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The COVID-19 pandemic has posed challenges to tuberculosis (TB) services, leading to an increase in 
TB deaths for the first time in a decade. The aim of our study was to investigate the presence of SARS-
CoV-2 in patients attending the Kayes Reference Health Center for tuberculosis diagnosis and anti-
tuberculosis treatment monitoring. This was a cross-sectional and prospective study conducted at the 
Reference Health Center (CSREF) laboratory in Kayes from December 1, 2021, to February 28, 2022. 
Sputum and nasopharyngeal samples were collected from all patients suspected of tuberculosis and 
those undergoing anti-tuberculosis follow-up. The search for acid-fast bacilli (AFB) and the detection of 
SARS-CoV-2 were performed using fluorescence microscopy and the GeneXpert Xpert Xpress SARS-
CoV-2 test, respectively. A total of 463 patients were included in the study, with males representing the 
majority at 67% (N=308), and the age group of 35 to 44 being the most represented at 19% (N=86). 
SARS-CoV-2 was detected in 70 patients, with 69% (N=48) being male and 31% (N=22) female. The age 
group of 65 and over was the most affected by SARS-CoV-2, followed by the age group of 55 to 64, with 
21% and 17% of cases detected, respectively. In this study, 16% of patients undergoing tuberculosis 
diagnosis and 12% of patients undergoing microscopic monitoring of anti-tuberculosis treatment tested 
positive for SARS-CoV-2. A total of 1.9% (N=9) of patients were co-infected, with 7 cases detected 
during tuberculosis diagnosis and 2 during treatment monitoring. Based on these results, bidirectional 
screening for COVID-19 and tuberculosis should be integrated into our health system. 
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INTRODUCTION 
 
Coronavirus  Disease-19  (COVID-19)  is  caused  by  the  novel severe acute  respiratory  syndrome  coronavirus  2  
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(SARS-CoV-2), which primarily targets the respiratory 
system (Lu et al., 2020). The disease was declared a 
pandemic by the World Health Organization (WHO) on 
March 11, 2020. Globally, there have been over 126 
million confirmed cases of COVID-19, resulting in 2.7 
million deaths, with the majority occurring in the Americas 
and Europe regions (Sy et al., 2020). According to the 
WHO report from February 2023, Mali recorded 32,998 
cases of COVID-19 and 743 deaths (WHO, 2023). 
COVID-19 is primarily transmitted through respiratory 
droplets, such as those produced by coughing and 
sneezing, or by touching contaminated surfaces (WHO, 
2021). The symptoms of COVID-19 can vary widely, 
including headache, fatigue, body aches, cough, sore 
throat, fever, gastrointestinal issues, diarrhea, nausea, 
muscle pain, difficulty breathing, and pneumonia (Ren et 
al., 2020; Huang et al., 2020; Yang et al., 2020; Mao et 
al., 2020). Individuals aged 65 and older, as well as those 
with underlying health conditions such as hypertension, 
heart or lung problems, diabetes, obesity, or cancer, are 
at higher risk of developing severe forms of the disease 
(Mahieu, 2020). 

The COVID-19 pandemic has also posed challenges to 
tuberculosis (TB) services, leading to an increase in TB 
deaths for the first time in a decade (WHO, 2022). 
According to MacLean et al. (2022), in 2020, at least 1.5 
million people died from tuberculosis, a figure not seen 
since 2017. In many countries, COVID-19 testing rates 
are below WHO targets, and TB case notification rates 
have fallen (Guirelli et al., 2022). Cases of co-infection of 
tuberculosis and COVID-19 have been reported since the 
beginning of the COVID-19 pandemic (WHO, 2022). High 
mortality, associated with an increased need for intensive 
care, has been noted in active and treated TB patients 
co-infected with COVID-19 (MacLean et al., 2022). 
However, the differential diagnosis between these two 
conditions remains difficult due to the similarity of the 
clinical pictures. Countries were recommended to adopt 
diagnostic algorithms following WHO guidelines for 
screening for TB or COVID-19 based on clinical 
characteristics and patient history as well as the local TB 
burden (Guirelli et al., 2022). Several countries 
(Indonesia, South Africa, Nigeria, and India) have tested 
simultaneous screening strategies for COVID-19 and 
tuberculosis during the pandemic. Particularly, the Indian 
ministry released a rapid response plan to mitigate the 
impact of the COVID-19 pandemic on tuberculosis in 
September 2020, which included COVID-19 screening for 
all patients diagnosed with tuberculosis and tuberculosis 
screening for all patients with confirmed COVID-19 
(Ruhwald et al., 2022). Faced with this problem,  the  aim  

 
 
 
 
of our study was to search for SARS-COV-2 in patients 
received at the Kayes Reference Health Center for the 
diagnosis of tuberculosis or for the monitoring of anti-
tuberculosis treatment. 
 
