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ABSTRACT

Blood gas analysis is a great support to the diagnostic 
process of critically ill patients. Its correct application to 
the medicine of dairy cows depends on the availability of 
specific reference intervals that are still difficult to find 
in the literature. They may vary according to the type of 
blood sampled, the animals’ age and production stage, 
and climatic conditions. This study aimed at calculating 
the reference limits for some blood gas parameters in the 
blood collected from the coccygeal vessels of multipa-
rous Holstein dairy cows. This site of sampling implies 
the risk of withdrawing blood of unknown origin (venous, 
arterial, or mixed), but it has a high practical interest for 
easy and quick performance and minimal animal restraint 
required. Data from 379 cows were used, and reference 
limits were produced for pH, partial pressure of carbon 
dioxide, bicarbonate concentration, total carbon dioxide 
concentration, oxygen saturation (sO2), hemoglobin 
(Hb), hematocrit (Hct), base excess, glucose, Na, K, and 
ionized calcium (iCa). The effects of stage of lactation 
(5–60 vs. >60 DIM) and season of sampling (cold vs. 
hot) were investigated, and specific reference limits were 
produced for each variable and each level of the factors 
whenever a significant effect was detected. The pH, sO2, 
K, and iCa were not influenced by season or stage of 
lactation. All the other blood gas parameters were sig-
nificantly affected by season of sampling, and Hb, Hct, 
glucose, and Na were also affected by stage of lactation. 
Reference limits provided in this study are specific to the 
site of sampling (coccygeal vessels) and the animal cat-
egory considered. Further studies are needed to produce 
reference intervals for other blood gas parameters, cow 
categories, and blood types.
Key words: blood gas analysis, coccygeal vessel, dairy 
cow, Holstein, reference limit

INTRODUCTION

Blood gas analysis provides important insights into the 
patient’s acid-base status and cardiopulmonary function 
and is a useful aid to the diagnostic process and choice 
of the best supportive therapy. In veterinary medicine, it 
is widely applied in the emergency and critical care of 
companion animals (Sumner and Rozanski, 2013; Humm 
and Kellett-Gregory, 2016), but historically, it was not 
largely used among food-producing animals. In addition 
to the costs, the main limits to the use of this tool in large 
animals were linked to the field practice, as it was dif-
ficult to withdraw arterial blood and perform the analysis 
immediately after sampling under controlled environ-
mental conditions. In recent years, the availability of new 
portable analyzers has made it possible to perform on-
field blood gas analysis (Gonzalez and Waddell, 2016). 
Therefore, several applications have been investigated in 
different species and with different types of blood (arte-
rial, venous, or mixed). In the case of cattle, the main use 
regards neonatology, as blood gas analysis is a precious 
aid in the management of newborn cattle disorders (Ber-
chtold, 2009; Bleul, 2009). Implementations have been 
tested even in adult dairy cows regarding, for instance, 
the detection of mastitis (Feng et al., 2022; Tommasoni 
et al., 2023) and subacute ruminal acidosis (Gianesella 
et al., 2010) or in supportive therapy for downer cows 
(Güzelbekteş et al., 2006). However, specific reference 
limits are needed for a proper interpretation of blood gas 
analysis results, which may vary with the species, the age 
of the animal, and the type of blood collected. Indeed, if 
arterial blood is richer in oxygen and is mostly indicative 
of pulmonary function, venous or mixed blood is most 
suitable to evaluate the overall acid-base status of the 
organism and the performance of tissue perfusion (Day, 
2002; Santarosa et al., 2023). In cattle, some reference 
intervals were produced for calves (Bleul et al., 2007; 
Dillane et al., 2018), but the literature is still lacking 
information about adult cows. In this regard, some stud-
ies on adult cows were performed on a limited number 
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of animals (Tvedten et al., 2000; Peiró et al., 2010) or 
were quite old (Naito and Murakami, 1982). Only a very 
recent study provided some reference limits for blood 
gas analysis in Holstein dairy cows according to their 
production level (Pawliński et al., 2023).

