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Abstract

Background Respiratory syncytial virus (RSV) and influenza virus account for the majority of
lower respiratory tract infections (LRTI) in children. Although there were several studies describing
chest radiographic findings in these cases, results were different.

Objectives The aim of this study was to describe the chest radiographic patterns of the two
common viruses in children with LRTI. Moreover, incidence, demographic data, and clinical
characteristics were also reported.

Material and Methods Chest radiographs of 30 children aged 1 month to 15 years who were
hospitalized in Burapha University Hospital from September 2010 to August 2015 with the
diagnoses of LRTI by either RSV or influenza virus were evaluated and described. The incidence,
demographic data, and clinical characteristics were also evaluated.

Results The incidence of RSV and influenza LRTI in our study was 32/556 (5.8%) patients. Of the
30 patients, 19 patients (63.3%) were infected with RSV and 11 patients (36.7%) with influenza
virus. The most common pulmonary infiltration patterns of both RSV and influenza infections
were interstitial infiltration (57.9% in RSV, 72.7% in influenza) and multifocal distribution (66.4% in
RSV, 72.7% in influenza). Diffuse distribution was more frequently found in RSV (31.1% vs. 9.1%).
Conclusion The most common chest radiological findings in children with RSV and influenza
infection of lower respiratory tract were interstitial pattern and multifocal distribution. The

complications, found only in RSV group, were pleural effusion and pneumothorax.
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Introduction

Lower respiratory tract infections
(LRTI) are among the diseases that cause
significant morbidity and mortality in Thai
children under five years of age'. The most
common pathogens are viruses including
respiratory syncytial virus (RSV) and influenza
virus'? . Among LRTI, pneumonia is the most
common diagnosis, followed by croup and
bronchiolitis®. Bacteria and viruses are the two
most common etiologies of LRTI in children’.
These two conditions are treated differently.
Antimicrobial agents are specific for bacterial
infections®, whereas viral infections need
only supportive treatment. Sputum culture
is very helpful for distinguishing between
bacterial and viral infection but the result
takes several days. As a result, many patients
receive excessive antibiotics or unnecessary
hospitalizations. Chest radiographs in LRTI
is often used 1) to confirm the diagnosis
when physical examination is inconclusive,
2) for monitoring response to therapy, 3) to
detect complications, or 4) to exclude other
diseases. Previous literature has reported
some specific patterns of chest radiographs in
adult pneumonia that may help to distinguish
between bacterial and viral causes”.

The objectives of this study are: (1) to
describe the chest radiographic patterns of the
two common viral LRTI in children; and (2) to
describe the incidence, demographic data, and

clinical characteristics of these patients.

Material and Methods

Patients

This is a descriptive retrospective case
series. Inclusion criteria of this study were:
(1) children aged between 1 month to 15
years; (2) hospitalized in Burapha University
Hospital, Thailand between 1 September
2010 and 31 August 2015; (3) a diagnosis of
acute LRTI; (4) positive viral studies for RSV
or influenza; and (5) underwent frontal chest
radiography during admission. The medical
charts, radiographs and laboratory findings
were retrospectively reviewed. Their medical
records were analyzed for demographics,
underlying diseases, symptoms and lung signs,
length of stay in the hospital, admission to the
intensive care unit (ICU), body temperature,
oxygen saturation, and white blood cell
counts. Children who had mixed organisms
were excluded.

This study was approved by our
institutional review board No 30/2558 with a
waiver of informed consent.

Viral studies

Nasal swab was collected from children
on admission. QuickVue RSV 10 was used for
the detection of RSV. This method had a
sensitivity of 86% and a specificity of 96%.
Clearview Exact influenza A&B was used for
the detection of influenza virus. It had a
sensitivity of 81.7% and a specificity of 98.5%
for influenza A strains and a sensitivity of
88.6% and a specificity of 97.4% for influenza

B strains.
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Radiographic assessment

All chest radiographs were
retrospectively reviewed on PACS Workstation
by an experienced general radiologist (>
20 years of experience). The reviewer was
blinded to the viral study results but was
not blinded to the clinical diagnosis of LRTI.
Chest radiographic findings were classified as
interstitial pattern (reticulation, linear opacity
or peribronchial thickening), alveolar pattern
(ground-glass opacity or consolidation) and
mixed pattern. The aeration was characterized
as normoaeration, hypoaeration and
hyperaeration. The distribution of abnormalities
was categorized as focal, multifocal and
diffuse. A focal distribution was defined as a
single focus of abnormality. If there were two
or more foci, the distribution of abnormality
was considered multifocal and sub-categorized
as either unilateral or bilateral. The presence of
associated findings (pleural, hilar or mediastinal
abnormalities) was assessed as well. An
illustration of chest radiographic patterns was

shown in Figure 1-4.

