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The main aim of the current study was to assess the prevalence of anaemia
in Holstein dairy cows during the puerperium, and the haematological and bio-
chemical profile of dairy cows with and without anaemia. The study was conduct-
ed in seven dairy herds in Sdo Paulo State, Brazil. The evaluated sample com-
prised a total of 336 Holstein cows. Blood samples were collected at postpartum
day 25 + 3. Haematological analysis included white blood cell, red blood cell and
platelet count, haematocrit value, haemoglobin concentration, mean corpuscular
volume, mean corpuscular haemoglobin and mean corpuscular haemoglobin con-
centration. The biochemical profile encompassed cholesterol, non-esterified fatty
acids, B-hydroxybutyrate, albumin, globulin, fibrinogen, calcium and total biliru-
bin concentrations. The prevalence of anaemia was 16.3% in all herds, and this
was not affected by clinical diseases, milk production, parity and body score con-
dition. Moreover, anaemic cows had lower red blood cell count, haematocrit,
haemoglobin, serum cholesterol and calcium concentrations and higher white
blood cell and platelet counts, mean corpuscular haemoglobin, red cell distribu-
tion width, non-esterified fatty acids, f-hydroxybutyrate, fibrinogen and globulin
concentrations when compared with non-anaemic cows. The results indicate
changes in energy balance and an inflammatory process in anaemic cows.
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Anaemia is the main disorder involving red blood cells in ruminants,
mostly occurring in three aetiological forms: aplastic, haemorrhagic and haemo-
lytic (Radostits et al., 2007), although deficiency and inflammatory anaemia in
calves are also not uncommon (Lindt and Blum, 1994).
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The main causes of anaemia in cattle are haemolysis and nutritional defi-
ciency. Haemolysis may be a physiological phenomenon when it involves the
breakdown of aged red blood cells, or it may be a pathological process in the
case of parasitism caused by worms, ticks and intra-erythrocytic parasites such as
Babesia bovis, B. microti, Anaplasma centrale and A. marginale (Souza et al.,
2013; Muntean et al., 2018). The causes linked to nutritional deficiency comprise
iron, phosphorus, cobalt and copper deficiency (Radostits et al., 2007).

No study has reported the prevalence of anaemia in postpartum dairy cows
so far. Therefore, the aims of the current study were to characterise the preva-
lence of anaemia within the first 25 + 3 postpartum days, as well as to investigate
the biochemical and haematological profiles of dairy cows with and without
anaemia.

The experiment was approved by the Ethics Committee of the School of
Veterinary Medicine and Animal Sciences, University of Sdo Paulo, Sao Paulo,
Brazil (approval number: 8022150216/2018).

The sample size was determined according to the formula given by Thrus-
field (2005). We estimated a sample size of 336 cows assuming an anaemia
prevalence of 32.2% from the previous report, as well as 95% confidence level
and 5% precision.

In the current study 336 Holstein cows (mean lactation number: 2.29 +
0.18), from seven dairy farms located in Sao Paulo State, Brazil, were assessed.
Cows were diagnosed with anaemia based on values of the erythrogram; the dis-
order was characterised by a red blood cell (RBC) count, haemoglobin (Hb) con-
centration and haematocrit (Ht) value lower than 5.0 x 10'%/L, 8.0 g/L and 24%,
respectively, as recommended in the literature (Radostits et al., 2007). Cows that
had RBC, Ht and Hb values > 5.0 x 10'%/L, 8.0 g/L and 24% were classified as
non-anaemic.

Blood samples were collected at postpartum day 25 + 3, by means of coc-
cygeal vein puncture, and placed in two tubes. For haematological analysis, blood
samples were collected in vacuum glass tubes containing ethylenediaminetet-
raacetic acid (EDTA) as anticoagulant. For biochemical determinations, blood
samples were collected in anticoagulant-free tubes. Blood smears were made
immediately after blood collection in order to allow investigating the presence of
intra-erythrocytic parasites and to evaluate the characteristics of red blood cells
stained with Rosenfeld solution. This evaluation was performed using optical
microscopy at a magnification of 100 X as recommended in the literature (Birgel,
1982). All blood samples were transported to the laboratory on ice until centrifu-
gation within 3 h of blood collection. Blood samples were centrifuged at 2,500 x
g for 20 min. Serum samples were stored at —20 °C until analysed.

Blood analyses comprising the determination of white blood cell (WBC),
RBC and platelet counts, Hb, Ht, mean corpuscular volume (MCV), mean cor-
puscular haemoglobin (MCH), mean corpuscular haemoglobin concentration
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(MCHC) and red cell distribution width (RDW) were performed using a veteri-
nary haematology analyser (BC-2800 Vet Mindray), by following specific pro-
cedures for bovine samples.

Cholesterol, non-esterified fatty acids (NEFA), B-hydroxybutyrate (BHBA),
albumin, fibrinogen, calcium and total bilirubin (TBIL) concentrations were
measured by the use of Randox commercial kits in an automatic biochemistry
system (RX Daytona®, Randox Laboratories, UK). Globulin concentrations were
assumed by subtracting albumin levels from the total protein concentration.