The present study aimed at calculating reference limits 
for some blood gas parameters in multiparous Holstein 
dairy cows that were blood sampled from the coccygeal 
vessels. This site of sampling is peculiar to cattle and 
widely preferred in the dairy practice, as it makes blood 
collection easier and quicker to perform and requires 
minimal animal restraint (Tvedten et al., 2000; Santarosa 
et al., 2023). However, because venipuncture from the 
coccygeal vessels (the “tail vein”) presents the risk of 
collecting both arterial and venous blood in unknown 
proportions, reference values for venous blood may not 
be appropriate. Results should be carefully interpreted, 
and the specific reference limits produced in this study 
should help in this process.

MATERIALS AND METHODS

Dataset Description

No animal manipulation was performed in this study, so 
no ethical approval was necessary. The data used in this 
study were made available by a feed supplier company 
that, between the years 2020 and 2021, promoted a ser-
vice of cow blood collection and analysis among its dairy 
customers. Original data extracted from the company’s 
database included 600 Holstein dairy cows with complete 
data. The cows belonged to 10 commercial dairy herds 
located in the Po Valley (Italy), and the samplings were 
performed between August 2020 and March 2021. Only 
multiparous cows were considered (i.e., parity >1), and 
the available data included individual cows’ identifica-
tion number and parity; DIM, milk production, and body 
temperature at the time of sampling; health events within 
7 d before sampling; and individual milk traits (SCC, fat 
and protein content) and blood traits (BHB and blood gas 
analysis parameters). The blood gas analysis parameters 
included in the dataset were pH, partial pressure of car-
bon dioxide (pCO2, mm Hg), bicarbonate concentration 
(HCO3, mmol/L), total carbon dioxide concentration 
(tCO2, mmol/L), partial pressure of oxygen (pO2, mm 
Hg), oxygen saturation (sO2, %), hemoglobin (Hb, g/
dL), hematocrit (Hct, %), base excess (BE, mmol/L), 
glucose (mg/dL), Na (mmol/L), K (mmol/L), and ionized 
calcium (iCa, mmol/L). A nutritionist belonging to the 
same feed supply company was in charge of formulat-
ing the diets provided to the cows of all farms that were 
part of the study. The feeding regimen to fulfill lactating 
cows’ nutritional requirements considered the ad libitum 
provision of diets offered as TMR based on corn silage, 

mixed grass and legume silages, alfalfa hay, meadow 
hay, high-moisture corn, cereal meals, soybean meal, 
and vitamin-mineral-protein supplements. Analyses of 
6 TMR samples per farm performed by the commercial 
laboratory of Nutristar S.p.A. (Reggio Emilia, Italy) were 
available for the study period. The average nutritional 
and mineral content of the diets are reported in Table 1.

For each cow, blood and milk were sampled on the 
same day by a team of veterinarians. Blood was with-
drawn from the tail of the cows using 9 mL vacuum-
sealed lithium-heparin tubes (Vacuette LH, Greiner 
Bio-One, Kremsmunster, Austria) with a G18 needle, and 
blood gas analysis was performed by a portable analyzer 
(i-STAT System, Abbott Laboratories, Abbott Park, IL) 
directly on farm within 10 min of sample collection. The 
i-STAT is a hand-held battery-powered point-of-care 
analyzer that uses self-contained disposable cartridges 
programmed to simultaneously analyze combinations 
of blood gas variables. A detailed description of i-STAT 
functioning is reported by Bleul and Götz (2014), and 
validation for blood gas analysis in cattle can be found 
in Peiró et al. (2010). For each sample, blood was trans-
ferred from the vacuum tube to the disposable i-STAT 
cartridge by a sterile syringe with a needle, without any 
gas bubbles forming inside. This procedure prevented any 
contamination of the sample by environmental gases. Ap-
proximately 95 μL of blood was loaded in the entry well 
of a disposable CG8+ cartridge (Abbott Laboratories), 
which was then inserted into the analyzer. According to 
the manufacturer’s instructions, the body temperature of 
the cow was entered into the analyzer to obtain corrected 
values. The CG8+ cartridge allowed the measurement of 
pH, pCO2, HCO3, tCO2, pO2, sO2, Hb, Hct, BE, glucose, 
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Table 1. Analysis of the diets fed to the lactating cows included in the 
study (mean and SD of the analyses performed during the study period in 
each farm)

