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Abstract : Respiratory pathogens of calves including bovine parainfluenza type 3 virus (BPI3V), bovine respiratory
syncytial virus (BRSV), infectious bovine rhinotracheitis virus (IBRV) and Mycoplasma spp is well-known for winter
pathogens. However, there are no studies about summer pneumonia pathogens of calves in Korea. The aim of this
study was to detect respiratory pathogens from calves with summer pneumonia. Eighty calves from 5 regions were
chosen and their nasal swabs were used to detect respiratory pathogens with real-time PCR. Mycoplasma spp was
major primary respiratory pathogens in calves with summer pneumonia. Although, the detection rates of respiratory
viruses were very low, serological assays showed that respiratory viruses exist widely in farms.

Key words : respiratory viral pathogens, Mycoplasma, calves, real-time PCR.

Introduction

Respiratory disease of calves is a principal disease prob-

lem for the cattle industry which causes great economic

losses. In economic terms, respiratory disease of calves leads

to declined production, higher levels of mortality and mor-

bidity, increased veterinary costs, and reduced carcass value

(3,10,21). While the etiological factors including stress and

environmental factors such as temperature, humidity, live-

stock density, dust, transportation, and inadequate nutrition

are various, infectious agents are important in the develop-

ment of disease (5,6,19,21).

Frequently, bacterial pneumonia is preceded by a viral

respiratory infection. Respiratory viruses, which are effec-

tively spread by aerosol and direct contact in herds, usually

act in combination with other infectious agents, in particular

bacteria, in the development of respiratory disease (4,19).

The primary respiratory pathogens are bovine parainfluenza

type 3 virus (BPI3V), bovine respiratory syncytial virus

(BRSV), infectious bovine rhinotracheitis virus (IBRV), co-

ronavirus, adenovirus, and Mycoplasma spp (2,11,14,17,20).

BPI3V replicates in epithelial cells of lower respiratory tract

causing bronchitis, bronchiolitis, alveolitis and destruction of

cilia and of ciliated cells in bronchi and bronchioli. BPI3V

infects alveolar macrophages and thereby impairs innate pul-

monary defense mechanisms (3,15,20). BRSV infection results

in destruction of the ciliated respiratory epithelium and infec-

tion of alveolar macrophages reduces local cellular immu-

nity. This interference with pulmonary clearance predisposes

cattle to secondary bacterial pulmonary infection (2,20,24).

IBRV, which is bovine herpesvirus 1, replicates in mucosal

cells and in various cell types of the submucosa and connec-

tive tissue peripheral to the tracheal rings. This may lead to

destruction of the epithelium of the upper respiratory tract

with cessation of ciliary activity resulting in loss of function

of the mucociliary escalator. Consequently, secondary bron-

chopneumonia may occur due to inhalation of infectious tra-

cheal exudates (20). Furthermore, on farms where bovine

viral diarrhea virus (BVDV) is not well controlled, this can

result immune-suppression and influence the progression of

respiratory disorders (7,18). Mycoplasma spp is common

inhabitant of the upper and lower respiratory tract of healthy

and pneumonic cattle. The lesions of pneumonia associated

with Mycoplasma spp infection are characterized by subacute

or chronic bronchopneumonia with multiple foci of caseous

and coagulative necrosis (14). Infection with respiratory viruses

and Mycoplasma spp can also induce opportunistic second-

ary pathogens such as Mannheimia haemolytica, Pasteurella

multocida, Haemophilus somni, etc (1,8,13,17).

The peak incidence of clinical respiratory diseases of calves

usually occurs in late autumn and winter in Korea. More

rapid and severe temperature changes and greater weather

extremes would contribute to higher morbidity and mortality

rates of respiratory diseases. However, there is no study about

summer pneumonia pathogens of calves in Korea. The aim

of this study was to detect primary respiratory viral patho-

gens and Mycoplasma spp from calves which have summer

pneumonia in Korea.

Materials and Methods

Clinical samples

One hundred and twenty five calves (2 weeks to 5 months

after birth) with clinical signs of respiratory disease were

selected from 5 regions (Chuncheon, Paju, Seosan, Pyeongc-

hang, and Andong). Total respiratory score was measured
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according to the calf respiratory scoring criteria (CRSC)

from the University of Wisconsin (16) and eighty calves with

total score of 4 and above were sampled by deep nasal swab

(1).