 
METHODOLOGY 
 
This was a cross-sectional study conducted at the Kayes Reference 
Health Center (CSREF) laboratory over a period of three months, 
from December 1, 2021, to February 28, 2022. All healthcare 
facilities referring patients for tuberculosis diagnosis were notified 
about the study. Participation in the study was systematically 
offered to all new suspected patients and those undergoing anti-
tuberculosis treatment, and they were sampled for the Xpert Xpress 
SARS-CoV-2 test after obtaining their free and informed consent. 
The COVID-19 care units were also informed of the study to ensure 
compliance with the code of ethics. 
 
 
Study population 
 
The study population consisted of patients seen in the laboratory 
diagnoses of tuberculosis and the monitoring of anti-tuberculosis 
treatment during the study period of the Kayes Reference Health 
Center. 
 
 
Inclusion criteria 
 
All patients in the study population seen at the Kayes Reference 
Health Center who agreed to give their free and informed consent 
were included in our study. 
 
 
Non-inclusion criteria  
 
Not included : patients who did not give their free and informed 
consent; patients who have not benefited from the SARS-CoV-2 
detection test. 

The authors sampling approach was exhaustive, including all 
patients meeting the predefined inclusion criteria. The variables 
studied encompassed socio-demographic factors (such as age, 
sex, and patient type) as well as biological parameters (including 
microscopy and Xpert Xpress SARS-CoV-2 test results). Sputum 
samples were collected using dedicated spittoons recommended by 
the national tuberculosis control program. Patients were instructed 
on proper sputum collection techniques, with two samples obtained 
from those suspected of TB and one from those undergoing 
microscopic monitoring of anti-TB treatment, following national 
guidelines. Sputum collection took place early in the morning on an 
empty stomach, either at the patient's home or at a designated 
center outdoors, away from others. Upon receipt, each sputum 
sample was assessed for appearance and volume, with patients 
asked to provide a new sample if the quality was deemed poor 
(e.g., saliva-like appearance). All samples were accompanied by an 
information sheet detailing patient identity, sex, age, type of patient, 
and contact information, with this data recorded in the microscopy 
register.   Additionally,  oropharyngeal  swabs  were  obtained  from  
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Table 1. Socio-demographic characteristics of patients 
(N=463). 
 

Data Effective Percent 

Sex 

Female  155 33 

Male 308 67 

   

Age group (year) 

0 à 14  19 4 

15 - 24 47 10 

25-34 82 18 

35-44 86 19 

45-54 85 18 

55-64 74 16 

65 and more 69 15 

   

Type of patients 

New patient 378 82 

Patient Follow-up 85 18 

 
 
 
patients on their first laboratory visit after providing consent. The 
COVID-19 collection kit comprised a nylon flocked swab with viral 
transport medium, totaling 3 ml, following standard precaution 
procedures. These samples were transported, analyzed, or 
refrigerated at +4°C before testing. Smear slides were prepared 
and identified with the patient's serial number, corresponding to the 
entry in the microscopy register and the spittoon. Under a 
microbiological safety station (PSM), the cuspidor was carefully 
opened, and purulent or mucous patches were identified. A portion 
of these patches was taken and spread using a single-use loop 
onto an area approximately 2 by 1 centimeter in the center of the 
slide. The smears were then made, dried, and fixed under the PSM. 
Following national guidelines, the smears were stained with 
auramine and observed under a Primo Star iLED fluorescence 
microscope for acid-fast bacilli (AFB). This microscope, 
recommended by the WHO for tuberculosis diagnosis, combines 
optical microscopy with fluorescence visualization. Smears were 
read the same day they were stained due to the light sensitivity of 
fluorescent staining. Smears were initially read using the 20X 
objective, with confirmation at 40X in case of doubt. Results were 
interpreted according to the national algorithm, classifying as 
negative, weakly positive, or graded from 1+, 2+ and 3+. 

