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Abstract

Background: Patients with pediatric cancer have a higher risk of morbidity and
mortality because of respiratory viral infections than other patient populations.
Objectives: To investigate the causative viruses of respiratory infections and their
burden among patients with pediatric cancer in Lebanon.

Study design: Nasopharyngeal swabs along with clinical and demographic data were
collected from patients with pediatric cancer presenting febrile episodes with upper
respiratory tract symptoms. Total nucleic acid was extracted from specimens
followed by the real-time PCR analysis targeting 14 respiratory viruses to estimate
the frequency of infections.

Results: We obtained 89 nasopharyngeal swabs from patients with pediatric cancer
(mean age, 5.8 +4.2 years). Real-time PCR confirmed viral infection in 77 swabs
(86.5%). Among these, 151 respiratory viruses were detected. Several viruses
cocirculated within the same period; respiratory syncytial virus (RSV) being the most
common (45.45%), followed by parainfluenza virus (PIV; 26%), influenza type B (26%),
human metapneumovirus (24.6%), and human coronavirus (HCoV; 24.6%). Coinfec-
tions were detected in 55% of the subjects, and most of them involved RSV with one
or more other viruses. A strong correlation was found between PIV, Flu (influenza of
any type), RSV, and HCoV with the incidence of coinfections. RSV was associated with
lower respiratory tract infections, nasal congestion, bronchitis, and bacteremia. HCoV
was associated with bronchiolitis; rhinovirus was associated with hospital admission.
Conclusion: Patients with pediatric cancer have a high burden of respiratory viral
infections and a high incidence of coinfections. Molecular diagnostics can improve
management of febrile episodes and reduce antibiotic use.

KEYWORDS
coinfection, patients with pediatric cancer, prevalence, real-time PCR, respiratory tract
infections, virus infections

J Med Virol. 2019;91:1191-1201.

wileyonlinelibrary.com/journal/jmv © 2019 Wiley Periodicals, Inc. 1191


http://orcid.org/0000-0003-3807-6409

SOUDANI ET AL

192 | WiLEY-

[Joumator |
MEDICAL VIROLOGY

1 | INTRODUCTION

Immunocompromised patients, such as those with cancer and
hematopoietic stem cell transplantation, have a higher risk for
respiratory infections,® and single or mixed respiratory viruses are
frequently detected in those with acute respiratory symptoms.2
Defects in innate and adaptive immunity® coupled with damage in the
mucosal membrane and frequent exposure to a healthcare environ-
ment contribute to increased morbidity”® and mortality of respira-

tory infections in these patients. 37711

In healthy children,
respiratory viruses are usually confined to the upper respiratory
tract; in immunocompromised patients, progression to the lower
respiratory tract is a more frequent and feared complication.?1%13
Despite advances in cancer therapy and outcomes during the last
decade, respiratory viral infections and complications are frequent
barriers to the success of antineoplastic treatment.*>1214
Respiratory infections are major causes of febrile episodes in
patients with pediatric cancer.® These patients often are initiated on
broad-spectrum antibiotics to cover serious bacterial diseases,
leading to unnecessary increased exposure to antibiotics and the
potential emergence of antibiotic resistance.>'>1® Accurate respira-
tory viral diagnosis and early access to treatment can improve
outcomes, allow the prompt initiation of infection control measures,
and limit antibiotic use.1® Molecular diagnostic assays for respiratory
virus detection and identification are becoming increasingly popular
because they outperform traditional viral detection methods, such as
antigen detection and cell culture-based assays in terms of speed,
efficiency, specificity, and sensitivity.1%'2 Altogether, these facts
highlight the need for surveillance studies that utilize molecular
diagnostic tools to elucidate the role of viral pathogens during
respiratory infections, their risk factors, and outcomes.*?>7-1?
Epidemiological studies of respiratory viral infections in patients
with pediatric cancer in low-resource settings are scarce.>11721 The
main purpose of this study was to screen for viral etiologic agents
and associated risk factors and complications during respiratory
infections in patients with pediatric cancer in Lebanon to address the
joint need for surveillance studies using molecular diagnostic tools
and additional studies of respiratory infections in developing

countries.

