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INTRODUCTION

Bronchoscopy is a diagnostic and
therapeutic procedure used to visualize the
upper and lower respiratory tract directly.
There are two types of bronchoscopes
used: rigid and flexible."* In some cases,
doctors may also take mucus and tissue
samples (biopsy) to address airway
blockages or other lung problems.
During bronchoscopy, there is a risk of
infection when the bronchoscope meets
the mucosa and blood vessels.>”* Patients
undergoing bronchoscopy may experience
complications such as hypoxemia, cardiac
arrhythmias, = myocardial  infarction,
bleeding, pneumothorax, and infection.
The reported complication rates for
bronchoscopy range from 5-32%, with a
mortality rate of 0-0.8%.°Steinfort et al., in
2010, found a 7% rate of bacteremia with
oropharyngeal microorganisms and a 35%
positive bacterial culture rate from needle-
wash specimens.’

Post-bronchoscopy infections are a
critical concern in respiratory medicine,
given their potential to exacerbate
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patient morbidity, particularly among
immunocompromised individuals or
those with pre-existing lung conditions.
Post-bronchoscopy infections can arise
from pathogens in the lower respiratory
tract and infections transmitted from
inadequate bronchoscope reprocessing
practices, leading to outbreaks.” In 2019,
Gladys et al. reported a multidrug-
resistant (MDR) outbreak, with 70%
attributed to Pseudomonas aeruginosa
and Klebsiella pneumoniae in the intensive
care unit, originating from reprocessed
bronchoscopes.®

Although post-bronchoscopy
infections are rare, there are reports of
complications ranging from 0.2% to 5.2%,
such as pneumonia, lung abscess, and
empyema, occurring after bronchoscopy
procedures that can impact patient
survival. Post-bronchoscopy respiratory
infections are defined as respiratory
infections that occur within 24 hours
after the bronchoscopy procedure,
marked by clinical symptoms of fever,
increased proinflammatory mediators,
and identification of microorganisms

Post-bronchoscopy infections are a critical concern in respiratory medicine, given their potential to exacerbate patient
morbidity, particularly among immunocompromised individuals or those with pre-existing lung conditions, one of which
is infection. The infection arises from lower respiratory tract pathogens, and most infections originate from reprocessing
practices. Infection can occur when the bronchoscope comes into contact with the mucosa and blood vessels of the respiratory
tract. Bacteremia is a more often post-bronchoscopy infection complication rather than pneumonia. It is commonly involving
Coagulase-negative or positive Staphylococcus, non-hemolytic or hemolytic Streptococcus, Citrobacter species, and Klebsiella.
However, in general, the incidence of post-bronchoscopy infection is mainly caused by gram-negative bacteria. Various risks
can affect post-bronchoscopy infection that can increase the severity of the disease to death. It is important to increase
obedience and precaution against the transmission of infection. Reducing bacterial pathogens and controlling infection are
important steps to reduce the post-bronchoscopy infection mortality rate. Therefore, this study aimed to review the post-
bronchoscopy infections in detail.
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(2.9% positive cultures indicating biopsy-
induced bacteremia) from suspected
infection specimens. Chest X-rays and
computed tomography (CT) scans may
reveal new or progressive infiltrates.
Bacteremia can occur at a rate of 6.5%
without mucosal damage and prior
antibiotic use.*?

The potential for infection in post-
bronchoscopy patients is influenced by
several factors, including age (=75 years),
gender, smoking status, comorbidities,
anesthesia drugs, bronchoscopy technique
(BAL, bronchial biopsy, lung biopsy),
lesion location, size, and final diagnosis,
bronchial stenosis, and white blood cell
count and CRP concentration before
bronchoscopy.'*"* The intensity of patient
exposure to potentially pathogenic
microorganisms after the bronchoscopy
procedure is a significant consideration.
Establishing safe and secure procedures
for individuals at risk is a strategy for
preventing post-bronchoscopy infections.
Therefore, this study aimed to review the
post-bronchoscopy infections in detail.
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Table 1. Organisms involved in bronchoscopy-related infections'”

Bacteria Mycobacterial Fungi

Pseudomonas aeruginosaa Mycobacterium tuberculosis Rhodotorula rubra

Serratia marcescensa M. chelonae Aureobasidium spp.

Klebsiella pneumoniae M. avium-intercellulare Blastomyces dermatitidis

Legionella pneumophila M. xenopi Trichosporon cutaneum

Burkholderia pseudomallei M. fortuitum Penicillium spp.

Proteus M. gordonae Cladosporium spp.

Bacillus M. abscessus Phialospora sp.

