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The aim of this study was to investigate the presence of bovine herpesvirus type 1 and bovine
parainfluenza virus type 3 (PI-3) in cattle lungs exhibiting pneumonia symptoms observed during
macroscopic examination. Polymerase chain reaction, double immunohistochemistry, and double
immunofluorescence methods were used for viral detection. For this purpose, during the summer-
autumn period of 2023, a total of 84 lung samples from cattle aged 1 year and older, exhibiting
macroscopic signs of pneumonia, were collected in Kayseri province, Tiirkiye. Pneumonia lesions
were recorded according to the anatomical locations. In virus detection, PI-3 was identified at a
rate of 8.33% using double immunohistochemistry/immunofluorescence staining methods, while
this rate was found to be 6.72% in polymerase chain reaction. Bovine herpesvirus type 1 was not
detected by any of the three methods. In the cattle lungs, 44 lesions (52.38%) were detected in the
apical lobe, while seven lesions (8.33%) were detected in the middle lobe, eight lesions (9.52%) in
the accessory lobe, and 25 lesions (29.76%) in the basal lobe. The PI-3 immunopositivity was
observed in alveolar epithelial cells, as well as mononuclear cells in the interstitial and peri-
vascular regions. This study is the first to examine bovine herpesvirus type 1 and PI-3 presence in
bovine lungs using three distinct validation techniques (polymerase chain reaction, double
immunohistochemistry, and double immunofluorescence).

© 2026 Urmia University. All rights reserved.

Introduction

Animal proteins play a significant role in human
nutrition today. When it comes to protein value, dairy
products and red meat are considered the most important
primary sources for humans. The provision of animal
proteins largely depends on cattle farming, which is a
major industry for many countries, and losses in this
sector can result in economic damage to national
economies.! The respiratory system, due to its large
surface area and constant interaction with the external
environment, is exposed to many pathogenic agents.2
Respiratory diseases in cattle, particularly in young
animals and feedlots, cause significant financial losses in
cattle farming3 The majority of respiratory system
diseases in cattle are caused by pneumonias.* Numerous
studies on the etiology of pneumonia have shown that,
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in addition to infectious agents, such as viruses, bacteria,
protozoa, fungi, and parasites, factors, such as cold barn
conditions, allergic reactions, and the inhalation of
excessive toxic gases in barns, also play a significant role.5
Important viral agents causing pneumonias in cattle
include bovine respiratory syncytial virus, bovine viral
diarrhea virus, bovine parainfluenza virus type 3 (PI-3),
and bovine herpesvirus type 1 (BHV-1).6

The PI-3 is classified within the Mononegavirales order,
Paramyxoviridae family, Orthoparamyxovirinae sub-family,
and Respirovirus genus. Since 2016, this virus has been
referred to as bovine respirovirus-3 by the International
Committee on Taxonomy of Viruses.” Among the viruses
causing pneumonia in animals, infections caused by the PI-
3 are the most commonly observed. Pneumonias caused
by the PI-3 have been reported in various species,
including cattle, sheep, buffaloes, deer, pigs, monkeys,
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dogs, cats, horses, and humans. When the PI-3 is present
alone in a living organism, it typically causes mild or sub-
clinical respiratory infections, but it also weakens the
immune system, making the body susceptible to
secondary bacterial infections.810 The majority of para-
influenza viruses primarily infect epithelial cells in the
respiratory system. After entering the nasal cavity, the
virus spreads to lymphoid tissues, especially the tonsils
and respiratory mucosa, where primary viral replication
occurs. The PI-3 replicates in both ciliated and non-ciliated
epithelial cells, causing destruction of these cells and
weakening the lung defense system.!! In PI-3 infections,
microscopic examination of the lungs reveals lymphocyte
and macrophage infiltration in the peri-bronchial,
bronchiolar, and peri-vascular regions, as well as inter-
alveolar septa. Also, interstitial pneumonia characterized
by thickening of the inter-alveolar septa is observed.12

The BHV-1 is classified within the Herpesviridae family,
Alphaherpesvirinae sub-family, and Varicellovirus genus.13
Since its identification, this virus has spread worldwide,
and three genetic sub-types (1.1, 1.2a, and 1.2b) have been
identified.1* The BHV-1 is an important pathogen in cattle,
causing both acute and latent infections.!5 The primary site
of initial replication of BHV-1 in the body is the epithelial
cells at the entry point. Following this replication, there are
three main courses of infection, including local
confinement, systemic spread via viremia, and neural
spread.!® Infection is more commonly observed in feedlot
cattle, and the mortality rate is low unless secondary
infections occur. Seropositivity is higher in male cattle
compared to females. In operations with high animal
density, male cattle aged 3 - 6 years are more susceptible
to the BHV-1. Clinical signs may include nasal discharge,
ranging from serous to mucopurulent, difficulty breathing
in severe cases, and coughing.”

