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Background
Respiratory virus infections are important causes of morbidity and mortality after
hematopoietic cell transplantation. Their clinical course can be severe with progression to
lower respiratory tract infection, co-infection with serious pulmonary co-pathogens, and
high mortality. Non-myeloablative conditioning regimens achieve engraftment without
eradication of host hematopoietic cells, which potentially allows for protection against
infections commonly seen in hematopoietic cell transplantation patients treated with stan-
dard intensity conditioning regimens.

Design and Methods
We performed a retrospective cohort study to measure the incidence and severity of
parainfluenza types 1-4, influenza (A and B), respiratory syncitial virus and human rhi-
novirus disease in myeloablative versus non-myeloablative versus autologous hematopoi-
etic cell transplantation patients.

Results
The incidences of all respiratory virus infections were similar in the non-myeloablative
and myeloablative cohorts but less in the autologous cohort (33/420 [7.9%], 150/1593
[9.4%], and 37/751 [4.9%], respectively, p<0.0001). However, respiratory virus lower tract
infections were significantly less common during the first 100 days after transplantation in
non-myeloablative patients compared to myeloablative and autologous patients (1/420
[0.2%], 34/1593 [2.1%] and 16/751 [2.1%], respectively, p=0.005. Respiratory virus lower
tract infection had high co-infection and attributable mortality rates.

Conclusions
Respiratory virus lower tract infection during the first 100 days after hematopoietic cell
transplantation was less common in persons receiving non-myeloablative conditioning
regimens compared to myeloablative conditioning, despite a similar overall rate of acqui-
sition. 
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Introduction

Community-acquired respiratory infections (parain-
fluenza 1-4, influenza A and B, respiratory syncitial
virus, and rhinovirus) are important causes of morbidity
and mortality after hematopoietic cell transplantation.1-5

Though the incidence of these infections in hematopoi-
etic cell transplantation patients usually parallels that in
the community, their course can be more severe with
progression to lower respiratory tract infection, co-infec-
tion with serious pulmonary co-pathogens such as inva-
sive molds, and late airflow decline.3,6-8

Allogeneic hematopoietic cell transplantation with
non-myeloablative or reduced-intensity conditioning
regimens is an increasingly common modality in
patients who because of age or co-morbidity are not eli-
gible for conventional transplantation.9-11 Non-myeloab-
lative conditioning regimens achieve engraftment with
less toxicity and host hematopoietic cells are not imme-
diately eradicated. This potentially allows for a period of
protection against infections commonly seen in
hematopoietic cell transplantation patients treated with
standard intensity conditioning; patients who are placed
on non-myeloablative protocols are more frequently fol-
lowed as outpatients than patients undergoing myeloab-
lative transplantation. However, graft-versus-host dis-
ease and its therapies continue to be significant risk fac-
tors for invasive cytomegalovirus and fungal infection in
patients undergoing non-myeloablative transplantation,
particularly in the late period after conditioning.12,13

It is unknown whether non-myeloablative condition-
ing has an effect on acquisition of respiratory virus infec-
tion, likelihood of respiratory virus associated lower
tract infection, risk of progression of disease from upper
to lower tract infection, or mortality rate associated with
respiratory virus infection. We performed a retrospective
cohort study to measure the incidence and severity of
these infections in myeloablative versus non-myeloabla-
tive hematopoietic cell transplantation patients.

Design and Methods

Patient population 
From December 1997 through March 2005, 2,453

patients underwent myeloablative hematopoietic cell
transplantation at the FHCRC (1,620 allogeneic, 767
autologous/syngeneic, and 66 tandem: i.e. autologous
followed by planned non-myeloablative hematopoietic
cell transplantation six months later). This cohort
included 1,111 women and 1,342 men with a mean age
of 40.5 years (range 0.5-73.8). Indications for transplan-
tation included acute leukemia (30%), chronic leukemia
(18%), lymphoma (15%), myelodysplastic syndrome
(14%), myeloma (10%), solid tumor (6%), aplastic ane-
mia (2%) and other causes (4%). 

Four hundred and forty-eight patients underwent
non-myeloablative hematopoietic cell transplantation,
including the 66 tandem transplants described above.
Tandem patients were analyzed in the non-myeloabla-
tive cohort. This cohort included 172 women and 276

men with a mean age of 49.5 years (range 0.5-74.5).
Indications for transplantation included acute leukemia
(26%), chronic leukemia (12%), lymphoma (26%),
myelodysplastic syndrome (8%), myeloma (19%), solid
tumors (4%), and other causes (4%). 