Methylobacterium mesophilicum

Morganella morganii

Enterobacter cloacae

Stenotrophomonas maltophilia
CLASSIFICATION OF POST- enteringthebloodstreamorothernormally  pneumoniae  through  bronchoscopy.
BRONCHOSCOPY INFECTIONS sterile areas result from mucosal trauma Poorly maintained bronchoscopes with

o or instrumentation and are not related microbial growth of 58% can lead to

.Cllmc.ally, b_ronChoscol_’Y'rd.ated to bronchoscope instrument processing infections. In 2019, the Emergency Care
infections are  classified as infections  jsgyes. For example, pneumonia is due to  Research Institute (ECRI) observed the
caused by lower respiratory tract ool secretion aspiration when a patient is recontamination of flexible endoscopes

pathogens (occurrence rate of 3-4%),
and most infections originate from
reprocessing practice. Lower respiratory
tract infections can be acquired by patients
with clinical symptoms and signs of
infection, and pathogenic microorganisms
are found due to infection transmission
during bronchoscopy. Infections caused
by pathogenic microorganisms can result
from endogenous flora (microorganisms
present in the patient) or exogenous
microorganisms (microorganismsentering
through bronchoscopy). The occurrence
of infections caused by the transmission
of microorganisms between patients or
the environment after bronchoscopy
is estimated to be very low. Bacteria
colonizing the oropharynx or nasal cavity
can be aspirated and become a temporary
source of bacteremia and pneumonia.
Post-bronchoscopy ~ pneumonia  can
occur (<1%), known as hospital-acquired
infection. Post-bronchoscopy bacteremia
occurs in 6-8% of patients, most
commonly involving Coagulase-negative
or positive Staphylococcus, non-hemolytic
or hemolytic Streptococcus, Citrobacter
species, and Klebsiella. Transmission
of wviral pathogens through flexible
endoscopy rarely occurs due to obligate
intracellular microorganisms that cannot
replicate outside human cells. Therefore,
if viral particles are present in the flexible
endoscope after the procedure, the viral
load cannot increase because they are
unable to replicate in vitro."*

Endogenous infections from microbes

under anesthesia or bacteremia resulting
from microscopic tissue trauma during
bronchoscopy. The wupper respiratory
tract mucosa has a significant number of
microorganisms that can be introduced
into the lower respiratory tract when the
bronchoscope tube is inserted into the
lungs through the mouth. In adults, the
upper respiratory tract microbiota includes
three phyla: Actinobacteria, Firmicutes, and
Proteobacteria, including Staphylococcus
aureus,  Staphylococcus  epidermidis,
Propionibacterium, Corynebacterium,
Moraxella, and Propionibacterium acnes.'s

Infections  originating from the
transmission of bronchoscope instrument
reprocessing practices are found to
have positive cultures in bronchoscopy
specimens without clinical evidence of
disease. These infections can arise from
inadequate  instrument  reprocessing
practices. While not worsening the
patient’s clinical condition, these findings
can slow down the diagnosis process.
Infections without clinical evidence
require comprehensive epidemiological
investigation into bronchoscopy facilities,
addressing reprocessing failures until the
cause is identified and corrected. A variety
of bacteria, mycobacteria, and fungal
agents are involved in bronchoscopy-
related outbreaks. Pseudomonas aeruginosa
and Serratia marcescens were found to
be the causes of most post-bronchoscopy
infections. Recent reports include
multidrug-resistant infections caused by
Acinetobacter baumannii and Klebsiella

due to mishandling or improper
storage. Recontamination is caused by
the personnel’s failure to change gloves
insert, and remove the endoscope from
the Automated Endoscope Reprocessor
(AER).”

Bronchoscope devices have internal,
long, and narrow canal structures that can
be contaminated with microorganisms
during each procedure, allowing biofilm
formation. There are reports of biofilm
formation on bronchoscopes leading
to infections caused by Pseudomonas
aeruginosa.’® Biofilm plays a crucial
role in causing secondary infections in
contaminated medical equipment. Biofilm
forms when microorganisms attach to
solid surfaces, forming colony structures
and extracellular materials serving as
nutrient storage for bacteria. Bacteria in
biofilm strongly adhere to each other’s
surfaces through flagella and type IV
pili support, forming microcolonies.
Microcolonies continue to grow into
mature biofilm structures, and cavities
within  microcolonies are disturbed,
leading to cell autolysis. One of the
biofilm formation cycles in P. aeruginosa
is divided into 6 stages: (1) Bacteria attach
to the surface and produce extracellular
polymer substances (EPS), including
polysaccharide proteins, lipids, and DNA.
(2) Cell division occurs, and reversible
attachment transitions to irreversible
attachment. (3) Microcolony formation
and cell interaction play a crucial role
in biofilm maturation and resistance.
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(4) Mature biofilm forms a fungus-like
structurethatincreasesantibiotictolerance.
(5) Cavities in the center of microcolonies
rupture through cell autolysis. Finally,
within 2 hours, released cells transition
to a planktonic phenotype, occupying
uncolonized spaces. Biofilm protects
bacteria from disinfectant activities and
can cause inactivation of microbial agents
to plasmid-mediated resistance. Biofilm
from chronic lung infections shows slow
growth and is challenging to culture
microbial organisms."”

