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ABSTRACT

Tuberculosis (TB) along with pulmonary co-infections in patients became a
grave concern to public health complicating the disease diagnosis,
treatment, and prognosis. It became a challenge to healthcare professionals
urging to develop new diagnostic tools and treatment regimens. This paper
reviews the complex interplay and management strategies for Tuberculosis
patients with co-infections. It encompasses antimicrobial therapy tailored to
particular pathogens, including their susceptibility profiles to antibiotics, and
understanding the potential implications of drug interactions with anti-
Tuberculosis medications. In cases of co-infection between Tuberculosis and
Human Immuno-Deficiency Virus (HIV), a particular focus is placed on the

significance of synergistic methods and treatment duration.

Moreover, immunomodulatory drugs, immunotherapies, cellular treatments,
adjunct therapies, and immunomodulatory agents that are customised to the
patient's immunological status and co-infecting pathogens emerge as a crucial
component. Mitigating the transmission of pulmonary co-infections requires
the implementation of infection control measures in both healthcare settings
and communities. A strong barrier against the spread of tuberculosis and related
illnesses is formed by administrative, engineering, and personal protective

measures combined with screening, education, isolation, and contact tracking.

Prospective approaches underscore the necessity for enhanced diagnostic
instruments, promoting cutting-edge technologies including molecular
diagnostics, immunological tests, radiological imaging, biosensors, and point-
of-care diagnostics. Comprehensive management is emphasised through
multidisciplinary care comprising pulmonologists, infectious disease experts,
microbiologists, and immunologists. Priorities for research include combination
medications, new therapeutic approaches, personalised medicine, and
developing diagnostic techniques to improve knowledge of and treatments

for pulmonary co-infections.
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Background initiation of appropriate treatment and

Tuberculosis (TB) and Pulmonary Co-Infections
stands as a persistent global health threat,
with its impact profoundly felt in regions
burdened by a high prevalence of infectious
diseases. It is estimated that over 10.6 million
new cases of TB emerged globally in 2021,
signifying the enduring challenges this disease
poses.1 While TB is a grave concern on its own,
its intersection with concurrent pulmonary co-
infections exacerbates the complexity of
clinical management. Beyond individual
clinical complexities, co-infections have broader
implications for public health. These co-
infections, which can involve bacterial, viral, or
fungal pathogens, significantly impact the
clinical profiles of TB patients, making timely

and accurate diagnosis paramount.

The diagnostic process in the presence of co-

infections, becomes more intricate as
overlapping symptoms necessitate the use of
advanced diagnostic tools such as molecular
diagnostics, serological tests, and imaging
techniques to differentiate between TB and
co-infections. These diagnostic challenges are
further

pronounced radiological findings, which call

exacerbated by symptoms and
for comprehensive, multidisciplinary treatment

plans.?

The co-occurrence of TB with other pulmonary
infections further amplifies the clinical intricacies.
Patients presenting with symptoms indicative
of respiratory infections may challenge the
differential diagnosis. Distinguishing between
TB and concurrent pulmonary co-infections,
such as bacterial, viral, or fungal pathogens,
becomes a critical yet formidable task. The
manifestations  often

overlapping clinical

confound healthcare providers, delaying the

potentially leading to suboptimal outcomes.?
This clinical complexity underscores the need
for improved diagnostic methods, timely
interventions, and a high degree of vigilance
on the part of healthcare professionals. It
highlights the critical importance of accurate
and rapid diagnostic tools that can distinguish
between TB and co-infections to ensure that
patients receive the most suitable and effective

treatment promptly.

Additionally, co-infections can significantly
influence the trajectory of TB. The presence of
other pathogens may lead to exacerbated
symptoms and altered response to standard
anti-TB therapies. For instance, viral co-infections
like influenza can exacerbate the immune-
compromised state of TB patients, potentially
leading to increased disease severity and
mortality rates.” Furthermore, the presence of
co-infecting pathogens can induce drug-drug
interactions, necessitating careful medication
management to ensure both TB and the co-
infection are effectively treated.> Balancing
multiple medications to target different
pathogens while managing potential interactions
becomes a critical aspect of the clinical care
process, highlighting the complexity of treating
individuals with co-occurring infections. In
essence, the presence of co-infections not
only exacerbates the clinical challenges of TB
management but also underscores the need
for a holistic and multidisciplinary approach to
healthcare. Patients affected by both TB and
co-infections often require a holistic approach
thatinvolves clinicians from various specialties
collaborating to address all facets of patient
care, including tailored anti-TB medications
and co-infection treatments.® In particular,

preventive measures, such as vaccination
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against respiratory infections like influenza or

pneumonia, are crucial, especially for
immunocompromised individuals. For these
patients, comprehensive management should
include addressing the underlying causes of
immunosuppression, like Human Immuno-
Deficiency Virus (HIV) infection, with antiretroviral

therapy and close monitoring of CD4 counts.

In regions with a high burden of infectious
diseases, socioeconomic determinants and
healthcare infrastructure often create an
environment conducive to the proliferation of
TB.” Poverty, overcrowded living conditions,
and limited access to quality healthcare are
common factors contributing to the heightened
prevalence of TB in these regions.® These
areas become fertile ground for the persistence
and transmission of TB, necessitating targeted
and comprehensive interventions. To address
World  Health

Organization's (WHO) TB control strategy

these challenges, the
focuses on effective diagnosis and treatment.
However, the strategy has not fully considered
preventive efforts. Additional interventions are
needed to reduce vulnerability to TB, addressing
risk factors like poor living conditions and
factors that impair the host's defence against
TB, such as HIV infection, malnutrition, smoking,
diabetes, alcohol abuse, and indoor air pollution.”
Co-infections further complicate contact tracing
efforts. Identifying the source of infection
becomes more complex, as individuals may
have acquired various pathogens from different
sources. This complexity can hinder timely
isolation and prevention measures, potentially
leading to the unintentional spread of diseases.

TB  co-infections, in  conjunction  with
socioeconomic factors, present multifaceted

challenges in clinical management and public

health. To achieve long-term epidemiological
targets for global TB control, a comprehensive
approach encompassing prevention and
treatment is required, addressing both TB risk
factors and social determinants. Further research
is needed to assess the suitability, feasibility,
and cost-effectiveness of these intervention

options.

Rationale

Distinguishing TB from co-infections poses a
significant diagnostic challenge. The overlapping
clinical manifestations often lead to
misdiagnoses or delays in initiating appropriate
treatment.® A nuanced understanding of the
distinct clinical profiles associated with TB and
co-infections is therefore indispensable for

accurate diagnosis.

Furthermore, the presence of co-infections
significantly impacts the progression and
management of TB. Co-infecting pathogens
can exacerbate symptoms, alter radiological
findings, and influence the response to standard
anti-TB therapies. Additionally, co-infecting
pathogens may introduce complexities in
drug management due to potential interactions
with anti-TB medications.

This paper addresses the complex interplay
between TB and co-infections, shedding light
on the intricate clinical scenarios and to provide
a comprehensive overview of the clinical profiles
and management strategies for TB patients
with concurrent pulmonary co-infections.
Through an extensive literature review and
analysis of clinical case studies, this paper
endeavours to equip healthcare providers
with the knowledge needed to navigate these
complex clinical scenarios. By elucidating the
challenges and presenting evidence-based
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management  strategies, this  paper In a study by Attia et al. conducted in

contributes to the body of knowledge guiding
clinical decision-making in the realm of TB and

concurrent pulmonary co-infections.

Clinical Profiles of Tuberculosis Patients

with Pulmonary Co-Infections
A. Bacterial Co-Infections

Co-infection of TB and bacteria, while common
in immunocompromised individuals, can also
occur in those with preserved immunity, making
diagnosis and treatment challenging.”® In
pulmonary TB patients, atypical tubercular lesions
can complicate diagnosis when only one
pathogen is initially identified, leading to
suboptimal treatment. Streptococcus
pneumoniae is a common bacterial co-
pathogen in TB patients, particularly in those
with advanced disease orimmunocompromised
states. It can lead to pneumonia and exacerbate
respiratory symptoms. S. pneumoniae and
Mycobacterium tuberculosis (Mtb) are highly
significant and dangerous bacterial pathogens
that cause respiratory tract infections. Their co-
occurrence, especially in immunosuppressed
individuals, particularly those with HIV, has
been well documented.’® The prevalence of
these co-infections varies based on geographic
location and the CD4 cell count in HIV-
infected patients."" Before the introduction of
Highly Active Anti-Retroviral Therapy (HAART)
and Co-trimoxazole prophylaxis, pneumonia
was a leading cause of mortality in HIV
patients in the United States of America (USA)
and European countries. Prompt treatment
and early detection of co-infection with Mtb
and S. pneumoniae are essential to stop
further depletion of CD4 cells and the quick
development of Acquired ImmunoDeficiency
Syndrome (AIDS) in HIV-positive individuals.

