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M A J O R A R T I C L E
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than Viral Culture and Antigen Testing
for the Detection of Respiratory Viruses
in Adults with Hematological Cancer
and Pneumonia
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We retrospectively analyzed the value of polymerase chain reaction (PCR) for the detection of respiratory viral

infections in 43 patients with hematological cancer whose bronchoalveolar lavage (BAL) samples had been

stored. In addition, 17 nose-throat (NT) swabs and 29 blood samples had been obtained. PCR was performed

to detect parainfluenza viruses 1–3, respiratory syncytial virus, rhinovirus, influenza viruses A and B, entero-

viruses, and coronaviruses. Viral cultures or antigen testing of BAL samples revealed 9 respiratory viruses in

8 patients. By use of PCR, 8 more respiratory viruses were detected in another 7 patients, increasing the rate

of identification from 19% to 35% ( ). Available NT swabs yielded the same results with PCR as didP ! .0005

BAL samples. We conclude that PCR is more sensitive than viral culture or antigen or serologic testing for

detection of respiratory viruses in patients with hematological malignancies, and that it offers the possibility

for early, more rapid diagnosis.

Pneumonia is one of the most common infectious com-

plications of stem cell transplantation (SCT) and cyto-

toxic treatment for hematological malignancies. Tradi-

tionally, pulmonary infections in patients who undergo

SCT or who receive cytotoxic agents have been mostly

attributed to bacteria, fungi, and herpesviruses. During

the past decade, respiratory viruses have increasingly
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been recognized as important causes of severe lower res-

piratory disease in these patients [1–5]. Respiratory syn-

cytial virus (RSV), influenza viruses, parainfluenza vi-

ruses, adenoviruses, and picornaviruses have all been

identified as significant pathogens of community-ac-

quired and nosocomial infections.

At present, viral culture is the “gold standard” for

laboratory diagnosis of respiratory virus infections.

However, it is not suitable as a rapid diagnostic test,

because culture usually takes 2–10 days to yield results,

and, therefore, its clinical value is limited. To over-

come these limitations, more rapid diagnostic tech-

niques, such as direct viral antigen detection, have

been introduced in the routine laboratory setting.

These techniques provide results faster, but they are

generally considered to be less sensitive and specific

than is conventional cell culture. Also, they are not

suitable for detection of all respiratory viruses; for
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example, antigen testing for rhinoviruses is not possible, be-

cause too many subtypes exist and cocirculate at the same

time [6, 7]. Although it has been studied in several patient

groups, the role of respiratory virus infections as the cause

of severe pulmonary complication in patients receiving cy-

toreductive therapy or undergoing SCT is not yet clarified

and may have been underestimated in previous studies, par-

ticularly in studies that have relied on virus culture.

PCR, either in single or multiplex format, has proven to be

an extremely specific and sensitive method for the detection of

respiratory viruses [8, 9]. In our hospital, nested reverse-tran-

scriptase PCR (RT-PCR) techniques have been developed to

detect the following respiratory viruses: parainfluenza viruses

1–3, RSV, rhinoviruses, influenza viruses A and B [9], entero-

viruses, and coronaviruses.

In this study, we investigated the value of PCR for the de-

tection of respiratory virus infections in 43 adults with he-

matological cancer who also had signs of pneumonia to further

establish the role of respiratory viruses in these patients.

PATIENTS AND METHODS

Patients. The University Medical Center at Utrecht, The

Netherlands, is a referral center for treatment of hematological

malignancies in adults. Every year, ∼75 patients undergo either

autologous or allogeneic SCT.

From October 1997 through May 2000, all patients from the

hematology ward and the hematology outpatient clinic who un-

derwent bronchoalveolar lavage (BAL) were selected for study

through the database of the Department of Virology. Since Oc-

tober 1997, BAL samples obtained from patients with hemato-

logical malignancies have been routinely stored at the hospital’s

diagnostic virology laboratory. For this retrospective study, 43

adults with hematological cancer who also had signs of pneu-

monia and radiographic pulmonary abnormalities and whose

BAL samples had been stored were considered assessable. We

reviewed the patients’ charts to obtain the following information:

underlying disease and therapy; antimicrobial treatment; addi-

tional bacterial, fungal, and viral culture data or antigen testing

results; serologic data; clinical features; and outcome. A total of

43 BAL specimens from these patients had been investigated

routinely for the following pathogens: bacteria, mycobacteria,

fungi, herpesviruses, and respiratory viruses (influenza viruses,

RSV, parainfluenza viruses, picornaviruses, and adenoviruses).

