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Pulmonary Complications 
Associated with HSCT

Malika Kapadia and Terry Wikle Shapiro

Abstract

While outcomes for patients who undergo allogeneic hematopoietic stem 
cell transplantation (HSCT) have improved over the past 10–20 years, pul-
monary complications after allogeneic HSCT remain a leading cause of 
morbidity and mortality. Overall, 25–50% of pediatric HSCT patients will 
develop pulmonary complications. Thus, prevention, early detection, and 
intervention are key to minimizing the sequelae from HSCT-associated 
pulmonary complications. HSCT- associated pulmonary complications 
can be classified as infectious or noninfectious, and they often follow a 
predictable timeline, occurring during discrete phases of HSCT (pre-
engraftment, early post-engraftment, late post-engraftment). However, 
certain post-HSCT pulmonary complications span the entire post-HSCT 
course. The most common causes of noninfectious pulmonary complica-
tions are related to the conditioning regimen used which can result in vary-
ing degrees of acute or delayed lung injury, the degree of recipient–donor 
HLA histoincompatibility, the hematopoietic stem cell (HSC) source, the 
degree of graft manipulation, and the development of graft-versus-host 
disease (GvHD), both acute and chronic. Infectious etiologies can be 
caused by any class of pathogen including bacterial, viral, fungal, and pro-
tozoan. They usually occur during periods of profound and/or prolonged 
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neutropenia and/or impaired or delayed cellular and humoral immune 
recovery. Immunosuppression used to prevent or treat GvHD also places a 
HSCT recipient at high risk for developing pulmonary infections that can 
be life- threatening. This chapter discusses the most common pulmonary 
complications associated with HSCT by time period post-HSCT.

 Pulmonary Complications 
Associated with HSCT

Research suggests that pulmonary complica-
tions are one of the leading causes of post- 
hematopoietic stem cell transplantation (HSCT) 
morbidity and death and occur in 25–50% of 
HSCT patients [1–3]. The incidence of signifi-
cant pulmonary complications is lower in autolo-
gous HSCT recipients than in allogeneic HSCT 
recipients because of the absence of graft-versus- 
host disease (GvHD) and no need for post-HSCT 
immunosuppression. However, autologous 
HSCT patients who receive conditioning regi-
mens that include total body irradiation (TBI) 
are at a higher risk for developing post-HSCT 
pulmonary complications because TBI is a sig-
nificant contributor to the development of pul-
monary complications post-HSCT. Post-HSCT 
pulmonary complications can be classified as 
infectious or noninfectious and follow a predict-
able timeline after transplantation [2]. Table 21.1 
summarizes the most common causes of pul-
monary complications based upon the phases of 
HSCT when they are most prevalent. This table 
also distinguishes between infectious and nonin-
fectious etiologies.

Some pulmonary complications can arise any 
time during the post-HSCT period, whereas others 
develop more commonly at discrete time periods. 
Typically, the post-HSCT course is divided into 
three phases: (1) pre-engraftment which spans 
days 0–30 post-HSCT, (2) early post- engraftment 

(days 31–100 post-HSCT), and (3) late post-
engraftment (>day 100 post-HSCT). Common 
pulmonary complications seen in the first 30 days 
after HSCT (pre-engraftment period) can be of 
infectious or noninfectious etiologies. The nonin-
fectious etiologies, which include pulmonary 
edema, pulmonary hemorrhage, diffuse alveolar 
hemorrhage (DAH), engraftment syndrome, pleu-
ral effusion, radiation, and chemotherapy- induced 
lung injury, are caused by the specific agents used 
in the conditioning/preparative regimen or due to 
increased inflammation that occurs around the 
time of engraftment. Infectious causes are due to 
the profound neutropenic state of the patient and 
the risk of opportunistic, invasive life-threatening 
infections. These include bacterial or fungal pneu-
monia, acute respiratory distress syndrome 
(ARDS) associated with septic shock, and respira-
tory viral  infections. In contrast, the majority of 
causes of pulmonary complications in the late 
post-engraftment phase (>100 days) are related to 
delayed T- and B-cell immune reconstitution and 
to active chronic GvHD. Figure 21.1 depicts the 
time frame in which the above complications most 
commonly arise.

Patients after allogeneic HSCT, especially 
those with chronic GvHD who are being treated 
actively with immunosuppression, are particu-
larly at risk for the development of encapsulated 
bacterial pneumonia, invasive mold fungal 
infections, viral pneumonia, Pneumocystis jir-
oveci pneumonia, and idiopathic interstitial 
pneumonitis.
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Table 21.1 Timeline of typical onset of pulmonary complications after hematopoietic stem cell transplantation 
(HSCT)

Days from HSCT 
infusion Cause Pulmonary complications

Pre-engraftment: 
(Days 0–30)

•  Conditioning/
preparative regimen

•  Neutropenia

Noninfectious:
•  Pulmonary edema
•  Pleural effusion
•  Engraftment syndrome
•  Chemotherapy-induced lung injury
•  Radiation-induced lung injury
•  Diffuse alveolar hemorrhage
•  Respiratory compromise and hypoxia due to VOD/SOS
•  Transfusion-related lung injury
•  Idiopathic pneumonia syndrome
Infectious:
•  Bacterial infections (both gram-negative and gram-positive spp.
•  Aspergillosis
•  Candidemia or candidal infection
•  Respiratory viruses (e.g., RSV, parainfluenza, influenza, 

metapneumovirus, rhinovirus)
•  Herpes simplex virus
•  ARDS due to sepsis

Early post-
engraftment 
(Days 31–100)

•  Impaired cellular and 
humoral immunity

•  Delayed lung injury 
from the conditioning/
preparative regimen

Infectious:
•  Cytomegalovirus
•  Adenovirus
•  Herpes simplex virus
•  Aspergillosis
•  Respiratory viruses (e.g., RSV, parainfluenza, influenza, 

metapneumovirus, rhinovirus)
•  Pneumocystis jiroveci pneumonia
•  Toxoplasma Gondii
•  Gram-positive bacterial infections
 ARDS due to infection
Noninfectious:
•  Idiopathic pneumonia syndrome
•  Radiation-induced lung injury
•  Chemotherapy-induced lung injury
•  Diffuse alveolar hemorrhage

Late post-
engraftment 
(>100 days)

•  Delayed immune 
recovery

•  On 
immunosuppression

•  Chronic GvHD

Infectious:
•  Cytomegalovirus
•  Adenovirus
•  Varicella–zoster reactivation
•  Aspergillosis
•  Respiratory viruses (e.g., RSV, parainfluenza, influenza, 

metapneumovirus, rhinovirus)
•  Pneumocystis jiroveci pneumonia
•  Encapsulated bacteria (chronic GvHD)
•  ARDS due to infection
•  EBV–post-transplantation lymphoproliferative disorder
Noninfectious:
•  Bronchiolitis obliterans syndrome due to chronic GvHD
•  Bronchiolitis obliterans organizing pneumonia
•  Chemotherapy-induced chronic lung injury
•  Radiation-induced chronic lung injury

Data from [1, 28, 29]. ARDS acute respiratory distress syndrome, GvHD graft-versus-host disease, IPS idiopathic pneu-
monia syndrome, RSV respiratory syncytial virus, VOD/SOS veno-occlusive disease/sinusoidal obstructive syndrome
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Phase I
Pre-engraftment (0-30
days)

Phase II
Post-engraftment (30-
100 days)

Impaired cellular
immunity
Acute GVHD

Impaired humoral and
cellular immunity
chronic GVHD

Phase III
Late Phase
> 100 days)

Neutropenia, mucositis,
catheters and lines,
acute GVHD

gram - bacteria

Gram + bacteria (Staph, Strep)

Candida Nocardia

Encapsulated bacteria

Aspergillus

HSV

Non-infectious

Aspergillus

Pneumocystis

HZV

CMV

CRV (RSV, influenza, adenovirus)

CHF
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VOD

DAH
COP

BO

PTLPDIPS

Host immune system
defect

Infectious

Fig. 21.1 Common pulmonary complications post- 
HSCT by time. Post-HSCT complications usually develop 
at specific time periods during and/or after HSCT. This 

figure depicts a summary of such complications over dis-
crete time periods

 Pre-engraftment Period (0–30 Days 
Post-engraftment)

 Introduction

In the pre-engraftment period (0–30 days post- 
HSCT), the differential diagnosis of pulmonary 
complications includes noninfectious etiologies, 
such as pulmonary edema, aspiration, engraftment 
syndrome, sinusoidal obstructive syndrome/veno-
occlusive disease (SOS/VOD), DAH, as well as 
infectious causes (e.g., bacterial, fungal, and viral 
infections) that can lead to pneumonia and ARDS 
due to sepsis. In general, the signs and symptoms 
of the pulmonary complications seen in the pre-
engraftment phase are nonspecific. They include 
fever, dyspnea, cough, and hypoxemia. However, 
the timing of the presenting signs and symptoms 
can be helpful to narrow down the likely etiology. 

Table 21.2 summarizes the most common pulmo-
nary complications found in allogeneic HSCT 
patients in the pre- engraftment period.

 Pulmonary Edema

Introduction: Pulmonary edema of cardiogenic or 
noncardiogenic origin can occur in the first 
30 days after HSCT, sometimes complicating 
other concurrent disease states, such as pneumo-
nia, sepsis, engraftment syndrome, and hyper-
acute GvHD. Noncardiogenic pulmonary edema 
can be induced by sepsis, aspiration pneumonia, 
viral infection (e.g., influenza), toxic effects of the 
conditioning regimen, or hyperacute GvHD. Fluid 
overload can also contribute to the development 
of pulmonary edema. Patients with severe hepatic 
SOS/VOD (another onerous complication of 
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HSCT) can present with either cardiogenic or 
noncardiogenic pulmonary edema with pleural 
effusions.

