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During a 2-year period, 157 consecutive episodes of respiratory virus infections that occurred in 130 patients

with upper or lower respiratory tract infection were analyzed for respiratory viruses. A respiratory virus was

identified in 75 episodes (48%), and several viruses were found in 13 episodes: there were a total of 56 influenza

A virus infections, 14 respiratory syncytial virus infections, 8 adenovirus infections, 8 infections with parain-
fluenza virus types 1 or 3, and 7 enterovirus infections. On multivariate analysis, the only variable that predicted
progression to pneumonia in patients with an upper respiratory tract infection was the presence of respiratory
syncytial virus, whereas lymphocytopenia had a nonsignificant trend. Also, among the 38 patients who had
pneumonia at any time during the episode, both respiratory syncytial virus and lymphocytopenia were com-
monly found. For both epidemiological and therapeutic considerations, frequent screening for respiratory

viruses should be incorporated into the routine diagnostic study of patients with hematologic malignancies.

Respiratory viruses have been recognized as potential
causes of severe pneumonia in patients with hemato-
logic malignancies [1-7]. In this patient population,
these viruses cause upper respiratory tract infections
(URTIs), as in the general population; however, in pa-
tients with hematologic malignancies, these infections
appear to have a higher tendency to progress to severe
lower respiratory tract infections (LRTIs). Respiratory
syncytial virus (RSV), influenza A and B viruses, and
parainfluenza viruses have been well described as causes
of severe respiratory morbidity and mortality, especially
among recipients of hematopoietic stem cell transplants
(HSCTs) [1-7]. Adenoviruses cause both isolated res-
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piratory infections and disseminated visceral syn-
dromes [8].

Despite an increasing number of reports, there have
been few prospective studies of respiratory virus infec-
tions in adults with hematologic malignancies. We per-
formed a prospective 2-year study to assess the role of
respiratory virus infections in the pathogenesis of URTI
and LRTT and risk factors for severe LRTT in an adult
clinical hematology department.

PATIENTS AND METHODS

This prospective study was performed at the Division
of Clinical Hematology of the Hospital de la Santa Creu
i Sant Pau (Barcelona, Spain) from 1 October 1999
through 31 May 2001. All adult patients with a he-
matologic malignancy (including HSCT recipients)
who had signs and symptoms of a URTI or LRTI in
the inpatient and outpatient settings underwent a de-
tailed clinical evaluation, and samples from the upper
and/or lower respiratory tracts were screened for the
presence of respiratory viruses. Patients with symptoms
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of URTI underwent nasopharyngeal aspiration, whereas pa-
tients with LRTI (i.e., pneumonia) underwent bronchoalveolar
lavage (BAL), when clinically possible. Patients with pneumonia
but no signs of URTI did not undergo nasopharyngeal aspi-
ration. Patients (both outpatients and inpatients) whose na-
sopharyngeal aspirate (NPAs) specimens tested positive for res-
piratory viruses were asked to return to the clinic (or undergo
an inpatient sampling) at least weekly for further clinical as-
sessment and microbiological analysis until all symptoms re-
solved and the virus was not detected in a NPA.

Microbiological methods.  All samples were processed for
respiratory viruses by antigen detection with use of direct im-
munofluorescence and culture. For direct immunofluorescence,
the specimens were spotted onto glass slides and processed by
use of standard techniques [9]. The presence of viral antigen
in respiratory cells was indicated by the appearance of char-
acteristic intracellular apple-green fluorescence in =1 cell. We
used labeled antibodies to influenza A and B viruses; parain-
fluenza viruses 1, 2, and 3; RSV; and adenoviruses. If the sam-
ples did not contain respiratory epithelial cells, the finding was
considered to be inconclusive. For viral culture, specimens were
inoculated into each of 4 cell lines: human fibroblasts (MRC5),
human epithelial cells (Hep-2 and A-549), and Madin-Darby
canine kidney cells. Cultures were incubated for 2 weeks (4
weeks for detection of cytomegalovirus) on a roller drum at
35°C. Viruses were identified on the basis of cytopathic effect
in cell cultures and confirmed by staining with fluorescein-
conjugated monoclonal antibodies [10]. BAL samples were also
processed for routine aerobic, anaerobic, mycobacterial, and
fungal culture and for parasite examination.