For myeloablative patients, conditioning consisted of
cyclophosphamide plus either 12-16-Gy total body irra-
diation or busulfan targeted to 800-900 ng/mL. Post-
transplant immunosuppression usually consisted of
cyclosporine plus methotrexate. Non-myeloablative
patients were conditioned with 2-Gy total body irradi-
ation alone, or preceded by fludarabine (90
mg/m2/dose). Post-transplant immunosuppression con-
sisted of cyclosporine or tacrolimus, and mycopheno-
late mofetil. Autologous hematopoietic cell transplanta-
tion recipients were typically conditioned with
cyclophosphamide (100 mg/kg), etoposide (60 mg/kg)
and fractionated 12-Gy total body irradiation.14-16

Hematopoietic cell transplantation patients were
treated as inpatients from the start of conditioning until
recovery from neutropenia. Thereafter, they were fol-
lowed twice weekly in the outpatient department until
100 days after transplantation, when they were
returned to the care of their referring physician.
Autologous hematopoietic cell transplantation patients
returned to their referring physician 60 days after trans-
plantation.

We reviewed virology records and identified all trans-
plantation recipients with isolation of parainfluenza 1-
4, influenza A-B, respiratory syncitial virus or human
rhino virus from respiratory secretions, demonstration
of viral antigen by direct fluorescent antibody, positive
conventional tube culture, or positive shell vial centrifu-
gation cultures (respiratory syncitial virus only); infec-
tions before conditioning were excluded. We extracted
data from a prospectively entered database. Data from
the first 100 days after hematopoietic cell transplanta-
tion were from FHCRC databases. Long-term follow-up
data were gathered from FHCRC databases and from
follow-up medical records and structured correspon-
dence letters from physicians outside of the FHCRC.

Virology and microbiology procedures 
A nasopharyngeal-throat wash or swab for viral

direct fluorescent antibody staining and viral culture
was standard practice for all patients with upper respi-
ratory infection symptoms throughout the study peri-
od. Direct fluorescent antibody and cultures were per-
formed on bronchoalveolar lavage, lung biopsy, and
autopsy specimens. Culture, hemadsorption and direct
fluorescent antibody techniques are described else-
where.7

All bronchoalveolar, biopsy, and autopsy specimens
were submitted for routine bacterial, fungal, and acid-
fast bacilli cultures, Aspergillus Galactomannan EIA and
direct fluorescent antibody staining, and Legionella
species culture. Cytospins were performed for
cytomegalovirus and herpes simplex virus. Shell vial
cultures were performed for cytomegalovirus and respi-
ratory syncitial virus. Tube cultures were inoculated
into four cell lines that support the growth of herpes
viruses and respiratory viruses.7

©Fer
ra

ta
 S

to
rti

 F
ou

nd
at

ion



Definitions
Parainfluenza, influenza, respiratory syncitial virus

and rhinovirus upper tract infections were defined as
isolation of virus from nasopharyngeal-throat wash by
culture or evidence of viral specific antigen by direct
fluorescent antibody in conjunction with consistent
symptoms, without the presence of a new infiltrate on
chest radiography. Parainfluenza, influenza, respiratory
syncitial virus and rhinovirus lower tract infections
were defined as isolation of virus by culture, evidence
of viral specific antigen by direct fluorescent antibody,
or positive respiratory syncitial virus shell vial centrifu-
gation culture, from bronchoalveolar lavage or lung
biopsy specimens in association with symptoms and a
new radiographic infiltrate. Lower tract infections
included cases where virus was first detected in the
upper respiratory tract and then detected on lavage or
lung biopsy. An upper tract infection was considered to
have progressed to the lower tract if the virus was
detected in the lower tract more than 48 h after the
upper tract. 

The presence of a co-pathogen was defined as isola-
tion of a respiratory virus plus a pathogenic bacterium,
mold or opportunistic virus from the same lavage or
lung biopsy specimen, or from lavage or lung biopsy
specimen obtained within a week of respiratory virus
lower tract infection diagnosis. Attributable mortality
was defined as progressive respiratory failure in the
presence of respiratory virus lower tract infection and
the absence of other conditions thought by the oncolo-
gist or pathologist to have contributed to the patient’s
death.

