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ABSTRACT
Tumor Necrosis Factor alpha (TNF-α) is a proinflamatory cytokine, closely associated with insulin resistance and related diseases
such as type II ketosis and fatty liver of cows. Aim of the presented study was to investigate circulating levels of TNF-α after
vaccinating dry cattle with inactive rotavirus, coronavirus and E.coli combined vaccine. 14 cattle were randomly assigned to two
groups; vaccination group was vaccinated on days 0 and 21 of the study and control group not. Blood samples were collected on days
0, 1, 5, 15, 21, 22, 26, 36 of the study for evaluation of TNF-α and total leukocyte counts. Although not significant, TNF-α levels
decreased in vaccination group after the second application. Total Leukocyte counts did not differ between and within groups.
Results of the study demonstrates that vaccinating cattle with inactive rotavirus, coronavirus and E.coli combined vaccine in dry
period does not induce alterations in circulating TNF-α levels.
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INTRODUCTION
TNF-α or cachexin is a proinflamatory cytokine, primarily produced by macrophages and to a lesser extent by
lymphocytes, kupffer cells and adipocytes (Beutler and Cerami, 1989; Yoshioka et. al., 1998). TNF-α has
immunological roles such as antimicrobial activity, antitumor activity and mediation of immunity (Alaaddine et.
al., 1999). Viral diseases, other cytokines and endotoxin lipopolysaccharide causes elevation of TNF- α levels
(De Forge et. al.,1990). Vaccination, especially with live vaccines is also reported to increase blood TNF- α
levels for a period as long as a month (Hacker et. al., 1998; Pukhalsky et. al., 2003).
Type II ketosis and related fatty liver syndrome of cows is a disease complex of dairy cattle in early
days of lactation. Insulin resistance, plays a important role in ethiopathogenesis of both diseases (Holtenius and
Traven, 1990; Holtenius, 1993). Recent studies demonstrated the relationship between inflammation, TNF-α and
insulin resistance (Hotamisligil, et. al., 1995; Hotamisligil, 1999). However, to our knowledge, relation between
post vaccination cytokine levels and insulin resistance in cattle is not studied before.
Vaccinating cattle in their dry period is a widely used strategy to increase specific antibody levels in
colostrum. As rotavirus, coronavirus and Escherichia coli (E.coli) are among the most important pathogens
involved in scours of calves, especially vaccination of cattle against these pathogens is a common practice in
almost every dairy herd.
As mentioned above TNF-α is closely related with insulin resistance and metabolic diseases of dairy
cows. Thus alterations in circulating TNF-α levels around parturition could be associated with increased insulin
resistance. Aim of the presented study is to investigate serum TNF- α levels of cattle after vaccination with
rotavirus, coronavirus and E.coli combined inactive vaccine.

MATERIALS AND METHODS
Multiparous Holstein Fresian cows (n:14) in the beginning of the dry period with BCS between 3.25 - 3.50 from
the same herd were selected for the study. Mean lactation of the selected animals was 2.9 ± 0,3; and mean milk
yield in the previous lactation was 9,130 ± 66 kg (305d) per cow were used in the presented study. All cows
were from the same herd with management and feeding conditions. 14 animals were selected according to the
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results of clinical and hematological examinations. 7 animals randomly selected were designated as vaccination
group (VG) and other 7 as control group (CG). VG received, rotavirus-coronavirus- E.coli toxoid combined
commercial vaccine (Scourguard 4K®, Zoetis) on days 0 and 21 of the study. CG group did not receive any
vaccinations. Animals did not receive any other vaccine or medication during the study period. Blood samples
were collected by jugular venipuncture from each cow into 10 mL evacuated tubes containing
(Ethylenediaminetetraacetic acid) EDTA and tubes without anticoagulant. After clotting, the samples were
centrifuged at 1000 rpm for 15 min and sera were immediately separated and stored at -20°C until analyses.
Samples of all animals were collected on day 0, before first vaccination and on day 1, 5 and 15 after the first
vaccination. Second dose of the vaccine was administered on day 21 to VG group and sera samples were
collected again from both groups before booster vaccination and on day 1, 5 and 15 (days 22, 26 and 36 of the
study) after second vaccination. Animals were clinically examined before every sample collection. Serum TNFα levels were measured by using commercial bovine TNF-α ELISA kit as per the manufacturer's instructions
(CSB-E 1202B, CUSABIO Biotech Co., Wuhan, China). Total leukocyte counts were measured by using an
automatic analyzer (Vetscan HM-5, Abaxis, California, USA).
Statistical analyses of the results were performed by using Sigma Plot 12 software (Systat Software Inc.,
San Jose, California, USA). The mean values within the groups were compared using one-way repeated
measures analysis of variance (one-way RM ANOVA). The mean values between the groups were compared
using Student t-test for every day of the study. For all analyses, P ≤ 0.05 was considered significant

