. All of the samples were proceeded for BD MGIT liquid
culture system, fluorescent microscopy, ZN staining and Cartridge Based Nucleic Acid Amplification
Test (CBNAAT) GeneXpert.

Processing of samples for staining and TB cultures

The samples were proceeded for TB culture using BD MGIT liquid culture media. After inoculation of
samples in the liquid culture system the tubes were incubated and the remaining samples were
processed for ZN and fluorescent staining. ZN staining technique was used to differentiate the acid-
fast bacteria from other bacteria. Acid fast bacilli (AFB), a member of genus Mycobacterium is a type
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of bacteria which remains unstained by gram stains used in gram staining, and they can only be
visualized by using acid fast or ZN staining (Kumar et al., 2021).

For fluorescent staining, an equally distributed 2x4 cm smear was made in the middle of a glass
slide. Sample must be dry during smear preparation or leave it for air dry. Heat fix at 40-60 °C. Place
the slides on staining rack with 1cm apart from each other. Pour auramine rhodamine for 20 minutes.
Wash with tap water. Pour decolorizer (acid-alcohol) for 2-3 minutes. Use tap water to wash the
smear. Pour the smear with methylene blue for 2-3 minutes. Lastly, air dry the slide (Maori et al.,
2021).

Testing on CBNAAT GeneXpert

The collected samples were treated with lysing buffer and shaking well on vortex mixer and was
allowed to liquefy for 10-20 minutes. Buffered sample was shifted to MTB/RIF Assay cartridge by
dropper. Cartridge was loaded on GeneXpert instrument by scanning the barcode present on
cartridge. This procedure takes less than two hours for one test (Maori et al., 2021).

MTB culture sensitivity testing

MTB culture was performed by Mycobacteria Growth Indicator Tube (MGIT) which was
a tube system that decides whether or not TB bacteria thrives in the presence of anti-TB medications.
If the bacteria multiply, they become resistant to the treatments since the drugs were unable to
inhibit their growth. The TB medications function if the germs do not proliferate. In this scenario,
experts and medical personnel believe the bacteria are'susceptible' to the medications.

COVID-19 Test

Corona virus detection was done using real time PCR. Nasophyrangeal (NP) swabs were collected
from the the TB positive and COVID-19 suspected patients. PCR test was run in two steps, first one
was DNA extraction and second was amplification. The DNA extration was performed on Abbott
RealTime SARS-CoV-2 assay. In order to qualitatively detect SARS-CoV-2 nucleic acid in NP swabs, the
Abbott RealTime SARS-CoV-2 assay is a real-time reverse transcriptase polymerase chain reaction
(PCR). TagPath COVID-19 combo kit used which target 3 sites of COVID genome including ORFla and
ORF1b, Spike protein and N protein.

Data presentation and statistical analysis

For statistical analysis, the Microsoft Excel (version 2017) and SPSS (version 21) software were used.
At first, the data was entered in MS excel sheet and SPSS separately. Descriptive statistics was applied
to get the summaries of tested parameter. Chi square test was applied to see that is there any
association between the type of clinical samples and TB diagnosis using GeneXpert assay, and to see
is there any significant association between TB/COVID-19 coinfections. A P-value of < 0.05 was
considered as significant.

Results

3.1. Collection of samples

A total of 2862 samples were collected from suspected patients of TB. The patients were suspected
for suffering from TB based on their sign and symptoms and their referral to TB clinics after
radiological examination (chest X-Rays). Overall, out of 2862 collected samples 663 (23%) were found
positive for TB. While sample wise distribution showed 23% (621/2691) and 24% (42/171) from
sputum and BAL respectively. The demographic characteristics of studied population has been shown
in Table 1, while the Table 2 shows the prevalence of collected samples in relation to positive cases.
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Table 1. Socio demographic characteristics of TB patients (GeneXpert).