Risk factors: Risk factors for pulmonary edema 
in the pre-engraftment period include high-dose 
cyclophosphamide as part of the conditioning/pre-
parative regimen, previous chest irradiation, total 
body irradiation (TBI) as part of the conditioning/
preparative regimen, and history of cardiac dys-
function as a result of previous therapy for the pri-
mary disease. These known cardiotoxic modalities 
include cyclophosphamide, anthracyclines (e.g., 
doxorubicin, daunorubicin, and idarubicin), and 
external beam chest irradiation. In addition, patients 
who develop capillary leak syndrome, engraftment 
syndrome, or hyperacute GvHD are at an increased 
risk for developing pulmonary edema.

Differential diagnosis: The differential diagno-
sis of pulmonary edema includes interstitial pneu-
monitis, cardiac failure, radiation pneumonitis, 
infection, and diffuse alveolar hemorrhage (DAH).

Clinical and radiographic features: Clinical fea-
tures of pulmonary edema are tachypnea, orthop-
nea, rales, and diminished breath sounds on physical 
examination, as well as lethargy, restlessness, 
hypoxemia, and weight gain. The radiographic 
manifestations of cardiogenic pulmonary edema 
include interlobular septal thickening, cephalad vas-
cular distribution, ground-glass opacification 
(sometimes in a perihilar “butterfly” distribution), 
pleural effusions, and sometimes cardiomegaly.

Diagnostic studies: The diagnosis of pulmo-
nary edema is made primarily based upon clini-
cal findings. Radiographic evidence does not 
need to be present to confirm the diagnosis.

Management and outcome: The management 
of pulmonary edema centers on treating the under-
lying cause of pulmonary edema and providing 
supportive care. Aggressive diuresis is frequently 
employed with the use of loop diuretics such as 
furosemide. Thiazide may be added 30 min prior 
to administration of a loop diuretic to improve 
diuresis. When feasible, diuretics should be 
administered following the completion of a blood 
product transfusion or colloid infusion to enhance 
diuresis. In addition, patients post- HSCT should 
be weighed twice daily to monitor their fluid shift. 
Judicious fluid management should be employed 
with strict monitoring of all intake and output 

(“strict Is and Os”). One should volume restrict the 
patient and concentrate all IV fluids and medica-
tions when feasible. Patients should also have 
supplemental oxygen to maintain oxygen satura-
tion >95%. Any suspected underlying infectious 
etiology (such as sepsis) that may be contributing 
to pulmonary edema should be treated.

 Engraftment Syndrome

Introduction and incidence: Engraftment syn-
drome is a noninfectious complication that is 
reported in 7–10% of autologous HSCT patients 
and is rarely seen following allogeneic HSCT 
[4]. (See Chap. 12 for detailed discussion of 
engraftment syndrome.)

Risk factors: The most common risk factors for 
engraftment syndrome include autologous HSCT, 
infusion of a large hematopoietic stem cell dose 
(HSC), and the presence of an underlying infection.

Differential diagnosis: Initially, infectious eti-
ology of respiratory distress needs to be ruled 
out. Hyperacute GvHD is included in the differ-
ential diagnosis of engraftment syndrome. Some 
clinicians consider the pulmonary manifestations 
of engraftment syndrome and hyperacute GvHD 
as the same clinical entity.

Clinical and radiographic features: Engraftment 
syndrome typically develops around 7–11 days fol-
lowing HSCT during the time of post-HSCT neu-
trophil recovery [5]. Its clinical features include 
dyspnea, high fever, an erythematous maculopapu-
lar rash (not attributable to a drug), weight gain, 
hypoxemia, and diffuse pulmonary opacities seen 
on chest radiograph (CXR) that are consistent with 
noncardiogenic pulmonary edema [4, 6]. The pul-
monary manifestations of engraftment syndrome 
are thought to be due to diffuse capillary leakage 
from endothelial damage [6]. Findings on chest 
computed topographic (CT) scan include bilateral 
ground- glass opacification, hilar or peribronchiolar 
consolidation, and thickening of interlobular septa. 
Pleural effusions are also common.

Diagnostic studies: The diagnosis is 
 determined primarily based upon clinical assess-
ment, although CXR may help to confirm the 
diagnosis. Bronchoalveolar lavage (BAL) may 
show neutrophilia and diffuse inflammation [4], 
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but this procedure is rarely performed to confirm 
the diagnosis of engraftment syndrome unless 
there is a suspicion of infection as the etiology of 
the patient’s symptoms.

Management and outcome: The treatment of 
engraftment syndrome is a short course of high- 
dose IV corticosteroids at a minimum of 2 mg/kg/
day for 3–5 days and then quickly tapered off. (See 
Chap. 28 for specific prescribing considerations.)

 Hyperacute and Acute Graft-Versus- 
Host Disease (GvHD)

Introduction and incidence: Hyperacute and 
acute GvHD are the consequence of HLA mis-
match between the donor and recipient. With 
accurate HLA typing using molecular methods, 
hyperacute GvHD is very rare nowadays [1]. 
Hyperacute GvHD occurs in the first 14 days 
post-HSCT and is frequently (88%) associated 
with both skin involvement and noncardiogenic 
pulmonary edema [3]. Acute graft-versus-host 
disease (GvHD) can develop anytime within the 
first 100 days following allogeneic HSCT, 
although it is recognized that signs and symp-
toms can occur beyond 100 days post- 
HSCT. While acute GvHD rarely affects the 
lungs directly, it can be a risk factor for noncar-
diogenic pulmonary edema, diffuse alveolar 
hemorrhage, and later development of airflow 
obstruction (in chronic GvHD).

Risk factors: Risk factors include increasing 
HLA disparity, particularly if the donor HSC 
source is from peripheral blood because of the 
presence of mature T-cells in the HSC product as 
well as inadequate immunosuppression during 
the first 30 days post-HSCT.

Differential diagnosis: The differential diag-
nosis includes idiopathic interstitial pneumonia, 
diffuse alveolar hemorrhage, and pulmonary 
edema.

Clinical and radiographic features: 
Radiographic findings include extensive intersti-
tial and alveolar injury, defined as multi-lobular 
involvement on CXR or CT scan as well as signs 
and symptoms consistent with pneumonia.

Diagnostic studies: Imaging studies per-
formed are CXR and CT scan of the chest. 

BAL is often performed in order to exclude 
infection as the etiology. Once infectious eti-
ologies and other pathologies such as DAH are 
excluded, a diagnosis of hyperacute GvHD is 
made. In cases in which an open lung biopsy is 
performed, histopathology of lung tissue is 
characterized by disorganized, epithelial cell 
damage, interstitial fibroplasia, and interstitial 
T-cell infiltration [7].

Treatment and outcome: Hyperacute pulmo-
nary GvHD is treated with high-dose systemic 
corticosteroids. The effective rate of treatment of 
acute GvHD-induced lung injury positively cor-
relates with the treatment of the underlying acute 
GvHD. In a series of 47 cases, approximately 
75% of patients survived acute GvHD-induced 
lung injury when the acute GvHD was effectively 
treated [7].

 Diffuse Alveolar Hemorrhage (DAH)

Introduction and incidence: DAH is a life- 
threatening pulmonary complication following 
HSCT. It is defined as bleeding into the intra- 
alveolar space that is most likely secondary to 
pulmonary endothelial injury from the condition-
ing regimen. The incidence of DAH is approxi-
mately 2% of all HSCT patients and is associated 
with both infectious and noninfectious causes 
(e.g., engraftment syndrome) [2, 5, 8]. It is asso-
ciated with a high mortality rate of approximately 
80% [8].

Risk factors: While the pathogenesis of DAH 
remains unclear, severe mucositis, renal insuffi-
ciency, and neutrophil recovery are highly associ-
ated with DAH. Autologous HSCT, TBI-containing 
conditioning/preparative regimens, the presence of 
a coagulopathy, and a history of previous chest 
irradiation are also associated with DAH.

Differential diagnosis: The differential diag-
nosis includes infectious interstitial pneumonitis, 
drug- or radiation-induced pneumonitis, and pul-
monary edema.

Clinical and radiographic features: Patients 
with DAH often present with rapidly progressing 
dyspnea, cough, and hypoxemia without hemop-
tysis. CXR typically reveals areas of diffuse, 
bilateral consolidation. Chest CT scan, which is 
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more sensitive than a CXR, typically shows dif-
fuse ground-glass or consolidative opacities, 
mainly in the middle lung fields (see Fig. 21.2).

Diagnostic studies: Imaging studies per-
formed are CXR and chest CT scan. BAL is usu-
ally necessary in order to confirm the diagnosis 
of DAH once fungal and other infectious etiolo-
gies have been excluded. The classic diagnostic 
finding of DAH from BAL is progressively 
bloodier aliquots of lavaged fluid and/or staining 
of the BAL specimens showing ≥20% iron-laden 
macrophages.

Management and outcome: DAH is treated 
with high-dose systemic corticosteroids (0.5–1 g 
initially for 3 days followed by rapid taper over 
2 weeks) [8]. Patients with DAH frequently 
require mechanical ventilation and blood product 
support. Coagulopathies should be corrected.

 Pulmonary Infections

Distinguishing clinical, radiographic, and other 
diagnostic features of these infections and other 
common pulmonary complications in the pre- 
engraftment phase are compiled in Table 21.2. 
Because of the period of prolonged neutropenia 
and delayed donor adaptive immune reconsti-
tution, allogeneic HSCT recipients during the 
pre- engraftment period are at a much higher 
risk for developing infections, including pneu-

monia. In one study of 427 consecutive alloge-
neic HSCT recipients, pneumonia developed in 
19% of HSCT patients within the first 30 days 
post- HSCT, with 9% fungal, 4% bacterial, 2% 
viral, and 4% had suspected pneumonia without 
a specific organism being identified [9]. Among 
the cases of bacterial pneumonia, the most com-
mon causes were found to be Escherichia coli, 
Pseudomonas aeruginosa, and Streptococcus 
pneumoniae.

