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SUMMARY

RESUME

The aim of this study to was determine Parainfluenza type 3 (PI3),
Respiratory Syncytial virus (BRSV), Bovine Adenovirus type 3 (BAV3)
and Bovine Herpesvirus type 1 (BHV1) antigens using direct fluorescent
antibody technique (DFAT) and immunoperoxidase (IP) staining of frozen
and formalin-fixed paraffin-embedded tissues in pneumonic lungs of cattle.
For this purpose; the lungs of 2742 male cattle, which were raised in the farms
in Elazig and surrounding areas and brought to the abattoir for slaughtering
between January and December 2011, were examined. The macroscopic
findings in 263 (9.59%) lungs, which pneumonia was detected only in
apical and cardiac lobes, were recorded. Mild (65.02%), moderate (28.14%)
and severe (6.84%) consolidations were detected in the pneumonic cases.
Pneumonia were microscopically classified as catarrhal-purulent (32.32%),
interstitial (45.25%), fibrinous (16.35%) and granulomatous (6.08%). A
total of 247 lungs with pneumonia excluding those with granulomatous
pneumonia were examined for PI3, BRSV, BAV3 and BHV1 viral antigens
by IP and DFAT. PI3, BRSV, BAV3 and BHV1 antigens determined in
natural pneumonia cases of cattle were found to be 6.88%, 3.64%, 5.26%
and 2.43% by IP method and 10.53%, 6.07%, 6.88% and 4.45% by DFAT,
respectively. It can be concluded that these viruses might have important
role in the pathogenesis of pneumonia in cattle. In addition, DFAT and IP
technique may be used for definitive diagnosis as valuable methods when
the difficulties in the determination of specific histologic lesions in natural
cattle pneumonia originated from PI3, BRSV, BAV3 and BHV1 antigens
were considered. When all the data were considered overally, it can be
suggested that there is an urgent need to take necessary measures in order to
control and prevent these infections in the country.

Examens histopathologique et immunohistochimique de poumons de
bovins atteints d’infection par parainfluenza de type 3, virus respiratoire
syncytial, adénovirus de type 3 et type de virus de l’herpès 1
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Introduction
Pneumonia is one of the most important diseases that
cause economic losses in cattle industry [6, 10, 51]. It has been
explained that pneumonia can be arised from many factors
like bacteria, viruses and stress factors which supress the
local defense mechanisms [11]. Parainfluenza Type 3 virus
(PI3), Bovine Respiratory Syncytial virus (BRSV), Bovine
Adenovirus 3 (BAV3) and Bovine Herpesvirus 1 (BHV1)
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Le but de cette étude était de déterminer dans des poumons de bovins congelés
et ou fixés au formolaldehyde la présence d’antigènes de parainfluenza de
type 3 (PI3), virus respiratoire syncytial bovin (BRSV), adénovirus bovin
de type 3 (BAV3) et l’herpèsvirus bovin de type 1 (BHV-1) révélés par
immunofluorescence directe (DFAT) et coloration à l’immunoperoxydase
(IP). A cet effet des poumons de 2742 bovins mâles, élevés dans les fermes de
la région d’Elazig abattus entre Janvier et Décembre 2011 ont été examinés.
L’examen macroscopique a révélés des lésions dans 263 (9,59%) poumons
dans les lobes apicaux et cardiaques. Des lésions de consolidations faibles
(65,02%), modérées (28,14%) et graves (6,84%) ont été détectés dans les
cas de pneumonie. Les lésions ont été classées après examen microscopique
comme catarrhale-purulente (32,32%), interstitielle (45,25%), fibrineuse
(16,35%) et granulomateuse (6,08%). Un total de 247 poumons atteints de
pneumonie, à l’exclusion de ceux présentant des lésions granulomateuses, a
été examiné pour détection des antigènes viraux PI3, BRSV, BAV3 et BHV1
par IP et DFAT. Des antigènes PI3, BRSV, BAV3 et BHV1 ont été retrouvés
dans 6,88%, 3,64%, 5,26% et 2,43% des cas par la méthode IP et 10,53%,
6,07%, 6,88% et 4,45% des cas par DFAT, respectivement. Il peut être conclu
que ces virus peuvent avoir un rôle important dans la pathogénie des
pneumonies chez les bovins. En outre, les techniques DFAT et IP peuvent
être utilisées pour le diagnostic lorsque des difficultés sont rencontrées dans
l’analyse histologique des pneumonies bovines avec virus PI3, BRSV, BAV3
et BHV-1. Par ailleurs, ces résultats démontrent un besoin urgent de contrôle
et prévention de ces infections dans le pays.