Characteristics Total Tuberculosis
(n = 2862) (n =663)
10-19 123 21 (3.16%)
Age (Years) 20-30 1536 294 (44.34%)
31-49 942 321 (48.41%)
>50 261 27 (4.07%)
Gender Male 2526 621 (93.66%)
Female 336 42 (6.33 %)
Residence area Urban 1511 438 (66.06%) *
Rural 1351 225 (33.93%)
Education status Educated 1668 285 (42.98%)
Uneducated 1194 378 (57.01%) **

*The prevalence of TB was 1.9 times higher in the urban areas as compare to rural areas. ** The prevalence of TB was
1.32 times higher in uneducated population as compare to the educated ones.

Table 2. Prevalence of positive TB (GeneXpert) cases from different samples.

Type of sample Total number of Positive Samples for TB |P-value
samples

Sputum 2691 21.69 % (n = 621)

Broncho-alveolar Lavage (BAL) 171 1.46 % (n=42) >0.05

Total 2862 23.16% (n = 663)

3.2. Results of staining and liquid culture media

Out of 2862 samples, a total of 483 samples were found to be positive for ZN-staining. Fluorescent
stain is little more specific as compared to conventional ZN-staining. Out of 2862 samples, 507
samples were found positive for fluorescent staining. While results of the MGIT liquid culture system
showed that a total of 642 samples were positive for TB. The difference between the positive ratio
of tuberculosis using different techniques has been shown in Table 3.

Table 3. Positive samples ratio of various techniques used to detect TB in different sample sources.

Testing techniques Sputum (n/%) (B’:;);;ho-alveolar lavage Total (n/%)
0

BD MGIT Liquid cultures 624 (94.11) 18 (2.71) 642 (96.83)

ZN staining 468 (70.58) 15 (2.26) 483 (72.85)

Fluorescent staining 483 (72.85) 24 (3.61) 507 (76.47)

GeneXpert 621 (93.66) 42 (6.33) 663

Four drugs were tested for positive MTB liquid media culture, from which only streptomycin has
shown the highest resistance (17.7%). A total of 22 (3.42%) isolates have shown the MDR pattern
with all four drugs resistance while 4.2% of cases were resistant to both Rif and isoniazid. Among the
tested isolates, no extensive drug resistance case was found. The sensitivity pattern of tested isolates
has been shown in Table 4.
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Table 4. The antibiotic susceptibility pattern of Mycobacterium tuberculosis.

Tested Drug Sensitive (n7/%) Intermediate (1/%) ?:7;:; nce
Rifampicin * 589 (91.7) 11 (1.5) 42 (6.5)
Streptomycin ** 511 (79.6) 17 (2.6) 114 (17.7)
Isoniazid * 523 (81.46) 34 (5.2) 85 (13.2)
Ethambutol *** 594 (92.5) 9 (1.4) 39 (6.0)

* Drug concentration: 1 mg/L. ** Drug concentration: 0.25 pg/ml. *** Drug concentration: 5 mg/L.

3.3. Results of GeneXpert detection

Results of GeneXpert assay showed that, a total of 663 patients were positive for tuberculosis via
GeneXpert assays as shown in Table 5. From these 663 cases, 42 cases were found resistant against
Rifampicin.

Table 5. Prevalence of Rifampicin resistant cases by GeneXpert.

Type of sample MTB detected in GeneXpert |Rif. resistant cases |P-value
Sputum 621 (93.66%) 39 (5.88%)

Broncho-alveolar Lavage (BAL) 42 (6.33%) 03 (0.45%) > 0.05
Total 663 42 (6.33%)

3.3. Results of Corona virus PCR

Out of these 663 MTB positive patients 197 were having symptoms of COVID-19. All 197 cases were
tested for COVID-19 via PCR, from which a total of 13 cases were found positive for COVID-19 as
described in Table 6. Among these 13 COVID-19 cases, only 3 were found resistant to Rif. Figure 1
shows the prevalence of TB and COVID-19 among tested population.

Table 6. Prevalence of COVID-19 among TB positive and Rif resistant tuberculosis.

