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The aim of this study was to investigate the BW and immune status of lambs reared under natural conditions or under artificial
conditions fed two different colostrum amounts. In this study, 60 lambs were randomly divided into groups according to treatment.
Twenty lambs remained with their dams (natural rearing (NR) group). Forty lambs were removed from their dams at birth. Lambs
were bottle-fed with a pool of sheep colostrum, receiving either 4 g of IgG/kg of BW at birth (C4 group) or 8 g of IgG/kg of BW at
birth (C8 group). The total colostrum amount was equally divided into three meals at 2, 14 and 24 h after birth. After this period,
lambs were bottle-fed a commercial milk replacer. Blood plasma sample analysis and BW recordings were carried out before
feeding at birth and then at 1, 2, 3, 4, 5 and 20 days after birth. Another blood sample analysis and BW recording was carried out
when animals reached 10 kg of BW. During weaning (30 days), sampling was carried out every 5 days. Blood plasma was used to
determine the concentrations of IgG and IgM and the complement system activity — total and alternative pathways. The NR group
showed greater BW than the C4 and C8 groups during milk feeding period, whereas the C4 and C8 groups had greater BW than
the NR group at the end of weaning period. The C8 and NR groups had greater plasma IgG and IgM concentrations than the C4
group during milk feeding period. In addition, C4 and C8 groups showed similar IgG concentrations and greater IgM
concentrations than the NR group at the end of the weaning period. Complement system activity was greater in the NR group than
in the C4 and C8 groups during the first 3 days after birth. In conclusion, lambs fed amounts of colostrum equivalent to 8 g of
lgG/kg of BW showed similar immune variables compared to lambs reared under natural conditions, obtaining a greater BW at the
end of the weaning period. Nevertheless, this study shows that not only the colostrum amount but also the management during
the milk feeding and weaning period, such as stress produced by dam separation, milk quality and suckling frequency, can affect

the final immune status of lambs.
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Implications

Colostrum plays a fundamental role in the immunization of
newborn ruminants. Artificial rearing is a common method
used in dairy farms, increasing the amount of milk for proces-
sing. The aim of this study was to feed newborn lambs colos-
trum with two different IgG concentrations and to compare
these animals to natural dam fed lambs. This study showed
that administration of 8 g of immunoglobulin g/kg BW at birth,
equally divided into three colostrum meals (2, 14 and 26 h),
achieved higher circulating immunoglobulin G concentration
when compared to the natural rearing treatment, although
both artificial rearing groups decreased BW after hirth.
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Introduction

The relationship between colostrum and the survival of
newborn ruminants has been long characterized (Argiiello
et al, 2004; Castro et al., 2011; Abdou et al., 2014). In fact,
colostrum contains a complex mixture of proteins that
actively participate in the protection of the neonate (passive
immune transfer (PIT)) against pathogens and other
postpartum environmental challenges (Bendixen et al,
2011). Moreover, colostrum has diverse components such as
fat, lactose, vitamins or minerals that have high nutritional
importance (Ontsouka et al, 2003; Lérias et al, 2014;
Hernandez-Castellano et al., 2014b).

In particular, colostrum plays an important role in new-
born lambs, because they are born hypogammaglobulinemic,
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due to the complexity of the synepitheliochorial ruminant
placenta, which does not allow sufficient transfer of immu-
noglobulins from the dam to the fetus (Hernandez-Castellano
et al,, 2014a). In addition, it has been described that lambs
not fed colostrum in the first hours of life are more suscep-
tible to diseases and mortality (Ahmad et al, 2000;

da Nobrega et al., 2005; Nowak and Poindron, 2006).

Nowadays, there is an increase in the number of
high-production dairy farms, where lambs are reared under
an artificial feeding system. In such cases, lambs are bottle-
fed colostrum and milk replacer in order to increase the
amount of milk available for processing (Demiroren et al,,
1995; Napolitano et al, 2008; David et al., 2014), thus

simplifying animal management (Emsen et al., 2004).