Mots-clés: parainfluenza virus de type 3, virus respiratoire
syncytial, adénovirus bovin de type 3, herpès virus
bovin type 1, immunoperoxidase, immunofluorescence,
histopathologie, pneumonie, bovins.

are important viral pathogens that cause respiratory tract
infections in cattle [11, 16, 21, 29, 34, 47]. Macroscopically,
especially consolidated areas with gray-red discoloration
and atelectasis were determined in lungs in natural and
experimental infections with these viruses [4, 26, 33, 41,
47]. It has been reported that microscopically; necrotic
bronchiolitis, alveolitis, hyperplasia in bronchi, bronchioles
and type II pneumocytes, interalveolar septums thickening,
atelectasis, lymphoid hyperplasia, eosinophylic inclusions
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in respiratory tract epithelium characterized by pulmonary
lesions observed in these viral infections [6, 26, 30-33, 40,
46].
Only histologic examination of sections stained with
hematoxylin eosine (HE) has been reported to be insufficient
for the diagnosis because pathologic changes observed in
lungs infected with PI3 and BRSV or BAV3 and BHV1 are
similar to each other [11]. These viruses may be detected
by the methods such as direct virus isolation, cell culture,
polymerase chain reaction, immunoperoxidase (IP), indirect
fluorescent antibody technique (IFAT), direct fluorescent
antibody technique (DFAT) and electron microscopy [2, 18,
19, 22, 27, 30, 33, 45, 46, 51]. Many serological methods are
used for the indirect diagnosis [1, 16, 17, 28, 48]. It has been
reported that isolation of PI3 were achieved in cell cultures
with bovine origin, but isolation of BRSV, which is a labile
virus, was difficult due to slow development of the virus in
cell culture [12]. Immunofluorescence staining is used for
the determination of PI3 and BRSV antigens in the frozen
lung samples though its cellular and structural differentiation
is difficult [41, 45]. It has been described that IP method
provides an oppurtunity to clearly be showed viral antigens
in pulmonary lesions [7].
There are no detailed studies which employed
immunoperoxidase and immunofluorescence techniques
to investigate the role of these viruses in pneumonia cases
of cattle in Turkey. Therefore, the aim of this study was to
determine PI3, BRSV, BAV3 and BHV1 antigens using
by direct fluorescent antibody technique (DFAT) and
immunoperoxidase (IP) staining of frozen and formalinfixed paraffin-embedded tissues in pneumonic lungs of cattle
in Elazig region of Turkey.

Materials and Methods
SAMPLE COLLECTION
The lungs of 2742 male cattle, which were raised in Elazig
and surrounding areas and were brought to the abattoir for
slaughtering between January and December 2011, were
examined. The macroscopic findings in 263 (9.59 %) lungs
with pneumonia detected only in apical and cardiac lobes
were recorded. The tissue samples taken from affected lungs
were separated into two parts; one part was fixed in formalin,
the other was stored at - 80 C˚ to obtain frozen sections.

GROSS PATHOLOGICAL EXAMINATION
The severity of pneumonia in apical and cardiac lobes
was scored based on the extent of consolidation. Lesions
that were determined less than 10%, 10-20% and more than
20% of the apical and cardiac lobe volumes were evaluated
as “mild”, “moderate” and “severe”, respectively. Tissue
samples taken from grossly consolidated lungs were fixed
in 10% buffered formalin for 48 h and were embedded in
paraffin wax before sectioning. The tissues were then stained
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with hematoxylin eosin (HE), and finally were examined
under light microscopy. IP and DFAT methods were applied
to the sections with different types of pneumonia except
granulomatous pneumonia.