2 | MATERIALS AND METHODS

2.1 | Study design and data collection

Between October 2014 and December 2015, nasopharyngeal swabs
were collected from cancer patients with acute respiratory tract
infection (ARTI) at the Children’s Cancer Center in Lebanon. Patients
were considered eligible for this study if they were patients
with pediatric cancer having febrile episodes with upper respiratory
tract symptoms. The inclusion criteria were as follows: age <18 years,
received cancer treatment within the last three months, fever >38°C
within the previous 72hours, and having one or more of the

following symptoms: cough, sore throat, nasal congestion, rhinorrhea,

or respiratory distress. The following data were obtained from
enrolled participants: age, sex, demographics, use of influenza
vaccines and antivirals, date of onset of symptoms, and hospital
admission and length of stay. Medical charts were reviewed to
determine health complications, bacterial infection, and absolute
neutrophil and lymphocyte counts. Another chart review was
performed one month after the initial febrile illness to monitor
potential complications. The project was approved by the institu-
tional review boards at the American University of Beirut and St.
Jude Children’s Research Hospital. Parental informed consent and
participant assent, when applicable, was obtained.

2.2 | Sample collection and screening

Nasopharyngeal swabs from each patient were collected by health
care providers, preserved in virus transport media, and transported
to the laboratory for further analysis. Viral nucleic acid was extracted
by using PureLink Viral RNA/DNA mini Kit (Invitrogen, Carlsbad, CA).
The AgPath-ID One-Step RT-PCR kit (Applied Biosystems, Austin,
TX) was used to screen extracted RNA samples for 14 respiratory
viruses: human metapneumovirus (HMPV), respiratory syncytial virus
(RSV), influenza A virus (Flu A), influenza B virus (Flu B), rhinovirus
(RhV), adenovirus (AdV), parainfluenza viruses 1 to 4 parainfluenza
virus (PIV1-4), and human coronaviruses (HCoV-HKU1, HCoV-229E,
HCoV-0C43, and HCoV-NL63). The sequences of primers and
probes were obtained from the Center for Disease Control and
Prevention (CDC). All runs were performed in the presence of a no-
template control (NTC) and positive control for each target.
Extraction controls were screened to exclude cross-contamination
during extraction. Flu A-positive samples were further subtyped via
real-time PCR using the CDC-established protocol. RSV-positive
samples were subtyped by conventional PCR followed by 1.5% gel
electrophoresis using RSV-A and RSV-B primers specific for the

G gene hypervariable region.2>%2

2.3 | Statistical analysis

The univariate regression analysis was performed to determine the
association between viral mono- and coinfections with variables and
outcomes, including demographics, hospital/ICU admission, lower
respiratory tract infection (LRTI), and other clinical symptoms, such
as bronchitis, fever, mechanical ventilation, nasal congestion,
respiratory distress, vomiting, neutropenia (absolute neutrophil
count [ANC] < 1500 cells/uL), and lymphopenia (absolute lymphocyte
count < 2000 cells/pL). The x2 test and odds ratio were computed to
test the association between the categorical variables. All variables
that were statistically associated with severe outcomes in the
univariate models were included in multivariate logistic regression
using the backward selection method; a significance level of 0.10 or
less was required for a covariate to stay in the model. Then, odds
ratio estimates with P values for tested variables were monitored
after adjusting for age and sex. Similarly, the correlation analysis

between variables was also included, and correlation coefficients
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were calculated to measure the strength of the relationship between
different variables. For these tests, P value < 0.05 was considered
significant. Statistical analysis was performed using SAS 9.4 software.