RESULTS
TNF-α levels of cows in both groups did not differ significantly during study period (Figure 1). A non significant
increase till the second and than a decrease in TNF-α levels were detected in VG. Total leukocyte counts did not
differ between and within groups (Table 2). None of the animals used in the presented study show any adverse
reactions due to vaccination. Metabolic diseases such as clinical ketosis, fatty liver and hypocalcaemia were not
observed in any of the animals during the study period.

Figure 1. Mean serum TNF-α levels (±SEM) of vaccinated group (VG) and control (CG) group.
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Table 2. Mean total leukocyte count (±SEM) of vaccinated group (VG) and control (CG) group.
Mean Total Leukocyte Count (109/L)
Days
0
1
5
15
21
22
26
VG (n:7)
8,74±0,93 8,38±0,54 9,57±1,21 6,94±1,42 8,57±0,55 7,30±0,53 8,16±1,14
CG (n:7)
8,91±0,86 9,81±1,01 8,77±1,47 8,06±0,87 8,85±0,67 7,21±0,91 7,98±1,36
P
0,61
0,19
0,68
0,51
0,77
0,93
0,86

36
7,73±0,54
7,98±1,36
0,59

P
0,49
0,22

DISCUSSION
A study conducted on cows suffering fatty liver revealed that insulin response is decreased when severity of fatty
liver increases (Ohtsuka et. al., 2001 ). In the same study is also concluded that increased TNF-α activity is
positively correlated with insulin resistance. Relationship between inflammatory cytokines like TNF-α and
diseases such as obesity and diabetes mellitus which are associated with insulin resistance is well documented in
humans and murine models (Hotamisligil, et. al. 1995; Hotamisligil, 1999). Similar relationship was also
reported in cattle, as subcutaneous injection of recombinant bovine TNF-α induced elevated plasma insulin
levels and inhibited insulin stimulated glucose utilization in heifer steers (Kushibiki et. al., 2000). Exact
mechanism of TNF-α related insulin resistance is unclear however Hotamisligil et. al. (1996) reported that
insulin receptor substrate (IRS) could play a major in TNF-α related insulin resistance.
Attenuated live vaccines against measles and yellow fever are demonstrated to induce production of
cytokines including TNF-α in human (Hacker et. al., 1998; Pukhalsky et. al., 2003). Similarly vaccination of
cattle with Brucella RB51 vaccine resulted with increased expression of TNF-α from trophoblastic epithelial
cells (Palmer et. al., 1998). Although such reactions are not reported in cattle vaccinated with inactive vaccines,
vaccination of mice with subcutaneously inactivated coronavirus is reported to result with increased cytokine
production including TNF-α (Takasuka et. al., 2004). However In the presented study blood TNF-α levels and
total leukocyte counts did not show significant differences between samplings during the study period. On the
other hand, TNF-α show a slight decrease after booster vaccination (Figure-1). This finding was also reported
after vaccination of humans with inactivated influenza vaccine and decreased serum TNF- α levels days after
vaccination were related with cytokine uptake or redistribution of immune cells to other compartments
(Ramakrishnan et. al., 2012).
Along with viral antigen, adjuvants used in vaccines could also be a cause for increased TNF-α
production. Adjuvant in the vaccine used in the presented study was quil-A. However studies conducted on
cytokine responses after administration of quil-A did not detect any increase in TNF-α levels (Valensi et. al.,
1994; Rothel et. al., 1998).
Based on the findings of the presented study it could be concluded that vaccination against coronavirus,
rotavirus and E.coli did not significantly affect circulating levels of TNF-α in dry cows. However further studies
conducted in dry period with vaccines against different diseases could elicit increased TNF-α levels.
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