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INTRODUCTION

The clinical microbiology laboratory plays a critical role
in diagnosis and management of patients with lower respi-
ratory tract infections. By providing pathogen detection
and identification and susceptibility testing the labora-
tory provides the basis of optimal empirical antimicrobial
therapy and individually tailored regimens.' The microbiol-
ogy laboratory also provides epidemiologic data that assist
the hospital epidemiologist in the prevention, detection,
investigation, and termination of nosocomial outbreaks.’
When correctly and promptly used, the information pro-
vided by the clinical microbiology laboratory improves clini-
cal outcomes, reduces unnecessary utilization of antibiotics,
and prevents nosocomial transmissions.**

The primary aim of this chapter is to assist clinicians in
efficient and effective utilization of the resources of the
clinical microbiology laboratory in diagnosis of the causes
of infections of the lower respiratory tract. This chapter
assumes that clinical laboratories are using validated
methods and reporting quality-assured results and does not
delve into technical or operational aspects of the clinical
microbiology laboratory. For additional information on
laboratory operation, the reader is referred to the latest
edition of the Manual of Clinical Microbiology (American
Society for Microbiology).’

PREANALYTIC PRINCIPLES
PRINCIPLES OF TESTING

The decision to order a diagnostic test should hinge on
whether the result is likely to affect the clinician’s treatment
decisions. If the clinician is certain the patient has a disease
based on clinical presentation and prevalence (high pretest
probability), then the decision to treat will likely not be
altered by the test result and testing should not be ordered.
Similarly, testing should not be ordered if the clinician has
a high degree of a priori certainty that the patient does not
have a disease, because the decision not to treat will likely
not be altered by the test result. Testing is most useful when
the clinician is uncertain about the probability of disease
and the result can sway the physician’s decision about
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treatment. In addition to the pretest probability, several
factors affect this decision. For example, if therapy comes at
a low harm (in terms of toxicity, dollar cost, and selection
of resistance), then treating all patients without testing
may be appropriate. If the diagnostic has a low sensitivity
(i.e., the test is positive in a low percentage of patients with
disease), then testing may lead to an inappropriate decision
not to treat. Similarly, if a diagnostic has a low specificity
(i.e., the test is positive in a high percentage of patients
without disease), then testing may lead to unnecessary
treatment. The determination that clinical suspicion is
uncertain enough to benefit from a particular diagnostic
involves the interplay of the cost and accuracy of the diag-
nostic test, the pretest probability of the disease, and the
benefit and harm of treatment.

INFECTION PREVENTION

The clinician plays a critical role in notifying the micro-
biology laboratory (and the hospital infection control epide-
miologist) when virulent and transmissible agents are
suspected as the cause of disease. Alerting laboratory staff
reduces the exposure risk of laboratory staff handling speci-
mens and cultures harboring highly virulent pathogens. A
list of such pathogens is shown Table 17-1. Not all speci-
mens from patients with infectious diseases should be
handled by the on-site laboratory. According to guidelines
developed by local and national public health officials, spec-
imens potentially containing selected high-risk agents such
as Bacillus anthracis spores, Francisella tularensis, Yersinia
pestis, variola major, hemorrhagic fever viruses, or Clos-
tridium botulinum toxin are directly sent to the public health
laboratories, where appropriate containment facilities and
diagnostic tools are applied to make a diagnosis. Other
pathogens that are handled by the on-site laboratory but
still require laboratory notification include Coccidioides
and Brucella species, because cultures of these are associ-
ated with a high risk for laboratory-associated infection.
Although the technologists are expected to handle all speci-
mens and microbiologic cultures using universal precau-
tions, accidental exposures can happen, especially if the
findings are unexpected. Therefore laboratory notification
serves to alert the staff to protect themselves from potential
exposure to highly transmissible agents.



SYNDROMIC ORDER SETS

The diversity of etiologic agents of lower respiratory tract
infection poses a number of diagnostic challenges to the
clinician. First the provider must formulate a comprehen-
sive yet pragmatic differential diagnosis that takes into
account the clinical presentation, immune status, and the
exposure history of the patient. Then the clinician must
order the correct set of laboratory tests and ensure collec-
tion of the appropriate specimens and their placement in
correct transport containers as well as their transport to the
laboratory under permissive conditions for testing. Because
improper test selection and specimen collection could
reduce the analytic sensitivity and specificity of assays per-
formed in the laboratory, syndromic order sets have been
designed that consider the most common pathogens for the
specific syndrome. Syndromic order sets incorporate general
guidelines for the types of specimen required, collection and
transport, and available assays for pathogens expected in a
given clinical setting or syndrome. By prioritizing diagnos-
tics that maximize yield and avoiding the need to repeat
invasive procedures, these order sets also serve to minimize
risk to the patient and to lower health care costs. However,
it is the responsibility of the clinician to ensure that speci-
men requirements are met and the most critical tests
are prioritized, especially when the amount of specimen
material obtained is limited and multiple tests are ordered.
Tables 17-2, 17-3, and 17-4 show syndromic order sets for
community-acquired pneumonia (CAP), hospital-acquired
and ventilator-associated pneumonia, and immunocom-
promised host pneumonia, respectively. Order sets devel-
oped to address local epidemiologic characteristics and
preanalytic practices may be tailored to serve each institu-
tion. Clinicians also should familiarize themselves with

Table 17-1 Pathogens That Require Laboratory Notification
When Clinically Suspected

ORGANISM

Bacillus anthracis

Brucella species
Clostridium botulinum
Coccidioides species
Francisella tularensis
Hemorrhagic fever viruses
Yersinia pestis

Variola major

Table 17-2 Community-Acquired Pneumonia Order Set

Syndrome/Organisms Testing Uses/Indications

17 * Microbiologic Diagnosis of Lung Infection

local sample storage practices in case additional tests need
to be performed.

SPECIMEN SELECTION, COLLECTION,
AND TRANSPORT

In general, sterile specimens such as tissue samples and
aspirates are the most valuable diagnostically because the
absence of contamination with commensal organisms
ensures that any organism detected likely represents a true
pathogen. Histopathologic examination of tissue also pro-
vides information on the immunopathologic characteristics
of the infectious process. However, a major diagnostic chal-
lenge of lower respiratory tract infection is that lower respi-
ratory tract secretions are usually obtained through the
oropharynx, which normally contains 10'° to 10'* colony-
forming units (CFU) of aerobic and anaerobic bacteria per
milliliter. Therefore lower respiratory tract secretions col-
lected for microbiologic examination are commonly con-
taminated with diverse bacteria (Table 17-5),° some of
which, such as Streptococcus pneumoniae, Haemophilus influ-
enzae, Moraxella catarrhalis, and Neisseria meningitidis, can
also be pathogens of the lower respiratory tract.”” The oro-
pharynx can also contain Mycoplasma pneumoniae' and
aerobic actinomycetes including Nocardia and nontubercu-
lous mycobacteria in the absence of disease.'' In addition,
aspiration of even minute amounts (0.1 to 1 uL) of oropha-
ryngeal secretions can deliver a bolus of 10° CFU to the
tracheobronchial tree. The distinction in such cases between
colonization of the upper respiratory tract and pneumonia
cannot be easily made by sputum examination and culture.
Another challenge is that oropharyngeal secretions, which
normally contain only a few gram-negative bacilli (such
as Enterobacteriaceae, Pseudomonas, Acinetobacter), often
become colonized with as many as 107 CFU of gram-
negative bacilli per milliliter in seriously ill patients requir-
ing intensive care,'” patients treated with antibiotics after
hospitalization for acute pulmonary inflammatory disease, "
chronic alcoholic and diabetic patients,'* institutionalized
older adults and chronically ill patients,'” and hospitalized
patients with acute leukemia.'® Lastly, Aspergillus spores
present in the environment are commonly deposited in the
lower respiratory tract and may be recovered from sputum
in the absence of disease, although in immunocompro-
mised patients it is best to consider this finding seriously.'”
In summary, because lower respiratory tract secretions
collected through the oropharynx are nearly always con-
taminated with resident microflora of the oral cavity and

Appropriate Specimens Available Testing

TYPICAL BACTERIA

Haemophilus influenzae

Moraxella catarrhalis

Staphylococcus aureus

Streptococcus pneumoniae

Streptococcus pyogenes

Aerobic gram-negative
bacilli

Outpatients: microbiologic
studies optional

Inpatients:

= Sputum studies for those with
defined risks, complications,
and/or severity

= Blood culture for defined risk
factors, including ICU admission

Sputum Gram stain
Bronchoscopic specimen Aerobic culture
Tissue

Blood Aerobic culture

Continued
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Table 17-2 Community-Acquired Pneumonia Order Set—cont'd

Syndrome/Organisms

Testing Uses/Indications

Appropriate Specimens

Available Testing

LESS COMMON BACTERIA

Chlamydophila pneumoniae

Chlamydia psittaci

Coxiella burnetii

Legionella pneumophila
serogroup 1

Legionella spp.—other

Mpycobacterium tuberculosis

Mycoplasma pneumoniae

VIRUSES

Influenza A/B

Adenovirus

Parainfluenza 1/2/3
Respiratory syncytial virus
Human metapneumovirus
Varicella-zoster virus
Hantaviruses

Novel coronaviruses
Novel influenza viruses

ASPIRATION PNEUMONIA
Mixed anaerobic infections

INVASIVE FUNGI

Dimorphic mold
Blastomyces dermatitidis
Coccidioides immitis
Coccidioides posadasii
Histoplasma capsulatum

Mycoplasma and C. pneumoniae:
outbreaks and familial
transmission

C. psittaci: exposure to psitaccines

Nasopharyngeal swab, throat
swab or washings

Sputum

Bronchoscopic specimen

Bronchoalveolar lavage

Tissue (including FFPE)

NAT (species specific):
M. pneumoniae;
C. pneumoniae; C. psittaci
NAT: 16S rRNA sequencing
(tissue only)
DFA: C. pneumoniae

Serum IgM, IgG: M. pneumoniae;
C. pneumoniae; C. psittaci
IgM, IgA, 1gG: C. burnetii
Legionella: outbreaks, travel- Sputum BCYE culture

associated, lack of response to
cell wall-active antibiotics,
severe illness

Bronchoscopic specimen
Tissue (including FFPE)

NAT: Legionella species

NAT: 16S rRNA sequencing
(tissue only)

DFA: L. pneumophila

Urine L. pneumophila serogroup 1
antigen
M. tuberculosis complex: Sputum Acid-fast stain

appropriate epidemiology

Viral testing may provide
justification for discontinuing
antibiotics

Seasonal epidemiology

Anaerobes typically already
covered by broad-spectrum
antibiotics; anaerobic culture
rarely changes management

From area of high endemicity

Bronchoscopic specimen
Tissue
Pleural fluid

Nasopharyngeal swab
Nasal aspirates or washes
Bronchoscopic specimen
Tissue

Pleural fluid

Bronchoscopic specimen using
protected specimen brush

Tissue

Mycobacterial culture
NAT

NAT

Gram stain
Aerobic culture
Anaerobic culture

Pleural fluid
Tissue

Sputum
Bronchoscopic specimen
Tissue

NAT

Fungal stain
Fungal culture

o o Tissue Histology
Paracoccidioides brasiliensis - - - - -
Tissue (including FFPE) NAT: species specific
Pleural fluid NAT: rRNA locus sequencing
Serum Antigen: H. capsulatum; B.
dermatitidis
IgG (complement fixation, EIA):
H. capsulatum; C. immitis; B.
dermatitidis
IgM (immunodiffusion, latex
agglutination, EIA): C. immitis
Urine Antigen: H. capsulatum
Cryptococcus Serum Cryptococcal antigen test
C neofgrmans Tissue Fungal stain
C. gattii Culture
PARASITES
Strongyloides stercoralis From area of high endemicity Sputum Microscopic examination

Paragonimus spp.

