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and 16 had Pseudomonas aeruginosa. The study showed 
that there were 51 deaths in patients with coinfections, 
and the mortality rate was significantly higher in TB 
patients with coinfection (39.8%) than in those without 
coinfection (10.2%) (P < 0.01).

Another retrospective study analyzed alveolar lavage 
fluid cultures from 216 patients with endobronchial TB 
in Korea between January 2013 and January 2019.[2] The 
analysis identified bacteria in 42 patients (19.4%), where 
6  patients  (2.8%) had mixed infections with multiple 
bacteria. The most common microorganisms were 
S. aureus (n = 14, 33.3%), followed by Klebsiella (n = 12, 28.6%), 
Streptococcus (n = 5, 11.9%), Enterobacter (n = 4.9, 5%), and 
P. aeruginosa (n = 3, 7.1%) [Table 1].

Attia et  al. retrospectively analyzed 137 pulmonary 
infections in Cambodia and found that out of 40 
TB patients with positive sputum tests, 13 had 
coinfection with pulmonary bacteria. The Gram‑negative 
bacilli  (Klebsiella and Pseudomonas) were the most 
common pathogens in the TB pulmonary coinfections.[3]

INTRODUCTION

Pulmonary tuberculosis (TB) patients with coinfections 
often lack specific clinical manifestations, which 
makes clinicians ignore the possibility of coinfections, 
thus delaying treatment. It is, therefore, necessary to 
understand the epidemiology, pathogenesis, diagnosis, 
and treatment of pulmonary infections in patients with 
pulmonary TB (PTB), and develop rational and effective 
treatment options.

EPIDEMIOLOGY

Bacteria
Ishikawa et al. retrospectively studied 761 Japanese PTB 
patients with positive sputum smears between 2007 
and 2012.[1] The relationship between microorganisms 
isolated from the sputum at admission and 180‑day 
mortality was explored. Of 708  patients who were 
tested for sputum microorganisms, 128  (18.1%) had 
pathogenic bacteria, 23 had methicillin‑resistant 
Staphylococcus  aureus, 17 had Klebsiella pneumoniae, 

Coinfections with pulmonary tuberculosis (TB) occur in people with damaged lung structures, chronic malnutrition, and those with 
compromised immunity. Moreover, it is a common clinical challenge that leads to poor clinical outcomes and contributes to increased 
morbidity and mortality in patients with TB. Coinfection in the lungs can prolong hospital stay and increase the cost of treatment 
for TB patients, which imposes a heavy burden on families and society. Therefore, pulmonary TB (PTB) combined with pulmonary 
infections should be diagnosed and treated promptly. This review describes trends in epidemiology and other factors that influence 
the incidence of PTB coinfection. Current and emerging diagnoses well as infection treatments are discussed.
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In a prospective study conducted between 2011 and 2012 by 
Shimazaki et al. which analyzed 466 patients hospitalized 
with suspected TB, 228 were positive for TB‑PCR. Out 
of the 228  patients, 135  (29.0%) had bacterial pathogens 
in their sputum samples. Haemophilus influenzae was the 
most common  (n  =  99, 21.2%), followed by Streptococcus 
pneumoniae  (n  =  37, 7.9%). They reported that bacterial 
coinfections are common and increase the risk of early 
death in TB patients.[4]

In a 2016–2017 cross‑sectional study in Nigeria, Iliyasu 
et al. analyzed patients with PTB secondary to bacterial 
pneumonia.[5] In 141 TB patients, sputum cultures showed 
141 strains of bacteria, 63 of which were Gram‑negative 
bacilli (Escherichia coli, Klebsiella spp., and P. aeruginosa), 
the same as S. pneumoniae. This was in sync with previous 
findings which demonstrated an increase in the proportion 
of Gram‑negative and conditionally pathogenic bacteria 
infecting TB patients with pulmonary infections,[6] and 
were the main pathogens in pulmonary infections in TB 
patients.

Fungi
Bongomin showed that pulmonary aspergillosis occurred 
mainly in people with impaired lung structure and 
immune deficiency, and was prevalent in patients with 
TB.[7] 20%–40% of TB patients experienced cavity formation 
in their lungs after treatment.[8] A retrospective analysis 
suggests the main risk factors for PTB complicated 
with pulmonary aspergillosis were the application time 
of antibiotics  ≥1  month and the application time of 
hormones ≥1 week.[9] chronic pulmonary aspergillosis (CPA) 
prevalence among post‑TB patients was found to be 
around 5% in a previous study from Northern Uganda.[10] 
At the conclusion of their TB treatment in Indonesia, 22% 
of GeneXpert/smear‑negative individuals had CPA; this 
is in addition.[11] In a meta‑analysis of PTB coinfection 
with Aspergillus pulmonarius from 2001 to 2019, Hosseini 
et  al. noted that the prevalence of PTB coinfection with 
A.  pulmonarius ranged between 3.7% and 33.3%. [12] 
Besides, the study showed a prevalence of 14.7% of mixed 
Aspergillus infections in Asian patients with TB and an 
overall prevalence of 17.7% of mixed Aspergillus infections 
in African patients, with Aspergillus fumigatus being the 
most common fungus. Interestingly, Bhatt et al. developed 
an in vivo model of coinfection where BALB/c mice were 
aerosolized with Mycobacterium tuberculosis  (MTB) at 200 
colony‑forming units  (CFUs) to better understand the 
interaction between these two pathogens (CFU). Systemic 
candidiasis is brought on by an intravenous Candida albicans 
infection. Although no mortality was seen in mice only 
infected with MTB for the stated duration, the mice that 
were coinfected evidently had a higher mortality rate than 
animals that were simply infected with C.  albicans.[13] A 

cross‑sectional study in sub‑African in 2020 showed that 
Candida infections accounted for 25.7% of patients with TB 
combined with pulmonary fungal infections, with C. albicans 
being the most common, followed by Pseudomonas tropicalis 
and Candida smoothus.[14] Another study demonstrated that 
C. albicans was the most common coinfecting fungal species 
in TB patients[15] (80%–90%). Other studies have shown that 
the prevalence of mixed Candida infections in TB patients 
ranges from 2.8% to 55%.[16] However, some scholars argue 
that C. albicans is an oral respiratory tract colonizing bacteria 
and not a pathogenic bacterium.[17]

A retrospective study in Taiwan, China, which analyzed 
TB coinfection with cryptococcal infection between 
1993 and 2006 showed that 0.6% of patients with TB 
had coinfection with cryptococcal infection and 5.4% of 
patients with cryptococcal coinfection had TB. Most of the 
patients  (83%) recovered well after dual antifungal and 
anti‑TB treatment.[18]

Nontuberculous mycobacteria
Another study retrospectively analyzed HIV‑negative PTB 
patients in northern Tunisia from 2002 to 2016 and isolated 
non‑TB mycobacteria from 60  (0.6%) of 10466 sputum 
specimens.[19] The most common were Mycobacterium 
kansasii type 1 (23.3%), while others included Mycobacterium 
gordonii  (6.6%), Mycobacterium cadetum  (6.6%) and exotic 
Mycobacterium bovis (3.3%). However, Mycobacterium avium, 
which is the most common non‑TB Mycobacterium globally 
was not found.

