
1408

J. Dairy Sci. 100:1408–1416
https://doi.org/10.3168/jds.2016-11825
© American Dairy Science Association®, 2017.

ABSTRACT

The objective of this study was to compare acute-
phase protein [serum amyloid A (SAA) and haptoglobin 
(Hp)] and immunoglobulin G1 and M concentrations in 
blood plasma of cases of bovine perinatal mortality due 
to infection in utero or traumotocia and in unexplained 
cases. Plasma samples were collected from 110 stillborn 
calves with bacterial infection (INF_B, n = 16), with 
viral or parasitic infection (INF_V/P, n = 31) during 
pregnancy, with lesions of fatal traumotocia (TRAUM, 
n = 22), and from unexplained deaths (UNEXPL, n = 
41). Plasma immunoglobulin and SAA concentrations 
were measured by ELISA, and Hp concentrations were 
measured by the guaiacol method and ELISA. Concen-
trations of SAA in the INF_B group were higher than 
in the UNEXPL group and tended to be higher than 
in the INF_V/P group. A reference range (0–29 mg/L) 
was established for SAA in stillborn calves. Concentra-
tions of Hp tended to be higher in the INF_B group 
compared with INF_V/P group. Concentrations of IgM 
tended to be higher in the INF_B group compared with 
the TRAUM and INF_V/P groups. Concentrations of 
IgG1 were numerically, but not significantly, higher in 
the INF_V/P and INF_B groups compared with the 
other groups. The results demonstrate upregulation of 
immune and inflammatory responses in stillborn calves 
exposed to bacterial infection in utero. The immune-
inflammatory parameters did not differ between calves 
with viral or parasitic infections and traumotocia. 
These immune-inflammatory profiles did not contrib-
ute to the diagnosis of unexplained stillbirth. This 
is the first report of an elevated acute phase protein 
response in stillborn calves. Measurement of SAA and 
IgM concentrations may be used in the diagnosis of 
bacterial infections in stillborn calves.

Key words: bovine, stillbirth, acute phase proteins, in 
utero infection

INTRODUCTION

Bovine perinatal mortality may be defined as calf 
death at full-term pregnancy (≥260 d), before, during, 
or within 48 h of calving (Berglund et al., 2003; Mee 
et al., 2014). Herd-level perinatal mortality rates vary 
between 0 and 30%, with median values between ap-
proximately 4 and 7% (Fourichon et al., 2001; Mee et 
al., 2008). In recent years, high and increasing perina-
tal mortality rates have been reported internationally, 
particularly in Holstein primiparae (Meyer et al., 2001; 
Berglund et al., 2003; Mee et al., 2008). The significant 
modifiable and nonmodifiable risk factors associated 
with bovine perinatal mortality/stillbirth have recently 
been documented (year of calving, month of calving, 
plurality, primiparity, previous perinatal mortality, and 
fetal sex; Mee et al., 2014).

Despite this knowledge about risk factors, stillborn 
calves remain a diagnostic challenge. The causes of 
death (COD) in bovine stillbirth vary internationally 
(Mee et al., 2013) but they may be classified simply as 
noninfectious and infectious. Multiple COD (co-mor-
tality) and causative agents complicate diagnosis. The 
most common noninfectious cause of bovine stillbirth 
is moderate and severe calving assistance (dystocia or 
traumotocia; Mee and Szenci, 2012; Mee, 2013); even 
slight calving assistance (but not dystocia) is associated 
with increased risk of stillbirth (Mee et al., 2008). How-
ever, in some studies, dystocia explained only about 
half of the stillbirths from primiparae (Berglund et al., 
2003). This suggests that other non-dystocial factors 
are associated with bovine stillbirths.