CLINICAL
SYMPTOMS

Post-bronchoscopy  infection is a
respiratory tract infection that occurs
within 24 hours after bronchoscopy
with the following criteria: (1) Onset or
exacerbation of respiratory symptoms
lasting > 24 hours (fever > 37°C, cough,
sputum production, chest pain, dyspnea),
(2) Increase in leukocytes or C-reactive
protein (CRP) compared to before
bronchoscopy, (3) New infiltrate or
exacerbation on chest X-ray or CT scan
with antibiotic administration. Fever in
patients with post-bronchoscopy infection
ranges from 1.2-16%. Fever above 38°C
occurs approximately 4-24 hours after
bronchoalveolar lavage (BAL), with 13%
associated with acute inflammatory
response. Fever <40°C lasts an average
of 14 hours but is rarely accompanied
by infiltrates on chest X-ray.® An acute
systemic inflammatory response is marked
by elevated levels of circulating cytokines
and the activation of alveolar macrophages,
resulting in the release of inflammatory
mediators such as tumor necrosis factor
(TNF)-alpha, interleukin (IL)-1 beta, and
IL-6. Bronchoscopy procedures, including
forceps biopsy and transbronchial needle
aspiration, can trigger the release of
these pyrogenic mediators.” However,
it is unknown whether microbiological
components contribute to inflammatory
cytokine release.”"*

Proinflammatory mediators such as
leukocytes, CRP, and procalcitonin (PCT)
have been suggested as indicators of
invasive bacterial infection.”® Leukocyte
counts are within the normal range
(<9,000/uL in men and <7,800/L in
women) before bronchoscopy, and an

SIGNS AND

increase to >10,000/L is considered
significant. When leukocyte counts are
already elevated before bronchoscopy,
an increase of >2,000/uL from the
baseline is considered significant.> CRP
is within the normal range (<0.5 mg/
dL), and an increase to >1.0 mg/dL after
bronchoscopy is considered significant.
When CRP is already increased (= 0.5
mg/dL) before bronchoscopy, an increase
of >1.0 mg/dL from the baseline is
considered significant. PCT is evaluated
as a response to endotoxins released in
bacterial infections (IL-6, TNF-a, IL-
8, IL-1PB), and its elevation is associated
with the severity of infection. PCT and
IL-8 are good indicators of the success of
antibiotic use. Repeat PCT examination
is recommended on days 3, 5, and 7 after
antibiotic administration.”** A decrease
in PCT to <0.25 g/L or at least >80%-90%
from the peak is used as a threshold for
antibiotic discontinuation.” PCT increases
within 6 hours after inflammation, with a
half-life of 25 to 30 hours, presenting as
a predictor of disease severity and can
be used to assess antibiotic success. PCT
levels are significantly higher in patients
with proven bacterial infection when fever
occurs after bronchoscopy.”** In cases
of viral infection or non-infectious fever,
procalcitonin levels are low or normal
(<0.15 ng/ml).”” PCT is a good marker for
diagnosing bacterial infection if serum
levels increase 3 to 4 hours after infection,
much faster than other inflammatory
markers such as CRP.?®

Immune response decline occurs
in cancer patients due to leukocyte
deficiency, inflammation dysregulation,
mucosal disruption, pathogen recognition
impairment, and anatomical abnormalities
caused by tumors, making cancer patients
vulnerable to lower respiratory tract
infections.”” Infections in lung cancer
patients can occur after bronchoscopy,
accounting for 3% without death and
disability. Research conducted in Japan
by Asano et al. in 2010 reported a 0.2%
diagnostic  bronchoscopy-related lung
complication rate.’® Takiguchi et al, in
2017, reported a post-bronchoscopy
pneumonia rate in lung cancer patients
of 4.1%.*" In both studies, risk factors
influencing pneumonia were advanced age
(270 years), smoking, lesion location, and

size affecting pneumonia.’*> Pathogenic
microorganisms involved in infection
include Peptostreptococcus, Streptococcus

