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Bovine respiratory disease (BRD) is a multifactorial disease complex that causes major 

economic losses to farmers worldwide due to high morbidity and mortality. Several viral 

agents are considered to be primary cause of BRD, but more often than not, secondary 

bacterial agents are involved in the disease. Mycoplasma are also a major agent in BRD as 

primary or secondary factor. Environment plays a role as a catalyst to the disease.  

The present study was done to investigate the correlation of serum amyloid A (SAA) 

measured from tracheobronchial lavage (TBL) and clinical signs of BRD as well as the 

correlation of SAA measured from TBL fluid and SAA measured from blood serum. Samples 

were collected and clinical examination was performed in 10 calves during two times three 

weeks apart from 40 herds in all-in all-out calf-rearing farms in Finland. In total study 

included samples from 396 calves. Only those samples where all information was available 

were included in this study (450 samples, 234 from the first and 216 from the second time). 

There was significant positive association found between serum amyloid A measured from 

tracheobronchial lavage fluid and nasal discharge during the 1st sampling time. During the 

2nd time sampling nasal discharge was not significant anymore but fever showed tendencies 

of positive association. SAA measured from serum was higher during both sampling times 

compared to SAA measured from TBL fluid. Local and systemic SAA did not correlate.  
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Veiste hingamisteede haigus (bovine respiratory disease, BRD) on paljude põhjustega 

haiguste kompleks, mis põhjustab suure haigestumuse ja suremuse tõttu 

põllumajandustootjatele kogu maailmas suurt majanduslikku kahju. BRD peamiseks 

põhjuseks peetakse mitut viirustekitajat, kuid enamasti on haigusega seotud sekundaarsed 

bakteriaalsed tekitajad. Ka mükoplasmad on primaarse või sekundaarse tegurina olulised 

BRD tekitajad. Keskkond mängib rolli haiguse katalüsaatorina. 

Käesolevas uuringus määrati hingamisteede haigusega vasikate trahheobronhiaalse loputuse 

(TBL) vedeliku ja vere seerumi amüloid A (SAA) sisaldus ning selgitati nende võimalikke 

seoseid esinevate kliiniliste tunnustega. Samuti uuriti lokaalse ja süsteemse SAA omavahelist 

seost. Proovid koguti ja kliiniline läbivaatus viidi läbi 10 vasikaga 40 karjast 38 Soome 

vasikakasvatusfarmis kahel korral kolme nädalase vahega. Kokku oli uuringus 396 vasikat. 

Antud uuringusse kaasati nende vasikate proovid kellelt oli olemas täielikud andmed (kokku 

450 proovi, 234 esimesest ja 216 teisest korrast). 

Esimesel proovivõtul leiti märkimisväärne positiivne seos TBL vedeliku SAA ja ninanõre 

esinemise vahel. Sellist seost ei ilmnenud teisel proovivõtmise ajal, kuid siis oli palavikuga 

esinemisega olulisusele lähedane positiivne seos. Seerumist mõõdetud SAA oli mõlema 

proovivõtu ajal kõrgem võrreldes TBL vedelikust mõõdetud SAA-ga. Lokaalne ja süsteemne 

SAA ei olnud omavahel seoses. 

Märksõnad: veiste hingamisteede haigused, seerumi amüloid A, kliinilised tunnused, 

vasikad 
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ABBREVATIONS 

 

SAA   Serum amyloid A 

Hp   Haptoglobin 

APR   Acute phase response 

APP   Acute phase protein 

BRD   Bovine respiratory disease 

BRSV  Bovine respiratory syncytial virus 

PIV3   Parainfluenza virus 3 

BVDV   Bovine viral diarrhea virus 

BCV   Bovine corona virus 

BAV   Bovine adenovirus 

BHV-1   Bovine herpes virus 1 

TTW   Transtracheal wash 

TTA   Transtracheal aspirate 

BAL   Bronchoalveolar lavage 
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RNA   Ribonucleic acid 

LBP   Lipopolysaccharide binding protein 

AGP   Alpha1-acid glycoprotein 

PBS   Phosphate-buffered saline 

TBL   Tracheobronchial lavage 

MAA   Milk amyloid A 
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INTRODUCTION 

 

Bovine respiratory disease (BRD) complex is one of the most economically significant disease 

of calves causing high mortality and morbidity. The disease is multifactorial caused by 

infectious agents, as well as predisposing factors such as impaired host immune defense, stress, 

and environment (Härtel et al., 2004). Commonly viral agent, such as bovine respiratory 

syncytial virus (BRSV), parainfluenza virus 3 (PIV3), bovine viral diarrhea virus (BVDV), 

bovine corona virus (BCV), bovine adenovirus (BAV) and bovine herpes virus 1 (BHV-1), is 

the primary cause of bovine respiratory disease, often with secondary bacterial infection by 

Histophilus somni, Pasteurella multocida, Mannheimia haemolytica, and Trueperella pyogenes 

(Woolums, 2015). 

Acute phase response (APR) is combination of reactions that is set to motion due to trauma, 

infection, or other tissue damage to protect the organism. One of the major part of APR is the 

production of acute phase proteins (APP) (Baumann & Gauldie, 1994). APPs are wide, 

heterogenous group of proteins. They have variety of biological functions, many of them not 

yet known. APPs are sensitive but non-specific biomarkers, providing information about APR 

and the course of disease. The serum concentration of APPs differs based on species specific 

response as well as severity of the disease. Serum amyloid A (SAA) and haptoglobin are one 

of the major APPs in bovines (Petersen et al., 2004). 