Bronchoscopic specimen
Tissue

BCYE, buffered charcoal yeast extract; DFA, direct fluorescent antibody; EIA, enzyme immunoassay; FFPE, formalin-fixed paraffin-embedded; ICU, intensive care
unit; Ig, immunoglobulin; NAT, nucleic acid test.



Table 17-3 Hospital-Acquired and Ventilator-Associated Pneumonia Order Set

Syndrome/Organisms

Testing Uses/Indications

Appropriate Specimens

17 * Microbiologic Diagnosis of Lung Infection

Available Testing

TYPICAL BACTERIA

Aerobic Gram-Positive Cocci

Staphylococcus aureus
Streptococcus pneumoniae

Aerobic Gram-Negative Bacilli

Acinetobacter species
Enterobacter species
Escherichia coli

Klebsiella pneumoniae
Pseudomonas aeruginosa

Stenotrophomonas maltophilia

Anaerobes
Mixed anaerobic species

ATYPICAL BACTERIA

Legionella pneumophila
serogroup 1
Legionella species—other

VIRUSES

Influenza A, B

Adenovirus

Parainfluenza 1, 2, 3
Respiratory syncytial virus

INVASIVE FUNGI

Aspergillus species
Mucorales
Mold species—other

Refractoriness to antibiotics
Clinically ill patients with suspicious
respiratory or chest radiograph

findings

Anaerobes typically already covered
by broad-spectrum antibiotics;
anaerobic culture rarely changes
management

Legionella outbreaks
Refractory to B-lactams or AGs
Immunocompromised
Pneumonia plus Gl symptoms

Circulating in community/seasonality

Unvaccinated host

Outbreak/cluster

Pneumonia despite broad-spectrum
antibiotics

Pulmonary cavity disease
Environmental exposure/outbreak
Immunocompromised

Sputum
Endotracheal aspirate
Bronchoalveolar lavage

Gram stain
Aerobic culture
Anaerobic culture

Bronchoscopic specimen using
protected specimen brush

Tissue

Tissue (including FFPE)

NAT: 16S rRNA sequencing

Blood

Aerobic culture

Induced sputum
Bronchoscopic specimen

BCYE culture
Legionella spp. NAT
DFA

Urine

L. pneumophila serogroup 1 urine antigen

Tissue (including FFPE)

Nasopharyngeal swab
Nasal aspirates or washes
Endotracheal aspirate
Bronchoscopic specimen

NAT: 16S rRNA sequencing

NAT

Bronchoscopic specimen using
protected specimen brush

Endotracheal aspirate
Bronchoalveolar lavage

Bronchoscopic specimen using
protected specimen brush

Tissue

Fungal stain

Fungal culture

NAT: species-specific

NAT: rRNA locus sequencing (tissue only)

Tissue (including FFPE)

Histology
NAT: 18S rRNA sequencing

Bronchoalveolar lavage
Serum

Galactomannan
(1—3) B-p-glucan

AGs, aminoglycosides; BCYE, buffered charcoal yeast extract; DFA, direct fluorescent antibody; FFPE, formalin-fixed paraffin-embedded; GI, gastrointestinal;
NAT, nucleic acid test; spp., species.

Table 17-4

Syndrome/Organisms

Immunocompromised Host Pneumonia Order Set

Testing Uses/Indications

Appropriate Specimens

Available Testing

BACTERIA
CAP and HAP/VAP bacteria

See Tables 17-2 and 17-3

See Tables 17-2 and 17-3

See Tables 17-2 and 17-3

Burkholderia cepacia
complex

Cystic fibrosis, CGD

Sputum
Bronchoscopic specimen

Aerobic culture

Aerobic Actinomycetes
Nocardia species
Rhodococcus species
Actinomycetes—other

MYCOBACTERIA

M. tuberculosis complex

M. avium-intracellulare
complex

M. kansasii

M. xenopi

M. haemophilum

M. abscessus

M. chelonae—other

Soil/environmental exposure

From area of high endemicity
Known exposure/outbreak
Bronchiectasis

Appropriate epidemiology

Sputum
Bronchoscopic specimen
Tissue (including FFPE)

Expectorated sputum
Bronchoscopic specimen
Tissue (including FFPE)

Gram stain

Modified acid-fast stain

Aerobic culture including BCYE plate
NAT: 16S rRNA sequencing (tissue only)

Cytology

Acid-fast stain

Mycobacterial culture

NAT: M. tuberculosis—specific

NAT: nontuberculous mycobacteria-specific
NAT: 16S rRNA sequencing (tissue only)

Tissue

Histology

Continued
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Table 17-4

Syndrome/Organisms Testing Uses/Indications

Immunocompromised Host Pneumonia Order Set—cont'd

Appropriate Specimens

Available Testing

VIRUSES

CAP and HAP/VAP viruses See Tables 17-2 and 17-3

See Tables 17-2 and 17-3

See Tables 17-2 and 17-3

Cytomegalovirus
Herpes simplex virus
Varicella-zoster virus

CMV 1-4 months after transplant
Serodiscordant donor/recipient
Skin lesions

FUNGI
Pneumocystis jirovecii

Bronchoscopic specimen
Tissue

Cytology
NAT
Shell vial culture: CMV; HSV

Tissue (fresh and FFPE)

Histology

Immunohistochemistry: CMV; HSV

NAT
Plasma NAT
Sputum DFA
Bronchoalveolar lavage Fungal stain
Bronchoscopic specimen NAT

Cryptococcus neoformans Serum Cryptococcal antigen test
Cryptococcus gattii Tissue Fungal stain
Culture
Monomorphic molds Sputum Fungal stain
Aspergillus fumigatus Bronchoscopic specimen Fungal culture
Other Aspergillus species T Histology
Tissue (fresh and FFPE) NAT: species specific
Pleural fluid NAT: rRNA locus sequencing
Serum Antigen: galactomannan

Antigen: (1—3) B-D-glucan

Dimorphic molds See Table 17-2

PARASITES

Toxoplasma gondii Cat exposure
Raw meat consumption
From area of high endemicity

Lymphadenopathy

See Table 17-2

See Table 17-2

Induced sputum Giemsa stain
Bronchoscopic specimen NAT

Tissue

Serum IgM

Strongyloides stercoralis From area of high endemicity

Induced sputum
Bronchoscopic specimen
Stool

Microscopy for larvae
Strongyloides culture

Tissue

Histology

BCYE, buffered charcoal yeast extract; CAP, community-acquired pneumonia; CGD, chronic granulomatous disease; CMV, cytomegalovirus; DFA, direct
fluorescent antibody; FFPE, formalin-fixed paraffin-embedded; HAP, hospital-acquired pneumonia; HSV, herpes simplex virus; IgM, immunoglobulin M; NAT,

nucleic acid test; VAP, ventilator-acquired pneumonia.

Table 17-5 Oropharyngeal Bacteria That Can Be Present
without Causing Disease

Less Commonly Present,
Transiently Present, or Present

Commonly Present Only in Specific Contexts

Actinomyces, Corynebacterium,
Eikenella corrodens,
Enterococcus, Haemophilus,
Moraxella catarrhalis,
Neisseria, Staphylococcus,
Streptococcus, Candida

Enterobacteriaceae,
Pseudomonas aeruginosa,
Acinetobacter baumannii,
nontuberculous mycobacteria

definitive diagnosis would require sterile lung tissue with
demonstration of parenchymal invasion, appropriate steps
must be taken to obtain specimens of highest quality for
microbiologic testing.

Expectorated sputum is the specimen most frequently
obtained for the laboratory diagnosis of lower respiratory
tract infection.” The importance of proper sputum collec-
tion was documented by Laird'® 100 years ago in studies on

the yield of Mycobacterium tuberculosis according to the
appearance and cellular composition of the sputum exam-
ined. The first requirement for collection of a good-quality
sputum specimen is an alert and cooperative patient who
can be instructed to rinse out his or her mouth with water
or even brush his or her teeth before producing a lower
respiratory tract specimen. The patient then must be
encouraged to cough deeply to expectorate a specimen of
lower respiratory tract secretions. With some infections
such as tuberculosis (TB), a larger sample volume can
improve the sensitivity of culture.'” Specimens are to be
collected in sterile, leakproof, screw-capped containers.
Containers should be transported in a watertight plastic
biohazard bag.

Although a single sputum specimen may be sufficient for
establishing the diagnosis of an acute bacterial process, col-
lection of a series of two or three sputum specimens obtained
on one or two days is recommended for patients suspected
of having mycobacterial infections.?” In patients with non-
productive cough or suspected mycobacterial, fungal, or
Pneumocystis jirovecii infections,”’ it may be helpful to



induce sputum production with an inhaled aerosol of
hypertonic salt solution (3% to 10%).

Once collected, the specimens should be rapidly delivered
to the laboratory for processing to avoid overgrowth by con-
taminating flora, which can compromise microscopic detec-
tion and isolation of pathogenic bacteria.”*** Penn and
Silberman?*’ found that organisms observed microscopically
on Gram-stained smears of sputum specimens and their
relative numbers in cultures changed dramatically between
processing within an hour of collection and processing
after overnight refrigeration. Although there were no sig-
nificant differences in the culture results between the imme-
diate and delayed cultures in this study, the loss of reliable
microscopic features had significant impact on the interpre-
tation of culture results. Processing delay is particularly
important for culture recovery of slow-growing mycobac-
teria.”* Specimens that are not sent to the laboratory for
processing within 2 hours should be refrigerated for no
more than 5 days. If refrigeration is not possible, samples
should be treated first with equal volume of 0.6% cetylpyri-
dinium bromide or 1% cetylpyridinium chloride in 2%
sodium chloride, which reduces the survival of contaminat-
ing microorganisms while preserving the viability of M.
tuberculosis for up to 8 days.”*° Although the recovery of
fungi is optimal from cultures of fresh specimens, most
clinically significant fungi appear to survive storage of 16
days or longer.”” Specimens for viral cultures should be
shipped refrigerated but not frozen, whereas specimens for
chlamydial culture should be placed into sucrose phosphate
medium and shipped frozen.

Although there is no universal agreement on the value
of anaerobic culture,?® protected catheter brushes may be
used to obtain samples for culture and identification of
organisms causing anaerobic pleuropulmonary disease.?’ It
is essential to transport samples in an anaerobic vial to
preserve the viability of anaerobic organisms.

For detection of respiratory viruses, nasopharyngeal
specimens are preferred, although lower respiratory tract
specimens may be necessary to detect viral infection of the
lower respiratory tract.’” There are a number of methods
for the collection of nasopharyngeal specimens, which
includes flocked and traditional swabs, as well as aspirates
and washes. Flocked swabs contain perpendicular arrange-
ments of fibers with an open structure to create a highly
absorbent thin layer capable of efficient uptake of respira-
tory samples and elution into viral transport media. Naso-
pharyngeal flocked swabs have been shown to be more
sensitive for the detection of respiratory viruses than tradi-
tional swabs.’’* In turn, nasopharyngeal aspirates or
washes have been shown to be more sensitive than naso-
pharyngeal flocked swabs.’*”*” However, the modest gains in
sensitivity for detection of most respiratory viruses using
aspirates or washes may be offset by the ease of nasopha-
ryngeal specimen collection using flocked swabs. Oropha-
ryngeal specimens are less sensitive than nasopharyngeal
specimens, though the combination may increase respira-
tory virus detection.’**” Oropharyngeal swabs may also be
used for detecting Chlamydophila pneumoniae,™** M. pneu-
moniae,*"***> and Legionella species.*’

In patients who are critically ill, immunocompromised,
or who cannot produce expectorate, one or more invasive
approaches may be necessary to obtain diagnostic samples.