COVID PCR TB positive cases Rif. resistant cases
Positive 13 (6.5%) 3 (1.5%)

Negative 184 (93.5%) 26 (13.1)

Total 197 29 (14.6%)

=

—

Figure 1. Prevalence of Tuberculosis among studied population and the prevalence of COVID-19
among TB positive cases.
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Discussion

In recent years, the COVID-19 pandemic has disrupted TB treatment and service delivery, setting
back progress against TB in the battle of many years (Tamuzi et al., 2020). Patients with TB generally
have underlying co-morbidities and lung impairment, making them on increase risk to acquire
severe COVID-19 infection. COVID-19 and TB have symptoms that are similar, such as fever and
cough. Because of the fear of COVID-19, this might not only cause diagnostic uncertainty, but it could
also increase the stigmatisation of TB patients, particularly in low- and middle-income countries
(Gupta et al., 2020; McQuaid et al., 2021). Tuberculosis has turned out to be the most common re-
emerging disease worldwide. According to World Health Organization (WHQ) the main reason of re-
emergence of it is pandemic nature of HIV as poor living standards and increase in multi drug
resistance in tubercle bacilli, aids in spreading the disease (Yaqoob et al., 2021). The TB remains the
major cause of morbidity and mortality worldwide because of its solitarily irresistible nature. The
present study was conducted in the TB clinic at a tertiary care hospital in Lahore, Pakistan to see the
overall prevalence of TB and Rif resistant TB among the tested population, and to overview the
prevalence of COVID-19 coinfections among symptomatic TB positive patients.

According to different studies, for smear positive samples, sensitivity and specificity for TB found
to be > 97%, while it may be as high as 70-80% for smear negative samples (Maori et al., 2021;
Saleem et al., 2018; Shrestha et al., 2018). Therefore, the WHO endorsed its use for the detection of
pulmonary TB (Kim et al., 2021). The MTB/RIF test is based on real time PCR that detects specific
DNA sequence of MTB in the tested samples. The assay is automated, software based and amplifies
81-bp fragment of rpoB gene of MTB to identify mutation in rpoB gene. The mutation in rpoB gene
causes Rif resistance, while the mutation in katG and in the promotor region of inhA gene causes
isoniazid resistance, which are very important drugs for TB treatment (Sweeney et al., 2016). TB has
become a major medical issue in under developing countries with poor standard of living, with 60%
of adult population getting infected by it (Abubakar et al., 2021). According to international survey,
the Nepal is positioned 27" for TB cases and the prevalence rate of disease is 40%. Consistently
40,000 patients are suffering from active TB, while 20,000 have irresistible aspiratory infections
(Yadav et al., 2020). According to a recently published study from Pakistan, there was a dramatically
increased in the use of GeneXpert method for diagnosis of PTB in adults from less than 1% tested
alone in 2016, to 81.6% by 2018 (Tahseen et al., 2020). Tahseen et al., (2020) has found a significant
increase in cases of PTB (from 64% to 77.3% in tested population) (Tahseen et al., 2020). Results of
another study from Lahore, Pakistan has shown 22% prevalence of PTB among the tested population
(Arshad et al., 2021). The present study was conducted on the total 2862 samples and the results
showed that 663 (23.1%) sample were positive for TB via GeneXpert. From these total samples
confirmed by GeneXpert MTB/RIF method, only 483 samples were found positive for AFBs using ZN
staining and a total of 507 samples were positive for AFBs using fluorescent staining. The difference
in the results was might be because of the high sensitivity and accuracy of GeneXpert MTB/RIF.