Cows were scored for body condition on a 1 to 5 scale (Ferguson et al.,
1994) at the time of blood sampling. The body condition score (BCS) was also
categorised as < 2.75 and > 3.0 to be used as an explanatory variable. Milk produc-
tion was measured when the samples were obtained, using the software Alpro®.
Milk production was also categorised as low (< 30 L), medium (30 to 44 L) and
high (=45 L) to be used as an explanatory variable.

Cows were evaluated for metritis on day 10 + 5 postpartum by transrectal
palpation. Metritis was defined as a cow having an enlarged uterus with fetid wa-
tery red-brown uterine discharge (Sheldon et al., 2009). Endometritis was evalu-
ated at 21 day postpartum by visual inspection using vaginal palpation, mucus
was scored on a scale from 0 to 5 as described previously by McDougall et al.,
(2007), and a score > 2 was considered positive for endometritis. Mastitis was
evaluated during the first three weeks after parturition, diagnosed when the Cali-
fornia Mastitis Test was positive (score > 3). Lameness was defined as a cow
that stood and walked with arched back and had short strides in one or more legs
(lameness score > 2) (Ribeiro et al., 2013).

The analysis was performed using a commercial software (SAS, version
9.3, SAS Institute Inc., Cary, NC). The effects of clinical disease (first versus se-
cond versus third or more lactations), BCS (< 2.75 versus > 3.00), and milk pro-
duction (low, medium and high) on the prevalence of anaemia were analysed by
logistic regression. The means of biochemical and haematological parameters of
the groups studied (anaemic vs. non-anaemic) of cows were compared through
analysis of variance (ANOVA). The Tukey’s test was used to investigate differ-
ences between means. Statistical significance level was set at P < 0.05.

The overall prevalence of anaemia was 16.36%, which means that 55 out of
the 336 cows presented reduced erythrogram values. Among the anaemic cows,
9.1% (5/55) presented severe anaemia (defined by RBC values < 3.9 x 10'%/L,
Hb < 6.1 g/L and Ht < 19.9%); 30.9% (17/55) presented moderated anaemia (de-
fined by RBC values between 4.0—4.4 x 10"%/L, Hb between 6.2-7.0 g/L and Ht
between 20-21.9%), and 60% (33/55) presented mild anaemia (defined by RBC
values between 4.5-4.9 x 10'%/L, Hb between 7.1-7.9 g/L and Ht between 22—
23.9%). The anaemia observed in the animals was normocytic normochromic.

Metritis, endometritis, mastitis and lameness did not influence the preva-
lence of anaemia (P > 0.05) (Table 1). Parity, BCS, and milk production did not
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affect the prevalence of anaemia (P > 0.05) (Table 2). The RBC count, Ht value,
Hb, cholesterol and calcium concentrations were lower (P < 0.05) in anaemic than
in non-anaemic cows. WBC and platelet counts, MCH, RDW, NEFA, BHBA,
globulin and fibrinogen concentrations were higher (P < 0.05) in anaemic cows
than in non-anaemic cows (Table 3).

Table 1

Effect of clinical diseases on the prevalence of anaemia in Holstein dairy cows (n = 336)

Diseases Prevalence of anaemia, % P value
Metritis
No 18.6 (46/247) 0.0679
Yes 10.1 (09/89)
Endometritis
No 17.2 (43/250) 0.4840
Yes 14.0 (12/86)
Mastitis 0.2990
No 17.1 (52/305)
Yes 09.7 (03/31)
Lameness 0.1204
No 15.3 (46/301)
Yes 25.7 (09/35)
Table 2

Effect of body condition score, milk production, and parity on the prevalence of anaemia in Hol-
stein dairy cows (n = 336)

Variable Prevalence of anaemia % P value
Parity'
First 16.67 (14/84) 0.5993
Second 14.17 (17/120)
Third or more 18.18 (24/132)
Body condition score?
<275 16.51 (36/218) 0.8536
>3.00 16.10 (19/118)
Daily milk production (L)
Low (< 30.0) 14.91 (17/114) 0.3785
Medium (30 to 44) 20.89 (28/134)
High (= 45.0) 11.36 (10/88)

'Parity during the current lactation; “Scale from 0 = thin to 5 = fat; *Milk
production recorded on the day of blood sampling
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Table 3

Haematological and biochemical parameters of non-anaemic and anaemic cows (n = 336)