anginosus, Group A  Streptococcus,
Staphylococcus  aureus,  Streptococcus
pneumoniae, Pseudomonas aeruginosa,
Klebsiella ~ pneumoniae, — Haemophilus

influenzae, and some difficult-to-identify
pathogens.***

In a study conducted by M. Shimoda
et al, 61% of 344 patients with post-
bronchoscopy lung infections were
found to have risk factors, including
elevated leukocyte and CRP levels, low
serum albumin levels, tumor necrosis
and cavitation, as well as large tumor
diameters. Post-obstruction pneumonia,
defined as a new infiltrate or consolidation
around the target lesion observed
during bronchoscopy, is a notable
complication. This condition frequently
occurs in patients with advanced and
progressive neoplasms and is associated
with significant morbidity and mortality.
Post-obstructive ~ community-acquired
pneumonia (PO-CAP) is prevalent among
patients with a smoking history (93%) and
those with chronic obstructive pulmonary
disease (43%). Symptoms often include
fever, chills, weight loss, cough, sputum
production, dyspnea, hemoptysis, and
pleuritic chest pain. Leukocytosis is
detected in 40% of blood tests, cavitation
in chest imaging in 17%, and bacterial
infections in 10% of microbiological
examinations. Pneumonia associated
with advanced lung malignancy (PO-
AM) is reported in 45-55% of cases. As
the condition progresses, mucus retention
distal to the obstruction leads to alveolar
filling with mucus and serum from alveolar
capillaries, resulting in infection and an
acute inflammatory response. Obtaining
diagnostic specimens is challenging due to
the infection’s distal location and the lack
of sputum production in most patients.*”

MICROBIOLOGICAL
EXAMINATION OF THE LOWER
RESPIRATORY TRACT

Laboratory diagnosis of respiratory tract
infections is necessary to provide prompt
and adequate management to control
infections in patients and reduce the
length of hospital stays. Lower respiratory
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Table 2.
patients’!

Microorganisms cause post-obstructive pneumonia

in cancer

Gram-positive bacteria
Staphylococcus aureus (including MRSA)

Viridans group streptococci (60% are susceptible to penicillin non-susceptibility)

Beta-hemolytic streptococci (group A, B, C, E and G)

Gram-negative bacteria
Escherichia coli

Klebsiella species
Enterobacteriaceaea lainnya
Pseudomonas aeruginosa
Strenotrophomonas maltophilia
Acinetobacter species

Nonfermenting Gram-negative bacilli (NFGNB)

Anaerobic Bacteria

Peptococcus spp. and Peptostreptococcus spp.
Fusobacterium nucleatum

Bacteroides melaninogenicus

Fungi

Candida spp.

tract infections include infections that
occur in the bronchi, bronchioles,
alveoli, and lungs. Lower respiratory tract
infections can be caused by a variety of
pathogens, including bacteria, viruses,
and fungi. Diagnostic methods for
identifying the causative microorganisms
include microscopic examination, culture,
serology, and molecular techniques.
Among these, culture remains the most
widely used conventional method and is
regarded as the gold standard for diagnosis.
Molecular-based techniques, on the
other hand, are particularly valuable for
detecting viruses and atypical bacteria.*®
The collection of specimens is a critical
step in ensuring the quality of respiratory
samples, which directly influences
laboratory  diagnostics and  patient
management. Accurate microbiological
diagnosis relies heavily on the timing
of specimen collection, as it plays a vital
role in interpreting results effectively.
Respiratory specimens should be collected
when symptoms are present since the
number of viruses and bacteria may
decrease after 72 hours of clinical onset.
The transportation and storage methods of
samples should be as fast as possible to the
laboratory within 1-2 hours, maintaining a
temperature of -80°C to -20°C to preserve
microbial conditions. If not possible,
samples should be stored at 4°C to 8°C
and processed on the first or following
day if specimens in transport media can

be stored at room temperature or 4°C. To
detect the virus, they should be transported
in appropriate transport media at 2-8°C
and frozen at -80°C if the test is delayed
for >48 hours. Based on the suspected
pathogen etiology, diagnosing respiratory
infections requires the appropriate type
of specimen and collection method.
Specimens suitable for microbiological
examination for lower respiratory tract
infections include sputum, bronchoscopy
specimens, bronchoalveolar lavage (BAL),
endotracheal aspiration, and transthoracic
lung aspiration. Lower respiratory tract
specimens can be contaminated with
commensal oropharyngeal microbiota,
which  can interfere  with result
interpretation.*