Cambodia, among patients with presumptive
lower respiratory infections (LRI) who underwent
mycobacterial and bacterial sputum testing,
the findings revealed that 9% of all patients
and 33% of TB patients had TB and other
Klebsiella and
Pseudomonas were identified as the dominant

bacterial  co-infections.”
bacterial pathogens cultured, irrespective of
TB co-infection in the study by Samson et al.
Patients with cavitary lesions on chest
radiography are at a higher risk of TB and

bacterial co-infection."

A study in Cambodian provincial hospitals
involving patients with acute LRI revealed that
those with chest radiographs showing pulmonary
sequelae of prior infections, including TB,
were more likely to have Gram-negative
bacteria detected in their samples, in contrast
to patients with normal chest radiographs.™
This suggests a connection between
radiographic evidence of past infections and
an increased likelihood of bacterial infections,
particularly of the Gram-negative variety.
Specifically, the presence of S. pneumoniae
can be identified as Gram-positive diplococci,
while Mtb is detected as red-stained (acid-
fast) slightly curved rods, either individually or
in small clusters.”® The exact relationship
between pulmonary TB infection and the
increased risk of bacterial super-infection, or
whether the acute presentation of pulmonary
TB is triggered by the development of bacterial
pneumonia, remains unclear.’”” Nevertheless,
it's important to emphasize that misdiagnosis
of either TB or other bacterial pulmonary
infections can have detrimental consequences,
including elevated healthcare expenses, the
emergence of antimicrobial resistance, and

higher mortality rates.
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B. Viral Co-Infections
Human Immunodeficiency Virus

Mtb and HIV-1 co-infection is a significant
factor in mortality in afflicted individuals; in
fact, 17% of HIV-positive individuals also have
tuberculosis co-infection.’ HIV-1 infection has
a major effect on Mtb infection progression
and increases the likelihood of developing
active TB. HIV-1 replication, transmission, and
genetic variability are all made worse by TB
concurrently. Both pathogens gain from this
dual infection, resulting in a mutually beneficial
relationship. Reduced immunopathology in
the case of TB co-infection is associated with
advanced HIV-1 infection. Antiretroviral therapy
(ART) initiation, however, has the potential to
exacerbate immunopathology related to TB
and result in the immune reconstitution
inflammatory syndrome (IRIS). This happens
as a result of M. tuberculosis-induced innate
immune inflammatory responses recovering.
The recirculation of T cells reactive to Mtb and
the breakdown of

regular mechanisms

regulating inflammatory responses could

exacerbate the situation.’'>

The heightened pro-inflammatory response
to Mtb could contribute to the progression of
HIV-1/AIDS by promoting increased virus
replication through enhanced transcription
and cell-to-cell transmission. In patients with
HIV-TB co-infection, their weakened immune
system and lower bacterial load in sputum
make clinical and imaging manifestations appear
more atypical. Conventional TB diagnostic
methods, like sputum smear, sputum culture,
tuberculin skin tests, and interferon-gamma
release tests, have low detection rates in
these individuals,

potentially leading to

underdiagnosis.’® Autopsy research in South

Africa indicates that a significant proportion of
HIV-infected patients remain undiagnosed for
TB before death."”

To address these challenges, various screening
and diagnostic tools have been proposed for
TB in HIV-infected individuals. These include:

1. Interferon-Gamma Release Assay: This
test detects IFN-y released by specific
T lymphocytes in response to TB
antigens, helping to screen for latent
TB infection. It can be more accurate
than traditional methods like the TB
skin test.’®'? C-Reactive Protein (CRP):
CRP is an inexpensive and immediate
screening test for TB with high sensitivity
and specificity, making it suitable for

resource-constrained settings.?>-?

2. Lipoarabinomannan (LAM): LAM is a
low-cost point-of-care test that can be
performed on urine within a short time.
Its use has been recommended by the
WHO in HIV-positive patients.?*?

3. Case Finding (ICF) Algorithm: This
WHO-recommended
combines symptom-based screening

algorithm

with confirmatory testing (e.g., Xpert
MTB/Rifampicin (RIF)) for those who
screen positive. However, it can be
expensive and may not be suitable for

areas with high TB incidence.??¢

In addition to screening, the development of
accurate diagnostic tools are essential:

1. Xpert Ultra: This advanced kit is more
sensitive than standard Xpert MTB/RIF
kits, especially in HIV-positive individuals,
and can detect rifampicin resistance?’

2. High-Throughput Nucleic  Acid

Amplification Testing (NAAT) Platforms:
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These platforms can handle multiple
samples simultaneously, making them
suitable for reference laboratories.
Some platforms can detect different
pathogens on a single platform,
allowing for the integration of TB and

HIV testing services?®*

DNA Sequencing: DNA sequencing of Mtb
provides comprehensive genetic information
about strains, aiding in drug susceptibility
testing and treatment selection. The WHO is
working on building a sequencing database to
standardize genotyping and phenotypic drug
sensitivity testing.?'2

Improving the diagnosis of TB in HIV-infected
individuals is crucial, given their unique
challenges and the potential for underdiagnosis.
Screening tests and diagnostic tools that are
rapid, sensitive, and cost-effective are being
developed to address these concerns and
enhance TB detection and management in

this vulnerable population

Cytomegalovirus

Cytomegalovirus (CMV) is an opportunistic
virus commonly found in TB patients with
advanced immunosuppression. It can cause
severe respiratory complications, contributing
to increased morbidity and mortality. Co-
infection involving CMV, a widespread herpes
virus, can influence how the host responds to
Mtb infection. This co-infection has the
potential to affect the likelihood of disease
progression, the specific type of TB disease,
the accuracy of TB diagnostic tests, and the
ultimate disease outcome.®* In 2018, an
association between CMV infection and TB
was observed in both adults and children. This
connection is of particular interest because

CMV is widespread in Low- and Middle-Income
Countries (LMICs), with a high percentage of
people becoming CMV-seropositive by age
56, most acquiring the infection by age 1, and
nearly all women of childbearing age being
seropositive.* The overlapping epidemiology
of CMV and TB in these regions underscores
the significance of this association. Moreover,
it is probable that Mtb infection can also have
an impact on how CMV causes disease.®
There is supporting epidemiological and
immunological evidence that suggests an
between TB and CMV. The
frequency of Cytomegalovirus infection (CMVI)

interaction

in patients with lung TB is relatively high, and
interestingly, this occurrence doesn't seem to
be linked to the presence of HIV infection.
Furthermore, elevated levels of markers
associated with CMVI may serve as predictive
indicators of mortality, particularly among TB

patients who are not co-infected with HIV.*

C. Fungal Co-Infections
Aspergillus spp

Molds known as Aspergillus species are common
and can cause invasive aspergillosis in TB
patients, particularly in those with advanced
disease or immunosuppression.® Undoubtedly,
one of the main risk factors for pleural
aspergillosis is the existence of an existing
lung cavity, frequently brought on by previous
TB infection. This condition usually arises from
prior damage to the lung or pleura caused by
active TB. Aspergillus infections can cause a
range of complications, with radiological and
pathological features resembling those of TB.
These

immunocompromised individuals.®3

infections are mainly seen in

The prevalence of Aspergillus co-infection with
TB varied, ranging from 3.7% to 33.3%,
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according to a 2020 systematic review. It was
discovered that 15.4% of patients with pulmonary

TB also had Aspergillus co-infection.*

Cryptococcus neoformans

Immune system-compromised TB patients are
more likely to co-infect with C. neoformans. A
high index of suspicion is necessary for a
correct diagnosis because this encapsulated
yeast can cause meningoencephalitis and
pulmonary symptoms. Approximately 14% of
patients with cryptococcal meningitis are also
diagnosed with TB at the time of the
diagnosis, and 9% more develop TB after

receiving treatment for two weeks.*

Co-infection with Mtb and C. neoformans (the
causative agent of cryptococcal meningitis)
increases the risk of death in people living
with HIV considerably when compared to
people who only have one infection or neither
infection. The co-occurrence of TB with bacterial,
viral, and fungal pathogens poses complex
clinical challenges. Early recognition and
management of these co-infections are crucial
to improve patient outcomes. Furthermore, the
presence of co-infections necessitates a tailored
treatment approach, considering potential

drug interactions and overlapping toxicities.

