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To establish reference values and to assess the influence of age on the leukograms of
healthy Holstein calves, blood samples were obtained from 300 animals. These samples
were distributed equally (n=20) among 15 experimental groups according to age: birth to
8 hours, 9 to 16 hours, 17 to 24 hours, 2 days, 3 days, 4 days, 5 days, 6 to 7 days, 8 to 9 days,
10 to 11 days, 12 to 13 days, 14 to 15 days, 16 to 20 days, 21 to 25 days and 26 to 30 days of
age. The maximum numbers of leukocytes (9,305.0/mL), segmented neutrophils (6,551.2/
mL) and total neutrophils (6,678.3/mL) were noted within the first 8 hours of life, while
band neutrophils peaked in number (133.3/mL) between 9 and 16 hours after birth. Me-
anwhile, the maximum total lymphocyte (4,992.1/uL) and typical lymphocyte (4,686.1/
uL) counts occurred between 21 and 25 days, whereas atypical lymphocytes (388.5/uL) re-
ached their maximum number between 26 and 30 days, demonstrating an inversion of the
neutrophil:lymphocyte ratio over time. Thus, the influence of age on the leukocyte count of
the evaluated calves was verified. The release of endogenous corticosteroids during labor
or at birth may contribute to this variation in leukograms with age.

INDEX TERMS: Calves, leukogram, Holstein cattle.

RESUMO.- [Leucograma de bezerros Holstein sadios no
primeiro més de vida.] Com a finalidade de estabelecer os
valores de referéncia e de avaliar a influéncia do fator etario
sobre o leucograma de bezerras sadias, da raca Holandesa,
utilizaram-se amostras de sangue de 300 animais, distribui-
dos com igual niimero (n=20) por 15 grupos experimentais,
de acordo com a idade: do nascimento até 8 horas de vida; de
9 até 16 horas; de 17 até 24 horas; 2 dias de idade; 3 dias; 4
dias; 5 dias; 6 a 7 dias; 8 a 9 dias; 10 a 11 dias; 12 a 13 dias;
14 a 15 dias; de 16 a 20 dias; de 21 a 25 dias; e de 26 a 30 dias
de vida. Puderam-se observar valores maximos nas primei-
ras oito horas de vida para leucécitos (9305,0/uL), neutrofi-
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los segmentados (6551,2/uL) e neutrofilos totais (6678,3/
uL); entre 9 a 16 horas pds-nascimento para os neutroéfilos
bastonetes (133,3/uL). Para os linfdcitos totais (4992,1/uL)
e os linfécitos tipicos (4686,1/uL) os valores maximos ocor-
reram entre 21 e 25 dias, e para os linf6citos atipicos (388,5/
uL), entre 26 e 30 dias, demonstrando-se uma inversdo na
relacdo neutroéfilo: linfocito, com o decorrer dos dias de vida.
Constatou-se a da influéncia do fator etdrio no leucograma
dos bezerros avaliados, no entanto acredita-se que a libera-
¢do de corticoides endégenos no momento do parto/nasci-
mento, contribuiram para esta variacao.

TERMOS DE INDEXACAO: Bezerras, leucograma, gado holandés.

INTRODUCTION

Adaptation to the extrauterine environment is crucial to
the survival of calves during the neonatal period, particu-
larly because their immune systems are still developing
(Benesi 1992). The diseases most often affecting calves are
diarrhea, umbilical complications, pneumonia and septice-
mia, which can cause hematological alterations in addition
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to specific clinical symptoms. Research on these diseases
and the corresponding hematological changes is critical, as
a reduction in such illnesses may diminish or prevent the
large economic losses associated with the death of calves,
and especially of females with good milk-producing charac-
teristics and of high genetic merit.

The clinical evaluation of sick neonates, with the goals
of diagnosis, determination of prognosis and treatment,
often requires the combination of a physical examination
and auxiliary laboratory tests. The leukogram is a key tool
in patient evaluation, either confirming or elucidating the
diagnosis of a disease and thus guiding therapy and prog-
nosis prediction (Benesi 1992, 1993).

The proper interpretation of the results obtained from
the combination of a physical examination and laboratory
tests requires collection of the maximum amount of infor-
mation possible during the examination, as well as know-
ledge of the physiology of the affected organs and systems
and the pathogenesis of the disease. An additional crucial
requirement is having specific reference ranges that ac-
count for the species, breed, age, gender and environmen-
tal/climatic factors. Although it is known that precise and
justified interpretation of leukograms requires reference
ranges, few studies of these ranges have been conducted
for bovine neonates (Benesi 1992, Biondo 1996, Fagliari et
al. 1998).

