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Abstract: The aim of the study is to investigate the relationship between clinical course and serum
IL-6 level in neonatal calves with diarrhea. The study material consisted of 40 calves in the
neonatal period. The calves were divided into 4 groups: group | (healthy, control, n=10), group Il
(with mild diarrhea, n=10), group Ill (with moderate diarrhea, n=10) and group 1V (with severe
diarrhea, n=10). The breed, age, sex and clinical findings of the calves were recorded. Etiological
analysis was performed on stool samples taken from calves. Haematological analyzes were
performed on the blood samples taken and serum IL-6 levels were determined using the ELISA
test kit. WBC and NEU numbers of calves with diarrhea in group Il, group I11 and group IV were
found to be numerically higher than healthy calves in group I (P>0.05). Calves in group II
(239.76£11.05), group 111 (293+48.7) and group IV (300+25.06) had higher serum IL-6 levels than
calves in group I (211.58+10.07) (P< 0.01). While IL-6 levels of group IV were higher than group
11 (P>0.05), IL-6 levels of group III and IV were higher than group II (P<0.01). According to the
data obtained from this study, it was concluded that serum IL-6 is an significant biomarker
indicating the degree of clinical severity.

Neonatal Dénem Ishalli Buzagilarda Klinik Bulgularin Siddeti fle Serum IL-6 Diizeyi

Arasindaki iliski Uzerine Bir Arastirma

Anahtar
Kelimeler
IL-6,
Ishal,
Neonatal
buzag:

Oz: Bu caligmanin amaci, neonatal donem ishalli buzagilarda klinik seyir ile serum IL-6 diizeyi
arasindaki iligkiyi arastirmaktir. Caligma materyalini neonatal donemdeki 40 buzagt olusturdu.
Buzagilar grup I (saglikli, kontrol, n=10), grup II (hafif ishalli, n=10), grup III (orta siddette ishalli,
n=10) ve grup IV (siddetli ishalli, n=10) olmak {izere 4 gruba ayrildi. Buzagilarin ik, yas ve
cinsiyet bilgileri ile klinik bulgular1 kaydedildi. Buzagilardan alinan diski1 6rneklerinde etiyolojik
analiz yapildi. Alinan kan 6rneklerinde hematolojik analizler yapildi ve serumda IL-6 diizeyleri,
ELISA test kiti kullanilarak belirlendi. Grup II, grup III ve grup 1V deki ishalli buzagilarda WBC
ve NEU sayilar1 grup I’deki saglikli buzagilara gore rakamsal olarak yiiksek oldugu belirlendi
(P>0.05). Grup II (239.76+11.05 ng/L), grup 111 (293448.7 ng/L) ve grup IV’de (300£25.06 ng/L)
bulunan buzagilarin serum IL-6 diizeyleri grup I’deki (211.58+10.07 ng/L) buzagilara gére daha
yiiksek oldugu belirlendi (P<0.01). Grup IV’iin IL-6 diizeyi grup III’e gore rakamsal olarak
yiiksekken (P>0.05), grup III ve IV’iin IL-6 diizeyleri, grup II’ye gore yiiksek oldugu belirlendi
(P<0.01). Bu ¢aligmadan elde edilen verilere gore, neonatal donem ishalli buzagilarda serum IL-
6’nin hastaligin klinik siddetinin derecesini gdsteren 6nemli bir belirte¢ oldugu sonucuna
varilmgtir.
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1. INTRODUCTION

Diarrhea, pneumonia (especially aspiration pneumonia),
joint diseases, umbilical cord diseases, vitamin, mineral
substance and trace element deficiencies, trauma,
congenital anomalies, and nutritional disorders are
common neonatal period diseases in calves, and among
these diseases, neonatal calf diarrhea is the most common
disease throughout the world [1,2,3].