 Bacterial Pneumonia

Introduction and incidence: HSCT recipients in 
the pre-engraftment phase are most at high risk 
for aerobic gram-positive and gram-negative bac-
terial infections, including pneumonia, due to 
prolonged, profound neutropenia [9]. The most 
common gram-positive bacterial organisms are 
Staphylococcus epidermidis and Streptococcus 
spp., whereas the most common gram-negative 
organisms are Pseudomonas aeruginosa and 
Klebsiella. In addition, the atypical bacteria 
(Legionella and Mycoplasma spp.) can be the 
cause of bacterial pneumonia in the HSCT recipi-
ent in the pre-engraftment phase.

Risk factors: The risk factors for developing 
bacterial pneumonia are neutropenia, hypogam-
maglobulinemia, severe mucositis, swallowing 
difficulties, aspiration, and possibly impaired 
mucociliary clearance.

Differential diagnosis: The differential diag-
nosis of bacterial pneumonia includes interstitial 
pneumonitis, atypical pneumonia, pulmonary 
edema, Pneumocystis jiroveci pneumonia (PJP), 
and DAH.

Clinical and radiographic features: The clini-
cal findings are relatively nonspecific, and they 
include fever, hypoxemia, increased work of 
breathing, and dry or productive cough. 
Legionella pneumonia may start as a unilateral 
process that rapidly progresses to a bilateral pro-
cess. CXR often shows consolidation of alveolar 
sacs and an isolated area of consolidation. 
Similar to immunocompetent patients with 
pneumonia, the radiographic findings lag 
behind by the clinical findings. Unlike immuno-
competent patients, post-HSCT patients in the 

Fig. 21.2 Diffuse Alveolar hemorrhage (DAH) post- 
HSCT. Chest CT image showing bilateral areas of con-
solidation in a patient with DAH (From Amy K. Chi, 
Ayman O. Soubani, Alexander C. White, Kenneth 
B. Miller, An Update on Pulmonary Complications of 
Hematopoietic Stem Cell Transplantation, Chest, Volume 
144, Issue 6, 2013, 1913–1922, https://doi.org/10.1378/
chest.12-1708)

M. Kapadia and T.W. Shapiro
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pre-engraftment phase do not have leukocytosis 
with predominant “left shift” because of their 
profound neutropenia.

Diagnostic studies: A CXR should be obtained 
with onset of fever; CT scan of the chest should 
be performed in patients with persistent fevers 
(typically defined as 3–5 days of persistent fever). 
When possible, sputum cultures (or tracheal cul-
tures if patient is intubated) should be obtained. 
When warranted, BAL with transbronchial 
biopsy and/or CT-guided needle biopsy may be 
performed. Blood cultures should also be 
obtained with new onset fever to determine if the 
patient also has bacteremia and/or sepsis.

Management and outcome: The management of 
bacterial pneumonia includes the initiation of 
broad-spectrum, empiric antibiotics with onset of 
fever. The selection of antibiotic(s) is based on the 
causative or suspected organism(s) and its antibiot-
ics sensitivity profile. While specific choice of anti-
biotics is based on each institution’s antibiogram, 
in general, cefepime and meropenem are used if the 
causative organism is S. pneumoniae, Enterobacter, 
Chlamydia, or S. aureus. If Mycoplasma, S. pneu-
moniae, Legionella, or H. influenza is suspected or 
identified, then azithromycin, clindamycin, or 
erythromycin is used. Aspiration pneumonia (due 
to S. pneumoniae and other oral flora as a result of 
severe mucositis) is typically treated with metroni-
dazole or clindamycin.

 Fungal Pneumonia

Post-HSCT recipients are at high risk for devel-
oping invasive fungal infections (IFI) including 
fungal pneumonia. Both endemic (e.g., 
Histoplasma spp., Coccidioides spp., and 
Cryptococcus spp.) and opportunistic (e.g., 
Candida spp., Aspergillus spp., and Mucor spp.) 
fungal organisms are known to cause pneumonia 
in the immunocompromised patient. The route by 
which fungal pneumonia arises is subdivided into 
three mechanisms: (1) fungi that invade the lung 
directly via inhalation of spores (e.g., Aspergillus, 
Cryptococcus), (2) organisms that reach the lung 
from another site (Aspergillus, Candida spp.), 
and (3) systemic mycoses that lie dormant and 
reactivate in an immunocompromised patient 

(Coccidioides, Mucor, and Histoplasma spp.) 
[2, 10, 11]. In immunocompromised patients, 
fungal pneumonia often progresses to dissemi-
nated disease quickly and is much more difficult 
to treat successfully once it has disseminated.

 Aspergillus Pneumonia

Introduction and incidence: Aspergillosis is the 
leading cause of IFI of the lung in immunocom-
promised patients, including those who have 
undergone HSCT and are awaiting immune 
recovery or are on immunosuppression due to 
GvHD. Because it often becomes disseminated, 
aspergillosis is associated with poor outcomes in 
this patient population. Invasive fungal infection 
mortality has been reported to be greater than 
50% [11]. Overall survival is significantly less in 
patients with invasive fungal infections, as com-
pared to their counter parts [11].

Risk factors: Risk factors for aspergillosis of 
the lungs include allogeneic HSCT, prolonged 
use of immunosuppression (particularly cortico-
steroids), GvHD, HLA disparity, TBI-containing 
conditioning/preparative regimens, history of 
prior fungal infection, and increased age of 
HSCT recipient.

Differential diagnosis: The differential diag-
nosis of aspergillosis of the lungs includes bacte-
rial pneumonia, interstitial pneumonitis, and 
atypical pneumonia.

Clinical and radiographic features: Neutro-
penic patients may present with the classic triad of 
fever, pleuritic chest pain, and hemoptysis, 
although this triad is frequently not present. 
Hypoxemia may also present. The radiographic 
appearance is varied and includes single or multi-
ple nodules with or without cavitation, patchy or 
segmental consolidation, or peribronchiolar opaci-
ties. Figure 21.3 shows an example of invasive 
aspergillosis of the lungs seen on CT scan of the 
chest in a post-HSCT recipient. This image shows 
a characteristic feature of a nodule surrounded by 
ground-glass opacity (“halo sign”) that reflects 
angioinvasion and hemorrhage into the surround-
ing tissue. However, the halo sign is not specific to 
Aspergillus and can be seen with other fungi 
and molds including Fusarium, Mucor, and 
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Scedosporium species. Note: patients who are 
 profoundly neutropenic and/or immunocompro-
mised may not have radiographic evidence of dis-
ease; however, lack of the radiographic findings 
should not delay the initiation of empiric treatment 
if the patient is at very high risk for developing 
fungal pneumonia.

Diagnostic studies: Early treatment interven-
tion is very important in order to maximize suc-
cessful outcome. Radiographic findings develop 
late in the course of aspergillosis. Thus, empiric 
treatment of suspected IFI, including aspergillo-
sis of the lungs, is essential. Screening methods 
to detect Aspergillus include serum Aspergillus 
galactomannan, serum β-D-glucan, or serum 
Aspergillus PCR testing. Serum Aspergillus 
galactomannan assay is used most commonly, 
although false-positive serum galactomannan has 
been reported in patients receiving β-lactam anti-
biotics, particularly piperacillin–tazobactam, and 
the effects may last up to 5 days after discontinu-
ing these antibiotics [12, 13]. β-D-Glucan screen-
ing, especially in pediatric HSCT recipients, has 
a low positive predictive value and is, therefore, 
of limited usefulness in screening for pulmonary 
aspergillosis [13]. Other diagnostic tools include 
CXR, CT scan of the chest, BAL with or without 
transbronchial biopsy, and CT-guided needle 
biopsy. Whenever possible, a biopsy of a sus-
pected lesion should be obtained because the 
biopsy tissue results may help to confirm the 
diagnosis and guide appropriate therapy. 

Galactomannan testing from BAL specimen is 
available and has been shown to have a higher 
sensitivity for invasive pulmonary aspergillosis 
than Aspergillus galactomannan testing from the 
serum [10].

Management and outcome: Because the out-
comes of IFI in immunocompromised patients 
are poor, prophylaxis with antifungal agents in 
high-risk patients (i.e., patients undergoing alter-
native donor allogeneic HSCT and patients 
receiving substantial immunosuppression) is 
essential. For aspergillosis prophylaxis, an echi-
nocandin (e.g., caspofungin and micafungin) is 
used. Alternatively, voriconazole or posacon-
azole is used in very-high-risk patients.

For treatment, whether empiric or documented, 
voriconazole is the first-line antifungal agent of 
choice. However, voriconazole has no activity 
against mucormycosis, and outbreaks of mucor-
mycosis in patients receiving voriconazole pro-
phylaxis have been reported [2]. For patients who 
are intolerant of voriconazole or for whom the 
diagnosis of invasive aspergillosis is not  confirmed, 
liposomal amphotericin B should be considered. 
For patients who fail treatment with voriconazole, 
an echinocandin alone or in combination with 
voriconazole or posaconazole can be used as sal-
vage therapy [10, 14]. In selected cases, surgical 
intervention has been successful either as treat-
ment or prevention of relapse in patients requiring 
further chemotherapy or HSCT [11, 14]. 
Prophylaxis with newer azole derivatives is under 
investigation for reducing relapse rates [15].

 Candida Pneumonia

Introduction and incidence: Pneumonia due to 
Candida species in the HSCT patient population 
is rare due to the frequent use of prophylaxis with 
antifungal-azole derivatives (e.g., fluconazole).

Risk factors: Risk factors for Candida pneu-
monia include neutropenia, use of corticoste-
roids, oral candidiasis, and mucositis.