Past studies reported that the mean leukocyte numbers
in the leukograms of calves assessed immediately after bir-
th did not change significantly, although some specific tren-
ds were highlighted. Within the first six hours after birth
(a.b.), a small decrease in the total number of leukocytes
was noted, while neutrophils were predominant and the
absolute number of lymphocytes reached a minimum. A
decrease in the absolute numbers of eosinophils and mo-
nocytes was also noted, with minimum values achieved 12
hours a.b. After this time-point, an increase in total leu-
kocytes was observed due to a similar increase in the total
number of neutrophils, especially segmented neutrophils
(Birgel 1972, La Motte & Eberhart 1976), and in the num-
ber of lymphocytes and monocytes (Birgel 1972, Tennant
etal. 1974, Benesi 1992). A high neutrophil:lymphocyte ra-
tio (Ne:Ly) was also noted at birth, as well as a reduction in
or inversion of this ratio within the first week of life due to
the numerical predominance of lymphocytes (Adams et al.
1992, Biondo 1996, Costa et. al. 2008).

Immature, young and band neutrophils in the circula-
ting blood of calves during the first week of life have been
reported by some authors (Anders 1966, Benesi 1992).
The changes observed in the calves’ leukograms within the
first week of life have been attributed to the stress of labor
and birth, as reflected by the elevated levels of circulating
endogenous glucocorticoids and their effects on leukocyte
behavior (Eberhart & Patt 1971, La Motte & Eberhart 1976,
Benesi 1992). Particularly during the neonatal period, va-
riations in leukograms may occur as a result of the type of
labor and the intensity of the obstetric maneuvers (Birgel
1972, Benesi 1992), as well as a result of the health of the
mother and the neonate. In addition to being influenced by
the birthing process and the feeding of the colostrum, the

complete blood count (CBC) may vary due to such factors
as age, gender, breed, environment and management prac-
tices. The existence of these factors justifies the need to es-
tablish reference values for each country or location where
the animals are reared (Birgel 1972, 1982, Tennant et al.
1974, Biondo 1996). Therefore, the present study sought
to evaluate the leukograms of healthy Holstein calves from
Grade A and Grade B dairy farms, with careful considera-
tion of the first month of life of these neonates.

MATERIALS AND METHODS

Three hundred healthy Holstein calves of up to 30 days of age,
originating from Grade A and Grade B dairy farms located in the
State of Sdo Paulo, Brazil, were included in the current study. The
calves were divided into 15 experimental groups of 20 animals
each, according to age range: birth to 8 hours, 9 to 16 hours, 17
to 24 hours, 2 days, 3 days, 4 days, 5 days, 6 to 7 days, 8 to 9 days,
10 to 11 days, 12 to 13 days, 14 to 15 days, 16 to 20 days, 21 to 25
days, and 26 to 30 days of age.

The calves selected for this experiment had not yet been sub-
jected to the pre-immunization program for Babesia spp. and
Anaplasma sp. and were considered clinically healthy following
a physical examination (Dirksen et al. 1993). Any animals exhibi-
ting a packed cell volume below 25% or above 40% were exclu-
ded from the study, as well as those exhibiting a total leukocyte
count outside of the range of 8-12x103/ul or those infected with
blood parasites.

Blood samples were obtained by external jugular venipunc-
ture using a vacuum blood-collection system and a silicone tube
containing tripotassium EDTA at a ratio of 1.5 mg/mL of blood.
Leukocyte counts were then performed in a modified Neubauer
chamber and expressed in thousands of cells per microliter of
blood, with Thomas fluid as the diluent. The differential leukocyte
count was performed on stained blood smears, with analysis of
the differentiation of 100 white blood cells, which allowed for the
classification of typical and atypical lymphocytes (Birgel 1982,
Jain 2000).

A statistical analysis was performed assuming a completely
randomized design with a single factor (age). The effect of age and
the interaction between two factors was tested by an analysis of
variance. When the F-statistics were significant, Tukey’s test was
used to verify the differences between the means, calculating the
minimum significant difference and assuming an error probabili-
ty of 5%. All means and standard deviations are shown as measu-
res of central tendency and dispersion for the studied variables.

RESULTS

Throughout the study, blood samples were collected from
385 calves, of which 85 samples were excluded due to the
presence of hematologic alterations that indicated anemia,
hemoconcentration, leukocytosis, leukopenia or the pre-
sence of blood parasites.