Numerous infectious causes of bovine stillbirth have 
been documented. Compared with abortion (birth of a 
non-viable fetus preterm), infection is a less common 
COD in stillborn calves. Infections account for between 
3 and 12% of stillbirths diagnosed internationally in 
necropsy studies (Mee, 2013). Infectious agents de-
tected in stillborn calves include Salmonella Dublin, 
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Escherichia coli, Aeromonas, Proteus, Streptococcus, 
Staphylococcus, Neisseria, Absidia, Acinetobacter spp. 
(Smyth et al., 1992), Corynobacterium pyogenes, 
Leptospira spp. (Smyth et al., 1992, 1999), Bacillus 
licheniformis, Mannheimia varigena (Syrjala et al., 
2007), Listeria spp., Neospora caninum (Waldner et 
al., 2010), Salmonella Stanley (Jawor et al., 2013), 
Coxiella burnetii (Waldner et al., 2010; Muskens et 
al., 2012), bovine viral diarrhea virus (Smyth et al., 
1992), Schmallenberg virus (Bayrou et al., 2014), and 
bovine herpesvirus 1 and 4 (Kirkbride, 1992; Egyed et 
al., 2011). It is recognized that some of these isolates 
are probably contaminants (e.g., Proteus) and others 
are probably secondary opportunistic infections (e.g., 
Streptococcus).

In approximately one-third of perinatal mortality 
cases, no cause of death can be detected (Berglund et 
al., 2003; Khodakaram-Tafti and Ikede, 2005). The “un-
explained stillbirth” is an additional problem for vet-
erinary practitioners and for laboratory diagnosticians. 
The high rate of unexplained stillbirths in calves may 
be due in part to the traditionally narrow diagnostic 
testing menu used in veterinary laboratories. Hence, 
various physiological markers have been investigated 
to see whether it is possible to predict stillbirth even 
if the COD cannot be diagnosed. These included pa-
rameters in dams (Kindahl et al., 2002; Kornmatitsuk 
et al., 2004) and in calves (Kornmatitsuk et al., 2004) 
to monitor fetal well-being and predict stillbirth. How-
ever, these studies had a small number of dams and 
stillborn animals, limiting their ability to define useful 
parameters. In addition, although these studies tried to 
predict the risk of stillbirth, they could not determine 
the COD as being infectious or noninfectious.

An alternative approach to investigating unexplained 
stillbirths is to monitor markers of infection as possible 
predictors of stillbirth. Both circulating neutrophils 
and immunoglobulins have been studied. High mater-
nal prepartum neutrophil counts predicted the risk of 
stillbirth in heifers (Chassagne et al., 1999). In cattle, 
immunoglobulins from the dam do not cross the pla-
centa but the fetus has the ability to produce IgM and 
IgG after 90 and 111 d of pregnancy, respectively (Ellis 
et al., 1978). The older the fetus, the higher the concen-
trations of IgM and IgG detectable in serum (Sawyer 
et al., 1973). High serum immunoglobulin concentra-
tions are strong indicators of fetal infection (Ohmann, 
1981). For example, serum samples from bovine fetuses 
experimentally infected with chlamydia, Campylobacter 
fetus, C. burnetii, bluetongue virus, bovine virus diar-
rhea virus (BVDV), Anaplasma marginale, and the 
agents of epizootic bovine abortion had higher IgM 
and IgG concentrations compared with those of pre-

colostral newborn control calves (Sawyer et al., 1973). 
Calves vaccinated prenatally with E. coli from 9 to 102 
d before birth took 10 to 14 d to respond to bacterial 
antigen administered orally (Conner et al., 1977). In 
addition to a humoral immune response, intrauterine 
infection can lead to fetal infection and inflammation. 
Microorganisms may gain access to the amniotic cavity 
and fetus by ascending from the vagina and cervix or 
via hematogenous dissemination through the placenta 
(transplacental infection). The most common pathway 
of intrauterine infection is the ascending route (Romero 
et al., 2003). Microorganisms or their products can 
stimulate the fetus to produce cytokines and a sys-
temic inflammatory response. In human medicine, this 
is described as the fetal inflammatory response syn-
drome (FIRS) and is diagnosed by elevated IL-6 con-
centration in fetal blood; FIRS is typically diagnosed 
in preterm fetuses but can also occur in term fetuses 
(Chaiworapongsa et al., 2002; Bashiri et al., 2006). Hu-
man fetuses with FIRS have a higher rate of neonatal 
complications and are frequently born to mothers with 
subclinical microbial invasion of the amniotic cavity 
(Bashiri et al., 2006).