Rif works by stopping the DNA-directed RNA synthesis of MTB by working in relation with RNA
polymerase subunit (Maori et al., 2021). According previous researches, 95% strains mutation (rpoB)
of Rif resistance are located in 81-bp region (codons from 507 to 533), which are called as RIF
resistance determining region (RRDR). In RRDR, mutations within codon 516,531,526 are responsible
for about 90% of Rif-resistant strains (Abubakar et al., 2021; Shrestha et al., 2018; Yadav et al., 2020;
Yaqoob et al., 2021). A previous study was conducted to check the resistance patterns of anti-TB
drugs in TB patients. From 11-2018 to 01-2019, more than 385 cases were studied. From 385 patients
of TB, 225 were found sensitive and 130 were resistance to isoniazid. These results were in
accordance with results from other countries who utilized comparative study method (Andama et
al., 2021; Guo et al., 2021; Mukhtar and Butt, 2018; Nagu et al., 2021). In a previously published
study, authors analyzed the Recurrence of broadly MDR TB in Pakistan and found that the resistance
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rate was expanded from 1.5% in 2006 to 4.5% in 2009 (p < 0.01) (Atif et al., 2018a; Niaz et al., 2020).
In comparison the present study results showed that 42/663 (6.3%) cases were resistant against Rif.
The reason behind increase in cases of MDR-TB might be the missed diagnosed or negative smear
for TB and subsequently leading it to remain undiscovered which ultimately causes the increase in
the cases of MDR-TB. In case of positive smear of TB, there might be a chance that anti-TB drugs
show different response and it might be difficult to discover MDR-TB.

Results of the present study showed that the incidence of tuberculosis in males (621/2526 =
24.6%) was 1.97 times higher than in females (42/336 = 12.5%). Similarly, 66.06% (438/1511) of the
patients belongs to urban areas and the rest 33.93% (225/1351) belongs to rural areas. The rate of
TB was 1.9 times higher in urban than rural areas. A previous study with similar results from Korea
(Sotgiu et al., 2009), showed that the percentage of TB cases among male and female was 66.49 to
34.31%. Also, according to WHO'’s global TB report 2021, TB patients were 56%, 33%, and 11% for
adult men, adult women, and children, respectively. The incidence of tuberculosis in males was 1.7
times higher than in females (WHO, 2021).

Both Isoniazid and streptomycin drugs showed higher level of resistance against TB (Atif et al.,
2018b). These strains showed resistance to both drugs and accounts for 13-14% resistance
percentage, individually. While strains isolated from new and recently treated patients showed 6.6%
and 6.4% resistant to streptomycin individually (Abubakar et al., 2021; Maori et al., 2021). According
to a previous study from Nepal (Shrestha et al., 2018), which analyzed the difficulties in the
conclusion of medication safe TB by the GeneXpert MTB/Rif examine in Nepal and investigate the
potential arrangements and confirmed that significant difficulties were deficient preparing, regular
force disappointment, trouble in keeping up suitable consistent temperature, module
disappointment which is frequently not supplanted in time, issues with alignment and convenient
accessibility of cartridges just as proper approaches to store the new cartridges and safe removal of
the pre-owned cartridges.

The current study has reported an overall 6.59% of TB/COVID-19 coinfection cases. Among these
TB/COVID-19 coinfection cases, the prevalence of Rif. Resistant TB was 23.07%. The reported cases
of COVID-19 in Punjab, Pakistan were 1839 in August 2021, which have been decreased upto 130
reported cases on 31t December 2021. In April 2022, very low COVID-19 positive ratio was seen
(n=33 to n=55) in Punjab, Pakistan (MNHRC, 2022). The effect of COVID-19 on TB services has been
extensively documented previously (Group, 2022; McQuaid et al., 2021), with a decrease in the
number of TB patients reported and handled in most countries as a consequence of a combination
of factors including limited access, delayed diagnosis with more advanced forms, and overburdened
health systems (Group, 2022). According to the WHO study, the number of TB case reports decreased
by 18% between 2019 and 2020 (McQuaid et al., 2021).