In a multicenter clinical study, Gao et  al. showed that 
286 patients with multidrug‑resistant‑TB (MDR‑TB) treated 
with bedaquiline developed nine mixed nontuberculous 
mycobacteria  (NTM) infections during treatment. The 
infectious agents included Mycobacterium abscessus  (five 
strains), followed by M.  avium   (two strains) and 
Mycobacterium intracellulare (one strain).[20]

Another retrospective cohort study showed that NTM 
was isolated from 113  specimens in 68  patients between 
anti‑TB treatments. The NTM included M. abscessus (n = 35, 
31%), Mycobacterium incidentalis  (n  =  17, 15%), M.  avium 
complex (n = 9, 8%), and M. gordonii (n = 9, 8%).[21] The study 
found that cultures from 48 (71%) patients had only one type 
of NTM, 20 (29%) patients had two or more NTMs, while 
two (3%) of the patients were positive for M. abscessus after 
anti‑TB treatment.

A retrospective study by Carneiro et al. demonstrated that 
out of 100 Brazilian patients with NTM, 85 had received 
prior anti‑TB treatment, and the most common NTM was 
M.  avium complex  (MAC  =  35%), M.  kansasii  (17%), and 
M. abscessus (12%).[22]
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In 2018, Xu et  al. retrospectively analyzed 1208  patients 
with suspected PTB, and showed that out of 390 sputum 
culture‑positive cases, 358 (91.8%) were infected with MTB, 
24  (6.2%) with NTM, and 8  (2.0%) with both MTB and 
NTM.[23] The study further showed that 7 of the 8 patients 
with both MTB and NTM were extensively anti‑TB drug 
resistant. A retrospective study in China suggests a total 
of 837 MDR‑TB isolates were analyzed, of which 22 
isolates (2.6%) were found to contain a mixture of NTM and 
MTB organisms. The most prevalent species detected was 
M.  intracellulare  (15/22, 68.2%), while prevalence rates of 
the other identified coinfecting mycobacterial species were 
as follows: M. avium (4/22, 18.2%), M. kansasii (1/22, 4.5%), 
M. abscessus (1/22, 4.5%), and Mycobacterium malmoense (1/22, 
4.5%).[24] The study in Beijing included 89  patients with 
recurrent TB after screening for nearly 12 years (January 
2008–December 2019). Nine patients were discovered to 
have NTM infections during the time of the investigation. 
Six patients were infected with various mycobacterial 
strains, half of which underwent NTM to MTB and MTB 
to NTM transformations.[25]

Virus
In a South African study that analyzed a total of 2959 patients 
with suspected TB or influenza between June 2010 and 
December 2011, 423 (14%) were positive for TB, 275 (9%) 
were positive for influenza, while 34  (1%) had influenza 
and TB coinfection. Patients with the coinfections had a 
significantly increased risk of death in individuals who 
experienced respiratory symptoms for ≥ 7 days.[26] In another 
report from South Africa, 10% of the cases that died during 
the 2009 H1N1 pandemic were comorbid with TB.[27] In 
addition, although the incidence of TB in severe pandemic 
influenza cases has been shown to be high, the available 
data remain low.[28] However, studies have previously 
demonstrated that influenza coinfection in TB cases is 
associated with a pro‑inflammatory response, increased 
mycobacterial load,[29] and mortality in animal models and 
patients.[30]

In a cohort study in Taiwan, China, Su et sal. collected 
blood samples from 101 untreated TB patients and 101 
healthy controls and showed that the seropositivity rate 
for human herpesvirus  (HHV) type  8 antibodies was 
higher in TB patients (30/101) compared with the control 
group  (15/101)  (P  =  0.01).[31] The study showed that TB 
patients, like HIV‑positive patients, were susceptible to 
HHV type 8 infection.

In another cohort study which included 49 patients with 
confirmed TB, 10 out of 19  patients  (52.6%) who were 
on anti‑TB treatment were successfully diagnosed with 
SARS‑CoV‑2 virus after 1–2  months of treatment.[32] 
According to a meta‑analysis, COVID‑19 coinfection will 

increase the risk of death of TB patients  (1.4  times).[33] 
This finding suggested that patients with active TB are 
more susceptible to SARS‑CoV‑2 virus infection and that 
SARS‑CoV‑2 virus may develop more rapidly and severely 
in TB patients.

PATHOGENESIS

Imbalanced intestinal flora
Immunomodulation of the gut microbiota has also been 
shown to be critical in the host anti‑TB response, including 
prevention of TB infection, reduction of latency progression, 
reduction in disease severity, and reduction in the incidence 
of drug resistance and coinfection.[34]

Approximately 40% of the body’s lymphocyte pool is 
located in the gut, suggesting that gut microbiota play a 
key role in the development of the immune system and 
functions.[35] A positive correlation has been reported 
between the gut microbiota and the peripheral CD4 + T 
cell count in TB patients.[36] Antibiotic therapy can alter 
the composition of the microbiota and, in some cases, 
adversely affect health of the patients.[37] Previous 
studies have shown that in the pulmonary‑intestinal 
axis, pneumonia may lead to the destruction of the 
intestinal microbiota.[38] The pulmonary microbiota and 
its metabolites enter the intestine through the blood and 
vice versa.[39] Various anti‑TB treatment regimens often 
contain broad‑spectrum antibiotics such as rifampicin and 
moxifloxacin, whose intensity and duration of application 
are high. Therefore, there is potential selection pressure 
of the intestinal flora.[40] For instance, rifampicin is mainly 
excreted through the intestine and feces, which has a 
greater impact on the intestinal flora. Through animal 
studies, Khan et al. showed that the H‑Z and the R regimen 
alone induce different structural changes in the flora.[41] The 
H‑Z regimen led to an increase in the relative abundance 
of clostridial flora and the changes in the flora were 
associated with reduced expression of MHC II receptors, 
decreased mitochondrial function as well as decreased 
expression of pro‑inflammatory cytokines (tumor necrosis 
factor‑alpha [TNF‑α], interleukin‑1β [IL‑1β]) in alveolar 
macrophages, which led to decreased clearance of MTB 
by macrophages. It has been shown that anti‑TB drugs act 
on the intestinal flora and impair the body’s immunity 
to MTB, a finding that was also demonstrated by Luo 
et  al.[36] Although it has also been shown that first‑line 
anti‑TB treatment has little effect on the composition 
of the microbiota in the gut in TB patients, there is an 
alteration of relative abundance of certain groups of 
organism.[42] More interestingly, a study on MDR‑TB 
cases sampled during treatment showed that long‑term 
treatment with second‑line drugs depletes intestinal 
flora.[43] Gastrointestinal disorders were frequent during 
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bedaquiline administration. Data on adverse events of 
bedaquiline‑containing regimen are currently scant.