In contrast to human fetuses, little is known about 
the immuno-inflammatory responses in bovine fetuses. 
To date, there have been no studies on the acute-phase 
response in bovine stillborn calves. The acute-phase 
response is nonspecific and it develops after any distur-
bance of homeostasis, but particularly inflammation. 
The body mounts a multifactorial response to remove 
and replace damaged tissue. One of the mechanisms 
involved is the production and secretion of acute-phase 
proteins (APP) by the liver (Eckersall and Conner, 
1988). In ruminants, testing for APP allows early and 
precise detection of inflammation. The most common 
APP measured in cattle are haptoglobin (Hp) and 
serum amyloid A (SAA) (Eckersall and Bell, 2010). 
The APP have been widely used during monitoring 
of treatment (Smith et al., 1998; Jawor et al., 2008), 
as an objective parameter for detecting sick animals 
(Gruys et al., 1993; Deignan et al., 2000), monitoring 
of calf group health (Gånheim et al., 2007; Furman-
Fratczak et al., 2011), or as a tool to estimate the safety 
of repeated liver biopsy (Vels et al., 2009; Jawor et al., 
2016). To date, there are no published studies about 
APP in stillborn calves.

The hypothesis tested in this study was that in cases 
of perinatal bovine mortality, where infection is present, 
there will be increased concentrations of fetal circula-
tory immunoglobulins and APP. Two sub-hypotheses 
were tested: (1) that the magnitude of the fetal immu-
no-inflammatory response may differ depending on the 
type (bacterial, viral, parasitic) of infection, and (2) 
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that lower, but detectable, concentrations of immuno-
inflammatory biomarkers may be found in cases of 
traumotocia due to trauma-induced inflammation and 
in “unexplained stillbirths” due to undiagnosed infec-
tions. Hence, the objective of this study was to compare 
immuno-inflammatory biomarkers APP (Hp and SAA) 
and immunoglobulins (G1 and M classes) in cases of 
bovine perinatal mortality diagnosed with intrauterine 
infection or traumotocia or in unexplained cases.

MATERIALS AND METHODS

Calves

In total, 110 calves were selected from a database 
of bovine perinatal mortality (n = 698; 0–48 h old) 
necropsy cases from Irish dairy farms over 3 yr (2011–
2013). The case inclusion criteria were full-term (≥260 
d of gestation), died within 1 h of birth (on average, 3 
min old, varying from 0 to 60 min), but did not con-
sume colostrum. Calves were either Holstein-Friesian 
(n = 47) or Holstein-Friesian or Jersey crossbreds (n = 
63; Aberdeen Angus, Belgian Blue, Holstein-Friesian, 
Jersey, Norwegian Red, or Swedish Red sires).

Necropsy and Laboratory Examinations

All carcasses were subjected to systematic external 
and internal gross examinations and sampling for mi-
crobiology and immune-inflammatory biomarkers by 
the same pathologist. The calving or death to necropsy 
(sampling) interval was, on average, 28 h, and varied 
between 3 and 75 h. Ear biopsies were collected using 
tissue tags and individually tested for BVDV by anti-
gen ELISA (HerdChek BVDV* Ag/Serum Plus, Idexx 
Europe B.V., Hoofddorp, the Netherlands). Abomasal 
contents were aseptically collected into a Vacutainer 
(Becton Dickinson, Plymouth, UK) and inoculated onto 
5% blood agar, Brucella agar, Campylobacter agar, and 
Sabouraud dextrose plates and incubated at 37°C in 8% 
CO2. In addition, abomasal contents were aerobically 
cultured on xylose lysine deoxycholate (XLD) agar at 
37°C and examined for Salmonella spp. Fetal blood 
was collected using a 10-mL syringe into a heparin-
ized Vacutainer (LH 170 IU, BD Vacutainer, Becton 
Dickinson), centrifuged (2,000 × g, 10 min, 4°C), and 
the plasma was stored at −20°C. The degree of plasma 
hemolysis was visually evaluated as follows: no or very 
slight (n = 39 samples), moderate (n = 65), and sig-
nificant (n = 6). Plasma was tested for antibodies to 
Neospora caninum and to Schmallenberg virus (SBV) 
using a Neospora ELISA (IS IVET Bovine Serum 

Neospora Caninum LSI-ELISA, Laboratoire Service 
International, Lissieu, France) and an SBV ELISA (ID 
Screen Schmallenberg Virus Indirect ELISA, ID.vet, 
Montpellier, France), respectively.

