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ABSTRACT

The study aimed to analyse serum haptoglobin concentrations by calving number and lactation phase in
clinically healthy dairy cattle and to determine the correlation between concentrations in serum and milk
samples. For this purpose, serum samples were collected from 228 clinically healthy cows after milking
from 14 randomly selected herds. Additionally, milk samples were collected from 80 out of the 228
cows from the milking prior to blood collection. Both serum and milk samples were analysed with a
commercial ELISA test. The effect of the calving number and lactation phase on mean serum
haptoglobin concentrations was examined by Kruskal-Wallis/Jonckheere-Terpstra tests. After that, in a
multivariate approach, a mixed-effects linear model was also performed. In addition, intraclass
correlation coefficients were used to evaluate the correlation between concentrations in serum and
milk samples. Results indicated a downward trend in haptoglobin concentrations throughout
lactation, that was statistically significant when comparing fresh cows with the remaining lactation
phases. The higher haptoglobin concentrations in fresh cows could be the result of inflammatory
illnesses without clinical disease, stress or variations within the physiological state. Although previous
studies showed some discrepancies, a good correlation between serum and milk concentrations has
been observed in the present paper.
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1.1 i
ntroduction 2015). Huzzey et al. (2009) even indicated that Hp screening

Acute phase proteins (APP) are plasma proteins, mainly syn-
thesized in the liver which are stimulated by inflammatory
mediators. They include C-reactive protein, al-acid glyco-
protein, haptoglobin (Hp), mannose-binding protein, fibrino-
gen, al-antitrypsin, and complement components C3 and C4.
Thereby, the APPs are a heterogeneous group of proteins
with different roles, but they are mainly related to immunoglo-
bulin production and tissue repair (Kent 1992). From a diagnos-
tic point of view, APPs can be measured to detect situations
triggering an inflammatory response (an acute phase response)
and, therefore, they were proposed as general markers for
animal health and welfare (Gémez-Laguna et al. 2011).

In the particular case of cattle, Hp has been considered one
of the most specific APPs (Chan et al. 2004). Hp increases over
100-fold at the onset of an inflammation event (Kerwin and
Overton 2020). Consequently, the quantification of Hp has
been widely used to assess a variety of inflammatory processes.

In dairy cattle, variations of Hp concentrations with dystocia,
puerperal metritis, retained placenta or periparturient meta-
bolic stress (determined by elevated B-hydroxybutyrate
levels) have been documented (Huzzey et al. 2009; Pohl et al.

may assist in the early detection of metritis, providing increased
opportunities for early treatment and prevention. Some
authors argue that, during the postpartum period, there is a
relationship between Hp concentration and different blood
markers, such as non-esterified fatty acids (NEFA), which can
serve as support to have an indication of the nutritional and
health status of dairy cows (Galvao et al. 2010; Pohl et al.
2015; Kaya et al. 2016).

Different previous studies observed a decrease in milk pro-
duction and reproductive performance in dairy cows during
the postpartum period, which were related to circulating
levels of Hp (Huzzey et al. 2015; Shin et al. 2018).

Additionally, the measurement of Hp has been suggested as
a reliable method to detect animals with subclinical or clinical
mastitis, although milk amyloid A seemed to be a more sensitive
factor for diagnosis of subclinical mastitis (Haghkhah et al. 2010;
Wollowski et al. 2021). In cattle, increases in Hp concentration
have also been examined in conditions such as lameness, foot
and mouth disease, respiratory disease, or even bovine viral
diarrhoea virus persistent infections (Smith et al. 2010; Ulutas
et al. 2011; Merhan et al. 2017; Joshi et al. 2018).
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Moreover, Hp, as well as other APPs, have been proposed as
markers of stress in cattle and other species. Seva et al. (2007)
concluded that, in stress situations, fighting cattle showed
plasma Hp levels higher than normal and, hence, this APP
could be used as an indicator of the level of stress suffered by
the animal. Shipment of pigs and lambs can also lead to an Hp
response that can be related to the stress of transport (Pifieiro
et al. 2007; Tadich et al. 2009). APP could contribute to evaluate
welfare problems related to transport (Saco et al. 2003).