Definitions.
period during which the patient had symptoms of URTI and/

A first episode of infection was defined as the

or LRTT, regardless of whether a respiratory virus was isolated.
A further episode(s) of infection required the presence of a
symptom-free period and negative results of testing of the NPA
for any respiratory viruses isolated during the previous episode.
A polymicrobial infection was defined as the isolation of >1
respiratory virus during the same episode or another clinically
relevant pathogen from a BAL fluid specimen or a lung sample.
A diagnosis of nosocomial respiratory virus infection was con-
sidered if a patient had been in the hospital for =3 days and
if symptoms of the infection developed during hospitalization.
A URTI was defined by the new onset of nasal, pharyngeal, or
laryngeal irritation, and an LRTI (or pneumonia) was defined
by the development of a new pulmonary infiltrate in patients
with signs and symptoms of LRTI (cough, rales, wheezing).
Death due to pneumonia was defined as death due to respiratory
failure during the episode of respiratory virus infection. Pro-
gression of a URTI to an LRTI was defined as onset of pneumonia
in patients with a prior or concurrent URTI, whereas patients

who had pneumonia without a URTT were considered to have
an isolated LRTL

Treatment of respiratory virus infections. The recom-
mended therapy for LRTI due to RSV was inhaled ribavirin (6
g per day for 5 days); for URTI and LRTI due to influenza A
virus, the recommended therapy was orally administered aman-
tadine (100 mg t.i.d. for 7 days). However, physicians were free
to decide whether to treat patients who were ambulatory and
had an isolated URTI, according to their own clinical judge-
ment. For inpatients, strict isolation was done in all cases to
avoid spread of the virus.

Statistical analysis.  Univariate analyses of the risk factors
for development of an LRTI were done with use of the x* test
or Fisher’s exact test, for discontinuous variables, and Student’s
t test or the Mann-Whitney U test, for continuous variables.
Multivariate analysis of variables predictive of development of
an LRTI was done by logistic regression. Age and neutrophil
and lymphocyte counts were included as continuous variables
and as binary variables (more than or less than a fixed value).
The other factors that were analyzed were sex, underlying dis-
ease, disease status (early vs. advanced), type of therapy (receipt
of an allogeneic HSCT vs. other therapies), nosocomial infec-
tion (yes vs. no), use of corticosteroids (defined as =1 mg/kg
of prednisone per day or equivalent for >1 week; yes vs. no),
and virus isolated (influenza virus vs. other/none and RSV vs.
other/none). Tests of significance were 2-sided, and P < .05 was
considered to be statistically significant.

RESULTS

During the study period, 157 episodes of infection were studied
in 130 patients (17 patients had >1 independent episode). Pa-
tient characteristics are shown in table 1. The study period was
divided into 3 periods: first winter, summer, and second winter.
As expected, most episodes were identified during winter
months. Ninety-seven patients (62%) had received autologous
or allogeneic HSCTs, whereas most other patients were treated
with intensive chemotherapy for leukemia, lymphoma, or my-
eloma. At the onset of infection, 23 patients (15%) had neu-
tropenia, and 70 (45%) had lymphocyte counts of <10’ lym-
phocytes/L.

Eighty-nine patients (57%) had fever at the onset of the
infection. Most patients (131 [83%]) had only symptoms of
URTI at inclusion in the study, 14 (9%) had both URTI and
LRTI, and 12 (8%) had only pneumonia without clear symp-
toms of a URTL Thus, 145 patients (92%) had symptoms of
URTI at inclusion in the study.

Initial findings of microbiological studies.
ples analyzed were NPAs in 146 cases, a BAL sample in 9 cases,
and both NPA and BAL fluid samples in 2 cases. Table 2 details
the results of the initial sample analysis. Overall, a respiratory

The initial sam-
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Table 1.
adults with hematologic malignancies.