Nose-throat (NT) swabs had also been obtained from 17 of these

43 patients within 1 week of the BAL sample. These NT swabs

had also been stored after conventional testing for respiratory

viruses. In addition, paired serum samples had been obtained

from 29 patients for detection of atypical bacterial (e.g., Myco-

plasma pneumoniae, Chlamydia species, Legionella species) and

respiratory virus pathogens.

The stored BAL samples and NT swabs were subsequently

analyzed by use of PCR techniques for the detection of res-

piratory viruses.

SCT regimens, infection prophylaxis, and infection-preven-

tion measures. Patients with an expected duration of neu-

tropenia of 17 days received antibacterial prophylaxis with

orally administered ciprofloxacin (500 mg twice per day) and

orally administered antifungal prophylaxis with amphotericin

B tablets (200 mg 4 times per day) and fluconazole (50 mg

once per day). The antimicrobial regimen was continued until

the granulocyte count had increased to 1 cells/L. For90.5 � 10

prevention of bacteremia caused by a-hemolytic streptococci,

patients received clindamycin (300 mg 3 times per day) while

they had neutropenia in case of high-dose cytarabine (�500

mg/m2). Patients undergoing SCT received intravenous ce-

phalothin (1 g 6 times per day) after transplant while they had

neutropenia. Patients who underwent allogeneic SCT routinely

received valacyclovir (500 mg twice per day) and cotrimoxazole

(480 mg once per day) during the first 12 months after trans-

plantation. In addition, patients who had a positive result of a

cytomegalovirus pp65 test during the first 3 months after they

underwent allogeneic SCT received preemptive therapy with

ganciclovir [10]. Hospitalized patients were cared for in single

rooms with free entry for staff and visitors. Careful hand wash-

ing and the use of low-microbial-count food were the only

preventive measures used for these patients. Pulmonary infec-

tions were considered to be hospital acquired if symptoms de-

veloped �4 days after admission.

Diagnostic methods for the routine detection of respiratory

virus pathogens. Nasopharyngeal and throat swabs, which

were placed in the same viral transport media, and BAL sam-

ples, which were placed in a tube containing virus transport

medium, were obtained for viral culture; they were either trans-

ported to the laboratory immediately or stored at 4�C for a

maximum of 24 h. The material was divided: some of it was

frozen and stored at �70�C for further analysis by PCR, and

some was directly used for viral culture. These cultures were

performed by inoculating HEp-2C, R-HELA, and tertiary mon-

key kidney (t-MK) cells with 100 mL of each clinical sample

for the detection of respiratory viruses (adenoviruses, parain-

fluenza viruses, RSV, influenza viruses, and picornaviruses). The

cultures were examined for cytopathic effect twice per week for

10 days. In positive cultures, virus was identified by immu-

nofluorescence with commercial monoclonal antibodies (Dako

Imagen) for influenza A and B viruses, RSV, parainfluenza vi-

ruses 1–3, and adenoviruses. Rhinoviruses were distinguished

from enteroviruses by means of acid-lability testing.

Rapid antigen testing was performed after 1–2 days of culture,

usually before a cytopathic effect could be noticed. Immunoflu-

orescence microscopy that used virus-specific monoclonal an-
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tibodies (Dako Imagen) was used to detect RSV, parainfluenza

viruses 1–3, influenza A and B viruses, and adenoviruses.

Only paired serum samples were used for serologic detection

of respiratory viral illness, and a positive diagnosis was defined

as a 4-fold increase in virus-specific antibody titers. The stan-

dard serologic test complement fixation was used for RSV, in-

fluenza A and B, parainfluenza virus 1–3, and adenovirus in-

fection. In addition, the indirect immunofluorescence assay was

used to detect RSV and influenza A and B.

RNA extraction from clinical specimens and nested PCR.

