
1

J. Dairy Sci. 102:1–8
https://doi.org/10.3168/jds.2018-14953
© American Dairy Science Association®, 2019.

ABSTRACT

The aim of the study was to investigate the concen-
trations of acute-phase inter-α-trypsin inhibitor heavy 
chain 4 (ITIH4) in serum and milk of cows with subclini-
cal mastitis caused by Streptococcus sp. (STR) and co-
agulase-negative Staphylococcus sp. (CNS) and healthy 
cows. The blood and milk samples were obtained from 
60 mid-lactation, multiparous Holstein-Friesian cows 
from 7 herds in the Lublin region of Poland. In the milk 
samples from 40 cows with subclinical mastitis, Strep-
tococcus sp. and CNS were isolated. The ITIH4 was 
significantly higher in serum of cows with subclinical 
mastitis caused both by STR and CNS compared with 
healthy cows. One hundred percent of animals infected 
with Streptococcus sp. and 89% of animals infected with 
Staphylococcus sp. showed ITIH4 concentration in sera 
higher than 0.5 mg/mL. The concentration of ITIH4 in 
milk also was significantly higher in cows with subclini-
cal mastitis caused by Streptococcus sp. and Staphylo-
coccus sp. compared with the control group. Seventy 
percent of cows infected by STR and CNS showed 
ITIH4 concentration in milk higher than 2.5 μg/mL. 
Milk ITIH4 concentration higher than 5 μg/mL was 
found in 55% of animals infected with Streptococcus 
sp. and in 40% of animals infected with Staphylococcus 
sp. No statistically significant differences were observed 
in ITIH4 concentrations both in serum and in milk 
between the studied unhealthy animal groups. These 
results suggest that ITIH4 may be used in the future 
as a novel diagnostic marker in serum and in milk of 
subclinical mastitis in cows.
Key words: mastitis, cow, Streptococcus species, 
coagulase-negative Staphylococcus species, inter-α-
trypsin inhibitor heavy chain 4

INTRODUCTION

Mastitis is an endemic disease on dairy farms all over 
the world and is an important cause of less efficient 
milk production because of milk production losses, milk 
of less quality, drugs use, discarded milk, veterinarian, 
labor, and culling costs. Inflammation of the mammary 
gland in cows can be caused by over 150 species of 
microorganisms, of which the dominant role is played 
by Staphylococcus sp., mainly CNS (Waller et al., 2011; 
Bochniarz et al., 2013; De Visscher et al., 2016; Con-
das et al., 2017) and by Streptococcus sp. (Keefe, 1997; 
Whist et al., 2007). These pathogens may cause both 
clinical and subclinical mastitis, which is a huge prob-
lem in dairy herds. Subclinical mastitis infections do 
not cause any visible changes in milk or udder appear-
ance, making it difficult to detect, and if untreated in 
the long term lead to the development of clinical mas-
titis or changes typical of the chronic process (Sinha 
et al., 2014). Research presented at the 2015 National 
Mastitis Council Annual Meeting concluded that cost 
of subclinical mastitis often is greater than that of clini-
cal mastitis (Kirkpatrick and Olson, 2015). Although 
the milk appears normal, cows with subclinical mastitis 
will produce less milk, and the quality of the milk will 
be reduced. In addition, infected cows can be a source 
of infection to other animals in the herd (Hiitiö et al., 
2017).

The body’s reaction to an infecting factor damag-
ing tissue or organ structures is manifested as an in-
flammatory reaction. The acute phase response of an 
organism to infection, tissue injury, and the process of 
inflammation, apart from local reactions, also develops 
a systemic response characterized by fever, leukocyto-
sis, and a significant change in the concentration of 
some plasma proteins denoted acute phase proteins 
(APP; Baumann and Gauldie, 1994; González-Ramón 
et al., 2000). These proteins are very important diag-
nostic and prognostic factors in infections and other 
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homeostasis disturbances. The acute-phase response 
is initiated by inflammation-related cytokines, such as 
IL-6 and tumor necrosis factor, released by activated 
macrophages (Eckersall et al., 2001; Hagiwara et al., 
2001; Murata et al., 2004).

