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INTRODUCTION

As in humans, hematological profiles are of crucial 
importance for clinical technicians and scientists in 

determining the health status and/or nutritional disorders 
of animals. Validation of blood indices in certain status of 
animals is helpful in establishing suitable physiological 
baseline values for various breeds, which in turn could be 

used in the realistic evaluation of the status of practical 
management, feeding or diagnosis of health condition in 
the most critical periods of life (Gharban and Yousif, 2020; 
Zhang et al., 2022; Al-Eodawee et al., 2024; Almaliky 
et al., 2024; Solomon et al., 2024; Gonzalez-Garduno et 
al., 2025). From the view of animals, the measurement of 
hematological parameters in domestic animals in general 
or specifically in cattle have rarely been carried out as 
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compared to pet animals up to date. There are several 
explanations for this, such as the costs associated with labor 
and laboratory testing, especially due to the low economic 
value of an individual animal and the limited availability of 
reference intervals for different age categories in animals 
required for accurate interpretation of laboratory results 
(Perri et al., 2017; Jezek et al., 2018; Oliveira et al., 2019; 
Gonzalez-Garduno et al., 2025). Since the ranges of most 
hematological values are broad scope, they vary depending 
on many factors, including gender, age, diet, season, 
biosecurity, physiological status different husbandry 
techniques, restraint and sample collection techniques, 
time of sample transportation or preparation, as well as 
the type of the analyzer used for hematological analysis 
(Herman et al., 2018; Jezek et al., 2018; Thorn et al., 2022; 
Mekroud et al, 2023; Fanta et al., 2024; Piotr and Marta, 
2024). Beneficially, measurement of hematological profiles 
can contribute to early identification of diseases or poor 
growth performance (Perri et al., 2017; Sanchez et al., 2019) 
and may be highly valuable in the treatment or prognosis 
of many diseases in human (Eze et al., 2010) or domestic 
animals (Walczak et al., 2021; Gonzalez-Garduno et al., 
2023, 2025; Unal and Uslu, 2024). There are many factors 
such as breed, age, nutrition, physiological status or disease 
can impact on the variation of hematologic parameters 
(Farooq et al., 2017; Astuti et al., 2022; Mekroud et al., 
2023; Zhelavskyi et al., 2024), indicating the reasonable 
status is required.

In Vietnam, for the last decade, several studies have been 
directed to the field of veterinary hematology in goat or 
sheep (Bui et al., 2015; Nguyen et al., 2023), native pig 
(Dao et al., 2024) and cattle (Nguyen et al., 2023) or HF 
young calves (Bùi et al., 2025), however, there is limited 
information on Holstein Friesian dairy cattle at different 
stages of development in normal physiological conditions. 
The industry of dairy cattle production in Vietnam has 
been developing during last decades with the population 
about 350,000 heads in 2024, in which more than 60% 
of population are under smallholder farming system. So, 
this study aimed to present the differences between basic 
hematological parameters of HF young calves, heifers 
and lactating cows under field condition and establish 
threshold values for RBC parameters to predict the anemia 
in HF cattle.

MATERIALS AND METHODS

Animals and feeding
The growing female post weaned calves, heifers and 
lactating cows are raised at small holder farms of Don 
Duong Commune (11°43‘19.9“N 108°27‘16.1“E) - Lam 
Dong Province were used in this study. A total of 162 
individual blood samples, which are collected within three 
days in June 2025 (summer season), were collected from 

35 young calves within 3-12 months of age (HF3-12), 
44 heifers within 13-18 months of age (HF13-18) and 
83 lactating cows (HF-Lact). The representative image of 
sampled cattle are presented in the Figure 1. To reduce the 
variation of nutritional effects on blood profiles, the samples 
were collected at the farm with the herd size about 25-30 
cows and total mixed ration was applied. The animals were 
fed twice daily with the standard TMR diet formulated in 
accordance with the NRC (2001), the main ingredients of 
ration are fresh grass, corn silage, rice straw, soya been husk 
and commercial feed. And, the mineral lick block, fresh 
water is available and without any clinical signs of diseases 
at the time of sample collection. 

Figure 1: Representative images of cattle examined. A: 
HF 4 months of age; B: HF 15 months of age; C: second 
lactating HF cow.

Figure 2: Flow chart of research process.

The heifers were then classified into non-pregnant and 
pregnant groups within 60 days after the last artificial 
insemination, which are confirmed by ultrasound at the 
Day 35 post the last service. Similarly, the lactating cows 
(within first 100 days in milk – DIM) were separated into 
first lactating cows (HF-Lact1) with the age about 2 to 2.5 
years old, second lactating cows (HF-Lact2) with the age 
about 3.5 to 4 years old, third lactating cows (HF-Lact3) 
with the age about 4.5 to 5 year old and dry off cows – 
HF(Lact- dry off ) with the age about > 3 to 6 years old 
depend on parity for further data analysis. The workflow 
chart is added in the Figure 2.

Samples and hematological analysis
Blood sample collection
Whole blood samples were collected from the coccygeal 
vein by a professional technician, blood samples were 
collected in a blood collection tube containing EDTA 
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(ethylenediamine tetra-acetic acid) as anticoagulant after 
the animal was carefully restrained. The procedures for 
sampling adhered to the standard of animal care in Vietnam, 
following guidelines based on EU directive 2010/63 for 
the best practice of using animals in research. The collected 
samples were stored at 4°C on ice and transported to the 
laboratory. The analysis was run immediately after the 
blood samples were delivered to the Lab.

Hematological analysis 
An automated hematology analyzer (Mindray BC-
2800 Vet; Mindray Bio-Medical Electronics Co., Ltd., 
Shenzhen, China) was used to perform complete blood cell 
count: WBC: White Blood cell (109/L), Lym# (×109/L), 
Mon# (×109/L), Gran# (×109/L), Lym (%), Mon (%), Gran 
(%); RBC: Red Blood Cell (1012/L), HGB: Hemoglobin 
(g/L), HCT: Hematocrit (%), MCV: Mean corpuscular 
volume (fL), MCH: Mean Corpuscular Hemoglobin (pG), 
MCHC: Mean Corpuscular Hemoglobin Concentration 
(g/L), RDW: Red Cell Distribution Width (%); PLT: 
Platelet Count (109/L), PDW: Platelet Distribution 
Width (%), MPV: Mean Platelet Volume (%), and PCT: 
Procalcitonin (%). Results were compared with calibrated 
Mindray reference and for Holstein cattle according to 
Chen et al. (2022).