As it has been described by several authors, goat kids need
to be fed an amount of colostrum equivalent to 4 g of IgG/kg
of BW, divided into three meals before 48 h after birth, in
order to make an appropriate PIT (Castro et al, 2005;
Morales-delaNuez et al., 2009; Moreno-Indias et al., 2012).
No references about the amount of colostrum required by
newborn lambs reared under artificial conditions have been
found. As it is essential to obtain adequate immunoglobulin
concentrations in the blood (O'Doherty and Crosby, 1997;
Quigley et al.,, 2000; Christley et al., 2003), this knowledge

has high relevance for the survival of the lambs.

Although the transfer of immunoglobulins (IgG and IgM,
mainly) is a key factor for host defense against pathogens, a
wider range of colostrum components, such as the comple-
ment system proteins, have been suggested to contribute to
the early protection of the neonate (Smith and Foster, 2007,
Hernandez-Castellano et al,, 2015a). The complement sys-
tem activity — comprising the total (TCA) and alternative
(ACA) pathways — plays an important role in host defense
mechanisms against infectious microbes, because it is
involved in specific and non-specific immunity (Rodriguez
et al., 2009; Hernandez-Castellano et al., 2015b). There are
few studies about the complement system activity in sheep
and lambs, with the exception of the study published by
Hernandez-Castellano et al. (2015b) and Hernandez-
Castellano et al. (2015c), as these studies are based on an

old determination technique (Oswald et al., 1990).

The aim of this study was to investigate the BW and
immune status of lambs reared under natural conditions and
lambs reared under artificial conditions fed two different
colostrum amounts (4 g IgG/kg of BW at birth and 8 g IgG/kg

of BW at birth) and milk replacer.

Material and methods

The present study was performed in the Department of
Animal Science of the Universidad de Las Palmas de Gran
Canaria in the Canary Islands (Spain) on 60 single partum
lambs of the Canary breed (30 males and 30 females). As
dams were estrous-synchronized, all lambs were born in the
same period. Animal procedures were approved by the Ethics

Committee of the University.

Colostrum effect on lamb immune status

Animal health status was monitored during the experi-
mental period (for diarrhea, parasites or fever), and the
animals were found to be healthy throughout the
experimental period.

Milk feeding period

At birth, animals were equally divided by sex and then
randomly divided into three different groups. The natural
rearing (NR) group was composed of 20 lambs, which
suckled colostrum directly from their dams. The other
40 lambs were divided into two groups (20 lambs each) and
were housed in artificial rearing rooms. Each room had
central heating (20°C) and 0.3 m?* floor space per lamb.
Lambs were bottle-fed a sheep colostrum pool that was
previously pasteurized at 63°C for 30 min according to
Trujillo et al. (2007). Artificially reared lambs received
colostrum amount equivalent to 4 g of IgG/kg of BW at birth
(C4 group) or 8 g of IgG/kg of BW at birth (C8 group) divided
into three meals at 2, 14 and 24 h after birth. Colostrum
meals were always thawed and heated at 37°C according to
Argiello et al. (2003). Colostrum IgG and IgM concentrations
(64.37 and 5.61 mg/ml, respectively) were determined using
commercial ELISA kits (Bethyl laboratories, Montgomery, TX,
USA), using a purified sheep IgG or a purified sheep IgM as
the standard curve.

During the milk feeding period (from birth to 10 kg of BW),
NR lambs were raised with dams and had free access to dam
milk until the weaning period. Artificially reared lambs
(C4 and C8) received a commercial milk replacer at 16%
(w/w; MR group, Bacilactol Corderos y Cabritos, Saprogal,
La Corufa, Spain; 95.5% dry matter, 23.6% CP and 22.7%
ether extract, air-dry powder basis). These groups were fed
ad libitum (37°C) using nipple buckets twice a day (0800 and
1700 h).