Conclusions

The occurrence of MDR-TB is a serious health issues in Pakistan as well as throughout the world. This
may get worse if TB is not detected and treated on time. To prevent the misuse or over-use of anti-
TB drugs, it is important to the check the efficacy of different drugs which are being used for the
treatment of TB. Appropriate and precise use of drugs play a vital role in the treatment of these types
of invasive infections while keeping the issue of resistance to drugs, minimal. During the COVID-19
pandemic, the current study recommends screening for both COVID-19 and TB in patients with
COVID-19/TB symptoms in countries with a high TB burden. To improve TB results, COVID-19 co-
infection needs a simple approaches and management. In conclusion, to enhance COVID-19/TB co-
infection outcomes, structured diagnostic techniques and clinical care are recommended.

51



Ahmad, M. et al., 2025 Pulmonary Tuberculosis and COVID-19 Co-infections

Author Contributions: Conceptualization, J.P., and M.A.; methodology, M.A., M.U.S., M.H., and S.M.C.; software,
M.U.S. and M.H.; validation, J.P.; formal analysis, M.A., M.U.S., M.H., and S.M.C.; investigation, M.A., M.U.S., M.H., and
S.M.C.; resources, J.P.; data curation, J.P.; writing—original draft preparation, M.A., M.U.S., M.H., and S.M.C.; writing—
review and editing, J.P.; visualization, J.P.; supervision, J.P.; project administration, J.P. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Institutional regulations,
and approved by the Institutional Review Board of Lahore General Hospital, Lahore, Punjab, Pakistan.

Informed Consent Statement: Not applicable, as it was a retrospective study.
Data Availability Statement: More data will be available upon a reasonable request to the corresponding author.
Acknowledgments: Jawaria Pervaiz would like to acknowledge USM graduate research assistance scheme.

Conflicts of Interest: The authors declare no conflict of interest.

References

Abubakar, M., N. Ahmad, A. Ghafoor, A. Latif, I. Ahmad, M. Atif, F. Saleem, S. Khan, A. Khan, and A.H. Khan. 2021.
Treatment Outcomes of Extensively Drug-Resistant Tuberculosis in Pakistan: A Countrywide Retrospective
Record Review. Frontiers in Pharmacology. 12:499.

Aggarwal, A.N., R. Agarwal, S. Dhooria, K.T. Prasad, |.S. Sehgal, and V. Muthu. 2021. Active pulmonary tuberculosis and
coronavirus disease 2019: A systematic review and meta-analysis. PloS one. 16:e0259006.

Ahmed, N., M.N.A. Kalil, W. Yusof, M.A.A. Bakar, A.S. Sjahid, R. Hassan, M.H. Fauzi, and C.Y. Yean. 2022. A performance
assessment study of different clinical samples for rapid COVID-19 antigen diagnosis tests. Diagnostics. 12:847.

Ahmed, N., A. Rizvi, A. Naeem, W. Saleem, A. Ahmed, S. Parveen, and M. llyas. 2020. COVID-19 and public awareness.
The Professional Medical Journal. 27:1710-1716.

Andama, A., D. Jaganath, R. Crowder, L. Asege, M. Nakaye, D. Katumba, J. Mukwatamundu, S. Mwebe, C. Semitala, and
W. Worodria. 2021. The transition to Xpert MTB/RIF ultra: diagnostic accuracy for pulmonary tuberculosis in
Kampala, Uganda. BMC Infectious Diseases. 21:1-7.

Anis, S., M.M. Khan, Z. Ali, A. Khan, H.M. Arsalan, S. Naeem, I. Saleem, S. Qamar, M.M. Khan, and A. Ahmad. 2021. Novel
corona virus disease (COVID-19): An updated review on epidemiology, pathogenicity, clinical course,
treatments, migrant health concerns and risk factors predictions. Pak. J. Pharm. Sci. 34:1807-1822.

Arshad, M., M. Tariq, M. Ashfaq, S. Khalid, H. Kamran, M. Aslam, and Z. Sharmeen. 2021. Demographic characterization
of patients suffering from tuberculosis visiting tertiary care hospital’Lahore. Pakistan Journal of Health
Sciences:17-22.