Of the 22 dairy farms included in the current study, 7
produced Grade A milk and 15 produced Grade B milk. The
farms were located in 14 municipalities of the State of Sdo
Paulo: Analdndia, Araras, Campinas, Descalvado, Itatiba,
Monte Mor, Pindamonhangaba, Pirassununga, Santa Rita
do Passa Quatro, Sdo Carlos, Sdo José dos Campos, Tambad,
Tapiratiba and Tieté.

The results obtained in this study are shown in Tables
1 and 2. The total leukocyte counts of the studied animals
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Table 1. Mean absolute values obtained for the total number of leukocytes (/pL),
band neutrophils (/pL), segmented neutrophils (/pL), total neutrophils (/uL),
eosinophils (/puL) and basophils (/pL) in healthy black-and-white Holstein heifer
calves grouped according to age, from birth to 30 days of age

Group Age Leukocytes Band Segmented Total Eosinophils Basophils
(days) (/uL)  neutrophils neutrophils neutrophils (/uL) (/uL)
(/uL) (/uL) (/uL)

01 Upto8hours 9305.0% 126.8° 6551.2° 6678.37 0.00¢ 10.0
02 9tol6hours 8263.0% 133.3° 5764.8° 5897.72 31.1° 57.7
03 17to24hours 7443.0% 48.6 4886.3%  4934.2% 57.4° 39.2
04 2 days 8220.0® 131.2° 5450.1° 5580.92 25.4° 57.7
05 3 days 6728.0 32.5%® 3424.1%  3456.1" 39.9° 73.9
06 4 days 6240.0° 45.4® 2662.9 ¢ 2708.8¢ 18.9* 44.7
07 5 days 6350.0° 46.6 2860.5 ¢ 2906.4¢ 6.9° 63.9
08 6and 7 days ~ 7345.0 151 3493.2%  3508.1" 9.1° 28.9
09 8and9days 8670.0% 24.1® 3692.3%  3716.5" 20.0° 50.0
10 10and11days 8653.0%® 62.4 35682  3631.3" 10.7° 50.2
11 12and13days 7963.0%® 326 3438.7%  3471.2°% 0.00¢ 62.0
12 14 and 15days 8985.0° 7.4" 3847.5%  3853.7% 9.0° 84.1
13 16 to 20 days  8995.0% 14.5%® 3957.4%  3970.9°% 3.4° 43.1
14  21to25days 7693.0%® 349® 21459°¢ 2181.0¢ 19.2° 67.5
15 26t0 30 days 8348.0% 11.5° 2777.0¢ 2788.1¢ 130.9° 61.2

abe Values with the same letters on the same line indicate a statistically significant difference.

Table 2. Mean absolute values obtained for the total number of lymphocytes
(/unL), typical lymphocytes (/pL) and atypical lymphocytes (/pL) in healthy
black-and-white Holstein calves grouped according to age, from birth to 30

days of age
Group Age Typical Atypical Total Monocytes
(days) lymphocytes lymphocytes lymphocytes (/uL)
(/uL) (/uL) (/uL)
01 Up to 8 hours 2221.1¢ 137.8¢ 2358.8<« 264.4
02 8 to 16 hours 1931.6°¢ 112.0¢ 2044.0¢ 231.8%¢
03 16 to 24 hours 2147.2¢ 91.9¢ 2239.2¢ 171.0¢
04 2 days 2116.8¢ 143.4¢ 2261.5« 294.7b¢
05 3 days 2536.2¢ 179.2¢ 2715.4< 442.8%®
06 4 days 2824.1% 223.0%¢ 3047.2< 417.9%®
07 5 days 2612.4¢ 227.0%¢ 2838.9« 533.5°
08 6 and 7 days 3146.7"% 270.5° 3417.1% 421.9%*
09 8 and 9 days 4148.3° 264.2° 4413.1%® 475.7%®
10 10 and 11 days 4298.6° 224.1%¢ 45244+ 437.3%
11 12 and 13 days 3691.5% 230.0%¢ 3920.7%® 508.2°
12 14 and 15 days 4362.8° 204.3%¢ 4566.8° 470.5%
13 16 to 20 days 4226.37 260.3° 4486.0%° 491.5%
14 21 to 25 days 4686.1° 306.1% 4992.1° 432.3%
15 26 to 30 days 4532.2° 388.5° 4920.3° 446.8%

abe Values with the same letters on the same line indicate a statistically significant difference.

fluctuated within a small range up to 8 hours a.b. The same
fluctuation was noted for the segmented and total neutro-
phils. The band neutrophils achieved their maximum mean
values between 9 and 16 hours of life, followed by a sharp
decline, with some instability, that lasted until the 30* day
a.b. Meanwhile, the basophils and eosinophils were absent
during the first 8 hours a.b., although their levels also fluctu-
ated throughout the period studied, with the eosinophils re-
aching their highest values at 26 to 30 days of age (Table 1).