Management 
Once positive by nasopharyngeal-throat wash or

bronchoalveolar lavage for a respiratory virus, patients
were isolated to prevent transmission to staff and other
patients. Patients underwent repeat nasopharyngeal-
throat wash on the day following identification of infec-
tion and weekly to document clearance. 

Treatment with aerosolized ribavirin for respiratory
syncitial virus and parainfluenza lower tract infection
was performed at the discretion of the treating physi-
cian. The dose and duration, 2 g (60 mg/mL) adminis-
tered 3 times daily over two hours via nebulizer for 7-
10 days, was per FHCRC protocol.17 Respiratory synci-
tial virus lower tract infection patients received respira-
tory syncitial virus specific monoclonal antibody at the
discretion of the attending physician. A subset of
parainfluenza lower tract infection patients also
received 3-5 doses of intravenous immune globulin (0.5
g/kg) given every other day; others had their immuno-
suppression decreased. Oseltamivir became available
for influenza in 1999 and was used thereafter. Patients
were treated with appropriate antibiotics or antifungal
agents directed at co-pathogens. 

Statistical analysis 
We measured the incidence of upper and lower tract

infection in allogeneic myeloablative versus allogeneic
non-myeloablative versus autologous hematopoietic cell
transplantation patients during the first 100 days after

transplant. We assumed that all patients contributed 100
days to the analysis because 100-day survival after mye-
loablative and non-myeloablative transplantation
exceeds 90% and is equal in both groups.18-21 p-values
were derived from a one-way Fisher’s exact test.

For determination of risk factors for acquisition of
parainfluenza lower tract infection, or for progression
from parainfluenza upper to lower tract infection, a
logistic regression model was fit with respiratory virus
lower tract infection as outcome and day zero as date of
transplant. p values from regression models were
obtained using the Wald test. No adjustments were
made for multiple comparisons.

Results

Respiratory virus infection incidence 
From December 1997 through March 2005, 8.0%

(233/2901) of hematopoietic cell transplantation
patients developed respiratory virus infections within
100 days of transplantation. Median times [range] to
infection with parainfluenza, influenza, respiratory
syncitial virus and rhinovirus infection were 46 [1-100],
55 [2-98], 60 [5-94] and 40 [6-99] days, respectively.

The incidence of respiratory virus infections was
slightly lower for hematopoietic cell transplantation
patients following non-myeloablative conditioning
compared with myeloablative conditioning though this
did not reach statistical significance. The incidence of
respiratory virus infection was higher in allogeneic
hematopoietic cell transplantation patients than autolo-
gous patients (Table 1A). The cumulative incidence in
the autologous cohort tracked that of the allogeneic
myeloablative cohort until day 50 (Figure 1). We expect-
ed this trend because data for autologous transplanta-
tion patients are less reliable beyond 60 days after trans-
plantation because these patients are typically returned
to their outside providers. Parainfluenza was the most
common infection followed by respiratory syncitial
virus, influenza and rhinovirus (Table 1A).

Influenza infection occurred predominately during
the winter; RSV infection typically occurred during late
winter; parainfluenza infection occurred year round. We
detected no difference in seasonal patterns between
non-myeloablative and myeloablative cohorts (data not
shown).

Lower respiratory tract infection incidence 
Of the respiratory tract disease cases, 22% (52/233)

were lower tract infection. Only one case of lower tract
infection was in a patient who underwent non-mye-
loablative conditioning. The causative agent in this case
was rhinovirus whose role as an uncommon but poten-
tially lethal lung pathogen in hematopoietic cell trans-
plantation patients has become clear.22

The incidence of respiratory virus lower tract infec-
tion was lower in patients who underwent non-mye-
loablative conditioning compared to patients who
underwent myeloablative conditioning followed by
either an allogeneic or autologous transplantation (Table
1B). The percentages of viral respiratory tract infections

Respiratory virus infection after HCT

haematologica | 2009; 94(8) | 1103 |

©Fer
ra

ta
 S

to
rti

 F
ou

nd
at

ion



J.T. Schiffer et al. 

| 1104 | haematologica | 2009; 94(8)

resulting in lower tract infection were significantly lower
in patients in the non-myeloablative cohort compared to
the allogeneic myeloablative cohorts. The percentage of
cases of viral respiratory tract infection resulting in lower
tract infection was significantly higher in the autologous
cohort compared to the allogeneic myeloablative cohort,
probably due to the artificially low cumulative incidence

of total respiratory infection in autologous patients
(Table 1C). Most of the difference in lower tract infec-
tion between non-myeloablative and myeloablative
cohorts was due to difference in incidence of parain-
fluenza infection.