Data analysis
To obtain the mean such as standard deviation (SD), 
standard error of the mean (SEM), 95% confident interval 
(95% CI), the descriptive statistics were applied. All obtained 
data were subjected to one way ANOVA followed by 
Tukey´s test (Minitab) for multiple comparison, percentage 
data were transformed to arcsine before being subjected to 
statistical analysis. Data are presented as mean ± SEM/SD, 
and significance level was set at P<0.05. Severely anemia 
thresholds were established using erythrocyte data derived 
from young calves, heifers and lactating cows of current 
study, defined as the mean minus two SD according to 
Gonzalez-Garduno et al. (2025).

RESULTS AND DISCUSSION

The hematological profile of HF young calves, 
heifers, and lactating cows
The white blood cell count and other related 
parameters
An automatic measurement analyzer of individual samples 
was performed, and the data of WBC and other related 
WBC parameters were analyzed and presented in Table 1. 
Data from Table 1 showed that the WBC (109/L) value of 
HF3-12 group was lower than that of the HF13-18 and 

Table 1: The WBC count and other related WBC parameters in young calves, heifers and lactating cows.
Parameter Group N Mean ± SD Min - Max Q1 Q3 Reference range

Generic manufacturer* Chen et al. (2022)
WBC (×109/L) HF3-12 35 8.12b ± 3.84 1.60 - 21.70 5.50 10.40 5.00 -16.00 5.99 – 20.47

HF13-18 44 11.47a ± 4.76 4.10 - 25.50 8.08 13.85
HF-Lact 83 12.80a ± 6.14 3.60 - 36.90 8.60 14.10

Lym# (×109/L) HF3-12 35 3.24b ± 1.64 0.70 - 7.60 2.20 3.90 1.50 - 9.00 2.24 – 13.01
HF13-18 44 5.83a ± 3.45 1.10 - 17.20 3.40 7.38
HF-Lact 83 5.64a ± 4.66 1.00 - 26.40 2.80 7.20

Mon# (×109/L) HF3-12 35 1.07b ± 0.72 0.20 - 4.10 0.60 1.50 0.30 - 1.60 0.26 – 1.19
HF13-18 44 1.48a ± 0.69 0.60 - 3.30 1.00 1.88
HF-Lact 83 1.30ab ± 0.67 0.30 - 4.50 0.80 1.70

Gran# (×109/L) HF3-12 35 3.81b ± 2.30 0.70 - 10.90 2.00 5.80 2.30 - 9.10 1.65 – 6.80
HF13-18 44 4.09b ± 2.24 1.00 - 12.00 2.70 4.55
HF-Lact 83 5.86a ± 2.74 1.30 - 14.40 4.10 7.00

Lym (%) HF3-12 35 41.68b ± 12.50 16.60 - 66.30 30.80 51.00 20.00 - 60.30 26.96 – 72.40
HF13-18 44 50.45a ± 15.31 14.90 - 73.50 39.10 64.48
HF-Lact 83 41.18b ± 17.14 12.80 - 72.60 28.50 55.40

Mon (%) HF3-12 35 12.90a ± 3.30 7.40 - 19.90 9.70 15.10 4.00 - 12.10 2.74 – 10.70
HF13-18 44 12.96a ± 1.85 9.50 - 18.00 11.70 14.43
HF-Lact 83 10.38b ± 2.92 5.70 - 24.20 8.50 11.70

Gran (%) HF3-12 35 45.42a ± 11.99 22.80 - 68.70 38.20 51.40 30.00 - 65.00 18.20 – 60.10
HF13-18 44 36.58b ± 14.37 16.50 - 72.20 24.23 45.03
HF-Lact 83 48.45a ± 16.69 16.10 - 79.30 35.80 61.00

*Reference ranges from manufacturer’s set up. Chen et al. (2022): 95% Reference Interval from mean; Q1: first quartile; Q3: third 
quartile; Within colunm and the same parameter, the value with different superscript letter differs (P<0.05). Data are presented as 
Mean±SD.
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Table 2: The RBC count and other related RBC parameters in young calves, heifers and lactating cows.
Arameter Group N Mean ± SD Min – Max Q1 Q3 Reference range

Generic manufacturer* Chen et al. (2022)
RBC (×1012/L) HF3-12 35 8.75a ± 1.88 5.16 - 11.65 7.26 10.52 5.00 - 10.10 4.81 - 7.54

HF13-18 44 7.20b ± 1.76 3.76 - 11.88 6.17 8.23
HF-Lact 83 6.15c ± 0.77 4.06 - 7.83 5.60 6.68

HGB (g/L) HF3-12 35 106.31a ± 19.96 64.00 - 137.00 89.00 125.00 90.00 - 139.00 86.00 - 120.00
HF13-18 44 105.70a ± 25.24 41.00 - 171.00 92.25 123.75
HF-Lact 83 98.18a ± 13.97 77.00 - 150.00 89.00 106.00

HCT (%)
 

HF3-12 35 30.53a ± 5.70 18.80 - 40.00 26.40 36.00 28.00 - 46.00 24.50 - 33.90
HF13-18 44 30.32a ± 6.86 12.90 - 47.20 26.45 34.88
HF-Lact 83 28.32a ± 4.88 5.10 - 39.40 25.15 31.40

MCV (fL)
 
 

HF3-12 35 35.45b ± 4.32 30.00 - 47.70 32.10 37.80 38.00 - 53.00 39.74 - 57.36
HF13-18 44 43.95a ± 6.93 33.30 - 79.10 40.78 45.93
HF-Lact 83 46.03a ± 5.57 18.40 - 60.10 42.53 49.33

MCH (pG)
 
 

HF3-12 35 12.25b ± 1.34 10.50 - 16.60 11.40 13.00 13.00 - 19.00 14.50 - 20.10
HF13-18 44 15.16a ± 2.03 11.80 - 25.00 14.13 16.00
HF-Lact 83 16.21a ± 4.36 12.50 - 53.10 14.70 16.70

MCHC (g/L)
 

HF3-12 35 347.77a ± 9.13 329.00 - 368.00 341.00 356.00 300.00 - 370.00 338.00 - 375.00
HF13-18 44 347.32a ± 10.17 317.00 - 370.00 341.00 353.75
HF-Lact 83 340.94b ± 17.43 288.00 - 430.00 333.00 348.00

RDW (%) HF3-12 35 19.40a ± 2.61 16.20 - 30.80 17.70 20.10 14.00 - 19.00 17.90 - 23.60
HF13-18 44 17.71b ± 1.06 15.20 - 20.30 17.03 18.35
HF-Lact 83 17.21b ± 1.29 14.40 - 21.90 16.30 17.63

*Reference ranges from manufacturer’s set up. Chen et al. (2022): 95%; Q1: first quartile; Q3: third quartile; Reference Interval from 
mean; Within colunm and the same parameter, the value with different superscript letter differs (P<0.05). Data are presented as 
Mean ± SD.