Decreased body immunity
Most of the TB patients have underlying diseases such as 
diabetes, chronic kidney disease, immunosuppression, 
or compromised immunity. In particular, diabetic 
patients are susceptible to TB and diabetes mellitus type 
2 (T2DM) triples the risk of TB. Gut microbes may be 
key mediators of TB and T2DM.[36] Disruption of glucose 
metabolism in diabetes causes impairment of the body’s 
immune function, disorders the protein and fat metabolic 
cycles, which results in changes in the levels of serum 
proteins and lipids. These changes lead to a significant 
decrease in the patients’ immune functions, providing 
an ample environment for the growth and reproduction 
of MTB.[44] It is worth noting that 2‑h postprandial blood 
glucose (2h PG) is one of the important indicators of the 
status of glycemic control in diabetic patients. A 2h PG 
of >11.1 mmol/L shows high blood glucose level for a 
long time, which often leads to an increase in plasma 
osmolality, followed by inhibition of lymphocyte division, 
suppressed neutrophil functions, and a decrease in natural 
killer cell activity,[45] which eventually leads to impaired 
immunity. Dalton et al. demonstrated that diabetes affects 
the development of PTB, which exacerbates the symptoms 
of abnormal glucose tolerance in patients.[46] Besides, the 
study showed that this interaction can affect the clinical 
effects of diabetes treatments through interference with 
glucose metabolism, and the patients experience further 
reduced immune function and thus prone to secondary 
pulmonary infections. MTB infection and colonization 
may predispose the lungs to SARS‑CoV‑2 infection by 
down‑regulating the host immune response, allowing 
virus survival, growth, and pathogenesis. Suppressed host 
immune response in COVID‑19‑tb coinfection may lead to 
exacerbation of TB. Furthermore, reactivation of latent to 
active TB suggests that sars‑cov‑2 infection can aggravate 
MTB pathogenesis.[47]

The past and present research demonstrates that IL‑10, 
TNF‑α, IFN class  I‑III, TGF‑β, IL‑35, and regulatory 
T cells  (T‑regs) are all important contributors to the 
characteristics of host response to MTB. It has also been 
noted with current research that IL‑10, TNF‑α, IFN Class I, 
II, and III, TGF‑β, ACE‑2, and T‑regs are also important 
contributors to the host response to the SARS‑CoV‑2 virus 
in different ways than they are to the TB pathogen. It has 
suggested a synergistic or additive effect when MTB and 
SARS‑CoV‑2 share the same host, leading to increased 
severity of disease.[48]

Previous studies have shown that, due to reduced immune 
function, pulmonary NTM disease is more common in older 

patients.[49,50] Aging TB patients have a gradual reduction 
of clearance of their respiratory tract and suppressed 
immune defense functions in their lungs, which lead to the 
occurrence of respiratory infections.[51]

Pathological structural changes in the lungs
More than two‑thirds of patients with TB experience 
extensive structural changes in their lungs.[52] Although 
the disease is treatable, structural changes persist and are 
difficult to reverse. Besides, patients with PTB often have a 
combination of pathological changes, such as damage to the 
bronchial mucosa and submucosa, pulmonary tissue edema, 
diffuse proliferative lesions, and caseous necrosis, which 
create favorable conditions for pathogenic colonization. In 
particular, lung damage caused by fibrosis and cavitation 
may trigger active TB coinfection, leading to aggravation of 
the already impaired lung function.[53] In addition, with the 
development of invasive techniques and damage to lung 
tissue structures, the incidence of fungal infections and 
conditional pathogenic infections is on the rise, resulting in 
a significant increase in the incidence of fungal infections 
in lungs.[54,55] Bronchodilation is thought to be an important 
cause of impaired clearance of mucus cilia from bronchial tree 
pathogens.[23] In addition, NTM infections are more common 
in patients with bronchiectasis, which suggests an association 
between this structural lung disease and pulmonary NTM 
infections.[56] Factors affecting the PTB and their indirect 
effects on PTB coinfection are shown in Figure 1.

DIAGNOSIS OF LUNG INFECTION

Apart from the common PTB manifestation, sputum 
generation, fatigue, and excessive sweating in TB 
coinfection patients which are not obviously specific 
and often easily ignored. A combination of persistent or 
recurrent clinical symptoms, changes in chest computed 
tomography, white blood cell count, sedimentation, 
and C‑reactive protein, as well as consideration of the 

Figure  1: Factors affecting the pulmonary tuberculosis and their indirect 
effects on pulmonary tuberculosis coinfection. PTB = Pulmonary tuberculosis; 
CLD = Chronic lung disease; ALB = Albumin
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patient’s age and underlying disease, require that patients 
with PTB be excluded from potential coinfections. 
Currently, it is challenging to perform a timely diagnosis 
of TB coinfection. There are three diagnosis modalities: 
induced sputum, bronchoalveolar lavage  (BAL), and 
tissue sampling. Induced sputum is readily available, 
noninvasive, and easy to collect. However, it is often 
prone to contamination with the upper respiratory and 
oral/nasopharyngeal colonizing microorganisms. BAL is 
unlikely to be contaminated by upper respiratory flora 
but requires invasive bronchoscopy. It is currently very 
widely used in clinical practice. To detect pathogens 
more accurately, bronchoscopy and alveolar lavage fluid 
are recommended, but not sputum specimens. Tissue 
specimen analysis includes bronchoscopic brushing and 
puncture pathology. However, the difficulty associated 
with specimen acquisition in TB coinfections cases 
persists.

There are new methods such as IS6110‑based restriction 
fragment length polymorphism  (IS6110 RFLP) analysis, 
and spacer oligonucleotide genotyping  (spoligotyping). 
In recent years, macrogenomics has also been widely 
used.   Many recent studies have tested the efficacy of stool 
in molecular of paucibacillary TB, whicle scare reports are 
available on coinfection patients.[57] The detection of mixed 
pathogens DNA in the stool of TB coinfection patients is 
potentially useful.

