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A B S T R A C T

Bovine acute phase proteins (APPs), lipopolysaccharide binding protein (LBP), serum

amyloid A (SAA), haptoglobin (Hp) and alpha1-acid glycoprotein (AGP) were evaluated as

inflammatory markers during an outbreak of bovine respiratory disease (BRD) caused by

bovine respiratory syncytial virus (BRSV). Calves (n = 10) presented mild to moderate signs

of respiratory disease. Secondary bacterial infections, Pasteurella multocida and

Mycoplasma dispar as major species, were detected in tracheobronchial lavage samples.

Concentrations of SAA and LBP increased at week 1 had the highest values at week 3 and

decreased at week 4 of outbreak. Some calves had high Hp concentrations at week 3, but

AGP concentrations did not rise during respiratory disease. Higher SAA, LBP and Hp

concentrations at a later stage of BRD (week 3) were associated with the low BRSV-specific

IgG1 production, suggesting that these calves had enhanced inflammatory response to the

secondary bacterial infection. In conclusion, APPs (especially SAA and LBP) are sensitive

markers of respiratory infection, and they may be useful to explore host response to the

respiratory infections in clinical research.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

The early protection mechanism of the host against
infection, trauma or other tissue damage comprises a set of
reactions known as the acute phase response (APR). One of
its main features is hepatic production of acute phase
proteins (APPs) [1]. Determination of APPs provides a tool
for evaluating inflammatory response of the host during
infections. Bovine respiratory disease (BRD) is one of the
most important causes of morbidity and mortality in beef
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and dairy calves. Respiratory disease is a multifactorial
disease, caused by a variety of aetiological agents.
Environmental and husbandry factors and impaired
resistance of predisposed calves to the infections are
involved. APPs can potentially be used to investigate the
complex pathogenesis of BRD and to evaluate the role of
aetiological factors. However, more information about the
synthesis pattern of APPs during natural BRD infections of
calves is needed.

Studies on experimental infections have shown that
some APPs have good properties as markers of respiratory
infections in calves after viral [2–4], bacterial [3,5,6] or
combined challenge [3,7]. However, only limited data are
available on APPs as disease markers of spontaneous BRD.
These studies have mainly been conducted to evaluate the
potential of APPs as individual or herd health diagnostic
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tools in veterinary practice. Wittum et al. [8] and Young
et al. [9] found that bovine APP haptoglobin (Hp) had
limited capacity as a diagnostic clinical tool for BRD in
feedlot cattle. Later, Hp was considered useful for
identifying beef calves with BRD needing treatment and
for monitoring treatment efficacy [10–12], whereas serum
amyloid A (SAA) and alpha1-acid glycoprotein (AGP) was
not found to be a useful marker of BRD in feedlot calves
[10,11].

Bovine respiratory syncytial virus (BRSV) has been
shown to be a primary infectious agent causing mild to
severe clinical respiratory disease [13]. BRSV infection is
commonly accompanied by bacterial infection [14]. Thus,
an outbreak of pneumonia caused by BRSV gives a good
opportunity to characterize time related patterns of
different APPs and to evaluate them as inflammatory
markers during a naturally occurring respiratory infection.

The objective of this study was to investigate changes of
four bovine APPs, SAA, lipopolysaccharide binding protein
(LBP), Hp and AGP during an outbreak of BRD in young
dairy calves. In addition, calves were retrospectively
divided into two groups based on BRSV-specific IgG1

production (high and low), and different patterns of APP
concentration changes were compared to explore host
response differences between these groups.

2. Materials and methods

2.1. Animals, sampling procedure and clinical examination

A group of 10 Holstein Friesian calves (7 males, 3
females) from the Helsinki University Suitia Research Farm
was followed weekly over a 6-week period starting 1 week
(week 0) before the manifestation of the first clinical signs
of BRD. The ages of the calves at week 0 are presented in
Table 1. These calves were initially included in the study to
investigate the effects of age on the physiological
concentrations of APPs and were blood-sampled weekly
without any other manipulation. Calves were housed in
two group fences (calves nos. 1–5 in one and the rest in the
other) with an automatic milk feeding system (one nipple
Table 1

Age of calves, bovine respiratory syncytial virus (BRSV) antibody response

tracheobroncheal lavage (TBL) samples.