HF-Lact groups (8.12 vs 11.47 and 12.80, P<0.05), with no 
significant difference between HF13-18 and the HF-Lact 
group. The value of Lym# (×109/L) was lower in the HF3-
12 group compared to the HF13-18 or HF-Lact groups 
(3.24 vs. 5.83 or 5.64; P<0.05). The value of Mon# (×109/L) 
was 1.07 in HF3-12, 1.48 in HF13-18, and 1.30 in the 
HF-Lact group, and the significant difference was found 
between HF3-12 and the HF13-18 or HF-Lact groups. 

The Gran# (×109/L) value was 3.81 in HF3-12, 4.09 in 
HF13-18, and 5.86 in the HF-Lact groups, the significant 
difference was found between HF-Lact and the HF3-12 
or HF13-18 groups. The value of Lym (%) was significantly 
lower in HF3-12 and HF-Lact compared to those in the 
HF13-18 group (41.68 and 41.14 vs. 50.45; P<0.05). The 
value of Mon (%) was 12.90 in HF3-12, 12.96 in HF13-
18, and 10.38 in HF-Lact. The value of Gran (%) was 
45.52 in HF3-12, 36.58 in HF13-18, and 48.45 in HF-
Lact, the significance was found between HF13-18 and 
HF7-12 or HF-Lact groups. 

In the current study, the results indicate that variation 
in WBC count and related parameters was observed at 

different stages of age in young calves, heifers, and lactating 
cows examined, and similar trends have also been reported 
in previous studies in calves with or without sepsis (Unal 
and Uslu, 2024), in cattle infected or non-infected parasite 
diseases (Nguyen et al., 2023; Kim et al., 2024; Ramabu et 
al., 2024), in case of iron supplementation (Budny-Walczak 
et al., 2023) and in normal physiological conditions of beef 
cattle (Dau et al., 2025) or HF young calves (Bui et al., 
2025). In Pulikulam cattle, Srinivasan and Sathiamoorthy 
(2021) reported that the WBC (×103µL) and MCH values 
were significantly higher in calves as compared to heifers, 
and no significant difference was found between heifers 
and other stages of lactation in cows or bulls.

The red blood cell count and other related 
parameters 
The data of RBC value and other related RBC parameters 
according to the stages of age of HF such as young calves, 
heifers and lactating cows were obtained and presented in 
Table 2. Based on the data from Table 2, the RBC (×1012/L) 
value was 8.75 in HF3-12, 7.20 in HF13-18, and 6.15 in 
HF-Lact, and the significant difference was found among 
the groups of cattle examined. The HGB (g/L) ranged 
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from 98.18 to 106.31 among groups (P>0.05). Similarly, 
the value of HCT (%)ranged from 28.32 to 30.53, and no 
difference (P>0.05) among groups of animals was found. 
The MCV (fL) was lower in HF3-12 as compared to 
HF13-18 or HF-Lact (35.34 vs 43.95 or 46.03; P<0.05). 
The value of MCH (pg) was significantly low in HF3-12 
as compared to those in HF13-18 or HF-Lact (12.25 vs 
15.16 or 16.11, respectively; P<0.05). The MCHC (g/L) 
value was 347.77 in HF3-12, 347.32 in HF13-18, and 
340.94 in HF-Lact, however, the significant difference was 
only found between HF-Lact and HF3-12 or HF13-18 
groups. Similarly, the RDW(%) value was 19.40 in HF3-
12, 17.71 in HF13-18 and 17.21 in the HF-Lact group, 
and the significance was found in HF3-12 compared to 
HF13-18 or HF-Lact.

The results in our current study correspond to the results 
that are obtained in beef cattle by Dau et al. (2025) or HF 
young calves by Bui et al. (2025). However, in Pulikulam 
cattle, the MCV (fL) and MCH (pG) were significant 
lower in calves compared to heifers and other stages of 
lactating cow or bulls, meanwhile, the RBC (×106µL) or 
Hb (g/dL) values were not affected by the physiological 
stage of development (Srinivasan and Sathiamoorthy, 
2021). Besides this, in ruminant, several studies also noted 
that fetuses and neonates have greater amounts of RBC 
than adults (Herdt and Hoff, 2011; Wood, 2022; Budny-
Walczak et al., 2023) or male has a higher value than female 
(de Souza et al., 2018). One study in HF dairy cows from 
3-6 years at the peak of lactation reported that the groups 
of dairy cows with copper deficiency at different levels had 
the lower RBC count than the dairy cow group without 
copper deficiency (Abramowicz et al., 2019). 

The low value of MCV and MCH in young calves might 
be due to under stress of mineral deficiency such as iron, 
copper or subclinical parasites, especial in blood parasites, 
Beside this, Etim at al. (2013) mentioned that by the way 
automated analyzers used to count red blood cells, a high 
MCHC (greater than about 300g/L) may indicate the 
blood is from an animal with cold agglutination or the 
sample stored at low temperature that means when the 
blood gets colder than 37°C, it begins to gather together. 
Consequently, the analyzer may incorrectly report a low 
number of very dense red blood cells for blood samples in 
which agglutination has occurred. From this mention, it 
can suggest the technicians that the blood samples need 
to be warmed until the cells separate from each other, and 
then quickly put through the machine while still warm due 
to the blood samples usually picked up to the laboratory 
in low temperature. Form these findings, it also indicates 
the potential risks on anemia by mineral deficient in calves 
or parasites in heifers and adult cattle. Beside this, the 
technicians pay attention for operating the automated 
analyzer with cold samples and double check the sample 
when the data report fall into lower reference range.