In addition, culture can be used if a fungus is clinically 
considered and a relevant subtype is identified. In species 
identification of colonies in sputum by sabouraud dextrose 
agar medium: C. albicans appears as light green, Candida 
tropicalis is blue, Candida smoothis is creamy white, and 
Candida klebsiella is purple.[58,59]

For NTM, culture plus DNA sequencing is useful in the 
identification of faster‑growing nonTB mycobacteria, including 
M. intracellulare, M. kansasii, M. abscessus, and M. incidentalis.[60]

Mixed infections encompass a wide variety of pathogens, 
and it is important to distinguish whether they are 
colonizing or pathogenic. This can be achieved by at 
least three factors: Bacterial load, species isolated, and 
presence of recurrent clinical symptoms or progression 
of pulmonary CT.[61] On the other hand, patients with 
active TB should be monitored for the possibility of 
coinfection when accompanied by new or worsening 
chest imaging changes. Imaging of patients with dual 
infection of TB and SARS‑CoV shows an increase in the 
number and extent of ground grass opacities with pattern 
“crazy paving” of the lung.[62] The diagnosis procedure 
is shown in Figure 2.

THERAPY

Basic treatment
Blood sugar control
Many patients with mixed infections often have a 
combination of elevated blood glucose or diabetes mellitus 
at basal status. Studies have shown that patients with 
diabetes mellitus have a higher incidence of pulmonary 
Aspergillus infection.[12] Sugawara and Mizuno showed that 
high blood glucose favors the growth and multiplication of 
MTB and that the growth of the MTB is directly proportional 
to blood glucose concentration in a certain concentration 
range.[63]

Enhancement of the body immunity
A poor nutritional status decreases energy production 
and substrates for respiratory muscles, increases protein 
decomposition and consumption, reduce weight and 

Figure 2: Diagnosis procedure of pulmonary tuberculosis coinfection. CT = Computed tomography; NTM  = Nontuberculous mycobacteria; TB  = Tuberculosis; 
MDR = Multidrug‑resistant; XDR = Extensive drug-resistance; NGS = Next-Generation Sequencing technology
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thickness of respiratory muscles, decrease the strength and 
endurance of respiratory muscles, as well as ventilation 
dysfunction.[64]

Protection of intestinal flora
There has been substantial evidence linking gut microbial 
disturbances to immune and pulmonary airway inflammation 
as well as inflammatory conditions such as asthma, chronic 
obstructive pulmonary disease, and cystic fibrosis. The 
composition and diversity of the gut microbial community 
influence the generation of pulmonary inflammatory 
response.[65,66] For proper maintenance of intestinal 
flora,  (1) probiotics can inhibit the growth of harmful 
pathogenic microorganisms by competing for nutrients, thus 
competitively inhibiting adhesion to epithelial cells, lowering 
intestinal pH, and secreting antimicrobial compounds, while 
improving intestinal mucosal barrier functions and regulating 
the liver’s natural T‑lymphocyte killing functions.[67] Previous 
studies have reported that probiotics can reduce bacterial 
translocation (BT) and effectively prevent the development of 
hepatic encephalopathy.[68] (2) fecal microbiota transplantation 

can restore much of the original diversity of the intestinal 
flora in animals exposed to antimicrobial drugs, but cannot 
be completely reversed.[69,70] However, whether they can be 
used to complicate mixed pulmonary infections needs to be 
further investigated.  (3) Ginseng polysaccharides improve 
the metabolism and absorption of specific ginsenosides in the 
intestines, restore damaged flora and increase the abundance 
of lactic acid bacteria and Bacillus spp.[71] (4) Anti‑TB treatment 
leads to direct damage of the intestinal mucosa in 20%–25% 
of TB patients,[72] while butyrate has been shown to maintain 
intestinal health to some extent by maintaining the integrity of 
the intestinal mucosa.[73] Other studies have also demonstrated 
that Vitamin D signaling pathway can promote benign growth 
of the intestinal microbiota through the alpha defensin of 
Paneth cells.[74] However, whether these two can provide 
new therapeutic options to maintain the balance of intestinal 
microecology needs to be further clarified experimentally.

Reasonable anti‑infection treatment
Short‑term empirical addition of β‑lactam‑enzyme inhibitor 
complexes and third‑generation cephalosporins to anti‑TB 

Table 1: Pathogens associated with pulmonary tuberculosis coinfection
Pathogens Author Year Country Type of study Sample type Sample 

size (TB+)
Coinfection 

(n)
Bacteria
S. aureus Kim et  al. 2020 Korea Retrospective BAL 216 42

Methicillin‑resistant S. aureus Ishikawa et  al. 2019 Japan Retrospective Sputum 761 128

Klebsiella and Pseudomonas 
spp.

Attia et  al. 2019 Cambodia Retrospective Sputum 40 13

H. influenza Shimazaki et  al. 2018 Philippines Prospective Sputum 228 135

S. pneumonia Iliyasu et  al. 2018 Nigeria Cross‑sectional Sputum 141 63
Fungi

Aspergillus Bongomin 2020 Uganda Review
Retrospective Sputum/tracheal aspirate 

protected sample brush/BAL
140 50

Multicenter study Sputum/blood 208 18
Retrospective Sputum/blood 124 17

Candida Hadadi‑Fishani 
et  al.

2020 Iran Systematic review 
and meta‑analysis

Sputum/blood 2139 446

Aspergillus Hosseini et  al. 2020 Iran Systematic review 
and meta‑analysis

Sputum/blood 2868 352

Candida Tong et  al. 2017 Review NA NA NA

Cryptococcus Huang et  al. 2010 China Retrospective Sputum/blood/tissue specimens 3833 23
NTM

M. abscessus Gao et  al. 2020 China Multicenter study Sputum 286 9

M. kansasii Gharbi et  al. 2019 Tunisia Retrospective Sputum 10,466 60

M. intracellulare Xu et  al. 2019 China Retrospective Sputum 366 8

M. intracellulare Huang et  al. 2022 China Retrospective Sputum 837 22
NA Li et  al. 2022 China Retrospective Sputum 89 9

Virus
COVID‑19 Tadolini et  al. 2020 European Cohort study Respiratory specimens 49 10
Influenza virus Walaza et  al. 2015 Africa Retrospective Nasal oropharynx swabs 423 34
Human herpesvirus type 8 Su et al. 2015 China Cohort study Blood 101 15

NA=Not available; BAL=Bronchoalveolar lavage; MAC=Mycobacterium avium complex; TB=Tuberculosis; NTM=Nontuberculous mycobacteria; S. aureus=Staphylococcus aureus; 
S. pneumonia=Streptococcus pneumonia; H. influenza=Haemophilus influenza; M. abscessus=Mycobacterium abscessus; M. kansasii=Mycobacterium kansasii; 
M. intracellulare=Mycobacterium intracellulare
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therapy in patients with elevated inflammatory markers 
and poor general underlying conditions can reduce 
in‑hospital mortality from TB coinfection with bacteria.[75] 
Notably, it should be recognized that antimicrobial drugs 
can cause secondary infections and that standardized 
anti‑TB treatment as well as avoidance of long courses 
of antimicrobial drugs can reduce the coinfection of TB 
with other pathogens. Kan et al.[75] showed that additional 
antibiotics and anti‑TB drugs may be beneficial for some 
patients with both TB and bacterial pneumonia.