Calf no. Age of calves at

week 0 (days)

BRSV antibody

response group

BRSV in TBL

at week 2

Pe

sco

1 32 Low Neg 7 (

2 30 High Neg 4 (

3 27 High Pos 7 (

4 24 High Neg 6 (

5 23 Low Pos 8 (

6 21 Low Pos 4 (

7 18 High Pos 4 (

8 14 Low Neg 3 (

9 13 Low Neg 4 (

10 9 High Pos 5 (
a Pasteurella multocida.
b Mycoplasma dispar.
c Mycoplasma bovirhinis.
d Pasteurella sp.
e Streptococcus suis.
f Fusobacterium sp.
g Arcanobacterium pyogenes.
for each fence) with milk powder and free access to water,
silage and hay. After weaning (approximately at the age of
8 weeks), calves were moved into a group fence with older
calves. The first calves were weaned and moved between
sampling weeks 4 and 5, after disappearance of the clinical
BRD signs. All fences were located in close proximity to
each other. The experiment was approved by the local
ethics committee for animal experiments.

Blood samples were taken weekly from the jugular vein
into plain glass tubes; serum was separated by centrifuga-
tion, frozen in portions and stored at �20 8C to await
further analysis. Calves were clinically examined in
conjunction with each blood sampling. Overall clinical
score was calculated according to Hägglund et al. [15] as
follows: rectal temperature (8C; 0 =< 39.0, 1 = 39.0–39.5,
2 = 39.6–39.9, 3 = 40.0–40.4, 4 =>40.5), respiratory rate
(min�1; 0 =< 40, 1 = 40–49, 2 = 50–59, 3 = 60–69, 4 = 70–
79, 5 =>79), nasal discharge (0 = normal, 1 = serous,
2 = mucopurulent or purulent), lung auscultation (0 = no
abnormal sound, 1 = wheezing sounds), cough (0 = no
cough, 1 = occasional sporadic cough, 2 = more than one
spontaneous cough) and demeanour (0 = bright, 1 = mildly
depressed, 2 = moderately or severely depressed).

2.2. Analysis of tracheobronchial lavage samples

Tracheobronchial lavage (TBL) samples were taken by
the double catheter method by Bengtsson et al. [16] at
week 2 and at the end of the experimental period (week 6).
The calf was restrained by assistants and a sterile plastic
double catheter was inserted through the ventral nose duct
into the trachea. The inner catheter was then pushed
through the silicone plug of the outer catheter as far as
possible into the lung. Isotonic sterile saline solution
(30 ml) was injected into the catheter and aspirated
immediately. TBL samples of 0.5 ml were transferred into
mycoplasma D media [17], and the rest of the sample was
used for bacterial examination. TBL samples from three
calves at week 6 could not be investigated because of
difficulties in performing the lavage procedure. TBL
samples were examined for bacterial and mycoplasma
group, peak clinical score, presence of BRSV and bacterial growth in

ak clinical

re (week)

Bacterial growth in TBL

sample at week 2

Bacterial growth in TBL

sample at week 6

3) Pma, Mdb, Mbc Pm, Md, Mb

2; 4) Pm, Md, Mb Pm, Md

2) Pm, Md Not investigated

4) Pm, Pspd, Sse, Md, Mb Md

2; 3) Pm, Fspf, Md, Mb Pm, Md, Mb

3) Pm, Ss, Apg, Fsp, Md, Mb Not investigated

3; 4) Pm, Md, Mb Pm, Md, Mb

2) Ss, Md, Mb Pm, Md, Mb

2) Pm, Mb Not investigated

2) Pm, Fsp, Md Pm, Md, Mb
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growth as described by Autio et al. [18]. The nested RT-PCR
method described by Vilcek et al. [19] was used for
detection of BRSV and the RT-PCR method [20] for
detection of bovine corona virus (BCV).