Weaning period

Animals from the three studied groups started the weaning
period when they reached 10kg BW (30.70, 34.45,
34.20 days after birth in NR, C4 and C8 groups, respectively).
The weaning period lasted for 30 days in the studied groups.
During this period, animals had free access to starter feed
(18% CP and 3.4% ether extract), alfalfa hay and water.
Lambs from the NR group were seperated from dams and
placed in a pen for 30 days. Ewes were milked once a day
(0900 h). From day 0 to 8 of weaning, lambs had access to
ewes twice daily (1000 h after milking and 1700 h), reducing
this access to once a day (1700 h) from day 9 to 15. After
this, lambs had no more access to the ewes. Artificial rearing
groups (C4 and C8) were fed half liter of milk replacer twice a
day from day 0 to 8 (1000 and 1700 h), reducing the intake
to once daily from day 9 to 15 (1700 h). During the rest of the
weaning period, animals did not receive milk replacer.

BW recording and sample collection

Animals were weighed before each blood extraction, and the
results are expressed in kg (MOBBA, Barcelona, Spain;
accuracy, 5 g). During the milk feeding period, blood samples
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were collected at 2 h after birth (day 0), and then blood
samples were collected atday 1, 2, 3, 4, 5 and 20 after birth.
Another sample was taken when each animal reached 10 kg
BW. During the weaning period, samples were obtained
every 5 days until the end of the experimental period. Blood
samples were collected before morning feeding from the
jugular vein in 2.5-ml tubes with K3EDTA. Blood was cen-
trifuged at 2190 x g for 5 min at 4°C (Hettich-Zentrifugen,
Universal 32 R, Tuttlingen, Germany), and the plasma was

stored at —80°C until analysis.

To determine blood plasma IgG and IgM concentrations,
commercial ELISA kits (Bethyl Laboratories) were used, using
purified sheep IgG and IgM as the standard curves. Results

are expressed in mg of immunoglobulin/ml of plasma.

Complement system activity (total complement activity,
TCA and alternative complement activity, ACA) was mea-
sured by the hemolytic rate according to a novel technique
described by Moreno-Indias et al. (2012) and Hernandez-
Castellano et al. (2015b) in goat kid blood serum and lamb
blood plasma, respectively. In this technique, a DGHB ++
buffer (Hepes Gelatin Veronal Buffer with Ca ++ and Mg ++:
5 mM HEPES, 71 mM Nadcl, 0.15 mM Cacl2, 0.5 mM MgClI2,
2.5% (whv) glucose, 0.1% (w/v) gelatin, pH 7.4) is used to
measure total complement system activity, and DGHB-Mg-
EGTA buffer (4.2 mM Hepes, 59 mM NaCl, 7.0 mM MgCl2,
2.08% (w/iv) glucose, 0.08% (w/v) gelatin, 10 mM EGTA, pH
7.4) is used to measure the alternative pathway. For total
complement system activity, rabbit red blood cells and lamb
plasma were both diluted to 5% in DGHB ++; 100 pl of each
was then mixed in a microtiter plate and incubated at 37°C
for 1h. Cells were removed by centrifugation (2500 x g, 5
min, 4°C), and supernatant absorbance was measured at
405nm using a microplate reader (Model 680; BioRad
microplate reader, Hercules, CA, USA). Complete hemolysis
was achieved by mixing the cells with distilled water (100 pl),
and spontaneous lysis was produced by mixing the diluted
rabbit red blood cells with DGHB ++. Complement-induced
hemolysis of rabbit red blood cells by the test sera was
calculated using the following formula: [(A405 sample —
A405 spontaneous lysis)/(A405 complete hemolysis — A405
spontaneous lysis)] x 100. The same protocol was performed
with DGHB-Mg-EGTA buffer to measure the alternative

pathway.

