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Comparison of serum haptoglobin and procalcitonin 
in calves with bovine respiratory disease

Tomoko Koshiishi1), Keiichi Hisaeda2), Masanobu Nasu3), 
Shusaku Shibutani1,*) and Hiroyuki Iwata1,*)

Abstract
Bovine respiratory disease (BRD) significantly impacts the beef and dairy industries. The acute phase 
proteins procalcitonin (PCT) and haptoglobin (Hp) have been proposed as useful biomarkers for 
BRD. Here, we examined the time course of these two biomarkers in BRD-affected calves and their 
relationship to prognosis. Hp and PCT were elevated on the 1st day of examination (day 1). The PCT 
value on day 1 showed a positive correlation with the BRD score on day 7. Therefore, serum PCT 
concentration on day 1 may be used to predict whether symptoms are present on day 7. This study 
provides useful insights into the use of PCT and Hp in the diagnosis of BRD, particularly the use of PCT 
to determine prognosis. 
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Bovine respiratory disease (BRD) is a disease 
caused by the combined effects of infection with 
pathogens, such as viruses and bacteria, and 
environmental stress. BRD is a major cause of 
mortality in cattle and has a significant impact 
on the beef and dairy industries23,31). Therefore, 
the development and validation of methods for 
BRD diagnosis and prognosis is important. Given 
the complexity of the pathogenesis of BRD, it is 
important to appropriately use biomarkers with 

different reactivity to more accurately assess 
the pathogenesis. One potential biomarker is 
procalcitonin (PCT). PCT is a specific biomarker for 
bacterial infection that is elevated by stimulation 
with interleukin-1β (IL-1β), tumor necrosis factor-α 
(TNFα), and lipopolysaccharide (LPS)14,16,25). In 
cattle, serum PCT has been reported to be a useful 
biomarker as it is elevated in cases of sepsis2), 
septicemic colibacillosis11), systemic inflammatory 
response syndrome (SIRS)7), mastitis22), and 
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BRD10). We previously demonstrated that the 
presence or absence of serum PCT was associated 
with BRD-related symptoms persistence in calves, 
suggesting that PCT may be a useful biomarker 
for BRD prognosis15), suggesting that measuring 
serum PCT levels may be a useful method to 
assess bacterial infection in BRD. In addition, 
haptoglobin (Hp) is known to be a major acute 
phase protein in cattle and is elevated in response 
to trauma, non-infectious inflammation, viral 
infection, and bacterial infection19,24). It is also 
considered useful in the diagnosis of BRD10,20,30). 
Since secondary bacterial infection may contribute 
to the progression of the disease even when the 
primary cause of BRD is a viral infection13), Hp 
and PCT may show different responses and time 
courses in BRD. However, there are no reports 
examining the relationship between clinical 
symptoms and PCT or Hp in BRD calves. In this 
study, we investigated the characteristics of Hp 
and PCT as biomarkers in calves affected by 
BRD by comparing the kinetics of their serum 
concentrations, correlation with prognosis, and 
association with clinical symptoms.

The study population consisted of 22 calves 
aged 157–399 d that were raised at three farms 
in Ehime Prefecture, Japan. The study period 
spanned from December 2013 to February 2016, 
during which time the calves were found by 
their owners to exhibit abnormalities and were 
subsequently diagnosed with BRD by 0 to 1 day 
later. Twenty-two BRD-affected calves comprising 
13 Japanese black calves and 9 Japanese black/
Holstein hybrid (F1) calves were examined. 
The control group comprises five healthy F1 
calves (105–127 day old) raised at one of the 
aforementioned farms. For the BRD group, 
physical examination, auscultation, and BRD 
scores were measured on day 1 for diagnosis. The 
BRD score was defined based on the presence of 
eye discharge (scored as 0 or 2), nasal discharge 
(0 or 4), ear drop or head tilt (0 or 5), cough (0 or 
2), respiration quality (normal/rapid or difficult 
breathing) (0 or 2), and rectal temperature (0 or 
2; ≥39.2°C), considering California BRD Scoring 
System3). A BRD score of 5 or higher has been 
proposed as a value for BRD diagnosis17). On day 

1, 18 of the 22 calves exhibited a BRD score of ≥5, 
and the other four calves had a BRD score of 4. 
The BRD scores were reassessed on days 2, 3, and 
7. Treatment with antimicrobials was initiated 
and no other drugs such as anti-inflammatory 
agents were used. The number of treatment cycles 
was 4.2 ± 0.9 (2 to 9 times), and the outcome was a 
cure after treatment.