The total and typical lymphocytes counts reached their
maximum mean values between 21 and 25 days of age and
their minimum values from 9 to 16 hours a.b. In turn, the
maximum atypical lymphocyte counts were noted between
26 and 30 days of age, while the minimum values occurred
between 17 and 24 hours a.b. (Table 2).
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DISCUSSION
The analysis of the mean total leukocyte count showed
that its magnitude was greatest in animals between 0 and
8 hours of age and subsequently significantly decreased
until its minimum at four days a.b. The values then incre-
ased and almost returned to the baseline between 14 and
20 days of age.

A comparison of the mean values observed for all of the
studied age groups with the values reported in the non-
-Brazilian studies for calves of similar ages demonstrated
that the counts obtained here were similar in most cases
(Kraft 1967, La Motte & Eberhart 1976, Lumsden et al.
1980) or lower (Greatorex 1954, Holman 1956, Kaneko &
Mills 1970). Meanwhile, a comparison with results obtai-
ned in Brazilian studies conducted on Holstein cattle of up
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to 1 year of age (Garcia 1989) or up to 3 months of age (Ta-
vora 1997) showed that the data reported here are smaller
in magnitude, confirming the need to specifically study bo-
vine neonates.

The changes in the total leukocyte count reflected the
behavior of some of the different types of leukocytes. For
example, the variation in the mean total neutrophil count
was influenced by age and characterized by maximum va-
lues between birth and 8 hours of life, followed by a signifi-
cant decrease beginning at 3 days a.b. and the maintenance
of the lower values, with small oscillations, until 30 days
of age. The evaluation of the variation in the mean total
lymphocyte count also demonstrated the influence of age,
although the trend was opposite to that observed for the
total number of neutrophils. The minimum mean total lym-
phocyte count was noted between 9 and 16 hours of life,
followed by a gradual and significant increase between 6
and 7 days of age; this increase was maintained, with small
fluctuations, until almost 30 days of age, with the maximum
value observed between 21 and 25 days a.b.

Considering the simultaneous variation in the total
numbers of leukocytes, neutrophils and lymphocytes, it
may be hypothesized that the total leukocyte count initially
reflected both the increased number of neutrophils and the
diminished number of lymphocytes. Therefore, leukocyto-
sis was not observed during the first day of life, which has
been described by several authors, although they demons-
trated a maximum total leukocyte count due to a similar
increase observed in the total neutrophil count (Greatorex
1954, Holman 1956, Kaneko & Mills 1970, Birgel 1972,
Tennant et al. 1974, La Motte & Eberhart 1976, Adams et
al. 1992, Benesi 1992). The changes in the total neutrophil
number particularly reflected the variation observed in the
segmented neutrophil count. Thus, the latter type of poly-
morphonuclear cell was likely responsible for the elevation
in the total number of neutrophils, confirming the findings
of Birgel (1972), Tennant et al. (1974), Jain (1986), Adams
etal. (1992), Benesi (1992) and Biondo (1996). Meanwhile,
the failure to detect immature, young and band neutrophils
in the circulating blood of the studied calves during the first
week of life is consistent with the observation of these cells
only by very few authors (Anders 1966, Benesi 1992).

A concomitant assessment of the ratio of total
neutrophils:total lymphocytes in the first three days a.b.
reveals the predominance of polymorphonuclear cells and
shows that this relationship was inverted at four days of
age, although this inversion was not sustained. However,
the inversion returned after seven days of age, when the
numerical predominance of lymphocytes became appa-
rent. Similar observations have been reported by Holman
(1956), Kraft (1967), Tennant et al. (1974), Adams et al.
(1992) and Benesi (1992).