3. Impact on Disease Progression: Analysis
of how co-infections may influence the course
of TB, including exacerbations of symptoms,
altered treatment response, and potential for

drug interactions.

Pulmonary co-infections, especially in the
context of TB, can significantly influence the
course of the disease. Understanding the
interplay between co-infections and TB is
essential for optimizing treatment strategies
and improving patient outcomes.

A. Exacerbations of Symptoms:

i. Increased Disease Severity: Co-
infections often lead to heightened
disease severity in TB patients. For
instance, bacterial co-infections like S.
pneumoniae can exacerbate respiratory
symptoms, leading to more pronounced

clinical manifestations.

i. Delayed Recovery: The presence of a
co-infection may prolong the recovery
period for TB patients. Viral co-infections,
such as influenza or respiratory syncytial
virus, can lead to prolonged respiratory
symptoms and increased morbidity.*

B. Altered Treatment Response:

i. Impaired Immune Function: Co-

infections can  compromise  the
immune system, affecting the body's
ability to mount an effective response
to TB treatment. This may result in
slower or inadequate resolution of TB

lesions.

ii. Resistance Development: The presence

of  co-infections, particularly in
immunocompromised individuals, may
lead to altered antimicrobial susceptibility
patterns.  This  can  necessitate
adjustments in TB treatment regimens

to ensure efficacy.
C. Potential for Drug Interactions:

i.  Pharmacokinetic Interactions: Co-
infections may alter the pharmacokinetics
of TB medications, affecting absorption,
distribution, metabolism, and
excretion. This can lead to suboptimal
drug levels, potentially compromising

treatment efficacy.®
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ii. Toxicity and Side Effects: Some co-
infections and their respective treatments
may overlap with TB medications,
increasing the risk of drug-drug

interactions and potential toxicity.

Clinicians must carefully consider the

potential for adverse effects when

managing co-infected individuals.

The impact of co-infections on TB progression
underscores the complexity of managing
these dual infections. Clinicians must carefully
assess and monitor patients for signs of
exacerbations, altered treatment responses,
and potential drug interactions.

Management Strategies for Tuberculosis
Patients with Co-Infections

Antimicrobial Therapy

TB becomes very fatal when combined with
diseases such as HIV and Hepatitis B and
Hepatitis C, especially in resource constraint
settings or LMICs leading to delays in therapy
initiation.3? Moreover, substantial financial
burdens on health services of the country is
imposed due to necessity of more complex
prevention/treatment especially for immune
compromising co-infections and co-morbidities.*
In co-infections, antimicrobial therapy should
be tailored keeping in consideration the co-
infecting pathogens of different co-infecting
diseases, their susceptibility, as well as
potential interactions with anti-TB drugs for

successful management.!

A. Specific Co-Infecting Pathogens

i.  Bacterial Co-Infections: Co-infection
with TB and bacterial pathogens has
documented,

been especially in

populations with a high TB prevalence.

Moreover, wrong diagnosis of either
B or

infection can lead to worse health

other bacterial pulmonary
outcomes such as catastrophic healthcare
costs, antimicrobial resistance, and
death.”” In such cases, targeted
antibiotics should be used based on
the pathogen. For an instance in case
of S. pneumoniae, beta-lactam agents
can be used,*? whereas beta-lactamase-
stable antibiotics are the best choice in

case of Haemophilus influenzae.®

ii.  Viral Co-Infections: Antiviral therapy is
critical for managing viral co-infections.
For severe influenza associated disease,
antiviral treatment improves health
outcomes.* Specific antiviral agents
such as oseltamivir or ganciclovir should
be considered in cases of concurrent

influenza*® or CMV infections.*

iii.  Fungal Co-Infections: Pulmonary fungal
infections may possibly be wrongly
diagnosed as TB easily as it has clinical
and radiological characteristics quite
similar to TB*. This often demands
treatment antifungal therapy, based on
determined pathogen. Drugs like

voriconazole or amphotericin B may be

indicated in pathogen like Aspergillus

spp. and or C. neoformans.®

B. Susceptibility Profiles

i.  Microbiological Testing: In order to
guide for the appropriate antimicrobial
therapy,  obtaining  susceptibility

profiles through culture and sensitivity

testing is crucial. This will help in
understanding whether the chosen
effective

agents are against the

detected pathogens.®
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Empirical Treatment: In the absence of
data on susceptibility profile, the
patient is started on empirical treatment
based on all the factors that contribute
to a patient's likelihood of having TB
and/or having a poor outcome assessed
against the threshold for starting anti-
TB treatment; these factors are TB
prevalence in that particular geographical
area, clinical picture indicative of TB,
comorbidities like TB-HIV coinfection
and the outcomes of other diagnostic

approaches (for e.g., chest radiography).®

C. Interactions with Anti-TB Drugs

Pharmacokinetic Interactions:
Pharmacokinetics is defined as the
time period until which a drug stays in
different body parts like plasma,
blood, brain, lungs and other tissues.
Various antimicrobial agents and anti-
TB drugs have similar pathways which
could result in  pharmacokinetic
interactions. Some serious consequences
of such interaction include therapeutic
failure or toxicity.> Thus, to avoid
adverse events, prescribing and
monitoring of each dosage should be

done cautiously.

Drug-Drug Interactions: Certain
antimicrobials and anti-TB drugs such
as rifampicin and isoniazid may reflect
direct interactions by affecting serum
levels

and efficacy. For instance,

rifampicin can induce cytochrome
P450 enzymes (responsible for drug
metabolism in liver and/or intestine),
influencing the metabolism of various
co-administered  drugs such as

anticoagulants, anti-infectives,

contraceptives, and psychotropics, etc,
while Isoniazid, which is an inhibitor in
metabolism, interacts with

drug
anticonvulsants, theophylline,
benzodiazepines, paracetamol, and

some kinds of food.>?

D. Combination Therapy and Duration

Synergistic Approaches: Due to
increase in multiple drug resistance
pathogens, co-infections and co-
morbidities in some cases, combination
therapy warrantees promising results.>
Combining antibiotics with various
mechanisms of action can boost efficacy
of the therapy. With new drugs addition
or repurposed drugs and host-directed
treatment, various treatment regimens

are in 2" or 39 phase of trials.>

Duration of Treatment: For co-infections,
factors like pathogen characteristics,
response and immunity influence the
duration of antimicrobial therapy.
Prolonged treatment courses may be
required for certain  co-infecting
organisms.>™ For an instance, current
standard treatment regimen for TB-HIV
co-infection in drug susceptible TB is
isoniazid, rifampicin, pyrazinamide,
and ethambutol are given for 2-months
(initial intensive phase), followed by
isoniazid and rifampicin for 4 months
(continuation phase) along with ART to
be started in all HIV-infected patients
with TB, regardless of the status of

CD4 cell count.>

Immune Modulation

Due

to  overlapping  epidemiological

characteristics of co-infections like HIV and
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malaria, a clear understanding of immune

response dynamics to TB with co-infection is

necessary.”’ Effectively modulating the host

immune response is critical in managing

pulmonary co-infections. Strategies such as

include

adjunctive therapies and

immunomodulatory agents is explored to

optimize the host immune response TB and

co-infections.

A. Adjunct Therapies

Corticosteroids: Corticosteroids are
known to have various applications
such as mitigating inflammation and
repairimmune-mediated tissue damage
in severe infections.*® In the context of
co-infections, they may help reduce
excessive inflammatory responses. In
case of TB-HIV coinfection, TB-immune
reconstitution inflammatory syndrome
(IRIS), steroids are preferred as a choice
of adjunctive therapy.”” Moreover,
corticosteroids are also beneficial in
preventing paradoxical relapse of HIV-
TB IRIS.°

Intravenous  Immunoglobulin

(IVig):
IVlg is a source of pooled antibodies
derived from multiple donors. Vig is
beneficial for treating primary antibody
deficiencies, a spectrum of autoimmune
disorders and inflammatory diseases®’
It can provide passive immunity and
augment the host's immune response
by shortening the current treatment
period especially in patients with co-

infections as well as MDR-TB.6243

B. Immunomodulatory Agents:

Interleukin-1 (IL-1) Antagonists: IL-1 is

responsible for controlling immune

C.

response to infections whereas [L-1
antagonist like anakinra may lead to
increased risk of infections like TB.*
However, anti-IL-1 therapy like anakinra
could be used as a first line adjunct
therapy in order to control paradoxical
inflammatory reactions due to cytokine

storms occurring in rheumatic diseases.®

Tumor Necrosis Factor (TNF) Inhibitors:
TNF-aa is a

controlling the Mtb infection, however

crucial element in
paradoxically, it is equally responsible
in causing severe tissue damage due to
its pro-inflammatory cytokinetic potency,
especially in the case of MDR-TB.> TNF
inhibitors like infliximab are responsible
for development of disease from TB