Acute phase proteins, such as serum amyloid A and 
haptoglobin, have been studied extensively in cattle, 
particularly as potential biomarkers of mastitis in se-
rum and milk (Grönlund et al., 2003; Nazifi et al., 2008; 
Miglio et al., 2013). However, not much is known in 
this species about the new APP inter-α-trypsin inhibi-
tor heavy chain 4 (ITIH4; Piñeiro et al., 2004), which 
was first detected in pigs under acute inflammation. 
The studies of Lampreave et al. (1994) confirmed that 
pig MAP (major APP) is homologous to human serum 
protein denoted plasma kallikrein-sensitive glycopro-
tein of molecular mass 120 kDa (PK-120) or inter-α-
trypsin inhibitor human-related protein (Nishimura et 
al., 1995; Saguchi et al., 1995; González-Ramón et al., 
2000). The AA sequence obtained from the pig, and hu-
man proteins show significant homology for over two-
thirds of the amino-terminal sequences with the heavy 
chains (H1, H2, and H3) of the inter-α-trypsin inhibitor 
(ITI) protein family (Saguchi et al., 1995; Hashimoto 
et al., 1996). For this reason, the new protein pig-
MAP/PK-120/inter-α-trypsin inhibitor human-related 
protein has been recognized as a new member of the 
heavy-chain ITI family, and further named as ITIH4 
(Salier et al., 1996). In contrast, the homology with 
the other H chains is low for one-third of the carboxy-
terminal sequence of the polypeptide chain (Nishimura 
et al., 1995; Salier et al., 1996). In contrast to the heavy 
chains, H1, H2, and H3, which are bound through gly-
cosaminoglycan bridges to bikunin (which contains 2 
Kunitz-type protease inhibitor domains), H4 does not 
have a sequence for bikunin assembling (Hashimoto et 
al., 1996).

In previous studies, bovine ITIH4 was detected in 
the milk and whey of cows with clinical mastitis us-
ing proteomic techniques (Alonso-Fauste et al., 2012; 
Huang et al., 2014).

The aim of this study was to investigate the concen-
trations of the APP ITIH4 in serum and milk of cows 
with subclinical mastitis caused by Streptococcus sp. 
and CNS and healthy cows.

MATERIALS AND METHODS

Animals and Management

Quarter milk samples were aseptically collected dur-
ing usual morning milking from each milk-producing 
cow from 7 herds of various housing systems (5 freestall 
or loose, and 2 tiestall housing systems) in the Lublin 

region in Poland. Cows were milked twice a day and 
had daily milk yield of 14.2 to 54.4 kg (median 34.4 kg). 
Overall, 1,356 quarter milk samples were obtained from 
339 lactating cows from the 7 farms (herd number 1, n 
= 57; number 2, n = 24; number 3, n = 25; number 4, n 
= 31; number 5, n = 44; number 6, n = 86; and number 
7, n = 72 lactating cows, respectively). Milk samples 
were delivered with a maximum transport time of 1 
h at a temperature of 4°C to laboratory examination. 
The SCC was measured in fresh milk by fluoro-opto-
electronic cell counting (SomaCount FC Automatic, 
Bentley Instruments Inc., Chaska, MN).

Laboratory Analysis

Milk was bacteriologically tested according to Na-
tional Mastitis Council (2004) guidelines. Milk samples 
brought to room temperature were thoroughly mixed 
and a volume of 0.01 mL of milk was streaked on agar 
medium (BTL, Łódź, Poland) supplemented with ster-
ile defibrinated sheep blood (5% of the agar solution 
volume; 1 sample per one agar plate). After 24 h of 
incubation at 37°C in aerobic conditions, pathogens 
were initially identified based on colony morphology, 
catalase test, and Gram-stained microscopic specimens. 
Colonies that were found to be gram-positive, and 
catalase-negative cocci (the genera Streptococcus and 
Enterococcus), were cultivated on Esculin Blood Agar 
(Oxoid, Hampshire, United Kingdom). Esculin-hydro-
lyzing cultures were further cultivated on Kanamycin 
Esculin Azide Agar (Oxoid) to differentiate Streptococ-
cus from Enterococcus sp. Colonies that were found 
to be gram-positive and catalase-positive cocci were 
streaked on selective agar for staphylococci Mannitol 
Salt Agar (Chapman Medium, Oxoid) and incubated 
at 37°C for 24 h to confirm they are Staphylococcus 
sp. To distinguish coagulase-negative from coagulase-
positive Staphylococcus sp., a Coagulase Test (Sigma 
Aldrich, St. Louis, MO) was used. Staphylococci were 
discriminated from other minor pathogens such as Ba-
cillus spp., Corynebacterium spp. based on colony color 
and shape (round, glossy), and Gram staining.