Plasma was analyzed for SAA by a multispecies 
ELISA (TP 802, Tridelta Development, Maynooth, Ire-
land) with intra- and interassay coefficients of variation 
(CV) of 13.6 and 11.3%, respectively, and a detection 
limit of 9.4 mg/L. Plasma haptoglobin was determined 
either by the microplate guaiacol method [measuring 
peroxidase activity of haptoglobin-hemoglobin (Hp-Hb) 
complex] (for 84 samples with no or moderate degree of 
hemolysis) or by ELISA (#2410-7 Life Diagnostics Inc., 
Knypersley, UK) (for 26 samples with no, moderate, or 
significant degree of hemolysis). The Hp guaiacol intra- 
and interassay CV were 4.3 and 11.2%, respectively. 
The Hp ELISA intraassay CV was 8.4% and, as only 
one plate was used, no interassay CV was calculable. 
Hemolysis interferes with the guaiacol method; however, 
the guaiacol and ELISA methods are highly correlated 
(r = 0.97; Cooke and Arthington, 2012). The guaia-
col method (Jones and Mould, 1984) was performed 
with standard serum from Tridelta Development (TP-
801CAL) to generate the standard curve. The detection 
limit was 50 mg/L (detection limit of 15.6 mg/L in the 
ELISA). Plasma immunoglobulin concentration was 
determined by ELISA (E10-101, E10-116, Bethyl Labo-
ratories, Montgomery, TX). The intra- and interassay 
CV for IgM was 6.9 and 8.9% and for IgG1 was 10.0 and 
7.1%, respectively. The limits of detection for IgM and 
IgG1 were 39.05 and 54.67 mg/L, respectively.

Diagnostic Groups

Four mutually exclusive diagnostic groups were 
compared, 2 infection groups: bacterial (INF_B; 
n = 16) and viral or parasitic infection of calves in 
utero (INF_V/P; n = 31) and 2 control groups: 
traumotocia (TRAUM; n = 22) and unexplained 
death (UNEXPL; n = 41). Diagnosis of infection was 
made only in calves, not their dams. The case inclusion 
criterion for the INF_B group was detection in pure 
or nearly pure growth of one of the following primary 
fetopathogens: Bacillus licheniformis (5 cases), Salmo-
nella Dublin (7 cases), Trueperella pyogenes (3 cases), 
or Listeria monocytogenes (1 case). The case inclusion 
criterion for the INF_V/P group was diagnosis of the 
following fetal infections: BVDV (7 cases) or Neospora 
caninum (6 cases) as outlined above, or Schmallen-
berg virus fetopathy (18 cases) by the EFSA criteria 
(EFSA, 2013; 2 or more of the following malformations: 
arthrogryposis, hydranencephaly, torticollis, kyphosis, 
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scoliosis, or brachygnathia inferior) with the presence 
(9 cases) or absence of fetal SBV antibodies. The case 
inclusion criteria for the TRAUM group were detection 
of severe antemortem lesions (hemorrhage at the lesion 
site) consistent with iatrogenic parturient trauma at 
assisted calvings: fractured spine/vertebral luxation, 
fractured ribs (costal and costo-chondral junctions), 
fractured mandible, limb fractures, moderate and se-
vere subcutaneous thoracic and limb hemorrhages/
bruising, hemoarthrosis, hepatic rupture, moderate 
and severe hemoperitoneum, diaphragmatic hernia, or 
polytrauma. The case inclusion criteria for the UN-
EXPL group were failure to meet the inclusion criteria 
of the other 3 groups and where the cause of death 
was undetermined. This was a diagnosis of exclusion 
in the absence of assignable cause of mortality with no 
detectable lesions; that is, “idiopathic stillbirth.” Once 
calves met these mutually exclusive inclusion criteria, 
they were selected based on sufficient plasma sample 
available (>100 μL) for analysis and the least degree of 
blood sample hemolysis, as assessed visually.