66,67 However, in

infection. carefully
selected cases, they may be considered
to temper inflammatory reactions,
particularly  in  conditions  with

dysregulated cytokine profiles.®>

Immunotherapies

Monoclonal Antibodies: Monoclonal
antibodies directed against specific
pathogens, or their toxins can enhance
the host's ability to clear infections. For
example, in people living with HIV or
people with multidrug-resistant TB
who illustrate faster progression of
disease as well as toxicity from TB-HIV

co-infection, passive antibody treatment

could be beneficial to shorten
treatment of TB.¢8
Vaccination = Strategies: Vaccination

against  preventable  co-infecting
pathogens is a comerstone of immune
modulation. For an instance a higher

incidence of influenza A (H1N1) is noted
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in patients with TB than the general
population. In such case, annual influenza
vaccination and pneumococcal
vaccination are vital in reducing the risk

of viral co-infections like influenza.®’
D. Cellular Therapies:

i.  T-Cell Therapies: T-cell transfer involves
culturing, expanding, and infusing ex vivo
expanded, pathogen-specific T-cells back
into the TB patients.”® This strategy may
be a feasible choice for T-cells identifying
wild-type and/or mutant epitopes TB
as well as other infectious diseases.”!

ii.  Stem Cell Therapies: Hematopoietic stem
cell transplantation (HSCT) is commonly
used therapy can restore immune
function in severely immunocompromised
individuals with co-infections such as
HIV, Ebstein-Barr virus and CMV.”"72
Careful patient selection and tailored
conditioning regimens are crucial in
optimizing outcomes since HSCT can
increase the risk of morbidity and

mortality in viral infections.”2”3

Infection Control Measures

Tubercular bacilli are resistant to various
adverse environmental conditions due to its
aerobic, slow growing and non-sporous nature.
Therefore, implementing robust infection
control measures is essential in managing
pulmonary co-infections, especially involving
TB and co-infecting pathogens.” Infection

control can be done in following ways-

A. Healthcare Setting Infection Control:
i.  Administrative Controls

1. Risk Assessment: Early diagnosis, isolation
of airborne infection and prompt

treatment are crucial and are often
missed especially in  non-endemic
areas.”* Therefore, conducting regular
assessments to identify individuals at
high risk of TB or co-infection and
implementing  appropriate  control
measures is primary and critical to

infection control.”®

2. Policies and Procedures: Promoting
integration of services of screening,
diagnosis and management of TB and
other pulmonary infections can give a
scope of early diagnosis and prompt
treatment’® However, integrated services
are only available for HIV and for other
potential pulmonary infection is not
known. Management strategies including
respiratory hygiene should also be a

mandate.”’
ii.  Engineering Controls

Airborne Precautions: It is well known since the
origin of treatment of TB- putting TB patients
in a sanatorium (open, well-ventilated area), that
a poorly ventilated environment and crowded
area with a potential source will have more
spread of TB infection than the counterparts’.
Thus, it is important to ensure that healthcare
facilities have appropriate ventilation systems
and negative pressure rooms for isolating and
managing patients with potentially infectious
respiratory diseases. Ventilation can be
mechanical (created using exhaust fans or air
supply or both- negative and positive pressure
mechanical ventilation system); building or
choosing a naturally ventilated area; or both

are a few practices commonly used.”’
iii.  Personal Protective Equipment (PPE):

1. Respiratory Protection: Staff must wear
N95 (FP2) masks or equivalent when
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entering the room with a TB patient
whereas while handling respiratory
waste of a critically ill in intensive care
unit, N98 (FP3) masks should be worn.”*””

2. Gloves, Gowns, and Eye Protection:
Ensuring availability and proper use of
PPE to prevent direct contact with

respiratory secretions.
iv.  Environmental Controls:

1. Cleaning and Disinfection: Ensuring
quality control through thorough and
regular cleaning protocols, especially
in high-risk areas where co-infected

patients are taken care for.

2. Ventilation  systems -  natural,
mechanical, mixed and recirculated ait
with high efficiency particulate air
(HEPA) filtration can be assessed
based on their effectiveness and

chosen according to the setting.”’

3. Upper Room ultraviolet germicidal
(UVGI): poorly
understood, but very effective, both

irradiation Very

cost as well as action wise, this
intervention is fixating a germicidal
lamp in the wall or hung over the
heads of the patient. It is beneficial for

mitigating the risk of viral infections.”

B. Community Infection Control:
i Education and Awareness:

Public Health Campaigns: Conduct educational
campaigns to raise awareness about the risks
of TB and co-infections and promote preventive
measures within the community. Promoting
hand hygiene, cough etiquette, personal
protection can help in mitigating the risk of
spread of co-infections.”

i.  Screening and Testing:

Targeted Screening: Identifying high-risk
populations, such as individuals with known
TB contacts through active contact tracing or
immunocompromised individuals through
regular reporting, and performing regular
screening and testing.”* For individuals with
other pulmonary co-infections, the same

strategy can be adopted.
iii.  Isolation and Quarantine:

Isolation  Facilities: Establish designated
isolation facilities for individuals diagnosed
with TB or co-infections to prevent further
transmission in the community. For an
instance, using negative pressure isolation
rooms with HEPA filtration or via changing air

per hour (APH) four to six times a day.”’
iv.  Contact Tracing:

Identification and Monitoring: It is an effective
public health intervention. Contact tracing via
provider is directly related to better control
outcomes of communicable diseases. Thus,
tracing and monitoring individuals who have
had close contact with confirmed cases is
important to ensure early detection and

intervention if infection occurs.”®

Adhering to established infection control

guidelines is crucial in mitigating the

transmission of pulmonary co-infections.
Rigorous implementation of these measures
in healthcare facilities and within communities

plays a pivotal role in safeguarding public health.

Future Directions and Recommendations

1. Improved Diagnostic Tools:
Discussion of the need for advanced
diagnostic technologies to facilitate

prompt and accurate identification of
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TB and co-infections. Accurate and
timely diagnosis of pulmonary co-
infections, particularly involving TB and
co-infecting pathogens, is crucial for
effective management. The adoption
of advanced diagnostic technologies
plays a pivotal role in enhancing
diagnostic accuracy and expediting

appropriate treatment’®

. Molecular Diagnostics:

Nucleic Acid Amplification Tests
(NAATs): NAATs, such as GeneXpert
MTB/RIF, have revolutionized TB
diagnosis by detecting TB-specific DNA
or RNA, enabling rapid and sensitive
identification of M. tuberculosis.®°

Next-Generation Sequencing (NGS):
NGS technologies provide high-
throughput sequencing of genetic
material, offering valuable insights into
the genetic diversity and interactions
of co-infecting pathogens.®!

. Immunological Assays:

Interferon-Gamma  Release  Assays
(IGRAS): IGRAs measure the release of
interferon-gamma in response to TB-
specific antigens, aiding in the

detection of latent TB infection.®?

Multiplex Immunoassays: Multiplex
immunoassays simultaneously detect
multiple antibodies or antigens,
enabling the identification of co-

infecting pathogens.®
Radiological Imaging:

Computed Tomography (CT): High-
resolution CT scans provide detailed

images of pulmonary structures, aiding

in the differentiation of TB lesions from
those caused by co-infecting pathogens.

ii.  Positron Emission Tomography-
Computed Tomography (PET-CT): PET-
CT combines metabolic and anatomical
imaging, allowing for improved
localization and characterization of

lesions associated with co-infections.8
D. Biosensors and Point-of-Care Tests:

i. Biosensors: Biosensors can detect
specific molecular targets, offering rapid
and portable diagnostic capabilities for
identifying co-infecting pathogens.®

ii. Point-of-Care Tests (POCT): POCT
platforms, like lateral flow assays,
provide rapid results at the patient's
location, facilitating timely initiation of

appropriate treatment.®

Advanced diagnostic technologies offer
significant advantages in identifying pulmonary
co-infections.  Molecular  diagnostics and
immunological assays provide high sensitivity
and specificity, while radiological imaging
enhances anatomical visualization. Biosensors
and point-of-care tests further streamline

diagnostic processes.

2. Multidisciplinary Care: Pulmonary co-
infections, particularly those involving
TB and co-infecting pathogens, require
comprehensive and integrated
management. Multidisciplinary care,
involving pulmonologists, infectious
disease specialists, microbiologists,
and immunologists, is essential for

optimizing patient outcomes.?’