Coronavirus, Rotavirus, Cryptosporidium, Clostridium
perfiringens (Cl. perfiringens) and Escherichia coli (E.
coli) are the most common causes of diarrhea in neonatal
calves, and they can cause inflammatory and functional
damage in the intestine [4,5,6]. The clinical signs
observed in diarrhea formed in calves during the neonatal
period are very variable and may show a course ranging
from mild watery diarrhea to coma from a lying position
according as the severity of diarrhea and inflammation
[6]. In addition, neonatal calf diarrhea can cause
significant changes in haematological parameters such as
total leukocytes (WBC), lymphocytes (LY M), neutrophils
counts (NEU) and hematocrit concentration (HCT) [7,8].

Interleukins, especially Interleukin-6 (IL-6), are used as
an important marker in determining early inflammation
and prognosis in various diseases [9]. IL-6 is a cytokine
produced in response to tissue damage and infections
[10]. Multiple cell types are associated with the
production of this cytokine, including fibroblasts,
keratinocytes, mesangial cells, vascular endothelial cells,
mast cells, macrophages, dendritic cells, T and B cells
[11]. The biological consequences of IL-6 production
have been associated with both pro- and anti-
inflammatory effects [12].

There are few studies evaluating the diagnostic and
prognostic potential of IL-6 in cattle [13,14,15]. In
neonatal diarrheal calves, on the other hand, IL-6 levels
were investigated in methodically different studies such
as the comparison of those with diarrhea and healthy ones,
and those who recovered and those who did not recover in
calves with diarrhea and septicemia [16,17]. Based on the
hypothesis of the relationship between the severity of the
disease and inflammation, in the presented study, it was
aimed to investigate the relationship between clinical
course and serum IL-6 level in neonatal calves with
diarrhea.

2. MATERIAL AND METHOD
2.1. Animals and Groups

In the study different ages, breeds and sexes 10 healthy
and 30 untreated diarrheic neonatal calves were used
(Ethics Committee Decision No: 2020-13/191). Clinical
findings [body temperature (T, C°), respiration rates (R,
num/min), and pulse rates (P, beats/min)], dehydration
status, sucking reflexes, and whether they could stand or
not of the calves were recorded. Neonatal calves had a

problem other than diarrhea (pneumonia, arthritis,
omphalitis, etc.) were not included in the study.

The study population was comprised of 40 neonatal
calves, 10 of which had healthy (Group-1) and 30 of which
were diarrheic calves, additionally diarrheic calves were
divided into three groups as mild (Group-Il), moderate
(Group-I11) and severe (Group-1V) according to the
criteria for clinical dehydration and depression [18].

Group-1 (Control, n=10): This group consisted of different
breeds and sexes, 8.3+4.3 days old, who were healthy
calves according to clinical and haematological findings.
Group-11 (n=10): This group consisted of different breeds
and sexes, 7.945.6 days old, and mild diarrhea calves with
a clinical score of 1 according to the criteria were given in
Table-1.

Group-111 (n=10): This group consisted of different breeds
and sexes, 7+5 days old, and moderate diarrhea calves
with a clinical score of 4 according to the criteria were
given in Table-1.

Group-1V (n=10): This group consisted of different
breeds and sexes, 7.3+4 days old, and severe diarrhea
calves with a clinical score of 7 according to the criteria
were given in Table-1.

Table-1: Clinical scoring in neonatal calves with diarrhea [18].

0: Not crashed

: Mild crashed

: Severe crashed

: Back to normal immediately

: Back to normal after 1-3 seconds
: Back to normal after >4 seconds
: Strong regular suction

: Poor ineffective suction

: No sucking reflex

Watery

. Pasteus

: Solid

Eyeball retraction

Skin elasticity

Sucking reflex

Stool consistency score

wn|r|N(R(ov ko e

2.2. Collections of Samples

Blood samples from all calves were taken from V.
Jugularis and transferred into 4 mL tubes with EDTA
(Becton Dickinson Co, USA) and 10 mL tubes with gel
(BD Vacutainer System, Plymouth, UK). Thereafter
serum was obtained by centrifugation at 3000 rpm for 10
minutes. The serum samples were stored at -80 °C until
analysis (maximum 3 months) Haematological analysis
were performed immediately. Additionally fecal samples
were taken into sterile fecal containers by rectal
stimulation.