Selection of Animals to Study

Animals without systemic signs (such as a lack of ap-
petite, depressed rumen function, or body temperature 
greater than 39.3°C), with a cow SCC >200,000 cells/
mL and positive bacteriological culture results were 
considered as having subclinical mastitis (Moon et al., 
2007).

Somatic cell count >200,000 cells/mL of milk was 
affirmed in 146 (10.8%) quarter milk samples obtained 
from 111 (32.7%) cows. The presence of microor-
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ganisms in bacteriological analysis was recorded in 
124 quarters milk samples from 97 cows (74 cows: 1 
quarter; 19 cows: 2 quarters; and 4 cows: 3 quarters) 
with SCC >200,000 cells/mL. Collection of blood and 
quarter milk samples was described in a previous study 
(Bochniarz et al., 2018). Inclusively, in 22 quarter milk 
samples with SCC >200,000 cells/mL obtained from 
14 cows, growth of microorganisms was not detected. 
Cows with elevated SCC in milk but negative bacte-
riological examination and cows in which, apart from 
Streptococcus sp. or CNS, other microorganisms were 
also found in the bacteriological culturing of milk were 
not qualified for the study. Aside from that, cows with 
a visible teat injury and cows treated for other disease 
were excluded. Additional selection criteria were cows 
with only 1 quarter affected.

Any lactating dairy cow with subclinical mastitis, 
according to the previous test, and only one infected 
quarter (the other quarters being culture-negative) was 
considered for enrolment in the study. Forty cows were 
selected to study in which no clinical signs of mastitis 
were found, and SCC >200,000 cells/mL (395,000–
1,656,000 cells/mL) and growth of Streptococcus sp. or 
CNS was detected in only 1 quarter of the udder. In the 
remaining 3 quarters from these cows, SCC <200,000 
cells/mL and negative bacteriological analysis was re-
corded.

For the control group (HE group), 20 cows without 
mastitis were selected that did not show any clinical 
signs of mastitis, nor abnormalities in the udder or milk. 
The health status was confirmed by clinical examina-
tion of cows, negative bacteriological analysis of milk, 
and low average level of SCC (<100,000 cells/mL) in 
all 4 quarter milk samples from each cow. Hematologi-
cal examination of blood of cows was performed using 
Scil ABC+ Vet Animal Hematology Analyzer (Horiba, 
Kyoto, Japan) to obtain measurements of constituents 
of the blood: hemoglobin, erythrocytes, white blood 
cells, hematocrit, and platelets. Clinical examination of 
cows and macroscopic evaluation of milk were carried 
out before collection of milk samples for bacteriologi-
cal testing. One sample of milk (random choice from 
4 quarter milk samples of the cow) and one sample of 
blood from each control cow were qualified for evalua-
tion of level of ITIH4.

Milk and serum samples were stored at −80°C until 
the analysis of ITIH4 was performed.