Clinical characteristics of patients with
parainfluenza virus upper and lower tract infection

Clinical characteristics were available for 28 patients
with parainfluenza lower tract infection and 102
patients with upper tract infection (Table 2). In univari-
ate logistic regression analysis, type-1 parainfluenza
(p=0.03) and low absolute lymphocyte count (300
cells/mm3) on the first day of infection (p<0.01) correlat-
ed with higher likelihood of lower tract infection. Non-
myeloablative conditioning was associated with a non-
significant lower likelihood of lower tract infection
(p=0.06). In multivariate analysis, absolute lymphocyte
count less than 300 cells/mm3 correlated with increased
risk for lower tract infection (Table 3). 

Clinical characteristics of patients who progressed
from parainfluenza upper to lower tract infection

For all respiratory viruses, likelihood of progression
from upper to lower tract infection (lower respiratory
tract infection more than 48 h after diagnosis of upper
tract infection) was 3% (1/33) in non-myeloablative
patients compared to 14% (19/135) in allogeneic mye-
loablative patients (p=0.06) and 19% (5/26) in autolo-
gous patients. For parainfluenza virus, the likelihood of
progression from upper to lower tract infection was 0%
(0/16) in non-myeloablative patients compared to 15%
(12/80) in allogeneic myeloablative patients (p=0.10) and
21% (3/14) in autologous patients (Figure 2). 

According to univariate logistic regression analysis,
absolute lymphocyte count < 300/mm3 on first day of
infection (hazard ratio = 5.33 [1.42, 20.10], p=0.01), but
not type of conditioning or corticosteroid dose correlat-
ed with progression to lower tract infection; parainfluen-
za virus type 3 infection was less likely to progress to
lower tract infection than parainfluenza virus type 1
infection (hazard ratio=0.21 [0.05-0.82], p=0.03). 

Table 1A. Incidence of any respiratory virus infection (upper and lower tract
infection) in hematopoietic stem cell transplant patients (per 100-person
days).

Parainfluenza Influenza RSV1 Rhinovirus Total

Myeloablative: 89/1593 20/1593 33/1593 8/1593 150/1593
allogeneic (5.6) (1.3) (2.1) (0.5) (9.4)
Non-myeloablative 16/420 5/420 6/420 6/420 33/420

(3.7) (1.2) (1.4) (1.4) (7.9)
Autologous/ 17/751 5/751 5/751 10/751 37/751
syngeneic# (2.3)4 (0.7) (0.7)2 (1.3)3 (4.9)4

1RSV is respiratory syncitial virus. 2p=0.01, versus myeloablative allogeneic: 3p=0.04, versus
myeloablative allogeneic; 4p<0.0001,versus myeloablative allogeneic. #There were 66 tandem
transplants (autologous transplant followed by planned non-myeloablative transplant within
six months) during the study period.These were counted as non-myeloablative transplants
and not autologous transplants.The 13 URI cases (8 parainfluenza,3 influenza and 2 RSV)
that developed between transplants in this group were not included in the above analysis
given the exclusion of all tandem cases from the autologous group.

Table 1B. Incidence of respiratory virus lower tract infection in hematopoiet-
ic stem cell transplant patients (per 100-person days).

Parainfluenza Influenza RSV1 Rhinovirus Total

Myeloablative: 21/1593 4/1593 8/1593 1/1593 34/1593
allogeneic (1.3) (0.3) (0.5) (0.1) (2.1)
Non-myeloablative 0/420 0/420 0/420 1/420 1/420

(0)* (0) (0) (0.2)# (0.2)**
Autologous/ 6/751 3/751 4/751 3/751 16/751
syngeneic ## (0.8) (0.4) (0.5) (0.4) (2.1)

*p=0.01, versus myeloablative allogeneic; **p=0.005,versus myeloablative allogeneic. #The
Rhinovirus case was a 3 year-old girl with Gaucher’s disease who developed alpha hemolytic
streptococcal bacteremia followed by pneumonitis with bronchoalveolar lavage fluid positive
for human herpes virus-6 and rhinovirus by PCR.She had HHV-6 isolated from ascites as well
as cytomegalovirus in her pericardial fluid by PCR. It was not clear whether rhinovirus was a
pathogen or commensal organism in this case but we chose to include it. ## There were 66
tandem transplants (autologous transplant followed by planned non-myeloablative transplant
within six months) during the study period.These were counted as non-myeloablative trans-
plants and not autologous transplants.The one parainfluenza case that developed between
transplants in this group was not included in the above analysis given the exclusion of all
tandem cases from the autologous group.