Shimazaki et  al. suggested that since coinfection with 
bacteria is more common in patients with PTB, there is a 
need to consider the use of antibiotics for nontuberculous 
respiratory pathogens as part of TB management.[4] 
Therefore, after clear laboratory tests and clinical diagnosis, 
there is a need to administer a rational anti‑TB regimen. 
Besides, studies related to pharmacovigilance should 
be performed to generate strategies that promote the 
rational use of antimicrobial drugs. [76,77] There is a 
significant correlation between the history of rifampicin 
exposure and susceptibility to fluconazole by C. albicans. 
However, ketoconazole and itraconazole were shown to 
be ineffective.[78] Fluconazole is the first‑line treatment 
option for C. albicans infections.[78] Ren et al. analyzed the 
effect of fluconazole on clinical outcomes and immune 
response in TB cases coinfected with Fungi, and showed 
that fungal infection significantly affects host immunity in 
TB patients and that fluconazole can effectively reverse this 
effect.[79] However, Bongomin et al. showed that the use of a 
combination of drugs should be avoided and that anti‑TB 
drugs and triazoles have significant drug‑related effects 
which reduce the efficacy of each other.[7] The treatment 
period of NTM is longer than that of TB. Resection of 
infected organs is a treatment option that can be explored 
when drugs are ineffective.[80] Studies have shown that 
most NTM infections are intrinsically resistant or partially 
susceptible to standard anti‑TB drugs and that NTM 
requires identification of the species and treatment for at 
least 18 months.[81] In addition, treatment options vary from 
one NTM to another. In cases of NTM and TB coinfection, 
the overall 6‑, 10‑, and 14‑yeat cumulative survival 
probabilities are 75.1%, 65.4%, and 57.0%, respectively.[82] A 
previous study showed that the long‑term use of macrolides 
improved the survival of patients.[82] Macrolides inhibit 
bacterial protein synthesis[83] and confer anti‑inflammatory 
effects.[84] Vaccination remains the most effective method of 
preventing influenza infection. However, since TB infection 
suppresses the immune response, there might be lower 
vaccine efficacy in this patient population. Further studies 
are needed to determine whether TB patients should be 
vaccinated against influenza earlier in the season. There are 
also recommendations for empirical antiviral therapy for 
influenza in PTB patients presenting with acute respiratory 

symptoms during an influenza pandemic.[85] Evidence from 
prior studies has demonstrated that anti‑TB treatment offers 
limited or no protection against new coronary pneumonia 
infection and that new coronary pneumonia disease may 
occur even in the course of TB treatment.[32] Rivas et  al. 
reported two rare cases of triple infection with SARS‑CoV‑2, 
MTB and HIV, which required anti‑TB and antiretroviral 
therapy simultaneously.[86]

CONCLUSION

Patients with PTB are vulnerable to other pathogens such 
as bacteria, Fungi, viruses, and NTM. The pathogenesis 
includes imbalanced intestinal flora, decreased body 
immunity, and pathological structural changes in the lungs. 
Therefore, for TB patients with high‑risk factors, clinicians 
need to clarify coinfecting pathogens early, analyze the 
drug susceptibility of microorganisms, and perform further 
exploration to determine the most effective antibiotic 
therapy.

Financial support and sponsorship
This work was supported by the National Key Research 
and Development Program of China (2021YFC2301804).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Ishikawa  S, Igari  H, Yamagishi  K, Takayanagi  S, Yamagishi  F. 
Microorganisms isolated at admission and treatment outcome 
in sputum smear‑positive pulmonary tuberculosis. J  Infect 
Chemother 2019;25:45‑9.

2.	 Kim SB, Lee WY, Lee JH, Lee SJ, Lee MK, Kim SH, et al. A variety 
of bacterial aetiologies in the lower respiratory tract at patients 
with endobronchial tuberculosis. PLoS One 2020;15:e0234558.

3.	 Attia EF, Pho Y, Nhem S, Sok C, By B, Phann D, et al. Tuberculosis 
and other bacterial co‑infection in Cambodia: A  single center 
retrospective cross‑sectional study. BMC Pulm Med 2019;19:60.

4.	 Shimazaki  T, Taniguchi  T, Saludar  NR, Gustilo  LM, Kato  T, 
Furumoto A, et al. Bacterial co‑infection and early mortality among 
pulmonary tuberculosis patients in Manila, The Philippines. Int J 
Tuberc Lung Dis 2018;22:65‑72.

5.	 Iliyasu  G, Mohammad AB, Yakasai AM, Dayyab  FM, Oduh  J, 
Habib AG. Gram‑negative bacilli are a major cause of secondary 
pneumonia in patients with pulmonary tuberculosis: Evidence 
from a cross‑sectional study in a tertiary hospital in Nigeria. Trans 
R Soc Trop Med Hyg 2018;112:252‑4.

6.	 Alfaraj SH, Al‑Tawfiq JA, Altuwaijri TA, Memish ZA. Middle East 
respiratory syndrome coronavirus and pulmonary tuberculosis 
coinfection: Implications for infection control. Intervirology 
2017;60:53‑5.

7.	 Bongomin F. Post‑tuberculosis chronic pulmonary aspergillosis: 
An emerging public health concern. PLoS Pathog 2020;16:e1008742.

8.	 Hedayati  MT, Azimi  Y, Droudinia A, Mousavi  B, Khalilian A, 
Hedayati N, et al. Prevalence of chronic pulmonary aspergillosis 
in patients with tuberculosis from Iran. Eur J Clin Microbiol Infect 
Dis 2015;34:1759‑65.



Wu, et al.: Pulmonary tuberculosis co-infection

Journal of Research in Medical Sciences| 2025 | 8

9.	 Teng GL, Huang Q, Xu L, Chi JY, Wang C, Hu H. Clinical features and 
risk factors of pulmonary tuberculosis complicated with pulmonary 
aspergillosis. Eur Rev Med Pharmacol Sci 2022;26:2692‑701.

10.	 Page  ID, Byanyima  R, Hosmane  S, Onyachi  N, Opira  C, 
Richardson  M, et  al .  Chronic pulmonary aspergillosis 
commonly complicates treated pulmonary tuberculosis with 
residual cavitation. Eur Respir J 2019;53:1801184.