The aim of this study was to investigate the potential
presence of PI-3 and BHV-1 in bovine pneumonia using
three different confirmatory techniques, including
polymerase chain reaction (PCR), double immunohisto-
chemistry (IHC), and double immunofluorescence (IF).

Materials and Methods

Materials. This study consisted of 84 lung samples
collected from cattle aged 1 year and older, showing
macroscopic signs of pneumonia, in abattoirs located in
Kayseri province, Tiirkiye, during the summer-autumn
period of 2023. The research was conducted with the
approval of the Erciyes University Local Ethics
Committee for Animal Experiments, Kayseri, Tiirkiye
(EUHHADYEK-2023/156).

Macroscopic examination. The Ilocations of
pneumonia-affected areas in the cattle lung samples were
recorded according to the shape and structure of lung
anatomy, as described in study by Liebler-Tenorio et al.18

Polymerase chain reaction. For virological
examination, the samples stored at - 20.00 °C were
brought to room temperature and allowed to thaw. The
thawed samples were homogenized using a
homogenizer. The homogenized samples were diluted
with phosphate-buffered saline (PBS) at a ratio of 1.00 g
to 9.00 mL. After dilution, the tissue mixture was
vortexed and centrifuged at 2,000 g for 5 min. After
centrifugation, the supernatant was collected and
proceeded with the extraction process. For extraction, a
Viral Nucleic Acid Extraction Kit (Vivantis Malaysia,
Subang Jaya, Malaysia) was used, and the kit procedure
was followed as per the manufacturer's instructions. After
extraction, the samples were stored at - 20.00 °C until the
PCR was performed. The PCR tests targeting various gene
regions have been performed for both detection and
detection of differences in the virus in terms of BHV-1. In
the study conducted by Fuchs et al,'? it was emphasized
that detections were made by PCR using the gB, gC, and gE
gene regions of BHV-1, respectively, and similarly, in a
study conducted by Nisavi¢ et al,?° similar results were
obtained in the comparative detection of the TK and gB
gene regions of BHV-1. Therefore, the gB gene, a
conserved region of the virus commonly used for
diagnostic purposes, was preferred in this study. For
BHV-1, direct PCR was carried out using primers (477-
gB-F-TACGACTCGTTCGCGCTCTC and 477-gB-R-GGTACG
TCTCCAAGCTGCCC) and optimization conditions as
described by Atasever et al?! For PI-3, being an RNA
virus, the RNA was first converted to the complementary
DNA using reverse transcriptase enzyme. After the
samples were converted to complementary DNA, PCR
was carried out. In a study conducted by Wen et al,??
they aimed to detect genotypes in Chinese isolates for PI-
3 and reported that HN and M genes were suitable for
virus detection. Similarly, Horwood et al?3 used the M
gene, a conserved gene region of the virus, to detect two
different PI-3 genotypes. For this reason, primers
previously used for detection in different studies in our
country were preferred in this study. For PI-3, primers
(328-M1-AGTGATCTAGATGATGATCCA and 328-M2-GTT
EK GAT CCA EK GCT GT) and optimization conditions
used in the study by Timurkan et al.?* were employed.
The thermal cycling conditions and optimizations for the
PCR reaction (Table 1) were chosen based on the primers
used in the referenced publications. The amplicons
obtained from PCR were evaluated by gel electrophoresis
(PowerPac Basic; Bio-Rad Laboratories, Subang Jaya,
Malaysia). After conventional reverse transcription-PCR
and PCR, agarose gels (1.50%) containing SYBR safe DNA
gel stain were prepared to visualize potential PCR
products (Table 1), and electrophoresis was performed
under an electric current. After electrophoresis, the sizes
of the samples were compared with the marker (100 -
3,000 bp; Thermo Fisher Scientific, Waltham, USA).
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Table 1. The primers used in the study, and polymerase chain reaction (PCR) conditions.

