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ABSTRACT

Neonatal calf diarrhea is still one of the most im-
portant diseases in calf rearing, and severe diarrhea 
has a marked effect on animal welfare. Furthermore, 
significant economic losses can result from this disease 
due to high mortality rates, high medical costs, and low 
weight gain. To avoid a fatal outcome of the disease, it 
is crucial that vulnerable calves are identified as early 
as possible. Interleukin-6 is described as an early and 
reliable prognostic marker in several diseases. In this 
study, 20 scouring calves were tested by ELISA for 
their IL-6 serum concentrations. Samples were collected 
twice, at the beginning of diarrhea and 7 to 10 d later. 
Regarding the clinical outcome after 7 to 10 d, calves 
were classified as recovered or nonrecovered. A receiver 
operating characteristic analysis was conducted to de-
termine the prognostic value of IL-6 for the progress of 
clinical symptoms. At the beginning of diarrhea, the 
IL-6 concentration was significantly higher in nonrecov-
ering calves compared with those that recover 7 to 10 d 
after the onset of diarrhea. Interleukin-6 proved to be a 
useful additional parameter in the clinical examination. 
High initial IL-6 values can support the decision for 
closer monitoring and an adapted therapeutic strategy 
for the respective calves. This may help to prevent un-
necessary animal suffering and reduce economic losses.
Key words: neonatal calf diarrhea, interleukin 6, 
ELISA, bovine rotavirus, Cryptosporidium parvum

INTRODUCTION

Neonatal calf diarrhea poses a marked threat to ani-
mal welfare and causes significant economic losses due 
to high mortality, higher medical costs, and low weight 
gain (Waltner-Toews et al., 1986; Warnick et al., 1995; 
Mohd Nor et al., 2012). Infectious and noninfectious 

causes can lead to severe diarrhea in calves. In the first 
4 wk of life, infections with bovine coronavirus (BCV), 
bovine rotavirus (BRV), Cryptosporidium parvum, and 
enterotoxic Escherichia coli in particular can cause 
inflammatory and functional damage to the intestine 
(Kaske, 1993; Al Mawly et al., 2015). Insufficient 
management of the diseased calves can quickly result 
in a fatal outcome (Meganck et al., 2014). A reliable 
prognostic marker for the progress of diarrhea would 
enable dairy farmers and veterinarians to monitor criti-
cal patients more closely.

In several disorders, interleukins and especially IL-6, 
appear to be such a marker of early inflammation and 
prognosis (Rincon, 2012). The helical 208-AA glycopro-
tein IL-6 is produced by several cell types and mainly 
operates as an inducer of the acute phase response 
(Droogmans et al., 1992; Barton, 1997). Therefore, it 
is upregulated in the early stage of an inflammatory 
process and rapidly decreases after 12 to 24 h (Okabe 
et al., 1996; Volante et al., 2004). Thus, IL-6 could 
serve as an early marker for inflammation because se-
rum titers increase before the inflammation becomes 
clinically apparent.

Several studies in human medicine investigated IL-6 
as a prognostic marker related to a specific pathogen. 
Children displaying hemolytic uremic syndrome due 
to an infection with enterohemorrhagic E. coli showed 
higher levels of IL-6 when the disease became more 
severe in nature (e.g., anuria, extrarenal manifestation, 
chronic renal sequelae; Karpman et al., 1995). Likewise, 
high IL-6 values were present in children suffering from 
shigellosis when complications arose during illness (de 
Silva et al., 1993). For humans and pigs, it was shown 
that serum IL-6 values were elevated in individuals 
displaying diarrhea due to an infection with rotavirus 
(Jiang et al., 2003; Azevedo et al., 2006).