Measurements of ITIH4 in Serum and Milk Samples

The ITH4 was measured in serum and milk samples 
using a species-specific ELISA kit (Acuvet ELISA 
ITIH4, Acuvet Biotech, Zaragoza, Spain), previously 
validated (Soler et al., 2018) according to the manu-

facturer’s instructions. Serum samples were diluted 
1/5,000, and milk samples were diluted 1/100. For 
serum samples the intraassay coefficients of variations 
(CV) were lower than 8% and interassay CV were 
lower than 10%. For milk samples intraassay CV were 
lower than 7% and interassay CV were lower than 11%. 
The limit of detection of the assay, calculated from the 
mean +3 standard deviations of a blank sample com-
posed of sample dilution buffer, was of 0.013 μg/mL 
(Soler et al., 2018). Taking into account the dilution 
used for the analysis of serum and milk samples, the 
limits of detection were 1.3 μg/mL for milk and 0.066 
mg/mL for serum samples.

Statistical Analysis

Statistical methods were used to compare serum and 
milk concentrations of ITIH4 in cows with subclinical 
mastitis caused by Streptococcus sp., CNS, and healthy 
cows. For the tested groups of cows, the descriptive 
statistical parameters calculated were minimum and 
maximum values, median value, mean, and standard 
deviation. Using a Shapiro-Wilk test there was no nor-
mal distribution of characteristic values in each group, 
so the Mann-Whitney test was used to compare these 
characteristics for 2 independent trials. For analysis of 
correlations between milk and serum ITIH4 and milk 
ITIH4 and SCC, Spearman coefficients of correlation 
were calculated. P < 0.05 was considered significant. 
The calculations were performed using statistical pack-
age GraphPad Prism 5.0 (GraphPad Software Inc., La 
Jolla, CA).

Ethics Approval and Consent to Participate

The research protocols used in the current study 
were approved by the Veterinary Department of the 
University of Lublin (permission number 40/2014, 
04.11.2014), according to the European Council Di-
rectives regarding the protection of animals used for 
experimental purposes.

RESULTS

The present study indicates that ITIH4 was signifi-
cantly higher in serum of cows with subclinical mastitis 
caused both by STR and CNS compared with healthy 
cows (P < 0.001, Table 1 and Figure 1a). One hundred 
percent of animals infected with Streptococcus sp. and 
89% of animals infected with Staphylococcus sp. showed 
an ITIH4 concentration in sera higher than 0.5 mg/mL. 
A value higher than the maximum level of ITIH4 in 
serum of healthy cows (>0.9 mg/mL) was found in 75% 
of serum samples of cows suffering from mastitis caused 
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by Streptococcus sp. and in 47% of serum samples of 
cows with CNS mastitis.

The concentration of ITIH4 in milk also was signifi-
cantly higher in cows with subclinical mastitis caused by 
Streptococcus sp. (P < 0.05) and Staphylococcus sp. (P 
< 0.05) compared with the control group (Table 2 and 
Figure 1b). Seventy percent of cows infected by STR 
and CNS showed ITIH4 concentration in milk higher 
than 2.5 μg/mL. Milk ITIH4 concentration higher than 
>5 μg/mL was found in 55% of animals infected with 
Streptococcus sp. and in 40% of animals infected with 
Staphylococcus. Moreover, values of this protein higher 
than its maximum level found in the milk of healthy 
cows (>9.08 μg/mL) were recorded in 40% of cow milk 
samples from STR mastitis and 25% milk samples from 
CNS mastitis.

No statistically significant difference was observed in 
ITIH4 concentrations in serum or milk of the studied 
unhealthy animal groups (P > 0.05, Tables 1 and 2, 
Figure 1a and 1b).

Table 3 shows the analysis of correlations between 
ITIH4 in serum and milk samples, and between milk 

ITIH4 and SCC. The correlation between serum ITIH4 
and milk ITIH4 was moderate for the control healthy 
group (R = 0.66) and the total population tested (R = 
0.6) and weak for animals with subclinical mastitis (R 
= 0.48). A moderate correlation was observed between 
SCC and milk ITIH4 for the control group and for the 
total of animals with subclinical mastitis (R = 0.51 and 
0.59, respectively), whereas the correlation was strong 
for the STR group (R = 0.80, Figure 2a and 2b). No 
correlation was observed for the CNS group.

DISCUSSION

In the present study, the concentration of ITIH4 was 
investigated for the first time in serum and milk ob-
tained from cows with subclinical mastitis caused by 
Streptococcus sp. and CNS.