Characteristics of patients in study of respiratory virus infections in

Period
First Second
Characteristic winter® Summer® winter® Total
No. of patients 65 14 51 130¢
No. of episodes 75 15 67 157
Sex, no. male/no. female 43/32 8/7 40/27 91/66
Age, median years (range) 50 (22-73) 48 (29-67) 44 (20-76) 48 (20-76)
Underlying disease
Acute leukemia/myelo-
dysplastic syndrome 24 (32) 3 (20) 16 (24) 43 (27)
Chronic myeloid leukemia 5(7) 1(7) 10 (15) 16 (10)
Chronic lymphocytic
leukemia 8 (11) 3 (20) 6 (9) 17 (11)
Non-Hodgkin lymphoma 16 (21) 2 (13) 17 (25) 35 (22)
Multiple myeloma 14 (19) 4 (27) 10 (15) 28 (18)
Hodgkin disease 5 (7) 1(7) 7 (10) 13 (8)
Other 3 (4) 1(7) 1(1) 5 (3)
Previous treatment
None 2 (3) — 3 (5) 5 (3)
Initial chemotherapy 21 (28) 4 (27) 11 (16) 36 (23)
Salvage chemotherapy 9 (12) 2 (13) 6 (9) 17 (11)
HSCT 43 (57) 9 (60) 45 (67) 97 (62)
Autologous 22 20 45
Allogeneic 21 6 25 52
Steroids — — 2 (3) 2 (1)
Neutropenia® 7(9) 4 (27) 12 (18) 23 (15)
Lymphopenia’ 32 (43) 8 (53) 30 (45) 70 (45)
Initial clinical presentation
Fever 48 (64) 10 (67) 31 (46) 89 (57)
URTI 56 (75) 13 (87) 62 (93) 131 (83)
LRTI 9 (12) 1(7) 2 (3) 12 (8)
URTI and LRTI 10 (13) 1(7) 3 (4) 14 (9)
NOTE. Dataare no. (%) of cases of infection, unless otherwise indicated. HSCT, hematopoietic

stem cell transplantation; LRTI, lower respiratory tract infection; URTI, upper respiratory tract

infection.
@ October 1999 through May 2000.
b June 2000 through September 2000.
¢ October 2000 through May 2001.

9 Seventeen patients had different episodes during different periods.

¢ Neutrophil count, <0.5 X 10° neutrophils/L.

' Lymphocyte count, <1 X 10° lymphocytes/L.

virus was identified in 75 episodes (48%) for the initial samples,
whereas 75 samples tested negative and 7 NPA samples had
insufficient cells and were considered to be unevaluable. The
most frequently identified virus was influenza A virus, which
was found in 51 cases. The isolation of this virus was strongly
associated with its epidemic presence in the community. As
seen in figure 1, 29 (52%) of 56 cases of influenza A virus
infection occurred during January and February 2000, in con-
junction with a large epidemic of infection in the community.

The detailed clinical characteristics of the 75 episodes for which
a respiratory virus was isolated from the initial sample are
shown in table 3. The only apparent difference between these
virus groups was the probability of dying of pneumonia, which
was 10% among persons with influenza A virus infection, 20%
among those with parainfluenza virus 1 or 3 infection, and 0%
among those infected with other viruses.

Other viral
and nonviral pathogens were isolated from the lower respiratory

Findings of follow-up microbiological studies.
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Table 2.

Findings of viral studies of the first samples analyzed in a study of respiratory

virus infections in adults with hematologic malignancies.

Period
First Second
winter®  Summer®  winter®  Overall value
Initial sample, virus isolated (h=75 (n=15 (n = 67) per sample
NPA 67 15 64 146
None 25 (37) 8 (53) 39 (61) 72 (49)
Inconclusive 3 (4) 1(7) 3 (5) 7 (5)
Influenza A virus 33 (49) 2 (13) 10 (16) 45 (31)
Parainfluenza virus 1 or 3 1(1) 2 (13) 1(2) 4 (3)
RSV 2 (3) — 3 (5) 5 (3)
Adenovirus — — 2 (3) 2(1)
Enterovirus 1(1) — 4 (6) 5(3)
Influenza virus and RSV 2 (3) — — 2 (1)
Influenza virus and enterovirus — — 1(2) 1(1)
Influenza virus and adenovirus — 1(7) — 1(1)
Adenovirus and parainfluenza virus — 1(7) 1(2) 2(1)
BAL fluid 7 — 2 9
None 2 (29) — — 2 (22)
Influenza virus 3 (43) — 2 5 (56)
Parainfluenza virus 1 or 3 1(14) — — 101
Enterovirus 1(14) — — 1(11)
NPA and BAL 1 — 1 2
None — 1 (100) 1 (50)
Influenza virus 1 (100) — — 1 (50)

NOTE.
aspirate; RSV, respiratory syncytial virus.
@ October 1999 through May 2000.
® June 2000 through September 2000.