A. Roles of Multidisciplinary Team
Members:
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i.  Pulmonologists: Expertise in
Respiratory Medicine: Pulmonologists
are crucial in diagnosing and managing
respiratory conditions, including TB.
Their proficiency in pulmonary function
and  imaging interpretation s

invaluable in co-infection cases.

i. Infectious Disease Specialists:
Expertise in Infectious Diseases:
Infectious disease specialists have

specialized knowledge in the diagnosis
and treatment of a wide range of
infections, making them pivotal in
co-infecting

managing pathogens

alongside TB.

iii.  Microbiologists: Laboratory Diagnosis
and Surveillance: Microbiologists play
a vital role in providing accurate and
timely diagnostic information through
microbiological testing. Their expertise
ensures accurate identification of co-

infecting pathogens and susceptibility

testing.
iv.  Immunologists: Immune  System
Assessment and Modulation:

Immunologists assess the patient's
immune status, particularly relevant in
cases of immunosuppression. They
may recommend immunomodulatory
the host's

strategies to optimize

response.®®
B. Collaborative Care Strategies:

i. Case Conferencing: Regular case

conferences facilitate open

communication and exchange of
expertise among team members. This
ensures a unified and coordinated

approach to patient care.

i.  Treatment Planning and Coordination:
Multidisciplinary teams collaborate to
develop individualized treatment plans,
considering the specific co-infecting
pathogens, patient comorbidities, and
potential drug interactions.

iii.  Monitoring and Follow-Up: Regular
follow-up assessments and monitoring
of treatment response are essential.
This ensures timely adjustments to the
therapeutic regimen based on clinical,
radiological, and  microbiological

outcomes.

Multidisciplinary care for pulmonary co-

infections ensures a holistic approach,
leveraging the specialized knowledge and
skills of each team member. Collaboration
enables a comprehensive assessment of the
patient's condition and facilitates optimal

treatment planning and coordination.®’?

3. Research Priorities: ldentification of

areas requiring further research,
including the development of novel
therapies and the evaluation of

emerging diagnostic modalities.

Advancements in research are pivotal for
improving the diagnosis and treatment of
pulmonary co-infections, particularly those
involving TB and co-infecting pathogens. This
highlights

requiring further exploration, with a focus on

recommendation critical areas
the development of innovative therapies and
the evaluation of emerging diagnostic

modalities.
A. Novel Therapies:

i. Host-Directed Therapies: Investigate
interventions that modulate the host
immune response to enhance its ability
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to control co-infections. This may profiling to stratify patients based on their
involve  targeting  specific  host  susceptibility to specific co-infections and

pathways or immune cell subsets to

optimize treatment outcomes.”

i. Antibody-Based Therapies: Explore
the potential of monoclonal antibodies
and passive immunization strategies to
target co-infecting pathogens.
Investigate the effectiveness of specific
antibodies in preventing and treating

pulmonary co-infections.”
B. Emerging Diagnostic Modalities:

i. Advanced
Evaluate the

Imaging  Techniques:
utility of emerging
imaging technologies, such as artificial
intelligence-enhanced radiology and
functional imaging modalities, in
improving the accuracy and efficiency

of pulmonary co-infection diagnosis.?

i. Biomarker Discovery and Validation:
Identify and validate specific biomarkers
associated with pulmonary co-infections.
This could involve the use of proteomics,
genomics, and metabolomics

approaches to enhance diagnostic

precision.”
C. Combination Therapies:

Optimizing Drug Combinations: Investigate
synergistic effects of combination therapies
involving antimicrobials, immunomodulators,
and host-directed therapies to enhance
treatment outcomes and reduce the risk of

drug resistance.?

D. Patient Stratification and Personalized

Medicine:

Genetic and Immunological Profiling: Explore

the potential of genetic and immunological

response to therapy. This may lead to more

tailored treatment regimens.”

Prioritizing research in these areas will
significantly advance our understanding and
management of pulmonary co-infections. By
focusing on novel therapies, emerging
diagnostic modalities, combination therapies,
and personalized medicine approaches, we
can work towards more effective and targeted

interventions for co-infected individuals.

Conclusion

of TB and

pulmonary coinfections demands a multifaced

Managing the complexities

and integrated approach using precise
diagnostic tools, multidisciplinary collaborations,
and ongoing research. The clinical studies
reflecting the challenges in diagnosing and
treating patients with TB along with the co-
infections, underscoring the need of tailored
approaches to increase their surveillance.
Molecular and immunological discoveries are
driving the rapid progress of diagnostic
technology, which could lead to more precise
pathogen identification and individualised
treatment regimens in the future. The
multidisciplinary care approach is a shining
example of good cooperation across many
thorough

specialisations  and patient

comprehension. Approaches of research
towards effective interventions include those
that centre on innovative treatments, state-of-
the-art diagnostics, optimal drug combinations,
and customised care based on immunological
and genetic profiles. By tackling these
frontiers, we jointly advance the field towards

a future in which TB and co-infections are
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addressed with precise, effective, and
understanding therapies, improving the
standard of care and results for individuals
coping with these intricate pulmonary issues.
Our progress towards improved management
is evidence of our dedication to improving
respiratory health worldwide.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897 16



https://esmed.org/MRA/mra

Medical

Research

Archives Tuberculosis and Pulmonary Co-Infections: Clinical Profiles and Management Strategies
Conflict of Interest Statement: Funding Statement:
Authors declare no competing interest. None

Acknowledgement Statement:

None

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897

17


https://esmed.org/MRA/mra

Medical

Research
Archives Tuberculosis and Pulmonary Co-Infections: Clinical Profiles and Management Strategies
References: determinants of tuberculosis: from evidence

1. Global Tuberculosis Report s. Accessed
November 7, 2023.
https://www.who.int/teams/global-

tuberculosis-programme/tb-reports

2. Stojanovic Z, Gongalves-Carvalho F, Marin
A, et al. Advances in diagnostic tools for
respiratory tract infections: from tuberculosis
to COVID-19 - changing paradigms? ERJ
Open Res. 2022;8(3):00113-02022.
doi:10.1183/23120541.00113-2022

3. Jones BE, Young SM, Antoniskis D,
Davidson  PT,
Relationship  of the

Kramer F, Barnes PF.
manifestations  of
tuberculosis to CD4 cell counts in patients
with human immunodeficiency virus infection.
Am Rev Respir Dis. 1993;148(5):1292-1297.

doi:10.1164/ajrccm/148.5.1292

4. Changes in Mycobacterium tuberculosis-
Specific Immunity With Influenza co-infection
at Time of TB Diagnosis - PMC. Accessed
November 14, 2023.
https://www.ncbi.nlm.nih.gov/pmc/articles/P
MC6328457/

5. Liebenberg D, Gordhan BG, Kana BD.
Drug resistant tuberculosis: Implications for
transmission,  diagnosis, and  disease
management. Front Cell Infect Microbiol.
2022:12. Accessed November 7, 2023.
https://www.frontiersin.org/articles/10.3389/f

cimb.2022.943545

6. Silva E, Hino P, Fernandes H, Bertolozi M,
Monroe A, Fornari L. Health care for people
with tuberculosis/HIV co-infection from the
multidisciplinary team’s perspective. Rev Bras
Enferm. 2023;76. doi:10.1590/0034-7167-2022-0733

7. Hargreaves JR, Boccia D, Evans CA, Adato
M, Petticrew M, Porter JDH. The social

to action. Am J  Public  Health.
2011;101(4):654-662.

doi:10.2105/AJPH.2010.199505

8. Lonnroth K, Jaramillo E, Williams BG, Dye
C, Raviglione M. Drivers of tuberculosis
epidemics: The role of risk factors and social
determinants. Soc Sci Med.
2009;68(12):2240-2246.

doi:10.1016/j.socscimed.2009.03.041

9. Silva DR, Mufnioz-Torrico M, Duarte R, et al.

Risk factors for tuberculosis: diabetes,
smoking, alcohol use, and the use of other
drugs. J Bras Pneumol Publicacao Of Soc Bras
Pneumol E Tisilogia. 2018;44(2):145-152.

doi:10.1590/51806-37562017000000443

10. Tubercular and bacterial coinfection: A
case series - PubMed. Accessed November 7,
2023.

https://pubmed.ncbi.nlm.nih.gov/25814806/

11. Es S. Prevalence
Pneumoniae and Mycobacterium Tuberculosis
Co-Infection Infected Adult
Patients on HAART in Ogun State, Nigeria.

doi:10.23937/2469-567X/1510048

of Streptococcus

among HIV

12. Attia EF, Pho Y, Nhem §,
Tuberculosis and other bacterial co-infection

et al.