Extraction of viral RNA and bacterial DNA

QIAamp viral RNA kit (QIAGEN, Hilden, Germany) was

used to extract viral RNA and IBRV DNA. QIAamp DNA

kit (QIAGEN) was used to extract Mycoplasma DNA.

Reverse transcription

cDNAs were amplified by real-time PCR machine (Light-

Cycler 96, Roche Life Science, Basel, Switzerland). The

reverse transcription was carried with PrimeScript RTase kit

(TaKara Bio, California, USA) according to the included pro-

tocol. The 20 μl volume containing 4 μl of 5X RT buffer

[50 mM Tris-HCl (pH 8.3), 75 mM KCl, 8 mM MgCl2, 10

mM DTT], 1 μl of a 10 mM dNTP mix, 1 μl of random

primer (500 μg/ml), 0.5 μl of PrimeScript reverse transcrip-

tase (200 U/μl), 0.5 μl of RNase inhibitor RNAguard (40 U/

μl), and 3μl DEPC-treated water to 10 μl of viral RNA. The

conditions of synthesizing cDNA were 10 min at 30oC, 30

min at 50oC, and 15 min at 75oC.

Primers

The primers of BPI3V, BRSV, IBRV, BVDV, and Myco-

plasma used in this study are shown in Table 1 (22,25,26).

Real-time PCR assay

The Power SYBR Green PCR Master Mix with real-time

PCR system was used. The PCR conditions were as fol-

lowed: For LightCycler reaction, a mastermix of the follow-

ing reaction components was prepared to indicated end-

concentration: 10 μl of Fast Start DNA Master SYBR Green

I, 4.5 μl distilled water, 4 μl primer (1 pmol). LightCycler

mastermix was filled in the LightCycler glass capillaries and

1.5 μl cDNA was added as PCR template. Capillaries were

closed, centrifuged and placed into the LightCycler rotor.

The following LightCycler experimental run protocol was

used: preincubation program (95oC for 10 min), 3 step ampli-

fication program repeated 45 cycles (95oC for 10 s, 60oC for

10 s, and 72oC for 10 s), melting curve program (95oC for

10 s, 65oC for 60 s, and 97oC for 1 s). Detection of respira-

tory pathogens from calves was regarded when mean Cq val-

ues were under 35.

Virus-neutralizing antibody

Blood was collected from jugular vein to test virus-neutral-

izing antibody against BPI3V, BRSV, and IBRV. The 50 μl of

α-minimal essential medium (α-MEM) with 200 TCID50 on

each virus was added to 50 μl of heat-inactivated two-fold

diluted sera already prepared in 96 wells plates. And then,

plate was incubated at 37oC for one hour. A total of 100 μl of

the MDBK cell (for BPI3V and IBRV) or bovine turbinate

cell (for BRSV) suspension (2 × 105 cells/ml) added to each

well, and the plate was incubated at 37oC in 5% CO2 for 5-6

days. Finally, it was screened for the presence or absence of

cytopathic effects using phase-contrast optics and inverted

microscope. Seropositive was regarded when serum neutral-

izing antibody titer against BPI3V, BRSV, and IBRV were 4

and above.

Results

The detection sensitivity of real-time PCR assay for

BPI3V, BRSV, and IBRV included in INFORCE 3 vaccine

(Zoetis, USA) was determined by 10-fold serial dilutions

(105.5 TCID50 to 100.5 TCID50 of PI3V, 105.2 TCID50 to 101.2

TCID50 of BRSV, and 106.0 TCID50 to 102.0 TCID50 of IBRV,

Fig 1). The results show positive log linear correlations of

viral copy number and PCR quantitative cycle (Cq) number.

The standard curves show accuracy of R2 > 0.98.

Among 80 tested samples, analysis by real-time PCR

detected one strain (1.3%) of IBRV, three strains (3.8%) of

BVDV, sixty one strains (76.3%) of Mycoplasma spp (Table 2).

Among 80 test sera, 30 sera (37.5%) were seropositive

against BPI3V, 34 (42.5%) against BRSV, and 32 (40.0%)

against IBRV (Table 3).