Primers Sequences Annealing tempereture ('C) PCR amplicon size (bp) References
F: TACGACTCGTTCGCGCTCTC

BHV-1/477-gB R: GGTACGTCTCCAAGCTGCCC 60.00 477 21

PI-3/328 M1: AGTGATCTAGATGATGATCCA 50.00 378 24

M2: GTTATTGATCCAATTGCTGT

BHV-1: Bovine herpesvirus type 1; PI-3: Bovine parainfluenza virus type 3.

Histopathological examination. The pneumonia
samples were kept in a 10.00% formalin solution for 48 hr
for Hematoxylin and Eosin, double IHC, and double IF
staining methods. Afterward, the tissues were washed for
12 hr. Following this, the tissues were treated with 1X
70.00% ethanol for 2 hr, 1X 80.00% ethanol for 2 hr, 1X
90.00% ethanol for 2 hr, 2X absolute ethanol for 1.5 hr, 2X
xylene for 1.5 hr, xylene-paraffin for 1.5 hr at 60.00 °C, and
paraffin for 1.5 hr at 60.00 °C. Then, the tissues were
embedded in paraffin blocks. Sections of 5.00 um were
taken from the blocks using a microtome and placed on
regular slides. To remove the paraffin from tissue sections,
the slides were placed in an oven at 58.00 °C for 2 hr. After
that, the sections were incubated twice in xylene for 5 min
each, followed by incubation in graded alcohol series of
100, 96.00, 80.00, 70.00, and 60.00% for 5 min each. After
these steps, the sections were placed in distilled water for
5 min and then treated with Hematoxylin solution for 8
min. The sections were washed with tap water and then
rinsed with distilled water again. The tissue was stained in
Eosin solution for 45 sec and placed in alcohol series of
70.00, 80.00, 96.00, and 100% for 3 min each. Thereafter,
the sections were incubated twice in xylene for 3 min each.
The stained sections were then covered with a coverslip
and examined under a light microscope. During the
histopathological examination, the presence of mono-
nuclear cell infiltration, bronchial-bronchiolar epithelial
hyperplasia, inter-alveolar fibrosis, desquamation of
bronchial-bronchiolar epithelium, necrotic bronchiolitis,
atelectasis, and lymphoid hyperplasia was investigated in
the lung samples.2526

Double IHC. Subsequently, the viral antigens of PI-3
and BHV-1 in the samples were examined using double
IHC and double IF methods. For double IHC, 5.00 um tissue
sections mounted on poly-L-lysine slides were stained
with the Goat X Mouse/Rabbit Double Stain Kit (Biotech,
Taipei, Taiwan) following the manufacturer’s instructions.
The procedure was as follows: The sections were de-
paraffinized by incubating for 5 min in xylene. Afterward,
they were subjected to graded alcohol series for 3 min
each and washed with distilled water. The sections were
incubated in a 3.00% H202 solution for 10 min, followed by
two washes with PBS. To unmask the antigens, an antigen
retrieval solution containing ethylene-diaminetetraacetic
acid was applied to the sections, and they were treated
with heat at 500 W for 10 min and washed three times
with PBS. To block non-specific binding, the sections were
incubated for 20 min at room temperature with Hi-effect

Immunoblock II solution and washed twice with PBS. The
sections were then incubated with BHV-1 anti-serum
(diluted 1:500; VMRD, Pullman, USA) for 30 min at room
temperature in a humid environment, followed by three
washes with PBS. The sections were then incubated with
Goat Probe for 10 min at room temperature, washed three
times with PBS, and then incubated with Goat Probe
horseradish peroxidase (HRP) for 30 min at room
temperature. After three washes with PBS, the sections
were incubated with 3,3’-diamino-benzidine chromogen
for 2 min, followed by three washes with PBS. The sections
were then incubated for 10 min in a 3.00% H202 solution
and washed twice with PBS. To prevent non-specific
binding, the sections were incubated for 20 min at room
temperature with Hi-effect Immunoblock solution and
washed twice with PBS. Next, the sections were incubated
with PI-3 Monoclonal Antibody (diluted 1:200; Biox,
Rochefort, Belgium) for 30 min at room temperature in a
humid environment and washed three times with PBS.
The sections were then incubated with Mouse/Rabbit
Probe HRP for 30 min at room temperature and washed
three times with PBS. Hematoxylin counterstaining was
performed, and the sections were washed three times with
PBS. Afterward, the sections were incubated with HRP
Green for 10 min, washed three times with PBS, and
mounted with water-based adhesive for microscopic
examination. Brown staining was considered as positive
for BHV-1, and green staining was considered as positive
for PI-3. This method of evaluation was implemented as
recommended by the manufacturer.?’