The Xpert Xpress SARS-CoV-2 test was conducted using the 
four-module GeneXpert system with GeneXpert Xpert® Xpress 
SARS-CoV-2 test cartridges. These single-use disposable 
cartridges contain the necessary reagents for polymerase chain 
reaction (PCR) amplification of genetic material. Cartridges were 
prepared and loaded according to the manufacturer's instructions, 
with device information input and barcode reading to initiate testing. 
Results were automatically interpreted by the GeneXpert system 
and displayed clearly in the "Show results" window. Interpretations 
included "SARS-CoV-2 POSITIVE" for detected target RNA, 
"SARS-CoV-2 NEGATIVE" for undetected target RNA, "INVALID" 
for criteria not met and absence of SARS-CoV-2 RNA, "ERROR" for 
indeterminate RNA presence, and "NO RESULT" for undetermined 
RNA presence or absence. Results were recorded in microscopy 
and COVID-19 registers and on results forms. Patients’  positive  for  
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either or both diseases that did not collect their results within one 
day of the appointment were contacted by telephone or traced 
following ethical and professional conduct rules. Data were 
analyzed and processed using Excel and Word software. 

 
 
RESULTS 
 
Socio-demographic data 
 
The male gender was the most represented at 67% 
(N=308), with the age group of 35 to 44 being the most 
prevalent at 19% (N= 86). New patients or suspected 
patients comprised 82% (N=378) of the total (Table 1). 
SARS-CoV-2 was detected in 70 patients, with 69% 
(N=48) being male and 31% (N=22) female, resulting in a 
sex ratio of 2.18 favoring men (Figure 1). The age group 
of 65 and over was the most affected by SARS-CoV-2, 
followed by the age group of 55 to 64, accounting for 21 
and 17% of cases detected, respectively. In this study, 
16% of patients undergoing tuberculosis diagnosis and 
12% of patients undergoing microscopic monitoring of 
anti-tuberculosis treatment tested positive for SARS-CoV-
2 (Figure 2). Among microscopy-positive patients, 13% 
(N=9) tested positive for SARS-CoV-2, while among 
microscopy-negative patients, 15% (N=61) tested 
positive. The overall rate of tuberculosis and COVID-19 
co-infection in the study was 1.9% (N= 9). Among 
microscopy-positive patients, 13% (N=7) were detected 
positive for SARS-CoV-2, and among microscopy-
negative patients, 16% (N=53) were detected positive. 
Two cases of tuberculosis diagnosis and seven cases of 
treatment monitoring were co-infected, all of which were 
male (Table 2). 
 
 
DISCUSSION 
 
Our study aimed to diagnose COVID-19 in tuberculosis 
patients seen at the CSREF laboratory in Kayes. 
Sociodemographically, over three months, 463 patients 
participated in our study, with 81.64% (N=378) 
undergoing tuberculosis diagnosis and 18.36% (N=85) 
undergoing treatment monitoring. The male sex was the 
most represented, accounting for 67% of the participants. 
This proportion is comparable to the study conducted by 
Chahboune et al. (2022) in Morocco, which reported 
60.08% male sex, but lower than that of Patel et al.(2023) 
in India, where 71.9% were male. The over-
representation of the male sex in our context could be 
attributed to factors such as tobacco consumption among 
men and occupational exposure to harmful particles or 
smoke. The average age of our patients was 44 years 
old, similar to the findings of Patel et al. (2023) in India, 
who reported an average age of 40 years. This could be 
attributed  to  patients'  reluctance to seek healthcare due  
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Figure 1. Distribution of SARS-CoV-2 detection in study patients 
based on gender. 

 
 
 

 
 

Figure 2. Detection of SARS-CoV-2 depending on the reason for attending the laboratory. 

 
 
 

to financial constraints, low levels of education, or 
crowded living conditions. However, the age groups 65 
years old and over and 55 to 64 years old were the most 
affected by COVID-19, accounting for 21 and 17% of 
cases, respectively. Our results align with existing 
literature indicating that elderly individuals are more 
susceptible to COVID-19 compared to the general 
population (Gidado et al., 2020). 