Item1 Mean SD

DM (%) 58.4 9.2
Nutrient (% DM)    
  CP 16.0 1.1
  Ether extract 3.7 0.4
  Ash 8.3 0.8
  aNDF 32.4 3.6
  ADF 21.2 3.0
  Starch 25.1 2.4
  Ca 2.0 8.7
  P 0.4 0.0
  Mg 0.3 0.1
  K 1.7 0.3
  Cl 0.5 0.1
  Na 0.3 0.1
  S 0.2 0.1
NEL (Mcal/kg DM) 1.5 0.1
DCAD (mEq/kg DM) 424.2 55.3
1aNDF = amylase-treated NDF; DCAD calculated as Na + K − Cl (Hu 
and Murphy, 2004).
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Na, K, iCa. The results were displayed on the screen of 
the device after a few seconds.

At the same time, BHB (mmol/L) was assessed using 
the same blood sample by the Freestyle Optium Neo 
hand-held blood analyzer (Abbott Laboratories). After 
inserting a specific test strip (Freestyle Optium β-Ketone 
Test Strips, Abbott Laboratories) into the portable device, 
a drop of blood was put on the front edge of the strip, and 
the result was readable on the display a few seconds later.

Milk samples were collected as a pool of lactating quar-
ters of each cow into 100-mL bottles with bronopol as pre-
servative and delivered on the same day to the company’s 
laboratory. Milk fat and protein content were predicted 
using a Fourier transform mid-infrared spectroscopy 
technique with a MilkoScan FT6000 (Foss Electric A/S, 
Hillerød, Denmark), and SCC (cells/mL of milk) was as-
sessed using a Fossomatic 5000 (Foss Electric A/S).

Statistical Analysis

Statistical analysis was performed by SAS 9.3 (SAS 
Institute Inc., Cary, NC). The procedure to produce refer-
ence intervals used in this study followed the American 
Society for Veterinary Clinical Pathology guidelines by 
Friedrichs et al. (2012).

First, the dataset was accurately cleaned to keep only 
cows considered healthy. Cows were excluded from the 
dataset when any health events were recorded on the day 
of sampling or within the 7 d before it; body temperature 
was above 39.3°C (fever; Smith and Risco, 2005; Bur-
feind et al., 2012); milk SCC was higher than 300,000 
cells/mL (suspected mastitis; Reneau, 1986; Jadhav et 

al., 2018); blood BHB was higher than 1.2 mmol/L; or  
the milk fat-to-protein ratio was higher than 2 (ketosis 
and risk for health events; Duffield et al., 2009; Jenkins 
et al., 2015; Toni et al., 2011). Cows sampled before 5 
DIM were also excluded. The final dataset included 379 
cows.