The ITIH4 is a liver-derived member of the ITI fam-
ily with diverse functions as an anti-apoptotic and ma-
trix-stabilizing molecule that is important throughout 
development. Interaction of ITI members with compo-
nents of the extracellular matrix has been described 

Table 1. Descriptive statistics of the inter-α-trypsin inhibitor heavy chain 4 (ITIH4) in serum from cows with 
subclinical mastitis caused by Streptococcus sp. (STR) or CNS, and healthy cows (HE)1

Item

ITIH4 (mg/mL)

N Mean SD Median Min Max

Serum HE 20 0.58 0.18 0.52 0.27 0.9
Serum CNS 192 0.90 0.90 0.86 0.39 1.53
Serum STR 20 1.12 1.12 1.06 0.61 1.65
1Data are presented as mean, SD, median, minimum (Min), and maximum (Max) values. N = number of 
samples. 
2Serum samples were available from only 19 animals in the CNS group.

Figure 1. Boxplots showing inter-α-trypsin inhibitor heavy chain 4 (ITIH4) values in (a) sera and (b) milk samples. Interquartile range (25th 
to 75th percentile) is represented by the box, the median is marked with a line, and the whiskers show maximum and minimum values. ***P < 
0.001, *P < 0.05: comparison between CNS or Streptococcus sp. (STR) and healthy (HE) group.
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(Bost et al., 1998). A possible role of ITIH4 related 
to modulation of cell migration and proliferation dur-
ing the development of the acute-phase response has 
been discussed (Bhanumathy et al., 2002; Piñeiro et 
al., 2004). Bhanumathy et al. (2002) suggested that 
the markedly high expression of ITIH4 in early liver 
development and in explants treated with IL-6 suggests 
a prominent role for this protein at key points in liver 
formation. Aside from this, ITIH4 may play an impor-
tant role in liver regeneration as shown by the rise in 
ITIH4 mRNA 30 min after partial hepatectomy.

Expression of ITIH4 is induced under different path-
ological states of host in humans (Piñeiro et al., 1999). 
Previous studies demonstrated elevations in the level of 
this protein in serum of patients undergoing acute phase 
processes such as myocardial infarction and unstable 
angina or programmed surgery, confirming its role as 
an APP (Piñeiro et al., 1999). In turn, Lee et al. (2015) 
stressed that ITIH4 is a significant biomarker to as-
sess particulate matter (PM10) in patients with chronic 
obstructive pulmonary disease. An important indicator 
of the disease process may also be a decrease in ITIH4 
level in the blood serum. Kashyap et al. (2009) showed 
that ITIH4 120 K protein was completely absent in 
patients with acute ischemic stroke as compared with 
those in the control group, and serum levels returned 
to normal in acute ischemic stroke patients as their 

Table 2. Descriptive statistics of the inter-α-trypsin inhibitor heavy chain 4 (ITIH4) in milk from cows with 
mastitis caused by Streptococcus sp. (STR) or CNS, and healthy cows (HE)1

Item

ITIH4 (mg/mL)

N Mean SD Median Min Max

Milk HE 20 2.98 1.97 2.50 1.32 9.08
Milk CNS 20 7.50 9.01 4.42 1.32 46.03
Milk STR 20 8.90 5.66 5.66 1.32 29.51
1Data are presented as mean, SD, median, minimum (Min), and maximum (Max) values. N = number of 
samples.

Table 3. Study of correlations between serum inter-α-trypsin inhibitor 
heavy chain 4 (ITIH4) and milk ITIH4, and between SCC and milk 
ITIH4, for each individual group of the study (HE = healthy, CNS, 
and STR = Streptococcus sp.), animals with subclinical mastitis (CNS 
and STR), and all the animals1

Group n

Spearman coefficient (R)

Serum ITIH4 vs. 
milk ITIH4

SCC vs. 
milk ITIH4

HE 20 66 0.51
CNS 19 NS NS
STR 20 0.51 0.8
Subclinical mastitis 39 0.48 0.59
All animals 59 0.60 0.58
1R = value of Spearman coefficient for significant correlations (P < 
0.05). NS = not significant correlation between studied variables.