Statistical analyses

Statistical analyses were performed using SAS Version 9.00
(SAS Institute Inc., Cary, NC, USA). As it was described by
Brujeni et al. (2010) and Ciupersescu (1977), sex was not
taken into consideration to simplify the analysis, because no
influence was detected. The SAS PROC MIXED procedure for
repeated measures was used to evaluate the fixed effect of
rearing system, time and the interaction between both
effects (rearing system x time) on plasma IgG and IgM
concentrations, complement system activity and BW
evolution of lambs from birth to weaning. When significant
by ANOVA (P<0.05), differences between means were

identified using the Tukey—Kramer test.
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Results and discussion
Milk feeding period

Figure 1 shows the BW, IgG and IgM concentrations and
complement system activity in the NR, C4 and C8 groups
during the colostrum and milk feeding period. Focusing on
BW development, NR group values increased from birth BW
by day 3 and continued to increase until 10 kg BW was
achieved. Nevertheless, BW in C4 and C8 did not increase
during the first 5 days after birth (P> 0.05), increasing at day
20 and at the end of the milk feeding period (P < 0.05). No
differences among groups were observed at birth (P> 0.05);
however, the NR group showed greater BW than the C4 and
C8 groups during the rest of the experimental period
(P<0.05). Differences observed among groups could be
related to the amount of colostrum and milk consumed, as
well as the differences between milk and milk replacer
composition. As has been described in lambs (Murphy et al.,
1994; Napolitano et al., 2002), food restriction could reduce
the average daily gain of animals from the C4 and C8 groups,
resulting in lower BW.

All the groups (NR, C4 and C8) had a very low IgG
concentration in blood plasma at birth, probably from
maternal origin through the placenta, as has been referenced
by Castro et al. (2011). After the first colostrum intake, this
concentration rapidly increased in the NR, C4 and C8 groups
at 1 to 2 days after birth (16.79, 5.81 and 17.74 mg of
IgG/ml, in NR, C4 and C8 groups at day 1 after birth,
respectively, P<0.05). After this, IgG concentration
decreased until the end of the milk feeding period (5.22, 2.18
and 5.62 mg of IgG/ml, in NR, C4 and C8 groups, respec-
tively, P<0.05). No differences were observed among
groups at birth. During the rest of the milk feeding period,
IgG concentration was lower in lambs from the C4 group
compared to the NR and C8 groups (P < 0.05). Moreover, no
differences were observed in IgG concentrations between NR
and C8 groups during this period (with the exception of day
4, P = 0.049). In contrast to these findings, Firat et al. (2003)
appreciated differences in the milk feeding period between
lambs raised under natural and artificial conditions,
describing that lambs raised under artificial rearing systems
had generally lower plasma IgG concentrations than lambs
raised under natural conditions. As these authors have
described, the use of a commercial colostrum supplement to
feed lambs reared under artificial conditions could affect the
immune concentration in blood. In addition, when only
artificial rearing groups (C4 and C8) were compared, it was
noted that plasma IgG concentrations did not increase
according to the provided colostrum IgG concentration,
showing that lambs from the C8 group had approximately
three times higher plasma IgG concentrations compared to
the C4 group. The higher colostrum IgG provided to C8 lambs
compared to C4 lambs could reduce the degradation rate of
immunoglobulins produced during the digestion process,
allowing the absorption of a higher percentage of IgG in
its native structure by C8 lambs. A similar absorption pattern
has been observed in lambs (Halliday and Williams, 1979),
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Figure 1 BW, IgG and IgM concentrations, TCA and ACA evolution in the NR (n = 20), C4 (n = 20) and C8 (n = 20) groups during colostrum and milk
feeding periods. NR = natural rearing; C4 = 49 of IgG/kg of BW at birth; C8 = 8¢9 of IgG/kg of BW at birth. TCA = total complement activity;
ACA = alternative complement activity. *End means the end of milk feeding period and the start of weaning period when animals reached 10 kg of BW.
NR, C4 and C8 finished the feeding period and started the weaning period at 30.70 £ 6.05, 34.45 +5.75, 34.20 + 6.62 days, respectively. Data shown in

this figure can be viewed in the Supplementary Table S1.