This study aimed to determine the correlation between SAA measured tracheobronchial lavage 

and clinical signs during respiratory disease outbreak in calves. From tracheobronchial lavage 

possible pathogens were determined. Correlation between SAA measured from 

tracheobronchial lavage and serum was also determined. 
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1. LITERATURE REVIEW 

1.1.  Bovine respiratory disease 

Bovine respiratory disease (BRD) is disease commonly affecting calves. The disease complex 

is a major cause of economic loss in bovine herds. There are multiple different pathogens as 

well as predisposing factors that are connected to BRD (Härtel et al., 2004; Autio et al., 2007).  

1.1.1. Etiology 

BRD is a multifactorial disease complex that has involvement of pathogens, compromised 

immunity as well as environmental factors.  Immunity of the animal can be compromised due 

to concurrent disease, nutritional deficiencies, chronic stress, or young animals’ failure to 

acquire passive immunity from colostrum. For example, long distance transport, crowding and 

mixing new animals can lead to chronic stress. Multiple environmental reasons can contribute 

to the development of BRD. Poor air quality with high concentrations of airborne particles, 

infectious agents or noxious gases makes it easier for the respiratory pathogens to transmit form 

animal to animal. Improper housing causing heat or cold stress which in turn can affect 

nutritional demand causes increased susceptibility of the disease. Crowding, besides causing 

long term stress, increases opportunities for transmission of disease. The same effect is seen 

when mixing different age groups (Woolums, 2015).  

1.1.2. Viral agents 

Bovine respiratory synsytical virus (BRSV) is one of the major agents causing BRD, that is 

distributed worldwide. RSV has been classified into family Paramyxoviridae and more 

specifically belonging to the genus Orthopneumovirus within this family. BRSV is a single 

stranded RNA virus (Rima et al., 2017). Single stranded RNA viruses have good potential for 

mutation, making them very adaptable. BRSV, as most respiratory pathogens spread 

horizontally via droplets. Clinical symptoms caused with BRSV peak usually 4 to 6 days after 

infection. In naïve calves’ clinical signs can develop 2 days after exposure. Animals will, in 

most cases recover within 10 days. Synergic infections with other pathogens can be a factor in 

longer infections as well as worse disease. For example, infection with BRSV and Histophilus 

somni will lead to significantly worse disease when compared to the clinical signs each 

pathogen would cause as a single agent (Gershwin et al., 2005).  
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Parainfluenza virus 3 (PIV3) is a very similar virus compared to BRSV and belongs to family 

Paramyxoviridae but into genus Respirovirus. As BRSV, PIV3 is an enveloped virus with non-

segmented, single-stranded, negative-sense RNA genomes (Amarasinghe et al., 2019).  

Bovine herpes virus-1 (BHV-1) is an enveloped DNA virus, classified in the family 

Herpesviridae, subfamily Alphaherpesvirinae, genus Varicellovirus. Two major mechanisms 

mediate respiratory disease caused by BHV-1. BHV-1 cause cellular damage to infected 

epithelial cells of upper respiratory tract and bronchi, resulting in increased susceptibility to 

secondary infection. Second mechanism is the immunosuppressive actions of BHV-1 by 

decreasing neutrophil chemotaxis and mitogen- induced blastogenesis of lymphocytes. BHV-1 

also can cause latent infection in neural tissue which can reactivate later for example due to 

stress (Muylkens et al., 2007). 

Bovine corona virus (BCV) is a pneumoenteric virus that cause infection in upper and lower 

respiratory tract as well as intestine. BCV is part of family Coronaviridae and in the order 

Nidovirales (González et al., 2004). Respiratory BCV is detected in nasal secretions, lungs, and 

commonly in intestine as well as feces. BCV causes classical respiratory disease clinical signs 

in calves. It is one of the most commonly met pathogen in BRD outbreaks (Kiser & Neibergs, 

2021).  

Adenoviruses are nonenveloped double-stranded DNA viruses, belonging to the family 

Adenoviridae. Several, at least 10, serotypes of bovine adenovirus (BAV) have been identified 

(Fent et al., 2002; Narita et al., 2003). BAV has been shown to cause pneumonia, enteritis, 

conjunctivitis, keratoconjunctivitis, and “weak calf syndrome” in calves. However, BAV often 

cause subclinical infection (Woolums, 2015). It has also been a common finding with other 

viral and bacterial pathogens (Fent et al., 2002). 

Globally bovine viral diarrhea virus (BVDV) does play a part in BRD complex. BVDV is a 

enveloped ribonucleic acid (RNA) virus, part of the family Flaviviridae and the genus 

Pestivirus (Tautz & Thiel, 2003). BVDV infection can cause wide variety of disease 

presentation, however here, only the effects to BRD will be discussed. BVDV may alone 

present with mild respiratory clinical signs such as tachypnea, fever and increased respiration 

sounds on auscultation. BVDV has also been shown to significantly worsen the clinical 

presentation of the disease caused by M. haemolytica, BHV-1 or BRSV when coinfection 

BVDV is present (Brodersen & Kelling, 1998). Immunosuppression caused by BVDV is 
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thought to be the reason behind the more severe infections during coinfections with other 

pathogens (Baule et al., 2001). 

1.1.3. Bacterial agents 

Bacterial agents commonly associated with BVD include H. somni, P. multocida, M. 

haemolytica, and T. pyogenes often cause a secondary co-infection with the viral agent (Autio 

et al., 2007). Especially P. multocida has been associated with clinical disease (Nikunen et al., 

2007)  

M. haemolytica is a is a gram-negative aerobic bacterium of the family Pasteurellaceae. M. 

haemolytica is considered part of the normal flora of bovine nasal and pharyngeal mucosa 

(Purdy et al., 1997; Al-Ghamdi et al., 2000). In the lung M. haemolytica should not be found. 