Statistical Analysis

Statistical analyses were conducted using Statistica 
12.5 (StatSoft Inc., Tulsa, OK). Data were checked 
for normality using the Shapiro-Wilk test. As data 
for each analyte were not normally distributed, even 
after logarithmic transformation (log10), the groups 
were compared by nonparametric analysis. The ranked 
group values were analyzed using the Kruskal-Wallis 
ANOVA with a Bonferroni adjustment for post hoc 
multiple comparisons when differences between paired 
groups were significant (P < 0.05). The odds ratios 
were calculated according to Altman (1991). For clar-
ity, means and standard errors of the nontransformed 
data are presented. In addition, the frequencies of cases 
above and below the normal threshold values for each 
analyte were compared between groups by Pearson’s 
chi-squared analysis. Statistical, tendency, and numeri-
cal differences were defined by P-values of <0.05, <0.1 
but >0.05, and >0.1, respectively.

Initially, both infection groups were combined and 
compared with the other 2 groups, and then the former 
were disaggregated into the 2 infection groups for fur-
ther analyses. Because of the limited number of cases 
within individual infection type within groups, intra-
group biomarker profile comparisons were not carried 
out. Normal ranges for each analyte except SAA (which 
has no published reference range for newborn calves) 
were sourced from the peer-reviewed literature: Hp 
<100 mg/L from Richter (1974); IgM <110 mg/L and 
IgG1 <160 mg/L from Sawyer et al. (1973).

A logistic regression model with nonlinear estima-
tion Rosenbrock and quasi-Newton method was 
used to evaluate which variable—SAA, Hp, IgM, or 
IgG1—would be a predictor to discriminate bacterial 
infection from other COD categories. A receiver oper-
ating characteristic (ROC) analysis was performed to 
evaluate the ability of predictor variables to discrimi-
nate between bacterial infection and other COD. The 
sensitivity (Se) versus 1 minus specificity (1 − Sp) 
over all possible threshold values of the parameters was 
plotted. The optimal cut-off point was defined based 
on the Youden index [J = max (Se + Sp − 1)], which 
maximizes Se and Sp across various cut-off points, and 
the cut off with the highest J is selected. The optimal 
cut-off value for diagnosis of bacterial infection was 
determined where possible for each analyte.

RESULTS

Comparisons Between Groups

We detected no significant differences in SAA, Hp, 
IgG1, or IgM concentrations between calves infected 
in utero (INF_B and INF_V/P combined) and calves 
that died due to traumotocia or unexplained causes. 
After splitting the infection category into INF_B and 
INF_V/P groups, SAA concentrations were significant-
ly higher in the INF_B group than in the UNEXPL 
group (P = 0.04) and tended to be significantly higher 
than in the INF_V/P group (P = 0.06). Concentrations 
of Hp tended to be higher in INF_B compared with 
INF_V/P (P = 0.06). Concentrations of IgM tended 
to be higher in INF_B compared with TRAUM (P = 
0.051) and INF_V/P (P = 0.09). The mean (SEM) 
values for each biomarker are shown in Table 1. The 
mean (SEM) concentrations (mg/L) of SAA, Hp, and 
IgM were numerically higher in INF_B compared with 
INF_V/P, TRAUM, and UNEXPL.

Comparisons with Reference Ranges

The percentages of calves in each group with APP 
concentrations above the published threshold reference 
values for Hp, IgM, and IgG1 are shown in Table 2. 
In addition, the percentage of calves above the normal 
threshold for SAA was calculated in this study from the 
ROC analysis, because a published normal range for 
newborn calves is lacking for this analyte.