goat kids (Castro et al., 2005; Rodriguez et al., 2009) and
calves (Muller and Ellinger, 1981; Quigley et al., 2002). In
contrast to these results, Moretti et al. (2010), using a fixed
colostrum volume (250 ml), fed lambs either bovine
colostrum (115.7 mg of IgG/ml) or ovine colostrum (48.1 mg
of IlgG/ml). Because of the differences in both colostrum IgG

concentrations, Moretti et al. (2010) concluded that IgG
absorption by the enterocytes is limited and, therefore, is
non-proportional to the IgG present in the colostrum.
Nevertheless, these authors used different colostrum condi-
tions compared to the ones used in the present study (fixed
volume with two different IgG concentrations v. fixed 1gG
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concentration and fixed total IgG provided to the lambs).
This fact could explain the greater IgG concentrations seen in
the blood plasma of lambs from the C8 group compared to
lambs from the C4 group. Finally, it has been described that
lambs fed bovine colostrum run the risk of developing
anemia (Winter, 2011), and the use of caprine colostrum as
an alternative way to feed lambs in early life has been
recommended (Hernandez-Castellano et al., 2015b).

A similar evolution was observed in the case of IgM
concentration in blood plasma, although this immunoglo-
bulin was not detectable at birth in any of the studied
groups. A rapid increase of IgM in blood plasma was seen in
NR, C4 and C8 lambs 1 to 2 days after birth (1.63, 0.35 and
2.84 mg of IgM/ml, in NR, C4 and C8 groups at day 1 after
birth, respectively, P<0.05). Despite double colostrum
feeding in the C8 group (based on the provided IgG amount)
compared to the C4 group, the IgM concentration was much
higher in the C8 group than in the C4 group during this
period. After that, IgM concentrations in blood plasma
decreased until the end of the milk feeding period in the NR
and C8 groups. Nevertheless, the C4 group had increased
IgM concentrations at day 20 (P < 0.05) and at the end of the
milk feeding period (P< 0.05). According to previous find-
ings, Nonnecke et al. (2012) observed a rapid increase in
plasma IgG and IgM concentrations after colostrum intake in
calves, with a decrease in these concentrations with age. The
colostrum-deprived calves, in contrast, had very low or
undetectable plasma IgG and IgM concentrations, followed
by an age-related increase of IgG and IgM concentrations,
suggesting endogenous production of these immunoglobu-
lins. During this period, a similar evolution was only observed
in the IgM concentration, probably because this is the first
immunoglobulin produced by the organism (Ehrenstein and
Notley, 2010). When differences among groups were ana-
lyzed, it was noticed that the C8 group reached a greater IgM
concentration at 1 to 3 days compared to the NR group.
During these days, the lowest IgM concentration was
obtained by the C4 group. No references have been found
about the IgM absorption rate in lambs. As described for IgG
absorption, a higher IgM amount provided to C8 lambs may
produce a proportional lower IlgM degradation compared to
C4 lambs, and therefore a higher absorption of intact IgM by
the enterocytes. In addition, no differences among groups
were observed at day 20 and at the end of the milk feeding
period. As described above, the endogenous production of
IgM by the C4 group, related with the deficient colostrum
intake, could produce an increase in IgM concentrations in
this group. As a consequence, the C4 group obtained similar
results to the NR and C8 groups at that time.

No evidence of any detectable complement system activity
was observed at birth in the three studied groups (NR, C8
and C4). Conversely, this activity increased in all the groups
during the entire study period, although a different rate was
observed. In the case of the NR group, lambs had earlier
complement system activation, which was greater compared
to the C4 and C8 groups at 1 to 3 days. Despite the fact
that colostrum freezing for storage does not affect
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immunoglobulin  concentration in newborn ruminants
(Holloway et al., 2002; Argliello et al., 2003), other colos-
trum components could be affected by the freezing process
(Ramirez-Santana et al., 2012). As was described before, the
C4 and C8 groups were fed colostrum from a frozen pool that
may cause reduction of some complement components pre-
sent in colostrum. Moreover, dam milk contains some com-
plement system components that are not present in milk
replacer. In a similar way, Castro et al. (2008) showed the
importance of dam milk in earlier complement system
activation compared to milk replacer feeding. Nevertheless,
no differences were observed between the C8 and NR groups
at day 4, showing that the C8 group had an earlier comple-
ment system activation than the C4 group, perhaps because
of the greater amount of colostrum received by the C8 group.
This fact may produce an earlier activation, because colos-
trum contains high amounts of complement system compo-
nents (Wheeler et al., 2007). Despite the fact that lambs from
the C4 group showed lower TCA and ACA during most of this
period, no differences among groups were observed at the
end of the milk feeding period. In addition, ACA seems to be
the most important pathway in the three groups, as was
described by Hernandez-Castellano et al. (2015b) and Castro
et al. (2008) in newborn lambs and newborn goat kids,
respectively.