IP EXAMINATION
IP staining was performed according to the avidinbiotin-peroxidase complex procedure [25]. As the primary
antibody; monoclonal mouse anti-PI3 for PI3 (Cat No.:
BIO 290, Biox Jemelle, Belgium), monoclonal mouse antiBRSV for BRSV (Cat No.: BIO 031, Biox Jemelle, Belgium),
monoclonal mouse anti-adenovirus type 3 for BAV3 (Cat No:
BIO 292, BIOX Jemelle, Belgium), monoclonal mouse antiBHV1 for BHV1 (Cat No: BIO 289, BIOX Jemelle, Belgium)
were used. IP kits used for other stages were obtained from
a commercial company (Ultravision Detection System,
Antipolyvalent, HRP/DAB, Thermo Sciencific, Cat No:
TP-015-HD) and, staining was performed according to the
manufacturer’s procedure. For IP staining, deparaffinized
tissue sections were taken to citrate buffer solution (10 mM
citric acid, pH: 6.0) and allowed to stand in the microwave
at antigen retrieval step for 20 min. After the sections were
allowed to cool and incubated in 70% methanol with 3%
H2O2 for 10 min. to prevent endogenous peroxidase activity,
and were then washed three times with phosphate buffered
saline (PBS). The sections were treated with a blocking
solution for 10 min. After draining the blocking serum, the
sections were incubated with primary antibodies, diluted to
1:50 rate in PBS at 4˚ C overnight in a humidified chamber.
After washing three times with PBS, the sections were treated
with biotinylated anti-goat polyvalent secondary antibody
for 10 min. Then the sections were washed three times in PBS
and treated with the peroxidase-conjugated streptavidin for
10 min. After another PBS bath, the sections were incubated
with 3,3 diaminobenzidine (DAB). After color change, the
sections were washed tap water and then counterstained with
Mayer’s hematoxylin (MH). Lung from unaffected cattle was
used as a negative controls. For positive controls, primary
sera were used instead of non-immun rabbit serum in the
pneumonic lung tissues.

DFAT EXAMINATION
DFAT was used for the detection of PI3, BRSV, BAV3
and BHV1 antigens. For this purpose, monoclonal mouse
anti-PI3 FITC (Cat No: BIO 030, Biox Jemelle, Belgium) and
monoclonal mouse anti-BRSV FITC (Cat No: BIO 032, Biox
Jemelle, Belgium), monoclonal mouse anti-BAV3 FITC (Cat
No: BIO 039, BIOX Jemelle, Belgium) and monoclonal mouse
anti-BHV1 FITC (Cat No: BIO 026, BIOX Jemelle, Belgium)
conjugates were provided from a commercial company.
Immunofluorescence staining was performed according to
the manufacturer’s procedure. Lung tissues were stored at -80
˚C until frozen sections were taken. Frozen sections cut at 6
microns were placed on 0.01% poly-D-lysine hydrobromide
coated slides and were air-dried. Then, the sections were fixed
in acetone/PBS mixture for 10 min at room temperature.
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Table II: Severity of consolidation in 247 cases with pneumonia, and the data related to PI-3, BRSV, BAV3 and BHV1 viral antigens determined by IP and DFAT methods.

P: Pneumonia, IP: Immunoperoxidase, D: Direct Fluoresan Antibody Technique.
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After washing with PBS, the sections were treated with the
conjugates diluted in a 1:20 ratio with PBS-Evans Blue at
room temperature for 1 h. After washing with PBS again,
the slides were mounted with glycerol. Finally, the sections
were examined under fluorescent microscope, and the results
were evaluated. Processes mentioned for the IP method were
applied for the negative and conjugate controls.

Results
GROSS PATHOLOGICAL FINDINGS
In this study, 2742 cattle lungs were examined and
pneumonia was observed macroscopically in the apical and
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cardiac lobes of 263 cases (9.59%). The severity, type and
rates of pneumonia are summarized in Table I. Pulmonary
lesions were macroscopically characterized with patchy or
confluent consolidated purple-red or grey foci and irregular
lobular atelectatic foci. In some of the lungs, thickening and
cloudy appearance in pleura and adhesions between lobes
were detected. In most cases, it was observed that mediastinal
lymph nodes were enlarged and the section surface was
edematous. The consolidation was detected mild in 65.02%,
moderate in 28.14% and severe in 6.84% of cases.
In the microscopical examination, pneumonia
were classified as catarrhal-purulent (n=85, 32.32%),
interstitial (n=119, 45.25%), fibrinous (n=43, 16.35%) and