The detection rate of SARS-CoV-2 was 15% among all 
patients in our study, which was higher than that reported 
by Adusi-Poku and colleagues in Ghana in 2023, who 
found a rate of 11.7% (95% CI: 5.2 to 18.2%). Among 
patients suspected of tuberculosis, the detection rate was 
16%, higher than the 13.7% (95% CI: 6.8-20.6%) 
reported by Adusi-Poku et al. (2023). This disparity could 
be attributed to the  timing of our study, conducted during  
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Table 2. Characteristics of co-infected patients. 
 

Code Reason for attendance Sex Age (an) Microscopy result Test SARS-CoV-2 Sampling date 

TB/C-15 Suspect of TB M 43 Positif 3+ Detected 1/12/2021 

TB/C-53 Follow-up 2nd  month of treatment M 68 Positif F+ Detected 5/12/2021 

TB/C-77 Suspect of TB M 56 Positif 3+ Detected 7/12/2021 

TB/C-10 Suspect of TB M 64 Positif 3+ Detected 24/12/2021 

TB/C-19 Suspect of TB M 42 Positif 2+ Detected 24/12/2021 

TB/C-96 Suspect of TB M 70 Positif F+ Detected 26/12/2021 

TB/C-23 Follow-up 2nd  month of treatment  M 19 Positif F+ Detected 25/01/2022 

TB/C-59 Suspect of TB M 50 Positif 2+ Detected 1/02/2022 

TB/C-68 Suspect of TB M 29 Positif 3+ Detected 2/02/2022 
 

Positive F+: weakly positive (1-19) b/a length; Positive 2+: 5-50 b/field; Positive 3+: more than 50 b/field. 

 
 
 
the peak of the COVID-19 pandemic, and the size of our 
sample. The detection rate of SARS-CoV-2 among 
patients undergoing anti-tuberculosis treatment was 12%, 
lower than the 23.92% reported by Kayali (2022) in 
Turkey. This difference could be explained by our smaller 
sample size and the presence of higher comorbidity 
factors in the Turkish study. 

SARS-CoV-2 and Mycobacterium tuberculosis 
infections can both lead to an unbalanced inflammatory 
immune response and a common dysregulation of the 
immune response, suggesting an increased risk of 
severity and progression of both diseases (Luke et al., 
2022). TB/COVID-19 co-infection was reported in 9 
patients, accounting for 1.9% of patients in the study. 
This result is comparable to the findings of Adun-Poku et 
al. (2022), who reported a rate of 1%, but lower than that 
reported by Sarınoğlu et al. (2020), who found a rate of 
6.66%. The disparity with the latter study could be 
explained by the timing of Sarınoğlu 's study in 2020, 
when COVID-19 cases were higher during the peak of 
the epidemic. 

Additionally, the impact of SARS-CoV-2 on TB patients 
and the pathological pathways linking SARS-CoV-2 and 
M. tuberculosis have been highlighted (Shah et al., 
2022). The detection of SARS-CoV-2 in 15% of patients 
in our study likely contributed to a reduction in the 
transmission of COVID-19 within the CSREF of Kayes 
and the community, as well as a decreased risk of severe 
disease development through prompt treatment in those 
co-infected with tuberculosis and COVID-19. The 
detection of SARS-CoV-2 in 15% of microscopy-negative 
patients underscores the importance of using both tests 
for tuberculosis and COVID-19 diagnosis during the 
pandemic to prevent missed cases of either disease, 
aligning with WHO recommendations. 

One limitation of our study is that we did not utilize the 
GeneXpert system for tuberculosis diagnosis. The use of 
this equipment could have potentially increased the 
detection   rate  of  co-infection  cases  due  to  its  higher  

sensitivity compared to microscopy. 
 
 

Conclusion 
 
This study enabled the detection of SARS-CoV-2 in a  
percentage of patients, particularly in those aged over 50 
years. Based on these findings, we recommend that both 
public and private healthcare facilities adhere to WHO 
guidelines by adopting an integrated approach to 
bidirectional screening for COVID-19 and tuberculosis. 
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