Differential diagnosis: The differential diag-
nosis includes bacterial pneumonia, interstitial 
pneumonitis, and atypical pneumonia.

Clinical and radiographic features: Similar to 
pneumonia due to other fungi, Candida pneumo-

Fig. 21.3 Aspergillosis of the lung post-HSCT. Chest CT 
image showing aspergillosis, which typically involved 
segmental and subsegmental bronchi usually in the upper 
lobes. The lesion(s) can have a mass-like appearance and 
have a “halo sign” as depicted here
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nia in HSCT recipients typically presents with 
persistent fever that is unresponsive to broad- 
spectrum antibiotics. Chest CT scan findings 
include multiple nodules with airspace consolida-
tion. In patients with acute lung injury due to 
Candida pneumonia, the chest CT scan may show 
extensive ground-glass opacities in addition to a 
focal area of consolidation.

Diagnostic studies: Similar to other fungal 
pneumonias, early treatment intervention is key 
to providing a successful outcome. The only 
screening method to detect Candida infection is 
serum β-D-glucan. β-D-Glucan screening is of 
limited value, especially in pediatric HSCT 
recipients, because it has a low positive predic-
tive [13]. Other diagnostic tools include CXR, 
CT scan of the chest, BAL with or without trans-
bronchial biopsy, and CT-guided needle biopsy. 
Whenever possible, biopsy of suspected lesions 
should be obtained because it will help make a 
definitive diagnosis and thus help guide the 
appropriate therapy.

Management and outcome: Antifungal ther-
apy with an azole derivative (e.g., fluconazole, 
voriconazole, and posaconazole) is used as first- 
line treatment. Depending upon the species of 
Candida (such as C. glabrata and C. krusei which 
are resistant to fluconazole), caspofungin may be 
indicated although C. glabrata isolates that are 
resistant to echinocandins are on the rise.

 Zygomycetes Lung Infections

Introduction and incidence: Zygomycetes, includ-
ing Mucor and Rhizopus spp., have a reported 
prevalence of 1.9% in the allogeneic HSCT 
patient population. Data suggest that the inci-
dence is rising with more frequent use of vori-
conazole prophylaxis [4].

Differential diagnosis: The differential diag-
nosis includes bacterial pneumonia, interstitial 
pneumonitis, and atypical pneumonia.

Clinical and radiographic features: The 
clinical presentation of pneumonia due to 
Zygomycetes in HSCT recipients has a similar, 
nonspecific presentation as seen with other fun-
gal pneumonias, including persistent fever that 
is unresponsive to broad-spectrum antibiotics. 

There are no biomarkers to identify Zygomycetes. 
β-D-Glucan and galactomannan tests do not 
detect antigen components of the mucorales cell 
wall. Zygomycetes, clinically and radiologically, 
resembles Aspergillus, and, as a result, clinical 
distinction between the two entities is difficult. 
Thus, biopsy and culture are critical to distin-
guish Zygomycetes from Aspergillus and other 
more common mold species [16]. Chest CT scan 
findings include multiple nodules with airspace 
consolidation. In patients with acute lung injury 
due to Zygomycetes, the chest CT scan may show 
extensive ground-glass opacities in addition to a 
focal area of consolidation.

Diagnostic studies: Because Zygomycetes- 
associated infections are so aggressive, an emer-
gent biopsy and/or BAL is strongly recommended 
in order to accurately identify the causative 
pathogen and thus provide the most appropriate 
therapy.

Management and outcome: Because 
Zygomycetes-associated infections, including 
those of the lung, have an extremely poor prog-
nosis in immunocompromised patients, treatment 
of Zygomycetes infection should be initiated as 
soon as possible in order to improve outcome. 
Aggressive treatment is required and includes 
systemic therapy with amphotericin B and, when-
ever possible, wide surgical debridement and/or 
excision of the involved tissue.

 Other Fungi

Fusarium and Scedosporium species can also 
cause pulmonary infections but are extremely 
rare. For example, the incidence of Fusarium 
among patients who underwent allogeneic HSCT 
ranges from 0.5 to 2% [9].

 Early Post-engraftment (31–
100 Days Post-HSCT)

Many of the most common etiologies of pulmo-
nary complications that are seen during the early 
post-engraftment period (days 31–100 post- 
HSCT) overlap with the pre-engraftment and/or 
late post-engraftment periods. These include 
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DAH (which is discussed under “pre- 
engraftment”) and the risk for infections, particu-
larly community-acquired viruses, such as RSV, 
influenza, adenovirus, rhinovirus, and human 
metapneumovirus as well as CMV (which are 
discussed under “late post-engraftment”). While 
the risk for bacterial pneumonia is present during 
pre- and early post-engraftment periods, gram- 
positive organisms are far more common than 
gram-negative organisms. In addition to the early 
post-engraftment period, PJP is more prevalent 
and remains so through the late post-engraftment 
period. Both idiopathic interstitial pneumonitis 
(IPS) and bronchiolitis obliterans organizing 
pneumonia (BOOP) reach median peak inci-
dence during the early post-engraftment period 
and are discussed in this section.

 Idiopathic Interstitial Pneumonia 
Syndrome (IPS)

Introduction and incidence: Idiopathic interstitial 
pneumonia syndrome (IPS) is a noninfectious 
inflammatory process involving the intra-alveolar 
lining of the lung without a clear causative etiol-
ogy, in which all infectious, cardiac, and renal 
causes have been excluded [17]. It results in 
widespread pulmonary damage shortly after allo-
geneic HSCT. Clinically, it behaves similar to an 
infectious pneumonia; however, IPS tends not to 
respond to antimicrobial therapy. IPS usually 
occurs within 120 days post-HSCT with the 
median time of onset between 42 and 58 days 
[18–21]. The incidence of IPS is 5–25% within 
the first 120 days of HSCT [17, 19]. It has a high 
mortality rate of 50%–70% despite improve-
ments in diagnostic tools and in supportive care 
measures [17, 19, 20].

Pathogenesis: The exact pathogenesis of IPS 
has not been completely elucidated. However, it 
is thought that agents used in the conditioning 
regimen cause damage to pulmonary epithelium 
which triggers recruitment of macrophages and 
T-cells to the sites of injury, causing a signifi-
cant inflammatory response (see Fig. 21.4 for a 
pictorial representation of the presumed process 
of IPS) [1–3, 10, 22, 23]. The underlying 

 primary disease is also thought to contribute to 
the predisposition of IPS. The presence of acute 
GvHD and immunosuppression appears to exac-
erbate IPS.

Risk factors: Risk factors for IPS include pre-
vious diagnosis of leukemia or myelodysplastic 
syndrome (MDS), prior allogeneic HSCT, mye-
loablative conditioning (TBI and/or high-dose 
cyclophosphamide), chest irradiation, immune- 
mediated lung injury (acute GvHD), pulmonary 
infections (e.g., CMV), and increased age of the 
recipient at time of HSCT [19, 21]. Other factors 
such as previous exposure to bleomycin, carmus-
tine, methotrexate, melphalan, and cytarabine 
chemotherapy appear to contribute to an increased 
risk but have not been statistically significant.

Differential diagnosis: The differential diag-
nosis for IPS includes but is not limited to infec-
tious pneumonia (bacterial or viral), acute GvHD, 
drug reaction, inhalation exposure, chronic 
hypersensitivity pneumonia, collagen vascular 
disease, and asbestosis [17, 19].

Clinical and radiographic features: IPS typi-
cally presents with a nonproductive cough, fever, 
dyspnea, rales, hypoxemia, and worsening respi-
ratory status. It can be categorized in three differ-
ent patterns depending upon the site of injury; 
these are (1) pulmonary parenchyma, (2) vascu-
lar endothelium, and (3) airway epithelium [17]. 
The typical clinical course evolves quickly from 
mild respiratory symptoms to respiratory failure 
leading to demise within a few weeks. The radio-
graphic findings are nonspecific with diffuse 
ground-glass appearance bilaterally, airspace 
consolidation, and pulmonary edema noted on 
CXR and CT scan of the chest [17]. The diagnos-
tic criteria of IPS include the presence of diffuse 
radiographic infiltrates, clinical symptoms of 
pneumonia (hypoxia, cough, and dyspnea), and 
evidence of abnormal pulmonary physiology 
(i.e., an increased A-a gradient and/or restrictive 
pattern on PFTs) as well as exclusion of active 
lower respiratory tract infection.

Diagnostic studies: Diagnostic studies include 
CXR (two views if possible), pulmonary function 
tests (PFTs), oxygen saturation, ABG, high- 
resolution chest CT, as well as BAL with or with-
out transbronchial biopsy. CT-guided needle 
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biopsy or open lung biopsy may be performed to 
exclude an infectious etiology.

Management and outcome: Preventative mea-
sures for infections such as antibacterial, antifun-
gal, antiparasitic, and antiviral therapies are often 
instituted while awaiting the results of the tests 
performed to determine the etiology of the respi-
ratory failure. Once an infectious etiology has 
been excluded, treatment of IPS with corticoste-
roids should be instituted promptly. In addition, 
supportive care including oxygenation and respi-
ratory support (i.e., mechanical ventilation) 
should continue [19, 24]. Recently, the addition 
of tumor necrosis factor-alpha (TNFα) inhibitors 
such as etanercept and infliximab to corticoste-
roid treatment is being actively investigated; 
however, further work needs to be done in order 
to prove the effectiveness of the addition of these 
inhibitors on overall survival [19, 24].