3 | RESULTS

3.1 | Characteristics of the study population

During the 14-month study period, 89 febrile episodes were
recorded in 67 individual patients. The median age of patients was
4.5 years (IQR 3-8 years), and 54% of the patients were male
(Table 1); 31.5% of the patients had solid tumors, and 68.5% had
liquid tumors (Table 1). The most prevalent respiratory symptoms in
this population were cough (84.3%), rhinorrhea (85.4%), and nasal
congestion (74.2%). In our sample population, 33.3% of the children
were admitted to the hospital.

3.2 | Prevalence and seasonal distribution of
respiratory viruses

A total of 151 respiratory viruses were detected in 86.5% (77/89)
nasal swabs obtained from 67 patients with pediatric cancer
presenting fever. Most patients (55%, n =49) had coinfections with
two or more viruses; 31.5% (n =28) had monoinfections (ie, a one-
virus infection). According to the chart review, none of the patients
had coinfection with bacteria. RSV was the most common virus in the
77 febrile episodes with at least one detected virus, followed by PIV,
Flu B, and HMPV. The most prevalent viruses in the 28 monoinfec-
tions were HMPV, RSV, and RhV, whereas the most commonly
detected viruses in the 49 coinfections were RSV, FluB, and PIV3
(Figure 1). Respiratory viral infections were detected mainly during
the winter season (December to March) and, to a lesser extent,
during the spring (Figure 2). Sporadic infections were detected during
the summer and fall seasons. Several respiratory viruses were
cocirculating during the same period.

The influenza vaccination rate was relatively low: only 44.7%
(n=30) of the patients with febrile episodes who were eligible to
receive the vaccine (ie, age > 6 months; n = 67) did. Of this vaccine-
eligible group, 22% (n = 15) had Flu A and 28% (n=19) had Flu B. In
the vaccinated group, 43.3% (n=13) had influenza A and/or B
infection; 16.7% (n = 5) had both influenza A and B.

3.3 | Risk factors and clinical outcomes of ARTI
with viral etiology

The univariate analysis was used to assess the association between
demographic variables, clinical findings, and respiratory viruses with
ARTI (Table 2). Children younger than 2 years were at a significantly
higher risk of developing respiratory distress than were those aged 2
to 6 years (P < 0.01, OR, 0.077 [CL 0.015-0.400]) or those older than
6 years (P=0.0053, OR, 0.086 [CL 0.015-0.482]). Neutropenia
(ANC < 1500 cells/pL) was identified as a risk factor for hospital
admission (P=0.0192, OR, 3.625 [CL 1.234-10.65]). No statistically

significant association was observed with respect to sex, cancer type
and treatment, lymphopenia, or antiviral drug administration and the
tested variables. The type of cancer, receiving an anticancer drug,
neutropenia, and lymphopenia was not associated with an increased
risk of coinfection. In addition, the presence of viral coinfection did
not seem to correlate with any of the recorded clinical symptoms
(Table 2).

Next, the association of the detected viruses with complications
and coinfection was assessed. To account for the small sample size,
genotypes or subtypes of the same virus were grouped together (eg,
influenza virus for Flu A and B). RhV was significantly associated with
hospital admission (P =0.023, OR, 4.343 [CL 1.214-15.532]), whereas
RSV was significantly associated with LRTI (P = 0.0493, OR, 4.316 [CL
1.005-18.544]) and nasal congestion (P=0.0387, 5.357 [1.091-
26.300]). HCoV was significantly associated with bronchiolitis
(P=0.049, OR, 12.223 [CL 1.002-149.166]), whereas PIV and HMPV
were significantly associated with nasal congestion (P=0.01, OR,
0.205 [CL 0.057-0.728]). PIV, influenza virus, RSV, and HCoV were
significantly associated with coinfection (P < 0.01, OR, 8.522 [CL
1.754- 41.411]; P=0.0039, OR, 6.158 [CL 1.792-21.159]; P < 0.01,
OR, 10.679 [CL 3.075-37.079]; P=0.0283, OR, 10.741 [CL 1.287-
89.605], respectively). Among these, RSV had the strongest correla-
tion with coinfection (Table 2).