Figure 1: A. PI3 viral antigen positivity in bronchioles epithelium (arrows), and desquamative necrotic cells (arrowhead) with immonoperoxidase staining.
B. PI3 immunopositivity in alveolar epithelium near the bronchiol. C. PI3 positive IP staining in alveolar macrophages and desquamative necrotic cells
in alveol lumen. D. PI3 viral antigen positivity in bronchial glands epithelium (arrowheads). E. PI3 viral antigen positivity in bronchiolar associated lymphoid tissue. F. PI3 immunopositivity in the cartilage tissue of the bronchi. G. BRSV viral antigen positivity in bronchiol and alveol epithelium. H. BRSV
immunopositivity in syncytial cells in alveol lumen (arrowheads). I. BAV3 positivity in bronchioles epithelium (big arrow) by IP staining. J. BAV3 antigen
positivity in alveolar epithelium nuclei (arrowhead). K. BHV1 antigen positivity in bronchioles epithelium, and desquamative necrotic cells (arrowhead) by
IP staining. L. BHV1 immunopositivity in alveolar epithelium (small arrow). Counterstained with MH.
Revue Méd. Vét., 2014, 165, 7-8, 201-212
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granulomatous (n=16, 6.08%). A total of 247 lungs with
pneumonia excluding those with granulomatous pneumonia
were examined for PI3, BRSV, BAV3 and BHV1 viral antigens
by IP and DFAT.

IP FINDINGS
PI3, BRSV, BAV3 and BHV1 antigens were determined
in 17 (6.88%), 9 (3.64%), 13 (5.26%) and 6 (2.43%) of 247
cases by IP staining method, respectively. Mixed infections of
PI3+BRSV in 1 case and PI3+BAV3 in 1 case were observed
in IP staining. Positive staining was noticed to be generally
present in the pneumonic areas.
The immune staining was located as intracytoplasmic in
all PI3 positive cases. IP staining for PI3 viral antigens were
usually diffuse and less often in granular or linear appearance
on the luminal surfaces of bronchioles and alveolar epithelium.
Specific IP staining for PI3 viral antigens was detected mostly
in bronchial epithelium and less in alveolar epithelium
(Fig. 1A). PI3 positivity was more pronounced in alveoli
adjacent to bronchioles (Fig. 1B). Also, immunopositivity
was observed in the plasma and lymphocytes surrounding
bronchi, bronchioles and the blood vessels, and in cellular
exudate in the airways. Mild alveolar IP staining was observed
in lymphocytes and macrophages and in interalveolar septa,
type II pneumocytes, alveolar macrophages, cellular exudate
in alveolar lumen and less often in alveolar epithelium (Fig.
1C). Mild positive staining in syncytial cells of bronchioles
and alveolar lumen was observed in PI3 positive cases.
Furthermore, PI3 viral antigen positivity was observed in
the epithelium of bronchial glands (Fig. 1D). In addition, PI3
viral antigens were observed in lymphoid tissue associated
with bronchiole (Fig. 1E). PI3 immunopositivity was also
prominent in the cartilage tissue cells of the bronchi (Fig. 1F).
Although IP staining for BRSV viral antigens, which
was similar to PI3 positive cases, was observed in bronchi,
bronchioles and alveolar epithelium, antigenic distribution
had a more localized view. It was observed that BRSV
positivity had granular appearance in bronchi, bronchioles
and alveolar epithelium and, was settled intracytoplasmically
(Fig. 1G). In addition, positive immunostaining was noticed
in alveolar macrophages in interalveolar septum, cellular
exudate, which was poured into bronchioles, and alveolar
lumen, and also in peribronchiolar lymphoid tissue. In
BRSV positive cases, positive staining in syncytial cells in
bronchioles and alveolar lumen was also noted (Fig. 1H).
No immune reaction was observed in bronchial glands and
peribronchial cartilage tissue.
BAV3 antigen was identified in bronchiolar and alveolar
epithelial cells. In addition the positive staining was detected
in infiltrating peribronchiolar mononuclear cells. The IP
staining for BAV3 antigens was located intracytoplasmically
in bronchiolar epithelium (Fig. 1I) but intranuclear staining
was noticed in some alveolar epithelial cells (Fig. 1J).
Revue Méd. Vét., 2014, 165, 7-8, 201-212
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BHV1 antigen was detected intracytoplasmically in the
bronchial, bronchiolar and alveolar epitheial cells and the
distribution of this antigen was very restricted. In addition,
IP staining was present in the cellular exudate in the lumen
of bronchioles (Fig. 1K). Moreover specific immunolabelling
of BHV1 antigens was limited in alveolar epithelial cells but
more prominent in alveolar macrophages in lumen (Fig.
1L). Intranuclear immunostaining for BHV1 antigens was
observed in none of the positive cases.
No immunopositive staining was observed in tissues
from healthy lung (negative control) or in the pneumonic
lung tissue on which non-immune rabbit serum was added
(serum control). With respect to degree of macroscopic
lesions; IP positivity determined in pneumonic lungs with
PI3, BRSV, BAV3 and BHV1 antigens was mild in 34 cases,
moderate in 10 cases and severe in 1 case (Table II).