 Bronchiolitis Obliterans Organizing 
Pneumonia (BOOP)

Introduction and incidence: Table 21.3 presents a 
comparison between bronchiolitis obliterans orga-
nizing pneumonia (BOOP) and bronchiolitis oblit-
erans syndrome (BOS) in terms of characteristic 
pathology, affected lung tissue, PFT measurements, 
radiographic findings, treatments, and outcomes. 
BOOP usually occurs on average 3 months post-
HSCT (range, 3–14 months) and is characterized by 
moderate-to-severe restrictive lung disease. The 
cause of BOOP after HSCT is unclear, although risk 
factors such as chronic GvHD, matched unrelated 
donor (MUD) allogeneic HSCT, haploidentical 
HSCT, and the use of tacrolimus for GvHD prophy-
laxis have been identified. Various immunologic, 
toxic, and/or inflammatory insults to the lung may 
lead to the pathognomonic findings associated with 
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Fig. 21.4 Evolution of 
idiopathic pneumonia 
syndrome (IPS). This 
illustration represents the 
evolution of the 
development of IPS in 
the post-HSCT recipient. 
IPS is a multifactorial 
disease process. The 
underlying primary 
malignancy predisposes 
the post-HSCT recipient 
to an initial pulmonary 
insult that is exacerbated 
by the chemotherapy 
used in the conditioning 
regimen. The presence 
of acute GvHD and the 
use of 
immunosuppression 
further contribute to the 
development of IPS
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BOOP. These lesions consist of exudates with plugs 
of granulation and connective tissue in the distal air-
ways extending in to the alveoli; interstitial inflam-
mation and fibrosis are also present [25, 26].

Risk factors: The risk factors of BOOP include 
chronic GvHD, MUD allogeneic HSCT, haploi-
dentical HSCT, and use of tacrolimus for GvHD 
prophylaxis.

Differential diagnosis: The differential diag-
nosis of BOOP includes infectious interstitial 
pneumonia as well as drug- and radiation-induced 
pneumonitis.

Clinical and radiographic features: The clini-
cal features of BOOP include quickly progressive 
dyspnea preceded by a flu-like illness. Overall, 
the onset is acute. Pulmonary function tests 
(PFTs) show restrictive changes with a decreased 
FEV1/DLCO ratio. Chest CT scan typically 
shows predominantly peripheral, patchy infil-
trates distinguishable from bronchopneumonia 
(which has a classic mosaic pattern).

Diagnostic studies: Diagnostic studies include 
PFTs, CXR, and chest CT scan with contrast. A 
BAL with or without transbronchial biopsy, 
CT-guided needle biopsy, or an open lung biopsy 

may need to be performed in order to exclude an 
infectious etiology.

Management and outcome: Treatment of 
BOOP includes oral corticosteroids, inhaled cor-
ticosteroids, and every other day azithromycin. 
Additional immunosuppression has been used. 
BOOP is very responsive to corticosteroid ther-
apy, with about 80% of patients responding, 
which is much more favorable than the outcomes 
of patients with BOS [27].

 Late Post-engraftment (>100 Days 
Post-HSCT)

Many of the pulmonary complications that 
typically occur during the late post-engraft-
ment period (>100 days post-HSCT) are as a 
consequence of chronic GvHD (both infec-
tious and noninfectious causes). The other 
major factor contributing to pulmonary com-
plications is delayed immune reconstitution, 
particularly adaptive immunity (i.e., T- and 
B-cell recovery). These late pulmonary 
 complications include bronchiolitis obliterans 

Table 21.3 Comparison of BOOP and BOS

BOOP BOS

Median time of 
onset post-HSCT

•  3 months post-HSCT 
(range 3–14 months)

•  12 months post-HSCT (range 6–24 months)

Cause •  Unclear •  Unclear

Pathology •  Nonspecific inflammatory 
injury

•  Fibrotic deposition in small airways and terminal 
bronchioles that results in bronchiole destruction and scar 
tissue

Airways affected •  Small airway and alveoli •  Small airways
•  Alveoli are NOT involved

Pulmonary 
Function Test 
(PFT)

•  Restrictive pattern with 
decreased FEV1/DLco

•  Obstructive pattern with airflow obstruction

Radiographic 
findings

•  Chest x-ray with fluffy 
airspace disease

•  Not detected on standard chest x-ray or CT scan
•  Can be detected with high- resolution CT scan
•  Need bronchoscopy to exclude infection as cause of airflow 

obstruction

Treatment •  Short course of 
corticosteroids

•  Indolent course
•  Goes undetected until severe
•  Treat with corticosteroids, cyclosporine, tacrolimus, and 

bronchodilators, although typically unresponsive to 
treatment

Outcome •  High mortality rate •  Severe and irreversible
•  High mortality
•  Lung transplant
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 syndrome (BOS) (which differs from BOOP 
and is considered by many to be a clinical 
manifestation of chronic GvHD of the lung), 
posttransplantation lymphoproliferative dis-
ease (PTLD) involving the lungs, infectious 
pneumonias due to encapsulated bacteria (e.g., 
pneumococcus), and Aspergillus or viral pneu-
monia including CMV, VZV, and community- 
acquired viruses (e.g., RSV, parainfluenza, 
human metapneumovirus, adenovirus, and rhi-
novirus) [1, 2, 28–30].

 Bronchiolitis Obliterans  
Syndrome (BOS)

Introduction and incidence: Table 21.3 contains a 
summary comparing BOOP and BOS regarding 
their characteristic pathology, affected lung tis-
sues, PFT measurements, radiographic findings, 
treatments, and outcomes. Historically, BOS had 
a grave prognosis due to its ill-defined diagnostic 
criteria, unknown pathophysiology, and lack of 
effective supportive care and therapeutic options 
[31]. BOS arises from an immune-mediated reac-
tion involving the small airways. This immune- 
mediated reaction leads to fibrotic deposition in 
the small airways and terminal bronchioles that 
eventually causes obliteration of the bronchioles. 
It is an insidious process that occurs within 2 years 
post-HSCT with a median onset of 12 months 
(range, 6–24 months) post-HSCT [31]. The inci-
dence of BOS ranges from 2 to 10%. Its preva-
lence is 10% among long-term survivors and up to 
14% among patients with evidence of chronic 
GvHD [32]. The mortality rate of BOS is 41% 
within the first 5 years post-HSCT [32].

Risk factors: BOS is a rare, late complication 
of HSCT. The cause of BOS post-HSCT is not 
fully understood. However, there are many risk 
factors that increase the likelihood of developing 
BOS. These include HLA mismatch, other mani-
festations of chronic GvHD, a history of acute 
GvHD, busulfan-containing conditioning regi-
mens, peripheral blood HSC source, early post- 
HSCT pulmonary viral infections, ABO 
incompatibility, prior lung disease, and post- 
HSCT lung disease [31, 33].

Differential diagnosis: BOS is difficult to 
diagnose without a lung biopsy, as it may appear 
similar to other diagnoses on radiographic imag-
ing and clinical presentation. The differential 
diagnosis of BOS includes idiopathic pneumonia 
syndrome, cryptogenic-organizing pneumonia 
(COP), pulmonary fibrosis, late effects from ion-
izing radiation, infection, asthma, or chronic 
obstructive pulmonary disease (COPD). The dif-
ferential diagnosis also includes rare disorders 
such as tracheomegaly, tracheobronchomalacia, 
and α-1-antitrypsin deficiency [31].

Clinical and radiographic features: Clinical 
features of BOS are chronic nonproductive 
cough, dyspnea on exertion, decrease exercise 
intolerance, wheezing, or pneumomediastinum 
[31, 32]. Very often, BOS is accompanied by 
other manifestations of chronic GvHD. While 
BOS can mimic other entities on radiographic 
imaging, the most common CT scan findings on 
high resolution are reticulonodular disease and 
air trapping (see Fig. 21.5). The most useful diag-
nostic tool is PFTs. Early PFT findings include a 
diminished FEV1 which can also be used to mea-
sure treatment response and disease progression.

Fig. 21.5 Radiographic evidence of bronchiolitis obliter-
ans syndrome (BOS). High-resolution CT image showing 
mosaic pattern in a patient with BOS with airspace and 
nodular opacities (From Amy K. Chi, Ayman O. Soubani, 
Alexander C. White, Kenneth B. Miller, An Update on 
Pulmonary Complications of Hematopoietic Stem Cell 
Transplantation, Chest, Volume 144, Issue 6, 2013, 1913–
1922, https://doi.org/10.1378/chest.12-1708)
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Diagnostic studies and criteria: Historically, 
lung biopsy was considered the gold standard to 
make the diagnosis of BOS; however, patients 
undergoing lung biopsy had significant morbid-
ity. As a result, noninvasive diagnostic criteria 
have been developed for BOS. The current diag-
nostic criteria includes (1) FEV1 <75% predicted 
and an irreversible ≥10% decline in <2 years, (2) 
FEV1-to-vital-capacity (VC) ratio <0.7 or the 
lower limit of the 90% confidence interval of the 
ratio, (3) absence of infection, and (4) either pre-
existing diagnosis of chronic GvHD, air trapping 
by expiratory CT scan, or air trapping on PFTs 
measured by residual volume (RV) >120% or 
RV/total lung capacity (TLC) exceeding the 90% 
confidence interval [31, 32]. The severity of dis-
ease may be classified as mild (FEV1 measuring 
>60%), moderate (FEV1 measuring between 40 
and 59%), and severe (FEV1 measuring <39%). 
BAL is a valuable tool in making the diagnosis of 
BOS. Alternatively, it can be useful to identify or 
exclude other pulmonary etiologies such as infec-
tion (which often contributes to the development 
of BOS) and help guide further management 
[31]. However, there are limitations to BAL as a 
diagnostic tool because the diagnostic yield may 
be as low as 36% [34].