Table 1C. Percentage of total respiratory virus cases in the first 100 days
after hematopoietic stem cell transplant that represent lower tract infection
(%).

Parainfluenza Influenza RSV1 Rhinovirus Total

Myeloablative: 21/89 4/20 8/33 1/8 34/150
allogeneic (24) (20) (24) (13) (23)
Non-myeloablative 0/16 0/5 0/6 1/6 1/33

(0)1 (0) (0) (17) (3)2

Myeloablative: 6/17 3/5 4/5 3/10 16/37
autologous + (35) (60) (80)3 (30) (43)4

syngeneic

1p=0.02, versus myeloablative allogeneic; 2p=0.005,versus myeloablative allogeneic; 3p=0.03,
versus myeloablative allogeneic; 4p=0.01, versus myeloablative allogeneic.

Figure 1. 100-day cumulative incidence of respiratory virus infec-
tion following myeloablative, non-myeloablative and autolo-
gous/syngeneic hematopoietic stem cell transplantation.*
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Morbidity and mortality of respiratory virus lower
respiratory tract infections

Respiratory virus lower tract infections were notable
for high rates of co-infection, mechanical ventilation,
and attributable mortality. Forty-one percent (11/27),
100% (7/7) and 25% (3/12) of parainfluenza, influenza
and respiratory syncitial virus infections were notable
for isolation of another virulent pathogen. Pathogens
included Aspergillus species (n=11), cytomegalovirus
(n=10), Pseudomonas species (n=3), Legionella species (n=2),
Stenotrophomonas (n=1), Mirabella catarrhalis (n=1) and
Klebsiella pneumoniae (n=1). Cytomegalovirus was isolat-

ed in 5/7 (71%) of influenza lower tract infections com-
pared to 3/28 (11%) parainfluenza lower tract infec-
tions. Aspergillus species were isolated in 3/7 (43%) of
influenza lower tract infections compared to 6/28 (21%)
parainfluenza infections.

Rates of mechanical ventilation, and lower respirato-
ry infection-attributable mortality were 29% (8/28) and
46% (13/28) for parainfluenza, 66% (4/6) and 100%
(7/7) for influenza, and 18% (2/11) and 0% (0/12) for
respiratory syncitial virus infection. Fewer patients who
developed viral upper respiratory tract infection after
non-myeloablative conditioning died within 100 days
of infection than patients who developed upper respira-
tory tract infection after myeloablative conditioning
(Figure 3). 

All (9/9) respiratory syncitial virus lower tract infec-
tions and 46% (12/26) of parainfluenza infections were
treated with inhaled ribavirin. Seventeen of 26 (65%)
parainfluenza patients received intravenous immuno-
globulin therapy. Three of five (60%) of influenza cases
received oseltamivir while 4/5 (80%) received amanta-
dine or rimantadine therapy. Three of 9 (33%) respira-
tory syncitial virus infected patients received intra-
venous immunoglobulin or respiratory syncitial virus-
directed immunoglobulin. Eleven percent (14/129), 0%
(0/129), 89% (115/129) and 0.8% (1/129) of serotyped
parainfluenza cases were types-1, -2, -3 and -4, respec-
tively. Seventy-five percent (46/61) and 25% (15/61) of
typed influenza cases were influenza A and influenza B,
respectively. There were not enough data to compare
clinical outcomes between viral subtypes.