Variables were further analyzed via multivariate logistic regres-
sion analysis with the selection method of backward elimination,
whereby a P value of 0.1 was required for a covariate to stay in the
model. Children aged 2 to 6 years and those older than 6 years had
lower odds (94.8%, and 95.2%, respectively) of having respiratory
distress than those younger than 2 years (P < 0.01). The odds of
having a coinfection was 27.3 times greater (P < 0.001, OR, 27.3 [CL
2.8-268])) in patients with influenza than in those without influenza.
Furthermore, the patients with RSV infections were 70.7 times more
likely to have a coinfection (P < 0.001, OR, 70.7 [CL7.4-678]) than

TABLE 1 Baseline characteristics of enrolled pediatric cancer
patients with ARTI

Patient characteristics n (N=89) %

Age, y 0-2 15 16.9
2-6 41 46.1
>6 33 37.1
Sex Male 48 54
Female 41 46
Clinical findings Fever 89 100.0
Bacterial coinfection 1 1.1
Pneumonia 4 4.5
Respiratory distress 19 21.3
Cough 75 84.3
Rhinorrhea 76 85.4
Nasal congestion 66 74.2
Sore throat 15 16.9
Vomiting 10 11.2
Diarrhea 5 5.6
Tumor type Solid tumor 28 315
Liquid tumor 61 68.5

Abbreviation: ARTI, acute respiratory tract infection
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FIGURE 1 Viruses detected in the respiratory specimens. The
frequency of respiratory viruses detected among cancer patients
with monoinfections (n =28) or coinfections (n =49; 123 detected
viruses among coinfections). (FIuA*: influenza A viruses that were
not subtyped). AdV, adenovirus; Flu A, influenza A virus, Flu B,
influenza B virus, HCoV, human coronaviruses; HMPV, human
metapneumovirus; PIV 1 to 4, parainfluenza viruses; RhV, rhinovirus;
RSV, respiratory syncytial virus
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FIGURE 2 Monthly distribution of the ARTI cases and the
detected viruses. Respiratory viruses were detected throughout the
year, with a peak in winter. AdV, adenovirus; ARTI, acute respiratory
tract infection; Flu A, influenza A virus; Flu B, influenza B virus;
HCoV, human coronaviruses; HMPV, human metapneumovirus; PIV
1 to 4, parainfluenza viruses; RhV, rhinovirus; RSV, respiratory
syncytial virus

those with the other tested viruses. PIV remained significantly
associated with coinfection (P < 0.001, OR, 41.5 [CL 3.3-514.5]).
Infection with RSV remained significantly associated with nasal
congestion (P = 0.046). The odds of having nasal congestion were 5.1
(CL [1.03-25.3]) times greater for patients with RSV than for those
without RSV infection. After adjusting for age and sex, the estimates
and significance did not change.

The correlation analysis showed that RSV (r=0.5, P<0.0001),
influenza virus (r=0.37, P<0.0001), PIV (r=0.36, P<0.001), and
HCoV (r=0.32, P<0.001) were significantly associated with coin-
fection. AdV (r=0.23, P=0.0648) showed a moderate relationship

with coinfection. Neutropenia was positively associated with RhV
(r=0.34, P=0.0053), but PIV had a negative association (r=-0.21,
P=0.095). RSV was positively correlated with HCoV (r=0.29,
P=0.0161) but negatively correlated with HMPV (r=-0.39,
P<0.01; Figure 3A). Hospital admission and neutropenia were
significantly correlated (r = 0.4, P < 0.001), as were hospital admission
and RhV (r=0.29, P=0.018). Diarrhea was significantly associated
with HCoV (r=0.49, P<0.0001) and with RSV (r=0.26, and
P=0.0312). Nasal congestion was also significantly correlated with
RSV (r=0.27, P=0.0256). HCoV (r=0.22, and P=0.0681) had a
moderate relationship with respiratory distress (Figure 3B).