Figure 2. Plots of milk inter-α-trypsin inhibitor heavy chain 4 
(ITIH4) concentration and SCC: (a) distribution of ITIH4 concentra-
tion as a function of the SCC, (b) correlation between ITIH4 concen-
tration and SCC in the Streptococcus sp. (STR) group. HE = healthy 
control group, circles; CNS = squares; and STR = triangles.
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condition improved. Research by other authors shows 
that ITIH4 may also have potential antiviral proper-
ties against chronic hepatitis C virus. Sira et al. (2014) 
found that hepatitis C viremia was lower in patients 
with higher serum ITIH4 levels. Previous studies in-
dicate that ITIH4 play a particularly important role 
not only in inflammation but also in carcinogenesis. 
Subbannayya et al. (2015) described the increased level 
of ITIH4 in gastric adenocarcinoma in humans.

The ITIH4 was described for the first time in 1994 
and identified as a major APP in pigs (pig MAP) by 
Lampreave et al. (1994). The studies performed showed 
that the concentration of pig MAP can increase up to 30 
times during acute inflammation processes (González-
Ramón et al., 1995). Piñeiro et al. (2004) also demon-
strated that ITIH4 is an APP in cattle. The ITIH4 was 
isolated from the serum of heifers with experimentally 
induced “summer mastitis.” All heifers after experimen-
tal infection of the udder developed clinical signs of 
moderate to severe mastitis, including fever, increased 
pulse rate, udder swelling, and changes in the milk. In 
all animals, the concentration of ITIH4 in serum was 
significantly higher than before infection (3–4 times in 
cows with milder clinical mastitis, and 6 to 12 times in 
cows with severe clinical mastitis). Maximum level of 
this protein in serum was found at 72 h after bacterial 
infection (Piñeiro et al., 2004).

In the present study, we also found an increase in 
ITIH4 in both serum and milk of unhealthy cows in 
both streptococcal and CNS mastitis compared with 
healthy cows. It should be emphasized that milk and 
serum samples came from cows with subclinical masti-
tis characterized by a lack of both systemic and local 
symptoms in the mammary gland. In a previous study 
(Bochniarz et al., 2017), we recorded a significant in-
crease in the level of milk amyloid A (MAA) in the 
milk of unhealthy cows affected by CNS-caused masti-
tis (P < 0.001), whereas we did not find a statistically 
significant difference in the level of SAA in the blood 
serum of unhealthy cows in comparison to the control 
group. However, this research indicates a significant 
increase in ITIH4 level not only in milk (2.5 times) 
but also in serum (1.5 times increase) in cows with 
subclinical mastitis caused by CNS compared with 
healthy cows. An even greater increase in concentra-
tion of ITIH4 was noted in milk and serum of cows 
suffering from subclinical mastitis caused by Streptococ-
cus sp. (3 times and 2 times, respectively, compared 
with the healthy control group); however, it was not 
significantly different from the CNS group. Thus, there 
is a suspicion that in the case of subclinical mastitis, 
despite the absence of symptoms on the body of a cow 
such as fever, mechanisms of the systemic immune 
response are also triggered. Moreover, as occurs with 

amyloid A (Bochniarz et al., 2017), in this research we 
did not find a correlation between serum ITIH4 and 
milk ITIH4 in CNS mastitis, suggesting a local extra-
hepatic production of this protein, as has been reported 
for other APP (Hiss et al., 2004; Weber et al., 2006; 
Thielen et al., 2007). In our study a moderate correla-
tion between ITIH4 in milk and serum samples was ob-
served for cows infected with Streptococcus sp., as well 
as for the control samples. The degree of correlation 
was higher for the control samples (R = 0.66) than for 
the animals with mastitis (R = 0.49). This finding and 
the strong correlation between SCC and milk ITIH4 
in the streptococci group (R = 0.80) suggest a local 
production of ITIH4. Thus, as occurs with haptoglobin, 
during mastitis presence of ITIH4 in milk could be a 
combination of extra-hepatic production in migrating 
somatic cells and mammary gland tissue (Hiss et al., 
2004; Thielen et al., 2005, 2007; Lai et al., 2009) and 
leakage of serum protein produced by the liver, and 
the contribution of each factor may vary with different 
pathological conditions or with the causing agent of the 
mastitis. As occurs with haptoglobin (Lai et al., 2009), 
increased expression of ITIH4 in somatic cells obtained 
from the milk of a cow with clinical mastitis was previ-
ously reported by Andrés (2009). Increased expression 
of ITIH4 in the mammary gland of cows affected by 
mastitis caused by Staphylococcus aureus has also been 
recently described (Huang et al., 2014).