Table 1. Primers of real-time PCR for BPI3V, BRSV, IBRV, BVDV, and Mycoplasma

Pathogens Primers* Sequences (5'-3')

BPI3
BPI3euro Forward GGTAGGAGCACCTCCACGATT

BPI3euro Reverse GCTCCAAGGCATGCTGGATA

BRSV
BRSVn Forward GGTCAAACTAAATGACACTTTCAACAAG

BRSVn Reverse AGCATACCACACAACTTATTGAGATG

IBRV
gB Forward TGTGGACCTAAACCTCACGGT

gB Reverse GTAGTCGAGCAGACCCGTGTC

BVDV
BV7 ACTCCATGTGCCATGTACAGC

BV8 TAGCCATGCCCTTAGTAGGAC

Mycoplasma
GPO-3 GGGAGCAAACA GGATTAGATACCCT

MGSO TGCACCATCTGTCACTCT GTTAACCTC

β-Actin
Bac1F_uni GACAGGATGCAGAARGAGATCAC

Bac2R_uni TCCACATCTGCTGGAAGGTG

*The primer of BPI3V is based on conserved regions of euro gene of BPI3V, the primer of BRSV is based on conserved regions of N gene
of BRSV, the primer of IBRV is based on conserved regions of glycoprotein B gene of bovine herpesvirus-1, the primer of BVDV is based
on conserved regions of the 5’UTR of BVDV genotype I and II and the Mycoplasma group-specific primer is based on highly conserved
16S rRNA genes.
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Discussion

 The availability of rapid, sensitive and cost effective diag-

nostics are important for effective management of livestock

health. Such results are also important from an epidemiolog-

ical perspective to provide an accurate picture of the preva-

lence and distribution of pathogens in different cattle populations

and production systems, with such information being funda-

mental to the development of appropriate management and

vaccination strategies. In terms of direct detection of viral

pathogens, molecular techniques have displaced previous

assays, such as virus isolation and immunofluorescent anti-

body staining due to significant advantages in speed, sensitiv-

ity, sample lability and cost (22,27). The recent development

and application of test methods based on the PCR for the

direct detection of respiratory pathogens, particularly when

applied on real-time platforms, represents a significant step

forward in the investigation of BRD outbreaks. These assays

offer rapid, sensitive and cost-effective diagnostics which,

alongside the updating of sampling protocols, offer improved

detection rates and greater confidence in laboratory results.

And in this study, a β-actin signal was detected in all clinical

samples tested in real-time PCR, suggesting no evidence of

extraction failure or PCR inhibition (22,27).

BRD in calves is a function of the interaction between

pathogens, host and environment. Many different pathogens

may be involved with viruses considered to be the most im-

portant in calves (9,23). BRD is a respiratory syndrome linked

to presence of infectious agents, but also to management,

environment, stress and immunity factors. A wide range of

pathogens, essentially viruses and bacteria, can cause BRD,

separately or simultaneously (12,16). Housing quality plays a

particularly important role in the development of respiratory

disease in young calves, alongside other factors, such as pre-

vailing climate, biosecurity and nutrition of the calf and dam

(16).

In this study, we only tested BPI3V, BRSV, IBRV, BVDV

and Mycoplasma spp as respiratory pathogens by real-time

PCR and Mycoplasma spp was the most frequently found

respiratory pathogen. The role of Mycoplasma spp are mainly

associated with subclinical infections and are suspected to

play a role in the induction of BRD by negatively affecting

the immune system and upper respiratory defense mecha-

nism. Mycoplasma spp identified by PCR in lung tissue have

been reported to be associated with pneumonic lesions in

young dairy calves (1,8,11,17). Mycoplasma spp also associ-

ated with chronic debilitating diseases that react poorly to

treatment (8).

In this study, BPI3V and BRSV were not detected from

calves with summer pneumonia. In addition, the detection

rates of IBRV and BVDV were very low. However, the sero-

prevalences of BPI3V, BRSV, and IBRV were 37.5%, 42.5%,

Fig 1. The standard curves of the real-time PCR assay for the

detection of BPI3V (A), BRSV (B), and IBRV (C).

Table 2. Detection of respiratory pathogens from calves with
summer pneumonia by real-time PCR

Pathogens
Tested

samples

No. of

positive*

Positive

rates (%)

BPI3V 80 00 0.

BRSV 80 00 0.