Next, for each blood variable, outliers were identi-
fied as values more than 3 SD from the mean and were 
removed from the dataset, according to the procedure 
reported by Cozzi et al. (2011). The distribution of each 
variable was then checked using PROC UNIVARIATE 
by visual inspection of the histogram and Shapiro-Wilk 
goodness-of-fit test. Shapiro-Wilk values (W) ≥0.90 
were accepted for normal distribution. The distribution 
was normal for all tested variables except for pO2, which 
showed a marked bimodal trend at histogram inspection. 
The pO2 can vary considerably according to the blood 
origin (venous vs. arterial), to the point that it can be 
used to distinguish between venous and arterial blood 
samples (Tvedten et al., 2000). Given its distribution in 
this study, it would have made no biological sense to pro-
duce reference limits for this variable. However, it was 
classified according to the limits suggested by Tvedten 
et al. (2000) into 3 levels that were supposed to identify 
different types of blood, in order to be used in subse-
quent analysis: arterial (pO2 >90 mmHg), venous (pO2 
<40 mmHg), and mixed (40 mmHg ≤ pO2 ≤ 90 mmHg). 
The descriptive characteristics of the variables analyzed 
are reported in Table 2. Due to the absence of data on 
Cl concentration, it was not possible to calculate derived 
parameters such as anion gap and strong ion difference 
(Constable, 2014).
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Table 2. Descriptive statistics of blood gas parameters analyzed from coccygeal vessels of 379 multiparous Holstein cows: samples (n, after outlier 
deletion), mean, SD, median, min, max, Q inf (25%) and Q sup (75%), and W value of Shapiro-Wilk normality test; effects of stage of lactation (DIM: 
5–60 vs. >60 DIM1), season of sampling2 (cold vs. hot), and pO2 class (pO2; type of blood3) based on ANOVA were reported, as well as the percentage 
of total variance due to the herd (herd variation)4

Parameter5 n Mean SD Median Min Max Q inf Q sup W DIM Season pO2 class
Herd 

variation

pH 376 7.44 0.04 7.44 7.33 7.57 7.41 7.47 0.99 0.78 0.83 <0.001 9.0%
pCO2 (mm Hg) 376 47.1 5.3 47.6 31.6 63.8 43.6 50.3 0.99 0.53 <0.001 <0.001 3.7%
HCO3 (mmol/L) 376 31.9 7.8 31.7 24.8 40.3 30.0 33.8 0.99 1.00 <0.001 0.18 5.3%
tCO2 (mmol/L) 376 33.2 2.9 33.0 26.0 42.0 31.0 35.0 0.99 0.76 <0.001 0.23 3.8%
sO2 (%) 379 69.3 16.9 66.0 35.0 100.0 56.0 82.0 0.95 0.64 0.65 <0.001 0.3%
Hb (g/dL) 378 8.7 0.7 8.5 6.8 10.5 8.2 9.2 0.98 0.04 0.01 0.71 6.8%
Hct (%) 378 25.4 2.1 25.0 20.0 31.0 24.0 27.0 0.98 0.03 0.01 0.32 6.0%
BE (mmol/L) 375 8.1 3.0 8.0 0.0 17.0 6.0 10.0 0.98 0.94 <0.001 0.36 6.6%
Glucose (mg/dL) 377 62.6 5.6 63.0 46.0 78.0 59.0 66.0 0.99 0.01 <0.001 0.62 9.4%
Na (mmol/L) 376 137.2 2.1 137.0 131.0 143.0 136.0 139.0 0.98 0.01 <0.001 0.88 17.0%
K (mmol/L) 378 4.3 0.4 4.3 3.3 5.2 4.1 4.5 0.99 0.92 0.14 <0.001 15.9%
iCa (mmol/L) 364 1.20 0.08 1.20 0.96 1.70 1.15 1.23 0.90 0.98 0.65 0.10 8.1%
1Maximum DIM = 215.
2Cold = October, January, February, and March; hot = August and September.
3Type of blood: arterial = pO2 >90 mmHg; venous = pO2 <40 mmHg; mixed = 40 mmHg ≤ pO2 ≤ 90 mmHg.
4No interaction between fixed effects was significant (P > 0.01). min = minimum; max = maximum; Q inf = inferior quartile; Q sup = superior quartile.
5pCO2 = partial pressure of carbon dioxide; HCO3 = bicarbonate concentration; tCO2 = total carbon dioxide concentration; sO2 = oxygen saturation; 
Hb = hemoglobin; Hct = hematocrit; BE = base excess; iCa = ionized calcium. 
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The ANOVA (PROC MIXED) was performed on se-
lected blood variables to test the fixed effects of stage 
of lactation (5–60 DIM and >60 DIM) and season of 
sampling (hot: August and September, and cold: October, 
January, February, and March). Class of pO2 was includ-
ed in the model as fixed effect to prevent confounding 
from the type of blood sampled, and herd was included 
as random effect. Interactions between fixed effects were 
also considered, and post hoc multiple comparisons were 
performed with the Bonferroni correction.