PCR was performed to detect influenza A and B virus, parain-

fluenza viruses 1–3, picornaviruses (rhinovirus and enterovi-

rus), RSV, and coronaviruses on the stored BAL samples ob-

tained from all 43 patients and on the NT swabs obtained from

17 of these patients; the NT swabs had been obtained within

1 week of the BAL.

Primers were obtained from literature or selected from

GenBank on conserved regions of the genes of the matrix pro-

tein for influenza A virus, of the hemagglutinin gene for in-

fluenza B virus [9], the 5′ noncoding region for the picorna-

viruses [11], the nucleocapsid protein for RSV A and B, the

hemagglutinin-neuraminidase glycoprotein for parainfluenza

1–3 [12], and the nucleocapsid protein for coronavirus 229E

and OC43 [13]. Nucleic acid extraction was performed from

100 mL of patient material in accordance with the method of

Boom et al. [14]. For all PCR reactions, a 1-tube RT-PCR was

followed by a nested PCR, essentially as described by Nijhuis

et al. [15]. Modifications of this method consisted of optimi-

zation of each separate PCR reaction by serial dilution of MgCl2

and primer concentrations. PCR was performed on a PE 9600

Thermocycler (ABI). Rhinoviruses were identified by BglI di-

gestion of the picornavirus RT-PCR amplicons [16]. PCR prod-

ucts were visualized on an ethidium bromide–stained agarose

gel by use of ultraviolet illumination.

Statistical analysis. Descriptive statistics were expressed

as median values. x2 Analysis was performed to determine the

degree of significance between the various variables.

RESULTS

Patient characteristics. The demographic characteristics, un-

derlying disease, conditioning therapy, use of prophylaxis, and

immunologic status of the patients are shown in table 1. The

majority of patients presented with signs and symptoms of

respiratory disease. Fever (in 30 [70%] of 43 patients), cough

(in 28 [65%]), and shortness of breath (in 23 [53%]) were the

most common complaints. Ten (23%) of 43 patients developed

signs and symptoms of pneumonia at the time of hospital

admission, and 33 patients (77%) developed community-ac-

quired pneumonia. Twenty-eight (65%) of 43 patients had un-

dergone SCT; the median duration from transplantation until

the onset of symptoms of respiratory disease was 4 months

(range, 0–28 months). Twenty-six (60%) of 43 patients devel-

oped pneumonia during the winter season (October–March).

Detection of respiratory viruses. By means of culture, an-

tigen testing, or both, 9 respiratory viruses were identified in

8 patients, of which 4 were RSVs, 3 were rhinoviruses, and 2

were influenza A viruses. The same 9 respiratory viruses were

detected by nested RT-PCR. One of the patients had an infec-

tion with a respiratory virus twice. Initially, this patient was

admitted with pneumonia caused by RSV, which subsided

spontaneously within 10 days. Then, the patient, who was still

an inpatient at the hospital, developed nosocomial pneumonia

again 1 week later, which was caused by culture-proven influ-

enza A. An additional 8 respiratory viruses were detected by

PCR in another 7 patients (table 2).

One patient had a dual infection with rhinovirus and para-

influenza 1 virus. In total, 17 respiratory viruses were detected

by PCR in 15 (35%) of 43 patients, compared with 9 respiratory

viruses (19%) in 8 patients detected by culture, antigen testing,

or both ( ). Paired serum samples were available forP ! .0005

29 patients. Serologic testing showed a 4-fold increase in RSV-

specific IgG antibody titer in only 4 patients and a 4-fold in-

crease in titer for adenovirus in only 3 patients.

A combined NT swab was obtained from 17 of 43 patients

within 1 week of the BAL sample. In 7 patients with respiratory

virus disease for whom samples of both NT and BAL were

available, the nested RT-PCR on NT samples always yielded

the same results as the BAL samples (table 2).