Blood samples were collected from the jugular 
vein of calves on days 1, 2, 3, and 7. Blood smears 
were prepared from heparin-treated whole blood 
samples, and leukocytes were classified and 
analyzed using an automated cell counter (KX-
21NV; Sysmex, Kobe, Japan). Serum samples 
were prepared by centrifuging heparin-free whole 
blood at 2,500 × g for 20 min at 4°C. The serum 
samples were stored at –20°C until analysis. 
Serum Hp concentrations were measured using a 
bovine haptoglobin enzyme-linked immunosorbent 
assay (ELISA) test kit (Life Diagnostics, Inc., West 
Chester, PA, USA). Serum PCT concentrations 
were measured using the bovine Procalcitonin 
ELISA kit (Cusabio Biotech, Houston, TX, USA). 
The data obtained were subjected to statistical 
analysis using GraphPad Prism 7 version 7.0e 
(GraphPad Software, San Diego, CA, USA) or 
R version 4.2.128). On day 1, specimens were 
collected from the right and left nasal cavities 
of 11 BRD-affected calves using sterile swabs, 
plated on 5% sheep blood agar plates (Nissui, 
Tokyo, Japan), and incubated aerobically at 37°C 
for 24 h. Pasteurella multocida and Mannheimia 

haemolytica were identified by microscopic 
observation after Gram staining and ID Test 
HN-20 Rapid (Nissui) according to the analytical 
profile of the kit; Streptococcus  spp. were 
confirmed by microscopic observation after Gram 
staining and a negative catalase test. Antigen 
tests for infectious bovine rhinotracheitis virus 
(IBRV), bovine parainfluenza virus type 3 (PI-
3), and bovine respiratory syncytial virus (BRSV) 
were obtained from the Nanyo Animal Health 
Center, Yawatahama Branch, Nanyo District 
Bureau, Ehime Prefecture.

Calves  in  the BRD group had a  body 
temperature of 40.4 ± 0.2°C, heart rate of 114.8 
± 7.0 /min, respiratory rate of 65.3 ± 5.3 /min, 
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and BRD score of 9.5 ± 0.9 on day 1. Abdominal 
respiration was observed in 22.7% of the calves 
and oral respiration in 9.1%. Auscultation 
revealed abnormal respiratory sounds such as 
wheezing (31.8%), rhonchi (9.1%), fine crackles 
(9.1%), coarse crackles (4.5%), increased bronchial 
sounds (22.7%), and pleural friction rub (4.5%). 
The five healthy calves in the control group 
exhibited low serum Hp (2.7 ± 0.2 μg/ml) levels 
and serum PCT concentrations below the detection 
limit (PCT = 0 pg/ml). In contrast, on day 1, the 
serum PCT and Hp concentrations of the 22 calves 
in the BRD group (186.6 ± 83.5 pg/ml and 479.8 ± 
75.7 μg/ml, respectively) were significantly higher 

than those in the control group (Fig. 1A and B). 
When serum PCT concentration was plotted 
against serum Hp concentration in individual 
cases (Fig. 1C), no significant correlation was 
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Fig. 1. Serum concentrations of procalcitonin (PCT) 
and haptoglobin (Hp) in healthy control calves and 
calves with bovine respiratory disease (BRD) on day 1 
of examination.
(A) Serum PCT concentrations in control (n = 5) and BRD-

affected calves (n = 22) on day 1 of examination. Serum 
concentrations are presented as mean ± SE. **: P <0.01 
(Brunner–Munzel test).

(B) Serum Hp concentrations of control (n = 5) and BRD-
affected calves (n = 22) on day 1 of examination. Serum 
concentrations are presented as mean ± SE. ****: P 
<0.0001 (Mann-Whitney U test).