Due to the limitations of BAL, if there is a 
high suspicion for both BOS and infection, it is 
common practice to proceed directly to lung 
biopsy despite the risks of comorbidities. 
Management and outcome: Over the last few 
decades, there has been significant improvement 
in both supportive care and treatment guidelines 
resulting in improved outcomes and overall sur-
vival for post-HSCT patients with BOS. Early 
detection improves overall survival; hence, fre-
quent PFT monitoring in post-HSCT patients is 
important. It is recommended that PFTs be moni-
tored at least every 3 months for the first year 
after HSCT and then annually thereafter. If a 
diagnosis of BOS is rendered, recommended PFT 
measurements should be performed more fre-
quently in order to monitor the change in the 
slope of FEV1 volume over time. This measure-
ment dictates further escalation of treatment and/
or investigation of other etiologies that may be 
contributing to declining lung function [31, 33].

Though BOS is considered noninfectious, anti-
microbial prophylaxis is recommended for patients 
with BOS. These include trimethoprim/sulfa-
methoxazole for Pneumocystis jiroveci pneumo-
nia, penicillin for Streptococcus, and voriconazole 
or posaconazole for fungal coverage [31, 32].

Historically, patients with BOS have been 
treated with systemic corticosteroids. The 
 downside to this approach is the increased risk of 
infection due to immune suppression. Recent 
studies have suggested that other modalities of 
immune suppression such as inhaled fluticasone, 
oral azithromycin, and montelukast (FAM) with a 
brief burst of prednisone (1 mg/kg/day) followed 
by a rapid taper has led to improved results. In a 
multi-institutional study of 36 patients using this 
approach, 94% of patients showed stabilization or 
improvement of their disease in 3 months and sur-
vival of 97% at 6 months [31, 35].

A high mortality rate has been associated with 
BOS despite aggressive interventions. However, 
recent estimates show a 60–70% survival rate at 
2–3 years post-diagnosis and 40–50% 5-year sur-
vival as compared to 40–20% for 2–3- and 5-year 
survival reported previously. This improvement 
in survival is likely due to better supportive care 
and new treatment approaches [31–33].

 Bacterial Pneumonia

Introduction and incidence: Lung infections that 
occur later than 100 days post-HSCT are gener-
ally caused by encapsulated bacteria (e.g., S. 
pneumoniae and H. influenza), although their fre-
quency is less than during the pre-engraftment 
phase. These types of infections continue to 
occur into the first year post-HSCT, largely due 
to defects in cellular and humoral immunity. 
During this period, numerous other bacteria can 
cause bacterial infections, including Legionella, 
Nocardia, and Actinomyces [1, 10, 36, 37].

Risk factors: Risk factors of bacterial pneumo-
nia during the late post-engraftment phase 
include delayed immune reconstitution post- 
HSCT, hypogammaglobulinemia, and long-term 
immunosuppression (particularly steroids) for 
the treatment of chronic GvHD.
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Differential diagnosis: The differential diag-
nosis of bacterial pneumonia includes interstitial 
pneumonitis, atypical pneumonia, respiratory 
viruses, PJP pneumonia, CMV pneumonia, 
Aspergillus pneumonia, PTLD, BOOP, and BOS.

Clinical and radiographic features: The clinical 
findings are relatively nonspecific, and they include 
fever, hypoxemia, increased work of breathing, and 
dry or productive cough. CXR often shows con-
solidation of alveolar sacs and an isolated area of 
consolidation. Similar to immunocompetent 
patients with pneumonia, the radiographic findings 
lag behind by the clinical findings.

Diagnostic studies: Diagnostic studies include 
chest radiograph (two views if possible), PFTs, 
oxygen saturation, ABG, and high-resolution 
chest CT. BAL, transbronchial biopsy, CT-guided 
needle biopsy, or open lung biopsy are performed 
if the etiology is unclear.

Management and outcome: If the post-HSCT 
patient has chronic GvHD, then much of their 
management involves the prevention of these 
infections including the use of prophylactic peni-
cillin to help prevent the development of infec-
tions with encapsulated bacteria, In addition, 
immunoglobulin replacement is administered for 
patients with hypogammaglobulinemia. A thor-
ough evaluation of fever in a post-HSCT patient 
who is still immunocompromised is essential.

 Mycobacteria Pneumonia

Introduction and incidence: Mycobacterial and 
atypical mycobacterial infections are occasion-
ally reported after HSCT [2, 38]. The overall 
incidence of M. tuberculosis infections in alloge-
neic HSCT recipients is 1–3% [39]. M. haemoph-
ilum and M. avium complex can be important 
pulmonary pathogens after HSCT as well.

Risk factors: Total body irradiation, chronic 
GvHD (requiring escalation of immunosuppres-
sive therapy), and patients older than 45 years are 
associated with an increased risk of mycobacte-
rial infections.

Differential diagnosis: The differential diag-
nosis of mycobacteria pneumonia includes other 
infectious etiologies such as bacterial and fungal 

pneumonia in addition to BOOP, BOS, and meta-
static malignancy [38, 40].

Clinical and radiographic features: 
Radiological manifestations are variable and may 
include consolidation and patchy inflates, pulmo-
nary nodules, lung cavitation, multifocal bronchi-
ectasis, and plural effusions [38]. M. haemophilum 
and M. avium should be suspected in patients with 
skin nodules with or without pulmonary infil-
trates. Other features consist of lymphadenopa-
thy, fever, weight loss, diarrhea, nonproductive 
cough, chest pain, and hepatosplenomegaly.

Diagnostic studies: Because allogeneic HSCT 
is associated with depressed delayed-type hyper-
sensitivity reactions, skin testing with purified 
protein derivative (PPD) is not likely to be useful. 
Sputum samples may be helpful in making a 
diagnosis. More useful tests consists of 
Mycobacterium PCR to confirm the diagnosis in 
addition to special culture that require isolated 
conditions. Thus, close communication with the 
microbiology laboratory is essential. Failure to 
recognize this treatable pathogen in a timely 
fashion can lead to a fatal outcome.

Management and outcome: Management can 
differ depending on tubercular versus non- 
tubercular etiologies. Regardless of the type of 
mycobacterial infection, once infection is proven, 
treatment should be multidrug due to increased 
risk of resistance. Non-tubercular Mycobacterium 
(NTM) is associated with CVC-induced bactere-
mia. Recovery of the immune system improves 
survival in patient with disseminated NTM. 
Treatment of NTM includes an initial and a con-
tinuation phase. Antimicrobial therapy is based on 
the antimicrobial susceptibility. For the initial 
phase, antimicrobial agents are generally pre-
scribed for 1–2 months or until radiographic 
improvement is noted [38, 40]. At least three drug 
combinations are used in the initial phase. Typical 
regimens include macrolides, azithromycin, fluo-
roquinolones ethambutol, and rifampin. The con-
tinuation phase begins once the patient has 
demonstrated clinical improvement. The antimi-
crobial regimen for the continuation phase is usu-
ally composed of a two-drug regimen, with the 
total duration of therapy being 6–12 months. Non-
tubercular Mycobacterium prognosis is 42% [38].
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Tubercular infections are often sensitive to 
first-line drugs such as rifampin, isoniazid (INH), 
pyrazinamide, and ethambutol. Similar to NTM, 
every effort should be made to reduce the patient’s 
immunosuppression when feasible.

 Viral Pneumonia

HSCT recipients are at risk for serious lung infec-
tions due to respiratory viruses, such as influenza 
A and B, parainfluenza viruses (PIV) (especially 
PIV 3), respiratory syncytial virus (RSV), and 
human metapneumovirus (hMPV). Lymphopenia 
appears to be an important risk factor for respira-
tory virus infection.

Post-HSCT patients who are in the late 
post- engraftment phase are at great risk for 
reactivation as well as de novo acquisition of 
viral infections due to delayed reconstitution 
of adaptive immunity. These infections are 
both opportunistic and community acquired. 
Both types carry high mortality rates. Thus, 
patients need to be monitored closely for viral 
reactivation, and they should avoid contact 
with individuals with cold symptoms and avoid 
large crowds until immune reconstitution has 
occurred.

 Cytomegalovirus (CMV)

Introduction: CMV pneumonia rarely occurs 
during the pre-engraftment period, as the major 
risk involves impaired cellular immunity. 
However, once engraftment occurs, it should be 
included in the differential diagnosis of cough, 
fever, or dyspnea, even in the absence of radio-
graphic abnormalities. CMV is in the herpes 
virus family and can manifest itself in post-HSCT 
patients in three ways: (1) reactivation of latent 
CMV, (2) acquired viral pathogen from an 
infected HSC donor, and (3) acquired through 
blood transfusion [41–44]. Preemptive and pro-
phylactic antiviral therapy has markedly reduced 
the incidence and severity of CMV disease and 
has delayed its onset, although CMV must be 
considered in any  allogeneic HSCT recipient 

who is CMV  seropositive or received HSCs from 
a seropositive donor [2, 41–44].

Risk factors: Allogeneic HSCT recipients are 
at high risk for CMV reactivation which may 
develop into CMV pneumonia. The risk is high-
est in seropositive recipients who receive HSCs 
from a seronegative donor. Another risk factor is 
prolonged immunosuppression, particularly the 
use of corticosteroids.

Differential diagnosis: The differential 
diagnosis of CMV pneumonia is interstitial 
pneumonitis, bacterial pneumonia (esp. 
Legionella spp.), radiation pneumonitis, other 
viral infections, cardiac failure, diffuse alveo-
lar hemorrhage (DAH), and pulmonary edema.

Clinical and radiographic features: The clini-
cal features associated with CMV pneumonia are 
nonspecific, making it difficult to diagnose early 
in its course. Patients may present with fever, 
tachypnea, rales, diminished breath sounds, leth-
argy, restlessness, and hypoxemia. Chest radio-
graphs typically show bilateral, patchy areas of 
ground-glass or consolidation. High-resolution 
computed tomography (HRCT) may show 
ground-glass attenuation, parenchymal opacifi-
cation, or innumerable small (<5 mm) nodules 
[2, 41–44].