Atif, M., Z. Anwar, R.K. Fatima, I. Malik, S. Asghar, and S. Scahill. 2018a. Analysis of tuberculosis treatment outcomes
among pulmonary tuberculosis patients in Bahawalpur, Pakistan. BMC research notes. 11:370.

Atif, M., Z. Anwar, R.K. Fatima, I. Malik, S. Asghar, and S. Scahill. 2018b. Analysis of tuberculosis treatment outcomes
among pulmonary tuberculosis patients in Bahawalpur, Pakistan. BMC research notes. 11:1-6.

Gautam, S., N. Shrestha, S. Mahato, T.P. Nguyen, S.R. Mishra, and G. Berg-Beckhoff. 2021. Diabetes among tuberculosis
patients and its impact on tuberculosis treatment in South Asia: a systematic review and meta-analysis.
Scientific reports. 11:1-12.

Group, T.C.-G.S. 2022. Tuberculosis and COVID-19 co-infection: description of the global cohort. European Respiratory
Journal. 59.

Guo, S., C. Han, Y. He, and M.-S. Wang. 2021. Diagnostic incremental value of sputum in patients with pleural
tuberculosis. Infectious Diseases. 53:184-188.

Gupta, N., P. Ish, A. Gupta, N. Malhotra, J.A. Caminero, R. Singla, R. Kumar, S.R. Yadav, N. Dev, and S. Agrawal. 2020. A
profile of a retrospective cohort of 22 patients with COVID-19 and active/treated tuberculosis. European
Respiratory Journal. 56:2003408.

Jabbar, A., S. Hussain, and A. Khan. 2006. Clinical characteristics of pulmonary tuberculosis in adult Pakistani patients
with co-existing diabetes mellitus. Eastern Mediterranean health journal= La revue de sante de la Mediterranee
orientale= al-Majallah al-sihhiyah li-sharq al-mutawassit. 12:522.

Kalil, M.N.A., W. Yusof, N. Ahmed, M.H. Fauzi, M.A.A. Bakar, A.S. Sjahid, R. Hassan, and C. Yean Yean. 2021. Performance
validation of COVID-19 self-conduct buccal and nasal swabs RTK-antigen diagnostic Kit. Diagnostics. 11:2245.

Kim, J., B.G. Park, D.H. Lim, W.S. Jang, J. Nam, D.-C. Mihn, and C.S. Lim. 2021. Development and evaluation of a multiplex
loop-mediated isothermal amplification (LAMP) assay for differentiation of Mycobacterium tuberculosis and
non-tuberculosis mycobacterium in clinical samples. Plos one. 16:e0244753.

Kumar, M., B. Afreen, and A.K. Sharma. 2021. Modified Ziehl Neelsen Staining in the Diagnosis of Osteoarticular

52



Ahmad, M. et al., 2025 Pulmonary Tuberculosis and COVID-19 Co-infections

Tuberculosis Patients: A Hospital Based Comparative study. International Journal of Health and Clinical
Research. 4:276-278.

Malik, M., R. Nasir, and A. Hussain. 2018. Health related quality of life among TB patients: question mark on performance
of TB DOTS in Pakistan. Journal of tropical medicine. 2018.

Maori, L., K. Muhammed, and G. Ibrahim. 2021. Evaluation of GeneXpert MTB/Rif Assay and the Conventional Methods
for Detection of Pulmonary Tuberculosis in Internally Displaced Persons (IDP) Camps in Gombe State. Asian
Journal of Biology:29-35.

McQuaid, C.F., A. Vassall, T. Cohen, K. Fiekert, and R. White. 2021. The impact of COVID-19 on TB: a review of the data.
The International Journal of Tuberculosis and Lung Disease. 25:436-446.

MNHRC. 2022. Punjab COVID-19 statistics. COVID-19 health advisory platform by Ministry of National Health Services
Regulations and Coordination, Government of Pakistan. Available at: https://covid.gov.pk/stats/punjab.

