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Respiratory Infections

Olga Klinkova

Abstract Pneumonia is defined as the presence of a new pulmonary infiltrate on
radiologic imaging in the patient with appropriate clinical symptoms such as fever,
cough, production of purulent sputum, shortness of breath and/or hypoxia, in the
absence of pulmonary edema [1, 2].
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Pneumonia/Pulmonary Infiltrates

Introduction

Pneumonia is defined as the presence of a new pulmonary infiltrate on radiologic
imaging in the patient with appropriate clinical symptoms such as fever, cough,
production of purulent sputum, shortness of breath and/or hypoxia, in the absence
of pulmonary edema [1, 2].

Absolute as well as functional neutropenia is the most important risk factor for
development of pneumonia in cancer patients [3]. Duration of neutropenia is another
important factor to consider as the etiology of pneumonia may differ in patients with
prolonged (>15 days) neutropenia. Additionally, in patients undergoing hematopoietic
stem cell transplant (HCT), time lapsed after transplant, antimicrobial prophylaxis
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and intensity of immunosuppression should be considered, as these variables predict
the development of certain pneumonia types in this unique patient population.

Microbiology
Bacterial Pathogens

Similar to the general patient population, pneumonia in neutropenic cancer patients
can be classified based on the mode of acquisition into community-acquired pneu-
monia (CAP), hospital-acquired pneumonia (HAP), and ventilator-associated pneu-
monia (VAP).

CAP is defined as the type of pneumonia that develops in patients who have not
been recently hospitalized. A true CAP is infrequently observed in neutropenic
patients. CAP may be considered in patients with chronic prolonged neutropenia
residing in the community as well as in neutropenic patients with newly diagnosed
hematologic malignancies starting active chemotherapy. The most frequent patho-
gen causing CAP in cancer patients is Streptococcus pneumoniae [3, 4]. Other bac-
terial pathogens in neutropenic cancer patients causing CAP include Haemophilus
influenzae, Staphylococcus aureus and Pseudomonas aeruginosa. Atypical patho-
gens such as Legionella spp., Chlamydophila pneumoniae and Mycoplasma pneu-
moniae should be included into the differential diagnosis as well.

HAP is defined as a pneumonia that is not present at the time of admission and
instead occurs 48 hours or more after admission, whereas VAP is defined as pneu-
monia occurring 48 hours or more after intubation [1].

HAP and VAP are caused by a broad spectrum of pathogens with gram-negative
bacilli being the most prevalent in the neutropenic cancer patient population [5-7].
The organisms that should be always considered include Pseudomonas aeruginosa,
Escherichia coli, Klebsiella pneumoniae, Enterobacter spp., Serratia spp. and
Acinetobacter spp. |5, T]. Staphylococcus aureus is the most common gram-positive
pathogen causing HAP/VAP. Streptococcus pneumoniae, Haemophilus influenzae
could also be encountered, especially in patients with minimal or no recent expo-
sure to antibiotics or the hospital environment [3]. Isolation of certain gram-positive
organisms from the blood or sputum samples, such as Viridans group streptococcus,
Enterococcus spp., Bacillus spp., should be interpreted with caution as they are
rarely implicated in the development of pneumonia. In such cases alternative source/
pathogens need to be considered [7]. Table 1 illustrates the list of the most com-
monly encountered bacterial pathogens in neutropenic patients.