Statistical analysis
The findings of chest radiographs and
baseline characteristics were expressed as

percentage.

Results

Baseline characteristics

During the study period, there were 556
children admitted with the diagnosis of LRTI.
Of these, 32 patients were diagnosed with LRTI

and laboratory reports influenza or RSV. Thus
the incidence rate was 5.8%. Two patients
were excluded because they were recurrent
pneumonia with mixed infections.

Of the 30 patients, 28 (93%) patients
were under 5 years old. Boys were infected
slightly higher than girls (18:12). Nineteen
patients (63.3%) had RSV infection and 11
patients (36.7%) had influenza infection. The
demographic data were shown in Table 1. The
age range of children with RSV infection was
one month to one year, lower than children
with influenza which was one to three years.

Fever between 37.8-38.9 °C was found
in all patients. Crepitation was the most
common lung signs detected in patients
infected with RSV while crepitation and rhonchi
were equally common lung signs in influenza.
The white blood cells (WBCs) count was
normal or slightly below normal. Hypoxemia
was observed in 11 patients (36.7%). One
patient.admitted to ICU had the lowest oxygen
saturation level (88%). This patient was in the
RSV group.

Chest radiographs

The imaging findings of chest
radiographs are demonstrated in Fig.5.and Fig.6.
Normal aeration was most commonly found in
RSV (47.4%) whereas hypoaeration was most
commonly shown in influenza (45.5%). The
predominant pulmonary infiltrate patterns
of both RSV and influenza infection were
interstitial infiltration (57.9% in RSV, 72.7% in
influenza) and multifocal distribution (66.4%

in RSV, 72.7% in influenza). Mixed pattern
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tended to be present more often in RSV than
in influenza (36.8% vs. 9.1%). Similarly, diffuse
distribution was more frequently found in RSV
(31.1% vs. 9.1%). The distribution of pulmonary
infiltrates is shown in Fig.7.

Associated findings were present in
four patients infected by RSV, of whom 2 were
left pleural effusions (10.5%) and 2 were left
pneumothoraces (10.5%). In influenza group,

no associated abnormality was identified.

Discussion

Respiratory syncytial virus and influenza
virus account for the majority of LRTI in
children'?. Antibacterial treatment is not
necessary in these pathogens. However,
specific diagnosis is not possible initially.
This results in excessive antibiotic treatment
and unnecessary hospitalization. The initial
diagnosis is based on patient history and
physical examination. Chest radiographs have
been suggested whenever pneumonia is
suspected in adults® and in children suspected
of RSV bronchiolitis®. Previous studies have
proposed a specific pulmonary infiltration
pattern of chest radiographs in pneumonia
that can suggest a likely diagnosis. Lobar
pneumonia and bronchopneumonia were
most often caused by bacterial infection and
fungal infection whereas interstitial pneumonia
was caused by viral infection®®’. This is in
accordance with the findings in our study
that the predominant pulmonary infiltration
patterns of both RSV and influenza infection

were interstitial infiltration in multifocal

distribution. However, another study has
sugeested that chest radiograph features are
unhelpful in distinguishing between bacterial
and viral infections in children®. For example,
Guo et al.” found that bilateral patchy areas
of consolidation (alveolar pattern) were the
most common radiologic finding in pediatric
viral pneumonia. Jartti et al.'’ also reported
that the predominant radiologic findings in
HIN1 influenza were consolidation. Friis et
al.'" observed that alveolar pneumonia was
found more often in RSV infected children
under 6 months of age, compared to the
older RSV children. But Kern et al.”” found no
predominant pulmonary infiltration_pattern in
RSV of LRTI in 108 children.