The stage of lactation was classified to distinguish 
between cows that were in the ascending phase of the 
lactation curve from those that were beyond the peak of 
lactation (Steri et al., 2012), considering the former at 
higher risk for disturbances (LeBlanc et al., 2006). In the 
hot season, the average environmental temperature on 
days of sampling was 25.8 ± 1.9°C (± SD), with mean 
daily temperature ranging from 23.5°C (September 2020) 
to 28.6°C (August 2020). In the cold season, the average 
environmental temperature was 7.4 ± 5.1°C (± SD), rang-
ing from −2.0°C (January 2021) to 13.0°C (March 2021).

Whenever a blood gas parameter was significantly 
affected by season or class of DIM (P < 0.05), or the 
interaction between them (P < 0.01), the mean with 95% 
CI and specific reference limits were generated for each 
level of the factor. Otherwise, single means with 95% 
CI and reference limits were produced. Reference limits 
were calculated by MedCalc (version 12.6.1.0, MedCalc 
Software, Ostend, Belgium) using a parametric method 
based on the distribution of the data.

RESULTS AND DISCUSSION

Presently, advanced technologies allow to perform 
blood gas analysis on field, offering great support to the 
diagnostic process in cattle medicine. However, proper 
reference limits are needed to correctly interpret the re-
sults of this specific exam, as blood gas parameters can 
vary according to the type of blood sampled, the age of the 
animals, the production stage, and external factors such as 
environmental conditions. In dairy cattle, the possibility 
to easily and rapidly measure blood gas parameters on 
field is of extreme interest not only for the assessment of 
cardiopulmonary function and acid-base status, but also 
for the immediate assessment of the electrolytes (such as 
iCa), which are essential for diagnosis and proper treat-
ment of subclinical metabolic disorders and downer cow 
syndrome (Suzuki et al., 2021). Blood gas analysis is 
usually performed on pure venous or arterial blood. How-
ever, arterial blood sampling is rather difficult in adult 
cows (Nagy et al., 2002), and venous withdrawal from the 
jugular vein requires considerable restraint of the animal 
with the support of additional personnel. For these rea-
sons, the coccygeal vessels (sited on the ventral aspect of 

the tail) are the elective site for blood sampling in adult 
cattle, as minimal animal restraint and no additional help 
is needed. Whenever it is necessary to perform blood gas 
analysis on samples collected from the tail, however, one 
must be aware of the risk of collecting mixed arterial and 
venous blood (Tvedten et al., 2000). In this case, refer-
ence limits for pure venous or arterial blood may not be 
appropriate. This study provided reference intervals for 
some blood gas parameters in multiparous Holstein dairy 
cows sampled from the coccygeal vessels, showing that 
some of these can be influenced by stage of lactation and 
season of sampling.

The average parity of the cows included in this study 
(n = 379) was 2.8 ± 2.1 (± SD), with a minimum of 2 and 
a maximum of 10 (one cow), and 20% of them had parity 
≥4. Overall, DIM at sampling was 65.2 ± 55.7 (mean ± 
SD), ranging from 5 to 215 DIM. Cows in the early lacta-
tion stage (5–60 DIM) were sampled at 29.5 ± 13.6 DIM, 
whereas cows in the second lactation stage (>60 DIM) 
at 127.6 ± 45.6 DIM. Cows’ average daily milk yield at 
sampling was 41.8 ± 7.8 kg (minimum = 16.2, maximum 
= 64.6 kg), with 3.21 ± 0.31% protein and 3.66 ± 1.07% 
fat content. According to the National Breeders Associa-
tion reports, the Italian Holstein cow population has an 
average milk yield of 10,523 kg/cow per lactation, with 
3.34% protein and 3.86% fat content (AIA, 2022). The 
body temperature of the cows included in the study was 
38.5 ± 0.3°C (range: 37.5–39.3°C). Diets fed to cows 
had limited variability in terms of DCAD (coefficient of 
variation = 13%; Table 1), which was always positive 
and within the optimal range suggested for dairy cows 
(Hu and Murphy, 2004).