¢ October 2000 through May 2001.

tract or a follow-up NPA sample for several patients (table 3,
figure 2). The same virus was isolated again from 16 (30%) of
54 for a median of 2 weeks. Patients who were treated with
amantadine for influenza A virus infection and who provided
follow-up samples (n = 24) shed the virus longer (median, 3
weeks; range, 1-9 weeks) than did those who were not treated
and who had follow-up samples (n = 18; median, 1 week;
range, 1-4 weeks; P = .03). However, it should be emphasized
that this was a prospective observational study and not a con-
trolled treatment study, and, thus, it is probable that physicians
were more prone to subjectively treat patients who were more
ill or at higher risk.

A new respiratory virus was isolated during the same clinical
episode in 13 cases; these include 7 RSVs and 4 adenoviruses
(table 3, figure 2). Thus, the total number of infections with
the different respiratory viruses during the 157 episodes studied
(including initial polymicrobial infections and later superin-
fections) was as follows: influenza A virus, 56 infections; RSV,
14 infections; adenoviruses, 8 infections; parainfluenza virus

Data are no. (%) of cases of infection. BAL, bronchoalveolar lavage; NPA, nasopharyngeal

type 1, 4 infections; parainfluenza virus type 3, 4 infections;
and enteroviruses, 7 infections.

Other pathogens.
lated from BAL samples obtained from 5 patients with LRTT:

Clinically relevant pathogens were iso-

cytomegalovirus isolates were recovered from 2 patients, and
isolates of Pseudomonas aeruginosa, Pneumocystis carinii, and
Aspergillus fumigatus were recovered from 1 patient each. Two
of these patients died of pneumonia.

Outcome of LRTI.  Of the 157 patients, 26 (17%) had LRTI
at the time of inclusion in the study (12 had only LRTT and
14 had both URTI and LRTI). Twelve additional patients who
initially had only a URTI later developed LRTI (9% of the 131
cases of URTI). Thus, overall, 38 patients (24%) developed
LRTI during the study period. As specified above, 5 of these
patients had a copathogen identified, 21 had only a respiratory
virus identified as the possible etiologic agent, and there was
no etiologic diagnosis for 12. Seven (27%) of 26 patients with
LRTI in whom a respiratory virus was found died of pneu-

4 + CID 2003:36 (1 January) ¢ Martino et al.



N30—

ONEGATIVE
BOTHER VIRUSES
26" WMINFLUENZA VIRUS
.
20" ///
7]
2
X
g 154
&
o § i
o !
< .:
w4 R %%%
-
,,,,,,,,,,,,,,,,,,,,,,,,,, 7;
e /z : ‘
_ N N /
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
1999 2000 2001
Date
Figure 1. Rates of isolation of influenza viruses and other respiratory viruses in 157 episodes studied during October 1999 through May 2001

monia, as opposed to 2 (17%) of 12 for whom no respiratory
virus was identified (P = .1).

Risk factors for progression to LRTI.  Twenty-six (18%) of
the 145 patients who presented with symptoms of a URTI either
had pneumonia or had progression to pneumonia during the
follow-up period. Age, sex, underlying disease, receipt of an
allogeneic HSCT, neutropenia, use of corticosteroids, and in-
fection with influenza virus were not predictive of progression
to LRTT. Inpatients had a higher risk of having progression to
pneumonia on univariate analysis (P = .04). The presence of
lymphocytopenia (<10° lymphocytes/L) was of borderline sig-
nificance on univariate (P = .06) and multivariate (P = .1)
analyses (15 [25%] of 61 patients with vs. 11 [13%] of 84
patients without lymphocytopenia). RSV infection was the only
variable that predicted the progression to pneumonia on uni-
variate (P = .01) and multivariate (P = .02) analyses (6 [46%]
of 13 patients with vs. 20 [15%] of 132 patients without RSV
infection). Subanalyses of allogeneic HSCT recipients and of
patients with any respiratory viruses isolated during the episode
revealed no significant variables, but the same trend was ob-

served for RSV infection (data not shown). Among the 97
episodes in HSCT recipients, we found no correlation between
the time after transplantation (analyzed a continuous variable)
and the risk of progression to pneumonia.