Despite the direct connection of IL-6 to a specific 
pathogen, IL-6 has also been established as a reliable 
marker for the clinical outcome of human patients, 
independent from the type of underlying disease. In-
terleukin-6 was prognostic for sepsis and mortality 
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in adult humans suffering from a bacterial infection, 
regardless of what pathogen was causatively involved 
(Moscovitz et al., 1994). This was confirmed by another 
study among severely infected humans at an emergency 
department, where nonsurvivors had higher IL-6 serum 
concentrations at the initial examination than survivors 
(Wilhelm et al., 2012). In hospitalized human neonates, 
an increased IL-6 serum level was proven 100% sensitive 
in detecting individuals who developed a clinical sepsis 
at later stages of their disease (Buck et al., 1994). In 
veterinary medicine, IL-6 was also a reliable parameter 
to monitor dogs in intensive care units (Schüttler and 
Neumann, 2015). The mean IL-6 concentration of these 
dogs was significantly higher in the nonsurvivor group 
compared with survivors.

Only a small number of studies covered the diagnostic 
and prognostic potential of IL-6 in cattle. For instance, 
IL-6 values in cows suffering from subclinical mastitis 
were elevated in the early stages of the disease, even 
before the number of somatic cells increased (Sakemi 
et al., 2011). Other investigators focused on the IL-6 
serum values in pregnant cows prepartum (Ishikawa et 
al., 2004). They found high IL-6 serum concentrations 
in those cows that developed endometritis postpartum. 
In the case of coliform mastitis, serum IL-6 was shown 
to be significantly higher in nonsurvivors when sampled 
at d 0 to 9 of the onset of clinical symptoms (Nakajima 
et al., 1997).

As investigations of serum IL-6 concentrations in 
the case of neonatal calf diarrhea are lacking and the 
improvement of therapy would benefit from a reliable 
prognostic marker, this study investigated the prognos-
tic quality of IL-6 for the progress of clinical symptoms 
in neonatal calf diarrhea. Therefore, a controlled cohort 
study over 10 d was carried out on 20 scouring calves. 
Calves were monitored for clinical changes as well as 
changes in body homeostasis (e.g., hematology, clini-
cal chemistry) related to diarrhea. For the determina-
tion of the prognostic potential, scouring calves were 
divided into 2 groups, regarding their classification at 
d 10 as recovered or nonrecovered. A receiver operating 
characteristic (ROC) analysis with calculation of the 
area under the curve (AUC) was carried out to prove 
the accuracy of IL-6 determination in serum for the 
estimation of the prognosis.

MATERIALS AND METHODS

Animals

Calves were housed on a commercial dairy farm near 
Goettingen, Lower Saxony, Germany. The farm is orga-
nized in terms of 3 locations. One location is for the 500 
milk yielding and late pregnant cows, one for the calves 

and the last one for the offspring, older than 8 wk. 
Biotechnical measures directly after birth included dis-
infection of the umbilicus and application of earmarks. 
Four liters of colostrum was fed to the calves via tube 
feeder within the first hour of life. The colostrum came 
from the farm’s colostrum bank and was controlled for 
sufficient quality with a colostrometer. Within 24 h af-
ter birth, newborn calves were brought to a special calf 
location, which was geographically separated from the 
barn for the milk-yielding cows. The newborn calves 
were sheltered outdoors in igloos individually and were 
fed pasteurized waste milk ad libitum in the first week 
after birth. Then, a commercial milk replacer (50% 
skim milk) displaced the milk. From wk 3 on, starter 
grain was offered and calves had free access to water. 
Calves were weaned 4 wk after birth.

Sampling was conducted during January to July 
2014. All Holstein Friesian calves displaying diarrhea 
were included in the study. Calves were excluded when 
showing any other diseases, such as respiratory tract 
infections or infections of the umbilicus. Finally, the 
group of scouring calves consisted of 20 animals (age 
12.9 ± 2.0 d; 89% female). Scouring calves were sampled 
once at the first day of evident symptoms and again 7 
to 10 d later. At these time points, all animals passed 
a complete clinical examination with information on 
heart rate, breathing rate, temperature, dehydration, 
and general condition. Diarrhea scoring was undertaken 
using an already established scoring system, evaluating 
the fecal consistency on a 4-point scale from normal (0) 
to totally liquid (4) (Hasoksuz et al., 2002). All calves 
received an oral electrolyte solution from the beginning 
to the end of diarrhea and were initially treated with 
0.5 mg/mL of meloxicam. Throughout the study pe-
riod, calves were monitored twice per day by the animal 
caretakers.