DFAT FINDINGS
PI3, BRSV, BAV3 and BHV1 viral antigens were detected
by DFAT staining in 26 (10.53%), 15 (6.07%), 17 (6.88%) and
11 (4.45%) of 247 lungs with pneumonia, respectively. Mixed
infections with PI3+BAV3 in 3 cases, and with PI3+BRSV,
PI3+BHV1, BRSV+BHV1 and PI3+BRSV+BAV3 in 1 case
each were observed in DFAT staining. All the positive cases
with IP staining were also positive for fluorescent staining
with varying severity and distribution.
With respect to viral antigens by DFAT staining severity,
more intensive fluorescent areas were observed in PI3 positive
cases (Fig. 2A) that was followed by BRSV (Fig. 2B), BHV1
(Fig. 2C) and BAV3 positive cases (Fig. 2D), respectively.
Specific DFAT staining for each of viral antigens was detected
in bronchiolar epithelium intensely and less often in alveolar
epithelium as size varying from small to large homogeneous
granular masses. Same fluorescent staining was also present
in cellular exudate in the airways and interalveolar septum.
Fluorescent staining was detected in the cytoplasm though
it was difficult to see because frozen sections were thick
(Fig. 2E,F,G,H). No fluorescence staining was detected in
control sections. In addition, autofluorescence reactions were
especially present in capillary vessels. With respect to degree
of macroscopic lesions; DFAT positivity determined in
pneumonic lungs with PI3, BRSV, BAV3 and BHV1 antigens
was mild in 51 cases, moderate in 16 cases and severe in 2
cases (Table II).

HISTOPATHOLOGICAL FINDINGS
Cases which were DFAT positive for only PI3, BRSV,
BAV3 and BHV1 antigens were examined histopathologically.
Generally, thickening of interalveolar septa and fibrosis,
hyperplasia, degeneration or desquamation of bronchiolar
epithelium, peribronchiolar and interalveolar mononuclear
cell infiltrations and increased numbers of alveolar
macrophages were most prominent microscopic changes
in all of the cases positive for PI3, BRSV, BAV3 and BHV1
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Figure 2: A. PI3 fluorescence staining in desquamative necrotic cells, alveolar macrophages and alveolar epithelium in alveoli lumen. B. BRSV positivity in desquamative necrotic cells in bronchioles epithelium by DFAT. C. BHV1 fluorescence staining in alveolar epithelium. D. BAV3 positivity in alveolar epithelium by DFAT. E. Intracytoplasmic PI3 staining in bronchioles epithelium by DFAT (arrowhead). F. Intracytoplasmic BRSV immunofluorescence staining
in bronchioles epithelium by DFAT (arrowhead). G. Intracytoplasmic BHV1 fluorescence staining in bronchioles epithelium by DFAT (arrowheads). H.
Intracytoplasmic BAV3 antigen immunofluorescence staining in desquamative epithelium in bronchioles lumen by DFAT (arrowhead).
Revue Méd. Vét., 2014, 165, 7-8, 201-212
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antigens (Table III). In addition lymphoid hyperplasia was
the other significant lesion in these viral infections (Fig. 3A).
Also, bronchiolitis obliterans characterized by organized
fibrous tissue formation which was covered with a single
layer of cuboidal epithelium in the bronchiole lumen was
another prominent lesion (Fig. 3B). In some PI3, BRSV,
BAV3 and BHV1 positive cases, necrotic bronchiolitis
was present (Fig. 3C). In many cases, it was observed that
bronchioles adjacent alveolar parahchyma was destroyed
and atalectatic. These alveoli consistently revealed marked
proliferation of type II pneumocytes and increased numbers
of alveolar macrophages (Fig. 3D). In some PI3, BRSV and
BHV1 positive lungs, alveoli lumina were filled with dark
basophilic, oat-shaped clustered leucocytes having elongated
or streaming nuclei. In some cases, it was noticed that pleuritis
characterized by fibrinous exudate with mononuclear and
neutrophil infiltration participated in chronic pneumonia.
Intracytoplasmic inclusions were observed in the bronchiolar
epithelium of two BRSV positive and one PI3 positive
cases (Fig. 3E). In nine PI3 and three BRSV positive cases,
syncytial cell formations were present in bronchioles and
alveolar lumens (Fig. 3F). Intranuclear inclusion was found
in desquamated alveolar epithelium only one BAV3 positive
case (Fig. 3G). In some of the PI3, BRSV and BHV1 positive
chronic pneumonia cases alveolar epithelialization as