Other causes of pneumonia. In 10 patients (23%), no

cause of pneumonia was found (table 3). Respiratory virus

pathogens could be detected in 15 patients (35%). In 6 (40%)

of 15 patients in whom a respiratory virus pathogen was de-

tected, another cause of pulmonary infection or lung injury

was clinically probable. Two of these patients were thought to

have pneumonia caused by both a bacterium and a respiratory

virus (Staphylococcus aureus and rhinovirus in one patient, and

Haemophilus influenzae and rhinovirus in the other); of another

2 patients, 1 had a proven (Aspergillus fumigatus) and 1 had a

probable pulmonary fungal infection together with an infection

with enterovirus and influenza A virus, respectively. Another

patient had a posttransplantation lymphoproliferative disease

with pulmonary involvement after receiving a stem cell trans-

plant from a matched, unrelated donor, in combination with

an enterovirus infection. In 1 patient, coronavirus was detected

in addition to a bronchiolitis obliterans. Four (9%) of 43 pa-

tients had pneumonia probably caused by 1 (in 3 patients) or

2 (in 1 patient) bacteria. Enterobacter species, Pseudomonas spe-

cies, H. influenzae, and Stenotrophomonas maltophilia were iso-

lated from these patients. A total of 9 patients (21%) had a

proven (in 4 patients) or probable (in 5) pulmonary infection

with fungi. Five patients had other causes of pulmonary disease.
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Table 1. Characteristics and outcomes of 43 adults with hematological cancer for whom
abnormalities were visible on a chest radiograph.

Characteristic
All patients
(n p 43)

Patients with
respiratory virus

(n p 15)

Patients without
respiratory virus

(n p 28)

Age, median years (range) 46 (17–66) 45 (18–65) 43 (17–66)

Sex, no. male/no. femalea 28/15 8/7 20/8

Underlying disease

Acute myelogenous leukemia 10 4 6

Acute lymphoblastic leukemia 6 3 3

Chronic myelogenous leukemia 6 — 6

Multiple myeloma 7 4 3

Non-Hodgkin’s lymphoma 6 2 4

Myelodysplastic syndrome 4 1 3

Other 4 1 3

Treatment

Stem cell transplantationa 28 11 (73) 17 (61)

Allogeneic 24 9 15

Autologous 4 2 2

Cytotoxic therapy 15 4 (27) 11 (39)

Granulocytopeniaa,b 18 5 (33) 13 (46)

Received immunosuppressive therapya 24 9 (60) 15 (54)

Clinical signs and symptomsa

Fever 30 10 (67) 20 (71)

Cough 28 12 (80) 16 (57)

Dyspnea 23 8 (53) 15 (54)

Malaise 18 8 (53) 10 (36)

Rhinitis 3 — 3 (11)

Pharyngitis 1 1 (7) —

Type of specimen obtained

BAL fluid 43 15 28

BAL fluid and nose-throat swab 17 7 10

No. cases nosocomial/no. cases community-
acquired respiratory diseasea 10/33 3/12 7/21

Time between transplantation and pulmonary
abnormalities, median monthsa 4 5 3

Acquired infection during winter monthsa,c 26 11 (73) 15 (54)

NOTE. Data are no. (%) of patients, unless otherwise indicated. BAL, bronchoalveolar lavage.
a None of the differences between the groups were significant.
b Granulocyte count, � cells/L90.5 � 10
c October–March.

One patient had a progressive Epstein-Barr virus–associated

posttransplantation lymphoproliferative disease with pulmo-

nary involvement after receiving a stem cell transplant from a

matched, unrelated donor; 2 patients had bronchiolitis obli-

terans; another patient had a cytomegalovirus pneumonitis; and

1 patient developed toxic lung injury after transplantation.

Treatment. Two of the 5 patients with RSV pneumonia

were treated with aerosolized ribavirin (2 g 3 times per day,

for a minimum of 7 days). At the start of ribavirin treatment,

these 2 patients had had symptoms of upper respiratory tract

infection for 1 week. Both patients recovered completely after

1 week of treatment. Another 2 patients also recovered from

RSV pneumonia, but without administration of ribavirin. One

patient died. This patient had contacted RSV pneumonia dur-

ing a recurrence of acute myelogenous leukemia shortly after

receiving an allogeneic stem cell transplant from a matched,

unrelated donor; also, the patient did not receive treatment,

because the diagnosis was made by a positive PCR result for

RSV only after death.

Comparison between patients with pneumonia with or
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Table 2. Detection of respiratory viruses by culture, antigen testing, or both, and by
PCR of paired serum samples and either bronchoalveolar lavage (BAL) samples or
nose-throat (NT) swabs.