After the sampling period, the calves were further 
divided into 2 subgroups: one subgroup (n = 11; age 
15.0 ± 2.8 d) included calves that clinically recovered 
7 to 10 d after the first symptoms appeared and the 
other subgroup (n = 9; age 10.2 ± 1.7 d) included 
calves evaluated as nonrecovered, because they were 
still showing diarrhea, still being medically treated, or 
showing other abnormalities in the clinical examination 
(e.g., reduced general condition). All clinical examina-
tions were performed by the same veterinarian to avoid 
an examiner bias.

Samples

All samples were acquired with the owner’s consent 
and the procedures were carried out in accordance with 
the German Protection of Animals Act under the su-
pervision of the Commissioner for Animal Welfare, Fac-
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ulty of Agriculture, University of Goettingen. For the 
purpose of laboratory analysis, 5 mL of EDTA-treated 
blood and 10 mL of whole blood for serum harvest were 
collected by jugular venipuncture. Stool samples were 
collected from the rectum following digital stimula-
tion. All samples were cooled immediately after collec-
tion and brought to the laboratory within 6 h. Blood 
samples and feces were processed directly. Serum was 
stored at −20°C until further use in the IL-6 ELISA.

Hematology and Clinical Chemistry

The complete blood count and the serum clinical 
chemistry were analyzed in all calves to ensure the 
healthiness of the control group and to determine 
pathological changes due to diarrhea. The EDTA blood 
samples were used for a complete blood count using 
a CellDyn 3500 Analyzer (Abbott GmbH & Co. KG, 
Wiesbaden, Germany). Because differentiation of bo-
vine lymphocytes and monocytes can be difficult, the 
results of the CellDyn 3500 Analyzer were verified by 
a manual blood count. Serum samples were aliquoted 
to 500-μL aliquots and stored at −20°C. One aliquot 
was used directly for the clinical chemistry analysis 
with the Konelab 20i (Thermo Fisher Scientific Inc., 
Dreieich, Germany).

Stool Analysis

Stool samples were analyzed by a commercial lateral 
immunochromatography test (Bio-X Diagnostics, Ro-
chefort, Belgium) to identify the causative pathogen for 
diarrhea, such as BCV, BRV, Cryptosporidium parvum, 
and E. coli F5 (K99).

The IL-6 serum concentrations were determined us-
ing the commercial High Sensitive ELISA Kit for bo-
vine IL-6 (USCN Life Science, Wuhan, China). First, 
standard and samples were added in duplicate to the 
pre-coated plate and incubated for 2 h at 37°C. Sub-
sequently, all liquid was removed and Detection Re-
agent A (biotin-conjugated antibody specific to IL-6) 
was added for 1 h at 37°C. The plate was washed 3 
times with wash solution (1×) and Detection Reagent 
B (avidin-conjugated horseradish peroxidase) was 
added and incubated at 37°C for 30 min. The plate 
was washed 5 times with wash solution before substrate 
solution (TMB substrate) was added for 20 min at 
37°C. Color development was stopped with stop solu-
tion (H2SO4) and optical densities were measured in 
all wells at 450 nm in the Sunrise microplate reader 

(Tecan, Maennedorf, Switzerland). For data analysis, 
average optical densities were calculated and blank 
reduction was performed. Standard curves were gener-
ated and sample concentrations were determined using 
the CurveExpert 1.4 software (CurveExpert, Daniel G. 
Hyams, Hixson, TN; https://www.curveexpert.net/). A 
detection limit of 1.56 pg of IL-6/mL was reported by 
the kit manufacturer. The coefficient of variation for 
the intra-assay test precision was <7%.