Lesions
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noticed, which was characterized by transformation of single
layer cubic epithelium (Fig. 3H).

Discussion
In previous studies, DFAT has successfully been used as a
rapid diagnostic method for the diagnosis of PI3, BRSV, BAV3
and BHV1 in respiratory tract infections in cattle [2, 16, 19, 22,
27, 34, 45, 51]. Previous studies have reported that fluorescent
antibody technique (FAT) is an advantageous technique
in terms of achieving rapid results because preparation
and examination of the samples is made within short time
(Forghani, Edwards). However, FAT is an inadequate
technique to determine appropriate morphological details
in tissues [13, 42]. Although processing of formalin-fixed
tissues needs more time, histologic results of retrospective
studies show that formalin-fixed sections are superior to
frozen sections in terms of accurate identification of the cell
and tissue types. Moreover, it has been emphasized that IP
technique is more sensitive than the mentioned techniques
due to virus or antigens in alveoli could not be determined
exactly with ultrastructural and immunofluorescence
techniques [4]. However, immunogenic epitopes and
many antisera used for IP diagnosis are unreactive in fixed
specimens due to the damaging effect of fixation [24]. For
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27.94
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Necrotic bronchiolitis

5/26

4/15

2/17

5/11

16/69
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Bronşiyolitis obliterans

16/26

8/15

10/17
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37/69
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Hyperplasia in bronch and bronchiol epithelium

25/26
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12/17

11/11

60/69
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Lymphoid hyperplasia
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3/26