The majority of neutropenic cancer patients are at risk for the development of mul-
tidrug resistant pathogens due to antimicrobial prophylaxis use, extensive exposure to
broad-spectrum antibiotics as well as the nosocomial environment [8, 9]. Forty to
eighty percent of Staphylococcus aureus isolates are methicillin-resistant [9]. The
most important mechanisms of gram-negative organism resistance include the produc-
tion of various beta-lactamases such as Ambler class C (AmpC) beta-lactamases and
extended-spectrum beta-lactamases (ESBL). The emergence of carbapenem- resistant
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Table 1 Etiologic agents of pneumonia in neutropenic patients

Bacterial Viral Fungal

Gram-positive Influenza A/B virus Aspergillus spp.
Streptococcus pneumoniae Parainfluenza virus Zygomycetes
Staphylococcus aureus Human metapneumovirus virus | Fusarium spp.
Beta-hemolytic Streptococcus RSV Scedosporium spp.
Streptococcus Viridans Adenovirus Dark-walled fungi
Rhodococcus equi CMV Histoplasma capsulatum
Gram-negative \VAY% Coccidioides immitis
Haemophilus influenzae HSV Blastomyces dermatididis
Moraxella Catarrhalis HHV-6 Pneumocystis jiroveci
Pseudomonas Aeruginosa

Escherichia Coli

Klebsiella Pneumoniae
Enterobacter cloacae

Serratia spp.

Proteus spp.

Acinetobacter baumanii complex
Stenotrophomonas maltophila
Burkholderia spp.

Atypical bacteria

Legionella spp.

Chlamydophila pneumoniae
Mycoplasma pleumoniae
Mycobacteria

Mycobacterium tuberculosis
Nontuberculous mycobacerium
Other pathogens

Nocardia spp.

Actynomyces spp.

Enterobacteriaceae (CRE) is concerning. It has been associated with a delay in neces-
sary appropriate antibiotic therapy and high mortality in cancer patients [10].

Viral Pathogens

Community-acquired viruses such as enterovirus/rhinovirus, influenza, respiratory
syncytial virus (RSV) and other community-acquired viruses are commonly seen in
neutropenic patients [3, 7]. In patients post HSCT and other severely immunocom-
promised patients, cytomegalovirus (CMV), varicella zoster virus (VZV) and, less
commonly, HHV-6 should be considered as etiologic agents along with other viruses
[7, 11] (Table 1).

Fungal Pathogens
In patients with profound (ANC < 500) and/or prolonged duration of neutropenia

(>10 days), in addition to the above mentioned etiologies, fungal pathogens should be
strongly considered [12]. Aspergillus fumigatus is the most common fungal pathogen
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causing pneumonia in this patient population. Aspergillus spp., Zygomycetes,
Fusarium spp., Pseudaalesheria boydii, and dark-walled fungi are other potential
etiologies that cause fungal pneumonia [3, 12, 13]. Endemic fungal pneumonias
caused by Histoplasma capsulatum, Coccidioides immitis and Blastomyces dermati-
didis can occasionally occur, but are less common in neutropenic patients [3, 12].

Neutropenic patients with associated CD4 + cell depletion not receiving appro-
priate prophylaxis are at high risk for Pneumocystis jiroveci pneumonia [14, 15].
Examples include patients with acute lymphoblastic leukemia, those receiving
CD4 + cell-depleting chemotherapy or chronic corticosteroids (equivalent of 20 mg/
day prednisone for more than 1 month).

Other Pathogens

Rhodococcus, Actynomyces spp., Nocardia spp. and Mycobacterium spp. should be
also considered [7, 16] in the etiology of pneumonia in neutropenic patients, espe-
cially with a subacute presentation.

Clinical Manifestations

Fever, increased production of purulent sputum, dyspnea, and decrease in oxygen-
ation along with the findings of a new infiltrate are signs of pneumonia. In neutro-
penic patients, the symptoms can be rather subtle or atypical. Pleuritic chest pain
and hemoptysis may be present as well.

Differential Diagnosis

The differential diagnosis of pulmonary infiltrates in a neutropenic patient is broad.
Other etiologies that should be considered include acute respiratory distress syn-
drome (ARDS), transfusion related lung injury (TRALI), diffuse alveolar
hemorrhage(DAH), drug and radiation toxicity or pneumonitis, cryptogenic orga-
nizing pneumonia (COP), cardiogenic and non-cardiogenic pulmonary edema from
capillary leak and the underlying malignancy [2, 17].