A higher percentage of calves in INF_B had values 
above the normal thresholds for SAA, Hp, and IgM 
compared with the 3 other groups, with a significant 
difference for SAA (P < 0.001) and a tendency for Hp 
(P < 0.1).
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Biomarker Test Characteristics

The logistic regression model showed that values 
of SAA and IgM, but not Hp and IgG1, could signifi-
cantly differentiate bacterial infection from other COD. 
The area under curve for SAA was 0.705 (95% CI: 
0.533–0.877; P = 0.02), and for IgM was 0.719 (95% 
CI: 0.579–0.858; P = 0.002). The ROC curve of SAA 
is shown in Figure 1. The optimal thresholds, Se, Sp, 
positive and negative predictive values, likelihood ratio, 
and odds ratio for SAA and IgM are shown in Table 3.

DISCUSSION

As expected, higher IgG1 and IgM concentrations 
were found in both infection groups than in the other 
groups in this study. In the third trimester of preg-
nancy, the bovine fetus is able to produce antibodies 
against foreign antigens (Stefaniak et al., 2012; Kelling 
and Topliff, 2013). In the present study, the serum IgM 
concentration was higher than that of IgG1 in cases of 
bacterial infection, contrary to previous results (Sawyer 
et al., 1973). Immunoglobulin M is the first class of an-
tibody produced in response to infection. The diagnosis 
of INF_B in this study was based on bacterial culture, 
which means that bacterial infection was present at the 
time of death; hence, it is not surprising that high con-
centrations of IgM were detected in these calves. Previ-
ous studies (e.g., Sawyer et al., 1973) did not differenti-
ate between bacterial and other infection causes and so 
differences in antibody profiles between studies is not 
unexpected. The present results are in accordance with 
those of Ellis et al. (1978), where higher IgM than IgG 
antibody concentrations were found in aborted fetuses. 
Higher IgG concentrations would probably be detected 
in calves that had enough time to survive infection and 
switch from production of IgM to production of IgG1 
(Stavnezer and Amemiya, 2004). The concentration of 
IgM in calves without infection in the present study 
(50–150 mg/L) was similar to that reported previously 
for newborn calves (110 mg/L; Sawyer et al., 1973). In 
the present study, the ROC curve analysis showed that 

the optimal threshold for diagnosis of bacterial infection 
was much lower (≥52.1 mg/L), with a 6-times-greater 
odds of a positive bacterial culture at or above this 
threshold. However, the low specificity shows that with 
this threshold, false-positive results will occur. Fewer 
than half the calves with bacterial infection had an IgM 
concentration higher than that previously reported for 
newborn calves (Sawyer et al., 1973). This suggests 
that in cases with bacterial infection, although high 
IgM concentrations may be found, low concentrations 
do not exclude the possibility of a bacterial infection. 
This is reflected in the relatively low specificity of IgM 
for the diagnosis of bacterial infection. Although in the 
present study, the IgG1 concentration was numerically 
higher in both infection groups compared with the 

Figure 1. Serum amyloid A (SAA) receiver operating characteris-
tics for discrimination between bacterial infection (INF_B) and other 
causes of death in stillborn calves.

Table 1. Mean (SEM) serum amyloid A, haptoglobin, IgM, and IgG1 concentrations (mg/L) in stillborn 
calves in the bacterial infection (INF_B), viral or parasitic infection (INF_V/P), traumotocia (TRAUM), and 
unexplained stillbirth (UNEXPL) groups

Analyte INF_B INF_V/P TRAUM UNEXPL

Serum amyloid A 53.3 (16.5)a,A 19.6 (10.1)B 11.9 (2.4) 10.7 (3.0)b

Haptoglobin 146.7 (113.2)A 5.1 (3.5)B 13.3 (6.3) 16.3 (6.4)
IgM 370.3 (144.7)A 86.1 (31.0)B 81.5 (40.4)B 134.2 (49.2)
IgG1 136.9 (64.7) 149.4 (48.9) 66.1 (32.5) 67.1 (21.4)
a,bValues within a row with different lowercase superscripts differ (P ≤ 0.05).
A,BValues within row with different uppercase superscripts tend to be different (P >0.05 but <0.1).
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noninfection groups, the percentage of calves with an 
IgG1 concentration above the normal threshold (≥160 
mg/L) was similar across groups. Therefore, we con-
clude that for the diagnosis of bacterial infection in 
stillborn calves, serum IgM concentration is more use-
ful than IgG1 concentration. Calves with traumotocia 
and with unexplained COD also had detectable but low 
concentrations of IgG1, which may be seen in normal 
precolostral calf serum samples (Sawyer et al., 1973).