Double IF. For double IF, 5.00 um tissue sections
mounted on poly-L-lysine slides were stained using a
modified version of the double IF protocol suggested by
Stanford Medicine (https://med.stanford.edu-Double-
ImmunofluorescenceProtocol). To begin, the sections were
deparaffinized by incubating in xylene for 5 min and then
rehydrated in graded alcohol series for 3 min each,
followed by washing in distilled water. The sections were
then incubated in 3.00% H202 solution for 10 min to block
endogenous peroxidase activity and washed twice with
PBS. For antigen retrieval, the sections were treated with
ethylenediaminetetraacetic acid -containing antigen
retrieval solution at 500 W for 10 min, followed by three
PBS washes. To block non-specific binding, the sections
were incubated for 5 min at room temperature with Ultra
V Block (Thermo Fisher Scientific) solution and washed
twice with PBS. The primary antibodies used in immuno-
histochemical staining were applied to the sections. The
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BHV-1 (1/200 dilution) and PI-3 (1/200 dilution) primary
antibodies were mixed in equal volumes and applied to the
sections. After incubation at room temperature for 1 hr,
the sections were washed three times with PBS. The
secondary antibodies used were Mouse Anti-Goat
Immunoglobulin G Heavy and Light Chains - Texas Red
(Novus Biologicals, Centtennial, USA) and Fluorescein
Isothiocyanate-Goat Anti-Mouse Immunoglobulin G
(Jackson Immunoresearch, West Grove, USA), each diluted
at 1:100. These secondary antibodies were mixed in equal
volumes and applied to the sections. After incubation for 1
hr in the dark at room temperature, the sections were
washed three times with PBS. Finally, 4',6-diamidino-2-
phenylindole (DAPI) was applied to the sections for
nuclear staining, and the samples were examined under a
fluorescence microscope using fluorescein isothiocyanate,
Texas Red, and DAPI filters. Nuclei were stained blue, BHV-
1 positivity was indicated by red fluorescence, and PI-3
positivity was indicated by green fluorescence. This
method of evaluation was conducted based on the study
by Atasever et al.2

Results

Macroscopic examination. In the macroscopic
examination, the anatomical distribution of lesions in the
lungs of 84 pneumonic cattle, which constituted the study
material, was as follows: 44 lesions (52.38%) in the apical
lobe, seven lesions (8.33%) in the middle lobe, eight
lesions (9.52%) in the accessory lobe, and 25 lesions
(29.76%) in the basal lobe (Fig. 1).

Polymerase chain reaction findings. This study
investigated the BHV-1 and PI-3 in bovine lung samples
showing macroscopic signs of pneumonia. Molecular PCR
analysis of a total of 84 pneumonic lung samples revealed
no detection of the partial gB gene of the BHV-1. However,
the partial M gene of the PI-3 was detected in 6.72% of the
samples (Fig. 2).

H 1-Apical Lobe (n = 44)
W 3-Accesory Lobe (n = 8)

W 2-Middele Lobe (n =7)
@ 4-Basal Lobe (n =25)

Fig. 1. Anatomical locations of pneumonia lesions in 84 bovine
lungs used in the study.

Fig. 2. Agarose gel electrophoresis of the partial M gene (328
bp) polymerase chain reaction products of bovine parainfluenza
virus type 3. M: Marker; PK: Positive control; NK: Negative
control; Lane 1: Sample 8; Lane 2: Sample 11; Lane 3: Sample
14; Lane 4: Sample 46.