Virus

BAL samples NT swabs
Paired
serum

samples
Culture and/or
antigen testing PCR

Culture and/or
antigen testing PCR

Respiratory syncytial virus 4 5 4 4 4

Human rhinovirus 3 5 0 0 ND

Parainfluenza viruses 1–3 0 2 0 0 0

Human coronaviruses 0 1 0 0 ND

Influenza viruses A and B 2 2 1 2 0

Enteroviruses 0 2 0 1 ND

Adenoviruses 0 ND 0 ND 3

Total 9 17 5 7 7

NOTE. BAL samples were tested for 43 patients, NT swabs were tested for 17 patients, and 29
patients underwent serologic testing. ND, not done.

Table 3. Causes of pulmonary abnormalities in 43
adult patients with hematological malignancies.

Pathogen or other cause
of radiographic abnormality

No. of
cases

(no. proven/
no. probable)

Bacteria 4

Bacteria and respiratory virus 2

Respiratory virus 9

Respiratory virus plus fungi 2 (1/1)

Fungi 9 (4/5)

Othera 5

Othera plus virus 2

Unknown 10

a Other causes were bronchiolitis obliterans (in 2 patients), Ep-
stein-Barr virus–associated posttransplantation lymphoprolifera-
tive disease (in 2), acute toxic lung injury (in 1), and cytomegalo-
virus pneumonia (in 1).

without respiratory virus. Patients with pneumonia caused

by a respiratory virus were compared with patients who had

pneumonia that was not caused by a respiratory virus with

regard to the following characteristics: underlying disease, treat-

ment, immune status, use of immunosuppressives, signs and

symptoms, type of specimen obtained, presence of nosocomial

or community-acquired respiratory disease, time of transplan-

tation, and the period of the year that they acquired their

infection (table 1). There was no significant difference in pa-

rameters between the 2 groups, although there seems a tendency

toward more male patients, use of immunosuppressives, and

the presence of neutropenia in the group of patients who had

pneumonia that was not caused by a respiratory virus. The

majority (11 [73%] of 15) of the cases of respiratory virus–

associated pneumonia occurred during the winter season (Oc-

tober–March), whereas the occurrence of pneumonia without

detection of respiratory virus was spread equally throughout

the year (15 [54%] of 28 cases occurred during the winter

months vs. 13 [46%] of 28 cases during the summer months).

DISCUSSION

For 43 patients with hematological cancer and pneumonia,

stored BAL samples yielded significantly more respiratory vi-

ruses when a nested RT-PCR was performed, as compared with

standard culture, rapid culture, or both. Serologic testing was

only of value in 4 cases of acute RSV infection and in 3 cases

of adenovirus infection. These results indicate that previous

studies relying on viral culture, antigen testing, or both to de-

termine the incidence and role of respiratory viruses in this

patient group may have underestimated the true incidence

[1–5].

During the past decade, respiratory viruses have been in-

creasingly recognized as causative agents of respiratory tract

infections in severely immunocompromised patients [1–5].

High frequencies of nosocomial acquisition, persistence of in-

fection beyond the time periods reported for immunocom-

petent patients, and a high frequency of pneumonia and death

have been found in association with respiratory virus infections

in immunocompromised patients [4]. As in some other studies,

by PCR, we found a relatively high incidence of respiratory

virus–associated pneumonia in immunocompromised patients.

Reported incidences of respiratory virus infections were

26%–36% in adult bone marrow transplant recipients with

acute upper and lower respiratory illnesses; for immunocom-

promised patients, the rate was 19% [3, 17, 18]. However, we

cannot confirm some of the reported high frequencies of no-

socomial acquisition, nor did we find a high rate of deaths due

to respiratory virus–associated pneumonia.
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Overall, in studies published elsewhere, RSV accounted for

the majority of respiratory virus infections with high mortality

rates [4, 18, 19]. RSV-related mortality rates as high as 83%

have been reported in hospitalized adult patients with leukemia,

and the rates have been as high as 78% in persons who undergo

SCT [19]. Prompt therapy of RSV infections with aerosolized

ribavirin with or without intravenous immunoglobulin appears

to impact favorably on the frequency of progression to pneu-

monia and death in some studies, but randomized controlled

studies are lacking [20, 21]. Data from our study are consistent

with those of previous studies that have shown that RSV is the

most prevalent respiratory virus in persons with respiratory

virus–associated pneumonia. The mortality rate in our study,

however, was only 20%.