Most previous studies analysing Hp levels in different con-
ditions have used serum samples; however, individual, compo-
site and bulk tank milk samples have also been analysed on
occasion (alone or in combination with serum samples), essen-
tially for bovine mastitis related studies (Grénlund et al. 2005;
Akerstedt et al. 2007; Haghkhah et al. 2010). However, few
studies have specifically addressed the correlation of Hp con-
centrations in both types of samples (serum and milk).

The aim of the present study was to characterize serum Hp
concentrations by calving number and lactation phase in clini-
cally healthy dairy cattle and to determine the correlation
between Hp concentrations in serum and milk samples.

2. Materials and methods
2.1. Area description and herds surveyed

The study was conducted in Galicia (north-west Spain) during
2020 and 2021. Galicia is the main dairy cattle area of the
country, accounting for 55% of farms and 38% of milk production.
The mean herd size per farm is 45 cows (lower than the national
average of 60), and farms are still predominantly family-owned
and managed. In Galicia, 35% of the herds are enrolled in the
Dairy Herd Improvement Program (DHIP), which represents
72% of the milk produced in this region (AFRICOR 2020).

The data used in the study were obtained from 14 dairy
farms (all of which are Holstein breed). They were selected by
simple random sampling, among those included in the DHIP.
The mean herd size (cows >1 year) in the studied farms was
74.2 (maximum of 147 and minimum of 65).

In these herds, blood samples were collected from 228 clini-
cally healthy cows after morning milking. Clinically healthy
status was defined based on complete clinical inspection,
farmer survey, and DHIP data. Blood was collected by tail
vein venipuncture into anticoagulant-free Vacutainer tubes.
Additionally, milk samples were collected from 80 out of the
228 cows from the milking prior to blood collection.

From each cow, information on calving number and days in
milk (DMI) at sampling were collected. Three categories were
established according to calving number: (1) 1st parity cows,
(2) 2nd parity and (3) 3rd or higher. According to DIM five cat-
egories were established: (1) fresh cow, from 0 to 30 DIM, (2)
peak lactation, from 31 to 90 DIM, (3) mid lactation, 91-150
DIM, (4) late lactation, >151 DIM, and (5) dry cow.

2.2. Analyses

Both serum and milk samples were analysed with a commercial
ELISA test (BIO K 328 - QuantELISA Bovine haptoglobin/

sandwich, Bio-X Diagnostics, Belgium). This is a competitive
ELISA kit for the quantitative determination of bovine Hp.

Analyses were performed following the recommendations
and dilutions indicated by the manufacturer for serum and
milk samples. The recommended dilution factors were 1/1000
for serum samples and 1/10 for milk samples; in the specific
case of serum samples from animals with known inflammatory
ilinesses, a 3000-fold dilution factor would be recommended.
After analysis, in order to calculate the Hp concentrations in
the samples, calibration curves were determined by four-par-
ameter regression. According to the test, Hp concentrations
were expressed in ng/ml (the concentration of the standards
ranged from 5.6 to 360 ng/ml).

2.3. Statistical tests

Data were analysed using SPSS 11.0 software (StataCorp., TX, USA).

The effect of calving number and DIM on mean serum Hp
concentrations was examined by Kruskal-Wallis (K-W) and
Jonckheere-Terpstra (J-T) tests, respectively. After that, in a
multivariate approach, data were analysed by using a mixed-
effects linear model. In the model, calving number and DIM
were included as fixed effects. A term for interaction between
these two variables was also incorporated. Herd was included
as a random effect.

Otherwise, intraclass correlation coefficients (ICC) (absolute
agreement and consistency) were used to assess the corre-
lation between Hp concentration in serum and milk samples.

3. Results

Mean serum Hp concentrations by calving number (along with
95% confidence intervals) are provided in Table 1. Second
parity animals were those that showed lower concentrations
(9.57 vs. 12.34 ng/ml in 1st parity cows, and 15.47 ng/ml in
3rd parity and older cows). However, according to the K-W
test, these differences were not significant (p =.756).