Histopathological findings. In the histopathological
examination of 84 cattle pneumonia samples, the following
findings were observed: Mononuclear cell infiltration in all
samples, bronchial-bronchiolar epithelial hyperplasia in
95.23% of the cases, inter-alveolar fibrosis in 86.90%,
desquamation of bronchial-bronchiolar epithelium in
57.14%, necrotic bronchiolitis in 46.42%, atelectasis in
96.42%, and lymphoid hyperplasia in 11.90%. In the
samples tested positive for PI-3, all of the aforementioned
hlstopathologlcal findings were present (Fig. 3).
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Fig. 3. Hlstopathologlcal images of bovine parainfluenza virus
type 3 positive (A-C) and pneumonia (D-F) samples (Hematoxylin
and Eosin staining; bars = 50.00 pm in A and E, 20.00 um in B, C,
and D, and 100 pm in F). A) Mononuclear cell infiltration (arrow);
B) Desquamation (arrowhead) and hyperplasia (arrow) in the
bronchiol epithelium; C) Necrotic bronchiolitis (arrow); D) Bronchiol
epithelium hyperplasia (arrow); E) Emphysema (asterisk); F)
Hyperplasia in the bronchus-associated lymphoid tissue (arrow).

Immunohistochemical and IF findings. A total of 84
pneumonia samples were thoroughly examined under the
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microscope using immunohistochemical and IF staining
methods. As a result, 8.33% of the samples tested positive
for PI-3, while no positive results were observed for BHV-
1. The PI-3 immunopositivity was observed in the alveolar
epithelial cells and mononuclear cells found in the
interstitial and peri-vascular areas (Fig. 4).
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Fig. 4. Dual immunohistochemistry (A-C) and immuno-
fluorescence (D-F) images (Bars = 20.00 um). A) Bovine para-
influenza virus type 3 (PI-3) immunopositivity in mononuclear
cells located in the interstitial area (arrows); B) The PI-3
immunopositivity in alveolar epithelial cells (arrows); C) The PI-3
immunopositivity in mononuclear cells located in the peri-
vascular area (arrows); D) The PI-3 immunopositivity in
mononuclear cells located in the interstitial area (arrows); E) The
PI-3 immunopositivity in alveolar epithelial cells (arrows); F) The
PI-3 immunopositivity in mononuclear cells located in the peri-
vascular area (arrows).

Discussion

Respiratory diseases in cattle farming are among the
most economically significant health issues. The economic
losses caused by the respiratory diseases have exceeded
the costs of many other diseases.?8 Despite detailed
investigations and efforts to prevent diseases beforehand,
respiratory system diseases in cattle continue to pose
significant problems in cattle farming.2° A large portion of
respiratory system-related diseases in cattle is caused by
infections resulting from pneumonia.* Viral agents, such as
BHV-1, PI-3, and bovine respiratory syncytial virus,
affecting the respiratory system, are considered significant
causes of interstitial pneumonia in cattle.3? The increased
prevalence of BHV-1 and PI-3 infections can be attributed
to the factors, such as seasonal transitions, sudden
temperature changes in the environment, inadequate
hygiene and sanitation in farms, low ventilation, high
animal density, and stress factors caused by various
reasons. In studies conducted on bovine pneumonia in
Tiirkiye, the rates of interstitial pneumonia have been