Weaning period
Figure 2 shows the BW, 1gG and IgM concentrations and
complement system activity (TCA and ACA) in the NR, C4 and
(C8 groups during the weaning period. With reference to BW
development, lambs from the NR, C4 and C8 groups
increased their BW during this period. No differences were
observed among groups, although lambs from the C4 and C8
groups showed a greater BW than lambs from the NR group
at day 25 (15.72, 15.63 and 14.62 kg, in C4, C8 and NR,
respectively, P<0.05) and day 30 (16.89, 16.95 and
15.28 kg, in C4, C8 and NR, respectively, P<0.05). It has
been described by Napolitano et al. (2002) that lambs raised
with dams suffer greater stress by separation during the
weaning period than animals from artificial rearing systems,
resulting in a decrease in the final BW. In addition,
al-Sabbagh et al. (1995) showed that lambs born with low
BW showed compensatory growth before weaning compared
to lambs with high BW. This fact explains the negative cor-
relation between the weight of the lamb at birth and the final
weaned lamb weight, as described by those authors. Despite
the lower weight of the NR group at the end of the weaning
period, no differences in the BW at birth were detected
between the three studied groups (NR, C4 and C8).
Regarding IgG concentration, lambs from the NR and C8
groups showed slight decreases (P<0.05) in plasma IgG
concentration in some specific time points of weaning.
Nevertheless, both groups showed an increase in these
values at the end of this period (7.11 and 5.62 IgG/ml in NR
and C8, respectively, P<0.05). In contrast, the values from
the C4 group never decreased, reaching the maximum value
at 30 days. Regarding differences among groups, lambs from
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Figure 2 BW, IgG and IgM concentrations, TCA and ACA evolution in the NR (n = 20), C4 (n = 20) and C8 (n = 20) groups during the weaning period.
NR = natural rearing; C4 = 49 of IgG/kg of BW at birth; C8 = 8g of IgG/kg of BW at birth. TCA = total complement activity; ACA = alternative
complement activity. Data shown in this figure can be viewed in the Supplementary Table S2.

the NR and C8 group exhibited greater IgG concentrations
than animals from the C4 group at the beginning of weaning
period (5.22, 2.18, 5.62 mg/ml in NR, C4 and C8 groups,
respectively, P< 0.05). The consequences of a low colostrum
administration, in the case of C4, may have probably
persisted at that time. In spite of this fact, no differences
among groups were observed during the rest of the weaning

period. As described above, the reduction of colostrum
intake in C4 could produce an earlier IgG synthesis compared
to the NR and C8 groups, as was described by Nonnecke
et al. (2012). This fact could explain the increase of 1gG in
lambs from C4 group during this period.

Conversely to the evolution observed in IgG concentration,
IgM concentrations increased in the NR, C4 and C8 groups
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during the entire period (P<0.05). At the beginning of
weaning (0 and 5 days), no differences were observed among
groups, probably because at that time lambs from all the
studied groups (not only C4 group) were able to produce
IgM, the earliest immunoglobulin synthesized by the immune
system (Ehrenstein and Notley, 2010). In addition, and in
spite of no differences being observed among groups at
15 days, C4 and C8 groups showed greater values than the
NR group during the rest of the period. It has been demon-
strated that stress produces a decrease in IgM concentrations
in the blood (Matos-Gomes et al., 2010). The stress produced
by dam separation in the NR group probably caused the
differences observed among groups during the end of the
weaning period.