17 * Microbiologic Diagnosis of Lung Infection

Specimens may include endotracheal aspirates, pleural
fluids, bronchoalveolar lavage (BAL), percutaneous lung aspi-
rate, or lung biopsies.”*® The use of BAL has also been
expanded to include diagnosis of bacterial pneumonia,
especially for nosocomial cases.*”*’ In patients with CAP
requiring admission to the hospital, use of protected cath-
eter brush and BAL has been shown to provide microbio-
logic diagnoses that are not obtainable by noninvasive
means,’’ although there is little support for using these pro-
cedures to diagnose CAP.>' Although the results of cultures
from protected catheter brushes and BAL specimens are
quantitatively similar, Meduri and Baselski’® concluded
that BAL specimens provided a larger and more representa-
tive sample of lower respiratory tract secretions than the
protected catheter brushes, allowing microscopic analysis
of the cytocentrifuged BAL fluid to identify the type of bac-
teria present and to demonstrate the presence of neutro-
phils with intracellular organisms. These procedures may
also yield additional pathogens not obtainable by noninva-
sive approaches. Much work has also been done with the
use of BAL for the diagnosis of ventilator-associated pneu-
monia,*? (see Chapter 34).

In children under 7 years of age with suspected TB, gastric
aspirate is used as a surrogate for respiratory samples. His-
torically it has been recommended that the pH of gastric
aspirate be neutralized with sodium bicarbonate before
transport to the laboratory; however, a recent study sug-
gests that neutralization of gastric aspirate may reduce the
recovery of M. tuberculosis.”> Nasopharyngeal aspirates
have also been used for diagnosis of TB, although the sensi-
tivity of culture-confirmed TB is lower compared to induced
sputum.’* Stool samples in children with pulmonary TB
may become the specimen of choice if processing methods
can be optimized to concentrate the tubercle bacilli.”**°

Other specimen types that may aid in diagnosis of lower
respiratory tract infection include whole blood for blood
culture, serum for antibody and antigen testing, and urine
for antigen testing. Blood culture is recommended in cases
of severe pneumonia’’ but is positive only up to 37% in CAP
and in less than 25% in nosocomial pneumonia.’” " It is
important to note that a large blood volume (60 mL or three
sets of blood culture bottles in adults) is necessary to maxi-
mize sensitivity of blood culture.®*®® Although routine
blood culture systems have been shown to be highly sensi-
tive for detection of candidemia and cryptococcemia, auto-
mated blood culture systems are insensitive for cultivation
of monomorphic and dimorphic molds. Isolation of molds
(and fastidious bacteria) from blood requires the lysis-
centrifugation method (Isolator)®*®® or the use of enriched
fungal medium bottles.*”*®

S. pneumoniae can be recovered from urine cultures in as
many as 38% of patients with pneumococcal pneumonia.®’
Urine may be tested for the presence of pneumococcal”
and Legionella pneumophila serogroup 17! antigens. Fungal
antigen tests of urine are also available for diagnosis of
histoplasmosis and blastomycosis.”*”* Antigen assays are
discussed later in this chapter.

SPECIMEN ADEQUACY

Clinical laboratories are mandated by accrediting agencies
to monitor specimen quality and quantity, and to enforce
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rejection criteria when sample requirements are not met.
Common causes for rejection include insufficient sample
quantity, poor sample quality, and mislabeling of samples.
For bacterial cultures, microscopic examination of sputum
and endotracheal aspirate with Gram stain is used to
screen samples for adequate quality.'®”* The presence of
excessive squamous epithelial cells (>10 to 25 per low-
power field) is indicative of oropharyngeal contamination
and therefore grounds for rejection for bacterial culture
(Fig. 17-1). Although earlier criteria for the adequacy of
sputum specimens for bacterial cultures also required the
presence of polymorphonuclear leukocytes (neutrophils),
the number of neutrophils in a sample is no longer used
to evaluate specimen adequacy.”” Endotracheal aspirates
are rejected if the screening Gram-stained smears show
no organisms.”*’® For mycobacterial, fungal, and viral
cultures, cytologic screening to determine specimen

acceptability is not enforced, because contamination with
commensals does not interfere with interpretation of the
culture results. However, the presence of respiratory
columnar epithelial cells has been shown to improve respi-
ratory virus detection by direct fluorescent antibody (DFA)
testing.””

MICROBIOLOGIC ASSAYS

The clinical microbiology laboratory offers a broad range of
assays for diagnosis of lower respiratory tract infection. For
any particular pathogen, multiple assays may be available,
and therefore it is the responsibility of the clinician to
choose the assay with the best performance characteristic
for a particular specimen type. Table 17-6 summarizes
the accuracy of assays used in the diagnosis of lower

Figure 17-1 Gram stain of sputum specimens. A, This specimen contains numerous polymorphonuclear leukocytes and no visible squamous epithelial
cells, indicating that the specimen is acceptable for routine bacteriologic culture. B, This specimen contains numerous squamous epithelial cells and rare
polymorphonuclear leukocytes, indicating an inadequate specimen for routine sputum culture. (From Tille P: Bailey & Scott’s diagnostic microbiology, ed 13,

Philadelphia, 2014, Mosby, Fig. 69-4.)

Table 17-6 Accuracy of Assays Used in Diagnosis of Lower Respiratory Tract Infections Caused by Bacteria, Fungi, and Parasites

Diagnostic Sensitivity  Specificity
Organism Target Testing Method Sample Type (%) (%) References
BACTERIA
Chlamydia species Antibody (IgG) Microimmunofluorescence ~ Serum 65-92 30-51 256
(excluding C. Antibody (IgM) Microimmunofluorescence Serum 43-75 67-84 256
trachomatis) Antibody (IgG Microimmunofluorescence  Serum 87-100 22-40 256
and IgM)
Antibody (IgM) Enzyme immunoassay Serum 100 92.9 257
DNA PCR—enzyme Nasopharyngeal swab 55-83 91-99 256, 258
immunoassay
Coxiella burnetii Antibody (I9G, Microimmunofluorescence N/A N/A N/A *
IgA, and IgM)
DNA PCR N/A N/A N/A *
Francisella tularensis DNA PCR Swab/tissue 73-78 97 259
Antibody Enzyme immunoassay Serum 93.9 96.1 260
Antibody Latex microagglutination Serum 81.8 98.0 260
Legionella species Antibody Direct fluorescent Respiratory samples 25-66 94 95
antibody
Antigen Enzyme immunoassay Urine 37.9-85.7 N/A 261
Antigen Lateral flow immunoassay Urine 80 97-100 262



Table 17-6 Accuracy of Assays Used in Diagnosis of Lower Respiratory Tract Infections Caused by Bacteria, Fungi, and

Parasites—cont'd
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Diagnostic Sensitivity  Specificity
Organism Target Testing Method Sample Type (%) (%) References
Legionella Antigen Immunoassay Urine 74 99.1 192
pneumophila DNA PCR Urine/serum 64-73 100 263
serotype 1 DNA PCR Throat swab 88.2 100 264
Mycoplasma Antibody Complement fixation Serum 65 97 265
pneumoniae Antibody (IgG Enzyme immunoassay Serum 35-77 49-100 265
and IgM)
DNA PCR Throat swab 62 96 266
Nocardia asteroides DNA PCR Tissue/sputum/BAL 100 100 267
group
Streptococcus Antigen Lateral flow immunoassay Urine 67-82 93-99.8 189
pneumoniae DNA PCR Plasma or sputum 26-100 58-99 268
Streptococcus Antigen Enzyme immunoassay Throat swab 70-90 90-100 269
pyogenes
MYCOBACTERIA
M. tuberculosis DNA NAT Smear negative 33.3-92.9 N/A 91
complex DNA NAT Smear positive 85.7-94.6 98 91
Organism Microscopy Carbolfuchsin 32-94 N/A 90
Organism Microscopy Fluorochrome (HIV-) 52-97 N/A 90
Organism Microscopy Fluorochrome (HIV+) 26-100 N/A 920
INVASIVE FUNGI
Aspergillus species DNA PCR Serum 80 100 270
Antigen Galactomannan enzyme Serum 71 89 203
immunoassay
Blastomyces Antigen Enzyme immunoassay Urine 80.7-92.9 77-79" 271,272
dermatitidis Antigen Enzyme immunoassay Serum 81.8 100" 272
Antibody Immunodiffusion Serum 28 100 273
Antibody Enzyme immunoassay Serum 77-100 86-96 273
Antibody Complement fixation Serum 9 100 273
Organism Microscopy Body fluid/tissue 38-97 N/A 274
Coccidioides species DNA Real-time PCR Respiratory sample 92.9-100 98.1-98.4 275
Antibody (IgG) Complement fixation Serum 67-75 N/A 237
Serum (IC patients) 33-100 N/A 237
Antibody (IgG Immunodiffusion Serum 53-73 N/A 237
and IgM) Serum (IC patients) 0-75 N/A 237
Antibody (IgG Enzyme immunoassay Serum 75-92.6 84.6-98.3 276
and IgM) Serum (IC patients) 25-90 N/A 237
Cryptococcus Antigen Latex agglutination Serum 83-91.1 92.9-100 277,278
neoformans (and Antigen Latex agglutination Urine N/A 100 277
Cryptococcus gattii) Antigen Latex agglutination CSF 93-100 93-98 278
Antigen Lateral flow assay Serum 90.1-100 92.9-100 279
Antigen Lateral flow assay Urine 70.3-94.4 100 277
Antigen Enzyme immunoassay Serum 94.1-100 93-100 278,279
Antigen Enzyme immunoassay Urine 92% Unknown 279
Histoplasma Antibody (IgG) Complement fixation Serum/urine 72.8-94.3 70-80 280
capsulatum Antibody (IgM) Microimmunodiffusion Serum 70-100 100 280, 281
Antibody (IgG) Enzyme immunoassay Serum 91-100 66-97 280, 281
Serum (AIDS, 69.2 N/A 199
disseminated)
Serum (other IC patients, 84.2 N/A 199
disseminated)
Serum (non-IC patients, 85.7 N/A 199
disseminated)
Serum (pulmonary 923 N/A 199
subacute infection)
Antigen Enzyme immunoassay Urine 30.4-100 Variable 199
Urine (AIDS, 92.1 N/A 199
disseminated)
Urine (other IC patients, 93.5 N/A 199
disseminated)
Urine (non-IC patients, 63.6 N/A 199
disseminated)
Urine (pulmonary 389 N/A 199
subacute infection)
Antibody Latex agglutination Serum 65-97 39 280

Continued
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Table 17-6 Accuracy of Assays Used in Diagnosis of Lower Respiratory Tract Infections Caused by Bacteria, Fungi, and

Parasites—cont'd

Diagnostic Sensitivity  Specificity
Organism Target Testing Method Sample Type (%) (%) References
Pneumocystis jirovecii DNA PCR Respiratory samples 93 920 158
Organism Microscopy with silver Induced sputum/BAL 86-92 92-97 98
stain
Antigen Direct fluorescent Induced sputum/BAL 90-97 85-90 98
antibody
Antigen Indirect fluorescent Induced sputum/BAL 86-97 100 98
antibody
Organism Diff-Quik stain Induced sputum/BAL 81-92 97-100 98
Antigen B-D-glucan assay Serum/plasma 78-100 70-100 218
Other (fungi excluding ~ Antigen B-D-glucan assay Serum/plasma 76.8 85.3 218
P. jirovecii)
PROTOZOA
Toxoplasma gondii Antibody (IgG) Sabin-Feldman dye test Serum N/A N/A *
Enzyme immunoassay
Immunofluorescence
antibody
IgG avidity
Antibody (IgG Agglutination Serum N/A N/A s
and IgM)
DNA PCR Serum/CSF/aqueous 15-85 95 282
humor/BAL

*Testing for acute Q fever and toxoplasmosis should be done using a battery of tests that must be interpreted together because sensitivity and specificity of

individual tests are not available.
Cross reaction is seen with Histoplasma capsulatum.

AIDS, acquired immunodeficiency syndrome; BAL, bronchoalveolar lavage; CSF, cerebrospinal fluid; HIV, human immunodeficiency virus; IC,
immunocompromised; Ig, immunoglobulin; N/A, not available; NAT, nucleic acid test; PCR, polymerase chain reaction.

respiratory tract infections caused by bacteria, fungi, and
parasites. In addition, the clinician must be familiar with
the turnaround time for each assay to optimize use of the
results in managing the patient.