Respiratory virus infection incidence more than 100
days after hematopoietic cell transplantation

For the total duration of follow-up, 12.5% (363/2,901)
of patients had respiratory virus disease and cumulative
incidences of total respiratory virus infection more than
100 days after hematopoietic cell transplantation were
not significantly different for patients following non-
myeloablative 24/448 (5.4%) and myeloablative plus
autologous transplantation 106/2453 (4.3%). Cumu-
lative incidences of total lower tract infection occurring
more than 100 days after transplantation also did not

Respiratory virus infection after HCT
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Table 2. Characteristics of stem cell transplant recipients who devel-
oped parainfluenza virus lower tract infection or upper tract infec-
tion.
Variable Lower tract infection Upper tract infection
N=130 n=28 n=102

Median age (range) 49 (1-66) 42 (1-72)
Age categories

0 to <10 years 1 (3.6) 12 (11.8)
10 to <20 1 (3.6) 8 (7.8)
20 to <40 4 (14.3) 29 (28.4)
40+ 22 (78.6) 53 (52.0)

Gender
Male 16 (57.1) 57 (55.9)
Female 12 (42.9) 45 (44.1)

Non-myeloablative 
No 27 (96.4) 80 (78.4)
Yes 1 (3.6) 22 (21.6)

Donor type
Auto 7 (25.0) 13 (12.8)
HLA-matched related 7 (25.0) 41 (40.2)
HLA-mismatched/unrelated 13 (46.4) 48 (47.0)
Syngeneic 1 (3.6) 0 (0)

Stem cell source
BM/Cord 14 (50.0) 48 (47.1)
PBSC 14 (50.0) 54 (52.9)

Cytomegalovirus
Positive 10 (35.7) 51 (50.0)
Negative 18 (64.3) 51 (50.0)

Donor cytomegalovirus
Positive 12 (42.9) 41 (40.2)
Negative 15 (53.6) 61 (59.8)
Missing 1 (3.6) 0 (0)

Virus
Type 1 6 (21.4) 7 (6.9)
Type 3 22 (78.6) 93 (92.1)
Missing 0 (0) 2 (2.0)

Steroids dose
0 to <1 mg/kg 21 (75.0) 65 (63.7)
1 to <2 3 (10.7) 26 (25.3)
2+ 4 (14.3) 7 (7.0)
Missing 0 (0) 4 (4.0)

Absolute lymphocyte count
0 to <100 12 (42.9) 14 (13.7)
100+ 16 (57.1) 84 (82.4)
Missing 0 (0) 4 (3.9)

Absolute lymphocyte count
0 to <300 20 (71.4) 42 (41.2)
300+ 8 (28.6) 56 (54.9)
Missing 0 (0) 4 (3.9)

Transplant
Allogeneic 22 (78.6) 91 (89.2)
Autologous 6 (21.4) 11 (10.8)

Table 3. Factors associated with the development of parainfluenza
virus lower tract infection among hematopoietic cell transplant
recipients. Multivariate logistic regression results for lower tract ver-
sus upper tract parainfluenza infection.
Variable Odds ratio 95% CI p value

Non-myeloablative 
No 1.0
Yes 0.17 0.02-1.32 0.09

Virus
Type 1 1.0
Type 3 0.35 0.10-1.24 0.10
Missing − − −

Absolute lymphocyte count
300+ 1.0
0 to <300 2.97 1.16-7.61 00..0022
Missing − − −
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differ between the two groups [5/448 (1.1%) vs. 30/2453
(1.2%)]. Cumulative incidences of parainfluenza lower
tract infection in patients undergoing non-myeloablative
conditioning 1/448 (0.22%) were similar compared to
8/2,453 (0.33%) in patients undergoing autologous or
myeloablative conditioning. Due to the small number of
cases of lower tract infection and the inconsistent work-
up of upper respiratory symptoms, we were not able to
perform a risk factor analysis for respiratory virus lower
tract infection after day 100, nor were we able to sepa-
rate myeloablative conditioning from autologous condi-
tioning in the analysis. 

Discussion

Our results indicate that during the first 100 days
after hematopoietic cell transplantation, allogeneic
non-myeloablative and myeloablative transplantation
patients had similar rates of respiratory virus infection.
Patients undergoing autologous hematopoietic cell
transplantation had a smaller incidence of respiratory
virus infection. However, cumulative incidences of res-
piratory virus infection during the first 50 days in allo-
geneic myeloablative and autologous cohorts were
nearly identical: the reason for the lower cumulative
incidence of infection in autologous transplantation at
100 days is likely truncated follow-up in our system
after transplant, rather than a biological effect. Typical
seasonality for all three viruses was demonstrated,
though the pattern of seasonal infection was no differ-
ent between myeloablative and non-myeloablative
cohorts.