2.3. Diagnosis of Etiologic Agents

Diagnosis of etiologic agents (Rotavirus, Coronavirus,
Cryptosporidium, CI. perfringens and E. coli/F5-K99) in
fecal samples were made using rapid diagnosis test kit
(Rainbow Calf Scours-BIO K 306 Ag Test Kit, Biox
Diagnostics, Belgium). The use of this kit was carried out
in accordance with the manufacturer's instructions.
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2.4. Haematologic Analysis

The count of white blood cell (WBC), lymphocyte
(LYM), neutrophil (NEU), erythrocyte (RBC),
hemoglobin (HGB) and hematocrit (HCT) of the calves
were determined by hematology analyzer (Abacus Junior
Vet 5® Hungary).

2.5. Determination of IL-6

Determination of IL-6 in serum samples was by a
sandwich enzyme-linked immunosorbent assay (ELISA)
using bovine IL-6-specific antibody (Sun Red
Biotechnology Company, Cat No: 201-04-0008). The
analysis was carried out in accordance with the
recommendations of the manufacturer.

2.6. Statistical Analyses

The analyzes of the clinical, haematological and IL-6
values of the calves in the groups were performed using
the General Linear Model procedure and the SPSS 20.0
package program. Significance controls of means found
significant between groups were determined by Duncan
Multiple Comparison Test.

3. RESULTS
3.1 Clinical Findings

The findings of the clinical examination [T (C°), P
(Beats/min), R (Num/min)] of calves in the groups are
presented in Table 2. Body temperatures of the calves in
groups I11 and IV were found to be lower than those of the
calves in groups I and II (P<0.01).

Table-2: Clinical findings [T (C°), P (Beats/min), R (Num/min)] of the
calves in the groups (Mean +SE).

Parameter Group | Grup 1l Grup Grup P
s/Groups (Mean (Mean=+ 11 \Y
+SE) SE) (Mean | (Mean
+SE) +SE)
T (C°) 38.5+ 38.6+ 36.9+ 36.07 | **
0.3° 0.5° 1.5° 1.5°
P 113.1% 119.2+ 111+ 105.8+ | NS.
(Beats/min 14.3 333 25.2 29.5
)
R 30.9+ 34.6+ 40.7+ 35.8+ NS.
(Num/min) 5.4 10.5 12.8 8.0

a, b: The difference between the means with different letters on the same
line is statistically significant. **: P<0.01, NS: Not Significant.

3.2. Etiologic Agent Findings

Enteropathogens diagnosed in the feces of diarrhoeic
neonatal calves are given in Table 3. Such as E. coli,
Rotavirus, Coronavirus, Cryptosporidium and CI.
perfiringens enteropathogens or their combinations were
determined.

Table-3. Etiological findings of calves in all groups

Etiology/Groups Group | Group Grup Il Group
(n=10) 1} (n=10) v
(n=10) (n=10)
E. coli 2 5 4
Rotavirus 2 2 1
Coronavirus 1 - -
Cryptosporidium 2
Cl. perfiringens - -
E.coli + Rotavirus - 1 1 2
E.coli + Coronavirus - - 1
Rotavirus + Coronavirus - - - 1
Rotavirus + Cl. perfiringens - 1 1 1
E.coli + Rotavirus + - - - 1
Coronavirus
E.coli + Rotavirus + - 1 - -
Cryptosporidium