The inference that bacterial infection in the INF_B 
group was acute and present at the time of death 
based on high IgM concentrations was supported by 
the APP concentrations. Both higher concentrations 
and more animals with SAA and Hp values above the 
normal thresholds were seen in INF_B compared with 
INF_V/P. These results are in agreement with those 
of Horadagoda et al. (1999), where higher concentra-
tions of SAA and Hp were reported in animals with 
acute compared with chronic inflammatory conditions. 
In that study, 100 and 68% of animals with acute in-
flammation had increased SAA and Hp concentrations, 
respectively, whereas only 54 and 24% of animals with 
chronic inflammation had increased SAA and Hp con-
centrations, respectively. Those authors concluded that 
SAA is more sensitive to acute inflammatory stimula-
tion than Hp. This is in accordance with our results, 
where a higher percentage of calves in the group where 
infection was recent (INF_B) had increased SAA con-
centrations than had increased Hp concentrations. The 
highest concentration of Hp in a stillborn calf with 

bacterial infection (Trueperella pyogenes) in the current 
study was 1.8 g/L. This appears to contradict the sug-
gestion by Alsemgeest et al. (1995) that production of 
this protein is not fully developed in newborn calves. 
An elevated SAA concentration was also documented 
in cases of late aborted and full-term equine fetuses, 
especially in cases where infectious agents causing 
multi-organ diseases were detected (Erol et al., 2016). 
Currently there is no published reference range for SAA 
in newborn calves. The ROC curve analysis showed 
that SAA concentrations ≥29.5 mg/L could be used to 
detect calves with bacterial infection with confidence 
(odds ratio = 13.8). Given this finding, we propose that 
this normal range (0–29 mg/L) be used for SAA in 
precolostral stillborn calves. Whether this range also 
applies to precolostral live healthy calves has yet to be 
established.

Fetal infections with BVDV, SBV, or N. caninum 
occur before the periparturient period. So, even if an 
acute-phase reaction occurred at the time of infection, 
it is unlikely that it would be detected at term, as the 
acute reaction is a short-term response. For example, 
in calves experimentally infected with Mannheimia hae-
molytica, the concentrations of SAA and Hp increased 
within 10 h after infection (Horadagoda et al., 1994). 
Although the highest concentrations of both proteins 
are seen 5 to 8 d after infection in calves (Heegaard 
et al., 2000), values return to the normal range within 
10 to 15 d (Ganheim et al., 2003). Therefore, the dif-
ferences in time lags between infection and death in 

Table 2. Percentage of stillborn calves in the bacterial infection (INF_B, n = 16), viral or parasitic infection 
(INF_V/P, n = 31), traumotocia (TRAUM, n = 22), and unexplained stillbirth (UNEXPL, n = 41) groups 
above normal thresholds for serum amyloid A, haptoglobin, IgM, and IgG1

Analyte1  Threshold (mg/L) INF_B INF_V/P TRAUM UNEXPL

Serum amyloid A*** ≥29.5 56.2 12.9 9.1 4.9
Haptoglobin† ≥100 18.8 0 4.5 4.9
IgM ≥110 43.8 19.4 22.7 22.0
IgG1 ≥160 31.2 32.3 18.2 19.5
1Reference thresholds for serum amyloid A were calculated from receiver operator characteristic curve analysis 
in this study; that for haptoglobin was from Richter (1974); and those for IgM and IgG1 were from Sawyer et 
al. (1973).
***P < 0.001; †P < 0.10: Pearson’s chi-square. 