It is considered to be opportunistic pathogen (Snyder & Credille, 2020). There are at least 12 

serotypes of M. haemolytica. Some of them are pathogenic and others nonpathogenic (Al-

Ghamdi et al., 2000; Purdy et al., 1997). Stress of transportation or a viral infection, such as 

BHV-1 and PIV-3 infection, have been shown to influence the rapid proliferation of virulent 

M. haemolytica serotype. Secondary infection with M. haemolytica has been shown to increase 

the susceptibility to severe bronchopneumonia in calves infected with respiratory viruses such 

as BHV-1, PIV-3, BVDV, and BRSV, or Mycoplasma spp. (Frank et al., 2002). 

P. multocida is also a gram-negative aerobic bacterium of the family Pasteurellaceae. Like M. 

haemolytica, P. multocida is part of the normal flora of bovine nasal and pharyngeal mucosa 

(Woolums, 2015). P. multocida, based on antigenic differences in bacterial capsule and 

lipopolysaccharide (LPS) composition, has five (A, B, D, E, and F) serogroups. Of these, 

serogroup A is the most prevalent when we are talking about respiratory disease (Dabo et al., 

2007). Nikunen et al. (2007), found a significant correlation with clinical signs of respiratory 

disease and elevated serum acute phase proteins and isolation of P. multocida in Finnish calves. 

Autio et al. (2007) found that P. multocida was one of only three pathogens found from 

bronchoalveolar lavage samples more commonly from diseased than from healthy animals. 

However, they did not find a correlation of clinical signs and P. multocida, when the pathogen 

was isolated as a singular agent. 

H. somni is a gram-negative aerobic bacterium of the family Pasteurellaceae. It can be found 

as part of the normal flora of bovine genital mucosa as well as the mucosa of upper respiratory 

tract. It can cause disease in variety of organs, including pneumonia and pleuritis. There are 

several serotypes of H. somni identified, however more studies are required to associate specific 
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serotypes with disease like it has been done with M. haemolytica and P. multocida (Woolums, 

2015). 

T. pyogenes (formely known as Arcanobacterium pyogenes) is a gram-positive rod-shaped 

bacterium. T. pyogenes is a commonly causes internal and subcutaneous abscess in ruminants 

but is sometimes isolated from lungs of animals with respiratory disease. T. pyogenes is 

considered to be opportunistic pathogen, playing a part in respiratory disease as secondary agent 

to a viral agent or other bacteria causing a primary disease. T. pyogenes is commonly associated 

with chronic infection and lung abscessation (Rzewuska et al., 2019). 

1.1.4. Mycoplasma 

Mycoplasma bovis is the major mycoplasma affecting the cattle at the current age. Besides the 

several other diseases that M. bovis can cause, it plays a major role in BRD complex. 

Mycoplasmas are highly resistant to antimicrobials, making treatment much more complicated. 

Antimicrobial resistance, especially insensitivity to β-lactam antibiotics, is due to the lack of 

cellular wall of mycoplasma species (Caswell et al., 2010).  

M. bovis can colonize mucosal surfaces where it can latently persist without causing clinical 

signs. When animal is in early stages of infection M. bovis can be isolated from several body 

sites, especially in the upper respiratory tract. Upper respiratory tract is also one of the major 

sites of shedding. Shedding of M. bovis usually lasts two months or less but there is also a 

possibility of persistent infection and intermittent shedding for years. Stressful events will 

increase rates of nasal shedding(Nicholas et al., 2002; Maunsell et al., 2011). The intermittent 

chronic infection that is asymptomatic is a pivotal part in the epidemiology of M. bovis and the 

maintenance of the infection within the heard. Introduction of asymptomatic animal to the heard 

is also believed to be the main route how naïve heard becomes infected (Maunsell et al., 2011).  

M. bovis can cause a coinfection with other pathogens. Commonly reported pathogens 

associated with M. bovis infection causing pneumonia include M. haemolytica, H. somni, and 

coinfection with P. multocida (Fulton et al., 2009; Gagea et al., 2006). Some reports are also 

made about association with BVDV and M. bovis (Shahriar et al., 2002).  

M. dispar is another mycoplasma commonly met in BRD. M. dispar is able to cause mild 

pneumonia and mastitis and is commonly isolated from lungs and nasal swabs of pneumonic 

animals. It can be isolated from healthy animals as well, but isolation from diseased animals is 

more frequent (Angen et al., 2009). Often M. dispar causes mixed infections with bacteria or 
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another mycoplasma like M. bovis. Close contact to infected animals is considered to be the 

route of infection of M. dispar (Thomas et al., 2002).  

1.1.5. Clinical signs  

Clinical signs of BRD vary in severity and longevity depending on the causative agent or agents. 

General clinical signs of BRD, of undetermined origin, start in the beginning of the disease as 

the animals presenting by standing off by themselves and by having depressed appetite. They 

can appear depressed, move slower and hold their ears and head in lower position. From there 

clinical signs progress to fever, in bovines above 39.2 Celsius, respiratory signs such as 

coughing, increased respiratory rate, above 40 per minute, crackling sounds during auscultation 

of lungs and nasal discharge. Nasal discharge usually starts off as more serous and develop to 

mucopurulent discharge (Angen et al., 2009; Woolums, 2015).  