4/15

2/17

2/11

11/69

15.94

Pleuritis

8/26

3/15

1/17

3/11

15/69

21.74

Neutrophil infiltration

16/26

5/15

4/17

4/11

29/69

42.03

Mononuclear cell infiltration

26/26

15/15

17/17

11/11

69/69

100

Atelectasia

19/26

12/15

9/17

8/11

48/69

69.57

Intrasitoplasmic inclusion body

1/26

2/15

1/17*

0/11

4/69

5.80

Intranuclear inclusion body

0/26

0/15

1/17

0/11

1/69

1.45

Alveolar macrophage proliferation

24/26

13/15

11/17

9/11

57/69

82.61

Emphysema

6/26

5/15

5/17

1/11

17/69

24.64

*: Mixed infections.
Table III: Microscopic findings in PI3, BRSV, BAV3 and BHV1 antigens positive cattle pneumonia.
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Figure 3: A. Lymphoid hyperplasia in peribronchiole. B. Bronchiolitis obliterans characterized by fibrous connective tissue formation and mononuclear
cell infiltration in bronchiol lumen. C. Necrotic bronchiolitis and syncytial cell formations (arrowheads). D. Alveolar macrophage proliferations
in alveol lumen. E. Intracytoplasmic inclusion in bronchiol epithelium. F. Syncytial cell formation in alveolar lumen. G. Intranuclear inclusion in
desquamative alveolar epithelium (arrowhead). H. Alveolar epithelialization characterized by transformation cubic epithelium. HE.
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PI3, BRSV, BAV3 AND BHV1 DIAGNOSIS IN CATTLE PNEUMONIA.
the diagnosis of respiratory diseases in cattle, identification
of viral antigens in lesions and association of specific cell
types with lesions have been reported to be important due
to isolation viruses from healthy animals [25]. In the present
study, PI3, BRSV, BAV3 and BHV1 antigens were identified
in 69 lungs (27.94%) by DFAT and 45 lungs (18.22%) by IP, of
the total 247 pneumonia cases. With respect to distribution
of viral antigens, more detailed findings were observed with
IP methods than DFAT staining.
It has been reported that PI3, BRSV, BAV3 and BHV1
viral pneumonia infections are microscopically characterized
by bronchitis, bronchiolitis, alveolitis, degeneration,
desquamation, necrosis or hyperplasia in bronchioles
epithelium, thickening of alveolar septa and fibrosis,
atelectasis, neutrophil and lymphocytes infiltration, syncytial
cell formation and nuclear or cytoplasmic inclusions [11, 26,
28, 30-32, 39]. It has been emphasized that syncytial cells
in the lumen of the bronchioles and alveoli seen in PI3 and
BRSV infections are originated from combination of the cells
due to fusion protein while the viruses spread directly from
cell to cell [46]. The histopathological findings of the present
study were similar to the results of previous studies, and
intracytoplasmic inclusions in two BRSV and one PI3 positive
cases, and syncytial cell formations in 9 PI3 and 3 BRSV
positive cases were found. However intranuclear inclusion
was not observed in any BHV1 positive cases although
intranuclear inclusion was seen in only one BAV3 positive
case. Earlier studies have suggested that the determination
of viral pneumonia-specific lesions like inclusion bodies and
syncytial cell formations in PI3, BRSV, BAV3 and BHV1
infected cattle may depend on many factors such as animal
species and age, virulence of agent, amount of virus, infection
period, and presence of secondary bacterial infections [10,
11, 14, 33, 46]. Thus, definitive diagnosis of virus associated
pneumonia has been reported to be made with PCR, culture,
virus isolation, electron microscopy, DFAT, IFAT and IP
techniques [20, 27, 30, 31, 40, 45].
The mucociliary system has a major role in lung’s
physical defence against inhaled microorganisms [43]. It
has been explained that in some viral respiratory infections,
proliferation and penetration of bacteria was caused by the
marked decrease in mucosiliar cleaning due to destroyed
ciliary activity in respiratory tract [10, 14, 30, 44, 47]. It has
been described with ultrastructurally studies that BRSV
infections damage to the bronchial ciliary apparatus [8].
In addition, it has been suggested that there were multiple
mechanisms that contribute to the formation of pneumonia
in PI3 virus infections such as prevention of alveolar
macrophage functions and protein-rich fluid which helps
the development of bacteria in lung and the presence of
necrotic cells [15]. In the present study, when the correlation
between the presence of viral antigens and the severity of
the macroscopic lesions were evaluated, viral antigens have
been identified mostly in mild consolidation (DFAT: 51/69,
IP:34/45) by both methods. This situation, as described
previously, was interpreted to be due to the difficulty in
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the determination of the presence of viral antigens with
secondary bacterial infection [11].
It has been reported that secondary bacterial infections
especially Mannheimia haemolytica and Mycoplasma
spp. occur in viral pneumonia of cattle [10, 11, 30, 46]. In
addition, Mycoplasma spp. were isolated from natural BRSV
lung infections, and it has been interpreted that hyperplasia
in the bronchial lymphoid tissue in the lung may be caused by