MICROSCOPY

Microscopic examination of lower respiratory tract speci-
mens offers a rapid approach to detection and identifica-
tion of many pathogens. However, as discussed earlier, a
major limitation of microscopic examination is that it
cannot distinguish between infection, colonization, and
contamination when the specimen is collected through the
oropharynx.”**" In addition, microscopy lacks sensitivity in
specimens with less than 10* CFU per milliliter. Microscopy
does routinely provide valuable information on the quality
of specimen and the type of inflammatory response present.
Specimens demonstrating a preponderance of polymorpho-
nuclear leukocytes, ciliated columnar epithelial cells, or
alveolar macrophages with few, if any, squamous epithelial
cells (<10 per low-power field) represent lower respiratory
tract secretions. The presence of alveolar macrophages is a
more specific marker of lower respiratory tract secretions
than neutrophils and is more likely to be associated with
a significantly lower incidence of oropharyngeal contami-
nation.®’ The finding of neutrophils with intracellular
organisms is considered indicative of an active infectious
process.® 5

The Gram-stained smear is an essential and necessary
part of evaluation of sputum and tracheal aspirates for

determining the quality and acceptability of specimens for
bacterial culture’"”® and for providing a rapid assessment
of the most likely etiologic agent of the pneumonia.
Although Gram stains might also suggest the presence of
mycobacteria, fungi, and parasites, special stains should be
ordered when those pathogens are suspected. The Gram
stain also stains squamous epithelial cells, ciliated colum-
nar epithelial cells, neutrophils, and alveolar macrophages,
which are used for assessment of specimen quality and
inflammatory response. Table 17-7 shows criteria used by
the laboratory to interpret findings on Gram stain and
report them to the physician. Although it is impossible to
correlate every staining pattern to a particular pathogen,
several Gram stain patterns are pathognomonic for a par-
ticular pathogen or clinical entity (Table 17-8).

The accuracy of Gram stain for detection of infection
depends on the stringency of criteria. In assessing patients
with acute CAP, Rein and colleagues®® found that three or
more gram-positive lancet-shaped diplococci (Fig. 17-2)
correctly predicted the presence of pneumococci in corre-
sponding cultures in 90% of cases, with a sensitivity and
specificity of 62% and 85%, respectively. As expected,
improving the sensitivity of the Gram stain examination by
lowering the criteria for positivity resulted in reduced speci-
ficity in the diagnosis of pneumococcal infection. Similar
levels of sensitivity of Gram-stained smears have been
reported by others in identifying pneumococci as well as H.
influenzae (Fig. 17-3) in sputum specimens from patients
with acute CAP**%” For the diagnosis of pneumococcal
pneumonia, a combination of Gram-stained smear and



Table 17-7 Laboratory Criteria for Reporting Gram Stain
Results to the Ordering Physician

Number of Bacteria Found per Field
under Oil Immersion 100x Objective

Bacterial Quantity
Reported to Clinician

0 Negative

<1 1+ (rare)

1-5 2+ (few)

6-30 3+ (moderate)

>30 4+ (heavy)

Table 17-8 Pathognomonic Gram Stain Patterns

Pattern Reported Pathogen or Entity Suggested

Intracellular organisms Active infection

Gram-positive cocci in pairs
(lancet-shaped diplococci) and
short chains

Streptococcus pneumoniae

Pleomorphic gram-negative
coccobacilli

Haemophilus influenzae

Gram-negative diplococci Moraxella catarrhalis*

Gram-positive cocci in clusters Staphylococcus aureus

Mixed morphotypes of gram- Aspiration pneumonia
positive and gram-negative rods,

cocci, and coccobacilli

Beaded gram-positive or gram-
variable rods

Actinomycetales order, which
includes genera
Mycobacterium, Actinomyces,
Corynebacterium

Filamentous branching gram-
positive or gram-variable rods

Nocardia, Actinomyces

*Cannot be distinguished from Neisseria meningitidis.

B L) & *

Figure 17-2 Lancet-shaped diplococci in Gram-stained sputum from a
case of Streptococcus pneumoniae pneumonia. The clear “halo” sur-
rounding some of the diplococci (arrows) is the consequence of the thick
polysaccharide capsule. (From Tille P: Bailey & Scott’s diagnostic microbiology,
ed 13, Philadelphia, 2014, Mosby, Fig. 15-1.)

culture of sputum can yield the correct diagnosis in more
than 80% of patients who received less than 24 hours of
effective antibiotic therapy.*®

Direct examination of sputum for the identification of
other organisms that can either be commensals or causes

17 * Microbiologic Diagnosis of Lung Infection
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Figure 17-3 Gram stain of Haemophilus influenzae in sputum. The
small gram-negative bacilli (arrows) can be difficult to distinguish from
debris. (From Tille P: Bailey & Scott’s diagnostic microbiology, ed 13, Philadel-
phia, 2014, Mosby, Fig. 32-1.)

of acute bacterial pneumonia in adults, such as H. influen-
zae, M. catarrhalis, and N. meningitidis, may also be problem-
atic.”7%80% Their role as etiologic agents of pneumonia is
strongly suggested by the finding of large numbers of gram-
negative coccobacilli (H. influenzae) and diplococci (M.
catarrhalis and N. meningitidis) located within and outside
of neutrophils in sputum specimens.®*** Because sputum
microscopy (and subsequent culture) can give misleading
results, the diagnosis of Haemophilus, Moraxella, or menin-
gococcal pneumonia can be confirmed only by invasive
techniques. Because invasive techniques are infrequently
performed to identify the etiologic agents of acute CAP, the
sensitivity and specificity of sputum Gram-stained smears
cannot be determined reliably in such cases. A similar chal-
lenge is faced when trying to distinguish between coloniza-
tion and infection by gram-negative bacilli. For example, up
to 10® CFU of gram-negative bacilli per milliliter may be
found in respiratory secretions of patients on mechanical
ventilation in intensive care units without evidence of
pneumonia. '’

Acid-fast staining is the method of choice for visualiza-
tion of mycobacteria in respiratory specimens. Laboratories
may use either carbolfuchsin or fluorochrome to stain
mycobacteria. Table 17-9 shows criteria used by the labora-
tory to report findings on the acid-fast stain. In most studies
the carbolfuchsin-based stain has a sensitivity of 60% or
lower compared to culture.”” The fluorochrome stain,
which uses fluorescent dye such as auramine or auramine-
rhodamine to highlight mycobacteria, is on average 10%
more sensitive than carbolfuchsin® and is therefore the
method recommended by the World Health Organization
for screening sputum smears for mycobacteria. The sensi-
tivity of acid-fast microscopy depends on the bacillary
burden, sample volume, host immune status, staining
method, and other variables.’' The major limiting factor is
that approximately 10* acid-fast bacilli per milliliter of
sputum must be present to be visualized under light micros-
copy using an acid-fast stain.”' The insensitivity of smear
microscopy for TB therefore necessitates the use of more
sensitive methods such as culture and nucleic acid tests.”*”*
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In addition, although acid-fast stains have high specificity,
they cannot distinguish between M. tuberculosis complex
and nontuberculous mycobacteria, and carbolfuchsin
stains also stain Legionella micdadei (also known as Tatlockia
micdadei).”* Modified acid-fast stain, a modified carbolfuch-
sin stain, is used for direct staining of partially acid-
fast—positive organisms such as Nocardia, Tsukamurella,
Rhodococcus, and Gordonia.”

Immunofluorescence examination by DFA staining is an
alternative method for direct visualization of organisms.
The diagnosis of legionellosis is usually made by a combina-
tion of direct immunofluorescence examination and culture
of respiratory specimens, and antigen and antibody testing.
DFA staining can be performed on sputum, endotracheal
aspirate, bronchial washing, and lung tissue specimens,
with sensitivities ranging from 25% to 66% for the diagno-
sis of L. pneumophila pneumonia and specificities of more
than 94%” (Fig. 17-4). Both clinical and technical vari-
ables account for the broad range of sensitivity of this
test, and the accuracy of this method for detection of pneu-
monia due to other Legionella species is less precisely known.
In the absence of other supporting evidence, a positive DFA
result is generally not accepted as sufficient for the diagnosis
of Legionella infection, and other confirmatory measures
should be undertaken.

DFA testing has also been found to be sensitive and spe-
cific in detecting Chlamydia trachomatis in nasopharyngeal

Table 17-9 Laboratory Criteria for Reporting of Acid-Fast
Stain Results

No. of AFB Found Bacterial
under Oil Immersion No. of AFB Found Quantity
100x Objective under 10x Objective Reported to
(Carbolfuchsin Stain) (Fluorochrome Stain) Clinician

0 per 300 fields 0 per 30 fields Negative

1-2 per 300 fields 1-2 per 30 fields + (suspicious)
1-9 per 100 fields 1-9 per 10 fields 1+

1-9 per 10 fields 1-9 per field 2+

1-9 per field 10-90 per field 3+

>9 per field >90 per field 4+

AFB, acid-fast bacilli.
Adapted from David HL: Bacteriology of the mycobacterioses, Atlanta, GA,
DHEW Publication No. (CDC) 76-8316, 1976:153.

specimens from infants with pneumonia and has also been
applied to sputum and BAL for detection of P. jirovecii,
the causative agent of Pneumocystis pneumonia.’®’” Silver
stain, direct immunofluorescence, indirect immunofluores-
cence, and Diff-Quik (a modified Giemsa stain) have all been
found to have greater than 90% sensitivity for detecting P,
jirovecii in induced sputum and BAL samples from human
immunodeficiency virus (HIV)-infected patients’® (Fig. 17-5).
All of these staining techniques have lower sensitivity
in patients who are not infected with HIV, but DFA is
consistently more sensitive than the other staining
techniques.”®'""

DFA has also been applied to respiratory secretions for the
diagnosis of respiratory virus infections. DFA testing can be
performed in 1 to 4 hours and is typically more sensitive
than rapid antigen tests.””'°" However, DFA testing for
respiratory viruses requires a high level of technical and
interpretive expertise, is difficult to adapt to the high
throughput required for pandemic or high-volume testing,
and remains less sensitive than real-time polymerase chain
reaction (PCR).””'°* DFA for viral detection has been phased
out in many clinical laboratories as rapid, sensitive, multi-
plexed molecular diagnostic respiratory virus tests have
become available.

The visualization of fungal elements in respiratory secre-
tions requires the use of special stains. Historically, potas-
sium hydroxide was used to degrade host tissue and visualize
fungal elements (Fig. 17-6). Calcofluor white stain, a fluo-
rochrome that binds to chitin and cellulose present in the
fungal cell wall, is now commonly added to potassium
hydroxide or used alone to provide better delineation of
fungal elements (Fig. 17-7).""*'%* Table 17-10 lists staining
patterns that are suggestive of certain fungal pathogens. It
is important to note that identification of fungi based on
microscopic appearance of fungal elements in lung tissue
or secretions is subject to error, and definitive identification
must be deferred to culture.'”

The identification of pulmonary parasites such as Stron-
gyloides stercoralis and Paragonimus spp. is typically made by
microscopic examination of respiratory secretions. S. ster-
coralis larvae and rarely eggs can be seen on most stains but
are sufficiently large that they are more likely to be found
using a low-power objective (Fig. 17-12).'°° The diagnosis
of microfilariae causing tropical pulmonary eosinophilia
requires peripheral blood parasite examination of nightly
blood samples because these parasites typically circulate in
the blood only at night, which coincides with activity of its

Figure 17-4 Legionella pneumophila detection by
microscropy. A, Direct fluorescent antibody stain.
B, Gram stain of a colony grown on agar. The organisms
are thin gram-negative bacilli (arrows). (From Tille P:
Bailey & Scott’s diagnostic microbiology, ed 13, Philadelphia,
2014, Mosby, Figs. 35-2 and 35-4.)



insect vector.'” Echinococcus cysts may be detected in pul-
monary cyst fluid, and Entamoeba histolytica may be seen in
association with pleural disease, if an amebic liver abscess
erodes through the diaphragm.