The platelet cell count and other related 
parameters 
Furthermore, the platelet cell count and other related 
parameters of HF calves and heifers were calculated and 
presented in Table 3. According to the presented data in 
Table 3, the PLT (×109/L) value was higher in HF3-12 
or HF-Lact groups (390.80 or 397.50) as compared to in 
HF13-18 group (361.80) but no significance was found. 
The MPV (fL) was lower (P<0.05) in HF3-12 group (5.33) 
compared to those in HF13-18 group (6.02) or in HF-
Lact group (5.96). The value of PDW (%) was 15.75 in

Table 3: The PLT count and other related PLT parameters in young calves, heifers and lactating cows.
Parameter Group N Mean ± SD Min - Max Reference range

Q1 Q3 Generic manufacturer* Chen et al. (2022)
PLT 
(×109/L) 

HF3-12 35 390.80a ± 189.70 40.00 - 831.00 235.00 486.00 120.00 – 820.00 273.15 - 980.70
HF13-18 44 361.80a ± 157.20 148.00 - 991.00 273.50 447.50
HF-Lact 83 397.50a ± 162.60 119.00 - 870.00 270.00 506.00

MPV (fL) HF3-12 35 5.33b ± 0.51 4.20 - 6.30 4.90 5.80 3.80 - 7.00 8.70 - 19.20
HF13-18 44 6.02a ± 0.52 5.10 - 7.50 5.70 6.30
HF-Lact 83 5.96a ± 0.62 4.10 - 7.50 5.60 6.30

PDW (%) HF3-12 35 15.75b ± 0.30 15.30 - 16.60 15.50 15.90 -
HF13-18 44 16.28a ± 0.67 15.10 - 18.30 15.90 16.47
HF-Lact 83 16.49a ± 0.67 14.20 - 19.80 16.20 16.80

PCT (%) HF3-12 35 0.21a ± 0.16 0.02 - 0.67 0.08 0.30 -
HF13-18 44 0.21a ± 0.11 0.02 - 0.59 0.14 0.27
HF-Lact 83 0.22a ± 0.10 0.01 - 0.43 0.15 0.28

*Reference ranges from manufacturer’s set up. Chen et al. (2022): 95% Reference Interval from mean; Q1: first quartile; Q3: third 
quartile; Within colunm and the same parameter, the value with different superscript letter differs (P<0.05). Data are presented as 
Mean ± SD.
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HF3-12, 16.28 in HF13-18, and 16.49 in HF-Lact, the 
difference was only found in HF3-12 compared to HF13-
18 or HF-Lact group. The PCT (%) value ranged from 
0.21 to 0.22 among groups. The present results were lower 
than the results that reported by Ramabu et al. (2024) in 
both dairy and beef cattle, however, they are similar to the 
PLT value in HF dairy cattle (Yang et al., 2024), young 
calves HF (Bui et al., 2025) or beef cattle (Motta et al., 
2023; Dau et al., 2025). The low value of MPV and MDW 
in HF3-12 group can indicate they are in anemia status 
due to feeding with suboptimal nutrition, need to pay more 
attention for feeding regime of young calf ’s post weaning.

Taken together, we found that most of critical hematological 
indices fall into normal range, however, some value of 
individual blood parameters was out of minimal reference 
range which should be considered the factor(s) affecting 
to the results in the further studies. Taken the data from 
Tables 2 and 3 we can imply that the young calves may be 
under suboptimal feeding resulted in fall down the value 
of MCV, MCH, MPV and PDW that indicates anemia 
status without clinical sings in young calves.

The hematological parameters of pregnant and 
non-pregnant HF heifers, different parity of 
lactating cows
Classified data of hematological parameters between 
pregnant and non-pregnant heifers from the HF (13-18) 
group, including the WBC, RBC, and PLT counts, were 
calculated and presented in Table 4. The data in Table 4 
indicated that no significant variation in blood parameters 
between pregnant or non-pregnant heifers was found 
and the trend of data in current report was similar to our 
previous published data by Bui et al. (2025). From this result, 
this could be due to the early stage of gestation of heifers 
examined, and it can be considered for further studies.

Similarly, classified data of hematological parameters 
among the different parities of lactating cows as well as 
dry off cows, including the value of WBC, RBC and PLT 
count was calculated and presented in Table 5.

According to the data in Table 5 it was indicated that 
no significant variation in WBC and RBC count among 

lactating cows was found. The value of PLT was 318.50 
in HF(Lact-dry off ), 495.40 in HF(Lact-1), 399.90 
in HF(Lact-2) and 374.20 in HF(Lact-3) groups. The 
significance was found between groups of HF(Lact-1) and 
HF(Lact-dry off ) or HF(Lact-3), it is speculated that the 
group of HF(Lact-1) may be under physiological stress of 
first parturition. 

Table 4: The effect of pregnancy status of heifers on critical 
values of blood cell count.

Parameter Non-pregnant 
heifer (n=24)

Pregnant heifer 
(n=20)

WBC (×109/L) 10.44a ± 5.98 12.36a ± 3.35
RBC (×1012/L) 7.34a ± 2.48 6.79a ± 1.01
PLT (×109/L) 326.80a ± 190.20 353.90a ± 152.80

Within the same row, the value with different superscript letter 
differs (P<0.05). Data are presented as Mean ± SD.

Mekroud et al. (2023) noted that the RBC level was lowest 
in the 2nd third of gestation or in the postpartum period 
in comparison to the 1st third and 3rd third of gestation 
in Holstein cows. The same observation was reported 
for HCT and MCV, which were highest in dry cows, 
meanwhile, the MCH and MCHC were highest in cows 
that were in the postpartum period. In contrast to our 
findings, Chen et al. (2022) reported in the China HF that 
the WBC value was lower in 2 years old of cows compared 
to 3 to 5 years old cows, the RBC value was higher in 2 
years cows compared to 3 to 5 years old of cows, and PLT 
value was low in the 2 to 4 years old of cows compared to 
group of cows in 5 years old.

