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ABSTRACT

Background

Human respiratory syncytial virus (HRSV) and human metapneumovirus (HMPV) are responsible for a high
percentage of pediatric medical admissions and considered major causes of morbidity and mortality among
children in developing countries.

Objective
To investigate histopathological findings in lungs of BALB/c mice exposed to intranasal inoculation with
human respiratory syncytial virus and human metapneumovirus.

Marerials and Methods
Thirty six BALB/c mice were divided into 4 groups (9 mice/group) as follows, Group 1 mice inoculated by
viral transport medium (VTM) treated with nasopharyngeal swabs (NPS) obtained from children positive for
HRSV; group 2 mice inoculated by VTM treated with NPS obtained from children positive for the HMPV;
group 3 mice inoculated by sterile VTM and group 4 mice were free of inoculation. The mice were sacrificed
using inhalation anesthesia and their lungs were excised and undergone histopathological processes to prepare
tissue sections for microscopic examination.

Results
Frequency rates of NPS positive for HMPV and HRSV were relatively high but they coincide with the reported
incidences of HMPV and HRSV infections among children worldwide. An intense inflammatory response
was observed in HRSV-inoculated mice represented mainly by infiltration of mononuclear inflammatory cells
in the perivascular and peribronchiolar areas associated with alveolar distortion and bronchiolar epithelial
sloughing and also associated with syncytium formation within the epithelial tissue in two mice. On the other
hand, HMPV-inoculated mice showed a less intense mononuclear inflammatory response in the perivascular
and peribronchiolar areas associated with bronchiolar epithelial sloughing, slight deposition of edematous
fluid within the interalveolar septa and distortion of alveolar tissue.

Conclusion
The direct fluorescent assay (DFA) showed high frequency rates of HRSV and HMPV infection among children
admitted to the Pediatric Teaching Hospital in Al Sulaimaniyah city and the histopathological examination of
the lungs of mice exposed to intranasal inoculation with HRSV revealed an intense mononuclear inflammatory
response, alveolar tissue distortion, bronchiolar epithelial sloughing and syncytium formation compared to
less intense mononuclear inflammatory response in lungs of HMPV-inoculated mice.
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INTRODUCTION
Human respiratory syncytial virus and human
metapneumovirus are respiratory pathogens belonging
to the Paramyxoviridae family (1). They are responsible
for a high percentage of the pediatric medical admissions
due to bronchiolitis and pneumonia (2, 3) and considered
as major causes of morbidity, hospitalizations, and
mortality among children under 5 years of age in
developing countries (4).
Experimental animals such as the cynomolgus
macaques, BALB/c mice and other small rodents are
usually used to study the pathogenesis and pathology
of HRSV and HMPV infection(5-8), hence the current
study was conducted to check out the histopathological
findings in BALB/c mice experimentally exposed to
intranasal inoculation with viral transport medium
(VTM) treated with nasopharyngeal swabs (NPS)
obtained from children proved to be positive for the
HRSV and HMPV in Sulaimani governorate, Iraqi
Kurdistan Region.

MATERIAL AND METHODS
Samples
Nasopharyngeal swabs were obtained from 300
children less than 5 years old admitted to the Pediatric
Teaching Hospital in Sulaimani city due to respiratory
tract problems of undiagnosed etiology from the 1st of
December 2014 through the 31st of January 2015. Two
NPS were obtained from each child and immersed in
a test tube containing VTM, the first one was used
for detection of HRSV and HMPV by the direct
fluorescent assay and if proved to be positive for
either of the two tested viruses, the second NPS swab
was used for induction of experimental respiratory
infections in BALB/c mice. This study was conducted
with the approval of the ethical committee in College of
Veterinary Medicine, University of Sulaimani.
Detection of HRSV and HMPV in NPS by the direct
fluorescent assay
The direct fluorescent assay (DFA) was used in this
study for simultaneous detection of HRSV and HMPV
in nasopharyngeal swabs. Briefly, the swab in VTM
was vortexed, wrung out and then discarded; the VTM
was then centrifuged for 5 min to pellet the cells. The
cell pellets were resuspended in a small amount of PBS,
concentrated by centrifugation, placed on a slide, air
dried and fixed in cold acetone for 10 min. Thereafter,
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the slide was stained with 40 μl of SimulFluor HMPV/
HRSV reagent (Millipore, Billerica, MA, USA),
incubated for 15 min at 37°C., washed in PBS, mounted
in glycerol and examined by a fluorescence microscope
to detect the presence of rhodamine-labeled cells
by the use of a rhodamine filter (in case of HRSV
infection) and then re-examined to detect the presence
of fluorescein-labeled cells by the use of a fluorescein
filter (in case of HMPV infection).
A positive result was indicated by manifestation of
two or more intact cells exhibiting specific reaction
represented by appearance of red-colored fluorescence
for rhodamine-labeled antibodies in case of HRSV
infection and bright apple green fluorescence for
fluorescein isothiocyanate (FITC)-labeled antibodies
in case of HMPV infection.
Experimental infection of BALB/c mice with HRSV
and HMPV
Thirty six adult BALB/c mice (Mus musculus) of both
genders were divided into four groups; group 1 (HRSV
group) included 9 mice inoculated intranasally by
VTM treated with nasopharyngeal swabs proved to be
positive for HRSV by the DFA test (two drops of VTM
approximately equal to 50 µl in each nostril); group 2
(HMPV group) included 9 mice similarly inoculated by
VTM treated with nasopharyngeal swabs proved to be
positive for HMPV by the DFA test; group 3 (VTM
control group) included 9 mice inoculated intranasally
by sterile VTM and group 4 (non-inoculated control
group) included 9 mice which were free of inoculation.
Thereafter, the total nine mice in each group were
sacrificed using inhalation anesthesia (halothane) on
days 4, 7 and 10 after starting of the experiment (3
mice/day).
Histopathological Examination
The lungs of the sacrificed mice were excised, cleaned
by normal saline, fixed in 10% neutral buffered formalin
for 24 hours and undergone a series of histopathological
processes to prepare 5-6 micrometer thick tissue
sections which were fixed on glass slides, stained by
hematoxylin and eosin dyes and examined by different
magnifying powers of the light microscopy.
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RESULTS
Detection of HRSV and HMPV in nasopharyngeal
swabs by the DFA
Out of the total 300 nasopharyngeal swabs involved
in the present study, 74 swabs were positive for HRSV
(24.7%) and 44 swabs were positive for HMPV (14.7%)