2.3. Serum analysis of viral antibodies and acute phase

proteins

ELISA kits (SVANOVA Biotech, Uppsala, Sweden) were
used to detect IgG1 antibodies specific to BRSV, parain-
fluenza virus 3 (PIV-3) and BCV from serum samples
according to the manufacturer’s instructions. Samples that
generated a corrected optical density (COD) value of �0.2
at 450 nm were regarded as positive. Calves were retro-
spectively divided into two BRSV IgG1 antibody response
groups based on serum antibody detection: the low-
response group with no detectable BRSV IgG1 before week
4 (serum COD value under the cut-off point) and a COD
value <1.5 at week 6 (n = 5) and the high-response group
with BRSV IgG1 response before week 4 and a COD value
>1.5 at week 6 (n = 5; Fig. 1).

Serum Hp was determined using the haemoglobin-
binding assay described by Makimura and Suzuki [21] with
Fig. 1. Bovine respiratory syncytial virus (BRSV) serum IgG1 corrected

optical density values of 10 calves (above) and clinical score (below) of

low IgG1 response (- -^- -; n = 5) and high IgG1 response (-^-; n = 5)

groups of calves over a 6-week period. Horizontal dotted line represents

cut-off value of assay (0.2; optical density figure). Lines connect median

values of IgG1 response groups by weeks (clinical score figure). Statistical

differences are given in the text.
the modification that tetramethylbenzidine (0.06 mg/ml)
was used as a chromogen [22]. Serial dilutions of pooled
bovine acute phase serum (lyophilized and stored in
aliquots) were used as a standard. The assay was calibrated
using a sample with a known Hp concentration provided
by a European Union concerted action on standardization
of animal APPs (number QLK5-CT-1999-0153). Haemolysis
was not visible in any of the samples. SAA was measured
with a commercially available ELISA kit (Phase SAA Assay,
Tridelta Development Ltd., Maynooth, Co., Kildare, Ire-
land), according to the manufacturer’s instructions. For
measuring serum LBP, a commercial multi-species (includ-
ing cattle) ELISA kit was used (LBP ELISA for various
species, Hycult Biotechnology, Uden, The Netherlands).
Serum AGP was analysed using a commercial radial
immunodiffusion kit for cattle (Bovine AGP, Tridelta
Development Ltd., Maynooth, Co., Kildare, Ireland).

2.4. Pulsed-field gel electrophoresis of Pasteurella multocida

isolates

P. multocida isolates were grown overnight at 37 8C in a
brain-heart infusion broth (Difco, Sparks, MD, USA). Cells
(0.9 ml) were harvested by centrifugation and washed
with 2 ml of PIV buffer (10 mM Tris–HCl, pH 7.5, 1 M NaCl).
Cells were resuspended in 0.25 ml of PIV and mixed with
an equal volume of 1.8% InCert agarose (Cambrex, Rock-
land, ME, USA) and then dispensed into plug moulds (Bio-
Rad, Richmond, CA, USA). Bacteria in plugs were lysed as
described previously [23]. After lysis, plugs were washed in
TEN buffer (10 mM Tris–HCl, pH 7.5, 0.1 mM EDTA, pH 8.0,
50 mM NaCl), and slices of plugs were digested with 10 U
SalI restriction enzyme (Roche, Mannheim, Germany).
Fragments were separated in 1% SeaKem Gold agarose
(Cambrex, Rockland, ME, USA) in 0.5� TBE by using a
CHEF-DR III system (Bio-Rad, Richmond, CA, USA). Ramp
time was 1–10 s for 17 h at 6 V/cm, and the temperature
was 12 8C. Salmonella Braenderup H9812 (XbaI-digested)
was used as a molecular marker. Restriction fragment
patterns of the isolates were compared visually.

2.5. Statistical analysis

A linear random-intercept model was used for explor-
ing time changes in serum concentrations of APPs during
the respiratory disease outbreak. APP changes in all calves
during the observation period and differences between
BRSV antibody response groups were analysed using
contrasts where every time point was compared with
the previous time point. Age of calves at the beginning of
the observation period and treatment of two calves at
week 3 were included as predictors in all models. First-
order autoregressive correlation structure (AR1) was used
for modelling serial correlations of repeated measure-
ments within calves. Plots of empirical autocorrelation
function of the normalized residuals were used to explore
adequacy of the AR1 correlation matrix. Model assump-
tions were verified by scatter and normality plots of
standardized residuals, and logarithmic transformation of
SAA, LBP and AGP and reciprocal transformation of Hp
were used. Age differences between BRSV antibody



Fig. 2. Serum concentrations of serum amyloid A (SAA), lipopolysaccharide binding protein (LBP), haptoglobin (Hp) and alpha1-acid glycoprotein (AGP) of

low bovine respiratory syncytial virus (BRSV) IgG1 response (- -^- -; n = 5) and high BRSV IgG1 response (-^-; n = 5) groups of calves over a 6-week period.