Statistical Analysis

Results were shown as mean values ± 2 standard 
errors. Data from the clinical examination, the he-
matology and the IL-6 ELISA were tested for normal 
distribution.

Data of recovering and nonrecovering animals were 
compared at both sampling time points. Regarding 
the IL-6 values in these groups, further statistical tests 
were performed. A 2-way ANOVA was calculated to 
investigate the interaction of group (recovering, non-
recovering) and sampling time point (first, second). To 
investigate a change in the odds of IL-6 concentrations 
at the onset of diarrhea (first sampling time point), 
to predict a prolonged course of diarrhea (nonrecover-
ing), a univariate logistic regression analysis was per-
formed. The goodness-of-fit of the model was assessed 
by performing an Omnibus test of model coefficients 
and a Hosmer-Lemeshow test, as well as calculating the 
Nagelkerke R2. The influence of the variable IL-6 was 
estimated using the Wald statistic.

As the age of calves is described to be a risk factor to 
develop diarrhea, this variable is analyzed in the same 
way regarding the age of calves at the first sampling 
time point (Pare et al., 1993; Gulliksen et al., 2009). 
Subsequently, a multivariate logistic regression analysis 
was performed, with both variables (IL-6, age) and a 
potential interaction effect between these variables. 
The goodness-of-fit for this analysis was conducted as 
for the univariate analysis. Using forward model selec-
tion, a P-value of <0.05 was chosen as the cut-off for 
the respective variable to stay in the model. To further 
evaluate the prognostic quality of IL-6, a ROC curve 
was generated with the IL-6 values of the recovering 
and the nonrecovering animals at the first sampling 
time point. The sensitivity was defined as the percent-
age of samples which were classified correctly as nonre-
covering. The specificity was defined as the percentage 
of samples which were classified correctly as recovering. 
The AUC was calculated by trapezoidal summation, 
and its statistical significance was estimated. All analy-
ses were carried out using STATISTICA 12 software 
[StatSoft (Europe) GmbH, Hamburg, Germany] and 
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IBM SPSS Statistics 20.0 (IBM Corp., 2011, IBM SPSS 
Statistics for Windows, Armonk, NY). The statistical 
significance level was set at P < 0.05.

RESULTS

Clinical, Biochemical, and Hematological Findings

The results of the clinical and laboratory examina-
tion are shown in Table 1. Most of the recovering calves 
showed mild symptoms of diarrhea (score 2, n = 9), 
and none of them displayed diarrhea at the second sam-
pling time point. Severe diarrhea was only seen in the 
nonrecovering group (score 4, n = 2), in which 5 calves 
were still displaying diarrhea 7 to 10 d after the onset of 
symptoms. The clinical chemistry and the hematology 
revealed no significant differences between recovering 
and nonrecovering animals at the first or second sam-
pling time point (data not shown). Despite the number 
of white blood cells at the first sampling being within 
the reference values (5–10 × 109 cells/L) for recover-
ing (RG; 6.5 ± 1.3 × 109 cells/L) and nonrecovering 
(NRG; 10.3 ± 2.1 × 109 cells/L) calves, animals from 
the NRG showed higher values than the RG animals 
(P < 0.01). This was caused by a higher number of 
neutrophils (RG: 2.6 ± 0.6 × 109 cells/L, NRG: 6.1 ± 
2.4 × 109 cells/L, reference range: 1–3.5 × 109 cells/L). 
At the second sampling time point, no significant dif-
ferences were detected.