Mukhtar, F., and Z.A. Butt. 2018. Risk of adverse treatment outcomes among new pulmonary TB patients co-infected
with diabetes in Pakistan: A prospective cohort study. PloS one. 13:e0207148.

Nagu, T.J., M.A. Mboka, Z.F. Nkumbih, G. Shayo, M.M. Mizinduko, E.V. Komba, M. Maeurer, A. Zumla, and F. Mugusi.
2021. Clinical and Imaging Features of Adults with Recurrent Pulmonary Tuberculosis-A Prospective Case-
Controlled Study. International Journal of Infectious Diseases.

Niaz, M., M. Ahmad, K. Fatima, F. Kazi, H. Salim, and I. Sohail. 2020. Diagnosing sputum smear negative pulmonary
tuberculosis patients by transbronchial biopsy and bronchoalveolar lavage smear. The Professional Medical
Journal. 27:499-505.

Saleem, S., A.A. Malik, A. Ghulam, J. Ahmed, and H. Hussain. 2018. Health-related quality of life among pulmonary
tuberculosis patients in Pakistan. Quality of Life Research. 27:3137-3143.

Shrestha, S., N. Shah, K. Jha, R. Pant, L. Joshi, R. Bichha, and K. Karki. 2018. Challenges in the diagnosis of drug-resistant
tuberculosis by GeneXpert MTB/Rif in Nepal. SAARC Journal of Tuberculosis, Lung Diseases and HIV/AIDS. 16:8-
15.

Sotgiu, G., G. Ferrara, A. Matteelli, M. Richardson, R. Centis, S. Ruesch-Gerdes, O. Toungoussova, J.-P. Zellweger, A.
Spanevello, and D. Cirillo. 2009. Epidemiology and clinical management of XDR-TB: a systematic review by
TBNET. European Respiratory Journal. 33:871-881.

Sweeney, T.E., L. Braviak, C.M. Tato, and P. Khatri. 2016. Genome-wide expression for diagnosis of pulmonary
tuberculosis: a multicohort analysis. The Lancet Respiratory Medicine. 4:213-224.

Tahseen, S., M.R. Siddiqui, F.M. Khanzada, M.M. Bhutto, A.Q. Baloch, W. Van Gemert, and J. Creswell. 2020.
Implementing universal rifampicin testing for TB in Pakistan: results and implications for the TB response. The
international journal of tuberculosis and lung disease : the official journal of the International Union against
Tuberculosis and Lung Disease. 24:795-801.

Tamuzi, J.L., B.T. Ayele, C.S. Shumba, 0.0. Adetokunboh, J. Uwimana-Nicol, Z.T. Haile, J. Inugu, and P.S. Nyasulu. 2020.
Implications of COVID-19 in high burden countries for HIV/TB: A systematic review of evidence. BMC infectious
diseases. 20:1-18.

WHO. 2011. Rapid implementation of the Xpert MTB/RIF diagnostic test: technical and operational'How-to'; practical
considerations (No. WHO/HTM/TB/2011.2). World Health Organization.

WHO. 2021. Global tuberculosis report 2021, World Health Organization. Available at:
https://www.who.int/publications/i/item/9789240037021.

Yadav, U.N,, J. Lloyd, H. Hosseinzadeh, K.P. Baral, N. Bhatta, and M.F. Harris. 2020. Self-management practice, associated
factors and its relationship with health literacy and patient activation among multi-morbid COPD patients from
rural Nepal. BMC Public Health. 20:1-7.

Yaqoob, A., S.G. Hinderaker, R. Fatima, and H. Najmi. 2021. How do private practitioners in Pakistan manage children
suspected having tuberculosis? A cross sectional study. BMC Public Health. 21:1-9.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s)
and contributor(s) and not of RES Publishers and/or the editor(s). RES Publishers and/or the editor(s) disclaim responsibility for any
injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

53


https://covid.gov.pk/stats/punjab
https://www.who.int/publications/i/item/9789240037021