as detected by the DFA which showed specific redcolored fluorescence for rhodamine-labeled antibodies
in the cytoplasm of HRSV-infected epithelial cells
(Figure 1) and bright green fluorescence for FITClabeled antibodies in the cytoplasm of HMPV-infected
epithelial cells (Figure 2).

→

Figure 1. Immunofluorescence microscopy image of
respiratory epithelial cells “prepared and fixed on slide from a
nasopharyngeal swabs involved in the present study” stained by
the SimulFluor HMPV/HRSV reagent. The cells were examined
for detection of HRSV by the use of a rhodamine filter. Specific
red-colored fluorescence (white arrow) for rhodamine-labeled
antibodies is apparent in the cytoplasm of HRSV-infected cells.

→

Figure 2. Immunofluorescence microscopy image of respiratory
epithelial cells “prepared and fixed on slide from a nasopharyngeal
swab involved in the present study” stained by the SimulFluor
HMPV/HRSV reagent. The cells were examined for detection of
HMPV by the use of a fluorescein filter. Specific green-colored
fluorescence (white arrow) for FITC-labeled antibodies is apparent
in the cytoplasm of HMPV-infected cells.
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Histopathological findings
Histopathological findings of HRSV group (group 1)

Histopathological findings of HMPV group (group 2)

One of the mice in group 1 “exposed to intranasal
inoculation with HRSV-treated VTM” died at the fourth
post-inoculation day and the tissue sections of its lungs
showed an intense perivascular and peribronchiolar
infiltration with mononuclear inflammatory cells
(macrophages and lymphocytes); the inflammatory
cells infiltration was extended into the bronchiolar
wall with prominent distortion of the alveolar tissue in
the adjacent areas (figure 3). The other two mice that
were sacrificed at the fourth day in this group showed
relatively less intense mononuclear inflammatory cells
infiltrate which was also extending into the walls of
bronchioles.

The lungs tissue sections of group 2 mice “that were
inoculated with HMPV-treated VTM” showed a less
potent inflammatory response in comparison with
that seen in lungs of group 1 mice, characterized by
infiltration of mononuclear inflammatory cells within
the perivascular and peribronchiolar areas associated
with slight edema within the interalveolar septa at
the 4th post inoculation day (figure 6). On day 7 postinoculation, there was a more intense inflammatory
response represented by blood vessel congestion,
bronchiolar epithelial sloughing, infiltration with
mononuclear inflammatory cells and distortion of
alveolar tissue (figure 7). By the 10th post-inoculation
day, the lung tissue section showed nearly normal
tissue with few inflammatory cells without edema in
the pulmonary tissue.

At the seventh post-inoculation day, the lungs of the
sacrificed mice showed less intense inflammatory
reaction with predominance of macrophages and
lymphocytes associated with alveolar tissue distortion
and bronchiolar epithelial sloughing (figure 4). In
addition, the lung sections of two of these mice showed
syncytium formation within the epithelial pulmonary
tissue (figure 5).
The inflammatory reaction was markedly reduced
by the tenth post-inoculation day, at which the lung
sections of the sacrificed mice showed slight infiltration
of mononuclear inflammatory cells.

Histopathological findings of the control groups
(groups 3 and 4)
No significant inflammatory response or obvious
abnormalities were observed in lung sections (figure 8)
of the control mice (group 3 mice which were inoculated
with sterilized VTM and group 4 mice which were free
of any inoculation).