Diagnosis and Radiologic Findings

Chest radiograph has a low sensitivity for early detection of pulmonary infiltrates in
febrile neutropenic patients [17—19].This is especially true given the broad differen-
tial diagnosis discussed above Therefore, chest computed tomography (CT) is now
considered the standard imaging procedure for diagnosing pneumonia in this patient
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Table 2 Key radiologic features of pneumonia caused by different fungal agents

Fungal organism | Radiologic appearance

Aspergillus spp. | Few or single segmental nodular consolidations (diameter > 1-2 cm)
Few or single ground glass opacities with lobular distributions
Infiltrates mostly peripherally located

Nodular infiltrate with surrounded by ground glass infiltrate “Halo” sign

Zygomycetes Nodular consolidations (diameter > 2 cm), mostly peripherally located
Ground glass surrounded by an area of consolidation Reverse “Halo” sign.
With or without

Pleural effusion

Fusarium spp. Scattered nodular consolidations (multiple (>2), average diameter < 1 cm)
Scedosporium Scattered nodular consolidations (multiple (>2), diameter 1-2 cm)
spp.

population. The number, characteristics and distribution of the infiltrates can help
with the differential diagnosis and guide with a choice of empiric antimicrobial
therapy (Table 2).

Consolidation pneumonia can be caused by bacterial pathogens such as s. aureus,
pseudomonas, and enterobacteriaceae. Legionella can cause ground glass or con-
solidation pneumonia (Fig. 1). Diffuse bilateral infiltrates and bilateral ground-glass
attenuation should raise clinical suspicion for atypical pathogens, viral (Fig. 2), or
PJ pneumonia (Fig. 3) or a non-infectious etiology [18] (Fig. 4).

Nodular and/or cavitary infiltrates indicate the possibility of invasive fungal
infection (IFI), especially in patients with prolonged duration of neutropenia
(>10 days). The “halo” sign is defined as a nodule (typically >1 cm) surrounded by
a perimeter of ground-glass opacity representing hemorrhage [20] (Fig. 5) This sign
is commonly seen in patients with invasive pulmonary aspergillosis (IPA) [17, 21].
The reverse “halo” sign, defined as a focal area of ground glass attenuation sur-
rounded by consolidation (Fig. 6) is more frequently observed with zygomycosis
[22, 23]. Fusarium pulmonary infections are typically characterized by the presence
of multiple small (<1 cm) scattered nodules [23].

To establish a microbiologic diagnosis, sputum and blood cultures should be
obtained. Streptococcus pneumoniae, Legionella urinary antigens and the respira-
tory viral panel PCR panel can assist with rapid diagnosis if positive. When IPA is
suspected, it is strongly recommended to obtain serum galactomannan (GM) in
patients with hematologic malignancies [18, 20].

Unless the etiology of pneumonia was established in an expedited manner using
non-invasive rapid diagnostic testing or culture method as indicated above, bron-
choscopy with bronchoalveolar lavage (BAL) for cultures should be strongly con-
sidered in a febrile neutropenic patient with new pulmonary infiltrates [18, 24, 25].
Active bleeding or severe hypoxia might not allow early bronchoscopy, but it is
generally considered a safe procedure in this patient population [24]. BAL sample
should be sent for “standard”, fungal, mycobacterial, nocardia, Legionella cultures,
respiratory viral panel and cytology. Based on prior studies, measurement of BAL
GM may offer even higher sensitivity comparing to the performance of blood GM
assays for the diagnosis of invasive fungal pneumonia [12, 13].
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Fig. 1 ChestCT of a
patient with Legionella
pneumonia

Fig.2 ChestCT of a
patient with RSV
pneumonia

Trans bronchial biopsy is rarely used in this patient population due to severe
thrombocytopenia and risk of complications such as a life-threatening bleeding.
CT-guided percutaneous lung biopsy can be considered for the patient with large
peripheral lesions if the diagnosis is expected to change medical management and
the benefits of the procedure outweigh its risks.
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Fig. 3 Chest CT of a patient with PJP pneumonia

Fig. 4 ChestCT of a
patient with DAH

Treatment

Antibiotic therapy should be initiated as soon as the blood and sputum cultures are
obtained, but should not be held if there is a delay in obtaining a diagnostic
work-up.