Diagnostic studies: CMV by quantitative PCR 
from the blood should be performed one to two 
times a week in all allogeneic HSCT recipients, 
although patients can have CMV pneumonia 
without CMV viremia. A CXR (preferably two 
views) and high-resolution CT scan of the chest 
should also be performed if CMV pneumonia is 
suspected.

Management and outcome: Preemptive treat-
ment should be started immediately in patients 
who show signs of viremia by PCR, i.e., prior to 
the manifestation of clinical symptoms of CMV 
pneumonia [43, 44]. Treatment of CMV infec-
tion/reactivation includes ganciclovir, foscarnet, 
or cidofovir. Ganciclovir is the first-line treat-
ment in patients who have robust, sustained 
donor engraftment, and adequate renal function. 
Ganciclovir acts by inhibiting viral replication. 
The dosing is 5 mg/kg IV Q 12 h (see Chap. 28). 
Patients are transitioned to prophylaxis dosing 
once CMV viremia resolves because patients 
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who have reactivated CMV are very likely to 
reactivate again. Foscarnet is typically reserved 
for use in patients who have limited graft func-
tion. The dosing is 60 mg/kg/dose TID for a 
minimum of 7 days and then changed to mainte-
nance dosing once CMV viremia resolves (see 
Chap. 28). Also, foscarnet may be used as pro-
phylaxis during the pre- and early post-engraft-
ment phases for patients who are at very high 
risk for CMV reactivation (i.e., recipient is sero-
positive and donor is seronegative). Cidofovir 
may be used in patients who have CMV that is 
refractory to ganciclovir or foscarnet. Dosage is 
either 5 mg/kg/dose once a week or 1 mg/kg/
dose three times a week (see Chap. 28). Because 
of its known nephrotoxicity, cidofovir needs to 
be given with probenecid along with pre- and 
post-hydration in order to aid in preserving 
renal function. In addition to antiviral agents, 
CMV hyperimmune globulin (Cytogam) or 
IVIg should be considered in patients with CMV 
viremia, as well as those with CMV disease, 
e.g., pneumonia.

 Community-Acquired Respiratory 
Viral Infections

Community-acquired respiratory viral infections 
(e.g., influenza, parainfluenza, respiratory syncy-
tial virus (RSV), adenoviruses, rhinovirus, and 
human metapneumovirus) can occur during the 
post-engraftment period. Because of delayed 
adaptive immune reconstitution in allogeneic 
HSCT recipients (particularly those on immuno-
suppression), community-acquired respiratory 
viral infections can become deadly with the 
development of lower respiratory tract involve-
ment. Details pertaining to specific viral lung 
infections in HSCT recipients’ post-engraftment 
are provided below [36, 45].

 Influenza Virus

Introduction and incidence: Influenza viruses 
have the potential to cause serious lung infection 
and respiratory failure among HSCT recipients 

because they tend to develop into lower tract 
respiratory disease. Infections with influenza 
tend to be seasonal, predominantly between 
November and April in North America. 
Progression to pneumonia is more likely among 
lymphopenic patients and, thus, is more common 
in the post-engraftment phase than pre- 
engraftment phase [36, 45]. All HSCT recipients 
should be immunized against influenza as soon 
as the vaccine is available in the early fall.

Risk factors: Risk factors for community- 
acquired respiratory viral infections are exposure 
to school-aged household contacts, hypogamma-
globinemia, immunosuppressive therapy, inabil-
ity to receive annual vaccines, nosocomial 
outbreaks, and chronic lung disease.

Differential diagnosis: The differential diag-
nosis of community-acquired respiratory viral 
infections includes bacterial pneumonia, fungal 
pneumonia, and PJP as well as IPS.

Clinical and radiographic features: The pres-
ence of rhinorrhea, high fevers, myalgia, mal-
aise, cough, headache, and/or sinusitis should 
raise suspicion for influenza. The CT scan find-
ings of influenza (as well as parainfluenza virus) 
include small peribronchiolar nodular opacities, 
ground- glass opacities, and/or airspace consoli-
dation [46].

Diagnostic studies: The diagnosis of influenza 
can be established by rapid immunofluorescence 
detection of respiratory secretions (respiratory 
viral panel), throat swabs, or nasopharyngeal 
washes [46].

Management and outcome: Antiviral therapy 
for most community-acquired respiratory viral 
infections is typically supportive care and 
symptom management in addition to decreas-
ing and ideally discontinuing immunosuppres-
sion if possible for HSCT recipients. Influenza 
can be treated with oseltamivir; however, it is 
time sensitive. Treatment with oseltamivir 
shortens the period of illness but does not rid 
one of the virus. Patients who present within 
the 48 h of onset of symptoms should have 
oseltamivir administered. IVIg can generally be 
used for patients who have had recurrent respi-
ratory infections to provide nonspecific passive 
immunity.
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 Respiratory Syncytial Virus (RSV)

Introduction and incidence: Respiratory syncy-
tial virus (RSV) generally begins as an upper 
respiratory tract infection. However, immuno-
compromised patients, including post-HSCT 
recipients, are at great risk for developing lower 
respiratory tract infection (LRTI) which has a 
high mortality rate [2]. RSV has a marked sea-
sonal variation in incidence, with the peak 
between January and March in North America.

Risk factors: Risk factors for RSV pulmonary 
infections are the same as those for other 
community- acquired respiratory viral infections 
and include exposure to school-aged household 
contacts, hypogammaglobinemia, immunosup-
pressive therapy, nosocomial outbreaks, and 
chronic lung disease.

Differential diagnosis: The differential diag-
nosis of RSV respiratory infections includes bac-
terial pneumonia, fungal pneumonia, and PJP as 
well as IPS.

Clinical and radiographic features: For 
patients with RSV, presenting symptoms include 
fever, wheezing, increased work of breathing, 
and hypoxemia, and they often quickly progress. 
Chest radiograph shows bilateral, ground-glass 
opacities. Note: the chest x-ray findings often lag 
behind the development of lower respiratory tract 
infection (LRTI) symptoms; thus it should not be 
excluded [46]. Upper respiratory tract symptoms 
may precede lower tract disease by several days, 
although pneumonia (i.e., LRTI) can be the initial 
presentation.

Diagnostic studies: Similar to influenza, the 
diagnosis RSV can be established by rapid immu-
nofluorescence detection of respiratory secre-
tions (respiratory viral panel), throat swabs, or 
nasopharyngeal washes [46].

Management and outcome: As for most 
community- acquired respiratory viral infections, 
the management of RSV consists of supportive 
care, symptom management, and decrease or ide-
ally discontinuation of immunosuppression if 
possible for HSCT recipients. Oral ribavirin is 
prescribed in patients with RSV who are at low 
risk for developing LRTI. Aerosolized ribavirin 

can be used in patients with RSV who are at high 
risk for developing LRTI. Patients who are at 
higher risk for developing LRTI include immu-
nosuppressed patients or patients with delayed 
immune reconstitution. Intravenous immuno-
globulin (IVIg) and palivizumab are often admin-
istered for RSV LRTI or patients who are at high 
risk of developing LRTI.

 Parainfluenza Virus

Introduction and incidence: Parainfluenza virus 
is a recognized cause of both upper and lower 
respiratory tract infection after HSCT, and it 
affects 2–7% of HSCT recipients. It is seasonal, 
occurring most often during the fall and winter 
months [2, 36, 45]. There are four serotypes, with 
type 3 being the most common cause of lung 
infection after HSCT. The incubation period is 
1–4 days.

Risk factors: Risk factors for parainfluenza 
virus pulmonary infections are the same for all 
community-acquired respiratory viral infections 
with exposure to school-aged household con-
tacts, hypogammaglobinemia, immunosuppres-
sive therapy, nosocomial outbreaks, and chronic 
lung disease being the most common.

Differential diagnosis: The differential diag-
nosis of parainfluenza-mediated respiratory viral 
infections includes bacterial pneumonia, fungal 
pneumonia, PJP, and IPS.

Clinical and radiographic features: The clini-
cal features of parainfluenza are nonspecific and 
include cough, rhinorrhea, otitis media, fever, 
malaise, and/or sinusitis. The CT scan findings of 
parainfluenza virus include small peribronchiolar 
nodular opacities, ground-glass opacities, and/or 
airspace consolidation [46].

Diagnostic studies: The diagnosis of 
parainfluenza- induced respiratory viral infec-
tions can be detected by rapid immunofluores-
cence detection of respiratory secretions 
(respiratory viral panel), throat swabs, or naso-
pharyngeal washes [46].

Management and outcome: The management 
for most community-acquired respiratory viral 
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infections which includes parainfluenza virus 
centers on supportive care and symptom manage-
ment. In addition, every effort should be made to 
decrease and, ideally, discontinue immunosup-
pression if possible. Aerosolized ribavirin can be 
used for HSCT recipients who have lower tract 
parainfluenza infection. IVIg can generally be 
used for patients who have had recurrent respira-
tory infections to provide nonspecific passive 
immunity.

Studies have demonstrated that the rate of 
parainfluenza respiratory viral infections is high 
in HSCT recipients. More than half of the HSCT 
recipients with parainfluenza respiratory infec-
tions will require hospitalization. These findings 
emphasize the importance of preventative strate-
gies against not only parainfluenza but also all 
respiratory viral infections. Such strategies 
include droplet isolation and avoidance of sick 
contacts. The prevalence of respiratory viral 
infection, including parainfluenza, has been 
reported ranging from 15 to 38% and can often 
be fetal [46, 47].

 Adenoviruses

Introduction and incidence: Respiratory adenovi-
rus infection has been isolated in 3–5% of patients 
after HSCT and should be considered in the dif-
ferential diagnosis of pulmonary infection [36, 
48]. While adenoviruses tend to be seasonal, 
adenovirus infection should be suspected in all 
post-HSCT patients with respiratory symptoms 
regardless of the season.