Estimation of anemia threshold in HF young calves, 
heifers, and different parity of lactating cows
Further analysis of RBC and related parameters to estimate 
the anemia threshold of cattle examined, including the 
normal value of the mean with 95% Confident Interval 
(CI) for μ and the lower threshold, as defined by mean 
minus 2 SD, was recorded, and the results are presented 
in Table 6.

The normal value of RBC (×1012/L) ranged from 6.11 
in the HF-Lact to 8.75 in the HF3-12 group. The lower 
threshold was 3.67 in HF13-18, 4.42 in HF-Lact, and 4.50

Table 5: The effect of parity on critical values of blood cell count.
Parameter HF(Lact-dry off ) 

n=21
HF(Lact-1)
n=22

HF(Lact-2)
n=17

HF(Lact-3)
n=23

WBC (×109/L) 11.04a ± 3.42 14.68a±7.07 14.26a ± 5.83 11.52a ± 6.29
RBC (×1012/L) 5.94a ± 1.76 6.18a±0.82 5.55a ± 1.54 6.22a ± 0.54
PLT (×109/L) 309.40b ± 99.40 495.80a± 182.70 370.20ab ± 203.80 359.70ab ± 171.70

HF(Lact-dry off ) dried off cows; HF(Lact-1): first parity lactating cows, HF(Lact-2): second parity lactating cows HF(Lact-3): 
third parity lactating cows. Within the same row, the value with different superscript letter differs (P<0.05). Data are presented as 
Mean ± SD.
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Table 6: Estimated Red Blood Cell count for anemia threshold in HF cattle at different physiological stage of 
development.
Parameter Group N Mean (95% CI for μ) SD Threshold

Lower limit 
(Mean – 2SD)

Higher limit 
(Mean + 2SD)

RBC (×1012/L) HF(3-12) 35 8.75 (8.10, 9.39) 1.88 4.50 12.50
HF(13-18) 44 7.20 (6.66, 7.74) 1.76 3.67 10.73
HF(Lact) 83 6.11 (5.93, 6.30) 0.85 4.42 7.81

HGB (g/L) HF(3-12) 35 106.31 (99.46, 113.17) 19.96 66.39 146.23
HF(13-18) 44 105.70 (98.03, 113.38) 25.24 55.22 156.18
HF(Lact) 83 98.18 (95.11, 101.25) 13.97 70.24 126.12

HCT (%) HF(3-12) 35 30.53 (28.58, 32.49) 5.70 19.14 41.92
HF(13-18) 44 30.32 (28.23, 32.40) 6.86 16.60 44.04
HF(Lact) 83 28.32 (27.25, 29.39) 4.88 18.57 38.07

MCV (fL) HF(3-12) 35 35.45 (33.96, 36.93) 4.32 26.81 44.09
HF(13-18) 44 43.95 (41.84, 46.06) 6.93 30.09 57.81
HF(Lact) 83 46.03 (44.81, 47.25) 5.57 34.89 57.17

MCH (pG) HF(3-12) 35 12.25 (11.79, 12.71) 1.34 9.57 14.93
HF(13-18) 44 15.16 (14.54, 15.78) 2.03 11.10 19.22
HF(Lact) 83 16.21 (14.54, 15.78) 4.36 7.49 24.93

MCHC (g/L) HF(3-12) 35 347.77 (344.64, 350.91) 9.13 329.51 366.03
HF(13-18) 44 347.32 (344.23, 350.41) 10.17 326.98 367.66
HF(Lact) 83 340.94 (337.11, 344.77) 17.43 306.08 375.80

RDW (%) HF(3-12) 35 19.40 (18.51, 20.30) 2.61 14.19 24.61

HF(13-18) 44 17.71 (17.39, 18.04) 1.06 15.59 19.83
HF(Lact) 83 17.21 (16.92, 17.49) 1.29 14.64 19.78

μ: population mean of RBC (×1012/L), HGB (g/L), HCT (%), MCV (fL), MCH (pg), MCHC (g/L), RDW (%); CI: confidence 
interval.

in the HF3-12 group. The normal value of HGB (g/L) 
ranged from 98.18 in HF-Lact to 106.3 in the HF3-12 
group. The lower threshold was 55.52 in HF13-18, 66.39 
in HF3-12, and 70.24 in the HF-Lact group. The normal 
value of HCT (%) ranged from 28.32 in HF-Lact to 30.53 
in the HF3-12 group. The lower threshold was 16.60 in 
HF13-18, 18.57 in HF-Lact, and 19.14 in the HF3-12 
group. The normal value of MCV (fL) ranged from 35.45 
in HF3-12 to 46.03 in the HF-Lact group. The lower 
threshold was 26.81 in HF3-12, 30.09 in HF13-18, and 
34.89 in the HF-Lact group. The normal value of MCH 
(pG) ranged from 12.25 in HF3-12 to 16.21 in HF-Lact 
group. The lower threshold was 7.49 in HF-Lact, 9.57 in 
HF3-12, and 11.10 in the HF13-18 group. The normal 
value of MCHC (g/L) ranged from 340.94 in HF-Lact 
to 347.77 in the HF3-12act group. The lower threshold 
was 306.08 in HF-Lact, 326.98 in HF13-18 and 329.51 
in HF3-12 group. The normal value of RDW (%) ranged 
from 17.21 in HF-Lact to 19.40 in the HF3-12 group. 
The lower threshold was 14.19 in HF3-12, 14.64 in HF-
Lact, and 15.59 in the HF13-18 group.

According to the report by Piotr and Marta (2024), it 
was noted that MCH ranged from 15.55 to 18.97 pG 
in primiparous cows and from 16.05 to 20.94 pG in 
multiparous cows, and that MCHC ranged from 33.73 
to 38.23 ± 0.51 g/dL in primiparous cows and from 32.43 
to 37.67 g/dL in multiparous cows. The MCHC value is 
regarded as more important than MCH, and a decrease in 
MCHC is quite common in hypochromic anemia and the 
MCHC values above the upper limit may indicate adverse 
effects of pre-analytical factors during blood testing. 

Several studies have reported the confidence intervals for 
hematological parameters indicative of anemia in calves as 
follows: HCT <20.1%, HGB <6.1 g/dL, and RBC count 
<5.9×106 cells/μL (Katsogiannou et al., 2018; Wood, 2022; 
Golbeck et al., 2023; Unal and Uslu, 2024; Gonzalez-
Garduno et al., 2025). In current study, several parameters 
are lower than suggested value, this discrepancy needs to 
be investigated in the further research to figure out the 
reasonable factors, including subclinical infections of 
parasites, mineral deficient such as iron as well as other 
nutritional factors, especial in young calves. 



