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Background:  Cystic  fibrosis  is a degenerative  disease  characterized  by progressive  epithelial  secretory
gland  dysfunction  associated  with  repeated  respiratory  infections.  Bacterial  infections  are  very frequent
in children  with  cystic  fibrosis,  but  because  rapid
Methods: for  screening  for the  wide  variety  of  potentially  involved  viruses  were  unavailable  until  recently,
the  frequency  of  viral  presence  is unknown.  Multiplex  PCR  enables  screening  for  many  viruses  involved
in  respiratory  infections.
Objectives: This  study  aimed  to evaluate  the  frequency  of  viruses  and bacteria  in respiratory  specimens
from  children  with  cystic  fibrosis  and  to clarify  the  incidence  and  characteristics  (seasonality  and  age  of
patients)  of different  viruses  detected  in  children  with  cystic  fibrosis.
Study  design:  In  this  2-year  prospective  study,  we  obtained  paired  nasopharyngeal-swab  and  sputum
specimens  from  children  with  cystic  fibrosis  during  clinical  respiratory  examinations  separated  by  at
least  14 days.  We  analyzed  viruses  in nasopharyngeal-swab  specimens  with  multiplex  PCR  and  bacteria
in  sputum  with  standard  methods.
Results:  We  analyzed  368  paired  specimens  from  33  children.  We detected  viruses  in  154  (41.8%)  and
bacteria  in  132  (35.9%).  Bacteria  were  commoner  in  spring  and  summer;  viruses  were  commoner  in
autumn  and  winter.  In  every  season,  Staphylococcus  aureus  was  the  commonest  bacteria  and  rhinovirus
was  the  commonest  virus.  Nearly  all infections  with  Haemophilus  influenzae  occurred  in autumn  and

winter.

Viruses  were  more  prevalent  in  children  <5  years  old,  and  bacteria  were  more  prevalent  in children
≥12  years  old.
Conclusions:  Multiplex  PCR  screening  for  respiratory  viruses  is feasible  in children  with  cystic  fibrosis;
the  clinical  implications  of screening  warrant  further  study.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Background

Cystic fibrosis is a degenerative disease characterized by pro-
ressive epithelial secretory gland dysfunction associated with
epeated respiratory infections. The role of bacteria in cystic fibro-
is is clear and widely studied [1]; however, the role of respiratory

iruses in the progression of lung disease in children with cystic
brosis remains controversial. Viruses may  be associated with sig-
ificant clinical deterioration [2,3] and may  predispose to bacterial
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infection [4,5]. Some viruses (e.g., influenza, parainfluenza, aden-
ovirus, and respiratory syncytial virus) are clearly associated with
pulmonary exacerbations and worsening lung function in healthy
children and in children with cystic fibrosis [6].

Before the advent of molecular detection methods, viral respi-
ratory infections were diagnosed by antigen detection and virus
isolation in cultures. However, the low sensitivity of antigen detec-
tion and the limitations of detecting only cultivable viruses made
the prevalence of respiratory viruses in clinical specimens from

children with cystic fibrosis remarkably low [7].

Multiplex polymerase chain reaction (PCR) enables the detec-
tion of multiple respiratory viruses in a single reaction [8,9]. This
approach has clear clinical benefits as it helps physicians under-
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Table 1
Frequency of viruses detected.

Multiplex PCR of
nasopharyngeal
swab specimens

n = 368 %

Negative 214 58.2
Positive 154 41.8
Rhinovirus 90 24.5
Adenovirus 19 5.2
Enterovirus 15 4.1
Parainfluenza viruses 11 3
Influenza viruses 9 2.4
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Table 2
Frequency of bacteria in sputum cultures.

Sputum cultures n (n = 368) %

Negative 236 64.1
Positive 132 35.9
S.  aureus 102 27.7
H.  influenzae 14 3.8
P.  aeruginosa 9 2.4
E.  cloacae 3 0.8
M.  catarrhalis 1 0.3
K.  oxytoca 1 0.3
S.  marcescens 2 0.5

Table 3
Virus-bacteria coinfections in children with cystic fibrosis.