11.	 Rozaliyani A, Rosianawati H, Handayani D, Agustin H, Zaini J, 
Syam R, et al. Chronic pulmonary aspergillosis in post tuberculosis 
patients in Indonesia and the role of LDBio Aspergillus ICT as part 
of the diagnosis scheme. J Fungi (Basel) 2020;6:318.

12.	 Hosseini M, Shakerimoghaddam A, Ghazalibina M, Khaledi A. 
Aspergillus coinfection among patients with pulmonary 
tuberculosis in Asia and Africa countries; A systematic review 
and meta‑analysis of cross‑sectional studies. Microb Pathog 
2020;141:104018.

13.	 Bhatt B, Prakhar P, Lohia GK, Rajmani RS, Balaji KN. Pre‑existing 
mycobacterial infection modulates Candida albicans‑driven 
pyroptosis. FEBS J 2022;289:1536‑51.

14.	 Hadadi‑Fishani  M, Shakerimoghaddam A, Khaledi A. Candida 
coinfection among patients with pulmonary tuberculosis in 
Asia and Africa; A systematic review and meta‑analysis of 
cross‑sectional studies. Microb Pathog 2020;139:103898.

15.	 Tong Y, Tang J. Candida albicans infection and intestinal immunity. 
Microbiol Res 2017;198:27‑35.

16.	 Neshani A, Kamali Kakhki  R, Sankian  M, Zare  H, Hooshyar 
Chichaklu A, Sayyadi  M, et  al. Modified genome comparison 
method: A  new approach for identification of specific targets 
in molecular diagnostic tests using Mycobacterium tuberculosis 
complex as an example. BMC Infect Dis 2018;18:517.

17.	 Kahanpää A. Bronchopulmonary occurrence of fungi in adults 
especially according to cultivation material. Acta Pathol Microbiol 
Scand B Microbiol Immunol 1972;227:1‑147.

18.	 Huang  CT, Tsai YJ, Fan  JY, Ku  SC, Yu  CJ. Cryptococcosis and 
tuberculosis co‑infection at a university hospital in Taiwan, 
1993‑2006. Infection 2010;38:373‑9.

19.	 Gharbi  R, Mhenni  B, Ben Fraj  S, Mardassi  H. Nontuberculous 
mycobacteria isolated from specimens of pulmonary tuberculosis 
suspects, Northern Tunisia: 2002‑2016. BMC Infect Dis 2019;19:819.

20.	 Gao  J, Pei  Y, Yan  X, Shi  G, Li  T, Gao  M, et  al. Emergence 
of  nontuberculous  mycobacter ia  infec t ions  dur ing 
bedaquiline‑containing regimens in multidrug‑resistant 
tuberculosis patients. Int J Infect Dis 2020;100:196‑8.

21.	 Jun HJ, Jeon K, Um SW, Kwon OJ, Lee NY, Koh WJ. Nontuberculous 
mycobacteria isolated during the treatment of pulmonary 
tuberculosis. Respir Med 2009;103:1936‑40.

22.	 Carneiro MD, Nunes LS, David SM, Dias CF, Barth AL, Unis G. 
Nontuberculous mycobacterial lung disease in a high tuberculosis 
incidence setting in Brazil. J Bras Pneumol 2018;44:106‑11.

23.	 Xu J, Li P, Zheng S, Shu W, Pang Y. Prevalence and risk factors 
of pulmonary nontuberculous mycobacterial infections in the 
Zhejiang province of China. Epidemiol Infect 2019;147:e269.

24.	 Huang  M, Tan  Y, Zhang  X, Wang  Y, Su  B, Xue  Z, et  al. Effect 
of mixed Infections with Mycobacterium tuberculosis and 
nontuberculous mycobacteria on diagnosis of multidrug‑resistant 
tuberculosis: A retrospective multicentre study in China. Infect 
Drug Resist 2022;15:157‑66.

25.	 Li  Q, Li  H, An  J, Zhang  X, Wang  W, Wang  Y, et  al. Transition 
between Mycobacterium tuberculosis and nontuberculous 
mycobacteria in recurrent “tuberculosis” patients. Eur J Clin 
Microbiol Infect Dis 2022;41:1127‑32.

26.	 Walaza S, Tempia S, Dawood H, Variava E, Moyes J, Cohen AL, 
et al. Influenza virus infection is associated with increased risk of 
death amongst patients hospitalized with confirmed pulmonary 

tuberculosis in South Africa, 2010‑2011. BMC Infect Dis 2015;15:26.
27.	 Archer B, Cohen C, Naidoo D, Thomas J, Makunga C, Blumberg L, 

et al. Interim report on pandemic H1N1 influenza virus infections 
in South Africa, April to October 2009: Epidemiology and factors 
associated with fatal cases. Euro Surveill 2009;14:19369.

28.	 Walaza S, Cohen C, Tempia S, Moyes J, Nguweneza A, Madhi SA, 
et al. Influenza and tuberculosis co‑infection: A systematic review. 
Influenza Other Respir Viruses 2020;14:77‑91.

29.	 Mendy J, Jarju S, Heslop R, Bojang AL, Kampmann B, Sutherland JS. 
Changes in Mycobacterium tuberculosis‑specific immunity with 
influenza co‑infection at time of TB diagnosis. Front Immunol 
2018;9:3093.

30.	 Redford  PS, Mayer‑Barber  KD, McNab  FW, Stavropoulos  E, 
Wack A, Sher A, et  al. Influenza A virus impairs control of 
Mycobacterium tuberculosis coinfection through a type I interferon 
receptor‑dependent pathway. J Infect Dis 2014;209:270‑4.

31.	 Su CC, Lai CL, Tsao SM, Lin MN, Hsieh TC, Lu  JJ, et  al. High 
prevalence of human herpesvirus type 8 infection in patients with 
pulmonary tuberculosis in Taiwan. Clin Microbiol Infect 2015;21:7.
e5‑7.

32.	 Tadolini M, Codecasa LR, García‑García JM, Blanc FX, Borisov S, 
Alffenaar JW, et al. Active tuberculosis, sequelae and COVID‑19 
co‑infection: First cohort of 49 cases. Eur Respir J 2020;56:2001398.

33.	 Gao Y, Liu M, Chen Y, Shi S, Geng J, Tian J. Association between 
tuberculosis and COVID‑19 severity and mortality: A  rapid 
systematic review and meta‑analysis. J Med Virol 2021;93:194‑6.

34.	 Hong  BY, Maulén NP, Adami AJ, Granados  H, Balcells  ME, 
Cervantes  J. Microbiome changes during tuberculosis and 
antituberculous therapy. Clin Microbiol Rev 2016;29:915‑26.

35.	 Grice EA, Segre JA. The human microbiome: Our second genome. 
Annu Rev Genomics Hum Genet 2012;13:151‑70.

36.	 Luo M, Liu Y, Wu P, Luo DX, Sun Q, Zheng H, et al. Alternation 
of gut microbiota in patients with pulmonary tuberculosis. Front 
Physiol 2017;8:822.