Overall, in this study, 40 samples (11%) could be sup-
posed to be of arterial origin based on pO2 higher than 90 
mmHg, and 233 samples (62%) could be of venous origin 
given pO2 lower than 40 mmHg. These proportions were 
in line with the results by Tvedten et al. (2000), who, 
out of 39 blood samples taken from the coccygeal ves-
sels, classified 12% as of arterial origin and 67% as of 
venous origin. It can therefore be supposed that when 
blood sampling is performed from the tail, there is a large 
probability of obtaining venous blood, and high pO2 val-
ues would suggest arterial sampling. This should guide 
the careful interpretation of the results, being aware that 
mixed blood samples could be analyzed and changes in 
pO2 values may also be due to pathological status. Re-
sults of ANOVA showed that only sO2, pCO2, pH, and K 
were significantly affected by the type of blood sampled 
(class of pO2; Table 2). This evidence points out that such 
parameters should be carefully interpreted when reading 
blood gas analysis results from coccygeal vessels, con-
sidering that sO2 and pH have higher values in arterial 
blood, whereas pCO2 and K have higher values in venous 
samples (Tvedten et al., 2000; Santarosa et al., 2023).
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Except for iCa and sO2, fewer than 4 outliers were 
detected and discarded among the study variables, and 
the Shapiro-Wilk test W values ≥0.98 denoted their very 
good normal distributions (Table 2). A considerable num-
ber of outliers (n = 15) were identified for iCa, which had 
the poorest W value. This result seemed to be linked to 
the physiological status of the cow rather than to the type 
of blood sampled, as no effect of pO2 class was detected 
by the ANOVA and other studies found no differences 
in iCa according to the site of sampling (vein, artery, or 
mixed; Bajcsy et al., 1999). The lower W value found 
for sO2 compared with the other blood gas parameters 
was somehow expected due to the mixed blood sampling 
performed in this study, as oxygen-linked parameters 
considerably vary between arterial and venous blood 
(Day, 2002).

The average values of blood gas parameters (Table 2) 
were almost in line with other reports for dairy cows, 
with the only exceptions of HCO3 and BE, which were 
generally higher than in previous studies (Peiró et al., 
2010; Feng et al., 2022; Pawliński et al., 2023). The 
results of the ANOVA showed that the herd poorly con-
tributed to the variability of all the blood gas parameters, 
with only Na and K having more than 10% variation due 
to the herd (Table 2).

Blood pH, sO2, K, and iCa were not affected by sea-
son (hot vs. cold) or stage of lactation (class of DIM). 
The season of sampling significantly influenced all the 
other blood gas parameters, and Hb, Hct, Glucose, and 

Na varied also according to the stage of lactation (Table 
2). No significant effect of interactions among season, 
class of DIM, and class of pO2 was detected for any 
variable.

The mean values and 95% CI of pH, K, and iCa were 
in line with the observations of previous studies (Peiró et 
al., 2010; Pawliński et al., 2023), whereas sO2 data were 
consistent with average values reported by Tvedten et al. 
(2000) for venous and arterial blood samples considered 
together (Table 3).

Values of Hb and Hct were lower for cows in the early 
phase of lactation (5–60 DIM) than for cows at >60 DIM 
(Table 4) and were higher in the cold season than in the 
hot season (Table 5). Variations in Hb and Hct due to 
DIM did not have a clear explanation, and conflicting 
results can be found in the literature, with some studies 
reporting an increasing trend for Hb and Hct according 
to DIM and others observing the opposite trend (Larson 
et al., 1980; Wohlt et al., 1984; Nozad et al., 2014). From 
a practical perspective, however, it is worth noting that 
the difference was very limited in terms of absolute val-
ues, even if statistically significant. Lower levels of Hb 
and Hct during the hot season than in the cold season 
were also observed by Casella et al. (2013), and Zeng 
et al. (2023) found lower levels of the same parameters 
in cows under heat stress. According to Casella et al. 
(2013), this effect could be due to the higher water intake 
of the cows during the hot season, which could lead to a 
certain degree of hemodilution.
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Table 3. Number of samples, mean with 95% CI, and upper and lower reference limits for blood gas parameters 
analyzed from coccygeal vessels of multiparous Holstein dairy cows that were not affected by the stage of lactation 
or the season of sampling