The follow-up data revealed that recurrent fever was significantly
related to the previous RSV infection (r=0.33, P<0.01) and
moderately correlated with solid tumors (r=0.22, P=0.0821).
Rhinorrhea was positively related to the previous RhV infection
(r=0.25, P=0.040) but negatively correlated with lymphopenia
(r=-0.28, P=0.025). Both bronchitis (r=0.26, P=0.031) and
bacteremia (r=0.26, P=0.0312) were significantly related to the
prior RSV infection during the follow-up period. LRTI was signifi-
cantly associated with RSV (r=0.25, P=0.0384) but moderately
associated with coinfections (r = 0.21, P = 0.0901). Moreover, positive
correlations were observed between bronchiolitis and previous
HCoV (r=0.29, P=0.016) and RSV infections (r=0.26, P=0.031),
whereas URTI| was moderately correlated with the previous PIV
infection (r =0.22, P=0.074; Figure 3C).

3.4 | Repeated detection of respiratory viruses and
RSV genotyping

During the study period, 17 of the 67 patients (25.4%) had repeated
febrile episodes, which often led to the detection of the same virus
(es) associated with the first episode (Table 3). The median time
between repeated febrile episodes with a confirmed viral infection
was 61 days (range 10-196 days). Repeated detection of the same
virus was noted in nine patients. RSV was most frequently detected
(6/17) in the repeated episodes. Using genotype-specific PCR to
detect RSV showed that three of these paired samples had RSVA; for
the remaining three paired specimens, a genotype could not be
determined in at least one of the specimens. We also detected one
case for each of the repeated episodes of HCoV-OC43, Flu B, RhV,
PIV3, AdV, and HMPV.

4 | DISCUSSION

This study demonstrates that respiratory viruses are a leading cause
of acute respiratory infections in pediatric cancer patients and should
be considered an important etiology of febrile neutropenia and
hospital admissions. The data showed that viral infections were
associated with 86.5% of the febrile episodes in patients with
pediatric cancer. Detection of a respiratory viral infection in this
population has multiple implications, including persistence of infec-

tion and disease reactivation. These findings also highlight the urgent
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FIGURE 3 Heat maps representing (A) correlation matrix of infections (n = 67), (B) correlation between infections and events (n = 67), and
(C) correlation between infections and events in follow-up (n = 67). Negative correlations are shown in yellow, and positive correlations are
shown in green. Neutropenia was defined as absolute neutrophil count < 1500 cells/uL, and lymphopenia was defined as lymphocyte

count < 2000uL. AdV, adenovirus; Flu, influenza; HCoV, human coronaviruses; HMPV, human metapneumovirus; PIV 1 to 4, parainfluenza

viruses; RhV, rhinovirus; RSV, respiratory syncytial virus

need for vaccines and effective drugs against the commonly
circulating viral pathogens, which will limit unnecessary administra-
tion of antivirals and antibacterials, and best management of isolation
precautions of infected patients.

A substantial subset (55%) of our study population had coinfections
with multiple viruses. We did not find any association between
coinfections and clinical symptoms/outcome or having neutropenia or
lymphopenia in our patients. Consistent with our findings, Torres et al'®
found no difference in clinical outcome in children with febrile
neutropenia having mixed respiratory viral infections and those with
monoinfections. Similar findings were reported by Rotzén-Ostlund
et al®* who found that immunocompetent children with mixed or

monoinfections had a similar duration of hospitalization, risk of pediatric
ICU admission, and need for oxygen. However, other studies in
immunocompetent children found that coinfection was associated with
more-severe lower respiratory tract infection and a higher risk of
hospital admission than monoinfection was.2>? A meta-analysis of 21
studies involving 4280 immunocompetent patients found no evidence
of increased severity as a result of coinfections compared with
monoinfections.?’ Therefore, the clinical implications of respiratory
viral coinfections need further investigation.