Univariate and multivariate analyses were performed for all
157 episodes to analyze the characteristics of patients who had
pneumonia any time during the study (n = 38). Two variables
were associated with pneumonia on univariate and multivariate
analyses: lymphocytopenia (<10° lymphocytes/L; P = .05 on
multivariate analysis) and RSV infection (P = .02). Lympho-
cytopenia was present in 24 (63%) of 38 episodes in patients
with pneumonia and in 47 (39%) of 119 episodes in patients
without pneumonia, whereas RSV infection was present in 8
episodes (21%) in patients with pneumonia and 7 (6%) in
patients without pneumonia.

DISCUSSION

We identified a respiratory virus in 48% of adult patients who
had a hematologic malignancy present and signs and symptoms
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Table 3. Characteristics of 75 episodes of respiratory virus infections, according to initial virus isolated.

Virus isolated

Initial
Influenza  Parainfluenza mixed
Characteristic virus virus 1 or 3 RSV Enterovirus  Adenovirus  infections® Total
No. of episodes 51 5 5 6 2 6 75
Previous treatment
Chemotherapy 14 (27) 2 (40) 2 (40) 2 (33) — 2 (33) 22 (30)
HSCT
Autologous 15 (29) 1 (20) 2 (40) 2 (33) 1 3 (50) 24 (32)
Allogeneic 21 (41) 2 (40) 1 (20) 2 (33) 1 1017) 28 (37)
Steroids only 1(2) — — — — — 1(1)
Clinical presentation
URTI 39 (77) 4 (80) 4 (80) 5 (83) 2 4 (67) 58 (77)
LRTI 7 (14) 1(20) — 1(17) — 1(17) 10 (13)
URTI and LRTI 5 (10) — 1 (20) — — 1(17) 7 (9)
Polymicrobial LRTI 2 — — 1 — — 3 (4)
Neutropeniab 7 (14) 1 (20) 1 (20) — 2 — 11 (15)
Lymphopenia® 21 (41) 5 (100) 3 (60) 2 (33) 2 2 (33) 35 (47)
Source of infection
Community acquired 37 (73) 2 (40) 4 (80) 5 (83) — 4 (67) 52 (69)
Hospital acquired 14 (27) 3 (60) 1 (20) 1(17) 2 2 (33) 23 (31)
Superinfection with another
virus during episode 11 (22) 1(20) 2 (40) 1(17) — — 15 (20)
RSV 7 — — — 7
Adenovirus 3 — 1 — 4
CMV 1 1 — — 2
Influenza A virus — — 1 — 1
Parainfluenza virus 1 — — — 1 1
Nonviral infection during episode 3 (6) — — — — — 6 (8)
Bacteria 1(2) 1
Pneumocystis carinii 1(2) 1
Aspergillus fumigatus 2 (4) 1
Progression to LRTI¢ 12 (24) 1 (20) 1 (20) — 1 1(17) 16 (21)
Death due to pneumonia 5 (10) 1 (20)° — — — — 6 (8)

NOTE. Data are no. (%) of cases of infection. HSCT, hematopoietic stem cell transplantation; LRTI, lower respiratory tract infection; RSV,
respiratory syncytial virus; URTI, upper respiratory tract infection.

? Infections with >1 respiratory virus.

Neutrophil count, <0.5 X 10° neutrophils/L.

Lymphocyte count, 1 X 10° lymphocytes/L.

Includes patients with initial URTI who later developed LRTI and those with both URTI and LRTI at baseline.
Presented with initial LRTI.

a o o

of URTI. Influenza A virus was by far the most common virus in our study confirm that these viruses also cause LRTI and
found (56 episodes), followed by RSV and parainfluenza virus. ~ URTI in these immunocompromised hosts [7, 11, 12]. How-
These respiratory viruses are the most commonly found viruses ~ ever, we found no cases of infection with rhinoviruses or co-
in studies that involve HSCT recipients [1-7], although their =~ ronaviruses. The viral culture technique used in the study can
relative proportions vary between studies, probably because of ~ detect infections with rhinoviruses but not coronavirus infec-

the epidemic situation in the population during the study pe- tions [6, 7, 10]. Because rhinoviruses are commonly implicated
riod. A large epidemic of influenza A virus infection occurred  in the common cold, we have no explanation for not having
during our study period, and the isolates recovered from pa- isolated any such virus in our study.