Virus-bacteria coinfection (n) n (n = 54) %

Rhinovirus plus S. aureus 28 51.9
Enterovirus plus S. aureus 7 13.0
Rhinovirus plus H. influenzae 3 5.6
Parainfluenza viruses plus S. aureus 3 5.6
Respiratory syncytial virus 5 1.4
Metapneumovirus B 3 0.8
Bocavirus 2 0.5

tand the etiology of clinical events and thus avoid prescribing
ntibiotics unnecessarily.

.1. Objectives

This study aimed to evaluate the frequency viruses and bacteria
n respiratory specimens and to clarify the incidence and charac-
eristics (seasonality and age of patients) of different viruses in
hildren with cystic fibrosis.

.2. Study design

From September 2012 through August 2014, we prospectively
tudied all children followed up periodically for cystic fibrosis in
ur hospital. Parents or legal guardians of all participants provided
ritten informed consent and the institutional ethics committee

pproved the study.
We  obtained paired nasopharyngeal-swab and sputum spec-

mens from each patient during clinical respiratory controls
eparated by at least 14 days. Sputum was collected with the spu-
um induction method.

Viral DNA and RNA was extracted from nasopharyngeal swab
amples with the QIAmp Viral mini Kit protocol (Qiagen®), ampli-
ed with specific primers with multiplex PCR (CLART® Pneumovir
NA array), and annealed to low-density arrays to detect 19 viruses

imultaneously: adenovirus, bocavirus, coronavirus, Enterovirus
echovirus), influenza A (subtypes H3N2, pandemic H1N1, and sea-
onal H1N1), influenza B, influenza C, metapneumovirus (subtypes

 and B), parainfluenza 1, parainfluenza 2, parainfluenza 3, parain-
uenza 4 (subtypes A and B), rhinovirus, and respiratory syncytial
irus. In the data analysis, we combined the subtypes to make the
esults clearer.

Sputum specimens were cultured with routine techniques in
gar media (blood, MacConkey, Colistin nalidixic acid blood and
hocolate agar), and isolates were identified at 48 h by Gram stain
nd biochemical tests.

All statistical analyses were done with SPSS v 19.

. Results

A total of 368 paired upper airway samples were collected from
3 children (aged 10 months to 17 years; mean 7.43, median 8.0),
ielding a mean of 11.2 samples per patient. Table 1 shows the
esults of the multiplex PCR. We  detected viruses in 154 (41.8%)
asopharyngeal–swab specimens; the most common were rhi-
ovirus (90/368; 24.4%), adenovirus (19/368; 5.2%), Enterovirus
15/368, 4.1%), and parainfluenza (11/368; 3%). Other viruses were

etected in 29 specimens. Multiple viruses were detected in 20
amples (20/368; 5.4%); the most common virus–virus coinfec-
ion were rhinovirus plus adenovirus (6/20) and rhinovirus plus
nterovirus (4/20).
Rhinovirus plus P. aeruginosa 2 3.7
Adenovirus plus S. aureus 2 3.7
Others 9 16.7

Table 2 shows the results of the cultures. We  detected bacte-
ria in 132 of the sputum specimens (132/368; 35.9%); the most
frequently detected microorganisms were Staphylococcus aureus
(102/368; 27.7%), Haemophilus influenzae (14/368; 3.8%), and Pseu-
domonas aeruginosa (9/368; 2.4%). Other bacteria detected in less
than 5 samples were Klebsiella oxytoca, Moraxella catarrhalis,  Enter-
obacter cloacae, and Serratia marcescens.

We found 54 virus-bacteria coinfections (54/368; 14.7%); the
most common combination was rhinovirus plus S. aureus (28/54)
(Table 3).

In general, viruses did not persist; the same virus was detected
in three or more samples during two months’ follow-up in only 8/33
patients (4 rhinovirus and 2 adenovirus). By contrast, S. aureus was
detected in subsequent sampling in 6/33 patients and persisted for
more than 8 months in all but 1 patient, in whom it persisted for 2
months. No persistence of co-infections was observed.

We also analyzed the seasonality of the respiratory infections
detected. The highest prevalence of virus detection was in autumn
(62/98; 63.2%), followed by winter (42/102; 41.2%); bacteria iso-
lations were more common in spring (40/96; 41.7%) and autumn
(40/98; 40.8%) (Fig. 1).