Most studies investigating respiratory viral infections in immu-
nocompromised children were carried out in developed countries. In

Sweden, respiratory viral infections were detected in 45% of cases of
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TABLE 3 Viruses detected among patients with multiple febrile episodes

Patient ID#
1

10

12

13

17

18

21

23

26

28

31

32

35

40

42

45

62

Virus(es) detected in each sample

1

RhV

RSVA
HCoV-229E
PIV3
HCoV-0C43
RSVA

RSVA

RSVA

RSVA

RSVA

RSVA

RhV

RSVA
HMPV
HMPV

RSVA

RSVA
HCoV-229E
RSV**

AdV

RSV

HMPV

RSV
HCoV-229E
RSV

RSVB

HMPV

FluB

HMPV
HCoV-HEKU1

2

*

HCoV-OC43
RSV

PIV1

RSV
HCoV-0C43
RhV

RhV

FluB

RhV

PIV3

PIV3

FluB
RSV
FluB

FluB

RhV

FIuA

Interval between specimen collection (days)

73

82

196

16

12

51

80

72

11

22

10
40

89

133

65

57

50

43

127

70

37

76

Abbreviations: AdV, adenovirus; Flu A, influenza A virus; Flu B, influenza B virus; HCoV, human coronaviruses; HMPV, human metapneumovirus; PIV 1 to
4, parainfluenza viruses; RhV, rhinovirus; RSV, respiratory syncytial virus

*No additional virus was detected in this specimen.
**Subtype could not be determined.
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febrile neutropenia in children with mixed malignancies.'? A similar
rate of respiratory viral infections in children with leukemia or mixed
malignancies was reported in the USA, Germany, Finland, and
Chile. 2182829 |n contrast, in Spain, respiratory viral infections were
detected in only 12% of patients with cancer, and all viral infections
were monoinfections.!? In the mentioned studies, RSV, RhV, and Flu
A were the most commonly detected viruses.>>11181%29 |n our study
group, RSV was the most prevalent virus, followed by PIV, and Flu B,
with HMPV being the most frequent virus in monoinfections and RSV
detected predominantly in coinfections. The higher rate of virus
detection in our study population in Lebanon could be attributed to
the use of real-time PCR, the higher number of screened viruses, and
including respiratory symptoms as an inclusion criterion. Some
studies identified respiratory viruses via one or more of the following
techniques: clinical symptoms and serology testing, virus culture,
fluorescent antibody detection, and PCR for limited viral tar-
gets 2111819.2829 Nonetheless, even when compared with studies
that utilized PCR as a diagnostic tool to screen a comparable number
of viral targets (10 or more) in patients with cancer, this study has a
higher incidence of virus detection.>*”"” This higher incidence of
viral infection might be attributed to the cultural interaction that
includes close contact, thus promoting transmission.3%31

This study reflects the importance of using molecular diagnostic
assays in clinical practice for better diagnosis and improving patient
care.3Z34 |t is important to note that mutations in the region of the
detection primers could result in reduced detection rates by PCR.
Therefore, continuous monitoring of the circulating virus strains and
updating of the detection primers to capture any novel, variant
strains is necessary.

Accurate information on the frequency of respiratory viruses and
their burden allows for accurate recommendations in prioritizing
drug and vaccine development. For instance, children receiving
chemotherapy developed life-threating complications when infected
with RSV.1¥35 Previous studies in patients with pediatric cancer
reported that RSV can be associated with pneumonia and neutrope-
nia leading to severe life-threatening complications.*>7-3>3¢ Muco-
sitis was very common in patients with neutropenia, and this might
be one of the predictive factors of the severity of respiratory viral
infections, especially those because of RSV.*%*737 The data showed
that RSV was significantly associated with LRTI, fever, bronchiolitis,
nasal congestion, and diarrhea but did not increase the risk of ICU
admission. Similar to what was previously reported, the data suggests
that encountering RSV infection in patients with pediatric cancer
might add to their disease burden and affect their response to the
treatment.3>*84% Moreover, this study revealed a high prevalence of
RSV in coinfections and in repeated infections in patients with
pediatric cancer, highlighting the urgent need for the development of
RSV antivirals and vaccines. Currently, RSV vaccines under develop-
ment are in phase Il clinical trials, constituting a step in the right
direction.**™*® In infants at high-risk (preterm or having chronic
illness), RSV neutralizing monoclonal antibodies, including the FDA-
approved palivizumab, are effective for prophylaxis but remain very

expensive in developing countries.***¢ The emergence of RSV
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variants that are resistant to palivizumab is a concern that highlights
the need for more therapeutic options.*”**® Prophylaxis should be
utilized in patients with cancer, especially in those with the highest
risk for infection (in this study, younger children), to reduce potential
complications.