CULTURE

Microbiologic culture of respiratory specimens allows
definitive identification of the suspected pathogens and
permits determination of bacterial, mycobacterial, and
yeast susceptibility to antimicrobial agents. For cultivation
of particular groups or species of microorganisms, labo-
ratories must inoculate processed samples on one or more
culture media supplemented with nutrients suitable for
cultivation of the desired microorganisms and inhibitors

Figure 17-5 Cyst forms of Pneumocystis jirovecii (arrows) stained with
methenamine silver and hematoxylin and eosin stain (x500 original mag-
nification). (From Tille P: Bailey & Scott’s diagnostic microbiology, ed 13, Phila-
delphia, 2014, Mosby, Fig. 62-1.)
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for selective inhibition of undesirable organisms. The clini-
cian must therefore be aware that, although many organ-
isms do grow on routine aerobic and anaerobic cultures,
a number of respiratory pathogens such as Mycoplasma,
Legionella, Mycobacterium, Nocardia, Rhodococcus, and His-
toplasma capsulatum require pathogen-specific growth con-
ditions (growth supplements, temperature and carbon
dioxide requirements, and incubation times), which have
to be specified when fastidious pathogens are part of the
differential diagnosis.” For example, Legionella species
require culture media supplemented with L-cysteine and
o-ketoglutarate (buffered charcoal yeast extract),”” slow-
growing mycobacteria require media enriched with a lipid
extract and antimicrobials to limit the growth of oral com-
mensals,”" and H. capsulatum requires extended incubation
time up to 4 weeks.'”® Although most Nocardia species grow
well on mycobacterial culture media as well as on ordinary
bacterial and fungal culture media, optimal recovery from
clinical specimens is obtained by using the same buffered
charcoal yeast extract culture medium as that for the
isolation of Legionella.'”

Laboratories commonly use a semiquantitative culturing
method and report the number of colonies present in con-
secutive streaked quadrants using a 1+ to 4+ grading
system. Table 17-11 lists criteria for reporting of semiquan-
titative cultures. It is important to note that with the semi-
quantitative culture method, the volume of specimen
cultured is not standardized. Quantitative cultures are also
performed on certain respiratory specimens such as pro-
tected catheter brush specimens and BAL fluid.''” Nonethe-
less, a randomized trial found that in mechanically
ventilated patients with pneumonia, the use of quantitative
BAL and nonquantitative endotracheal aspirate cultures
resulted in similar clinical outcomes, although patients
known to be colonized or infected with Pseudomonas aerugi-
nosa or methicillin-resistant Staphylococcus aureus were

Figure 17-6 Blastomyces dermatidis. A, Potassium hydroxide preparation of exudate shows a large budding yeast cell with a distinct broad base (arrow)
between inflammatory cells (phase-contrast microscopy). B, Thick-walled, oval to round, single-budding, yeastlike cells from culture. (From Tille P: Bailey &
Scott’s diagnostic microbiology, ed 13, Philadelphia, 2014, Mosby, Figs. 60-28 and 60-29.)
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Figure 17-7 Calcofluor white stain of sputum showing 2- to 5-um-
diameter intracellular Histoplasma capsulatum (arrows). (From Tille P: Bailey
& Scott's diagnostic microbiology, ed 13, Philadelphia, 2014, Mosby, Fig. 60-6.)

Table 17-10 Microscopic Descriptions Suggestive of Certain
Fungal Pathogens

Key Patterns Reported from
Respiratory Specimens

Pathogens the Findings
Suggest

Broad-based budding yeast Blastomyces dermatitidis

(see Fig. 17-6)
Narrow-based budding yeast Candida, Cryptococcus,
(Fig. 17-8) Histoplasma capsulatum,

Sporothrix schenckii
Spherule (Fig. 17-9) Coccidioides immitis, Coccidioides
posadasii
Nonseptate hyphal element
(Fig. 17-10)

Zygomycetes (cannot be
predicted from formalin-fixed
paraffin-embedded tissue)

Septate hyphal element
(Fig. 17-11)

Monomorphic hyaline and
dematiaceous molds, including
Aspergillus

excluded and antibiotics were withheld until the results of
culture were available.”® Bacteria present in quantities
greater than 10° CFU/mL in cultures of protected catheter
brushes** and in quantities greater than 10* CFU/mL in
cultures of BAL fluids*® are defined by the laboratory as
positive and identified and tested for their susceptibility to
appropriate antimicrobial agents.'!' The diagnostic value
of break points of bacterial growth (i.e., 10° to 10° CFU/
mL) depends not only on the type of microbiologic process-
ing used but also on the relationship of two variables: the
concentration of pathogens present in the BAL fluid and the
degree of contamination of the bronchoscopic channel
through which lavage fluid was injected and aspirated.
Other variables affecting the sensitivity of BAL specimens
include antibiotic administration and the volume of lavage

Figure 17-8 Cryptococcus neoformans with narrow-based bud; silver
stain. The faintly staining capsule is also visible (arrows). (From Mandell GL,
Bennett JE, Dolin R: Principles and practice of infectious dseases, ed 7, Philadel-
phia, 2010, Churchill Livingstone, Fig. 263-8.)

-
- -_

Figure 17-9 Coccidioides immitis spherules in a tissue biopsy. Spher-
ules can also be found in fresh sputum samples. The internal endospores
stain with silver (arrowhead), whereas the external wall of the spherule
does not. The endospores that have been released from a spherule resem-
ble budding yeast (arrow) (GMS stain; x400 original magnification). (From
Tille P: Bailey & Scott’s diagnostic microbiology, ed 13, Philadelphia, 2014, Mosby,
Fig. 60-31.)

fluid injected and the volume of fluid retrieved.''* Diagnos-
tic specificity depends greatly on techniques used to mini-
mize contamination of the specimen by upper respiratory
flora, such as discarding the first aliquot of aspirated fluid.'"’*

Because many pathogens of the lower respiratory tract
are also members of the oropharyngeal flora, culture
results must be correlated with the Gram stain findings,
including the presence or absence of polymorphonuclear
leukocytes. Respiratory pathogens seen on Gram stain to
be predominant with typical morphologic characteristics
both within and outside polymorphonuclear leukocytes are
reported and identified to the species level. Upper respira-
tory colonization with potentially pathogenic microorgan-
isms, such as gram-negative bacilli, may not be related to
the actual etiologic agents of lower respiratory tract infec-
tion. Sputum specimens contaminated with Enterobacte-
riaceae or S. aureus from oropharyngeal secretions may
obscure the diagnosis of pneumococcal pneumonia, anaer-
obic pleuropulmonary infection, or even TB.""*''” Except
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Figure 17-10 Rhizopus spp. in a potassium hydroxide preparation of
sputum showing broad, predominantly nonseptate hyphae (arrows).
Phase-contrast microscopy. (From Tille P: Bailey & Scott’s diagnostic microbiol-
ogy, ed 13, Philadelphia, 2014, Mosby, Fig. 60-2.)

sl

Figure 17-11 Branching septate hyphae (arrows) of Aspergillus fumi-
gatus. Papanicolaou staining of sputum. (From Tille P: Bailey & Scott’s diag-
nostic microbiology, ed 13, Philadelphia, 2014, Mosby, Fig. 60-17.)

for Cryptococcus, yeasts are considered to be of upper respi-
ratory origin and are not routinely identified.''”

The sensitivity and specificity of cultures depend on the
pathogen burden, specimen type, collection method, the
cytologic screening criteria applied to ensure sampling of
lower respiratory tract secretions, and the threshold of
colony count to distinguish infection from contamination.

17 * Microbiologic Diagnosis of Lung Infection

Figure 17-12 Strongyloides stercoralis rhabditiform larva; iodine stain.
When examined under low power, staining of sputum may be unneces-
sary. Unfixed preparations can also show larval mobility. (From Tille P: Bailey
& Scott’s diagnostic microbiology, ed 13, Philadelphia, 2014, Mosby, Fig. 51-8.)

Table 17-11 Semiquantitative Scheme for Grading Bacterial
Growth on Streaked Agar Plates

NO. OF COLONIES PRESENT IN CONSECUTIVE

STREAKED QUADRANTS
Grade First Second Third
1+ <10 0 0
2+ >10 <5 0
3+ >10 >5 <5
4+ >10 >5 >5

Based on data from Waites KB, Saubolle MA, Talkington DF, et al: Cumitech
10A: laboratory diagnosis of upper respiratory tract infections (Sharp SF,
coordinating editor), Washington, DC, 2006, ASM Press.

In 1971 Barrett-Connor''* showed that only 45% of
patients with bacteremic pneumococcal pneumonia had
pneumococci isolated from their sputum cultures, whereas
27% of patients had moderate to heavy growth of another
potential pathogen in these cultures. In contrast, fungal
cultures of respiratory specimens were positive in approxi-
mately 85% of cases with disseminated or chronic pulmo-
nary histoplasmosis.''*'"? We now better understand how
careful specimen collection, cytologic screening of speci-
mens to discard those contaminated with oropharyngeal
secretions, and use of the results of the Gram-stained smear
to guide identification of isolates in culture all contribute to
the diagnostic value of sputum culture in acute pneumo-
coccal pneumonia.

It is important for the clinician to have knowledge of the
turnaround time of all tests, including cultures. The time to
detection of positive culture results is dependent on the
number of organisms in the inoculum and the replication
rate of the pathogen.'”® Table 17-12 shows typical turn-
around times for lower respiratory tract pathogens.

Fecal culture may be useful in cases of suspected pulmo-
nary involvement with S. stercoralis when sputum cytologic
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Table 17-12 Time to Detection of Respiratory Pathogens
in Culture

Time to Detection

Key Respiratory Pathogens in Culture

Acinetobacter baumannii, Aspergillus,
Coccidioides immitis, Coccidioides
posadasii, Cryptococcus, Escherichia coli,
Haemophilus influenzae, Klebsiella
pneumoniae, Moraxella catarrhalis,
Mycobacterium abscessus group,
Mycobacterium chelonae, Neisseria
meningitidis, Nocardia,* Pseudomonas
aeruginosa, Staphylococcus aureus,
Streptococcus pneumoniae, Zygomycetes

1-3 days

Actinomyces, Legionella,* Sporothrix schenckii 3-5 days

Blastomyces dermatitidis, Histoplasma 1-4 weeks
capsulatum, Mycobacterium avium-

intracellulare complex, Mycobacterium

tuberculosis complex, Mycoplasma

pneumoniae

*May take longer.

Adapted from Hove MG, Woods GL: Duration of fungal culture incubation in
an area endemic for Histoplasma capsulatum. Diagn Microbiol Infect Dis
28:41,1997.

examination fails to identify larvae. The agar plate method,
which looks for tracking of bacteria by the motile larvae, is
a useful adjunct to standard microscopic fecal examination
and may be up to six times more sensitive.'*’1*}

Viral culture techniques previously played an important
role in the diagnosis of respiratory virus infections.'**
However, traditional viral culture is laborious, requires sig-
nificant technical and interpretive expertise, allows the iso-
lation of only a limited range of disease-causing viruses,
and has a long turnaround time that limits clinical utility.'*®
Shell vial culture is an improved method in which a sample
is centrifuged onto a layer of cells, with subsequent detec-
tion of viral antigen. Shell vial cultures, particularly those
using a mixture of mink lung and A549 cells, provide
equivalent to improved sensitivity compared to traditional
culture, with more rapid turnaround time.'?*!** Similar to
respiratory virus DFA, routine respiratory viral cultures
are being phased out in many clinical laboratories with
the widespread availability of respiratory virus molecular
diagnostic tests. However, in BAL samples from transplant
recipients and other immunocompromised patients, shell
vial cultures using human fibroblast cell lines may be clini-
cally useful for detection of cytomegalovirus (CMV)'**"*° and
traditional viral cultures may be useful for recovery of
herpes simplex virus.'*''*?