Risk factors: The risk factors for adenovirus 
are GvHD, the use of T-cell-depleted donor 
HSC or umbilical cord blood HSCs, rabbit anti-
thymocyte globulin as part of the conditioning 
regimen, and use of prolonged immunosuppres-
sion [47].

Differential diagnosis: Other viral respiratory 
infections should be considered part of the dif-
ferential diagnosis when adenovirus is 
suspected.

Clinical and radiographic features: Affected 
patients may present with pharyngitis, tracheitis, 

bronchitis, pneumonitis, enteritis, hemorrhagic 
cystitis, or disseminated disease (viremia). Their 
respiratory status may progress to respiratory 
failure requiring mechanical ventilation and may 
be fatal. The specific pattern of symptoms 
depends at least in part on the particular serotype 
of adenovirus and on the age of the recipient, 
with younger HSCT recipients at risk for more 
severe infection. Asymptomatic shedding of ade-
novirus can often be detected in cultures from the 
pharynx, respiratory secretions, stool, or urine up 
to 2–3 months after the active infection has 
resolved [36, 45, 47, 48].

Diagnostic studies: Adenovirus can be rapidly 
detected by immunofluorescence as part of the 
RVP. Identification of specific serotypes can be 
determined, but these test results often take days 
to become available, whereas RVP results can be 
available within hours at most institutions. 
Adenovirus can also be detected by PCR, and this 
test is exquisitely sensitive. Frequent monitoring 
with adenovirus quantitative PCR in high-risk 
populations is highly recommended.

Management and outcome: Ribavirin and 
cidofovir are agents used in the treatment of ade-
novirus. More evidence for efficacy exists for 
cidofovir. Antiviral treatments can be used as 
prophylaxis, as preemptive (based on viral load 
cutoff values), or as therapeutic treatment in 
cases of frank adenoviral infection. Close moni-
toring with quantitative PCR followed by pre-
emptive treatment with low dose of (1 mg/kg) 
cidofovir three times per week can be effective in 
most cases to bridge patients during their most 
severely immunocompromised period post- 
HSCT [47, 48]. Nephrotoxicity is a risk of cido-
fovir therapy; therefore, hyperhydration and 
coadministration of the drug probenecid decrease 
the risk of acute renal injury.

Definitive cure requires adequate immune 
reconstitution. Therefore, every effort should be 
made to decrease immunosuppression to enhance 
T-cell recovery. Methods to hasten this immune 
reconstitution after HSCT have been used with 
some success. These include donor lymphocyte 
infusion (DLI), the infusion of adenovirus- 
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specific cytotoxic T-cells, and adoptive immuno-
therapy [48].

Adenovirus can cause significant morbidly 
and mortality in HSCT patients. Ultimately, 
clearance of adenovirus requires reconstitution of 
immunity which is often delayed in HSCT recipi-
ents who receive T-cell-depleted or UCB donor 
grafts as their HSC source. Adenovirus occurs in 
5–21% of allogeneic HSCT patients. Mortality 
rates of up to 75% have been reported for adeno-
virus pneumonia [47, 48].

 Fungal Pulmonary Infections

Introduction and incidence: During the post- 
engraftment period, patients are at risk for infec-
tion with aspergillosis and other invasive fungi 
and molds. The median time of onset of fungal 
and mold infections of the lung is 100 days post- 
HSCT, and so patients in both the early and late 
phases of post-engraftment are susceptible to 
contracting fungal pulmonary infections [11, 14, 
15].

Risk factors: Risk factors for developing fun-
gal pneumonia during the late post-engraftment 
period include older age, the presence and sever-
ity of GvHD, corticosteroid therapy, and 
leukopenia.

Differential diagnosis, clinical and radio-
graphic features, diagnostic studies, and man-
agement of aspergillosis and other fungi and 
molds are the same as in the early post- 
engraftment period and are detailed under that 
section.

 Protozoa Lung Infections

 Pneumocystis jiroveci Pneumonia 
(PJP)

Introduction and incidence: Prior to the universal 
implementation of prophylaxis with Bactrim, 
PJP was a leading cause of HSCT-related mortal-
ity. However, with appropriate prophylaxis, the 
risk for developing PJP has been greatly reduced 

and is now rarely seen. The incidence of reported 
cases is approximately 2% [49]. PJP is thought to 
infect most humans in early childhood and 
remains dormant. However, PJP may become 
active most often in immunocompromised HSCT 
patients greater than 30 days post-HSCT [1–3].

Risk factors: Risk factors for PJP include allo-
geneic HSCT recipients, poor T-cell function, 
post-HSCT corticosteroid use for the treatment 
of GvHD, a history of PJP prior to HSCT, and 
poor compliance with prophylaxis.

Differential diagnosis: The differential diag-
nosis includes bacterial pneumonia (especially 
atypical bacterial pneumonia) Legionella 
 pneumonia, other protozoa respiratory infections 
(e.g., Toxoplasma Gondii), and viral pneumonia.

Clinical and radiographic features: Clinical 
features include a dry, nonproductive cough, 
acute onset of tachypnea and dyspnea, hypox-
emia, fever, and malaise. Symptoms often rapidly 
progress; ABG reveals decreased PO2. CXR 
shows diffuse interstitial alveolar infiltrates that 
is bilateral and symmetric.

Diagnostic studies: BAL with immunofluo-
rescent staining for PJP is the gold standard for 
making the diagnosis of PJP. Often, serum LDH 
is elevated but is not diagnostic.

Management and outcome: Management of 
PJP is three pronged: (1) support oxygenation 
(mechanical ventilation is often necessary), (2) 
administration of high-dose co-trimoxazole (see 
Chap. 28 for dosing guidelines), and (3) adminis-
tration of corticosteroids to help dampen the 
associated pulmonary inflammation seen with 
PJP. If a patient is unable to tolerate co- 
trimoxazole due to myelosuppression or allergy, 
dapsone or pentamidine may be used. Following 
21 days of therapy, patients are transitioned to 
prophylaxis dosing.

 Toxoplasma Gondii

Introduction and incidence: T. gondii is a proto-
zoan parasite that most frequently occurs in the 
central nervous system (brain) but can also cause 
pneumonia in the immunocompromised HSCT 
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recipient. T. gondii is a rare but possibly underes-
timated complication following allogeneic 
HSCT, with the incidence being reported as less 
than 1% [50]. This low reported incidence may 
be due to the limitations of diagnostic instru-
ments used to detect toxoplasmosis.

Risk factors: Risk factors for T. gondii infec-
tions are T. gondii seropositivity, undergoing 
UCBT, an unrelated donor HSCT, and a T-cell- 
depleted donor graft. In addition, patients who 
received alemtuzumab as part of their condition-
ing regimen are more susceptible to T. gondii 
infections. Patients with chronic GvHD or 
patients who are unable to take Bactrim are at 
higher risk for contracting T. gondii infection.

Differential diagnosis: The differential diag-
nosis includes atypical bacteria, Legionella, C. 
neoformans, Candida species, aspergillosis, PJP, 
CMV, RSV, or parainfluenza.

Clinical and radiographic features: Clinical 
features include fever, cough, and increased work 
of breathing. A CXR typically shows bilateral 
pulmonary infiltrates.

Diagnostic studies: Diagnostic studies include 
chest radiograph and chest CT scan. However, a 
definitive diagnosis of T. gondii cannot be estab-
lished without a BAL. PCR can be used to detect 
T. gondii from BAL specimens. T. gondii PCR of 
the serum can be used for routine monitoring.

Management and outcome: Prevention of T. 
gondii infection is the best management. Thus, 
pre-transplant serologic testing is performed to 
identify high-risk patients. Prophylaxis with 
Bactrim is used. The recommended treatment is 
with dual therapy using Bactrim plus 
pyrimethamine–sulfadoxine.

 Summary

Overall, early detection and prompt investiga-
tion of pulmonary symptoms are essential for 
successful management of pulmonary complica-
tions in post-HSCT patients. Early diagnosis and 
prompt intervention can blunt disease progres-
sion and prevent poor outcomes, including 
death. HSCT patients who are at high risk for 

pulmonary complications include recipients of 
matched, unrelated donor HSCT, or umbilical 
cord blood and patients on corticosteroids. These 
high-risk patients need to be screened weekly 
with PCR tests from the blood for adenovirus, 
CMV, and EBV and a serum galactomannan 
immunoassay for early Aspergillus detection. A 
comprehensive respiratory viral panel for a 
broad range of viruses is performed to all poten-
tial HSCT recipients during cold and flu season. 
Post-HSCT patients who present with rhinor-
rhea, cough, shortness of breath, fever, or a 
change in activity tolerance need immediate 
evaluation. A chest radiograph should be per-
formed with new onset of fever  and/or deteriora-
tion in respiratory status in patients during the 
peri-HSCT period. Chest computed tomography 
(CT) should be performed if the patient is persis-
tently febrile. Pulmonary function tests should 
be done at regular intervals post- HSCT to detect 
deterioration of pulmonary function before a 
patient becomes symptomatic. Important pro-
phylactic measures include frequent incentive 
spirometry, encouraging activity, and compli-
ance with prophylactic antimicrobials, influenza 
vaccination, and avoidance of sick contacts.

 Key Points

• The risk of pulmonary complications post- 
HSCT continues to be high, and early recogni-
tion and treatment may improve outcome.

• Post-HSCT-associated pulmonary complica-
tions can be classified as infectious or 
noninfectious.

• The development of post-HSCT complica-
tions follows a relatively predictable timeline. 
However, while the risk of certain post-HSCT 
pulmonary complications spans the entire 
HSCT time course (from pre- to late post- 
HSCT), others develop more commonly dur-
ing a discrete phase(s) of HSCT.

• While mortality post-HSCT continues to 
improve, respiratory failure from pulmonary 
complications continues to be a leading cause 
of post-HSCT morbidity and mortality.

21 Pulmonary Complications Associated with HSCT
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