37.	 Jernberg C, Löfmark S, Edlund C, Jansson JK. Long‑term impacts 
of antibiotic exposure on the human intestinal microbiota. 
Microbiology (Reading) 2010;156:3216‑23.

38.	 Sze  MA, Tsuruta  M, Yang  SW, Oh  Y, Man  SF, Hogg  JC, et  al. 
Changes in the bacterial microbiota in gut, blood, and lungs 
following acute LPS instillation into mice lungs. PLoS One 
2014;9:e111228.

39.	 He  Y, Wen  Q, Yao  F, Xu  D, Huang  Y, Wang  J. Gut‑lung axis: 
The microbial contributions and clinical implications. Crit Rev 
Microbiol 2017;43:81‑95.

40.	 Osei Sekyere J, Maningi NE, Fourie PB. Mycobacterium tuberculosis, 
antimicrobials, immunity, and lung‑gut microbiota crosstalk: 
Current updates and emerging advances. Ann N Y Acad Sci 
2020;1467:21‑47.

41.	 Khan N, Mendonca L, Dhariwal A, Fontes G, Menzies D, Xia J, et al. 
Intestinal dysbiosis compromises alveolar macrophage immunity 
to Mycobacterium tuberculosis. Mucosal Immunol 2019;12:772‑83.

42.	 Wipperman MF, Fitzgerald DW, Juste MA, Taur Y, Namasivayam S, 
Sher A, et  al. Antibiotic treatment for Tuberculosis induces a 
profound dysbiosis of the microbiome that persists long after 
therapy is completed. Sci Rep 2017;7:10767.

43.	 Dubourg  G, Lagier  JC, Armougom  F, Robert  C, Hamad  I, 
Brouqui P, et  al. The gut microbiota of a patient with resistant 
tuberculosis is more comprehensively studied by culturomics than 
by metagenomics. Eur J Clin Microbiol Infect Dis 2013;32:637‑45.

44.	 Lee M, Lee J, Carroll MW, Choi H, Min S, Song T, et al. Linezolid 
for treatment of chronic extensively drug‑resistant tuberculosis. 
N Engl J Med 2012;367:1508‑18.

45.	 Chang JT, Dou HY, Yen CL, Wu YH, Huang RM, Lin HJ, et al. Effect 
of type 2 diabetes mellitus on the clinical severity and treatment 



Wu, et al.: Pulmonary tuberculosis co-infection

Journal of Research in Medical Sciences | 2025 |9

outcome in patients with pulmonary tuberculosis: A potential role 
in the emergence of multidrug‑resistance. J Formos Med Assoc 
2011;110:372‑81.

46.	 Dalton  T, Cegielski  P, Akksilp  S, Asencios  L, Campos Caoili  J, 
Cho  SN, et  al. Prevalence of and risk factors for resistance 
to second‑line drugs in people with multidrug‑resistant 
tuberculosis in eight countries: A prospective cohort study. Lancet 
2012;380:1406‑17.

47.	 Shah  T, Shah  Z, Yasmeen  N, Baloch  Z, Xia  X. Pathogenesis of 
SARS‑CoV‑2 and Mycobacterium tuberculosis coinfection. Front 
Immunol 2022;13:909011.

48.	 Luke E, Swafford K, Shirazi G, Venketaraman V. TB and COVID‑19: 
An exploration of the characteristics and resulting complications 
of co‑infection. Front Biosci (Schol Ed) 2022;14:6.

49.	 Adjemian  J, Frankland  TB, Daida  YG, Honda  JR, Olivier  KN, 
Zelazny A, et al. Epidemiology of nontuberculous mycobacterial 
lung disease and tuberculosis, Hawaii, USA. Emerg Infect Dis 
2017;23:439‑47.

50.	 Tan Y, Su B, Shu W, Cai X, Kuang S, Kuang H, et al. Epidemiology 
of pulmonary disease due to nontuberculous mycobacteria in 
Southern China, 2013‑2016. BMC Pulm Med 2018;18:168.

51.	 Dai  GM, Zhang  ZG, Ding  PJ, Zhang  Q, Wang  L, Wang  LX, 
et al. Differences in the population of genetics of Mycobacterium 
tuberculosis between urban migrants and local residents in Beijing, 
China. Chin Med J (Engl) 2013;126:4066‑71.

52.	 Khan  R, Malik  NI, Razaque  A. Imaging of pulmonary 
post‑tuberculosis sequelae. Pak J Med Sci 2020;36:S75‑82.

53.	 Gupta N, Ish P, Gupta A, Malhotra N, Caminero JA, Singla R, 
et  al. A  profile of a retrospective cohort of 22  patients with 
COVID‑19 and active/treated tuberculosis. Eur Respir J 
2020;56:2003408.

54.	 Chastain DB, Henao‑Martínez AF, Franco‑Paredes C. Opportunistic 
invasive mycoses in AIDS: Cryptococcosis, histoplasmosis, 
coccidiodomycosis, and talaromycosis. Curr Infect Dis Rep 
2017;19:36.

55.	 Relhan V, Mahajan K, Agarwal P, Garg VK. Mycetoma: An update. 
Indian J Dermatol 2017;62:332‑40.

56.	 Chu H, Zhao L, Xiao H, Zhang Z, Zhang J, Gui T, et al. Prevalence 
of nontuberculous mycobacteria in patients with bronchiectasis: 
A meta‑analysis. Arch Med Sci 2014;10:661‑8.

57.	 Gaur M, Singh A, Sharma V, Tandon G, Bothra A, Vasudeva A, et al. 
Diagnostic performance of non‑invasive, stool‑based molecular 
assays in patients with paucibacillary tuberculosis. Sci Rep 
2020;10:7102.

58.	 Mehanic  S, Baljic  R. The importance of serum procalcitonin in 
diagnosis and treatment of serious bacterial infections and sepsis. 
Mater Sociomed 2013;25:277‑81.

59.	 Krause R, Halwachs B, Thallinger GG, Klymiuk I, Gorkiewicz G, 
Hoenigl  M, et  al. Characterisation of Candida within the 
mycobiome/microbiome of the lower respiratory tract of ICU 
patients. PLoS One 2016;11:e0155033.

60.	 Liang Q, Shang Y, Huo F, Xue Y, Li Y, Dong L, et al. Assessment 
of current diagnostic algorithm for detection of mixed infection 
with Mycobacterium tuberculosis and nontuberculous mycobacteria. 
J Infect Public Health 2020;13:1967‑71.