Parameter1 n Mean 95% CI

Reference limits

Lower Upper

pH 376 7.44 7.44–7.45 7.36 7.53
sO2 (%) 379 69.3 67.6–71.0 36.1 102.5
K (mmol/L) 378 4.3 4.2–4.3 3.6 5.0
iCa (mmol/L) 364 1.20 1.19–1.21 1.04 1.36
1sO2 = oxygen saturation; iCa = ionized calcium.

Table 4. Number of samples, mean with 95% CI, and upper and lower reference limits for blood gas parameters analyzed from coccygeal vessels of 
multiparous Holstein dairy cows that were affected by the stage of lactation (5–60 vs. >60 DIM1; P < 0.05)

Parameter2

5–60 DIM

 

>60 DIM

n Mean 95% CI

Reference limits

n Mean 95% CI

Reference limits

Lower Upper Lower Upper

Hb (g/dL) 240 8.6 8.5–8.6 7.3 9.8   138 8.8 8.7–8.9 7.4 10.3
Hct (%) 240 25.1 24.9–25.4 21.3 28.9   138 25.9 25.6–26.3 21.6 30.3
Glucose (mg/dL) 239 61.5 60.8–62.2 50.7 72.3   138 64.6 63.7–65.4 54.5 74.7
Na (mmol/L) 238 137.5 137.3–137.8 133.5 141.5   138 136.6 136.3–136.9 132.7 140.5
1Maximum DIM = 215.
2Hb = hemoglobin; Hct = hematocrit.
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A lower glucose concentration in the early (5–60 DIM) 
compared with the later stages of lactation was expected 
(Table 4), as cows soon after calving undergo a high 
energy demand for milk production and experience nega-
tive energy balance (Weber et al., 2013). A lower glucose 
concentration was also observed in the hot season com-
pared with the cold one (Table 5), and this could be due 
either to a negative energy balance linked to cows’ lower 
feed intake during the hottest period (De Rensis and 
Scaramuzzi, 2003) or to a higher energy consumption 
due to increased respiratory rate in case of heat stress (de 
Andrade Ferrazza et al., 2017).

Variation in Na concentration due to the stage of lacta-
tion (Table 4) was not observed in other studies (Fadlalla 
et al., 2020; Grešáková et al., 2021). Stocco et al. (2019) 
clearly described an increasing trend of Na concentration 
in milk according to DIM, thus suggesting that lower 
levels of Na in blood in the later stage of lactation (>60 
DIM; Table 4) could be due to higher Na excreted with 
milk. The effect of the season of sampling on blood Na 
concentration was instead expected (Table 5). Under 
hot weather conditions, indeed, cows lose minerals with 
sweating, and several homeostatic mechanisms are acti-
vated by the organism to maintain water balance (Cala-
mari et al., 2007). In this study, higher Na concentrations 
were observed during the hot period compared with the 
cold one, confirming the results reported by Zeng et al. 
(2023) in cows exposed to heat stress. The season effect 
on pCO2, HCO3, tCO2, and BE, with lower values during 
the hot period than in the cold one (Table 5), also sup-
ported the hypothesis that hot weather exposure affects 
cows’ physiology. Similar findings were reported by 
Calamari et al. (2007) and Zeng et al. (2023), who ex-
plained that cows under hot weather conditions increase 
the respiratory rate, leading to respiratory alkalosis. In 
this way, the CO2 is eliminated faster, leading to lower 

blood levels of pCO2 and tCO2. Thus, HCO3 is required to 
bind the exceeding hydrogen ions, which leads to a lower 
HCO3 blood concentration. As less HCO3 is available, 
other buffers are needed, and thus BE is also observed 
to decrease. However, the lack of season effect on pH 
suggested that cows in this study were healthy and able 
to compensate for hot weather conditions.