ANTIMICROBIAL SUSCEPTIBILITY TESTING

Antimicrobial susceptibility testing is performed to assist
clinicians with the selection of appropriate targeted antibi-
otic therapy to optimize clinical outcomes. There are several
aspects of this in vitro testing that are important to under-
stand. First of all, testing methods and interpretation of
results must be done according to accepted standards, such
as the Clinical and Laboratory Standards Institute (CLSI), the
U.S. Food and Drug Administration (FDA), or the European
Committee on Antimicrobial Susceptibility Testing (EUCAST)

for the various categories of organism. Second, the selection
of antibiotics to test and report is determined in collabora-
tion with CLSI/EUCAST guidelines, the hospital formulary,
infectious disease specialists, the pharmacy, and the infec-
tion prevention committee. Third, antimicrobial suscepti-
bility testing should not be performed when the pathogen
has a predictable susceptibility profile (e.g., all Streptococcus
pyogenes are currently susceptible to penicillin), nor is sus-
ceptibility testing needed for a specific antibiotic when an
organism has intrinsic resistance to that antibiotic (e.g.,
Enterobacter spp., Klebsiella spp., Citrobacter spp., and Serra-
tia spp. are all intrinsically resistant to ampicillin). The bac-
terial pathogens from the lower respiratory tract, for which
the susceptibility profile is not predictable and thus antimi-
crobial susceptibility testing is commonly performed, are
S. pneumoniae, S. aureus, H. influenzae, M. catarrhalis, the
Enterobacteriaceae, P. aeruginosa, and other nonfermenting
gram-negative rods. Fourth, because antimicrobial suscep-
tibility testing measures in vitro activity, other factors must
be considered when determining in vivo activity, including
antimicrobial pharmacokinetics and pharmacodynamics
and patient-specific factors such as immune status.

Phenotypic susceptibility testing methods used by the
clinical laboratory consist of the disk diffusion method,
which generates a qualitative result based on the zone size
of bacterial growth inhibition, and the dilution method,
which generates a quantitative result: the minimum inhibi-
tory concentration. Results generated by each method are
reported as: “susceptible,” “intermediate,” or “resistant.”
Susceptible implies the organism will likely respond to treat-
ment with the antibiotic at a standard dosage. Intermediate
may be effective if higher dosing can be used (e.g.,
B-lactams) or the antibiotic being used concentrates at the
site of infection (e.g., fluoroquinolones for urinary tract
infections). Resistant implies the organism is not likely to
respond to therapy with that antibiotic. The interpretation
criteria (susceptible, intermediate, resistant) are specific to
each organism-drug combination as well as to pharmaco-
kinetic (e.g., peak serum levels, protein binding, and clear-
ance rate of the drug) and pharmacodynamic (e.g.,
whether the rate of bacterial killing is concentration depen-
dent) characteristics of each drug. Therefore, because the
measurement of the minimum inhibitory concentration
alone does not capture these multiple considerations,
simply choosing a drug on the basis of the lowest minimum
inhibitory concentration in a susceptibility report is not
recommended.

Genotypic susceptibility testing is also possible for certain
pathogen-drug combinations when a monogenic mutation
accurately predicts a resistant phenotype. Examples include
the mecA gene for methicillin resistance in Staphylococ-
cus,"** vanA and vanB for vancomycin resistance in Entero-
coccus,"** and specific rpoB mutations in rifampin resistance
in M. tuberculosis."**

Not all pathogens isolated in the laboratory can be reli-
ably tested for antimicrobial susceptibility. For organisms
such as Chlamydophila, Mycoplasma, Legionella, nontubercu-
lous mycobacteria, and molds, there are currently no
standard test methods or interpretive criteria. For these
pathogens, clinical experience, use of consensus guidelines,
and careful assessment of patient response to antimicrobial
therapy is most valuable for optimal patient management.



NUCLEIC ACID TESTS

In recent years, technological advances in nucleic acid testing
(NAT) and instrument automation have revolutionized
the simplicity, speed, and accuracy of detecting fastidious
pathogens directly from respiratory specimens.'’®'*® In
many laboratories these tests have replaced conventional,
less sensitive, more laborious methods for routine use. With
the unique capabilities of molecular diagnostic tests and the
need for rapid, sensitive detection of respiratory pathogens,
molecular assays will continue to gain an increasing role in
the diagnosis and management of patients with opportu-
nistic and community-acquired pneumonia. Most NATSs are
based on amplification and detection of nucleic acid targets
specific to the pathogens of interest. NATs offer several
advantages over conventional direct examination, micro-
biologic cultures, and serologic assays. First, NATs have
the ability to detect and identify pathogens rapidly (in
hours). Second, NATSs provide the only means of detection
for some microorganisms that are difficult or impossible to
grow in culture. Certain viruses, for example, are very dif-
ficult to cultivate by conventional culture-based methods,
and NATs enable detection of these organisms in clinical
specimens.'*’ Third, NATs make possible detection of patho-
gens, such as M. tuberculosis, in resource-limited settings
where laboratory infrastructure for culture is lacking.'**'*!
Finally, for some pathogens, NATs allow determination of
antimicrobial susceptibility directly from respiratory tract
specimens.

A number of commercial and in-house NATSs are avail-
able for direct detection of M. tuberculosis in sputum. These
assays can yield results in 2 to 8 hours. For example, in
comparison to conventional cultures for M. tuberculosis,
NATs have high sensitivities (86% to 97%) and specificities
(98%) in smear-positive respiratory samples.”’ In smear-
negative, culture-positive specimens, NATSs can confirm the
presence of M. tuberculosisin 33% to 96% of samples, weeks
earlier than culture.”’ The sensitivity further improves with
smear-negative sputa if the assay is performed on one to two
additional samples.'** Detection of M. tuberculosis suscepti-
bility to first- and second-line drugs can also be accom-
plished directly from sputum.'**'** Commercial NATs detect
rifampin and isoniazid resistance with sensitivity of 94% to
99% and 88% to 95%, respectively.”'*>'*> Based on the
improved performance of NATs over smear microscopy and
the rapid turnaround time compared to culture, the U.S.
Centers for Disease Control and Prevention (CDC) recom-
mended that NAT “testing should be performed on at least
one respiratory specimen from each patient with signs and
symptoms of pulmonary TB for whom a diagnosis of TB is
being considered but has not yet been established, and for
whom the test result would alter case management or TB
control activities.””’ In addition, the World Health Organi-
zation has recommended the use of NATs to screen for
multidrug-resistant TB. Three such NATSs are commercially
available in Europe and elsewhere, and one has been
approved by the FDA as of 2014.

Diagnostic methods have also been described for
detecting the nucleic acids of C. pneumoniae,”*'** M.
pneumoniae,*****> L. pneumophila,*® dimorphic fungi,'*®
monomorphic fungi,’*” > P jirovecii,"*""">* Toxoplasma
gondii,"> respiratory viruses,'’’ herpes simplex virus,'*
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and CMV">*1>° directly in respiratory specimens of normal
and immunocompromised hosts. Accuracy studies have
indicated that most of these assays are at least comparable
to, if not better than, conventional culture, direct antigen,
and/or serologic detection methods, especially when exam-
ining respiratory specimens that contain low numbers of
pathogens. For example, a rapid PCR assay has been applied
for the diagnosis of an outbreak of Chlamydia psittaci that
resulted from transmission of this infectious agent to
humans from birds purchased in stores; in this outbreak,
PCR detected 50% more cases than did culture."’® Com-
pared to culture and serologic tests, PCR was also shown to
be the most sensitive method for detection of C. pneumoniae
during an outbreak of CAP.">” However, NAT results should
be interpreted with caution because NATs currently cannot
differentiate between organisms that inhabit the upper
airway without causing disease and those that are respon-
sible for the patient’s illness. For example, as mentioned, S.
pneumoniae, C. pneumoniae, and M. pneumoniae may inhabit
the upper airway without causing disease.®' Similarly, the
lowered diagnostic specificity of P, jirovecii NATs is likely due
to the detection of P, jirovecii nucleic acid from cysts that are
present in low numbers and in a latent state in pulmonary
tissues of asymptomatic patients.'>*1%°

In patients with culture-negative infection, or when cul-
tures were not performed on a tissue biopsy sample before
fixation, a broad-range PCR assay coupled with amplicon
sequencing can be used for detection and identification of
bacterial and fungal DNA from fresh or formalin-fixed
paraffin-embedded (FFPE) specimens.'®'°* The bacterial 16S
ribosomal RNA gene and the fungal ribosomal RNA operon
(encoding 5.8S, 188, 28S ribosomal subunit genes with the
internal transcribed spacer regions [ITS1 and ITS2]) are the
most reliable and frequently used targets for identifying bac-
terial and fungal sequences, respectively.'®> As with all
NATs, sensitivity is higher from fresh tissue than from FFPE
specimens: for example, fungal sequencing was successfully
completed on 97% of specimens when performed on fresh
specimens compared to 63% to 70% when performed on
FFPE specimens.'®’ Despite the many advantages of direct
bacterial and fungal identification by sequencing, clinicians
must be aware that the success of this method is dependent
on the amount of specimen submitted (e.g., open biopsy
versus needle biopsy), the pathogen burden, and whether
fresh versus FFPE tissue is tested. It is imperative that testing
is strictly limited to samples obtained from sterile sources
because contamination of the sample with commensal
organisms or environmental spores could yield false-positive
results and lead to mismanagement of the patient.'®*'%*
Sequence results must always be correlated with clinical,
histopathologic, and ancillary test results (antibody or
antigen detection) to ensure the clinical accuracy of
sequence results.

The diagnosis of respiratory virus infections (Table
17-13) has been revolutionized by nucleic acid amplifica-
tion testing.!*” These tests are now considered more sensi-
tive than all other current methods of virus detection,
including viral culture and DFA testing, discussed earlier, as
well as rapid antigen tests, discussed later. Following the
2009 influenza A HIN1 pandemic, there was a tremendous
increase in the availability and widespread implementation
of real-time PCR assays for influenza and other respiratory
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Table 17-13 Respiratory Viruses

STANDARD RESPIRATORY VIRUS TEST PANEL

Influenza A, B

Respiratory syncytial virus
Human Metapneumovirus
Parainfluenza 1, 2, 3
Adenovirus

EXPANDED RESPIRATORY VIRUS PANEL (MAY INCLUDE ONE
OR MORE)

Rhinovirus

Enterovirus*

Human Coronavirus (229E, HKU1, OC43, NL63)
Human bocavirus (HBoV)"

ADDITIONAL VIRUSES TO CONSIDER IN THE
IMMUNE COMPROMISED

Cytomegalovirus
Herpes simplex virus
Varicella-zoster virus
Human herpesvirus 6

OTHER VIRUSES THAT CAUSE LOWER RESPIRATORY
TRACT INFECTION

Hantavirus

Measles virus

Parechovirus
Parainfluenza virus 4
Influenza C

Polyomavirus (BK, WU, K1)

EMERGING SEVERE ACUTE RESPIRATORY VIRUSES

Avian influenza (H5N1, H7N9)
Human coronavirus—severe acute respiratory syndrome
Human coronavirus—Middle Eastern respiratory syndrome

*Commercial multiplex nucleic acid amplification tests may not distinguish
between Rhinovirus and Enterovirus.

"Human bocavirus detection in respiratory specimens is of uncertain clinical
significance, though this virus is included in several commercial multiplex
nucleic acid amplification tests.

viruses. These real-time PCR assays include those endorsed
by the CDC, as well as numerous laboratory-developed and
commercially produced tests.'*” However, in-house real-
time PCR tests are of high complexity, requiring experi-
enced and highly skilled staff, as well as specialized
molecular diagnostic laboratory facilities. Furthermore,
these tests are generally batched, thereby prolonging the
turnaround time and reducing clinical utility. Finally, real-
time PCR allows only a moderate level of multiplexing (i.e.,
use of primers and probes for detecting multiple targets in
the same reaction), a potential issue for detecting a broad
range of respiratory viruses with a limited number of reac-
tions. To address these issues, a variety of commercial test
systems have been developed, though no single system pro-
vides comprehensive detection of clinically relevant respira-
tory viruses with optimal sensitivity in a format that can be
performed at or near the point of care. Three groups of
molecular testing now exist, with different levels of techni-
cal and personnel demands (referred to as moderate or
high complexity, as established by the Clinical Laboratory
Improvement Amendments).