1.1.6. Diagnosis 

Currently available sampling methods for diagnosis of specific cause of BRD include 

nasopharyngeal swab, transtracheal wash (TTW) or transtracheal aspirate (TTA), non-

endoscopic bronchoalveolar lavage (nBAL) and endoscopic bronchoalveolar lavage 

(endoscopic BAL) (Pardon & Buczinski, 2020). Tracheobronchial lavage (TBL) is also a 

feasible option (Nikunen et al., 2007). There is not still a golden standard for diagnosis for 

BRD. All the current methods have their advantages and disadvantages (Pardon & Buczinski, 

2020). Often treatment is started solely based on clinical presentation and diagnostic methods 

are utilized if the treatment fails (Woolums, 2015). Importance of more specific diagnosis of 

related agents in BRD outbreak becomes more and more important due antimicrobial resistance, 

which has also been detected among respiratory tract bacteria of bovines. Recognizing bacterial 

agent present in BRD, can have a change in first choice antibiotic compared to making the 

decision empirically (Pardon & Buczinski, 2020).  

 Of the above-mentioned diagnostic methods nasopharyngeal swabs will provide limited 

amount of information. The biggest issue with the swab being the large number of 

polymicrobial samples recovered. This makes the clinical interpretation much more difficult 

(van Driessche et al., 2017). 

Better ways to obtain more informative sample include TTW and TTA. Difference between 

TTW and TTA is that TTA involves aspiration of the mucous that is present in the respiratory 

tract whereas TTW includes fluid instilment into the lungs and immediate aspiration. As these 
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samples rely on perforating trachea, the incidence of contamination is smaller, however still 

possible to happen. TTW has been commonly preferred for bacteriology whereas BAL for 

cytology (Pardon & Buczinski, 2020). 

Blind BAL techniques have been developed to overcome the economical limitations endoscopic 

BAL has. Endoscopic BAL is also not the most functional in farm setting where usually 

multiple animals need to be sampled, and the risk of equipment damage is high. Due to these 

facts nBAL is preferred (Pardon & Buczinski, 2020).  

NBAL is performed by blindly through nose, larynx and trachea, until large bronchus is reached 

a catheter is placed. Through catheter saline is injected and gently aspirated. The volume of 

injected saline varies depending on studies performed, varying from 30 ml to 250 ml (van 

Leenen et al. 2019; Pardon & Buczinski, 2020). 

TBL is technique is similar to nBAL. A sterile plastic tube is advanced through nostril and 

ventral nasal sinus into trachea. Smaller tube is then inserted through the 1st one to avoid 

contamination from upper airways. Smaller tube will be advanced to tracheobronchial tree. 

Saline is injected, and immediately aspirated (Nikunen et al., 2007). Difference between TBL 

sample and BAL sample is that BAL sample presents more the lower airways compared to TBL 

(Nikunen et al., 2007; Pardon & Buczinski, 2020). 

There are plenty of available tests for identification of pathogens in BRD. Some of the more 

commonly and readily available tests include microbial culture, PCR, serology (Antibody 

ELISA), culture-enriched direct MALDI-TOF and nanosequencing. These tests are of varying 

properties, for example, cultures are a great choice if antibiogram is needed. Serology can be 

used to detect both infection and vaccination status. PCR has high sensitivity and doesn’t 

require live organisms. With PCR pooling of samples is also possible (Pardon & Buczinski, 

2020). 

1.1.7. Treatment 

Treatment options for BRD are limited mainly to supportive therapy. Secondary bacterial 

infections are managed with antibiotic treatment. Nonsteroidal anti-inflammatory drugs are also 

indicated as part of treatment (Woolums, 2015).  There are several vaccines developed against 

different pathogens causing BRD. However, the results of the vaccine efficacy are mixed 

(Chamorro & Palomares, 2020). Supportive therapy to manage viral infections include 

providing good quality feed and fresh water to affected animals as well as avoiding unnecessary 
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stressors such as transport, mixing animals or dehorning. Important part of the treatment and 

prevention of BRD is improvement of environment, including providing good shelter, 

appropriate humidity and to avoid crowding (Woolums, 2015).   

1.2.  Acute phase response  

Infections, traumas, and other tissue damage cause physiological reaction involving local 

inflammatory response as well as initiation of systemic response. This is also called acute phase 

response (APR). APR is an important part of innate immune response involving multiple 

organs, and leading to many different behavioral, physiologic, and biochemical and nutritional 

changes (Ceciliani et al., 2012). APR is induced by cytokines that act as messenger between 

site of injury and hepatocytes producing acute phase proteins (APP) (Petersen et al., 2004). 

Most prominently seen reactions in APR includes fever, leukocytosis as well as qualitative and 

quantitative changes in APPs. APPs are not structurally related and can be found in blood and 

other bodily fluids (Baumann & Gauldie, 1994; Ceciliani et al., 2012). 

1.3.  Acute phase proteins in bovines 

APR has effect on over 200 proteins, when including all proteins that have change of at least 

25% in concentration. The change APR has to APPs, makes them good possible candidates for 

inflammation or infection quantifiable indicators to be used in veterinary medicine. The change 

in APP concentration is either classified as positive if the concentration increases or as negative 

if the concentration decreases. It is believed that APPs have a significant part in systemic 

response to inflammation. These include opsonization of pathogens, the removing of potentially 

toxic substances and regulation of different stages of inflammation (Ceciliani et al., 2012). 

Many APPs react rapidly to stimulus with significant increase in concentration within 24-48 

hours from stimulus. These rapid responders are classified as major APPs. Major APPs are 

detected only in small concentrations if at all in normal animals, but when stimulated they 

increase rapidly 10-1000-fold. Both hepatocytes and peripheral tissue can produce APPs 

(Ceciliani et al., 2012). 