(C) Plot of serum Hp versus serum PCT concentrations on 
day 1 of BRD-affected calves’ examination (n = 22).
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Fig. 2. Changes in serum procalcitonin (PCT), 
haptoglobin (Hp), and bovine respiratory disease 
(BRD) scores in calves with BRD.
Time course of PCT, Hp, and BRD score in 22 BRD-affected 

calves. 
Hp **** (day 7): P < 0.0001 (Dunnett’s test, compared to Hp 

concentration on day 1).
BRD score **** (days 2, 3, and 7): P < 0.0001 (Kruskal-Wallis 

test, compared to BRD score on day 1).
Figure 3
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Fig. 3. Correlation between serum Hp concentration, 
body temperature, and respiratory rate on day 1.
(A) Plot of serum Hp concentration versus body temperature 

(rectal temperature) on day 1 (n = 18). (B) Plot of serum 
Hp concentration versus respiratory rate on day 1 (n = 16).

r: Pearson’s product-moment correlation coefficient.
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observed between PCT and Hp (r = –0.100, P 

= 0.6593). The changes in serum PCT, Hp, and 
BRD scores during the survey period for BRD-
affected calves are shown in Figure 2. Serum Hp 
in the BRD group decreased significantly on days 
3 and 7 compared to day 1. On the other hand, 
serum PCT in the BRD group did not change 
significantly during the study period, and the BRD 
score in the BRD group decreased significantly 
on days 2, 3, and 7 compared to day 1. Although 
serum Hp concentration in the BRD group was 
positively correlated with body temperature (rectal 
temperature) on day 1 (r = 0.687, P = 0.0016) 
(Fig. 3A), there was no significant correlation 
between serum Hp concentration and respiratory 
rate (r = 0.364, P = 0.1659) (Fig. 3B). There was 
also no significant correlation between PCT and 

temperature or respiratory rate (r = –0.110, P = 
0.6627; r = 0.091, P = 0.7387, respectively). Serum 
Hp on day 1 in the BRD group was negatively 
correlated with the white blood cell count and 
lymphocyte count on day 1 (r = -0.438, P = 0.0471, 
r = -0.601, P = 0.00369, respectively) (Table 
1), and serum PCT on day 1 in the BRD group 
showed weak correlation with serum aspartate 
aminotransferase (AST) on day 1 (r = 0.452, P 
= 0.0348) (Table 1). Low serum albumin levels 
were found in BRD affected calves, although not 
correlated with Hp and PCT (Table 1). Other 
parameters were not significantly associated 
with Hp and PCT. Results of nasal swabs from 11 
animals for causative pathogens and serum PCT, 
Hp, and BRD scores for each detected pathogens 
are shown in Table 2. Due to the small sample 
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Table 1.  Values of general physical examination, blood tests, bovine respiratory disease (BRD) scores and their comparison 
with procalcitonin (PCT) and haptoglobin (Hp) day 1 values in BRD affected calves.

Parameter Reference value 8,12,27)
Value in BRD-affected 

calves (day 1 value except 
for BRD score)

vs. day 1 PCT vs. day 1 Hp

Correlation 
coefficient P value Correlation 

coefficient P value

Temperature (˚C) 38-39 40.4 ± 0.2 -0.11 0.663 0.732 0.000549

Respiration (min) 12-36 65.3 ± 5.3 0.0906 0.739 0.261 0.329

WBC (/μl) 4000-12000 9276.2 ± 520.2 -0.0097 0.967 -0.438 0.0471

Neu (/μl) 600-4000 1864.8 ± 284.6 0.227 0.31 -0.0734 0.745

      Band (/μl) 0-120 117.9 ± 37.3 0.176 0.434 0.292 0.187

Lym (/μl) 2500-7500 7175.2 ± 344.2 -0.185 0.411 -0.601 0.00369

Mon (/μl) 25-840 212.2 ± 49.2 -0.0559 0.805 -0.114 0.613

AST (IU/L) 43-127 57.4 ± 3.1 0.452 0.0348 -0.255 0.252

Alb (g/dL) 3.03-3.55 2.9 ± 0.2 -0.435 0.0553 0.0634 0.791

Albumin/Globulin 0.84-0.94 0.9 ± 0.2 -0.273 0.243 -0.147 0.534

Day 1 BRD score 9.8 ± 0.9 -0.0618 0.785 0.22 0.325

Day 7 BRD score 0.8 ± 0.3 0.611 0.00255 0.218 0.33

WBC: white blood cells, Neu: neutrophils, Band: band neutrophils, Lym: lymphocytes, Mon: monocytes, AST: aspartate aminotransferase, 
Alb: albumin.
Data represent mean ± SE.
Spearman’s rank correlation coefficient.