IBRV 80 01 01.3

BVDV 80 03 03.8

Mycoplasma spp 80 61 76.3

*Detection of respiratory pathogens from calves was regarded
when mean Cq values were under 35.

Table 3. Seropositivity of calves with summer pneumonia
against BPI3V, BRSV, and IBRV

Virus
Tested

samples

No. of

seropositive*

Positive

rates (%)

BPI3V 80 30 37.5

BRSV 80 34 42.5

IBRV 80 32 40.0

*Seropositive was regarded when serum neutralizing antibody titer
against BPI3V, BRSV, and IBRV were 4 and above.
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and 40.0%, respectively. Although viruses implicated in BRD

appear to be maintained within herds year-round, there may

be distinct seasonal trends (9,12,16). Irish study found that

positive detections of the various viruses are strongly influ-

enced by the month of sampling, with distinct intermonth

variation as to when detections are most likely. However,

with the exception of BVDV, which was detected all year

round, the others showed a clear seasonal pattern, being most

commonly detected in winter and spring (16). BRD mainly

occurred during the colder months, suggesting the influence

of conditions like low temperatures, high humidity, and high

population densities (9).

Furthermore, viral secretions in the nasal cavity are gener-

ally of a short duration (usually under 1 week, depending on

the virus), which makes viral detection difficult if repetitive

sampling is not conducted (24). Consequently, it is embar-

rassing to conclude on the basis of the low detection rates of

these viruses that they are not significant pathogens in calves

with summer pneumonia. The herds in this study are repre-

sentative of the open housing, commercially driven dairy and

beef enterprises in Korea, systems which may differ from

those seen in other countries. In addition to clinical presenta-

tion, history and other factors, strategic herd health planning

should take into account the time of year to best prioritize the

most likely respiratory pathogens to prepare against. A pro-

nounced seasonality suggests that optimum times may exist

for active mitigation, so in the future, specific diseases alerts

could become a meaningful industry tool.

We have done additional experimentation with 60 deep

nasal samples conducting in autumn from calves which have

respiratory disease. Analysis by real-time PCR detected one

strain (1.7%) of PI3V and seventeen (28.3%) of IBRV (Data

not shown). As getting cold, virus detection rates improved,

and IBRV was more prevalent than other viruses. These viral

infections of calves commonly occur worldwide, and can

cause serious respiratory diseases mainly in autumn and win-

ter (16). Although viral infections seem rare during summer,

these virus-induced diseases and infections annually recur in

a herd, even when the herd is closed and virus reintroduction

is doubtful. A previous study showed that asymptomatic

infections took place in spring and summer, and the results

also suggested that viruses are more likely to persist in indi-

vidual seropositive cattle than by continuous circulation (20).

It may be seemed that such persistent viral infections are

activated again in autumn or winter and act as the cause of a

new outbreak. This is because viruses are better transmitted

during winter. Climatic differences, especially getting cold,

might make the proper viruses in the environment viable and

permit virus shedding in different periods. Gradually warmer

temperatures should slowly reduce the spreading of viruses

during the summer. Cooling of the nasal mucosa is thought to

increase the viscosity of the mucous layer and reduce the fre-

quency of cilia beats that could help clear viruses. In this

way, breathing cold and dry air would impair mucociliary

clearance, inhibit leukocyte phagocytosis and thereby pro-

mote viral shedding within the respiratory tract. Improved

persistence of released virus would increase the amount of

shedding viruses, and would furthermore boost proliferation

of virus in the nasal passages through reinfection (6). In

short, respiratory viral detection rates of calves with summer

pneumonia in Korea were low, however, it might rise from

winter.

Although BVDV was detected in some of the samples

tested in this study, its pattern of detection appears distinct

from those of the more classical respiratory viruses. Infec-

tions occur at a lower and much steadier rate, with less sea-

sonal variation. The result from this study would suggest a

lower prevalence linking BRD and BVDV as a primary patho-

gen in calves compared to some previous studies (12,16).

In conclusion, real-time PCR method is capable of detec-

tion of respiratory pathogens of calves with summer pneumo-

nia. This study showed that Mycoplasma spp was more

prevalent than viruses for respiratory pathogens in calves

with summer pneumonia. The detection rates of primary

respiratory viruses were very low in calves with summer

pneumonia. However, serological assays showed that respira-

tory viruses are also spread widely in farms.
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