Lines connect mean concentrations of each APP in different IgG1 response groups by weeks. Statistical differences are given in the text.
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response groups at week 0 were analysed using a two-
sample Wilcoxon signed-rank test. Statistical analyses
were performed using nlme package [24] with R version
2.3.1 [25].

Changes between time points in clinical scores of all
calves and differences between BRSV antibody response
groups were analysed using a generalized linear mixed
model (GLMM) fitted by the GLIMMIX procedure (pdf
document ‘‘The GLIMMIX Procedure, June 2006’’ http://
www.sas.com/statistics/doc.html) with SAS/STAT 9.1 (SAS
Institute Inc., Cary, NC, USA) software. Poisson distribution
was used for a response variable (clinical score). Calf was
included as a random effect, and AR1 correlation structure
was used for modelling serial correlations of repeated
measurements.

3. Results

Calves presented no signs of respiratory disease or any
other disease at week 0 (three calves had a clinical score of
1 at week 0 because of rectal temperature of 39.0–39.5 8C).
All calves showed signs of BRD starting at week 1 (Fig. 1).
Clinical disease became more pronounced at weeks 2, 3
and 4 (Table 1). Clinical scores of all calves increased from
week 0 to 1 (p< 0.001) and from week 1 to 2 (p< 0.01).
Clinical scores decrease from weeks 4 to 5 (p< 0.001). No
differences were seen in patterns of clinical signs between
BRSV antibody response groups. Overall, only mild to
moderate clinical respiratory disease was recorded (max-
imal score 8). Two calves were treated with antibiotics (5
days) based on the clinical evaluation at week 3 (calves
nos. 1 and 5, clinical scores of 7 and 8, respectively)
(Table 1). These calves had also relatively high Hp values at
that time (0.43 and 0.67 g/l, respectively) (Fig. 2).

All calves were seronegative to BRSV at week 0. By week
6, all calves had become seropositive (COD values from 0.6
to 2.3) (Fig. 1). Calves were seronegative to BCV throughout
the observation period. Antibodies to the PIV-3 virus were
present in all calves at week 0, and these gradually
decreased (data not shown).

BRSV was found in five calves in the 2-week TBL
samples (Table 1) but not in 6-week TBL samples. No BCV
was found in any of the TBL samples investigated.

P. multocida was isolated from nine and six calves in the
first and second samplings, respectively, and at least once
from every calf (Table 1). The only calf with no P. multocida

infection at week 2 had an increase of SAA and LBP
concentrations from week 0 to 1 (from 13.4 to 23.8 mg/l
and from 2.6 to 9.8 mg/l respectively). No change was seen
after that (range of 2.7–5.2 mg/l and 2.0–4.3 mg/l in the
subsequent samples, respectively) and no Hp response at
all. That calf had also the lowest peak of clinical score
(Table 1).

All available P. multocida isolates (n = 14 since isolate of
calf no. 3 was not stored for further analysis) had an
identical SalI restriction pattern (data not shown).
Mycoplasma dispar was found in all TBL samples except
for one (calf no. 9 at week 2). More bacterial species were
isolated in the middle of the BRD outbreak (week 2) than at
later stage (week 6) (Table 1).

http://www.sas.com/statistics/doc.html
http://www.sas.com/statistics/doc.html
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Mean SAA and LBP concentrations of all calves
increased between weeks 0 and 1 (p< 0.001) and then
decreased between weeks 3 and 4 (p< 0.01). Mean Hp
concentrations of calves decreased between weeks 3 and 4
(p< 0.05) and mean AGP concentrations decreased
between weeks 0 and 1 (p< 0.05).