Changes in the leukograms of calves within the first
week of life are thought to be due to the stress of labor or
birth. This stress is suggested by the elevation in circulating
levels of endogenous glucocorticoids in the blood of the-
se animals and their effects on different blood leukocytes,
which are characterized by lymphopenia and eosinopenia;
by the absence of eosinophils, which is associated with

neutrophilia and monocytosis; or by a normal number of
monocytes, in addition to a normal, increased or decreased
number of total leukocytes resulting from these changes,
depending on whether the normal leukocyte count had a
predominance of lymphocytes or neutrophils (Eberhart &
Patt 1971, Tennant et al. 1974, La Motte & Eberhart 1976,
Benesi 1992). The bovine bone marrow does not possess
a large reserve of mature neutrophils, which may explain
why neutrophilia is not be sufficiently intense to overcome
lymphopenia and the increased total leukocyte count. Ho-
wever, immature neutrophils can rapidly reach the blood in
response to cortisol stimulation (Eberhart & Patt 1971, Jain
2000). Although the presence of immature neutrophils su-
ggests inflammation, it may indicate a normal physiological
response in neonatal calves to increases in the serum levels
of the cortisol associated with labor (Adams et al. 1992, Be-
nesi 1992).

In the post-birth period, additional changes in the en-
dogenous cortisol levels may be influenced by the type of
labor and the intensity of the obstetric maneuvers (Birgel
1972, Benesi, 1992). The endogenous cortisol levels may
also be affected by the health of the mother and the neona-
te, which is a determinant of the degree of stress experien-
ced by the neonate.

In general, the changes in the total numbers of leu-
kocytes, neutrophils and lymphocytes observed in the
present study are similar to those occurring under the in-
fluence of elevated serum endogenous corticosteroid le-
vels. Therefore, these changes may be considered to be a
consequence of the stress of birth.

The classification of lymphocytes into typical and atypi-
cal, according to their morphological and staining charac-
teristics, was performed in order to verify their numerical
variation, given that no reference values have been establi-
shed for dairy-cattle neonates. The typical lymphocytes,
which include large and small lymphocytes, exhibited lo-
wer numbers between birth and 3 days of age, subsequen-
tly evolving into a significant increase from 8 to 9 days of
age and reaching a maximum value between 21 and 25
days of age. The typical lymphocyte count was thus mainly
responsible for the variation in the mean total lymphocyte
count.

The atypical lymphocytes, which encompass mo-
nocytoid lymphocytes, plasmacytoid or Turk cells, Gumpre-
cht cells or nuclear shadows and lymphocytes with double
nuclei and with pyknotic nuclei, reached a minimum mean
total count in the first day of age. The count then increased
significantly from 6 to 7 days of life and attained a maxi-
mum value between 26 and 30 days a.b.

The monocytes varied in their mean values, achieving
a minimum between 17 and 24 hours of life, followed by a
moderate increase until a maximum and significantly gre-
ater value was measured at five days of age. The monocyte
numbers then stabilized, with small fluctuations, until 30
days of age. These observations are in agreement with
those of Greatorex (1954) and Tennant et al. (1974) and
are discordant with those of Adams et al. (1992). The lat-
ter report verified a decrease in monocytes between birth
and 24 hours of life, followed by an increase, with values
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reaching those for adult animals in the third week of life.
Most authors reported a small change in the number of mo-
nocytes, as observed in the present study up to 30 days of
age in calves (Holman 1956, Kaneko & Mills 1970, Benesi
1992, Biondo 1996, Fagliari et al. 1998).

The mean eosinophil and basophil counts observed
among the age groups of calves in the present study were
always small and fluctuated slightly between birth and 30
days of age. No statistically significant change was noted in
the basophil count, consistent with the findings of Birgel
(1972), Adams et al. (1992) and Benesi (1992). The small
variation in the numbers of eosinophils and basophils has
also been reported in previous studies (Tennant et al. 1974,
Biondo 1996, Fagliari et al. 1998), while others have iden-
tified an increase in the numbers with age ( Holman 1956,
Biondo 1996, Fagliari et al. 1998). In this study, the baso-
phil count also increased with age, and a significant increa-
se in eosinophils to the maximum value was noted between
26 and 30 days of age. According to Eberhart & Patt (1971),
Tennant et al. (1974) and Adams et al. (1992), eosinophils
and basophils are not often observed at birth, possibly due
to the increased cortisol concentration in the circulation.
However, these two cell types are present in small numbers
in the blood of both young calves and adult animals.

CONCLUSION

The maximum mean total leukocyte and neutrophil counts
and the concomitant smaller total numbers of lymphocytes
and diminished numbers or absence of eosinophils were
observed during the first three days of age in many of the
studied calves. Thus, despite the influence of age, leukogra-
ms observed early in life are consistent with the predomi-
nant influence of high levels of endogenous corticosteroids
resulting from the stress of birth.

The leukograms of calves in the first week of life should
be carefully interpreted, since they are distinct from those
of healthy older animals which present a predominance of
polymorphonuclear neutrophils mostly comprising seg-
mented cells.
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