1.3.1. Haptoglobin 

Haptoglobin (Hp) is a α2-globulin with hemoglobin (Hb) binding abilities. Hp is also 

considered bacteriostatic due to the ability to bind to free hemoglobin and thus preventing the 

bacteria from bind to the iron (Petersen et al., 2004). Pathogens with iron-acquisition systems 
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can however still overcome this and utilize hemoglobin when it is bind to hp. During innate 

immune response hp is considered to have as anti-inflammatory activity (Ceciliani et al., 2012). 

Several factors can lead to increased hp concentrations, including infections caused by several 

viral and bacterial pathogens associated with BRD. Besides infections and inflammations for 

example surgeries, like castration or rumenotomy, transportation, or starvation has been proven 

to increase hp concentrations (Petersen et al., 2004).  

Hp, according to Humblet et al. (2004) was found to be a great marker for identifying calves 

that need antibiotic and anti- inflammatory treatment during respiratory disease outbreak.  

1.3.2. Lipopolysaccharide binding protein 

Lipopolysaccharide binding protein (LBP) plays an important part in innate immune response 

against bacteria (Zweigner et al., 2006). LBP is part of small family of lipid transfer binding 

proteins whose role is to participate in host defense. Besides LBS, bactericidal permeability-

increasing protein (BPI), cholesteryl ester transfer protein (CETP) and phospholipid transfer 

protein (PTP) belong to this group (Bingle & Craven, 2004). LBP is mainly produced in liver 

but (Rahman et al., 2010) provided information in their study of the presence of extra hepatic 

expression of LBS in variety of bovine tissues. 

1.3.3. Alpha1-acid glycoprotein 

Alpha1-acid glycoprotein (AGP) has anti-inflammatory properties. It can act as plasma 

transport protein and immunomodulate the immune response. AGP may also act as chaperone 

or protect organism against bacteria (Ceciliani et al., 2012) In healthy cattle serum 

concentration of AGP is approximately 0.3 mg/ml. AGP concentration increases two to four-

fold in response to inflammation or injury (Eckersall et al., 2001). Bovine AGP has strong anti-

inflammatory properties. The protein affects all the stages of the monocytes and PMN attack 

sequence (Ceciliani et al. 2012). 

1.3.4. Systemic serum amyloid A 

Serum amyloid A (SAA) is believed to have multiple functions but not all of them are jet well 

established (Petersen et al., 2004). SAA ability to bind to cholesterol, its immunomodulatory 

activity and opsonization are at least considered to be among the functions of SAA. SAA is 

structurally considered to be apolipoprotein. There are several different forms of SAA found 

(Ceciliani et al. 2012). 



15 
 

In bovines SAA increase in serum or plasma indicates infections or inflammations, either 

naturally or experimentally occurring ones. By stimulation of pro-inflammatory cytokines, such 

as interleukin (IL)-6 and tumor necrosis factor (TNF)-α, SAA is excreted from liver (Ceciliani 

et al., 2012; Petersen et al., 2004). SAA has been proven to increase in calves after birth and 

reduce to stable level around day 21 after birth. SAA is low immediately after birth but will 

quickly increase, indicating that external factors play a major part in the increase. No evidence 

of direct transfer of SAA from colostrum across the neonate intestine is seen, however it is 

theorized that inflammatory mediators in colostrum could cross neonatal intestine and lead to 

stimulation of hepatic production of APPs (Orro et al., 2008).  

1.3.5. Local production of serum amyloid A 

Besides systemic production of SAA in liver, SAA can also be excreted form various tissues 

locally. There are several isoforms of SAA including milk specific form of SAA associated 

with bovines. In bovines the most studied extrahepatic production of SAA is from milk 

(Ceciliani et al., 2012; Petersen et al., 2004). In the mammary gland SAA isoform SAA3 is 

produced locally in mammary epithelial cells. SAA3 production in mammary epithelial cells 

can be stimulated by gram negative and gram-positive bacteria. In a study done by Simojoki et 

al. (2009), systemic and local SAA reaction to mastitis caused by Staphylococcus chromogenes 

was studied. In the study diverging patterns of local and systemic SAA response could be seen. 

Animals that had the strongest systemic response to disease, presented with a low local SAA 

reaction and were able to eliminate the bacteria fast. However, individuals with no systemic 

reaction had moderate local SAA response and persistent infection was developed by the others. 

According to the results of the study, quality of inflammatory response might play an important 

part for the result of infection. 

 

Conclusions of literature review 
 

Bovine respiratory disease complex is one of the most economically relevant disease complex 

causing morbidity especially in calves. BRD includes several pathogens, viral- as well as 

bacterial agents and mycoplasmas. Environmental factors also play a part in the presentation of 

the disease. In most cases of BRD more than one pathogen is involved. Synergistic infections 

have been shown to cause more severe clinical presentations of respiratory disease. The 
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complex nature of BRD makes the specific diagnosis and treatment more complicated. No 

golden standard of diagnosis is yet established for BRD.  

BRD will activate APR, leading to the production of APPs. The major APPs in bovines include 

SAA and Hp. Specific pathogens may cause more significant reaction to certain APPs. One 

study found correlation with P. multocida and significant increase in serum SAA. APPs have 

great potential as quantifiable indicators of infection or inflammation such as BRD. They are 

sensitive but non-specific biomarkers. For APPs to be useful in BRD management, more 

research is needed.  
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2. AIMS OF THE STUDY 

 

Aim of this study is to study the concentrations of SAA in TBL fluid and serum in calves with 

respiratory disease and to investigate the associations between TBL fluid SAA and serum SAA 

concentrations with different clinical signs of BRD.  
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3. MATERIALS AND METHODS 

 

3.1.  Animals and heard 

Forty herds were examined in 38 all-in all-out calf-rearing farms where clinical signs of 

respiratory disease were present. Farms were in different parts of Finland. The samples were 

collected between October 2002 and January 2004. Calves were brought from several dairy 

farms at median age of 13 days. The median heard size in compartments was 36.5 (range from 

13 to 80) and the calves were housed in large group pens ranging from 9 to 51 calves. All calves 

were unvaccinated. Milk replacement either ad libitum by artificial teats were fed in 24 herds 

and by an automatic milk-feeding system in 16 herds. In 32 herds acidified milk replacement 

was used. All calves had free access to hay, concentrate and water.  