Furthermore, microscopic examination
is a beneficial test for assessing sample
quality before culturing to prevent errors
in result interpretation. Microscopic
examination provides initial information,
such as the number of polymorphonuclear
cells (PMNs) found, and the presence
of characteristic bacterial morphology
in microscopic examination results can
provide an early indication of culture
results and guide treatment. Gram staining
and microscopic examination are essential
steps in evaluating the suitability of samples
from patients suspected of having lower
respiratory tract infections. Specimen
quality is assessed based on the number
of epithelial cells and polymorphonuclear

neutrophils (PMNs) observed in the Gram
stain smear. The presence of inflammatory
markers and bacterial characteristics,
such as shape, arrangement, quantity,
and intra- or extracellular location,
can indicate infection. For aspiration
pneumonia, Gram stain smears typically
show numerous PMNs and intracellular
respiratory bacteria (often Streptococcus
and anaerobic bacteria), which must
be differentiated from contaminating
respiratory microbiota. The results of Gram
staining should highlight bacteria with
features resembling common respiratory
pathogens, enabling clinicians to interpret
findings accurately and guide potential
empirical ~ therapy. =~ Communicating
these findings to physicians ensures
timely and effective management. While
electron microscopy can be used to
diagnose respiratory viral infections, it
has significant limitations. These include
operator fatigue, long processing times,
the need for advanced technical skills,
strict experimental controls, and a high
concentration of virus particles (>10%/
mL). Completion times range from 3 to
16 hours, including specimen preparation.
Due to these challenges, direct application
of electron microscopy to clinical
samples is not recommended as a routine
diagnostic tool. Instead, it is better
suited for identifying viruses that cause
cytopathic effects following cultivation.*

For  mycobacterial ~ examination,
acid-fast staining with Ziehl-Neelsen
and Kinyoun stains is performed.
Immunofluorescence  (IF)  antibody
staining on specimens is more challenging
and less specific, replaced mainly by
nucleic acid amplification techniques
(NAAT). Stains such as alcofluor white,
methenamine silver, Giemsa, and periodic
acid-Schiff (PAS) can be used for tissue
and other specimens, such as fungi and
parasites. Potassium hydroxide (KOH)
solution can be used to lyse tissue and
epithelium around fungi to observe fungal
hyphae. If fungal infection is suspected,
lactophenol cotton blue (LPCB) stain
is used to examine growth and identify
fungi.””

Bacterial cultures are a vital method
for identifying pathogenic bacteria in
the respiratory tract, including atypical
bacteria, but they require technical
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expertise and significant time to produce
results. The accuracy of this method
depends on specimen quality at the time
of sampling and is compromised if the
patient has already started antibiotic
therapy. Aerobic, facultative anaerobes,
and obligate anaerobic bacteria can be
cultured, followed by biochemical tests
to identify colonies. Both qualitative
and quantitative bacterial cultures are
utilized.*

1. Qualitative Bacterial Cultures
Specimens are inoculated onto media
like blood agar and MacConkey
agar, incubated at 5% CO, for 24-48
hours. For atypical bacteria, selective
media are used: Hemophilus spp.:
Chocolate agar at 35°C, 5% CO, for
24-48 hours. Legionella spp.: Charcoal

yeast extract with antimicrobials,
incubated aerobically at 35°C for
5-10 days. Chlamydophila  spp.:

Antibiotic-containing media, stored
at 4°C (24-48 hours) or -70°C for
extended periods. C. trachomatis and
C. psittaci: Cultured in McCoy cells.
C. pneumoniae: Cultured in Hep-2
cells. Burkholderia cepacia: Selective
agar and  oxidative-fermentative
polymyxin B bacitracin lactose media.
M. pneumoniae: Mycoplasma-glucose
or methylene blue-glucose agar up to
3 weeks. S. aureus: Mannitol salt agar.
Nocardia spp.: BCYE agar at 35°C for
up to 3 weeks. Due to the slow growth
of organisms like Chlamydophila and
Mycoplasma species and the complexity
of culturing processes, molecular
tests are preferred for faster and more
accurate diagnostics.*

2. Quantitative Bacterial Cultures
Quantitative  cultures are critical
for diagnosing ventilator-associated
pneumonia (VAP), aspiration
pneumonia, and infections in
immunocompromised patients
or those with cystic fibrosis. For
bronchoalveolar aspirate (BAS), the
detection of >10° CFU/mL suggests
active infection, while lower amounts
may indicate contamination. Similarly,
bronchoalveolar lavage (BAL) samples
with <10* bacteria/mL likely represent
contamination, while counts >10°
bacteria/mL confirm active infection.
Overall, bacterial cultures remain

indispensable in clinical microbiology,

but their limitations necessitate

complementing them with molecular
diagnostic techniques to ensure timely
and accurate results.*