Table 2.  Results of nasal swab bacterial culture and viral antigen tests in 11 bovine respiratory disease (BRD)-affected calves 
and day 1 serum procalcitonin (PCT), haptoglobin (Hp), and BRD scores. 

Detected pathogen(s) Number of calves PCT (pg/ml) Hp (μg/ml) BRD score

Pasteurella multocida 3 118.7 ± 87.8 972.5 ± 164.9 7.0 ± 3.0

Pasteurella multocida and Streptococcus spp. 5 107.6 ± 107.6 603.2 ± 170.6 11.0 ± 1.4

Pasteurella multocida, Streptococcus spp., and BRSV 2 604.1 ± 604.1 523.0 ± 68.2 14.0 ± 1.0

Not detected 1 Below detection limit 558.8 13.0

BRSV: bovine respiratory syncytial virus. 
Data represent mean ± SE.
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size, no clear trend of each marker by pathogen 
type was observed, and no statistical analysis was 
performed.

When evaluating the BRD score on days 2, 3 
and 7, there were 7 calves that had a BRD score 
> 0, i.e., BRD symptoms persisted until day 7. 
Symptoms that persisted through day 7 were 
abnormal respiration in 5 calves (1 wheezing 
and 4 increased bronchial sounds), increased 
bronchial sounds and fever in 1 calf, and coarse 
crackles and fever in 1 calf. PCT on day 1 was 
positively correlated with BRD score on day 7 (r = 
0.611, P = 0.00255). Hp and BRD score on day 1 
were not significantly correlated with BRD score 
on day 7 (r = 0.218, P = 0.33; r = -0.00502, P = 
0.982, respectively). To examine the relationship 
between the Hp, PCT, and BRD scores on day 1 
and presence/absence of symptoms (BRD score ≥ 
0) on day 7, the sensitivity and specificity of the 
Hp, PCT, and BRD scores were calculated and 
the Receiver Operating Characteristic (ROC) 
curves were visualized (Fig. 4). The area under 
the ROC curve (AUC), a measure of the predictive 
performance of the classification model, was 
0.657, 0.824, and 0.543 for the Hp, PCT, and BRD 
scores, respectively. The cutoff values for serum 
PCT and Hp concentrations for predicting the 
presence of symptoms on day 7 of diagnosis were 
17.8 pg/ml (sensitivity 0.867, specificity 0.857) and 
435.8 μg/ml (sensitivity 0.533, specificity 0.857), 

respectively.
PCT is considered a specific biomarker for 

bacterial infections in humans14,16,25). Recent 
studies have measured PCT in calf blood2,7,10), and 
the mean plasma PCT concentration in Holstein 
newborn calves was reported to be 33.3 pg/ml7). 
The average plasma Hp concentration in healthy 
Japanese black cattle was reported to be 0.1 μg/
ml30). The serum PCT and Hp concentrations of 
healthy F1 fattening calves measured in this 
study were below the detection limit and 2.7 ± 
0.2 μg/ml, respectively (Fig. 1); these low values 
were similar to the values previously reported. In 
contrast, both serum Hp and PCT concentrations 
in calves affected with BRD were significantly 
higher (Fig. 1). In this study, there was no 
clear relationship between serum PCT and Hp 
concentration (Fig. 1C). This may be because PCT 
and Hp have different induction mechanisms. 
The blood concentration of Hp, an acute phase 
protein, is increased by inflammatory cytokines 
(IL-6, TNF-α, IL-1β) that stimulate its synthesis 
and secretion21,24). PCT is secreted in response to 
stimulation by inflammatory cytokines TNF, IL-
1β, IL-6, IL-8, and IL-10, and its expression is 
also induced by tissue damage9). The fact that 
PCT and Hp act relatively independently was 
also highlighted when their time course was 
evaluated (Fig. 2). Serum Hp was high on day 
1, but significantly decreased on days 3 and 7 
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Figure 4
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Fig. 4. Prediction of symptom presence/absence on day 7 using serum haptoglobin 
(Hp) and procalcitonin (PCT) concentrations on day 1 of the examination: 
Receiver Operating Characteristic (ROC) analysis.
ROC analysis of the presence or absence of symptoms on day 7 using serum Hp 

concentration, serum PCT concentration, and BRD score on day 1 of BRD examination 
(without symptoms on day 7: n = 15, with symptoms: n = 7).