3.3. Haematological Findings

The haematological parameters findings of calves in all
groups are given in Table-4. It was determined that the
WBC and NEU numbers in the group Il, 1l and IV were
numerically higher than the group I (P>0.05), and there
was no difference in the LYM numbers between the
groups (P>0.05). RBC numbers in the group II, and IV
were higher than the group I (P<0.01). Additionally, it
was detected that the HGB numbers and HCT percentages

in the group 11, 111 and 1V were higher than the group |
(P<0.01).
Table-4: Haematological parameters findings of calves in all groups
(Mean £SE).
Parameters Group | Group |1 Group 11 Group IV P
Groups (n=10) (n=10) (n=10) (n=10)
WBC 8.8+1.4 13.3+8.4 12.645.3 11.745.1 NS.
(1073/ul)
LYM 4.9+1.1 4.8+2.4 5.743.2 3.4+1.4 NS.
(1073/ul)
NEU 3.6£1.0 8.2+7.5 6.7+5.9 7.843.9 NS.
(1073/ul)
HCT (%) 22.4+3.7° | 36.1=10.8° 35£9.6° 4721168 | **

a, b, c: The difference between the means with different letters on the
same line is statistically significant. **: P<0.01, NS: Not Significant.

3.4. IL-6 Findings

Serum 1L-6 levels of calves in all groups are given in Table-5. It was
determined that the serum IL-6 levels in the group Il, Il and IV were
higher than the group I (P<0.01).

Table-5: Serum IL-6 levels of calves in all groups (Mean £SE).

Parameter | Group | Group Il | Group Il | Group IV | P
/Groups (n=10) (n=10) (n=10) (n=10)

IL-6 21158+ | 239.76+ 293+ 3008 | **
(ng/L) 10.07° 11.05° 48.7° 25.06%

a, b, c: The difference between the means with different letters on the
same line is statistically significant. **: P<0.01.

4. DISCUSSION AND CONCLUSION

Despite the advances in herd management, animal care,
stables, animal feeding, cattle industry and timely use of
biopharmaceuticals, neonatal calf diarrhea remains a
major cause of economic loss in the cattle industry
worldwide [19]. IL-6 is defined as an early and reliable
prognostic marker in various diseases [20]. In the present
study, it was aimed to determine serum IL-6 levels
according to the clinical course of the disease in calves
with neonatal diarrhea and determine whether a
relationship between the clinical course or not IL-6.
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Among the many infectious agents that cause diarrhea in
neonatal calves, E. coli, Salmonella and Clostridium
species are the most common bacterial agents [21],
Rotavirus and Coronavirus are the most common viral
agents, and Cryptosporidium parvum spp is the most
common protozoal agent [22]. In the study presented in
accordance with these reports, Rotavirus, Coronavirus, E.
coli, Cryptosporidium, CI. perfiringens or a combination
of these agents have been identified. In the neonatal
period, Coronavirus, Rotavirus, Cryptosporidium and
enterotoxic E. coli are the most common agents that can
cause inflammatory and functional damage, especially in
the intestine [4,5].

In calves with diarrhea, body temperature is mostly within
the normal range, and in a few cases it may be elevated or
decreased due to dehydration [23]. Similar to body
temperature, respiration and pulse rates may be normal in
diarrhoeic calves [24], and hypothermia and tachypnea
may occur [25]. In the present study, although there were
no difference between respiratory and pulse rates of
calves in the groups I, Il and 1V, it was determined that
body temperatures of calves in the groups Il and IV were
lower than those in the groups | and 1I.