in Cambodia: a single center retrospective
study. BMC Pulm Med.
2019;19(1):60. doi:10.1186/s12890-019-0828-4

cross-sectional

13. Acute lower respiratory infections on lung
sequelae in Cambodia, a neglected disease in
highly  tuberculosis-endemic  country -
ScienceDirect. Accessed November 7, 2023.

https://www.sciencedirect.com/science/articl

e/pii/50954611113002710

14. Giri PA, Deshpande JD, Phalke DB.
Prevalence of Pulmonary Tuberculosis Among

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897 18



https://esmed.org/MRA/mra
https://www.who.int/teams/global-tuberculosis-programme/tb-reports
https://www.who.int/teams/global-tuberculosis-programme/tb-reports
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6328457/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6328457/
https://www.frontiersin.org/articles/10.3389/fcimb.2022.943545
https://www.frontiersin.org/articles/10.3389/fcimb.2022.943545
https://pubmed.ncbi.nlm.nih.gov/25814806/
https://www.sciencedirect.com/science/article/pii/S0954611113002710
https://www.sciencedirect.com/science/article/pii/S0954611113002710

Medical
Research
Archives

Tuberculosis and Pulmonary Co-Infections: Clinical Profiles and Management Strategies

HIV Positive Patients Attending Antiretroviral
Therapy Clinic. North  Am J Med Sci.
2013;5(6):367-370.

doi:10.4103/1947-2714.114169

15. Bell LCK, Noursadeghi M. Pathogenesis
of HIV-1 and Mycobacterium tuberculosis co-
infection. Nat Rev Microbiol. 2018;16(2):80-
90. doi:10.1038/nrmicro.2017.128

16. Yang Q, Han J, Shen J, Peng X, Zhou L,
Yin X. Diagnosis and treatment of tuberculosis
in adults with HIV. Medicine (Baltimore).
2022;101(35):e30405.
doi:10.1097/MD.0000000000030405

17. Bates M, Mudenda V, Shibemba A, et al.
Burden of tuberculosis at post mortem in
inpatients at a tertiary referral centre in sub-
Saharan Africa: a prospective descriptive
Lancet  Infect  Dis.

doi:10.1016/S1473-

autopsy  study.
2015;15(5):544-551.
3099(15)70058-7

18. Cattamanchi A, Smith R, Steingart KR, et
al. Interferon-gamma release assays for the
diagnosis of latent tuberculosis infection in
HIV-infected individuals: a systematic review
and meta-analysis. J Acquir Immune Defic
Syndr 1999. 2011,56(3):230-238.
doi:10.1097/QAI.0b013e31820b07ab

19. Aabye MG, Ravn P, PrayGod G, et al. The
impact of HIV infection and CD4 cell count on
the performance of an interferon gamma
release assay in patients with pulmonary
tuberculosis. PloS One. 2009:4(1):e4220.
doi:10.1371/journal.pone.0004220

20. Yoon C, Semitala FC, Atuhumuza E, et al.

Point-of-care  C-reactive  protein-based
tuberculosis screening for people living with
HIV: a diagnostic accuracy study. Lancet Infect
Dis. 2017;17(12):1285-1292.

doi:10.1016/S1473-3099(17)30488-7

21. Shapiro AE, Hong T, Govere S, et al. C-
reactive protein as a screening test for HIV-
associated pulmonary tuberculosis prior to
antiretroviral therapy in South Africa. AIDS
Lond Engl. 2018;32(13):1811-1820.
doi:10.1097/QAD.0000000000001902

22. Lawn SD, Kerkhoff AD, Vogt M, Wood R.
Diagnostic and prognostic value of serum C-
reactive protein for screening for HIV-associated
tuberculosis. Int J Tuberc Lung Dis Off J Int
Union Tuberc Lung Dis. 2013;17(5):636-643.
doi:10.5588/ijtld.12.0811

23. Lawn SD. Point-of-care detection of
(LAM) in
diagnosis of HIV-associated tuberculosis: a
state of the art review. BMC Infect Dis.
2012:12(1):103. doi:10.1186/1471-2334-12-103

lipoarabinomannan urine  for

24. Mthiyane T, Peter J, Allen J, et al. Urine
lipoarabinomannan (LAM) and antimicrobial
usage in seriously-ill HIV-infected patients
with  sputum smear-negative pulmonary
tuberculosis. J Thorac Dis. 2019;11(8):3505-
3514. doi:10.21037/jtd.2019.07.69

25. Hoffmann CJ, Variava E, Rakgokong M, et
al. High prevalence of pulmonary tuberculosis
but low sensitivity of symptom screening
among HIV-infected pregnant women in
South Africa. PloS One. 2013:8(4):e62211.
doi:10.1371/journal.pone.0062211

26. Al-Darraji HAA, Abd Razak H, Ng KP,
Altice FL, Kamarulzaman A. The diagnostic
performance of a single GeneXpert MTB/RIF
assay in an intensified tuberculosis case
finding survey among HIV-infected prisoners
in Malaysia. PloS One. 2013;8(9):e73717.

doi:10.1371/journal.pone.0073717

27. Bahr NC, Nuwagira E, Evans EE, et al.
Diagnostic accuracy of Xpert MTB/RIF Ultra

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897 19



https://esmed.org/MRA/mra

Medical
Research
Archives

Tuberculosis and Pulmonary Co-Infections: Clinical Profiles and Management Strategies

for tuberculous meningitis in HIV-infected
adults: a prospective cohort study. Lancet
Infect Dis. 2018:;18(1):68-75.
doi:10.1016/S1473-3099(17)30474-7

28. Zhao J, Chang L, Wang L. Nucleic acid
testing and molecular characterization of HIV
infections. Eur J Clin Microbiol Infect Dis.
2019:38(5):829-842. doi:10.1007/s10096-
019-03515-0

29. Update on the use of nucleic acid
amplification tests to detect TB and drug-
resistant TB: rapid communication. Accessed
November 7, 2023.
https://www.who.int/publications-detail-
redirect/9789240020269

30. Park SY, Goeken N, Lee HJ, Bolan R,
Dubé MP, Lee HY. Developing high-throughput
HIV incidence assay with pyrosequencing
platform. J Virol. 2014,88(5):2977-2990.
doi:10.1128/JVI.03128-13

31. Guerra-Assuncdo JA, Houben RMGJ,
Crampin AC, et al. Recurrence due to relapse
or reinfection with Mycobacterium tuberculosis:
a whole-genome sequencing approach in a
large, population-based cohort with a high
HIV infection prevalence and active follow-up.
J Infect Dis.  2015;211(7):1154-1163.
doi:10.1093/infdis/jiu574

32. Metagenomic Next-Generation
Sequencing (MNGS) in cerebrospinal fluid for
rapid diagnosis of Tuberculosis meningitis in
ScienceDirect.
2023.
https://www.sciencedirect.com/science/articl

e/pii/S1201971220302642

HIV-negative population -

Accessed November 7,

33. Olbrich L, Stockdale L, Basu Roy R, et al.

Understanding the interaction between

cytomegalovirus and tuberculosis in children:

The way forward.  PLoS  Pathog.
2021;17(12):e1010061.

doi:10.1371/journal.ppat.1010061

34. Rabie H, LJ, Nkosi N.
Cytomegalovirus and tuberculosis disease in
children. Lancet Glob Health. 2021:9(12):
e1636-e1637. doi:10.1016/52214-109X(21)00466-6

Frigati

35. Invasive Aspergillosis | Clinical Infectious
Diseases | Oxford Academic.
November 7, 2023.
https://academic.oup.com/cid/article/26/4/7
81/415361?login=false

Accessed

36. Hosseini M, Shakerimoghaddam A,
Ghazalibina M, Khaledi

coinfection among patients with pulmonary

A.  Aspergillus

tuberculosis in Asia and Africa countries;: A
systematic review and meta-analysis of cross-
sectional studies. Microb Pathog.
2020;141:104018.

doi:10.1016/j.micpath.2020.104018

37. Rutakingirwa MK, Cresswell FV, Kwizera
R, et al. Tuberculosis in HIV-Associated
Cryptococcal Meningitis is Associated with an
Increased Risk of Death. J Clin Med.
2020;9(3):781. doi:10.3390/jcm9030781

38. Lyles G, Ogarkov O, Zhdanova S, et al.
Pharmacokinetics of tuberculosis drugs in HIV-
infected patients from Irkutsk, Russian Federation:
redefining drug activity. Eur
2018;51(5):1800109.

doi:10.1183/13993003.00109-2018

Respir J.