Initial empiric antibiotic regimens of a newly diagnosed pneumonia in a febrile
neutropenic patient should include broad-spectrum antibiotic agents to cover
Pseudomonas and S. aureus (including MRSA) [26]. Patients at risk for multidrug-
resistant pathogens or with a prior history of such, as well as patients at high risk for
mortality at the time of presentation (septic shock or pneumonia requiring ventilator
support) should be prescribed two anti-pseudomonal agents from different classes
until further information from the cultures is available [1]. Beta-lactam antibiotics
with anti-pseudomonal coverage include cefepime, ceftazidime, piperacillin-
tazobactam, or a carbapenem with anti-pseudomonal activity such as meropenem or
imipenem. Aztreonam can be used as an alternative agent in patients with a
documented penicillin allergy. A second anti-pseudomonal agent can be either an
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Fig. 5 CT chest with the
halo sign

Fig. 6 Chest CT with the
reverse halo sign
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aminoglycoside or a fluoroquinolone; however, neither of these antibiotics should
be used as sole agents. Aminoglycoside monotherapy for the treatment of pneumo-
nia is not recommended due to poor lung penetration and alveolar concentration,
prompting higher antibiotic dosing that potentially can lead to nephro- and ototoxic-
ity [1, 27]. Fluoroquinolone monotherapy is discouraged due to the increasing rate
of resistance to this particular antibiotic class. Agents with MRSA coverage,
vancomycin or linezolid, should also be included into the initial treatment regimen
of pneumonia.
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In neutropenic cancer patients with a true community-acquired pneumonia or an
early hospital acquired pneumonia, an agent with coverage against atypical patho-
gens such as Legionella spp., Mycoplasma spp. and Chlamydophila pneumoniae
should be included into the regimen. Fluoroquinolones, doxycycline or azithromy-
cin should be a part of the regimen in such clinical scenarios [28].

Anti-fungal therapy should be initiated in neutropenic patients with high suspi-
cion for invasive fungal pneumonia on radiographic testing or in the patients that do
not appropriately respond to the initial antibiotic regimen, [3, 18]. Voriconazole or
liposomal amphotericin B remains the preferred first-line regimen. In patients with
suspected mucormycosis, liposomal amphotericin B is the preferred first-line agent
for the initial therapy. Primary monotherapy with echinocandins is not recom-
mended due to low treatment response rates in patients with IPA [13, 20].
Combination regimens with two different anti-fungal agents are typically reserved
as a salvage therapy in the treatment of IPA and mucormycosis [3, 13, 20].

In patients with suspected PJ pneumonia, first line therapy with high-dose trim-
ethoprim—sulfamethoxazole (TMP/SMX) should be initiated [18, 29]. In patients
with allergic reactions or contraindications to TMP/SMX, a combination therapy
with clindamycin plus primaquine may be considered as an alternative [18, 29].
Routine adjunctive therapy with steroids in non-HIV patients with the diagnosis of
PJ pneumonia is not recommended [18, 29, 30].