reported as 20.93% by Ortatli,3! 42.00% by Altun,32 and
36.24% by Yaman and Giulcii33 This study aimed to
investigate the potential presence of PI-3 and BHV-1, being
important viral agents causing interstitial pneumonia in
cattle, in Tirkiye. In the study, the presence of PI-3 was
detected at a rate of 6.72% in PCR tests and 8.33% in
double IHC/IF staining methods, while the presence of the
BHV-1 was not detected. In field studies on PI-3, Trigo
Tavera et al3* reported a positivity rate of 66.66% in
fattening cattle. In Tirkiye, some studies have been
conducted on the PI-3 in cattle lungs, and it has been
reported that PI-3 infection is commonly observed among
cattle. In a study covering the northeastern Anatolian
border provinces, Yildirim et al3> reported a sero-
prevalence of 55.84%. In a study conducted on cattle in the
Eastern Anatolia region, Ceribasi et al3¢ reported an
immunopositivity of 6.88%. In another study conducted
on cattle, Comakli et al37 reported a seropositivity rate of
9.33% in the Erzurum region of Eastern Anatolia. In our
study, PI-3 was detected in cattle at abattoirs in Kayseri
province in the Central Anatolia region with a prevalence
of 6.72% in PCR tests, and 8.33% in double IHC and double
IF staining methods. When compared to the studies
conducted in Turkiye, the reported positivity rates for PI-3
are similar to the PI-3 positivity rate found in cattle
pneumonias in the Kayseri region. Serological studies on
BHV-1 have been conducted in various countries around
the world, and the results of these studies show differing
seropositivity rates. In countries where cattle farming
plays a significant role in the national economy, such as
Canada, Australia, and the United States, the seropositivity
rates are reported to be variable and high.38 In Belgium,
the BHV-1 seroprevalence was reported to be 67.00% in a
study conducted by Boelart et al.3° In many countries, such
as Switzerland, Sweden, Austria, Denmark, and Finland, a
successful eradication program has managed to reduce the
BHV-1 prevalence in animal husbandry to the minimal
levels. Countries in Europe where vaccination is
prohibited are considered seronegative for BHV-1. In
Poland, where vaccination programs are implemented, the
seroprevalence rate has been reported to be 20.00 -
38.00%, in Lithuania it is 17.00%, and in Italy, it ranges
from 65.00 to 82.00%.2¢ In Tirkiye, there have been
numerous serological studies conducted on infections
caused by BHV-1 in cattle. Generally, the seroprevalence of
BHV-1 in cattle in Tiirkiye ranges between 9.25% and
74.00%.40 In a detailed study conducted on sheep,
Albayrak et al*! reported a seroprevalence rate of 1.74%
for the BHV-1. In the present study, the BHV-1 was not
detected in bovine lung samples using three different
methods. This finding is attributed to the low
concentration of BHV-1 in the collected bovine pneumonia
samples. A detailed literature review on the localization of
bovine pneumonia lesions in the lungs reveals that there
are very few studies conducted in this area. When
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examining previous studies on the anatomical localization
of bovine pneumonia lesions, it has been reported that
lesions typically form in the cranial lobes, with fewer
occurring in other lung lobes.2442 The anatomical
distribution of lesions in our study shows similarities with
the limited number of previous studies. In our study,
although pneumonia lesions were pre-dominantly
localized in the cranial and caudal regions of the apical
lobe, lesions were also found in the middle, accessory, and
basal lobes of the lungs. Various techniques are used for
the detection of viral agents. In the diagnosis of BHV-1, the
commonly used methods include PCR, western blot,
fluorescent antibody testing, enzyme-linked immuno-
sorbent assay, and immunoperoxidase staining.4344 The
diagnosis of PI-3 is performed using methods, such as
virus isolation in cell cultures, PCR, enzyme-linked
immunosorbent assay, and IHC.4546 [n our study, both
pathogens were investigated in a confirmatory manner
using PCR, as well as double IHC and double IF methods.
To the best of our knowledge, no study has been
conducted to detect the presence of BHV-1 and PI-3 in
cattle lung tissue using PCR and double IHC/IF methods.
From this perspective, the present study stands out as the
first research to use three different confirmatory
techniques in the diagnosis of BHV-1 and PI-3. In studies
examining interstitial pneumonia in cattle caused by PI-3,
histopathological changes in the lungs have been
described, including degeneration of alveolar and
bronchial epithelia, acidophilic intra-cytoplasmic inclusion
bodies in the alveolar epithelium, mononuclear cell
infiltration, lymphoid tissue hyperplasia, and necrotic
bronchiolitis.4748 In our study, the histopathological
findings in PI-3 positive interstitial pneumonia included
mononuclear cell infiltration, bronchial-bronchiolar
epithelial hyperplasia, inter-alveolar fibrosis,
desquamation of bronchial-bronchiolar epithelium,
necrotic  bronchiolitis, atelectasis, and lymphoid
hyperplasia, exhibiting similar characteristics. One of the
specific histopathological findings in PI-3-induced
pneumonia in cattle is the presence of acidophilic intra-
cytoplasmic inclusion bodies in the respiratory tract
epithelium. It has been reported that inclusion bodies are
not observed in histopathological examinations of viral
pneumonia contaminated with secondary bacterial
pathogens.#? In our study, the absence of inclusion bodies
in PI-3 positive samples suggests the possibility of
secondary bacterial infections.

In conclusion, this study demonstrates the presence of
two major viral etiological agents, BHV-1 and PI-3, in
bovine pneumonia. While no cases of BHV-1 were detected
in the pneumonia samples, PI-3 was identified in 6.72% of
samples by PCR and 8.33% by double IHC/IF staining
techniques. This study is significant as it is the first to
investigate the presence of BHV-1 and PI-3 in bovine
pneumonia using three different methods and establish

their seroprevalence. Additionally, the findings are crucial
for future research and efforts aimed at combating
respiratory infections in cattle in the region.
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