Phenotypic  identification ~ systems
can be semi-automatic, with reactions
prepared  manually, or automatic
instruments (Vitek, Phoenix, MicroScan
TREK) that can achieve sophistication
in identifying organisms and conducting
antimicrobial susceptibility testing. The
Vitek system (sensitivity and specificity
95-96%) has cards for identifying
anaerobes, coryneforms, and fungi.
Organisms are identified by generating
a score or percentage, and a low score
indicates that identification has not been
achieved. This can happen if there is
no match in the database, possibly due
to poor preparation. The detection of
major respiratory viruses by observing
cytopathic effects in cell cultures remains
the gold standard. Degenerative changes in
monolayer cells serve as evidence of viral
presence. However, viral cultures demand
technical expertise, are time-consuming,
have a high false-negative rate, and are
limited to specialized laboratories. Due to
these challenges, molecular tests are often
favored for faster and more accurate virus
identification.”

Antigen  detection methods are
widely utilized in healthcare due to
their affordability and rapid turnaround
time (<30 minutes). For influenza and
respiratory syncytial virus (RSV), these
tests demonstrate sensitivity ranging
from 44% to 95% and specificity of 90-
95% when compared to cell culture.
In bacterial diagnostics, they enable
quick identification of pathogens from
respiratory, blood, and urine samples,
particularly for S. pyogenes, S. pneumoniae,
M. pneumoniae, C. pneumoniae, and
Legionella species. For detecting group

A Streptococcus,  sensitivity  ranges
between 60% and 95%. Meanwhile,
immunochromatography-based urine

antigen tests (UAT) for Legionella spp.
exhibit 70-80% sensitivity and nearly
100% specificity, offering rapid and
reliable results for diagnosing Legionella
infections. These attributes make antigen
detection an essential tool in clinical
settings, especially when timely diagnosis

is critical.*®

Serological testing plays a pivotal
role in the diagnosis of respiratory
infections caused by slow-growing or
difficult-to-culture microorganisms,
including Mycoplasma pneumoniae (M.
pneumoniae), Chlamydia pneumoniae
(C. pneumoniae), Legionella species, and
viral pathogens. These tests rely on the
detection of a four-fold increase in IgG
or combined IgG and IgM antibody titers
across two serum samples collected at
least 7 to 10 days apart. While IgM testing
is generally less sensitive and specific than
assessing a four-fold change in antibody
titers, it remains an essential diagnostic
tool for pathogens that cannot be readily
cultured. There are severa diagnostic
applications of it:
1. Respiratory Pathogens

Serological ~ tests  facilitate  the
identification of common respiratory
pathogens, including  Respiratory

Syncytial  Virus (RSV), Adenovirus
(ADV),Influenza A andB, Parainfluenza
Virus (PIV) types 1-3, and mixed
infections. Specific antibodies typically
emerge approximately two weeks after
the onset of infection, necessitating
acute-phase and convalescent-phase
serum collection.

2. Sample Collection Protocol
Acute-phase serum should be obtained
as soon as possible after symptom
onset, ideally within the first week.
Convalescent-phase serum  should
be collected at least two weeks
after symptom resolution to assess
seroconversion.

3. Atypical Bacteria
M. pneumoniae: Enzyme immunoassay
(EIA) is the reference method for
detecting IgM or IgG antibodies, with
IgMtiterspeakingbetween4and 6 weeks
post-symptom onset. C. pneumoniae:
Microimmunofluorescence (MIF)
is regarded as the gold standard,
offering high sensitivity and specificity
by measuring both IgG and IgM
antibodies. L. pneumophila: Diagnostic
options include microagglutination,
immunofluorescence assay (IFA), and
enzyme-linked immunosorbent assay
(ELISA). TFA serves as the reference
standard, with sensitivity ranging from
75% to 80% and specificity exceeding
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99%. Bordetella  pertussis: ELISA

is the preferred method, enabling

the detection of antibodies against
pertussis toxin.