tients closely reflected the respiratory viruses isolated in the On the other hand, a significant proportion of our patients
community, as shown in figure 1. The 7 enteroviruses found (52%) with clear signs of URTI or LRTI had no respiratory
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Figure 2.  Results of follow-up virological studies for 157 episodes of symptomatic lower or upper respiratory tract infection

viruses identified. Many of these cases may be of noninfectious
origin or nonviral origin, or they may have been caused by
other undetected viral pathogens, whereas other cases may rep-
resent technical flaws in sample processing or lack of sensitivity
to detect involved respiratory viruses. In a recent study, PCR-
based techniques were found to increase the rate of respiratory
virus identification in a similar patient population to 35%
(compared with 19% for culture) [12]. Thus, had we used such
an approach, we might have found even more cases of respi-
ratory virus infections. With respect to the clinical applicability
of the microbiological methods used in our study for clinical
decision making, findings for the direct immunofluorescence
technique were available within 6-12 h after the sample arrived
in the laboratory, but viral cultures usually took 7-10 days for
results.

An interesting finding in our study was the isolation of >1
respiratory virus in 19 episodes (12%). Two or more respiratory
viruses were found in the initial sample for 6 patients, whereas,
in 13 cases, a new respiratory virus was later isolated during
the same clinical episode, either in addition to (n = 4) or in
the absence of (n = 9) the initial virus. These observations
show that a patient can be superinfected with a new respiratory
virus, even if they have not recovered from a prior infection.

Among the 145 patients with URTI at the time of inclusion
in the study, 26 (18%) developed LRTI at some time during
follow-up of the episode. An LRTI occurred in 16 (21%) of 75

episodes in which a respiratory virus was identified and in 10
(14%) of 70 in which no respiratory virus was found, but the
presence of any respiratory virus was not found to carry a
higher risk of progression to pneumonia on multivariate analy-
sis. Of the specific respiratory viruses found, influenza A virus
did not carry a higher risk of progression of infection to LRTI
(23%) on univariate and multivariate analyses. RSV infection,
however, appeared to have a higher risk of LRTI (46% among
RSV-positive patients and 15% among the rest; P = .01). This
finding is not surprising, because both RSV and parainfluenza
virus have been found to lead to LRTI in 30%-60% of immu-
nosuppressed HSCT recipients with URTI [3-5, 13-15]. Para-
influenza viruses 1 and 3 have also been described as carrying a
high risk of producing severe LRTT [2], but we had too few cases
of infections with these viruses for meaningful analysis. Of note,
all 4 patients with parainfluenza virus 3 infection developed
pneumonia, whereas none of those infected with parainfluenza
virus 1 had an LRTL

We found a trend of lymphocytopenia being a risk factor for
progression to LRTI, as was previously found in a European
multicenter study [5]. In all 157 episodes, this variable was also
more frequently found among patients with pneumonia than
among those with an isolated URTI. This finding, however,
requires confirmation in other series of patients. Allogeneic
HSCT recipients are usually found to be at the highest risk for
developing severe respiratory virus infections [1-7]. However,
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in our study, which included 97 HSCT recipients (52 of whom
received allogeneic transplants), we did not find that receipt of
an allogeneic HSCT was a risk factor for progression to pneu-
monia (20% vs. 17% for progression to LRTI).

In summary, our prospective study of both ambulatory and
hospitalized adults who received treatment for a hematologic
malignancy and who had signs and symptoms of URTI and/
or LRTI shows that a respiratory virus can be implicated in at
least one-half the cases. The isolation of RSV and the presence
of lymphocytopenia appear to increase the risk of developing
pneumonia, the most dreaded complication of these infections.
Therefore, we suggest that screening for these viruses should
be incorporated into the routine diagnostic study of patients
with hematologic malignancies, both for epidemiological rea-
sons (i.e., strict isolation of hospitalized patients with a res-
piratory virus infection) and for the use of currently available
or emergent treatments in the most debilitated hosts.
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