Detection of Diarrheagenic Pathogens  
in Fecal Samples

Bovine rotavirus and Cryptosporidium parvum were 
identified as the diarrhea-causing pathogens in scouring 
calves (Table 1). Mono-infections with only 1 pathogen, 
as well as double infections, were detected. Pathogens 
changed from the first to the second sampling time 
points, in both the RG and the NRG. In the RG infec-
tions with BRV decreased from 3 to 1 positive samples, 
infections with C. parvum decreased from 5 to 4 positive 
samples and double infections were no longer detected 
at the second sampling. In the NRG infections with C. 
parvum decreased from 7 to 4 positive samples, double 
infections decreased from 2 to 1 and 2 new BRV infec-
tions were detected at the second sampling time point.

Interleukin-6 results are presented as means ± 2 SE 
(Figure 1). No significant interaction was found be-
tween the effects of group (RG, NRG) and sampling 
time point (1, 2) on serum IL-6 [F = (1, 36) = 1.776, 
P = 0.191].

In terms of disease progression, initially the NRG 
calves showed a higher (P = 0.02) IL-6 mean value 
(42.3 ± 6 pg/mL) than the RG calves (31.8 ± 5.5 pg/
mL).

A logistic regression was conducted to determine the 
effects of age and IL-6 at the onset of diarrhea (first 
sampling time point) on the odds for calves to develop 
a prolonged course of diarrhea (Table 2). The univari-
ate logistic regression model for IL-6 (model 1) was sta-
tistically significant, as the P-value for the chi-squared 
statistic (Omnibus test of model coefficients) was 0.014 
and the Hosmer-Lemeshow test showed no statistical 
significance (P = 0.640). The model explained 34% 
(Nagelkerke R2) of variance. The Wald statistic revealed 
a significant influence of IL-6 in the model (P = 0.041). 
The odds for calves developing a prolonged course of 
the disease increase by 14% for each unit of IL-6 (odds 
ratio 1.14; 95% CI 1.0–1.3). A t-test revealed the age 
of the RG and the NRG animals being significantly 
different (P = 0.01). A univariate logistic regression 
model was conducted to test for a significant influence 
of the variable “age” on the odds for a prolonged course 
of diarrhea. As the analysis revealed significance (P = 
0.039), a multivariate logistic regression was performed 
including IL-6 and age (model 2). In this model, none 
of the variables showed significance. Additionally, no 
confounding by age was noted as there was less than a 
20% change in the coefficient for IL-6 with the addition 
of age in the model. Furthermore, even the interac-
tion term (age × IL-6; model 3) showed no significance 
when included in the model.

The value of IL-6 as a prognostic marker for the clini-
cal outcome of scouring calves was further evaluated in 
a ROC analysis (Figure 2). The ROC analysis for IL-6 
values of the diarrhea group at the beginning of diar-
rhea revealed a cut-off of 38.7 pg/mL, with a sensitivity 
of 77% and specificity of 82% for identifying calves with 
a prolonged recovery period. The area under the curve 
(AUC = 0.808, 95% CI: 0.609–1, P = 0.02) showed a 
good predictive ability for IL-6 to discriminate between 
RG and NRG animals at the onset of diarrhea.

DISCUSSION

In this study, the prognostic value of the IL-6 serum 
concentration was investigated over the course of neo-
natal calf diarrhea. The main result was that calves 
developing a prolonged course of the disease showed 
significantly higher IL-6 values at the onset of symp-
toms.

Initially, hematology and clinical chemistry were 
analyzed. The calves showed elevated levels of neutro-
phils, whereas the total number of white blood cells was 
within the reference range. The neutrophilia was re-
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lated to handling stress during sampling rather than to 
diarrhea, as it was similar in both groups. An increase 
of neutrophils due to stress was already described for 
cattle in cases of shipping and heat stress (Kegley et 
al., 1997; Mitlohner et al., 2002). The differential blood 
count, measured by the CellDyn 3500 Analyzer, re-
vealed increased numbers of monocytes when compared 
with the reference values. However, manual counting of 
blood smears could not confirm the monocytosis. The 
CellDyn 3500 Analyzer classifies cells by measuring 

volume and granularity. It is likely that the number of 
monocytes was overestimated by mistaking them for 
large lymphocytes (Stoeber and Heubner, 1967).