Although  serological testing is
invaluable for detecting pathogens that
are challenging to culture, its diagnostic
utility is constrained by the need for
paired acute and convalescent serum
samples to confirm a four-fold rise in
antibody titers. Moreover, sensitivity
ranges between 14% and 77%, and
specificity varies from 49% to 97% when
compared to polymerase chain reaction
(PCR). Consequently, serology is best
employed as a complementary tool rather
than a standalone method, particularly
in cases requiring rapid diagnosis. These
considerations underscore the importance
of integrating serological testing with
molecular diagnostic techniques for
optimal patient outcomes.*

Nucleic acid amplification tests,
including polymerase chain reaction
(PCR), are used to amplify specific small
amounts of DNA present in clinical
specimens (sensitivity and specificity
100%). This allows for the detection of
organisms with low DNA quantities,
where the type, quantity, and quality of the
obtained specimens significantly influence
results.” False positive or false negative
results may arise if proper precautions
in handling genetic material to prevent
contamination are not meticulously
followed.  Species-specific  polymerase
chain reaction (PCR) tests have been
developed for numerous pathogenic
bacteria, offering higher accuracy and
sensitivity than traditional culture-based
diagnostics. An alternative approach,
multiplex PCR, allows simultaneous
targeting of multiple pathogens in a
single reaction, reducing the risk of
false positive and false negative results
associated with  conventional PCR.
Furthermore, quantitative PCR (qPCR)
using  fluorescence-based  Real-Time
detection (RT-qPCR) has been introduced
to enhance the accuracy and precision
of pathogen identification. This method
provides faster turnaround times, making
it a valuable tool for rapid and reliable
diagnostics in clinical microbiology.*’
Multiplex PCR is another option that can
target more than one desired agent in a

single reaction, effectively addressing false
positive and false negative results obtained
using conventional PCR.

The BioFire FilmArray Pneumonia
Panel (PN Panel) and Pneumonia Plus
Panel (PNplus Panel) are FDA-approved
diagnostic tools designed to detect
viruses, bacteria, and antimicrobial
resistance markers in lower respiratory
tract specimens, such as sputum and
bronchoalveolar lavage (BAL) fluid. The
PN Panel demonstrates a sensitivity
of 100% and a specificity of 87.2% for
these specimen types, making it a highly
effective diagnostic method. Additionally,
it offers early insights into potential
antimicrobial ~ resistance,  providing
valuable data for clinical decision-
making. The panel detects key resistance
markers, such as mecA/mecC genes
associated with methicillin resistance,
with positive and negative predictive
values ranging from 87.5% to 95.9%.
It also identifies broad-spectrum beta-
lactamase enzymes, particularly CTX-M,
which is commonly associated with E.
coli and Klebsiella spp. These organisms
are significant contributors to urinary
tract and bloodstream infections in the
community. CTX-M results are reported
when Enterobacteriaceae, Acinetobacter
spp., or Pseudomonas aeruginosa are
detected, as these pathogens are known
carriers of extended-spectrum beta-
lactamase (ESBL). The inclusion of these
features highlights the panels utility in
guiding targeted antimicrobial therapy

and addressing resistance concerns
effectively. *°
ANTIBIOTIC THERAPY

The use of the antibiotic azithromycin
given for 3 days (500mg/day) post-
bronchoscopy is effective in preventing
post-bronchoscopy  respiratory  tract
infections. Kanazawa et al. compared
the administration of cefcapene 300mg/
day with azithromycin 500mg/day for
3 days post-bronchoscopy and found
that azithromycin reduced the incidence
of infection by 0.7%. Azithromycin
concentrations in the lungs are present
for 5 days after a single dose of 500mg.
Azithromycin has good pharmacokinetics
for penetrating sputum and bronchial
mucosa.”  Azithromycin has been

recommended as the first-line treatment
for community-acquired pneumonia
because it is effective against Streptococcus
pneumoniae, Haemophilus influenzae, and
Mycoplasma pneumoniae.

PREVENTION OF INFECTION

Reducing pathogen exposure is the
most crucial action to prevent infection.
Hospital-acquired pathogens can be
prevented through hand hygiene, the use
of personal protective equipment, good
room ventilation (7-15 air exchanges per
hour), and routine decontamination.*>*
All personnel involved in bronchoscopy
cleaning and decontamination must
receive specific trainingin infection control
practices and decontamination processes.
Decontamination and disinfection are
performed at the beginning and end of
use. Infection control can involve high-
level disinfection, intermediate-level
disinfection, and low-level disinfection.®
Infection control can be done using high-
level disinfection.  According to this
classification, bronchoscopes are classified
as semi-critical medical devices according
to Spaulding’s classification, and high-
level disinfection is recommended.*

The disinfection process involves
the destruction of living pathogenic
microorganisms, including most viruses
but not all bacterial spores. Disinfection
generally uses chemicals to clean
instruments and other inanimate objects.
FDA-approved chemicals for high-
level disinfection (HLD) include 2%
glutaraldehyde, peracetic acid, and ortho-
phthalaldehyde. Glutaraldehyde actively
removes organic material and destroys
viruses, bacteria, including mycobacteria,
and spores. Alkaline glutaraldehyde is
more effective than acidic glutaraldehyde
in killing viruses and bacteria. The
American College of Chest Physicians
(ACCP) recommends bronchoscope
disinfection for 20 minutes in 2% alkaline
glutaraldehyde at 20 °C.**