There were no differences in initial APP concentrations
or age between BRSV antibody response groups before the
outbreak of BRD. In general, APP patterns changed
differently in the antibody response groups. Calves with
low antibody response had more elevated concentrations
at week 3 (Fig. 2). Mean SAA concentration increased in the
low antibody group between weeks 2 and 3 (p< 0.001)
compared with the high antibody group, where the mean
concentration decreased. Mean LBP concentrations
decreased between weeks 1 and 2 (p< 0.05) and increased
between weeks 2 and 3 (p< 0.001) in low antibody group
compared with the high-response group, where the mean
concentrations increased and decreased, respectively. SAA
and LBP concentrations of the same three calves from the
low antibody group remained elevated to the end of the
study (weeks 4, 5 and 6) (Fig. 2). Similar differences in
changing patterns between antibody response groups
were seen also in Hp concentrations. In the low antibody
group Hp concentrations increased between weeks 2 and 3
(p< 0.05) and decreased between weeks 3 and 4 (p< 0.01)
compared with the high-response group, where no other
clear changes occurred except two high values at week 2
(Fig. 2).

4. Discussion

Changes of APP concentrations in this study will give a
holistic view of possible time sequences and host–
pathogen interactions during a spontaneous BRD outbreak
in dairy calves. The initial cause of the enzootic pneumonia
outbreak was most probably BRSV. None of the calves had
maternal antibodies against BRSV before the outbreak, as
IgG1 antibodies are transferred via colostrum [26]. All
calves developed a marked increase in antibodies by the
end of the study period. BRSV was found in TBL samples of
half of the calves at week 2, indicating a key role of the
virus infection in the outbreak. Calves were exposed to the
BRS virus probably around the time that the first samples
were obtained. Four days before the week 0 sampling, one
older calf was brought back from the veterinary clinic after
receiving operation on an umbilical hernia. This calf
showed clinical signs of BRD on arrival and was treated
with antibiotics.

Respiratory disease caused elevation of APPs in the
majority of calves. Increased values of sensitive APPs (SAA
and LBP) on weeks 1 and 3, and the highest concentrations
of Hp on week 3 also emphasize the two-stage nature of
the inflammatory response. The first inflammatory reac-
tion, reflected as an increase in SAA and LBP concentrations
at week 1, is probably a response to the BRS virus. The
subsequent more pronounced elevation of SAA, LBP and
especially Hp is likely a sign of a secondary bacterial
infection. Heegaard et al. [2] reported a biphasic response
of SAA and Hp after BRSV challenge in one calf, possibly
caused by secondary infection with Pasteurella avium,
which was found at necropsy. In the same study, high SAA
responder calves to the virus challenge had a subsequent
Hp rise, but medium and low SAA responders did not show
a Hp response. This suggests that Hp response requires
more profound tissue damage, which is more likely to
occur in bacterial infection. This is supported also by a field
study of Humblet et al. [12], where Hp was found to be a
good marker to detect calves with BRD that requiring
antibacterial and anti-inflammatory treatment. In our
study, the two calves treated with antibiotics at week 3
both had higher Hp concentrations at that time. A
synergistic effect of BRSV and bacteria was observed in
the present study. There were more bacterial species
involved in microbial growth in TBL samples taken around
the middle of the outbreak than in samples taken after
clinical manifestation (Table 1). P. multocida was most
likely responsible for the more enhanced responses of APPs
in the later stages of BRD. The only calf that had no P.

multocida infection at week 2 had a minor increase of SAA
and LBP concentrations (at week 1), no increase of Hp
concentrations and the lowest clinical response (at week
2). In our previous study [27], P. multocida infection was
related to high concentrations of all APPs investigated
(SAA, Hp, LBP, AGP, fibrinogen) in calves with BRD.

Knowledge about the genetic diversity of P. multocida

strains in bovine respiratory infections is very limited. All
calves in this study were infected with P. multocida at week
2 or week 6, and at least five on both occasions. We
genotyped all isolates with SalI restriction analysis, which
efficiently differentiates between P. multocida strains from
the bovine respiratory tract (T. Pohjanvirta, Personal
communication). All isolates had an identical SalI banding
pattern, indicating that one infective strain had persisted
throughout the study. Such predominant strains have been
described previously and suggested to have increased
capacity to cause disease [28]. P. multocida infection after
clinical disease at week 6 seems to have little effect on the
inflammatory response, supporting the findings of Allen
et al. [29]. They reported recolonization of P. multocida in
the lower respiratory tract of calves suffering from BRD
after treatment with antibiotics.