The detection of diarrhea-causing pathogens revealed 
differences between the first and the second sampling 
time point in both groups (recovering, nonrecovering). 
In the recovering group, 5 calves still shed either BRV or 
C. parvum at the second sampling time point, although 
none of them showed diarrhea. This was described in 
other studies also, were BRV shedding occurred up to 
11 d after infection, whereas diarrhea only lasts 7 d 
(Vega et al., 2015). Similarly, C. parvum detection in 
feces was shown to be not always connected to diarrhea 
in the corresponding animals (Bjorkman et al., 2015). 
In the nonrecovering group, 2 animals showed a BRV 
infection at the second sampling time point, which had 
not been apparent at the first sampling time point. It 
was suggested that this was due to a secondary in-
fection, which is frequently described in neonatal calf 
diarrhea (Bartels et al., 2010; Silverlas et al., 2010). In 
the classification of calves as recovered or nonrecovered, 
the pathogen detection was less important than the re-
sults of the clinical examination when focusing on the 
establishment of a prognostic marker.

Serum IL-6 concentrations were greater in the diar-
rhea group than in controls. This is consistent with 
findings of an increased IL-6 gene expression in periph-
eral blood mononuclear cells and in intestinal epithelial 
cells from scouring calves ex vivo due to an infection 
with BRV (Aich et al., 2007; Qadis et al., 2014).

Figure 1. Comparison of IL-6 in scouring Holstein Friesian calves with different clinical outcome. The scouring calves were grouped by clini-
cal recovery 7 to 10 d after (second sampling time point) the onset of diarrhea (first sampling time point). The IL-6 serum concentrations of 
the recovering group (n = 11) and the nonrecovering group (n = 9) were compared on both sampling time points. *P < 0.05. Recovering group: 
calves were clinically recovered 7 to 10 d after the onset of diarrhea. Nonrecovering group: calves were not clinically recovered 7 to 10 d after 
the onset of diarrhea. Upper whisker = maximum, lower whisker = minimum, upper box line = 3rd quartile, middle box line = median, lower 
box line = 1st quartile.

Table 2. Results of the logistic regression analysis for model 11

Item   Model 1

Variable  IL-6
(n = 20)

B2  0.134
SE  0.066
P-value*  0.041
Exp3 (B)  1.143
95% CI for Exp (B) Lower 1.005

Upper 1.300
Omnibus test*  P = 0.014
Nagelkerke R2  0.346
Hosmer-Lemeshow test*  P = 0.640
1IL-6 values at the onset of diarrhea (first sampling time point) were 
evaluated for their odds to predict a prolonged course of diarrhea 
(nonrecovering).
2Regression coefficient B.
3Exponentiation of the B coefficient.
*P-value <0.05 was regarded as significant.
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Calves further investigated regarding the course of 
diarrhea and the ability of IL-6 to predict the clinical 
outcome after 7 to 10 d. Therefore, they were divided 
into recovering and nonrecovering groups after collec-
tion of data. At the onset of diarrhea, IL-6 was signifi-
cantly greater in recovering and nonrecovering animals. 
Because calf age differed between the 2 groups, age 
was evaluated additionally. In a multivariate logistic 
regression model none of the variables IL-6 and age 
and showed significance. A possible interaction be-
tween these 2 variables was not observed. However, 
the univariate logistic regression model for IL-6 showed 

a significance influence of this variable in predicting 
a prolonged course of diarrhea and was therefore re-
garded as the most reliable model in this investigation. 
The odds to develop a prolonged course of diarrhea 
increase by 14% for each unit of IL-6 and model could 
explain 34% of the variance. In literature, several other 
factors are discussed that increase the risk for diarrhea 
(Pare et al., 1993; Wiest and Klee, 1998; Bendali et al., 
1999). Birth weight and calf housing (e.g., open barn 
vs. closed barn) were identified as potential risk factors 
(Pare et al., 1993; Al Mawly et al., 2015), whereas IgG 
serum concentrations seemed to have no effect (Pare et 