High-level disinfection can be
done manually or using an automated
endoscope reprocessor (AER). When
using AER, it is essential to ensure that
instruments are used as recommended
by the manufacturer. Cleaning should
be done immediately after bronchoscopy
to prevent organic residue hardening.
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All parts of the instrument should be
removed and checked for damage. Regular
maintenance and disinfection of related
equipment should be performed according
to the protocol. Reusable instruments
should be recorded for each use, routine
care, and storage as recommended by the
manufacturer. Ifa drying cabinet or storage
space is not available, bronchoscopes
should be decontaminated no more than
3 hours before the procedure to eliminate
pathogen colonization. Bronchoscopes
should be cleaned in a designated
cleaning area, and the room used should
be separated from clean areas to prevent
cross-contamination.®

Compliance and vigilance are the most
important actions to prevent infection
transmission. All healthcare workers
involved in bronchoscopy should wear
personal protective equipment, including
gowns, gloves, masks, and eye protection.
A comprehensive investigative team
approach to outbreaks in bronchoscopy
facilities requires a healthcare service
team. Team members include the
healthcare facility’s person responsible,
infection control specialists, infectious

disease consultants, microbiology
and molecular techniques trained
laboratory personnel, epidemiologists,

and biomedical staff. Microbiology
laboratories should regularly monitor
isolates to distinguish patterns indicative
of outbreaks. All healthcare facilities
performing bronchoscopy should be
well-recorded. If a bronchoscopy-related
outbreak occurs, it should be reported to
the infection control department, local
health department, and government.
Patients and bronchoscopy personnel
potentially exposed to infection during an
outbreak should also be notified.*®
Bronchoscopy poses challenges in
infection prevention, and anesthesia
experts in the ICU have used disposable
flexible bronchoscope (SUFB) to reduce
infection. The advantages of using SUFB
includereducing the risk of cross-infection,
minimizing post-procedural side effects,
and lowering bronchoscope repair costs
50.9%.>* However, the use of SUFB is
limited to bronchoscopy intubation and
simple therapeutic aspiration. SUFB
should not be stored and reused, even in
the same patient, due to the risk of cross-

contamination like the use of repeated
bronchoscopes.*

PROPHYLAXIS

Antibiotic prophylaxis does not reduce
the frequency of fever, changes in
leukocytes, CRP, and serum levels of
pyrogenic cytokines. In a study by J.S
Park and Lee in 2011, the administration
of amoxicillin-clavulanate prophylaxis in
post-bronchoscopy patients was effective
against normal oropharyngeal bacterial
flora and had good bioavailability
with a rapid onset 30 minutes after
consumption.”

PROGNOSIS OF POST-
BRONCHOSCOPY INFECTION

The prognosis for patients with post-
bronchoscopy infections is complex and
influenced by multiple factors, including
individual risk profiles, the type of
infection, and overall health. While post-
bronchoscopy infections are relatively
rare, they can result in significant
morbidity, particularly among vulnerable
groups such as individuals with lung
cancer or weakened immune systems.
Research highlights the prevalence of
post-bronchoscopy  infections,  such
as pneumonia, with studies noting an
infectious fever rate of approximately
2.56% after the procedure.”* Contributing
factors include poor nutritional status,
which weakens immune defenses and
heightens susceptibility to infections.'
Additionally, demographics like smoking
status have been associated with a higher
risk of pneumonia, although findings on
this are inconsistent.’

CONCLUSIONS

Gram-negative bacteria most commonly
cause post-bronchoscopyincidentsand can
impact patient morbidity and mortality.
Infections are generally caused by bacteria
identified  through  microbiological
examinations, which can be recognized by
symptoms and clinical signs accompanied
by an increase in proinflammatory
markers 24 hours post-bronchoscopy.
Bronchoscopy is a specialized procedure
that requires extensive training, including
knowledge, implementation of safety

standards, and proper maintenance
procedures to reduce the incidence of
infection. The microbiology laboratory
plays a role in identifying pathogenic
microorganisms causing infections and
preventing infection outbreaks related
to bronchoscopy in healthcare facilities.
Post-bronchoscopy infections depend
on the integrity of the patient’s immune
defense mechanisms, procedural actions,
compliance, and vigilance to prevent
infection transmission.
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