The viruses detected in all four seasons were very similar; rhi-
novirus was  the most common in every season. Nearly all infections
with H. influenzae occurred in autumn and winter (Fig. 2). The most
common bacterial infection in all seasons was  S. aureus.

When we distributed patients into 5 age groups (<2 y, ≥2–<5 y,
≥5–<9 y, ≥9–<12 y, and ≥12 y), we found that the proportion of
patients in whom viruses were detected decreased with age: 48.5%
of samples were positive in children <2 years old, whereas only
31.4% of samples were positive in those ≥12 years old. By contrast,
the proportion of infections due to bacteria was  higher in patients
>12 years old (Fig. 3).

3. Discussion

Until sensitive, specific, efficient molecular methods of nucleic
acid detection were devised, the lack of techniques that could
detect a wide variety of respiratory viruses in specimens made

it difficult to know the prevalence of the different respiratory
viruses in different groups of patients such as children with cys-
tic fibrosis [9]. Multiplex PCR enabled us to screen for 19 viruses
simultaneously in a single procedure on a single specimen. In
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Fig. 1. Seasonality of viral and bacterial infections. Observed frecuencies (%).

Fig. 2. Frequency of viruses detected in each season.

Fig. 3. Percentage of samples positive for viruses and bacteria by age group.
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ur sample of 368 paired specimens, viral detection was more
requent than bacterial isolation (41.8% versus 35.9%), but the dif-
erences were not statistically significant (p = 0.06043, OR: 1.271
IC95%: 0.9415–1.719)). There were more virus-bacteria coinfec-
ions (54/368) than virus–virus coinfections (20/368).

The most frequently identified virus in the 33 children
ith cystic fibrosis followed up for two years was  rhinovirus

90/154 of positive samples). This is not surprising because
hinovirus is the most commonly detected virus in similarly
ged pediatric populations when improved molecular tech-
iques are used [10]. Rhinovirus increases the intensity of
espiratory symptoms such as decreased appetite, muscle aches,
eadache, sore throat, increased sputum production, wheezing,
nd chest pain [7]. Other viruses such as adenovirus (19/154
f positive samples) or Enterovirus (15/154) can be found
n the respiratory tracts of even asymptomatic children and
an persist for months after respiratory infection [9,10]. By
ontrast, other viruses detected in our study such as parain-
uenza (11/154), influenza (9/154), respiratory syncytial virus
5/154), and metapneumovirus (3/154) are usually present only
n symptomatic children and are very rare in healthy children
11,12].

Whereas bacteria were detected more often in spring and sum-
er, viruses were detected more often in autumn and winter.
ore than the half the viruses were detected in autumn (63.2%).
e  found scant information about the relative frequency of virus

nd bacterial infections in different seasons in children with cystic
brosis.

The pathogens causing respiratory infections differed with the
atients’ age. Viruses were detected in nearly half the samples in
hildren up to 5 years old (48.5%–50%), and the rates of bacterial
nfection were clearly lower in this group (17.3%–21.2%). By con-
rast, in the group of children aged >12 years, viruses were only
etected in 31.4%, and bacteria were detected in 68.6% of the sam-
les. The statistical analysis reveals that viruses were more frequent
han bacteria with significant differences in <5y group in contrast
ith ≥5y group (p < 0.05, OR: 2.71 (IC95%: 1.397–5.476)).

One limitation of the current study is the lack of clinical data,
lthough our findings about the higher prevalence of viruses com-
ared to bacteria could be useful in the study of the clinical

mplications. Another limitation is that we analyzed nasopha-
yngeal swab specimens rather than bronchoalveolar lavage

pecimens, where the detection of the viruses might be more clin-
cally useful; however, nasopharyngeal swabs have the definite
dvantage that they are noninvasive and easy to obtain in routine
linical practice.

[

[

ical Virology 86 (2017) 1–4

Respiratory specimens from children with cystic fibrosis are
routinely screened for bacteria. Viruses could be involved in pul-
monary exacerbations and could increase the morbidity of bacteria.
Our study shows that routine screening for viruses is also feasible
and recommendable, especially in children younger than 4 years
old. Multiplex PCR methods are available in clinical laboratories
and allow relatively quick screening for a wide variety of respiratory
viruses in a single procedure on a single sample.
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