
Abstract Human (RSV) and bovine (BRSV) respiratory
syncytial virus cause similar infections of the lower res-
piratory tract. Therefore, experimentally infected calves
are suited to the study of RSV-induced chronic bronchio-
litis. Colostrum-fed calves aged 17–24 days were suc-
cessfully infected with BRSV. BRSV strain 375 was ap-
plied as an aerosol on 4 consecutive days. Clinical symp-
toms were already evident on the 1st day after infection.
The calves were necropsied 12 weeks after the first in-
fection. Focal severe chronic bronchiolitis with atelecta-
sis and focal bronchiolitis obliterans were demonstrated.
The bronchiolar lumina were filled with secretion.
Transmission electron microscopy revealed an alteration
of the ciliogenesis and partial loss of cilia. Immunhisto-
chemically virus P protein could still be detected, mainly
in the epithelial cells of the inflamed bronchioli.
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Introduction

Respiratory syncytial virus (RSV)-induced infections of
the lower respiratory tract in infancy and early childhood
are the most frequent cause of a hyperreactive bronchial
system and obstructive lung disease [14, 24, 26, 28].

Glezen et al. [8] and Henderson et al. [10] showed
that 34% of the children with acute bronchiolitis of
known origin are caused by RSV. At present, approxi-
mately 1% of the children with acute bronchiolitis die.
The possibility of developing a hyperreactive bronchial

system is over 50%. Recent investigations [13, 16, 19]
show that about 10–20% of adult cases of hyperreactive
bronchial system may be caused by virus infections.

Our knowledge of this virus infection is based on clin-
ical and serological studies. Morphological studies of the
bronchial wall are rarely available for technical reasons.

Study of the morphological alterations of the respira-
tory tract in vivo subsequent to virus infection is depen-
dent on the availability of an experimental animal model.
Application of the findings of animal experiments to hu-
mans can involve problems, however. In particular, the
variability in the reactivity to certain pathogenic agents
in various species must be taken into consideration.

In the past we have shown[] the morphological altera-
tions of the lower respiratory tract in the initial stage of
the infection subsequent to aerogenic RSV application in
an animal model [20–22].

In this study the same animal model was used, and
light and electron microscopic investigations of the
chronic stage of the RSV infection were performed.

Materials and methods

Five conventionally kept and colostrum-fed Friesian crossbred
calves aged 17–24 days were infected with BRSV strain 375
(ATCC no.: VR-1339). The animals were exposed to aerogenic in-
fection (jet nebulizer, Pari Provokationstest I, Medanz, Starnberg,
Germany) with the BRSV as described by Otto et al. [20].

Twelve weeks after the first infection the animals were killed
painlessly under general anaesthesia (1 g thiamylal sodium/50 kg
body weight) by bleeding. The left lung of each calf was fixed
while still in situ, whereas the right lung remained unfixed for
virological and immunological studies. The lung fixation was per-
formed as described elsewhere by Philippou et al. [22].

The lung tissue was prepared as usual for light microscopy
(LM), scanning electron microscopy (SEM) and transmission elec-
tron microscopy (TEM). Approximately 80 Epon 812* blocks and
20 histological blocks taken from all sections of the fixed lung of
each animal were processed.

The murine monoclonal antibody 3 C 4 (directed towards RSV
P protein, dilution 1:25) and antibodies CD 4 (Medac, dilution
1:50) and CD 8 (Dako, dilution 1:100) were used for the immuno-
histochemical studies.
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Results

Clinical data

Each calf developed coughing, runny eyes and nasal dis-
charge within a few days after the first inhalation of vi-
rus. No significant increase in rectal temperature was ob-
served. Owing to the infection, the respiratory rate mea-
sured in resting animals increased significantly.

The bronchial hyperresponsiveness was monitored
[20] in the 1st week after the infection and during the
next 11 weeks.

Replication of virus

Infectious BRSV was reisolated from lung tissue and
cells from BAL fluid 1 week after the experimental in-
fection.

Macroscopic findings

Irregularly distributed atelectasis developed in both cen-
tral and peripheral regions, mainly in the basal parts of
the upper, middle and lower lobes. The remaining lung
parenchyma was ventilated evenly, and the visceral pleu-
ra was smooth and shiny.

Light microscopic findings

The lumen of the corresponding bronchioli to the atelec-
tasis was narrow and focally filled with secretion. The
superficial bronchial epithelial cells were swollen. In the
bronchiolar wall a variably dense lymphocytic infiltrate
was evident. Lymphocytic aggregates and follicles were
visible (Fig. 1a). Immunohistochemically most lympho-
cytes were positive against CD 4 (Fig. 1b). A small num-
ber of CD 8-positive lymphocytes were depicted among
the others (Fig. 1c). Further bronchioli were filled with
granulation tissue (Fig. 1d). On the surface were colum-
nar, swollen epithelial cells. The lung parenchyma corre-
sponding to the bronchioli exhibited atelectasis. Im-
munohistochemically a pronounced reaction to the anti-
body 3 C 4 (against virus P protein) was obvious (Fig.
2). The reaction was positive in the epithelial cells of the
inflamed bronchioli. A positive reaction was also visible
in the epithelial cells of the peribronchial glands and in a
few pneumocytes.
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Fig. 1 a Atelectatic lung parenchyma with dense lymphocytic
infiltrate in the bronchiolar wall. In the bronchioli respiratorii
granulation tissue was evident (arrow). PAS, original magnification
×20 b Most of the lymphocytes were against CD 4 positive. ABC
method, anti-CD 4, original magnification ×200 c In between few
CD 8 positive lymphocytes could be depicted. ABC method,
antiCD 8, original magnification ×200 d The lumen of a bronchiolus
respiratorious was filled with granulation tissue (arrow). H&E,
original magnification ×100
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Fig. 2 A positive reaction to
the antibody 3C 4 (against
virus-P protein) in the epithelial
cells of the inflamated bronchioli
was obvious (arrow). ABC
method, anti virus-P protein,
original magnification ×400