CONCLUSIONS

This study provided reference intervals for some 
blood gas parameters in multiparous Holstein dairy 
cows sampled from the coccygeal vessels. Tail sampling 
has undoubted practical interest but presents the risk of 
withdrawing mixed venous and arterial blood. Therefore, 
results should be carefully interpreted for the parameters 
more influenced by the blood origin, such as pH, sO2, 
pCO2, and K. In this study, all parameters except pH, 
sO2, K, and iCa were influenced by the season of sam-
pling, and Hb, Hct, glucose, and Na were also affected 
by the stage of lactation. Variations in absolute values 
according to the sampling season and lactation stage 
could be minimal, but statistical significance suggests 
paying attention to their interpretation according to these 
factors. Blood gas analysis performed from coccygeal 
vessels finds application in specific contexts of screening 
and diagnostic procedures, but further studies are needed 
to produce reference limits for different blood gas pa-
rameters, cow categories, and blood types.
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tristar S.p.A., Reggio Emilia, Italy) for her precious tech-
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Table 5. Number of samples, mean with 95% CI, and upper and lower reference limits for blood gas parameters analyzed from coccygeal vessels of 
multiparous Holstein dairy cows that were affected by the season of sampling1 (cold vs. hot; P < 0.05)

Parameter2

Cold

 

Hot

n Mean 95% CI

Reference limits

n Mean 95% CI

Reference limits

Lower Upper Lower Upper

pCO2 (mm Hg) 257 48.5 47.9–49.1 38.7 58.2   119 44.0 43.1–44.8 34.7 53.3
HCO3 (mmol/L) 256 32.6 32.3–33.0 27.3 38.0   120 30.2 29.8–30.6 26.1 34.3
tCO2 (mmol/L) 256 34.0 33.7–34.4 28.5 39.5   120 31.5 31.1–31.8 27.2 35.7
Hb (g/dL) 258 8.7 8.6–8.8 7.3 10.2   120 8.5 8.4–8.6 7.3 9.7
Hct (%) 258 25.6 25.4–25.9 21.4 29.9   120 25.0 24.6–25.3 21.4 28.5
BE (mmol/L) 255 8.8 8.5–9.0 2.9 14.7   120 6.5 6.1–6.9 1.9 11.0
Glucose (mg/dL) 258 63.7 63.1–64.4 53.5 74.0   119 60.2 59.2–61.2 49.3 71.1
Na (mmol/L) 258 136.9 136.6–137.1 132.9 140.8   118 137.8 137.4–138.2 133.8 141.8
1Cold = October, January, February, and March; hot = August and September.
2pCO2 = partial pressure of carbon dioxide; HCO3 = bicarbonate concentration; tCO2 = total carbon dioxide concentration; Hb = hemoglobin; Hct = 
hematocrit; BE = base excess.
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nical support. No animal manipulation was performed in 
this study, so no ethical approval was necessary. Nutristar 
S.p.A. is a feed supply company with no direct interest 
in developing, manufacturing, or marketing any product 
or tool in competition with the subject of this study. The 
authors have not stated any conflicts of interest.  

Nonstandard abbreviations used: aNDF = amylase-
treated NDF; BE = base excess; Hb = hemoglobin; HCO3 
= bicarbonate concentration; Hct = hematocrit; iCa = 
ionized calcium; max = maximum; min = minimum; 
pCO2 = partial pressure of carbon dioxide; pO2 = partial 
pressure of oxygen; Q inf = inferior quartile; Q sup = 
superior quartile; sO2 = oxygen saturation; tCO2 = total 
carbon dioxide concentration; W = Shapiro-Wilk value.
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