virus or Mycoplasma spp. [46]. Additionally, hyperplasia was
found in bronchial lymphoid tissue of lungs in experimentally
BAV3 infected cattle [26, 32]. Similarly, Mycoplasma spp.
was isolated from the calves with BRSV infection that cuffing
pneumonia was detected in the lung [39]. In the present study,
histopathologically oat-shaped inflammatory cells, which are
the prominent lesions of M. haemolytica or Pasteurella spp.
infections were identified in 21.74% of DFAT positive lungs,
and peribronchial and peribronchioler lymphoid hyperplasia
was observed in 57.97% of DFAT positive cases and it
was concluded that these cases could be mixed bacterial
infections. Also, it has been reported that multiple viruses
could play a role in the formation of respiratory diseases in
cattle [3, 35]. In our study, mixed infections were found in
2.83% and 0.81% of cattle with pneumonia by DFAT and by
IP, respectively.
It has been identified that BRSV replication occurred
in epithelium with and without cilia in respiratory tract
and type II pneumocytes [8, 11]. It has been reported that
BRSV showed its direct effect due to proliferation in the
epithelium of the bronchi and bronchioles as necrosis and
desquamation [8]. As well as the direct cytopathic effect of
BRSV, it has been reported that it had some indirect effects;
alveolar collapse were at the beginning of these effects, which
was caused by occlusion of the lumen of small bronchi and
bronchioles by cellular exudate, the virus cytokine response
and the virus caused surfactant deficiency by proliferating
in type II alveolar epithelium [46]. In our study, significant
alveolar atelectasis was observed in more than half of the
viral positive cases (69.57%), which was concluded to occur
due to the reasons mentioned above.
Diffuse cytoplasmic stainings in alveolar and bronchiolar
epithelium were observed in PI3 experimental infection of
calves with IP method [25]. In natural and experimental
BRSV infections in calves, viral antigens in the lung were
identified with IP in necrotic cells poured into the lumen of
alveoli, bronchioles and bronchi, alveolar and bronchiolar
epithelial cells, and syncytial cells in the respiratory tract
[6, 46]. Viral antigens were detected in epithelial cells of
bronchi, bronchiole and alveoli experimentally BAV3 and
BHV1 infected calves by IP method [30, 32]. The findings of
the present study are consistent with the results of previous
studies with regard to distribution and localization of these
viral antigens determined by IP method [6, 25, 30, 32, 46].
In addition, localization of these viral agents throughout
the epithelium of the respiratory tract is a epidemiologically
important in the spread of infection by nasal secretions and
coughing to the susceptible animals.
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In experimental PI3 virus infection in calves and lambs;
fluorescent foci were determined by DFAT widely in alveoli
around the broncho-alveolar epithelium, these areas were
referred to as starting points for histopathological changes
[42]. Similarly, in cattle infected with BRSV naturally, viral
antigens were found in the cytoplasm of bronchioles and
alveolar epithelium by FAT [19]. Some studies about cellular
localization of PI3, BAV3 and BHV1 antigens show that
specific immunofluorescent staining is limited with cytoplasm
[2, 5, 42, 51]. In the present study, specific fluorescence
staining was prominently detected in bronchioles epithelium
and viral antigens were found in cytoplasm of the infected
cells by DFAT technique. These results were interpreted as
PI3, BRSV, BAV3 and BHV1 related viral pneumonia may be
the initial finding of infection in bronchioles epithelium and
viral replication occurs in the cytoplasm in cattle.
In serological studies carried out in Turkey, the positivity
rates ranging between 38.20-91.11%; 46.05-95.55%; 20.0795.8% and 17.1-61.50% in cattle were reported for PI3,
BRSV, BAV3 and BHV1 infections, respectively [9, 17, 18,
23, 35-38, 48-50]. On the other hand, the frequency of PI3,
BRSV, BAV3 and BHV1 antigens in pneumonic male cattle
in Elazig region were determined as 6.88%, 3.64%, 5.26% and
2.43% by IP, and 10.53%, 6.07%, 6.88% and 4.45% by DFAT,
respectively. The positivity rates obtained in this study were
low when compared with those reported previously. This
might be explained by the use of the different methodologies
and sampling procedures which did not include calves and
cows. It can be concluded that these viruses might have
important role in the pathogenesis of pneumonia in cattle. In
addition, DFAT and IP technique may be used for definitive
diagnosis as valuable methods when the difficulties in the
determination of specific histologic lesions in natural cattle
pneumonia originated from PI3, BRSV, BAV3 and BHV1
antigens were considered. When all the data were considered
overally, it can be suggested that there is an urgent need to
take necessary measures in order to control and prevent
these infections in the country.
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