A correlation between SCC and APP has been re-
ported in other studies. Nielsen et al. (2004) found 
that the concentration of haptoglobin and SAA in milk 
increased with increasing SCC. Akerstedt et al. (2007) 
reported a correlation between MAA or milk haptoglo-
bin concentration and SCC. In that study, haptoglobin 
and MAA were more commonly present in quarter and 
composite milk samples with SCC above 550,000 cells/
mL, and a correlation with SCC was found for these 
samples. These findings are consistent with our results. 
Similarly, in our study the correlation was mainly due 
to milk samples with SCC above 550,000 to 1,000,000 
cells/mL. However, the degree of correlation was higher 
for STR mastitis than for CNS mastitis, although the 
number of samples with a SCC in this range was simi-
lar. The divergence in the ITIH4 response in both infec-
tions might be related to the different causal bacteria. 
Although mostly focused on Escherichia coli versus 
Staphylococcus aureus, several studies have shown dif-
ferences in leucocyte recruitment and immune reactions 
of the mammary gland associated with the pathogen 
causing the disease (Alnakip et al., 2014).

The main role of the acute phase reaction is to re-
store homeostasis in the organism by stimulating im-
mune mechanisms. The interaction of various cellular 
and humoral immune response mechanisms is based 
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on the transmission of cytokines stimulatory or inhibi-
tory signals. Interleukin-6, which is considered to be 
the strongest stimulator of production and secretion 
of APP, plays a particularly important role (Song and 
Kellum, 2005). It should be emphasized that ITIH4, 
like the remaining members of the ITI family, has been 
demonstrated to be transcriptionally regulated by IL-6 
(Sarafan et al., 1995; González-Ramón et al., 2000). 
Elevated levels of IL-6 have been associated with in-
creased level of ITIH4 in several models in different 
species, including humans, pig, and mouse (Piñeiro et 
al., 1999; González-Ramón et al., 2000; Bhanumathy 
et al., 2002). Bhanumathy et al. (2002) showed that 
mouse ITIH4 significantly increased in liver explants 
treated with IL-6. This increase did not occur with IL-1 
or tumor necrosis factor-α treatment. In our previous 
study (Bochniarz et al., 2017), using the same samples 
that were used in the present study, we noted a statis-
tically significant increase in IL-6 levels in both milk 
and serum of cows with subclinical mastitis caused by 
CNS (P < 0.001). Thus, an association exists between 
elevated levels of IL-6 and elevated levels of ITIH4, in 
both serum and milk of cows with subclinical mastitis 
caused by CNS.

In conclusion, the present study showed an increase 
of ITIH4 level in milk and serum of cows with sub-
clinical mastitis caused by Streptococcus sp. and CNS 
compared with the group of healthy cows. These results 
suggest that ITIH4 may be used in the future as a novel 
diagnostic marker for the detection of subclinical mas-
titis in serum and milk of cows, but further studies are 
necessary to explore its potential as a diagnostic tool, 
alone or in combination with other APP. The ability to 
detect mastitis early for prompt interventions can have 
a significant effect on milk production, milk quality, 
and herd health because it helps to avoid persistent 
udder infection and the spread of pathogens in dairy 
herds. In our opinion the present study provides new 
knowledge about ITIH4, but further studies are neces-
sary to better characterize and understand the function 
of this protein in infectious diseases in mammary gland 
of cows.
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