In patients with cancer, influenza infections are usually accom-
panied by bacteremia and delays in chemotherapy.*?°° A study
conducted by Mendoza Sanchez et al'' showed that 40% of
immunocompromised children (cancer and HIV; age < 14 years)
infected with influenza required hospitalization. Such outcomes
would be effectively reduced by annual vaccinations, which are
now recommended for patients and their health care providers. In
this study, infection with influenza A and/or B was detected in 26.9%
(24/89) of the cases. The vaccination rate among the children 26
months (recommended age for the vaccine) with febrile episodes was
44.7%, which is considered to be low for this high-risk population.
Therefore, emphasizing the importance of attaining universal
vaccination in this population and their caregivers is likely to improve
patient outcomes by preventing influenza infection.

The duration of shedding and frequency of recurrent virus
detections have not been thoroughly investigated in immunocom-
promised children.?”3° In the current study, 17 of the 67 patients
had repeated detection of respiratory viruses in subsequent febrile
episodes, and half of these patients had repeated detection of the
same virus. RSV was the most common virus detected repeatedly in
subsequent febrile episodes. It was not possible to rule out whether
these infections were persistent or repeated infections because this
study only included patients in whom a febrile episode developed
rather than monitoring all patients on a routine basis. Hall et al®®
reported prolonged RSV shedding that persisted for more than 20

days in some cases.> Martin et al°!

reported prolonged shedding of
respiratory viruses in samples collected at least 7 days apart: the
viruses involved in prolonged shedding included HMPV, RSV, AdV,
HCoV, RhV, and PIV. A study by Soderman et al*? suggested that the
shedding time of Flu, HMPV, RSV, and PIV is limited, and virus
clearance was evident at a median follow-up time of 28 days. In
contrast, the same RhV genotypes were detected from subsequent
follow-up samples after 12 to 51 days, and some RhV-positive
patients reported the appearance of respiratory symptoms 6 days or
more before fever onset, indicating the possibility of prolonged
shedding. Longitudinal studies whereby patients are screened on a
weekly basis until no detection of a given virus is confirmed are
required to determine the frequency of repeated infections vs
persistent infections among children with cancer and their impact on
patient outcomes. A molecular approach using sequencing of the
sequentially detected viruses should allow a better understanding of
the extent of virus evolution in these patients.

The current study had several limitations, including the hetero-
geneity of cancer types in the studied population and the absence of a
control group of patients with asymptomatic cancer. Another limitation
was the lack of follow-up sampling to monitor the status of the detected
respiratory virus and differentiate between prolonged vs persistent

shedding. Moreover, human bocavirus and enteroviruses were not
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analyzed, which could have further increased the overall detection rate.
Despite the mentioned limitations, screening for respiratory viruses, and
their related clinical manifestations is of great importance, especially in
scarcely studied populations and particularly in developing countries, to
guide better patient management and to develop evidence-based
infection control measures.

5 | CONCLUSION

Respiratory infections can lead to serious complications and might
become life-threatening, particularly in the context of weakened
immune systems of patients with cancer. Few studies have
investigated respiratory infections in patients with cancer, especially
in children. In this study, we detected a high incidence of respiratory
viral infections among children with cancer in Lebanon via real-time
PCR. The results demonstrate the usefulness of real-time PCR in
diagnosis and, therefore, in guiding proper clinical management and
infection control. Preventing respiratory viral infections in immuno-
compromised patients, including those with cancer, is critical for
protecting these patients, especially given the absence of effective

vaccines and antiviral drugs for most of these viruses.
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