In relation to DIM, data indicated a downward trend in Hp
concentrations throughout lactation. Thereby, they decreased
from 20.56 ng/ml in fresh cows to 10.11 ng/ml in late lactation
cows (Table 1). According to the J-T test, this trend would not
be significant either (p =.346). However, when comparing fresh
cows (as mentioned, with a mean Hp serum concentration of
20.56 ng/ml) with the remaining groups (mean=11.30 ng/
ml), the differences were statistically significant (p =.024).

Table 1. Mean haptoglobin concentrations (ng/ml) in serum samples from dairy
cows in Galicia (NW Spain) according to calving number and lactation phase.

95% confidence interval

Lactation number n Mean Maximum Minimum
1st 65 12.34 591 18.78
2nd 75 9.57 6.41 12.73
3rd or higher 79 15.47 8.46 22.48
Lactation phase

Fresh cows 40 20.56 7.42 33.69
Peak 35 12.19 6.21 18.19
Mid lactation 66 11.32 5.031 17.61
Late lactation 63 10.11 6.72 13.50
Dry cow 21 11.92 0.48 24.33
Total 228 12.61 9.34 15.87




Table 2. Results of mixed-effects model for the effect of lactation number and
lactation phase on mean haptoglobin concentrations (ng/ml) in serum samples
from dairy cows in Galicia (NW Spain).

Covariance parameters
estimation (Standard
error)

607.708 (58.887)

Fixed effects F value p Value
Intersection 52.734 <.001
Lactation number 1.575 0.209
Lactation phase (fresh vs. remaining groups) 5.548 0.019
Lactation number * Lactation phase 0.791 0.455

In line, the mixed model, including DIM as a binary variable
(fresh cows vs. remaining groups) also indicated significant
differences in Hp concentration (p=.019) (Table 2). In the
model, calving number and the interaction term between
calving number and lactation phase were not significant.

As regards the 80 cows in which serum and milk samples
were collected, descriptive statistics for haptoglobin concen-
trations in each kind of sample category are shown in
Table 3. The scatter plots showed a good correlation between
serum and milk concentrations (Figure 1). Thereby, ICC figures
were 0.842 (consistency) and 0.844 (absolute agreement)
(p <.001 for both coefficients).

4, Discussion

Hp, along with amyloid A, are the most widely studied APP in
cattle. Hp has been consistently found to be a useful marker
in case of infection, inflammation, trauma or stress. Moreover,
APP, including Hp, are elevated more by acute rather than
chronic inflammatory disorders, allowing to discriminate
between both situations (Horadagoda et al. 1999).

The present study is based on the use of a commercial quan-
titative ELISA, using plates sensitized with monoclonal anti-
body directed specifically against bovine Hp. Currently,
several commercial ELISA kits are available, being this the
most frequently used test method since offers simplicity, con-
venience and accessibility (Morimatsu et al. 1992).

Few previous studies have related Hp concentration to
calving number. The present paper showed that the highest
Hp concentrations are observed in third parity and older cows
followed by first parity cows, but without observing significant
differences. This finding was in accordance with other previous
studies (Nazifi et al. 2008; Kalmus et al. 2013; Wollowski et al.
2021). Conversely, Thomas et al. (2015) found a significant corre-
lation between milk Hp and parity; likewise, they indicated that
parity could be a confounding factor when diagnosing inflam-
matory illnesses (such as mastitis) using Hp. Moreover, another
previous report indicated that healthy heifers (1st parity) had
higher mean Hp than healthy mature cows (>2nd parity) but
only in week 1 after calving (Crawford et al. 2005). In the
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present study, the mixed model showed that the interaction
term between calving number and DIM was not significant.

As regards DIM, our study showed that there is a downward
trend in Hp concentrations throughout lactation, but differ-
ences were only significant when comparing fresh cows with
the remaining lactation groups. Debski et al. (2016) and
Premi et al. (2021) found a similar trend in Hp concentrations,
that could be associated with the lessening of the acute
phase response occurring since early lactation phase.