Treatment of viral pneumonia is based on the etiologic agent. CMV pneumonia is
treated with intravenous gancyclovir or foscarnet with a combination of intravenous
immunoglobulin or CMV-specific immunoglobulin [18, 31, 32]. Due to the side
effect of pancytopenia, ganciclovir is generally contraindicated in the settings of
severe neutropenia or a pre-engraftment phase of HSCT [31, 32]. For the treatment
of influenza A and B infections, neuraminidase inhibitors, such as oseltamivir, zana-
mivir, or peramivir are recommended [31]. RSV pneumonia is typically treated with
aerosolized, oral or intravenous ribavirin [31, 33, 34]. Addition of intravenous immu-
noglobulin may further reduce mortality in this patient population [35]. In high-risk
patients with severe human metapneumovirus (hMPV) pneumonia, ribavirin treat-
ment may be used as well but the use of this agent remains controversial [31, 36]. For
the treatment of parainfluenza virus (PIV), the use of ribavirin has been described in
the literature; albeit without any evidence of reduced mortality [37]. Treatment with
interferon Alpha-2b for severe PIV pneumonia may be another promising therapeu-
tic option that needs to be studied further [38].

Rhinosinusitis

Introduction

Rhinosinusitis is defined as inflammation of the nasal cavity and paranasal sinuses [39].
Neutropenic patients with cancer are at increased risk for unusual microorganisms as a
cause of rhinosinusitis as well as development of invasive or complicated disease.
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In a healthy (not immune-compromised) host, community-acquired viruses such as
rhinovirus, influenza and parainfluenza are responsible for the development of
sinusitis [40] and should be considered in neutropenic patients with this condition
as well. When a bacterial infection occurs, causative organisms to consider in this
patient population are Pseudomonas aeruginosa, Staphylococcus aureus,
Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis
[41, 42]. Oral anaerobic flora such as Prevotella spp., Fusobacterium spp. and
Peptostreptococcus spp. are implicated as well, especially in chronic sinusitis [40].
Fungal/mold pathogen such as Aspergillus spp., mucorales, Fusarium spp., and
dematiaceous fungi are the causes of invasive fungal sinusitis, commonly seen in
patients with prolonged neutropenia [43].

Clinical Manifestations

Purulent nasal drainage, nasal congestion, facial pain and pressure are the most
common signs of acute sinusitis [39, 41]. Fever might be present in some of the
patients. In complicated sinusitis, the infection might spread beyond the paranasal
sinuses and nasal cavity. In such cases, oculo-orbital and CNS symptoms such as
periorbital edema, erythema, vision changes, cranial nerve palsy, meningismus or
focal neurologic symptoms might occur. The presence of necrotic eschars in the oral
or nasal cavities should raise a high suspicion for invasive fungal process.

Diagnosis

In febrile neutropenic patient with acute sinusitis, CT sinuses is typically the first
diagnostic modality and can evaluate the extent of sinus involvement including pos-
sible fungal bony erosion or orbital invasion [44]. (Fig. 7).MRI sinuses could be
used as an alternative imaging technique or if intracranial or cavernous sinus
involvement is suspected. Early direct endoscopic visualization of the nasal mucosa
by an otolaryngologist should be pursued [45]. Endoscopic biopsies and cultures of
the affected tissues are typically positive to establish the diagnosis.

Nasopharyngeal swab for a respiratory viral panel aids in the diagnosis of
uncomplicated viral sinusitis. Nasal swab cultures are not recommended due to their
poor reliability.
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Fig. 7 CT sinuses of a
patient with mold sinusitis

Treatment

Febrile neutropenic patients with diagnosis of acute bacterial sinusitis should
receive broad-spectrum antibiotics with anti-pseudomonal activity until culture
results become available. These antibiotic options include cefepime, ceftazidime,
piperacillin-tazobactam or an anti-pseudomonal carbapenem such as meropenem,
imipenem or doripenem. The decision to include anti-MRSA agent, such as vanco-
mycin or linezolid, should be based on patient-specific risk factors and the severity
of the illness.

When invasive fungal sinusitis is suspected in a patient with prolonged neutrope-
nia, treatment should not be delayed. Voriconazole, isavuconazole or liposomal
amphotericin B are first-line options. In patients with high suspicion for invasive
mucormycosis, liposomal amphotericin B is considered to be the drug of choice for
initial therapy. Early surgical debridement by an otolaryngologist must be consid-
ered in such cases.
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