In the current study, the rate of pleural
effusion was comparable to the study of Kern
et al."” which was 11%. Both of our patients
with pleural effusions were around 2 years
old. This is in contrast to the earlier study
which compared pneumonic children with
and without pleural effusion, and observed
that children in pleural effusion group were
significantly older with the median age of
3 years'”. Our current study demonstrated
a higher rate of pneumothorax (10.5%),
compared to Kern et al.'” which was 2%
and Friis et al."" which was 0%. However, no
mortality in our study was observed.

The majority of our patients were
under 5 years old in concordance with previous
data'*'* . The age group in RSV patients was
younger than that in the influenza group

as observed in the literature" . All of our
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patients had fever and lung signs which were
predominantly crepitation in RSV group and
equally crepitation and rhonchi in influenza
group. The WBCs count of all children showed
normal or slightly below normal. This is in
agreement with the previous study'®. Rate of
ICU admission among RSV group in our study
was 5.3 % while Ferone et al.'’ reported an

incidence of 13.7%.

Limitation

The main limitation of our study is the
small number of the patients and the lack of
comparison with a controlled group. Although
viral culture is considered the gold standard
for diagnosing influenza and RSV, it takes up
to 10 days for the results to return. Thus, rapid
diagnostic tests are generally used in clinical
settings. The radiologist was aware of the study
project. This may cause more positive findings.

Our study included only hospitalized patients.

Therefore the severity or positive findings

should be more than in general population.

Conclusion

Most of RSV and influenza pneumonia
in our patients were children under 5 years of
age. All children had fever. The most common
lung sign was crepitation. The most common
radiological findings were interstitial pattern
with multifocal distribution. The complications
were pleural effusion and pneumothorax

which were present only in RSV group.
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Table 1 Baseline characteristics of hospitalized patients with laboratory confirmed

influenza and RSV infection

_ Basaline l:haraﬂ-e!rlstlcsl

Factor [ msv(19) | % | FLU (11) [ % |
[ime-dyr | 10 | 53 | 3 | 27 |
Age 1-3yr 8 42 5 a5
| 3-5yr 1 |5 | 1 | 8 |
5.13yr 0 o | 2 18 |
Sex | Boy 10 |53 8 [ 73
| Girl 9 | a7 | 3 27 |
u/D 2 10 2 18
(allergic rhinitis) (Delay development,
asthma, allergic rhinitis)
Temperature :43?.8'-'|: 7 36 1 8 |
[37.8-38.9° 8 42 7 | 63 |
> 39.0 % 4 21 | 3 27
Oxygen | <95% 7 36 4 a7 |
saturation >95% 12 63 7 63
| crepitation 13 | &8 | 5 | a5 |
Lung sign | Rhonchi 9 | a7 5 | as |
| Wheezing 3 |15 ] 1 L9
| Clear 0 o 2 | 18 |
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Figure 1 An example of focal small
consolidation with air bronchograms (arrows),
(alveolar pattern) over both lower lobes

(multifocal distribution) obtained from a

2-month- old girl with RSV pneumonia

Figure 2 An example of consolidation
(alveolar pattern) over both lungs (diffuse
distribution) with left pneumothorax (arrow)
obtained from a 1-month-old boy with RSV

pneumonia

Figure 3 An example of diffuse fine reticular
opacity (interstitial pattern) over both lungs
and minimal left pleural effusion (arrow)
obtained from a 2-year-old boy with RSV

pneumonia

AP UPRIGHT

Figure 4. An example of diffuse peribronchial
thickening over both lungs (interstitial
pattern, diffuse distribution) obtained from a

19-month-old boy with influenza pneumonia
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Figure 5. An example of focal peribronchial  virus and influenza virus infection

thickening over right lower lobe (interstitial

pattern, focal distribution) obtained from a i i
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Figure-6 Pulmonary infiltrate pattern in
radiographic findings, in percent, in children

with respiratory syncytial virus and influenza

virus infection

Figure 6 An example of diffuse fine

reticular opacity over both lungs and focal ' i =
T 3636 36
. . 1] e IS
consolidations (arrows) over both upper lung i - 5
zones (mixed pattern, diffuse distribution) B |
at 4 . R
obtained from a 1-year-old girl with influenza :: ' ol | | 200 s Flu
pneumonia : . | -
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Figure-7 Distribution in radiographic findings,
in percent, in children with respiratory

syncytial virus and influenza virus infection
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