Parameter Non-anaemic Anaemic P value Reference
(n=281) (n=155) values

WBC (x 10°/L) 11.94 +0.28 17.30 +0.57 0.019" 40-12.0"
RBC (x 10"%/L) 5.65+0.09 444 +0.15 <0.0001" 5.0-10.0
Ht (%) 28.44 +0.37 22.15+0.56 <0.0001°  24.0-46.0
Hb (g/L) 9.09 + 0.09 7.13 £0.09 <0.0001" 8.0-15.0
MCYV (fL) 50.60 + 0.43 49.94 + 0.65 0.291 40-60""
MCH (pg) 15.65 +0.23 16.67 +0.35 0.002" 11.0-17.0"
MCHC (g/L) 312.40 +2.30 318.10 + 3.40 0.083 300 —360"
RDW (%) 16.54 +0.14 16.99 +0.21 0.032° 16.7-23.3"
Platelets (x 10°/L) 349.96 +2.24 374.224 £ 6.20 0.021°  100-800"
Cholesterol (mmol/L) 2.46 +0.08 2.11+0.16 0.043" 1.0-56"
BHBA (mmol/L) 0.44 +0.18 0.99 +0.15 0.042" 0.35-0.47"
NEFA (mmol/L) 0.41 +0.10 0.94 £ 0.20 0.023" <0.70"™
Fibrinogen (g/L) 2.50 + 0.40 4.40 + 1.00 0.049" 20-7.0"
Albumin (g/L) 31.74 +0.42 30.09 +0.78 0.061 29 38"
Globulin (g/L) 32.20+2.0 38.70 +2.70 0.031 30.0 —34.8""
Calcium (mmol/L) 2.49 +0.02 2.19+0.03 0.023 2.43-3.10"
TBIL (umol/L) 4.45+1.20 3.42+0.68 0.101 0.7 -7.54"

“Denotes significance at P < 0.05; **Refergﬂge value according to Radostits et al. (2007); *Reference
value according to Kaneko et al. (2008); ~ Reference value according to Drackley (2000)

The current study characterises the prevalence of anaemia in dairy cows
during the puerperium, as well as the haematological and biochemical profiles of
the cows evaluated.

It could not be demonstrated that inflammation of the uterus (cows with
metritis and endometritis), mammary gland (mastitis) and the locomotor system
(lame cows) would be associated with increased prevalence of anaemia during
the puerperium. Lower values of RBC and Ht were found in cows with subclini-
cal endometritis, which finding was related to the production of inflammatory
cytokines (Heidarpour et al., 2014).

Cows with high milk production were more likely to have metabolic dis-
ease (Asl et al., 2011). Previous studies have shown an increase in the prevalence
of puerperal and metabolic diseases in dairy cows with increased parity numbers
(Asl et al., 2011; Neves et al., 2018). Regarding BCS, Carneiro et al. (2014) sug-
gested an increase in the incidence of endometritis in dairy cows with a body
condition score < 2.5. In our study, neither of these factors were associated with
the occurrence of anaemia.

During the puerperal period, haematological and biochemical changes
were described in dairy cows with retained fetal membranes (Saut and Birgel,
2008; Paiano et al., 2018; Paiano et al., 2019a). However, such changes have not
been described in dairy cows with anaemia during the puerperium.
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The blood smears did not show intra-erythrocytic parasites, and the total
bilirubin values were within the normal range; this result ruled out the possibility
that the anaemia resulted from haemolysis caused by haemoparasites (Souza et
al., 2013).

Transition cows undergo a period of negative energy balance, which may
contribute to the onset of inflammation processes during this stage, varying in in-
tensity from animal to animal (Contreras and Sordillo, 2011). During the in-
flammatory process the production of pro-inflammatory cytokines may be in-
creased; these cytokines help modulate the inflammatory response since they in-
hibit erythropoiesis through the action of erythroid precursors (Chikazawa and
Dunning, 2016). The exacerbated pro-inflammatory state may lead to the sup-
pression of erythropoiesis due to the direct effects of cytokines on the bone mar-
row; this process limits the erythropoietic response to erythropoietin, which be-
comes insufficient to compensate for the destruction of erythrocytes, thus leading
to reduced haematological values and the onset of anaemia (Nemeth and Gangz,
2014). Supporting this explanation of anaemia due to the presence of an inflam-
matory process, our data are in agreement with this hypothesis due to an increase
in the concentration of fibrinogen and globulin in anaemic animals. Fibrinogen
and globulin are considered acute phase proteins, and cholesterol is considered a
negative acute phase reactant; the monitoring of these parameters can be used for
evaluating the intensity of inflammatory processes (Jain, 1993; Trevisi et al., 2015;
Paiano et al., 2019b). In addition, low serum concentrations of calcium and cho-
lesterol, and high concentrations of globulin have been described in dairy cows
with inflammatory processes (Trevisi et al., 2015). Furthermore, the evaluation
of albumin levels contributes to understanding the inflammatory status of the an-
imals. Albumin is considered an acute phase negative protein, and low albumin
levels have been correlated with severe inflammation in transition dairy cows
(Bionaz et al., 2007). The albumin value recorded in the present study shows a
decreasing trend in anaemic cows.

In agreement with a previous report (Trevisi et al., 2015), our results indi-
cate that energy imbalance may have resulted in anaemia in dairy cows during
the early postpartum period, mainly due to low serum cholesterol levels associat-
ed with high BHBA and NEFA levels.

In conclusion, the current study shows that anaemia is prevalent during the
puerperium in Holstein dairy cows. In addition, our results indicate changes in
the energy balance of anaemic animals, as well as a pro-inflammatory state in
this group of cows.
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