39. Heidary M, Shirani M, Moradi M, et al.

Tuberculosis challenges: Resistance, co-
infection, diagnosis, and treatment. Eur J
Microbiol 2022:12(1):1-17.

doi:10.1556/1886.2021.00021

Immunol.

Plessis N.

strategies to

40. Young C, Walzl G, Du

Therapeutic  host-directed

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897 20



https://esmed.org/MRA/mra
https://www.who.int/publications-detail-redirect/9789240020269
https://www.who.int/publications-detail-redirect/9789240020269
https://www.sciencedirect.com/science/article/pii/S1201971220302642
https://www.sciencedirect.com/science/article/pii/S1201971220302642
https://academic.oup.com/cid/article/26/4/781/415361?login=false
https://academic.oup.com/cid/article/26/4/781/415361?login=false

Medical
Research
Archives

Tuberculosis and Pulmonary Co-Infections: Clinical Profiles and Management Strategies

improve outcome in tuberculosis. Mucosal
Immunol. 2020;13(2):190-204.
doi:10.1038/s41385-019-0226-5

41. The Sanford Guide to Antimicrobial
Therapy 2022, 52e (Jan 1, 2022)
(1944272208)_(Antimicrobial Therapy, Inc.) -
Anna’s Archive. Accessed November 7, 2023.
https://annas-
archive.org/md5/e52284d53e41f59cfd1c07
1246eac4

42. Streptococcus pneumoniae | Johns Hopkins
ABX Guide. Accessed November 7, 2023.
https://www.hopkinsguides.com/hopkins/vie
w/Johns_Hopkins_ ABX_Guide/540523/all/Str

eptococcus_pneumoniae?refer=true

43. Haemophilus species | Johns Hopkins
ABX Guide. Accessed November 7, 2023.
https://www.hopkinsguides.com/hopkins/vie
w/Johns_Hopkins ABX_Guide/540253/all/Ha
emophilus_species?refer=true

44. Walaza S, Cohen C, Tempia S, et al.
Influenza and tuberculosis co-infection: A
systematic review. Influenza Other Respir
Viruses. 2020;14(1):77-91. doi:10.1111/irv.12670

45. Influenza | Johns Hopkins ABX Guide.
2023.
https://www.hopkinsguides.com/hopkins/vie
w/Johns_Hopkins_ ABX_Guide/540285/all/Inf

luenza?refer=true

Accessed November 7,

46. Cytomegalovirus | Johns Hopkins ABX
Guide. 2023.
https://www.hopkinsguides.com/hopkins/vie
w/Johns Hopkins ABX Guide/540153/all/Cy

Accessed November 7,

PubMed. Accessed November 7, 2023.
https://pubmed.ncbi.nlm.nih.qov/30607084/

48. Aspergillus | Johns Hopkins ABX Guide.
2023.
https://www.hopkinsguides.com/hopkins/vie
w/Johns_Hopkins_ ABX_Guide/540036/all/As

perqillus?refer=true

Accessed November 7,

49. Tuberculosis and Nontuberculous
Mycobacterial Infections | Wiley Online Books.
2023.
https://onlinelibrary.wiley.com/doi/book/10.1

128/9781555817138

Accessed November 8,

50. Empirical treatment of tuberculosis: TB or
not TB? - PubMed. Accessed November 8,
2023.

https://pubmed.ncbi.nlm.nih.qov/29991543/

51. Silvério D, Gongalves R, Appelberg R,
Saraiva M. Advances on the Role and
Applications of Interleukin-1 in Tuberculosis.
mBio. 2021:12. doi:10.1128/mBio.03134-21

52. Yew  WW.
interactions with drugs used in the treatment
of tuberculosis. Drug Saf. 2002;25(2):111-133.
doi:10.2165/00002018-200225020-00005

Clinically  significant

53. Kerantzas CA, Jacobs WR. Origins of
Combination Therapy for Tuberculosis: Lessons
for Future Antimicrobial Development and
Application.  mBio. 2017;8(2):e01586-16.
doi:10.1128/mBio.01586-16

54. Global
Accessed

2022.
2023.

Tuberculosis  Report
November 8,

https://www.who.int/teams/global-

tomeqalovirus?refer=true

47. Tuberculosis Status and Coinfection of

Pulmonary Fungal Infections in Patients
Referred to Reference Laboratory of Health

Centers Ghaemshahr City during 2007-2017 -

tuberculosis-programme/tb-reports/global-

tuberculosis-report-2022

55. Zaidi I, Sarma PS, Umer Khayyam K,
toufique Ahmad Q, Ramankutty V, Singh G.
Factors associated with treatment adherence

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897 21



https://esmed.org/MRA/mra
https://annas-archive.org/md5/e52ff284d53e41f59cfd1c071246eac4
https://annas-archive.org/md5/e52ff284d53e41f59cfd1c071246eac4
https://annas-archive.org/md5/e52ff284d53e41f59cfd1c071246eac4
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540523/all/Streptococcus_pneumoniae?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540523/all/Streptococcus_pneumoniae?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540523/all/Streptococcus_pneumoniae?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540253/all/Haemophilus_species?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540253/all/Haemophilus_species?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540253/all/Haemophilus_species?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540285/all/Influenza?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540285/all/Influenza?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540285/all/Influenza?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540153/all/Cytomegalovirus?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540153/all/Cytomegalovirus?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540153/all/Cytomegalovirus?refer=true
https://pubmed.ncbi.nlm.nih.gov/30607084/
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540036/all/Aspergillus?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540036/all/Aspergillus?refer=true
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_ABX_Guide/540036/all/Aspergillus?refer=true
https://onlinelibrary.wiley.com/doi/book/10.1128/9781555817138
https://onlinelibrary.wiley.com/doi/book/10.1128/9781555817138
https://pubmed.ncbi.nlm.nih.gov/29991543/
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022

Medical
Research
Archives

Tuberculosis and Pulmonary Co-Infections: Clinical Profiles and Management Strategies

among pulmonary tuberculosis patients in
New Delhi. Indian J Tuberc. Published online
August 11, 2023.
doi:10.1016/].ijtb.2023.08.006

56. Manosuthi W,  Wiboonchutikul S,
Sungkanuparph S. Integrated therapy for HIV
and  tuberculosis. AIDS Res  Ther.
2016;13(1):22. doi:10.1186/512981-016-0106-y

57. Modulation of the immune response to

Mycobacterium tuberculosis during
malaria/M. tuberculosis co-infection | Clinical
and Experimental Immunology | Oxford
Academic. Accessed November 8, 2023.
https://academic.oup.com/cei/article/187/2/

259/6412028

58. Williams DM. Clinical Pharmacology of
Corticosteroids. Respir Care. 2018;63(6):655-
670. doi:10.4187/respcare.06314

59. Narendran G, Swaminathan S. TB-HIV co-
infection: a catastrophic comradeship. Oral
Dis. 2016;22(S1):46-52. doi:10.1111/0di.12389

60. Schutz C, Davis AG, Sossen B, et al.
Corticosteroids as an adjunct to tuberculosis
therapy.  Expert  Rev Med.
2018;12(10):881-891.

doi:10.1080/17476348.2018.1515628

Respir

61. Roy E, Stavropoulos E, Brennan J, et al.
Therapeutic efficacy of high-dose intravenous
immunoglobulin in Mycobacterium
tuberculosis infection in mice. Infect Immun.
2005;73(9):6101-6109.

doi:10.1128/1A1.73.9.6101-6109.2005

62. Adjunct
Tuberculosis | The Journal of Infectious
Diseases | Oxford Academic.
November 8, 2023.
https://academic.oup.com/jid/article/205/su
ppl_2/5325/808922?login=false

Immunotherapies for

Accessed

63. Olivares N, Rodriguez Y, Zatarain-Barron
ZL, et al. A significant therapeutic effect of
immunoglobulins administered alone, or in
combination with conventional
chemotherapy, in experimental pulmonary
tuberculosis caused by drug-sensitive or drug-
resistant strains. Pathog Dis. 2017;75(9).

doi:10.1093/femspd/ftx118

64. van Arkel C, Boeree M, Magis-Escurra C,
et al. Interleukin-1 receptor antagonist anakinra
as treatment for paradoxical responses in HIV-
negative tuberculosis patients: A case series.
Med N Y N. 2022;3(9):603-611.e2.
doi:10.1016/j.med}.2022.07.001

65. Mootoo A, Stylianou E, Arias MA, Reljic R.
TNF-alpha in tuberculosis: a cytokine with a
split personality. Inflamm Allergy Drug Targets.
2009;8(1):53-62.
doi:10.2174/187152809787582543