Interestingly, a more pronounced APP response, which
was seen in later stages of the BRD outbreak, was
connected with calves’ lower specific IgG1 response to
the initial BRSV infection. Calves with marked antibody
production had lower concentration of APPs at week 3
and no APP response after clinical BRD. These differences
in APP response patterns could be explained by different
onset of infection. However, calves from both groups had
similar SAA, LBP and clinical responses at week 1, and BRS
virus findings at week 2 were comparable (2 from low-
response and 3 from high-response groups; Table 1).
There was a similar distribution of antibody response
groups calves between the two fences, and one nipple of
the automatic feeder in the fence possibly assisted the
quick spread of the virus. Because this was not a
controlled infection, we cannot confirm that all calves
received the virus infection at a similar dosage and at the
same time, but our results suggest that the initial onset of
infection probably happened over a relatively short
timeframe. Also, comparable bacterial growth was
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detected in the calves of both groups (Table 1); thus, the
triggering agents for secondary infection were available.
Neither immaturity of the immune system of younger
calves (similar age distribution in groups) nor the
presence of maternal antibodies against BRSV (no
detectable IgG1 at week 0) can explain this. One possible
explanation is that calves with lower humoral immune
response to the BRSV were unable to efficiently remove
virus despite inflammatory response and were more
susceptible to subsequent secondary bacterial infections.
Calves with good antibody production, by contrast, were
more efficiently able to mount a protective inflammatory
response to clear the virus and present secondary
bacterial infections or the viral antibodies were able to
protect the respiratory epithelium against bacterial
adherence. The mechanisms by which viruses can alter
host susceptibility to a secondary bacterial infection by
altering environmental conditions and suppressing the
respiratory defence systems are numerous and complex
[30]. One of these mechanisms is enhanced adherence of
bacteria to virus-infected respiratory cells due to viral
glycoprotein expression. Bartelt and Duncan [31] sug-
gested that a protein receptor is needed for adherence of
bacteria because treatment of cells with trypsin reduced
bacteria binding. Glycoprotein G has been found to
increase Neisseria meningitis binding in RSV-infected
human epithelial cells [32], and a weak antibody
response to RSV infection has been noted in children
because of their low production of protective antibodies
against glycoproteins [33]. A study in which antibodies to
human influenza A virus protected cells from strepto-
coccal adherence [34] further supports the hypothesis
that early and sufficient production of antibodies to the
virus may have protected calves from exacerbated
bacterial infection. However, T-cell responses [35] along
with the production of specific IgG2, IgA and virus-
neutralizing antibodies [36] also have important roles in
immune response to BRSV infection, and we cannot argue
solely in favour of specific IgG1 production since we have
not measured other immune functions.

The present study shows that SAA and LBP are sensitive
markers of respiratory infection. In our previous study,
where we used calves from the same farm in exactly the
same conditions, we show how age affects concentrations
of APPs [37]. Generally, concentrations of SAA, LBP and AGP
were at the highest during the first 2 weeks of life,
decreased afterwards and then stabilized around at 3–4
weeks. This age effect explains the high values of SAA, LBP
and AGP at week 0 and the decreasing change in
concentrations of AGP between week 0 and 1. SAA and
LBP concentrations increased in the same time, indicating
the presence of inflammatory stimulus and not the effect of
age. We also controlled age along with treatment of two
calves in our statistical models, to avoid possible con-
founder effect.

In conclusion, our results indicate that APPs can be used
as a tool in clinical research for studying different aspects
of host–pathogen interaction in respiratory diseases of
calves under field conditions. They are more sensitive
markers than evaluation of clinical response, especially
when clinical disease is not very severe, as in this study. An
early increase in response to viral infection and a marked
rise in the secondary bacterial infection even when only
mild or moderate clinical signs of BRD are present, make
SAA and LBP the best candidates for this purpose. In the
same time, parallel measuring of the Hp response can be
valuable to improve the evaluation of the severity of
inflammation.
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