Advances in Animal and Veterinary Sciences

January 2026 | Volume 14 | Issue 1 | Page 191

Combination data from Table 3 for Q1 as well as Q3 value 
and threshold from Table 6, we suggest that the RBC and 
other related parameters fail into around lower threshold 
can be considered as severe anemia and the data within Q1 
and Q3 can be acceptable for normal data in the condition 
of current study.

CONCLUSION	

Under smallholder farm conditions, for the first time, 
hematological parameters of HF young calves, heifers, 
and lactating cows were measured, and variations of some 
critical parameters at different stages of age were found. 
The basic of hematological indices established in the 
current study could be used in the diagnosis of different 
diseases or nutritional disorders in HF dairy cattle, 
especially in determination of anemia in cows and calves, 
the data are also meaningful for academic purposes. The 
findings from current study also suggest the farmers for 
considering the potential risks of anemia in young calves 
of their farms due to mineral deficient or parasites. More 
studies are required to better understand the variability of 
HF cattle hematological profiles for further applications 
in diagnostics, health, as well as productivity performance 
assessment.

ACKNOWLEDGEMENT

The authors offer their sincere appreciation to all the 
owners of dairy farms at Don Duong commune of Lam 
Dong province for donating the blood samples for this 
research. 

NOVELTY STATEMENT

Our results increase knowledge on hematological 
profiles of Holstein Friesian cattle at different stages of 
development under practical field conditions, especially 
in Vietnam. The findings on normal hematological values 
established in this study could be helpful in the diagnosis 
of different diseases or nutritional disorders in HF dairy 
cattle especially in determination of anemia in cows and 
calves, the data are also meaningful for academic purposes.

AUTHORS CONTRIBUTION

All the authors contributed to designing the experiments 
and reading as well as approving the manuscript at each 
step. NNT covered all the research, writing the research 
proposal and as the corresponding author evaluated the 
manuscript, checked for plagiarism and revised manuscript. 
BTA has contributed to process the samples, analyzing the 
data.

Generative AI and AI-assisted technology 
statement
The authors declare that no Genrative AI was used in the 
creation of this manuscript.

Conflicts of interest
We certify that there are no conflicts of interest with any 
financial, personal, or professional organization regarding 
the material discussed in this manuscript.

REFERENCES

Abramowicz B, Kurek Ł, Dębiak P, Madany J, Lutnicki K 
(2019). Hematological parameters in dairy cows with 
copper deficiency. J. Elem., 24(2): 501-510. https://doi.
org/10.5601/jelem.2018.23.4.1668

Al-Eodawee EM, Essa IM, Aggar OA, Gharban HA (2024). 
Molecular, hematological and biochemical investigation of 
Trypanosoma spp. in Sheep. Asian J. Dairy Food Res., 43(4) 
https://doi.org/10.18805/ajdfr.DRF-412. 

Allan J, Plate P, Van Winden S (2020). The effect of iron dextran 
injection on daily weight gain and haemoglobin values in 
whole milk fed calves. Animals (Basel), 10(5): 853. https://
doi.org/10.3390/ani10050853

Almaliky NK, Al-Sari UA, AL-Shaeli SJ, Gharban HA (2024). 
Insights for possible association and impact of thyroidectomy 
to osteoarthritis. Beni-Suef Univ. J. Basic Appl. Sci., 13(1): 
99. https://doi.org/10.1186/s43088-024-00554-1

Astuti A, Rochijan, Widyobroto BP, Noviandi CT (2022). 
Nutrient status, hematological and blood metabolite profile 
of mid-lactating dairy cows during wet and dry seasons raised 
under Indonesian tropical environmental conditions. Anim. 
Behav. Biometeorol., 10: 2207. https://doi.org/10.31893/
jabb.22007

Budny-Walczak A, Spitalniak-Bajerska K, Szołtysik M, 
Pogoda-Sewerniak K, Kupczynski R (2023). Effects of iron 
supplementation on metabolism in calves receiving whole 
milk. Animals (Basel), 13(3): 477. https://doi.org/10.3390/
ani13030477

Bui TA, Phan KL, Dinh TMH, Ly GH, Nguyen DD, Nguyen NT 
(2025). Determination of hematological profiles of Holstein 
Friesian young calves and heifers under smallholder farms 
condition. J. Anim. Husb. Sci. Techn., 311: 60-64.

Bui VL, Nguyen XB, Le DN (2015). Study on some physiological 
parameters in sheep reared in Thua Thien Hue province. J. 
Sci. Hue Univ., 104(5): 145-155. 

Chen H, Yu B, Liu C, Cheng L, Yu J, Hu X, Xiang M (2022). 
Hematology reference intervals for Holstein cows in 
Southern China: A study of 786 subjects. Vet. Sci., 9: 565. 
https://doi.org/10.3390/vetsci9100565

Dao TM, Vo TSN, Nguyen TT, Nguyen THT, Hoang TT, Dau 
VH, Pham VT, Nguyen NT (2024). Determination of 
haematological profiles of native pigs raised under confined 
management systems based on available feedstuffs. J. Anim. 
Husb. Sci. Tech., 301: 48-53.

Dau VH, Nguyen VT, Hoang TN, Nguyen TT, Nguyen NT 
(2025). Hematological parameters of Wagyu crossbred 
cattle raising at ruminant research and development center. 
J. Anim. Husb. Sci. Tech., 308: 27-33. 

de Souza DF, de Paula EFE, Fernandes SR, Franco DR, de 
Oliveira Koch M, Locatelli-Dittrich R, Monteiro ALG. 

https://doi.org/10.5601/jelem.2018.23.4.1668
https://doi.org/10.5601/jelem.2018.23.4.1668
https://doi.org/10.18805/ajdfr.DRF-412
https://doi.org/10.3390/ani10050853
https://doi.org/10.3390/ani10050853
https://doi.org/10.1186/s43088-024-00554-1
https://doi.org/10.31893/jabb.22007
https://doi.org/10.31893/jabb.22007
https://doi.org/10.3390/ani13030477
https://doi.org/10.3390/ani13030477
https://doi.org/10.3390/vetsci9100565


Advances in Animal and Veterinary Sciences

January 2026 | Volume 14 | Issue 1 | Page 192

(2018). Dynamics of hematological parameters in female 
lambs during the first four months of life. Semina: Ciências 
Agrárias, 39(6): 2465-2476. https://doi.org/10.5433/1679-
0359.2018v39n6p2465

Etim, NN, Enyenihi GE, Mary EWME, MetiAbasi DUMD, 
Edem EAO (2013). Haematological parameters: Indicators 
of the physiological status of farm animals. Br. J. Sci., 10(1): 
33-45.