Ethical Committee of the Finnish Veterinary and Food Research Institute approved the use of 

the animals.  

1.1.  Clinical Classification 

First visit to herds were done approximately 17.5 days post-arrival. Clinical examination for 

the calves was done by veterinarian in all rearing units. Classification of animals was done 

based on signs of respiratory disease: healthy, suspect of disease and diseased. Animal was 

considered to be diseased if three or more of the following clinical signs was present: body 

temperature >39.5ºC, respiratory rate >45/min, nasal discharge, coughing or increased 

respiratory sounds. Animals were classified as healthy when temperature was <39.5ºC, 

respiratory rate was <40/min, no nasal discharge or cough or increased respiratory sounds were 

present.  

1.2.  Samples 

From each calf blood samples from jugular vein – centrifuged (3000 rpm 10 minutes), serum 

was stored in aliquots at -20ºC until analysis. Paired samples were collected 3-4 weeks later. 

From each unit 10 animals were selected and sampled twice with 3 weeks gap. In total 396 

animals were sampled. For present study 234 samples were included from the 1st time of 

sampling and 216 samples were included from the 2nd time of sampling, 446 samples in total 
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were included. Only samples from calves with complete data (records of clinical signs and AA 

concentrations measured in TBL and serum) were included. 

For obtaining tracheobronchial lavage (TBL) assistant restrained each calf in a manner where 

neck was kept extended. A sterile plastic tube was inserted into a nostril, through ventral nasal 

sinus, to trachea. Through the plastic tube, a smaller tube was inserted and passed far down to 

tracheobronchial tree. 30 milliliters of sterile phosphate-buffered saline (PBS) solution was first 

injected via the smaller tube into the tracheobronchial tree and immediately after that drawn 

back to the syringe. 20 milliliters of sterile PBS solution were used to repeat the lavage in case 

the first sample was not sufficient. TBL fluid was divided to aliquots and stored in -20ºC for 

further analysis. 

1.3.  Laboratory analysis 

SAA was analyzed using a commercially available ELISA test “PHASE” TM Serum Amyloid 

A Assay Multispecies (Tridelta Development Ltd., Dublin, Ireland) according to the 

manufacturer instructions for bovines. It is “sandwich” method based where mononuclear 

antibodies specific to SAA bind to assay plate. Initial dilution of 1:50 and 1:1000 was used for 

TBL fluid and serum samples respectively. 

As TBL fluid dilution was unknown, dilution of TBL sample were calculated using urea 

measurement from TBL fluid and serum sample of the same calf. Urea is freely permeable in 

extracellular space and can be used as endogenous marker of dilution. This method is described 

by McGorum et al. (1993) for measuring bronchoalveolar fluid dilution in horses. Dividing 

TBL urea concentration with serum urea concentration from the same animal and multiplying 

this with measured SAA concentration in TBL fluid will allow to compare TBL SAA between 

different calves. Urea from TBL and serum were measured using kinetic, enzymatic method 

with urease and glutamate dehydrogenase (ACCENT 200 Urea II Gen, PZ Cormay S.A., 

Poland) with Chemistry analyzer BS-200 (Mindray Bio-Medical Electronics, Chenzhen, 

P.R.China). 

1.4. Statistical methods 

Spearman rank correlation was used for determination of the correlation between SAA 

correlations from serum and TBL. Mixed linear regression models were used to study 

associations between clinical signs of BRD and SAA concentrations in TBL fluid and calves’ 

serum separately by sampling time. As SAA concentrations in TBL and serum were not 
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normally distributed logarithmically transformed TBL fluid SAA and serum SAA were 

included as response variables. Farm was included as random intercept in all models. Age as 

continuous variable was included to all models and clinical signs as categorical variables (tables 

2 and 3) were included to initial full models as explanatory variables. Stepwise backward 

elimination procedure was used for final models and possible cofounding were checked (change 

of coefficients over 15%).  

The statistical analysis of the study was made using statistical program STATA 14.2 (StataCorp 

LP, Texas, United States). P-values ≤0.05 were considered significant and p-values of 0.051-

0.099 were regarded as close to significant. 
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2. RESULTS 

 

The mean value of TBL SAA concentration was 38.7 mg/l during the 1st sampling time and 

29.7 mg/l during the 2nd sampling. Median of TBL SAA was 14.2 mg/l, ranging from 1.2-

1715.4 mg/l and 12.7mg/l ranging from 1.2-463.6 mg/l, respectively. Serum SAA concentration 

mean value was 67.7 mg/l during 1st sampling and 47.1mg/l during 2nd sampling. Median of 

serum SAA was 55.0 mg/l, ranging from 3.6-339.9 mg/l and 29.6 mg/l, ranging from 1.7-222.3 

mg/l, respectively.  
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Figure 1. Serum amyloid A (SAA) concentrations from tracheobronchial lavage (TBL) fluid 

and serum in both sampling times. The median level is marked with a horizontal line in the box. 

The upper level of box is the upper quartile and the lower level of box is the lower quartile. The 

whiskers of box-plots represents data calculated with Tukey method (shows points individually 

when their distance from the median exceeds 1.5 times the interquartile range). The numbers 

on x-axis marks the number of calves. 