Table 3. Optimal thresholds, sensitivity (Se), specificity (Sp), positive and negative predictive values (PPV 
and NPV), likelihood ratio (LR), and odds ratio (OR) for serum amyloid A and IgM for diagnosis of bacterial 
infection in stillborn calves

Protein  Threshold (mg/L) Se Sp PPV NPV LR OR

Serum amyloid A ≥29.5 0.56 0.91 0.53 0.93 6.61 13.8a

IgM ≥52.1 0.75 0.68 0.29 0.94 2.35 6.4b

aP < 0.0001; bP = 0.0027.
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the INF_B and INF_V/P groups most likely accounted 
for the differences in the APP profile found in these 
groups.

Calves in the traumotocia group had low concentra-
tions of SAA, which is in accordance with the findings 
of Alsemgeest et al. (1995) and Orro et al. (2008). Alse-
mgeest et al. (1995) reported that SAA concentrations 
were detectable in calves born following different types 
of obstetrical assistance, and concentrations did not 
differ between these categories and were independent 
of the degree of acidosis. However, the effect will prob-
ably not be detectable until several hours after birth. 
Therefore, the suggested threshold generated in this 
study should be used for blood samples taken as soon 
as possible after calving. In the present study, 82% of 
calves were dead at birth and the remainder within 1 h 
of birth. Studies from human medicine (Marchini et al., 
2000; Aly et al., 2011) show that hypoxic ischemia and 
normal birth stimulate significant SAA production in 
the first day after delivery. This suggests that to detect 
an in utero APP response to bacterial infection, samples 
need to be collected from the neonate immediately after 
birth, before the confounding effects of dystocia and 
colostrum consumption can alter APP concentrations. 
Calves in the present study had not consumed colos-
trum, which can induce an increase in SAA concentra-
tions (Orro et al., 2008). Thus, we conclude that the 
increases in APP concentrations detected in the INF_B 
group in the current study were due to pre- or parturi-
ent stimulation of the immune-inflammatory response.

Low mean concentrations of the measured variables 
were recorded in unexplained stillbirths. This suggests 
that the majority of these calves do not die because 
of bacterial infections. As their immune-inflammatory 
profiles were similar to those of calves with viral or 
parasitic infections and traumotocia, undiagnosed and 
undiagnosable cases of these conditions (or possibly of 
undiagnosed and undiagnosable bacterial infections) 
may theoretically contribute to unexplained stillbirths. 
This hypothesis is partly supported by the fact that 2 
calves from this group had high SAA (98.9 and 81.0 
mg/L) and IgM (172.2 and 439.0 mg/L) concentrations, 
suggesting undiagnosed previous or contemporaneous 
infection.

This is the first study to show that significant pro-
duction of APP occurs in the bovine fetus. These high 
circulatory APP concentrations would not be possible 
without high concentrations of IL-6, which is the most 
potent inducer of APP production (Heinrich et al., 
1990). Thus, increased concentration of APP in fetal 
calves indicates that production of this cytokine occurs 
in fetal calves following bacterial infection. Detection 
of increased IL-6 concentrations in fetal calves would 

confirm the link between the putative bovine fetal 
inflammatory response syndrome (BoFIRS) detected 
here and FIRS in human fetuses.

The results of this study show that blood SAA and 
IgM concentrations are significantly associated with 
pathogenic bacterial infections in stillborn calves. This 
suggests that these blood tests may be used in 2 ways: 
first, as rapid screening tests to determine whether 
further diagnostic testing is warranted, and second, as 
proxy diagnostic tests in cases where samples for bacte-
rial culture are not optimal or not available.

CONCLUSIONS

These results demonstrate upregulation of the immu-
no-inflammatory response in stillborn calves exposed 
to bacterial infection in utero. This response may be 
similar to that described as FIRS in human fetuses. 
The immune-inflammatory response profiles did not 
differ between calves with viral or parasitic infections 
and traumotocia. These profiles did not contribute to 
the diagnosis of unexplained stillbirth. This is the first 
reported detection of an elevated APP response in still-
born calves.
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