Eze BI, Ibegbulam GO, Ocheni S (2010). Ophthalmic 
manifestations of Leukemia in a Tertiary hospital population 
of adult Nigerian Africans. Middle East Afr. J. Ophthalmol., 
17(4): 325-330. https://doi.org/10.4103/0974-9233.71599

Fanta Y, Kechero Y, Yemane N (2024). Hematological parameters 
of sheep and goats fed diets containing various amounts of 
water hyacinth (Eichhornia crassipes). Front. Vet. Sci., 11: 
1286563. https://doi.org/10.3389/fvets.2024.1286563

Farooq U, Ahmad N, Ahmad I, Mahmood SA, Andrabi 
SMH, Idris M (2017). Effect of seasonal variations on the 
haematochemical profile of Cholistani service bulls. J. Appl. 
Anim. Res., 45: 85-89. https://doi.org/10.1080/09712119.2
015.1125351

Gharban HA, Yousif AA (2020). Serological, clinical and 
hematological prevalence of Coxiella burnetii in adult cows, 
Iraq. Biochem. Cell. Arch., 20(1): 67-74. 

Golbeck L, Cohrs I, Humann-Ziehank E, Grunberg W (2023). 
Effects of oral or parenteral iron supplementation on 
haematological parameters, blood iron status and growth in 
newborn calves fed milk replacer. Vet. Rec., 193(10): e3265. 
https://doi.org/10.1002/vetr.3265

Gonzalez-Garduno R, Pena-Escalona FL, Hernandez-Diaz R, 
Luna-Palomera C, Maldonado-Siman EJ, Flores-Santiago 
EJ, Chay-Canul AJ (2025). Hematological changes in 
anemic dairy calves treated with a hematinic complex. 
Vet. World, 18(4): 994-1001. https://doi.org/10.14202/
vetworld.2025.994-1001

Gonzalez-Garduno R, Zaragoza-Vera C, Chay-Canul AJ, and 
Flores-Santiago EDJ (2023). Haematological values in cattle 
reared in humid and subhumid tropics of Mexico. Trop. 
Anim. Health Prod., 55(4): 251. https://doi.org/10.1007/
s11250-023-03664-7

Herdt TH, Hoff B (2011). The use of blood analysis to evaluate 
trace mineral status in ruminant livestock. Vet. Clin. Food 
Anim. Pract., 27(2): 255-283. https://doi.org/10.1016/j.
cvfa.2011.02.004

Herman N, Trume C, Geffre A, Braun JP, Thibault M, Schelcher 
F, Bourges-Abella N (2018). Hematology reference intervals 
for adult cows in France using the Sysmex XT-2000iV 
analyzer. J. Vet. Diagn. Investigat., 30: 678-687. https://doi.
org/10.1177/1040638718790310

Jezek J, Staric J, Nemec M, Plut J, Oven IG, Klinkon M, Stukelj 
M (2018). The influence of age, farm and physiological status 
on pig haematological profiles. J. Swine Health Prod., 26(2): 
72-78. https://doi.org/10.54846/jshap/1049

Katsogiannou EG, Athanasiou LV, Christodoulopus G, and 
Polizopoulou ZS (2018). Diagnostic approach of anemia 
in ruminants. J. Hellenic Vet. Med. Soc., 69(3): 1033-1046. 
https://doi.org/10.12681/jhvms.18866

Kim YJ, Ku JY, Jung YW, Lim YH, Ji MJ, Park YJ, Cho HC, Choi 
KS, Park J (2024). Evaluation of haematological parameters 
in haemolytic anaemia caused by tick-borne pathogens 
in grazing cattle. Vet. Med. Sci., 10: e1434. https://doi.
org/10.1002/vms3.1434

Mekroud M, Khelifi-Ouhami NM, Titi A, Arzour-Lakehal N, 

Mekroud A, Ouchene N (2023). Hematological profile in 
Holstein dairy cows according to the different physiological 
stage. Veterinaria, 72(2): 174-182. https://doi.org/10.51607
/22331360.2023.72.2.174

Motta GA, Neto PSM, Nociti RP, Santana AE (2023). 
Hematological normality, serum biochemistry, and acute 
phase proteins in healthy beef calves in the Brazilian 
Savannah. Animals, 13: 2398. https://doi.org/10.3390/
ani13152398

Nguyen THC, Hoang TT, Nguyen VD., Bui TTN, Dao LA, 
Nguyen VT, Nguyen DT, Nguyen THY (2023). Some 
hematological parameters in catlle infected with Theileria 
spp. in Ha Nam Province. Vietnam J. Agri. Sci., 21(11): 
1455-1462.

Nguyen TTH, Nguyen TTN, Dang TL, Pham VN (2023). 
Blood physiological indicators of Bach Thao, Boer and 
Saanen goats. J. Anim. Husb. Sci. Tech., 277: 64-69.

NRC (2001). 7th Revised Edition, subcommittee on dairy 
cattle nutrition, committee on animal nutrition, board on 
Agriculture and Natural Resources, National Research 
Council, National Academy Press, Washington, D.C. http://
www.nap.edu/openbook.php?isbn=0309069971

Oliveira WDC, Silva TPD, Araujo MJ, Edvan RL, Oliveira RL, 
Bezerra LR (2019). Changes in hematological biomarkers of 
Nellore cows at different reproductive stages. Acta Sci. Anim. 
Sci., 41: e45725. https://doi.org/10.4025/actascianimsci.
v41i1.45725

Perri AM, O’Sullivan TL, Harding JCS, Wood RD, Friendship 
RM (2017). Hematology and biochemistry reference 
intervals for Ontario commercial nursing pigs close to the 
time of weaning. Can. Vet. J., 58: 371-76.