The puerperium period of dairy cows is often characterized
by inflammatory illnesses, frequently subclinical or with non-
specific symptoms. Inflammation is the cause of impairment
in liver function (not activity, which is, perhaps, higher), and
perhaps of performance (milk yield and fertility) (Bertoni et al.
2008). Likewise, during the period before calving and few
weeks after parturition cows suffer from stress-related pro-
blems, which could lead to higher Hp concentrations. This
period is connected with environmental and management
changes (i.e. milk parlour or social regrouping). Debski et al.
(2016) suggested that not only inflammations but also physio-
logical factors such as pregnancy, delivery and/or state of lacta-
tion may have a significant impact on APPs values in the blood
plasma of dairy cows. In line, Hiss et al. (2009) indicated that the
concentration of serum Hp was affected by calving with low
levels 4 weeks prepartum and elevated levels 1 week postpar-
tum. Thereby, determining possible variations according to
DIM would allow interpreting more accurately potential Hp
increases that can occur in the different lactation phases.

The use of zeolites, such as clinoptilolite, may have
improved energy status during early lactation and conse-
quently decreased values of SAA and Hp during the postpar-
tum period. Thus, cows could be less susceptible to bacterial
infections and consequently the incidence of inflammation
could be decreased (Folnozi¢ et al. 2019).

Although previous studies have analysed Hp concentrations
in both serum and milk samples, the correlation between the
values obtained in the two types of samples has been less eval-
uated. In the present study, the correlation levels were good
(using the dilutions recommended by the ELISA manufacturer),
although Hp concentrations in milk tend to be slightly higher
than in serum samples. Gracner et al. (2006) found higher Hp
concentrations in milk (compared to serum) in cows with mas-
titis, but slightly lower in healthy cows.

A previous report showed a weak (non-significant) positive
correlation when comparing serum and milk Hp concentrations
in healthy cattle. The correlation between serum and milk con-
centrations was even negative in some inflammatory illnesses,
notably in subclinical mastitis (Khoshvaghti et al. 2009). Thus,
although they conclude that serum and milk Hp are sensitive
factors for the diagnosis of inflammatory illnesses in cattle, the
correlation between the concentration obtained in both
samples seems to be poor. Previously, Nielsen et al. (2004),

Table 3. Descriptive statistics for haptoglobin concentrations (ng/ml) by type of sample (serum/milk) from 80 dairy cows in Galicia (NW Spain).

95% confidence interval

Percentil 25 Median Percentil 75 Mean Maximum Minimum
Serum 5.43 12.63 19.05 20.09 12.74 27.44
Milk 6.09 12.82 23.92 21.17 14.16 28.18
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Figure 1. Scatter plot of serum haptoglobin concentration (y-axis) and milk haptoglobin concentration (x-axis) (ng/ml), in 80 dairy cows from Galicia (NW Spain).

also indicated no correlation between Hp concentrations in
serum and milk in healthy cows, cows with clinical mastitis
and cows with extramammary inflammatory illnesses. On the
contrary, a significant moderate positive correlation was
observed in other former reports (Eckersall et al. 2001; Hiss
et al. 2009).

Although Hp is mainly synthesized in the liver, local pro-
duction within the mammary gland has also been described
(Hiss et al. 2004). The same study supported a very close link
between mastitis and Hp synthesis in mammary tissue and indi-
cates that Hp detectable in milk not only originates from circu-
lation. The lack of correlation between milk and serum levels
observed in some studies has been attributed to this synthesis
in the mammary gland, basically in the case of animals with
intramammary infection. Hp acts in plasma picking free haemo-
globin but also has antioxidant activities and this may be an
important function in milk (Lim et al. 2000). Additionally,
there have been previous reports of the potential production
of Hp during the acute phase response in other extrahepatic
tissues such as lung (Yang et al. 1995) or endometrium
(Sharpe-Timms et al. 1998); although secretion from these
two tissues have not been confirmed in the case of cattle.

5. Conclusion

The present study agrees with most of the previous papers
since no differences in Hp concentrations according to

calving were found. In relation to the lactation phase, fresh
cows seemed to show higher Hp concentrations that could
be related to inflammatory illnesses in the absence of clinical
disease, stress or variations within the physiological state. On
the other hand, there seems to be discrepancies in previous
research as regards the correlation between Hp concentrations
in serum and milk samples, both in healthy cows and cows
suffering from different pathologies; the correlations found in
this study were high.
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