Figure 3. Microscopic view of a lung tissue section obtained from a mouse died 4
days following intranasal inoculation with HRSV-treated VTM (group 1). It shows
an intense infiltration with mononuclear inflammatory cells (lymphocytes and
macrophages) within the peri-vascular and peri-bronchiolar areas associated
with prominent distortion of alveolar tissue. H and E stain, X 100
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→
→

Figure 4 . Microscopic view of a lung tissue section taken from a mouse sacrificed
7 days following intranasal inoculation with HRSV-treated VTM (group 1). The
inflammatory infiltrate is markedly reduced; however, the alveolar tissue
distortion is still apparent. In addition, bronchiolar epithelial sloughing is also
evident (arrows). H and E stain, X 200.

→

→

Figure 5. Microscopic view of a lung tissue section obtained from a mouse
sacrificed on day 7 following intranasal inoculation with HRSV-treated VTM
(group 1). It shows syncytium formation due to fusion of epithelial cells within
the pulmonary tissue (black arrows). H and E stain, X 200.

Figure 6. Lung tissue section obtained from a mouse sacrificed on day 4
following intranasal inoculation with HMPV-treated VTM (group 2). It shows
infiltration with mononuclear inflammatory cells within the peribronchiolar
areas associated with slight edema within the interalveolar septa. H and E
stain, X 200.
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Figure 7. Lung tissue section obtained from a mouse sacrificed on day 7 following
intranasal inoculation with HMPV-treated VTM (group 2). It shows blood vessel
congestion, bronchiolar epithelial sloughing, infiltration with mononuclear
inflammatory cells and distortion of alveolar tissue. H and E stain, X 100.

Figure 8. Microscopic view of a lung tissue section obtained from a mouse
sacrificed on day 4 following intranasal inoculation with sterile viral transport
medium (group 3). The pulmonary tissue looks normal with no evidence of an
inflammatory reaction. X 100.

DISCUSSION
The DFA test is a rapid and useful test with high
sensitivity and specificity for the diagnosis of HRSV
and HMPV infections in children (9-11) and the DFA
results obtained during the current study showed
that the frequency rates of positive nasopharyngeal
swabs are relatively high (24.7% for HRSV and 14.7%
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for HMPV), however they are in agreement with the
reported incidences of HMPV and HRSV infections
among children which range from 1% to 31% and 4%
to 41% respectively (10, 12-18).
The histopathological examination of lung tissue of
BALB/c mice intranasally inoculated with HRSVtreated VTM showed an inflammatory response
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represented mainly by infiltration of mononuclear
inflammatory cells in the perivascular and
peribronchiolar areas associated with alveolar tissue
distortion and bronchiolar epithelial sloughing. The
intensity of this inflammatory response was gradually
declined from the 4th to the 10th post–inoculation day
reflecting a peak inflammatory response in the 4th post–
inoculation day and recovery from infection by the
10th post–inoculation day. This result, which coincides
with the general concept that the inflammatory
response to viral infections is characteristically
composed of mononuclear inflammatory cells (19) is
consistent with the findings of Johnson et al. (2007)
(20)
and Stokes et al. (2011) (21) who mentioned that the
lung histology in cases of HRSV infection showed an
inflammatory reaction characterized by lymphocytes
and macrophages infiltration. Syncytium formation
was observed within the pulmonary epithelial tissue
in two out of the nine mice exposed to intranasal
inoculation with HRSV-treated VTM. The syncytium
is a multinucleated giant cell formed by fusion of viralinfected cells due to function of the viral F protein (22,
23)
. This finding is consistent with a similar result of
in vivo syncytium formation due to HRSV infection
in mice experimentally infected with HRSV (24) and is
also consistent with the results of in vitro syncytium
formation due to HRSV infection in tissue cultures (2527)
.
One of the mice exposed to intranasal inoculation with
HRSV-treated VTM died 4 days post–inoculation and
the histopathological examination of its lung tissue
showed an intense inflammatory response in the
perivascular and peribronchiolar areas in comparison
with the other mice which showed a less intense
inflammatory reaction. The difference in intensity of
inflammatory reaction among mice can be attributed
to the difference in individual’s genetic makeup among
these mice which in turn may affect their immune
response (28).
Similarly, the histopathological examination of lung
tissue of BALB/c mice exposed to intranasal inoculation
with HMPV-treated VTM showed an inflammatory
response represented mainly by infiltration of
mononuclear inflammatory cells in the perivascular
and peribronchiolar areas associated with bronchiolar
epithelial sloughing, slight deposition of edematous
fluid within the interalveolar septa and distortion
of alveolar tissue. The peak inflammatory response
appeared at the 7th post–inoculation day and recovery
from infection occurred at the 10th post–inoculation

day. These results are also in accordance with the
general concept that viral infections are associated with
infiltration of lymphocytes and macrophages (19) and
they are approximately in consistent with the findings
of Alvarez et al, (2004) (5) who described a similar
mononuclear inflammatory response peaked at the 5th7th post-inoculation days and declined thereafter.
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