Piotr AA, and Marta HM (2024). Physiological changes in 
erythrocyte parameters in Holstein-Friesian cows during 
pregnancy. Anim. Sci. Genet., 20(4): 27-37. https://doi.
org/10.5604/01.3001.0054.9784

Ramabu SS, Motladiile M, Ramotshubi M, Sumbikane, 
Gasebonwe S, Saber Y, Adam SY, Ahmed AA (2024). 
Evaluation of haematological parameters in cattle, detection, 
and confirmation of cattle Anaplasma marginale infection 
at BUAN farm in the Southeast region of Botswana. Acta 
Sci. Vet. Sci., 6(12): 09-14. https://doi.org/10.31080/
ASVS.2024.06.09457

Sanchez NCB, Carroll JA, Corley JR, Broadway PR, Callaway 
TR (2019). Changes in the hematological variables in pigs 
supplemented with yeast cell wall in response to a Salmonella 
challenge in weaned pigs. Front Vet. Sci., 6: 1–13. https://
doi.org/10.3389/fvets.2019.00246

Solomon SR, Monkgogi M, Motheo R, Sumbikane, Gasebonwe, 
Saber YA, Abdelkareem AA (2024). Evaluation of 
haematological parameters in cattle, detection, and 
confirmation of cattle Anaplasma marginale infection at 
BUAN farm in the Southeast region of Botswana. Acta Sci. 
Vet. Sci., 6(12): 9-14.

Srinivasan G, Sathiamoorthy T (2021). Study on hematological 
and serum biochemical parameters of Pulikulam cattle in a 
nucleus herd. Indian J. Anim. Health, 60(1): 40-48. https://
doi.org/10.36062/ijah.60.1.2021.40-48

Thorn CE, Bowman AS, Eckersall D (2022). Hematology of 
pigs, John Wiley and Sons, Inc.: Hoboken, NJ, USA; pp. 
1019-1025. https://doi.org/10.1002/9781119500537.ch113

Unal CN, Uslu P (2024). Evaluation of hematology and blood 
gas parameters in calves with sepsis. F.U. Vet. J. Health Sci., 
38 (2): 157-163. 

https://doi.org/10.5433/1679-0359.2018v39n6p2465
https://doi.org/10.5433/1679-0359.2018v39n6p2465
https://doi.org/10.4103/0974-9233.71599
https://doi.org/10.3389/fvets.2024.1286563
https://doi.org/10.1080/09712119.2015.1125351
https://doi.org/10.1080/09712119.2015.1125351
https://doi.org/10.1002/vetr.3265
https://doi.org/10.14202/vetworld.2025.994-1001
https://doi.org/10.14202/vetworld.2025.994-1001
https://doi.org/10.1007/s11250-023-03664-7
https://doi.org/10.1007/s11250-023-03664-7
https://doi.org/10.1016/j.cvfa.2011.02.004
https://doi.org/10.1016/j.cvfa.2011.02.004
https://doi.org/10.1177/1040638718790310
https://doi.org/10.1177/1040638718790310
https://doi.org/10.54846/jshap/1049
https://doi.org/10.12681/jhvms.18866
https://doi.org/10.1002/vms3.1434
https://doi.org/10.1002/vms3.1434
https://doi.org/10.51607/22331360.2023.72.2.174
https://doi.org/10.51607/22331360.2023.72.2.174
https://doi.org/10.3390/ani13152398
https://doi.org/10.3390/ani13152398
http://www.nap.edu/openbook.php?isbn=0309069971
http://www.nap.edu/openbook.php?isbn=0309069971
https://doi.org/10.4025/actascianimsci.v41i1.45725
https://doi.org/10.4025/actascianimsci.v41i1.45725
https://doi.org/10.5604/01.3001.0054.9784
https://doi.org/10.5604/01.3001.0054.9784
https://doi.org/10.31080/ASVS.2024.06.09457
https://doi.org/10.31080/ASVS.2024.06.09457
https://doi.org/10.3389/fvets.2019.00246
https://doi.org/10.3389/fvets.2019.00246
https://doi.org/10.36062/ijah.60.1.2021.40-48
https://doi.org/10.36062/ijah.60.1.2021.40-48
https://doi.org/10.1002/9781119500537.ch113


Advances in Animal and Veterinary Sciences

January 2026 | Volume 14 | Issue 1 | Page 193

Walczak M, Wasiak M, Dudek K, Kycko A, Szacawa E, Olech 
M, Wozniakowski G, Szczotka-Bochniarz A (2021). Blood 
counts, biochemical parameters, inflammatory, and immune 
responses in pigs infected experimentally with the African 
swine fever virus isolate Pol18_28298_O111. Viruses, 13: 
521. https://doi.org/10.3390/v13030521

Wood RD (2022). Hematology of bovids. Schalm’s 
Veterinary Hematology, pp. 1004-1011. https://doi.
org/10.1002/9781119500537.ch111

Yang TT, Luo H, Lou W, Chang Y, Brito LF, Zhang H, Ma 
L, Hu L, Wang A, Li S, Guo G, Wang Y (2024). Genetic 
background of hematological parameters in Holstein cattle 

based on genome-wide association and RNA sequencing 
analyses. J. Dairy Sci., 107: 4772–4792. https://doi.
org/10.3168/jds.2023-24345

Zhang S, Yu B, Liu Q, Zhang Y, Zhu M, Shi L, Chen H (2022). 
Assessment of hematologic and biochemical parameters 
for healthy commercial pigs in China. Animals, 12: 2464. 
https://doi.org/10.3390/ani12182464

Zhelavskyi MM, Kernychnyi SP, Dmytriv OY, Betlinska TV 
(2024). Adaptive changes in immunological, hematological 
and metabolic profiles of pregnant cows. Ukrain. J. Vet. 
Agric. Sci., 7: 15-22. https://doi.org/10.32718/ujvas7-1.03

https://doi.org/10.3390/v13030521
https://doi.org/10.1002/9781119500537.ch111
https://doi.org/10.1002/9781119500537.ch111
https://doi.org/10.3168/jds.2023-24345
https://doi.org/10.3168/jds.2023-24345
https://doi.org/10.3390/ani12182464
https://doi.org/10.32718/ujvas7-1.03