White Blood Cell, LYM and NEU numbers may increase
in diarrhoeic neonatal calves, and leukocytosis may occur.
It is stated that the primary reason for this situation may
be related to the reactions of the body's immune system
against infectious factors, inflammatory reactions,
severity of diarrhea, stress and hemoconcentration
[26,27,28,29,30]. Atcali and Yildiz [31], determined that
there was no significant difference in LYM levels in
neonatal diarrheal calves compared to healthy ones in
their study, and they interpreted this situation as
etiological differences, duration of diarrhea, severity of
inflammation, low number of animals, and the fact that
some of the animals were at the initial stage of diarrhea.
When the same researchers took into account the
haematological values that could not be determined
statistically significant in their studies, they observed that
the lowest and highest levels of these values were ina very
wide range and therefore there was no difference. In the
presented study, although the WBC and NEU numbers in
the groups I, 111 and 1V were numerically higher than the
group |, the possible reason why they were not statistically
significant was the high standard deviations of the groups,
similar to the reasons stated in the above notifications.
Barua et al [32] state that the increase in HCT percentages
in calves with diarrhea is due to hemoconcentration
associated with dehydration and hypovolemia. In the
presented study, HCT percentages in the groups I, 111 and
IV were higher than the in group I. The possible reason
for this situation may be hemoconcentration, as stated by
Barua et al [32].

Cytokines function in many basic processes for life and
disease. Among these different functions, their role in
inflammation has attracted attention in relation to disease
development and treatment [33]. Interleukins, and
especially IL-6, are used as a marker of early
inflammation and prognosis in various diseases [9]. An
extremely important advantage of IL-6 is that it can stay

in the circulation longer than other proinflammatory
cytokines [34].

There are many studies in the literature that have been
conducted in different animal species and in which 1L-6
has been evaluated. It has been used as a reliable
parameter to monitor dogs in intensive care units, the
average concentration of IL-6 of these dogs was
determined to be significantly higher in the non-survivor
group compared to the survivors [35]. In addition, it was
determined that serum IL-6 levels were increased in dogs
with septic peritonitis [36], babesiosis [37], and different
liver diseases [38]; in cats with sepsis and septic shock
[39], idiopathic cystitis [40], and feline infectious
peritonitis [41]; in horses with metabolic syndrome pain
[42]; endurance training [43], and acute abdominal
disease [44]; in pigs with vesicular stomatitis [45]; in
lambs with experimental endotoxemia [46]; in cattle with
subclinical mastitis [15]; subclinical endometritis [47],
and subclinical parasitemia [48], compared to healthy
ones.

Methodologically, different studies have been conducted
to evaluate IL-6 in diarrhoeic neonatal calves. Fischer et
al [17], in their study to investigate the value of IL-6 as a
prognostic marker in neonatal diarrheal calves, divided
the calves into two groups as those who recovered and
those who did not, according to their clinical findings on
the 7th and 10th days. They determined that IL-6 levels
were very high at the onset of diarrhea in non-healing
calves. In the results of the study; They concluded that IL-
6 is a useful complementary parameter for disease
prognosis in neonatal calf diarrhea, and high IL-6 values
may prompt the Veterinarian to monitor calves more
closely and adapt the therapeutic strategy accordingly,
thus avoiding animal suffering and economic losses.
Albayrak and Kabu [16] determined that IL-6 levels were
significantly higher in calves with diarrhea compared to
healthy ones. As a result of their studies, they evaluated
that routine measurement of serum IL-6 levels is a
valuable parameter in evaluating the course and prognosis
of diseases. Carroll et al. [49], determined that serum IL-
6 levels were very high compared to the control group in
calves to which they administered endotoxin
intravenously. Kirbag et al. [50] determined that calves
with septicemia had significantly higher IL-6 levels on
day 0 compared to the control group, and determined that
the levels were significantly lower than the control group
after treatment. Similar to the results obtained in the above
reports, in the presented study, it was determined that
serum IL-6 levels were parallel to the clinical course in
neonatal diarrheal calves. Cytokines often exert stimulant
(pro-inflammatory) or depressive (anti-inflammatory)
effects in inflammatory conditions [51]. As can be
understood from the literature reports given above, I1L-6,
which is one of the proinflammatory cytokines, increases
in all conditions that cause inflammation, including
diarrhea. The data obtained from this study also support
this information.

It was concluded that serum IL-6 level increased in
neonatal diarrheic calves as the disease became clinically
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more severe, is an significant biomarker indicating the
degree of clinical severity in neonatal diarrheic calves.
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