61.	 Busatto C, Vianna JS, Silva AB, Basso R, Silveira J, Groll AV, 
et al. Nontuberculous mycobacteria in patients with suspected 
tuberculosis and the genetic diversity of Mycobacterium 
avium  in the extreme South of Brazil. J  Bras Pneumol 
2020;46:e20190184.

62.	 Musso M, Di Gennaro F, Gualano G, Mosti S, Cerva C, Fard SN, 
et al. Concurrent cavitary pulmonary tuberculosis and COVID‑19 
pneumonia with in  vitro immune cell anergy. Infection 
2021;49:1061‑4.

63.	 Sugawara  I, Mizuno S. Higher susceptibility of type 1 diabetic 
rats to Mycobacterium tuberculosis infection. Tohoku J Exp Med 
2008;216:363‑70.

64.	 Han FF, Yang TY, Song L, Zhang Y, Li HM, Guan WB, et al. Clinical 
and pathological features and imaging manifestations of bronchial 
anthracofibrosis: The findings in 15 patients. Chin Med J (Engl) 
2013;126:2641‑6.

65.	 Ege  MJ, Mayer  M, Normand AC, Genuneit  J, Cookson  WO, 
Braun‑Fahrländer C, et  al.  Exposure to environmental 
microorganisms and childhood asthma. N  Engl J Med 
2011;364:701‑9.

66.	 Bassis  CM, Erb‑Downward  JR, Dickson  RP, Freeman  CM, 
Schmidt TM, Young VB, et al. Analysis of the upper respiratory 
tract microbiotas as the source of the lung and gastric microbiotas 
in healthy individuals. mBio 2015;6:e00037.

67.	 Liang S, Webb T, Li Z. Probiotic antigens stimulate hepatic natural 
killer T cells. Immunology 2014;141:203‑10.

68.	 Lunia  MK, Sharma  BC, Sharma  P, Sachdeva  S, Srivastava  S. 
Probiotics prevent hepatic encephalopathy in patients with 
cirrhosis: A  randomized controlled trial. Clin Gastroenterol 
Hepatol 2014;12:1003‑8.e1.

69.	 Dumas A, Corral D, Colom A, Levillain F, Peixoto A, Hudrisier D, 
et al. The host microbiota contributes to early protection against 
lung colonization by Mycobacterium tuberculosis. Front Immunol 
2018;9:2656.

70.	 Khan N, Vidyarthi A, Nadeem S, Negi S, Nair G, Agrewala JN. 
Alteration in the gut microbiota provokes susceptibility to 
tuberculosis. Front Immunol 2016;7:529.

71.	 Zhou  SS, Xu  J, Zhu  H, Wu  J, Xu  JD, Yan  R, et  al. Gut 
microbiota‑involved mechanisms in enhancing systemic 
exposure of ginsenosides by coexisting polysaccharides in ginseng 
decoction. Sci Rep 2016;6:22474.

72.	 Becattini S, Taur Y, Pamer EG. Antibiotic‑induced changes in the 
intestinal microbiota and disease. Trends Mol Med 2016;22:458‑78.

73.	 Roy CC, Kien CL, Bouthillier L, Levy E. Short‑chain fatty acids: 
Ready for prime time? Nutr Clin Pract 2006;21:351‑66.

74.	 Su D, Nie Y, Zhu A, Chen Z, Wu P, Zhang L, et  al. Vitamin D 
signaling through induction of paneth cell defensins maintains 
gut microbiota and improves metabolic disorders and hepatic 
steatosis in animal models. Front Physiol 2016;7:498.

75.	 Kan T, Komiya K, Honjo K, Uchida S, Goto A, Kawano H, et al. 
Impact of additional antibiotics on in‑hospital mortality in 
tuberculosis isolated general bacteria: A propensity score analysis. 
J Infect Chemother 2019;25:714‑9.

76.	 Gan  Y, Guo  S. Controlling strategy of dormant Mycobacterium 
tuberculosis. Chin Med J (Engl) 2014;127:3316‑21.

77.	 Zhao Z, Mu ZL, Liu XW, Liu XJ, Jia J, Cai L, et al. Expressions of 
antimicrobial peptides LL‑37, human beta defensin‑2 and  ‑3 in 
the lesions of cutaneous tuberculosis and tuberculids. Chin Med 
J (Engl) 2016;129:696‑701.

78.	 van der Zalm MM, Walters E, Claassen M, Palmer M, Seddon JA, 
Demers AM, et al. High burden of viral respiratory co‑infections 
in a cohort of children with suspected pulmonary tuberculosis. 
BMC Infect Dis 2020;20:924.

79.	 Ren X, Liu W, Liu Y. Effects of fluconazole on the clinical outcome 
and immune response in fungal co‑infected tuberculosis patients. 
Microb Pathog 2018;117:148‑52.

80.	 Gopalaswamy  R, Shanmugam  S, Mondal  R, Subbian  S. Of 
tuberculosis and non‑tuberculous mycobacterial infections  – A 
comparative analysis of epidemiology, diagnosis and treatment. 
J Biomed Sci 2020;27:74.

81.	 Griffith DE, Aksamit T, Brown‑Elliott BA, Catanzaro A, Daley C, 
Gordin  F, et  al. An official ATS/IDSA statement: Diagnosis, 
treatment, and prevention of nontuberculous mycobacterial 



Wu, et al.: Pulmonary tuberculosis co-infection

Journal of Research in Medical Sciences| 2025 | 10

diseases. Am J Respir Crit Care Med 2007;175:367‑416.
82.	 Lee  H, Myung  W, Lee  EM, Kim  H, Jhun  BW. Mortality and 

prognostic factors of nontuberculous mycobacterial infection in 
Korea: A  population‑based comparative study. Clin Infect Dis 
2021;72:e610‑9.

83.	 Tenson T, Lovmar M, Ehrenberg M. The mechanism of action 
of macrolides, lincosamides and streptogramin B reveals 
the nascent peptide exit path in the ribosome. J  Mol Biol 
2003;330:1005‑14.

84.	 Zimmermann  P, Ziesenitz  VC, Curtis  N, Ritz  N. The 

immunomodulatory effects of macrolides‑a systematic review of 
the underlying mechanisms. Front Immunol 2018;9:302.

85.	 Walaza  S, Cohen  C, Nanoo  A, Cohen  AL, McAnerney  J, 
von Mollendorf C, et al. Excess mortality associated with influenza 
among tuberculosis deaths in South Africa, 1999‑2009. PLoS One 
2015;10:e0129173.

86.	 Rivas N, Espinoza M, Loban A, Luque O, Jurado J, Henry‑Hurtado N, 
et al. Case report: COVID‑19 recovery from triple infection with 
Mycobacterium tuberculosis, HIV, and SARS‑CoV‑2. Am J Trop Med 
Hyg 2020;103:1597‑9.