Fig. 3 a In bronchiolar lumen
secretion and cell debris were
shown. In the bronchiolar wall
lymphocytic aggregates (L)
were visible. SEM. Original
magnification ×400 b Granu-
lation (G) tissue in a bronchiolar
lumen. SEM. Original magni-
fication ×602

Electron microscopic findings

Scanning electron microscopy showed that the bronchi-
olar lumina were partly filled with secretion and granula-
tion tissue (Fig. 3a, b). A small residual lumen was visu-
alized. On the surface of the granulation tissue a colum-
nar epithelium without cilia was obvious. In the bronchi-
olar wall the lymphocytic aggregates were visible.

On transmission electron microscopy the number of
cilia at the cell surface was seen to be significantly re-
duced (Fig. 4). Besides this, there were cilia with partly
elevated, double-contoured elementary membranes.
Also, compound cilia were demonstrable. The structure
of the microvilli was severely altered. There were plump
microvilli varying in length.

In the apical luminal cytoplasm, nondirectional tubu-
lus systems similar to those formations in axonemes
were found. Some of them were arranged parallel to the
surface in the cytoplasm. Beside them in the perinuclear
area basal bodies without axonemes were found.

The intercellular spaces were focally distended. The
contact zones between the epithelial cells were intact.

No virus inclusions in the epithelial cells or fully de-
veloped RSV particles could be found.

Discussion

In recent years several experimental studies with RSV
infections in sheep, guinea-pigs and calves have been
performed. In contrast to our studies, only minimal le-
sions of the respiratory tract and only the early stages of
the infection have been reported from others [1–6, 12,
17, 18, 23, 25].

The discrepancy is probably due to the differing mode
of virus application and to the various species. In these
studies and in contrast to ours the virus isolate was ap-



plied intranasally and/or intratracheally. This route of in-
fection does not represent the natural pathway of infec-
tion and explains the discrepancy between the localiza-
tion of the development of bronchiolitis in our studies
and in those of Ciszewski et al. [6].

The age of the animals also plays an important part in
the experimentally induced RSV infection. Bryson [3]
and McNulty [17] induced infections of the respiratory
tract with BRSV in calves younger than 7 days who had
not received any colostrum after birth.

In both humans and calves, owing to the protective
function of the maternal antibodies no RSV infection oc-
curs in the lower respiratory tract during the 1st month
of life [11]. The peak of infections requiring treatment
occurs during the 2nd month of life. Based on this obser-
vation and the similarities between the BRSV infection
and the human RSV infection of the respiratory tract, we
decided to perform our experiments with 17- to 24-day-
old calves.

In contrast to previous studies in a guinea-pig model
[6, 7, 9, 27], the morphological changes of the lower res-
piratory tract in the calf model were significant and se-
vere. In the previous studies only a mild inflammation of
the bronchioli and few dystelectases were observed. In
our study severe chronic bronchiolitis with atelectasis
was demonstrable. Bronchiolitis obliterans was focally
obvious. The electron microscopic examination revealed
a partial loss of the cilia, and also compound cilia. The
lumen of the bronchioli was focally filled with secretion.
These findings show that the mucociliary clearance is
damaged not only in the early stage of the infection but
also in the next 12 weeks.

Iinflammation of the wall of the bronchioli reflects a
predominance of CD 4 lymphocytes.

In the epithelial cells of the bronchioli viral P protein
was still present, as proved by immunohistochemical
marking. Persistence of virus proteins for 6 weeks after

the experimental infection were demonstrated in the
guinea-pig model by Streckert et al. [27]. In their study
the inflammation of the bronchioli was only very mild.
Similar investigations are not known in the calf model.

In conclusion, using a calf model, 12 weeks after an
experimental BRSV infection chronic, partly follicular,
bronchiolitis and also bronchiolitis obliterans can be
demonstrated. Viral P protein persisted for at least 12
weeks after infection, and over the same period airway
hyperresponsiveness was unchanged in infected animals.
The morphological changes to the lower respiratory tract
and the persistence of viral proteins may be responsible
for persistent airway hyperresponsiveness. The persis-
tence of the viral proteins is obviously responsible for in-
creased IL-8 release [15], which may in turn be responsi-
ble for the airway hyperresponsiveness. Further investi-
gations are necessary to examine this idea.
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