One group of molecular tests includes limited respiratory
virus panels of moderate complexity on FDA-cleared,
sample-to-answer platforms that combine the speed and

simplicity of rapid antigen tests with the sensitivity of
nucleic acid amplification. These tests include Xpert Flu
(Cepheid; Sunnyvale, CA), which detects influenza A and B
in about 1 hour, and Verigene Respiratory Virus Plus (Nano-
sphere; Northbrook, IL), which detects and subtypes influ-
enza A and B, and detects and types respiratory syncytial
virus (RSV) in less than 2} hours. Though more sensitive
than traditional respiratory virus diagnostics, Xpert Flu
is slightly less sensitive than in-house real-time PCR
assays.'"1°*17! Performance of the Verigene Respiratory
Virus Plus appears comparable to in-house real-time PCR.'”*
These assays have not yet been compared to each other.

A second group of tests are the high-complexity, FDA-
cleared, comprehensive respiratory virus panels that require
separate extraction and PCR amplification steps before mul-
tiplex nucleic acid detection. These tests include the xTAG
Respiratory Virus Panels (Luminex; Austin, TX): xTAG
RVPv1 and xTAG RVP FAST, as well as the eSensor Respira-
tory Virus Panel (GenMark Diagnostics; Carlsbad, CA). The
xTAG RVPs achieve high-level multiplexing through the
combination of target amplicon labeling with universal,
minimally cross-hybridizing, complementary oligonucle-
otide sequences and flow cytometric detection using a
solution-phase array composed of spectrally distinct micro-
spheres.'”’ In approximately 8 hours, RVPv1 detects influ-
enza A, including subtyping H1 and H3, influenza B, RSV
A, RSV B, parainfluenza virus 1, 2, and 3, human meta-
pneumovirus, adenovirus, and rhinovirus/enterovirus.
Compared to RVPv1, RVP FAST has a shorter time to result
(about 6 hours); however, it does not detect the parainflu-
enza viruses, and it does not distinguish between RSV types.
Several studies have compared the clinical performance of
the xXTAG RVPs and found that both the xTAG RVPv1 and
RVP FAST panels are more sensitive than traditional respi-
ratory virus testing methodologies, less sensitive than
in-house real-time PCR, and that RVPv1 is more sensitive
than RVP FAST.'”*'8 Of note, these assays demonstrate
low sensitivity for adenoviruses and do not distinguish
between the closely related picornaviruses, rhinovirus, and
enterovirus.

In this same group the eSensor RVP achieves high-level
multiplexing through competitive hybridization and elec-
trochemical detection using a microfluidic device contain-
ing an array of single-stranded oligonucleotide capture
probes. In approximately 8 hours the eSensor RVP detects
influenza A, including H1, 2009 H1, and H3 subtyping,
influenza B, RSV A, RSV B, parainfluenza virus 1, 2, and
3, human metapneumovirus, adenovirus C, adenovirus
B/E, and rhinovirus. The eSensor RVP demonstrates com-
parable performance to in-house real-time PCR, including
detection of adenovirus and rhinovirus, and at this time
appears to be the most sensitive of the multiplex respira-
tory virus assays.'**'®! Both the xTAG and eSensor RVP
assays have research-only versions or versions approved
outside of the United States that offer detection of para-
influenza 4, human coronaviruses 229E, HKU1, OC43,
and NL63 and, for XTAG RVP, bocavirus and the severe
acute respiratory syndrome coronavirus. Determination
of the clinical utility of these expanded panels requires
additional study.

The third group of molecular respiratory virus tests are
of moderate complexity and combine the simplicity and



speed of rapid antigen testing with the sensitivity and mul-
tiplexing capability of the XTAG or eSensor RVP. At present,
one assay is available in this category: the FilmArray Respi-
ratory Panel (BioFire Diagnostics; Salt Lake City, UT), which
integrates sample preparation, nested-PCR amplification,
real-time fluorescent detection, and analysis in a single
assay pouch.'® In about 1 hour, including less than 5
minutes of hands-on time, this assay detects influenza A,
including H1, 2009 H1, and H3 subtyping, influenza B,
RSV, parainfluenza virus 1, 2, 3, and 4, human metapneu-
movirus, adenovirus, rhinovirus/enterovirus, and human
coronaviruses 229E, HKU1, 0OC43, and NL63. In addition,
it detects three bacterial species: Bordetella pertussis, C.
pneumoniae, and M. pneumoniae. Clinical performance is
similar to xXTAG RVPv1, demonstrating higher sensitivity
than traditional respiratory virus testing methodologies
and lower sensitivity compared to in-house real-time
PCR.!77179.180.183-188 The current Film Array Respiratory
Panel also has low sensitivity for adenoviruses, does not
distinguish between rhinovirus and enterovirus, and has
low throughput, because only one test can be performed on
an instrument at a time. However, its rapid turnaround and
ease of use allows most laboratories to perform multiplexed
molecular respiratory virus testing. In the future it is
expected that assays in this category will improve sensitiv-
ity, specificity, and throughput to create optimal, rapid
multiplex molecular respiratory virus tests.

Given the variety of nucleic acid tests that are currently
available for the diagnosis of respiratory virus infection and
the rapid development of new NATSs, it is important to com-
municate with the laboratory to confirm the viruses
included in the local panel, the expected turnaround time,
and local test performance characteristics. Furthermore,
note that nasopharyngeal swabs and aspirate/washes are
the only specimen types that have received FDA clearance
so far, so it is also important to verify that the local labora-
tory has validated the use of lower respiratory tract speci-
mens in their test system before sending such samples for
testing.

ANTIGEN TESTING

The diagnosis of lower respiratory tract infections can be
aided by detection of pathogen-specific antigens in serum
or other body fluids. Antigen detection offers an alternative
to direct examination of infected tissue and may play a role
in the detection of pathogens that grow poorly, or not at all,
in culture.

Urinary antigen assays may have value for adults with S.
pneumoniae and L. pneumophila infections. In a meta-analysis
of 27 studies using a composite of culture tests as the refer-
ence standard, the pooled sensitivity for direct antigen
detection of S. pneumoniae in the urine of adults with CAP
was 74% (95% confidence interval [CI], 67% to 82%) and
specificity was 97% (95% CI, 93% to 100%).'* In children,
pneumococcal antigen in urine is less specific for invasive
infection, because it was detected in 43% of children with
only nasopharyngeal colonization.'”’ Similarly, in children
with pneumonia, detection of H. influenzae type B antigens
in urine is of potential diagnostic value, but transient anti-
genuria may follow immunization with H. influenzae type
B conjugate vaccine.'”’ In the evaluation of adults for
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legionnaires’ disease, urine L. pneumophila serogroup 1
antigen has a high negative predictive value with pooled
sensitivity of 74% (95% CI, 68% to 81%) and specificity of
99% (95% CI, 98% to 100%)."** Urine antigen for L. pneu-
mophila is detectable in 80% to 89% of patients with legion-
naires’ disease beginning with the first 3 days of symptoms
and continuing for at least 14 days; the duration of anti-
genuria was reduced by antibiotic therapy and was detect-
able for up to 42 days, especially in immunocompromised
patients.'”’ The urinary antigen assays are limited to detec-
tion of infections due to L. pneumophila serogroup 1 and not
other Legionella serogroups or species.”*

Detection of fungal antigen in serum, urine, and other
body fluids is used as an aid in the diagnosis of infections
due to Cryptococcus neoformans, Aspergillus, H. capsulatum,
and P, jirovecii. Assays to detect capsular polysaccharides of
C. neoformans in serum or cerebrospinal fluid are essential
for rapid diagnosis of cryptococcosis. Commercially avail-
able assays show sensitivity ranging from 83% to 97% and
specificity from 93% to 100%.'"* Cryptococcal antigen may
also be detectable in pleural fluid and BAL fluid of patients
with cryptococcal pneumonia.'?>'?® Serial measurement
of serum antigen titers over time is not useful for manage-
ment of patients with pulmonary cryptococcosis.'”” Cryp-
tococcal antigen may be falsely positive due to the presence
of rheumatoid factor or heterophile antibodies (i.e., anti-
bodies produced to poorly defined antigens with weak affin-
ity and multispecific activities) and falsely negative due to
the prozone effect (antigen excess), localized infection,
infection with a poorly encapsulated strain, or low organ-
ism burden.'**

Several commercial H. capsulatum antigen assays with
variable accuracies are available for diagnosis of histoplas-
mosis.'”® The polysaccharide antigen of H. capsulatum can
be detected in urine in approximately 90% of patients
with disseminated disease and 75% with diffuse acute pul-
monary histoplasmosis.''*!'? A recent multicenter study
identified antigenuria in 91.8% of 158 patients with dis-
seminated histoplasmosis, 83.3% of 6 patients with acute
histoplasmosis, 30.4% of 46 patients with subacute infec-
tion, and 87.5% of 8 patients with chronic histoplasmosis;
antigenemia was detected in 100% of 31 patients with dis-
seminated infection.'”” Urinary Histoplasma antigen levels
persist during ongoing active infection, become undetect-
able with successful therapy, and rise with relapse of infec-
tion. The specificity of the Histoplasma antigen assay was
99% in patients with nonfungal infections and in healthy
controls'’; however, the assay is known to yield positive
results in patients with disseminated infections caused by
Blastomyces dermatitidis, Coccidioides immitis, Paracoccidioi-
des brasiliensis, Aspergillus, and Penicillium marneffei.***"!
Cross reactivity of the assay has not been observed in
patients with invasive candidiasis, cryptococcosis, or other
opportunistic systemic mycoses.>”"

At least one commercial laboratory offers antigen tests
for the diagnosis of coccidioidomycosis and blastomycosis,
but both tests exhibit significant cross reaction with H.
capsulatum.*’*

Aspergillus galactomannan is a major cell wall compo-
nent of the fungus, and detection of this antigen has been
studied in many different clinical situations. Galactoman-
nan detected in serum by enzyme immunoassay can aid in
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the early diagnosis of invasive pulmonary aspergillosis,
with pooled diagnostic sensitivity of 71% (95% CI, 68% to
74%) and specificity of 89% (95% CI, 88% to 90%) for
proven cases of invasive aspergillosis.””* The reported sen-
sitivity and specificity range from 40% to 100% and 56% to
100%, respectively, in various patient groups'”'*"2"*** The
Platelia Aspergillus test (Bio-Rad Laboratories, Hercules,
CA), a commercially available assay that detects galacto-
mannan from A. fumigatus, A. flavus, A. niger, A. versicolor,
and A. terres, has been shown to yield positive results at an
early stage of infection, with positive and negative predic-
tive values of more than 90% in high-risk patients who
were tested biweekly.””* However, this assay may cross
react with Histoplasma, P, brasiliensis, Penicillium, Paecilomy-
ces, Alternaria, and Cryptococcus,”’**"® and false-positive
galactomannan antigen assay results can be observed in
patients receiving certain foods or intravenous piperacillin-
tazobactam, amoxicillin, or ticarcillin.?’*2!! Cross reactivity
with Listeria monocytogenes has also been reported.”'” BAL
fluid specimens from lung transplant recipients have also
been evaluated for testing by Aspergillus galactomannan
detection assay, with sensitivity of 82% and specificity of
96%.”"* Of note, the Plasma-Lyte (Baxter International
Inc., Deerfield, IL) solution commonly used to perform BAL
has been found to yield false-positive results with the Plate-
lia Aspergillus test.”'* Overall, assays for galactomannan
show promise, but currently a single positive result has
limited value and cross reactivity is common.