AUC: area under the curve.
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(Fig. 2). This was similar to a report of a decrease 
in Hp after treatment in BRD32). The serum 
Hp concentration on day 1 showed a negative 
correlation with the lymphocyte count on day 1 
(Table 1). A decrease in lymphocytes due to acute 
inflammation caused by BRD has been reported5), 
and it was speculated that the negative correlation 
between Hp and lymphocytes seen in this study 
reflected acute inflammation on day 1. However, 
the mean lymphocyte count on day 1 was within 
the normal range. A significant positive correlation 
was observed between Hp and rectal temperature 
on day 1 (Fig. 3A and Table 1). As Hp is known 
as a major acute phase protein in cattle, it was 
thought to reflect acute inflammation as well. 

In contrast to Hp, persistently elevated levels 
of PCT were observed (Fig. 2). Sustained high 
PCT levels have been reported to be associated 
with poor prognosis in sepsis patients, indicating 
that PCT can be a useful prognostic biomarker in 
severe sepsis4). Furthermore, as a correlation was 
observed between the PCT value on day 1 and AST 
(Table 1), it is possible that calves with high PCT 
levels experienced BRD with lung tissue damage, 
and that respiratory abnormalities continued 
until day 7. The ROC analysis performed in this 
study showed that PCT had the best AUC value 
(Fig. 4), indicating an association between serum 
PCT concentration on day 1 and the presence 
of symptoms on day 7 (abnormal respiration). 
The ROC analysis results also imply that PCT 
values may reflect persistent disease, and it was 
thought to be superior to Hp in terms of prognosis 
prediction. These findings suggest that PCT 
measurement may be useful in the diagnosis and 
selection of treatment strategies for tissue damage 
(e.g., lung damage) that may cause persistent 
disease, particularly respiratory abnormalities.

A tendency to decreased serum albumin was 
observed in cattle with BRD (Table 1). Albumin 
is known to be a negative acute phase protein in 
cattle19,24), and it was inferred that the decrease in 
albumin in this study reflected the inflammation of 
BRD. Respiratory rate, neutrophil count, monocyte 
count, and albumin/globulin were not associated 
with PCT and Hp on day 1 (Table 1). Increased 
respiratory rate was observed in BRD affected 

calves and was thought to be due to fever and 
decreased lung function1). Increased respiratory 
rate can also occur with heat, exercise, and acute 
stress29), and increased respiratory rate in BRD 
has been reported to be unrelated to symptom 
severity1). Neutrophils have been reported to be 
increased in severe cases of BRD1). No association 
with neutrophil count was found in this study 
(Table 1) probably because there were no severe 
cases. Increased monocytes were observed during 
acute stress and during the healing phase of acute 
and chronic infections26). We have previously 
observed increased monocytes in BRD affected 
cows with elevated PCT15), but not on day 1 of this 
study (Table 1). Albumin/globulin ratios have been 
reported to be decreased in BRD18). On the other 
hand, there are reports that albumin/globulin ratio 
did not decrease with some cases of BRD6,18), and 
a decrease in albumin/globulin ratio is associated 
with BRD severity18). In the present study, it was 
within the reference value12), presumably because 
there were no cases of severe BRD in this study. 

The characteristics and differences between 
PCT and Hp demonstrated in this study suggest 
that measuring these markers can provide a 
multifaceted interpretation of the pathology 
of  BRD-af fected catt le .  Further  studies , 
including long-term follow-up of BRD chronic 
cases, investigation of more severe cases, and 
classification of the causative agent of BRD, 
will provide more detailed information on the 
usefulness of Hp and PCT as BRD biomarkers. 
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