Figure 2. Receiver operating curve analysis for the evaluation of the prognostic performance of IL-6 in scouring Holstein Friesian calves. 
Scouring calves (n = 20) were grouped by their clinical recovery status 7 to 10 d after the onset of diarrhea (recovering group, n = 11; nonrecov-
ering group, n = 9). The IL-6 serum concentrations at the onset of diarrhea were evaluated for reliability in identifying calves with a prolonged 
recovery period. The area under the curve (AUC) was 0.808 with a standard error under the nonparametric assumption of 0.120, an asymptom-
atic significance (null hypothesis true area = 0.5) of 0.02, a lower bound of the asymptomatic 95% confidence interval at 0.609, and an upper 
bound of the asymptomatic 95% confidence interval at 1.0. Recovering group: animals that were clinically recovered 7 to 10 d after the onset of 
diarrhea. Nonrecovering group: animals that did not clinically recover 7 to 10 d after the onset of diarrhea.
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al., 1993; Meganck et al., 2015). These parameters were 
not assessed in the study presented here, but could have 
been different in recovering and nonrecovering calves. 
Therefore, these parameters should be taken into con-
sideration in future investigations, especially focusing 
on potential interactions between these parameters and 
IL-6.

The value of IL-6 as an initial parameter for the prog-
nosis of scouring calves was further evaluated in a ROC 
analysis. The AUC was used to measure the accuracy 
of IL-6 in distinguishing recovering from nonrecovering 
animals. A value of 1 was regarded as a perfect test, 
whereas a value of 0.5 corresponds to random chance. 
The AUC value of 0.808 confirmed IL-6 as a good test 
for the estimation of the prognosis. Furthermore, the 
ROC analysis allowed the definition of a cut-off value. 
For the establishment of IL-6 as a prognostic marker, 
the sensitivity was given priority over the specificity, 
as a high number of false positive classifications are 
less important than a high number of false negative 
classifications. In practice, this means that it is better 
to monitor a calf more closely that is misclassified as 
nonrecovering than to overlook a calf that is prone to 
develop a prolonged course of diarrhea. The cut-off was 
set at 38.7 pg/mL, with a sensitivity of 77% and speci-
ficity 82%, as this was the concentration with the most 
appropriate balance between sensitivity and specificity.

Taken together, the results of the ROC analysis and 
the univariate logistic regression, the determination of 
IL-6 at the onset of diarrhea was a useful tool to iden-
tify calves developing a prolonged course of the disease. 
It is recommended that scouring calves displaying IL-6 
values above 38.7 pg/mL should be given special atten-
tion, as they were prone to develop a prolonged course 
of diarrhea. These results underline the prognostic 
potential of IL-6, which was already shown for adult 
cattle in cases of postpartal endometritis and coliform 
mastitis (Nakajima et al., 1997; Ishikawa et al., 2004). 
Therefore, IL-6 seems highly valuable to forecast com-
plications and possibly life-threatening progression of 
an infectious disease in cattle.

In conclusion, this study showed IL-6 to be a useful 
supplemental parameter for the estimation of disease 
progression in neonatal calf diarrhea. Elevated IL-6 
values may lead the veterinarian to the decision to 
monitor scouring calves more closely and to adapt the 
therapeutic strategy accordingly. Thereby animal suf-
fering and economic losses could be avoided. As the 
animals in our study only showed infections with BRV 
or Cryptosporidium parvum, further investigations are 
needed into all relevant pathogens for neonatal calf 
diarrhea [e.g., BCV, enterotoxic E. coli encoding F5 
(K99) fimbriae].
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