Another fungal antigen used for the diagnosis of invasive
fungal infection is (1—3)-B-D-glucan, which is a compo-
nent of the outer cell wall of saprophytic and pathogenic
fungi except Zygomycetes (Mucor and Rhizopus species)
and Cryptococcus species’”*?!” This antigen has been
detected in serum or other body fluids of patients with
invasive aspergillosis, invasive candidiasis, and infections
caused by Fusarium, Acremonium, Trichosporum, Scedospo-
rium, Saccharomyces, and P jirovecii.'**'**'” A meta-
analysis for diagnosis of invasive fungal infection showed
a pooled sensitivity of 77% (95% CI, 67% to 84%), and
specificity of 85% (95% CI, 80% to 90%).*'* Use of dif-
ferent assay cutoff values may result in differences in
sensitivity and specificity among the various commercially
available assays for detecting this antigen.”'>?'” For the
diagnosis of Pneumocystis pneumonia in HIV-positive
patients, the sensitivity of the (1—3)-B-D-glucan assay was
92% and specificity was 65%.**" In pneumocystis pneu-
monia, B-D-glucan levels do not correlate with organism
burden, Pneumocystis pneumonia severity, or response to
therapy.””” Cross reactivity of B-D-glucan assays has been
reported with the use of cotton gauzes, swabs, packs, pads,
or sponges for wound care or surgery; cellulose filters in
hemodialysis patients; and various antimicrobial agents
including piperacillin-tazobactam.?'>**'

Rapid antigen tests for influenza A and B are commonly
used in both ambulatory and inpatient settings. Rapid
detection of influenza is critical to allow prompt treatment
with antiviral agents, to reduce the risk for further trans-
mission through implementation of infection control prac-
tices, and to reduce inappropriate use of antibiotics.*?***
A meta-analysis evaluating 159 studies and 26 different
rapid influenza antigen tests reported a sensitivity of 62%
(95% CI, 58% to 67%) and a specificity of 98% (95% CI,

98% to 99%).>2>*** Because of this low sensitivity, physi-
cians should consider following negative rapid influenza
antigen tests with more sensitive testing, particularly if
specimens are collected during times of high influenza prev-
alence.””® Rapid antigen tests for RSV are also available and
may similarly aid in patient triage, infection control, and
antibiotic management, particularly in pediatric patients.
The sensitivities and specificities of these RSV rapid antigen
tests range from 59% to 89% and 93% to 100%,
respectively.'****°

SEROLOGIC TESTING AND INTERFERON-y
RELEASE ASSAYS

The cause of lower respiratory tract infections can be sug-
gested by detection and quantitation of humoral (e.g., anti-
body) responses to pathogens. In addition, latent TB infection
(LTBI) can be diagnosed by detection of cellular immune
responses to M. tuberculosis antigens, such as the interferon-y
release assays (IGRAs). Serologic testing is used commonly
to identify infections due to pathogens that are difficult to
detect by other conventional methods, to evaluate the
course of an infection, and to determine the nature of the
infection (primary infection versus reinfection, acute versus
chronic infection). Serologic testing and IGRAs are less sen-
sitive in patients with compromised immune systems and
therefore cannot be used to rule out infection.”?”** When
possible, microbiologic culture and NATs on respiratory
secretions or lung tissue should be performed to detect and
confirm the presence of pathogens in immunosuppressed
patients who may not be able to mount antibody or cell-
mediated immune responses.

The serologic methods commonly used in diagnostic
laboratories include enzyme immunoassay, immunopre-
cipitation, immunodiffusion (ID), complement fixation (CF),
immunoblotting (including Western blot), agglutination,
hemagglutination inhibition, and indirect immunofluores-
cence assay. Serologic results are often expressed as a titer,
which is the inverse of the greatest dilution, or lowest con-
centration of a patient’s serum that retains measurable
specific antibody-antigen reactivity (e.g., dilution of 1:16 =
titer of 16). A fourfold or greater rise in antibody titer
between acute and convalescent sera is usually required for
diagnosis. An elevated pathogen-specific IgM antibody titer
in a single serum sample suggests recent infection, and a
falling titer provides further support for the etiologic signifi-
cance of this organism. However, false-positive immuno-
globulin (Ig) M antibody tests are not rare. Thus serologic
testing of pathogen-specific IgG antibody in acute and con-
valescent sera remains the approach to establish a specific
microbial cause of the infection.”*”

Various commercial assays are available for detection of
specific IgM and/or IgG antibodies to respiratory tract
pathogens.”*! These assays are useful for supporting or con-
firming the diagnosis of bacterial infections caused by C.
pneumoniae, Legionella species, E tularensis, Y. pestis, C. tra-
chomatis, C. pneumoniae, C. psittaci, and Coxiella burnetii.
Although antibody testing is commonly used for the detec-
tion of infection with M. pneumoniae, a recent study was
unable to distinguish between infection and asymptomatic
colonization with this organism.'® The diagnosis of C. pneu-
moniae infection can also be a problem. In some additional



instances, such as infection with M. tuberculosis, commer-
cial serologic tests have been shown to be inconsistent and
imprecise, which is the basis of World Health Organization
policy statement advising against use of existing serologic
tests in TB.**

M. pneumoniae infection is often diagnosed by the pres-
ence of specific antibodies in serum.?*’ Cold agglutinins,
detected by agglutination of type O Rh-negative red blood
cells at 4° C, are present in the sera of approximately 50%
of patients with M. pneumoniae infection, and levels decline
to baseline within 6 weeks after acute infection.?** However,
cold agglutinins are nonspecific. Antibodies to a chloroform-
methanol glycolipid extract of M. pneumoniae are detected
by a CF test in more than 85% of culture-positive patients;
a single elevated titer of greater than 80 or a greater than
fourfold rise in titer between acute and convalescent sera
is required to establish a diagnosis. Enzyme immunoassays
to detect IgM and IgA antibodies that specifically recognize
M. pneumoniae membrane proteins have been developed
with improved sensitivity and specificity over the CF
assay.”’’ Specific IgM antibodies appear during the first
week of illness and reach peak titers during the third week.
However, the IgM antibodies to M. pneumoniae are not
consistently produced in adults because of prior sensitiza-
tion, so that a negative IgM result does not rule out acute
M. pneumoniae infection, particularly in older adults. Detec-
tion of specific IgA antibodies in the serum has been shown
by one group to be a reliable approach for diagnosis,
because these antibodies are also produced early in the
course of disease and more reliably present in the infected
individuals regardless of age.?*’ Others, however, found
them of little value.'”

Serologic testing plays an important role in the diagnosis
of fungal respiratory tract infections due to C. immitis and
H. capsulatum.”** For C. immitis a diagnosis of infection can
be based on detection of antibodies to antigens derived from
the coccidioidal mycelia or spherules, although there may
be cross reactivity with other yeasts and dimorphic fungi.
Antibodies to C. immitis can be detected by ID, CF, and
enzyme immunoassay. Precipitin-specific IgM antibodies
develop in up to 75% of individuals within 2 to 3 weeks
after primary C. immitis infection and subsequently disap-
pear except in patients with disseminated infection.
Complement-fixing IgG antibodies appear later and persist
in relation to the severity of disease, but decline with disease
remission. Titers of 32 or higher suggest the possibility of
disseminated infection.?*>**° The sensitivity of serologic
testing drops 8% to 20% in immunocompromised hosts
compared to immunocompetent patients.**”

For H. capsulatum, serum antibodies are detected by CF
using both yeast and mycelial antigens and an ID assay,
which show increased titers in more than 90% of patients
with pulmonary histoplasmosis and approximately 80%
with disseminated disease.''’ The CF test is more sensitive
but less specific than the ID test for the diagnosis of sub-
clinical and acute pulmonary histoplasmosis.”** Antibodies
become detectable first by CF at 2 to 6 weeks after Histo-
plasma infection and then by ID 2 to 4 weeks later. However,
the ID test remains positive longer than the CF test after
resolution of infection, becoming negative 2 to 5 years
later. Antibody levels remain high in those with chronic
pulmonary infection, progressive disseminated disease, or
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mediastinal fibrosis. Commercially available serologic tests
for blastomycosis exist but suffer from limited accuracy
and are of minimal value in patient care.”*’

Serologic testing is also useful for diagnosis of parasitic
infections, especially Paragonimus, T. gondii and S. stercora-
lis,>*?*! and for diagnosis of extraintestinal E. histolytica
disease. Serologic testing plays an especially important
role for screening prospective organ transplant recipients
and other patients considered for immunosuppressive
therapies.

Serologic testing plays a limited role as an aid to the diag-
nosis of respiratory viral infections. Although detection of
recent respiratory virus infection, for example with influ-
enza A, may be determined via seroconversion or a fourfold
or greater rise in antibody titer in a convalescent relative to
an acute serum sample, the requirement for two temporally
distinct specimens makes serologic results unlikely to factor
in clinical decision making.’** In contrast, routine CMV
serologic testing in transplant donors and recipients pro-
vides valuable information about the risk for subsequent
CMV-related sequelae, including the development of respi-
ratory disease.**’

IGRAs are in vitro assays used to measure T-cell responses
to M. tuberculosis—specific antigens, such asESAT-6, CFP-10,
and TB7.7.*** Two FDA-approved commercial IGRAs are
currently available: the QuantiFERON-TB Gold In-Tube
assay (QFT-GIT; Qiagen, Carnegie, Australia) and the
T-SPOT.TB assay (Oxford Immunotec, Abingdon, United
Kingdom). IGRAs were developed as an alternative to
the tuberculin skin test (TST) for diagnosis of LTBIL.>*>**°
Compared to the TST, IGRAs have improved specificity
for distinguishing between the responses due to bacillus
Calmette-Guérin (BCG) vaccination and latent TB infection,
because the antigens used in IGRAs, ESAT-6 and CFP-10,
are absent from all strains of BCG. Also, compared to the
TST, IGRAs offer logistical advantages because they do not
depend on accurate intradermal injection and patients do
not have to return to a health facility for the result to be
read.”** However, like TSTs, IGRAs cannot distinguish
between LTBI and active disease.”*” The sensitivity of IGRAs
in culture-positive active TB cases has ranged from 65% to
100%,*****%** and the sensitivity in patients with LTBI
who progressed to active TB ranged from 40% to 100%.>*°
Both IGRAs and the TST have been shown to have similar
sensitivity in adults in low- and middle-income countries.*>!
However, the accuracy of IGRA testing appears to falter at
the borderline levels of positivity. Studies conducted in
health care workers in low-incidence settings have shown
highly variable IGRA results with serial testing. The rate of
conversions (negative to positive result using the manufac-
turer- and CDC-recommended cutoff of >0.35 IU/mL)
ranged from 2% to 15%, and the rate of reversions (positive
to negative result) ranged from 20% to 40%.*°**** Those
with borderline results around the assay cutoff are more
likely to revert or convert. Finally, there are limitations to
the use of IGRAs. IGRA results have not proven useful for
monitoring response to TB treatment. Similarly, IGRAs are
no more able than the TST to predict which patients with
positive results will go on to develop active TB.>**?>* Cur-
rently, therefore, IGRA is most useful as an alternative to
the TST, especially in subject populations with a high inci-
dence of BCG vaccination.
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Key Points

= Diagnostic testing should be ordered only if the result
will alter treatment decisions.

= The clinician plays a critical role in preventing acci-
dental laboratory exposure by notifying the microbiol-
ogy laboratory when highly virulent and transmissible
agents are suspected as the cause of disease.

= Syndromic order sets can improve the accuracy and
efficiency of test selection and thus facilitate accurate
diagnosis of infectious diseases.

= Lower respiratory tract secretions collected through
the oropharynx are nearly always contaminated with
resident microflora of the oral cavity, and therefore
microscopy, culture, and nucleic acid test results must
be interpreted in the context of other clinical evidence
and diagnostic findings.

= Nucleic acid tests can facilitate rapid and accurate
diagnosis of lower respiratory tract infections, espe-
cially those caused by viruses and pathogens that are
difficult to culture.
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