Despite comparable numbers of infections, the inci-
dence of lower tract infection during the first 100 days
after hematopoietic cell transplantation was lower in
patients who underwent non-myeloablative condition-
ing, with a non-significant decrease in the incidence of
parainfluenza lower tract infection. Only one patient
who received non-myeloablative conditioning devel-

oped lower tract infection during the first 100 days
after transplantation. The absence of parainfluenza,
influenza and respiratory syncitial virus lower tract
infections in non-myeloablative transplantation
patients was consistent with our hypothesis that per-
sistence of host T cells might result in protection
against serious infections, though more evidence will
be needed to definitively prove this point.23,24 Our data
revealed equal incidences of respiratory virus infections
and lower tract infections among non-myeloablative
and myeloablative cohorts beyond 100 days after
transplantation. This signified a limited duration of
protective immunity in non-myeloablative cohorts The
transition from a preponderance of early-onset to late-
onset infections has been described for invasive fungi12

and cytomegalovirus.13

Parainfluenza infection accounted for the statistical
difference between the two cohorts and was the most
common virus isolated. High doses of corticosteroids
for graft versus host disease and lymphopenia were
risk factors for progression from parainfluenza upper to
lower tract infection, perhaps due to a decrease in T-
cell immunity.7 In our current analysis, corticosteroid
dose did not correlate with progression to lower tract
infection, possibly based on our policy to attempt to
reduce steroid doses in patients infected with parain-
fluenza that was introduced following analysis of our
earlier cohort.7 Another risk factor for lower tract infec-
tion was parainfluenza type-1 infection (rather than
type 3). Though more clinical data are needed to con-
firm this finding, it was a novel observation and might
suggest that factors related to pathogen, and not just
host, predict severity of disease.

Respiratory virus pneumonia carried a high mortality
rate and was associated with invasive molds, patho-
genic bacteria and viruses seen in immunocompro-
mised hosts. The particularly high rate of
cytomegalovirus infection in cases of influenza was
notable as were the generally poor outcomes in this
group. Patients who developed respiratory syncitial

Figure 2. 100-day progression from parainfluenza virus upper res-
piratory tract infection to lower respiratory tract infection.

Figure 3. Time to death for allogeneic myeloablative, autologous
myeloablative, and non-myeloablative hematopoietic stem cell
patients following diagnosis of upper respiratory virus infection.
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virus infection were less likely to die from this infec-
tion than patients with parainfluenza or influenza,
possibly due to early therapy with inhaled ribavirin
and palivizumab,25 though this should be interpreted
with caution based on the small number of lower tract
infection patients in the cohort.

Strengths of our analysis include large sample size
and standardized diagnostic approach for all
hematopoietic cell transplantation patients with respi-
ratory symptoms. Limitations included its retrospec-
tive nature and use of only conventional diagnostic
tests that lack the sensitivity of polymerase chain reac-
tion, as well as the lack of a quantitative assay as a
measure of disease severity. The exclusion of other
respiratory viruses that are detected with PCR (such as
human metapneumovirus and coronavirus) is another
weakness. Routine molecular testing for these viruses
or the viruses included in our study, including quanti-
tative measures, was not routinely performed in our
center or elsewhere during the time period of this ret-
rospective cohort. Data collected more than 100 days
after allogeneic hematopoietic cell transplantation or
60 days after autologous transplantation should be
interpreted with caution. We were reliant upon accu-
rate reports from outside physicians: it was probable
that low morbidity events were underrepresented.

In conclusion, respiratory virus lower tract infection
during the first 100 days after hematopoietic cell trans-
plantation was significantly less common in persons
receiving non-myeloablative conditioning despite a
similar overall rate of acquisition. Respiratory virus
lower tract infection had high co-infection and mortal-
ity rates. Screening for respiratory viruses should con-
tinue in all hematopoietic cell transplantation patients,
although for patients on non-myeloablative protocols,
the likelihood of developing a respiratory virus lower

tract infection was very low during the first 100 days
after hematopoietic cell transplantation. The low risk
of progression to lower tract infection among non-
myeloablative transplantation recipients suggests the
intriguing possibility of using this conditioning regi-
men in patients who develop respiratory virus disease
before transplantation. In such cases, delay of trans-
plantation until resolution of infections is currently
recommended, especially for infections due to respira-
tory syncitial virus, parainfluenza, and influenza.26

However, this delay may increase the risk of progres-
sion of the underlying hematologic malignancy. Thus,
non-myeloablative conditioning may provide a safer
alternative if transplantation is urgent. An evaluation
of this approach is needed.
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