 

Concentrations of serum SAA were higher during both sampling times (figure 1.). TBL SAA 

had more variation in the measured concentrations. However no significant correlation between 

SAA concentrations were found on either time of sampling. Spearman's correlation coefficients 

-0.042 and -0.067, respectively. 
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Table 1. Mean, standard deviation, median, minimum and maximum values of clinical 

parameters in both sampling times as well as distribution of fever and increased respiratory 

frequency in number of animals and percentage 

Variable Sampling time 

  1st (n = 234) 2nd (n = 216) 

Temperature (°C) 
  

Mean ± SD 39.2 ± 0.53 39.1 ± 0.45 

Median; Min - Max 39.1; 38.0-40.8 39.1; 37.8-40.6 

Fever (≥39.5°C), n (%) 
  

No 163 (69.7) 176 (81.5) 

Yes 71 (30.3) 40 (18.5) 

Respiratory frequency   

Mean ± SD 43.2 ± 13.3 41.3 ± 11.2 

Median; Min – Max 40; 20-84 40; 20-90 

Respiratory frequency 

(≥45 breaths/min), n (%) 

  

No 140 (59.8) 145 (67.1) 

Yes 94 (40.2) 71 (32.9) 

Heart rate  
  

Mean ± SD 114 ± 22 112 ± 21 

Median; Min – Max 114; 60-190 114; 60-180 

 

There are very small changes in temperature, respiratory rate and heart rate when comparing 

the sampling times. Table 1 shows that all three parameters are slightly higher in the 1st time 

sampling than in the 2nd time. Fever, temperature equal or over 39.5°C is more prominently 

present during 1st sampling time. More animals were also having increased respiratory rate 

during 1st time of sampling compared to 2nd (table 1). 

Ocular discharge and nasal discharge are seen more during the 2nd time sampling. Cough is seen 

more in the 1st sampling time. Respiratory sounds are quite equally reported in both times, only 

0.13% more animals with increased respiratory sounds in 1st sampling time. Joint swelling is 

seen in less than 1% in both times sampling (table 2).  
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Figure 2. Figure showing the effect of nasal discharge category and sampling time to 

tracheobronchial lavage (TBL) serum amyloid A (SAA) concentrations. The median level is 

marked with a horizontal line in the box. The upper level of box is the upper quartile and the 

lower level of box is the lower quartile. The whiskers of box-plots represents data calculated 

with Tukey method (shows points individually when their distance from the median exceeds 

1.5 times the interquartile range). The numbers on x-axis marks the number of calves. 

 

During the 1st sampling time 46.0% of animals had varying degree of nasal discharge compared 

to, 55.1% during 2nd sampling 3-4 weeks later (table 2). TBL SAA concentration was higher, 

the more severe the nasal discharge was during the 1st sampling time. During 2nd sampling times 

the TBL SAA concentration did not increase in the same manner but remained low even with 

more severe discharge (figure 2). 

 

 

 

 

 



24 
 

Table 2. Distribution of clinical examination findings in calves and percentages in both 

sampling times 

Variable Sampling time, n (%) 

  1st (n = 234) 2nd (n = 216) 

Nasal discharge  
  

  No discharge 127 (54.3) 97 (44.9) 

  Clear discharge 66 (28.2) 73 (33.8) 

  Mucoid discharge 41 (17.5) 46 (21.3) 

Ocular discharge 
  

  No discharge 201 (85.9) 169 (78.2) 

  Discharge 33 (14.1) 47 (21.8) 

Cough 
  

  No cough 178 (76.1) 173 (80.1) 

  Cough 56 (23.9) 43 (19.9) 

Joint swelling 
  

  No swelling 232 (99.1) 214 (99.1) 

  Swelling 2 (0.9) 2 (0.9) 

Respiratory sounds 
 

  Normal 126 (53.8) 117 (54.2) 

  Increased 108 (46.2) 99 (45.8) 

 

Significant positive association was found between nasal discharge and TBL SAA during the 

first sampling time. The more severe the nasal discharge is during first time of sampling the 

more significant the correlation is. However. in the second sampling time. nasal discharge was 

not significantly correlating with the TBL SAA. From second sampling time. there could be a 

tendency of correlation with fever (temperature over 39.5ºC) and TBL SAA (p = 0.063). Fever 

was statistically significantly positively correlating with serum SAA during both sampling 

times. Positive correlation between serum SAA and hyperventilation (≥45 breaths/min) during 

the 1st sampling time. Hyperventilation had no significant effect on TBL SAA (table 3).  
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Table 3. Associations of respiratory disease clinical signs during sampling times 1 and 2. with 

tracheobronchial lavage (TBL) fluid and blood serum amyloid A (SAA) concentrations 

evaluated by mixed linear regression models 

Variable n Coef. SEM p-value 

TBL SAA first sampling time (n = 234) 
   

Age (days) 
 

-0.017 0.008 0.034 

Respiratory frequency (≥45 breaths/min) 
   

  No 140 0 
  

  Yes 94 -0.179 0.166 0.280* 

Nasal discharge 
    

  No discharge 127 0 
  

  Clear discharge 66 0.403 0.183 0.028 

  Mucoid discharge 41 0.608 0.221 0.006 

Intersept 
 

3.117 0.276 <0.001 

Serum SAA first sampling time (n = 234) 
  

Age (days) 
 

-0.012 0.006 0.037 

Fever (≥39.5°C) 
    

  No 163 0 
  

  Yes 71 0.464 0.121 <0.001 

Respiratory frequency (≥45 breaths/min) 
   

  No 140 0 
  

  Yes 94 0.450 0.112 <0.001 

Intersept   3.953 0.207 <0.001 

TBL SAA second sampling time (n = 216) 
   