Influenza and parainfluenza viruses have also been reported

frequently in immunocompromised patients during commu-

nity-outbreak periods of these respiratory viruses [22–25]. In

particular, parainfluenza virus infection may be an important

cause of life-threatening pneumonia in patients who undergo

SCT or who have received treatment for leukemia, with mor-

tality rates of up to 66% [22, 23]. The incidence and severity

of pneumonia in immunocompromised patients caused by in-

fluenza virus varied in several studies. In one study [24], in-

fluenza was isolated in 29% of persons who underwent SCT

and who had an acute respiratory illness, and it had been com-

plicated by pneumonia in 75% of these patients; the pneu-

monia-associated mortality rate was 17% in this study. Other

researchers have concluded that influenza A virus in immu-

nocompromised patients only occasionally causes severe com-

plications, and that it is often mild and self-limiting [25]. We

found 2 patients with influenza A virus–associated pneumonia

and 2 patients with parainfluenza virus infections. None of

these patients received antiviral therapy, and all recovered with-

out sequelae.

Recently, rhinoviruses have also been identified as pathogens

with the potential to infect the lower respiratory tract. Ghosh

et al. [26] described 22 cases of rhinovirus-associated infections

in myelosuppressed adult blood and bone marrow transplant

recipients early after transplant, 7 of whom developed fatal

pneumonia. In this study, rhinoviruses were detected by means

of conventional methods. Of interest, with the use of molecular

diagnostics, we documented an increased involvement of 30%

of rhinoviruses in virus-associated pneumonia, indicating that

rhinoviruses may play a serious role as a cause of pneumonia

in immunocompromised patients.

We detected coronavirus in a sample obtained from one of

our immunocompromised patients. Our observation is in line

with the findings of another study, which demonstrated that

pneumonia caused by coronavirus occurred in a patient who

had received an autologous bone marrow transplant to treat

breast cancer [27]. We also analyzed our samples for the pres-

ence of enterovirus, although the lower respiratory tract is not

the usual site of enterovirus infection. However, in immuno-

compromised patients with pneumonia, presence of enterovirus

in BAL specimens was demonstrated in several studies [28–30].

These results were confirmed in our own study, in which 2

patients revealed the presence of an enterovirus and thereby

demonstrated that these infections should be considered as a

cause of pneumonia in severely immunocompromised patients.

Although a method for the detection of adenovirus by PCR

has been described elsewhere [31], we only detected adenovirus

infections by serologic testing. We found a 4-fold increase in

serum titer of adenovirus in 3 patients. No adenoviruses were

detected by standard culture or antigen detection; a generic PCR

for adenovirus infection was not yet available at our laboratory.

There are still some limitations to be considered when PCR

is used as diagnostic tool for the detection of respiratory viruses.

First, we cannot completely rule out contamination of the BAL

sample from the upper respiratory tract. As stated before, we

found 100% concordance between PCR results for BAL and

NT samples. Thus, we cannot rule out the possibility of con-

tamination. However, this uncertainty is intrinsically related to

the use of BAL. Second, we cannot rule out the possibility of

positive PCR results having little clinical significance, because

severely immunocompromised patients are known to shed virus

for long periods of time [32]. Therefore, the exact meaning of

a positive PCR result still needs to be determined in prospective

studies.

Because different antiviral agents are now available or under

development for treatment of RSV, influenza virus A, and rhi-

novirus infections [33–35], it is important to improve methods

to rapidly diagnose respiratory illness that are caused by res-

piratory viruses in immunocompromised patients. A rapid and

sensitive method for detecting respiratory viruses is essential

to implement prompt measures, both to start treatment as soon

as possible in patients who are at risk of developing pneumonia

caused by respiratory viruses and to prevent or limit nosocomial

spread of infection. We have showed that PCR might be an

important tool to accomplish this goal.

In conclusion, we have shown that molecular diagnostic

techniques significantly increase the detection rate of respira-

tory viruses in patients with hematological cancer and pneu-

monia, as compared with traditional methods. However, pro-

spective surveillance studies are still necessary to further

establish the clinical value of these techniques.
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