66. Godfrey MS, Friedman LN. Tuberculosis
and Biologic Therapies: Anti-Tumor Necrosis
Factor-a and Beyond. Clin Chest Med.
2019,40(4):721-739.
doi:10.1016/j.ccm.2019.07.003

67. TB and TNF -
Department of Health. Accessed November
8, 2023.

https://msdh.ms.gov/page/14,0,125,778 .html

Mississippi  State

68. Balu S, Reljic R, Lewis MJ, et al. A novel
human IgA monoclonal antibody protects
against tuberculosis. J Immunol Baltim Md
1950. 2011;186(5):3113-3119.
doi:10.4049/jimmunol.1003189

69. Umbreen G, Rehman A, Avais M, et al.
Burden of influenza A (H1N1)pdmO09 infection
among tuberculosis patients: a prospective
cohort study. BMC Infect Dis. 2023;23(1):526.
doi:10.1186/s12879-023-08441-3

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897 22



https://esmed.org/MRA/mra
https://academic.oup.com/cei/article/187/2/259/6412028
https://academic.oup.com/cei/article/187/2/259/6412028
https://academic.oup.com/jid/article/205/suppl_2/S325/808922?login=false
https://academic.oup.com/jid/article/205/suppl_2/S325/808922?login=false
https://msdh.ms.gov/page/14,0,125,778.html

Medical

Research
Archives Tuberculosis and Pulmonary Co-Infections: Clinical Profiles and Management Strategies
70. Cellular therapy in Tuberculosis - 2023.

ScienceDirect. Accessed November 8, 2023.
https://www.sciencedirect.com/science/articl
e/pii/S1201971215000223

71. T-Cell Therapy: Options for Infectious
Diseases | Clinical Infectious Diseases | Oxford
Academic. Accessed November 8, 2023.
https://academic.oup.com/cid/article/61/sup

https://iris.who.int/handle/10665/311259

78. Effectiveness of contact tracing in the
control of infectious diseases: a systematic
review - The Lancet Public Health. Accessed
November 8, 2023.
https://www.thelancet.com/journals/lanpub/a
rticle/P11S2468-2667(22)00001-9/fulltext

pl 3/5217/356294%ogin=false

HSCT: Detection,
Management, and
PubMed.
Accessed November 8, 2023.
https://pubmed.ncbi.nlm.nih.qov/33552044/

72. Viral Infections in

Monitoring,  Clinical

Immunologic  Implications -

73. Yang A, Shi J, Luo Y, et al. Allo-HSCT
recipients with invasive fungal disease and
ongoing immunosuppression have a high risk
for developing
2019;9(1):20402.
56013-w

tuberculosis.  Sci Rep.
doi:10.1038/541598-019-

74. The critically ill patient with tuberculosis

in intensive care: Clinical presentations,
management and infection control - PubMed.
Accessed November 8, 2023.

https://pubmed.ncbi.nlm.nih.gov/29571116/

75. Nardell EA. Transmission and Institutional
Infection Control of Tuberculosis. Cold Spring
Harb Perspect Med. 2015;6(2):a018192.
doi:10.1101/cshperspect.a018192

76. Chapman HJ, Veras-Estévez BA. Lessons
Learned During the COVID-19 Pandemic to
Strengthen TB Infection Control: A Rapid
Review. Glob Health Sci Pract. 2021;9(4):964-
977. doi:10.9745/GHSP-D-21-00368

77. World  Health WHO
Guidelines on Tuberculosis Infection Prevention
and Control: 2019 Update. World Health
Organization; 2019. Accessed November 8,

Organization.

79. Boehme CC, Nabeta P, Hillemann D, et
al. Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance. N Engl J Med.
2010;363(11):1005-1015.
doi:10.1056/NEJM0a0907847

80. Pai M, Behr MA, Dowdy D, et al.
Tuberculosis. Nat Rev Dis Primer. 2016:;2(1):1-
23. doi:10.1038/nrdp.2016.76

81. Mokrousov |, Chernyaeva E, Vyazovaya A,
Sinkov V, Zhuravlev V, Narvskaya O. Next-
Generation Sequencing of Mycobacterium
tuberculosis. Emerg Infect Dis.
2016;22(6):1127-1129.

doi:10.3201/eid2206.152051

82. Fact sheets. Accessed November 8§,
2023.
sheets

https://www.who.int/news-room/fact-

83. Whelan C, Shuralev E, O'Keeffe G, et al.

Multiplex immunoassay for serological
diagnosis of Mycobacterium bovis infection in
cattle.  Clin  Vaccine
2008;15(12):1834-1838.

doi:10.1128/CVI1.00238-08

Immunol  CVI.

84. Seith Bhalla A, Goyal A, Guleria R, Kumar
A. Chest tuberculosis: Radiological review and
imaging recommendations. Indian J Radiol
Imaging. 2015;25:213-225.
doi:10.4103/0971-3026.161431

85. Zhou L, He X, He D, Wang K, Qin D.
Biosensing technologies for Mycobacterium

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897 23



https://esmed.org/MRA/mra
https://www.sciencedirect.com/science/article/pii/S1201971215000223
https://www.sciencedirect.com/science/article/pii/S1201971215000223
https://academic.oup.com/cid/article/61/suppl_3/S217/356294?login=false
https://academic.oup.com/cid/article/61/suppl_3/S217/356294?login=false
https://pubmed.ncbi.nlm.nih.gov/33552044/
https://pubmed.ncbi.nlm.nih.gov/29571116/
https://iris.who.int/handle/10665/311259
https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(22)00001-9/fulltext
https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(22)00001-9/fulltext

Medical
Research
Archives

Tuberculosis and Pulmonary Co-Infections: Clinical Profiles and Management Strategies

tuberculosis detection: status and new

developments. Clin Dev  Immunol.
2011;2011:193963.

doi:10.1155/2011/193963

86. Hong JM, Lee H, Menon NV, Lim CT, Lee
LP, Ong CWM. Point-of-care diagnostic tests
for tuberculosis disease. Sci Transl Med.
2022;14(639):eabjd124.
doi:10.1126/scitranslmed.abj4124

87. Recommendations for Use of an
Isoniazid-Rifapentine Regimen with Direct
Observation to Treat Latent Mycobacterium
tuberculosis Infection. Accessed November 9,
2023.
https://www.cdc.gov/mmwr/preview/mmwrht
ml/mmé6048a3.htm

88. Nathan C, Barry CE. TB
development: immunology at the table.
2015;264(1):308-318.

drug

Immunol Rev.
doi:10.1111/imr. 12275

89. Mirza AA, Rad EJ, Mohabir PK. Cystic
fibrosis and COVID-19: Care considerations.
Respir Med Case Rep. 2020;31:101226.
doi:10.1016/j.rmcr.2020.101226

90. Zumla A, Rao M, Wallis RS, et al. Host-
directed therapies for infectious diseases:
current status, recent progress, and future
prospects. Lancet Infect Dis. 2016;16(4):e47-
63. doi:10.1016/51473-3099(16)00078-5

91. Complex Correlates of Protection After
Vaccination | Clinical Infectious Diseases |
Oxford Academic. Accessed November 9,
2023.
https://academic.oup.com/cid/article/56/10/
1458/402211?login=false

92. Rubin GD, Ryerson CJ, Haramati LB, et al.
The Role of Chest Patient
Management During the COVID-19 Pandemic:

Imaging in

A Multinational Consensus Statement From
the Fleischner Chest.
2020;158(1):106-116.

doi:10.1016/j.chest.2020.04.003

Society.

93. Tuberculosis: advances and challenges in
development of new diagnostics and
biomarkers - PubMed. Accessed November 9,
2023.

https://pubmed.ncbi.nlm.nih.qov/29580818/

94. Choi R, Jeong BH, Koh WJ, Lee SY.
Recommendations for Optimizing Tuberculosis
Treatment: Therapeutic Drug Monitoring,
Pharmacogenetics, and Nutritional Status
Considerations. Ann Lab Med. 2017;37(2):97 -
107. doi:10.3343/alm.2017.37.2.97

95. Vaccination Against Tuberculosis:
Revamping BCG by Molecular Genetics
Guided by Immunology - PubMed. Accessed
November 9, 2023.

https://pubmed.ncbi.nlm.nih.qov/32174919/

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4897 24



https://esmed.org/MRA/mra
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6048a3.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6048a3.htm
https://academic.oup.com/cid/article/56/10/1458/402211?login=false
https://academic.oup.com/cid/article/56/10/1458/402211?login=false
https://pubmed.ncbi.nlm.nih.gov/29580818/
https://pubmed.ncbi.nlm.nih.gov/32174919/