Fever (≥39.5°C)         

  No 176 0 
  

  Yes 40 0.402 0.216 0.063 

Respiratory frequency (≥45 breaths/min) 
   

  No 145 0 
  

  Yes 71 -0.257 0.178 0.150* 

Intersept   2.634 0.103 <0.001 

Serum SAA second sampling time (n = 216) 
  

Fever (≥39.5°C)         

no 176 0 
  

yes 40 0.841 0.176 <0.001 

Intersept   3.124 0.115 <0.001 

* Variable retained in the model as cofounder 
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3. DISCUSSION 
 

Significant association was only found between nasal discharge and TBL SAA during 1st time 

of sampling. Some tendencies between fever and TBL SAA were found during 2nd sampling 

time. Other clinical signs of BRD, such as cough, ocular discharge, increased respiratory sound, 

respiratory frequency or heart rate were not significant. No significant association was found 

between TBL SAA and serum SAA. Serum SAA had positive association with fever regardless 

of the time of sampling.  

Systemic and local SAA reaction have different patterns. Simojoki et al. (2009) concluded in 

their study that cows with more systemic response to disease had hardly any milk amyloid A 

(MAA) reaction. Milk amyloid A is the local SAA, produced by mammary gland epithelial 

cells and secreted in the milk, that can be used as a biomarker for mastitis (Simojoki et al.,2009). 

But cows with no systemic signs had moderate MAA reaction. Similar pattern could be present 

in respiratory infection as well, where nasal discharge is a sign of local response and therefore 

would create more local SAA reaction compared to animals with fever having more pronounced 

reaction in serum SAA. The significance of nasal discharge correlating with TBL SAA during 

1st time sampling could be explained by this as well as the correlation being stronger, the more 

severe discharge is present as this would indicate more pronounced local inflammation. 2nd 

sampling was done three weeks later and most likely animals still showing clinical signs are 

now having a chronic or more systemic infection.  

During the second time sampling fever had some tendencies of correlation with TBL SAA. 

Some tendencies with TBL SAA and fever during second sampling time could be due to 

reinfection in calves. Serum SAA correlation with fever is also supported by Simojoki et al. 

(2009) findings of stronger systemic SAA reaction in animals with more severe systemic 

clinical signs. 

Coskun et al. (2012) found in their study that SAA measured both from serum and BAL fluid 

will significantly increase in calves with bronchopneumonia compared to control group of 

healthy animals. They concluded that SAA concentrations in BAL fluid is a good indicator for 

pulmonary injury. This also supports the results of the present study where associations with 

different clinical signs and both TBL SAA and serum SAA was found.  Some studies such as 

Angen et al. (2009) however in their study found that SAA measured from serum sample were 
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closer together when measured from calves with respiratory disease compared to healthy 

animals and when compared to Hp measured from serum samples of same animals. They 

concluded in the study that in field settings Hp would be better suited APP due to bigger and 

more prolonged response resulting in higher sensitivity in detecting disease even though SAA 

is more rapidly responding and sensitive. One problem with SAA is that stress will have an 

impact on the systemic reaction. They also concluded that potentially harmful pathogens 

detected in lower airways of clinically healthy animals did not have any effect on serum SAA. 

In the current study stress could be a factor since calves were transported to rearing units. Angen 

et al. (2009) did not measure local production of SAA therefore local reaction could not be 

completely excluded in animals with no clinical signs but testing positive to potentially harmful 

pathogens.  

In the current study no correlation was found between TBL SAA and serum SAA. Similar 

results of local and systemic SAA not correlating are reported by Gerardi et al. (2009). They 

studied the potential MAA and serum SAA in diagnosis of subclinical mastitis. In their study 

no correlation was found between MAA and serum SAA. They considered that the lack of 

correlation is most likely due to SAA protein homologue expressed in the udder as well as due 

to presence of milk-specific form of bovine SAA. Similar reasons of local isoform being 

produced in lungs could be behind the lack of correlation between TBL SAA and serum SAA. 

However, this needs further investigations. These results and the results of the current study 

shows that systemically produced SAA does not correlate with the local production of SAA and 

location of the local production of SAA does not affect the correlation.  

SAA as a local and systemic inflammation marker in lungs may provide important information 

about the pathophysiology of respiratory disease in bovines. SAA has potential to be an early 

biomarker of BRD in calves. Early detection and prediction of progression of the disease and 

better understanding of the pathophysiology would provide invaluable knowledge for farmers 

and veterinarians and would help to ease the management of the disease and minimize the 

economic burden BRD causes. Further studies of the effects different pathogens have on 

systemic and especially local reaction of SAA would be warranted. Furthermore, studying the 

timeline at which TBL SAA stops correlating with nasal discharge would be beneficial to 

understand better the process local SAA has in lungs. 
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CONCLUSIONS 
 

In conclusion this study found positive correlation with nasal discharge and SAA measured 

from TBL fluid during the 1st time of sampling at the beginning of the disease process. The 

correlation was also found to be stronger the more severe the discharge was, 3 to 4 weeks later 

this positive association was no longer significant, but fever showed some tendencies of positive 

correlation. SAA measured from serum had positive significant association with fever during 

both sampling times. Increased respiratory rate was correlating with serum SAA during 1st time 

of sampling. This study found no correlation between SAA measured from TBL fluid and SAA 

measured from serum.  

Results of this study suggest that nasal discharge at the beginning of disease indicates more 

local disease process. SAA from TBL fluid can be considered a useful indicator of pulmonary 

inflammation in calves and may provide information of pathophysiology of respiratory disease 

in bovines. However, more studies are needed to determine the importance of local acute phase 

response in the respiratory system. 
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