During weaning, all the groups showed an increase in both
complement system pathways (TCA and ACA), although dif-
ferent evolutions were observed. In general, the C8 group
showed greater complement system activity (TCA and ACA)
than the NR and C4 groups during the entire period (P < 0.05).
Nevertheless, all the studied groups showed a similar TCA
(65.06%, 60.05% and 78.10% of hemolysis in NR, C4 and C8
groups, respectively, P<0.05) and ACA (55.40%, 50.77% and
64.65% of hemolysis in NR, C4 and C8 groups, respectively,
P<0.05) at the end of the weaning period. Unfortunately,
the complement system activity during weaning has not been
deeply described in ruminants (cow, sheep and goat).
Nevertheless, Oswald et al. (1990) described the complement
system activity (TCA and ACA) in lambs, showing a similar
evolution to present results, although different values were
described, probably due to differences in the analytical
techniques used.

In conclusion, lambs that received an amount of colostrum
equivalent to 8 g of IgG/kg of BW equally divided into three
meals at 2, 14 and 24 h after birth were able to reach similar
IgG and greater IgM concentrations in blood than lambs reared
under natural conditions during the first few days after birth.
Lambs from the NR system obtained greater complement sys-
tem activity than those from the artificial rearing system during
the same period. At the end of weaning (60.70, 65.20,
65.45 days after birth in NR, C4 and C8 groups, respectively),
lambs from the artificial rearing system showed greater BW
and IgM concentrations and similar IgG concentrations and
complement system activity compared to lambs reared under
natural conditions. However, this study shows that not only the
colostrum amount but also the management during the milk
feeding and weaning periods, such as stress produced by dam
separation or milk quality and suckling frequency, can affect
the final immune status of lambs.

This study reveals important information about the
amount of colostrum required by newborn lambs reared
under artificial conditions in order to reach similar immune
values to those reared under natural conditions.

Acknowledgments

Author L.E. Hernandez-Castellano acknowledges the financial
support from the Formacion del Profesorado Universitario (FPU)

1678

program (Ministry of Education, Madrid, Spain). The authors
also acknowledge Heather Robertson for her help in the gram-
mar revision of this manuscript.

Supplementary material

For supplementary material referred to in this article, please visit
http://dx.doi.org/10.1017/5175173111500110X

References

Abdou H, Marichatou H, Beckers J-F, Dufrasne | and Hornick J-L 2014. Effect of
bovine colostrum administration on plasma protein profile, growth, and survival
in Red kid. Small Ruminant Research 117, 158-164.

Ahmad R, Khan A, Javed MT and Hussain | 2000. The level of immunoglobulins
in relation to neonatal lamb mortality in Pak-Karakul sheep. Veterinarski Arhiv
70, 129-139.

al-Sabbagh TA, Swanson LV and Thompson JM 1995. The effect of ewe body
condition at lambing on colostral immunoglobulin G concentration and lamb
performance. Journal of Animal Science 73, 2860-2864.

Argtiello A, Castro N, Capote J, Tyler JW and Holloway NM 2004. Effect of
colostrum administration practices on serum IgG in goat kids. Livestock
Production Science 90, 235-239.

Argtiello A, Castro N, Capote J, Gines R, Acosta F and Lopez JL 2003. Effects of
refrigeration, freezing-thawing and pasteurization on IgG goat colostrum
preservation. Small Ruminant Research 48, 135-139.

Bendixen E, Danielsen M, Hollung K, Gianazza E and Miller | 2011. Farm animal
proteomics — a review. Journal of Proteomics 74, 282-293.

Brujeni GN, Jani SS, Alidadi N, Tabatabaei S, Sharifi H and Mohri M 2010.
Passive immune transfer in fat-tailed sheep: evaluation with different methods.
Small Ruminant Research 90, 146—149.

Castro N, Capote J, Alvarez S and Arguello A 2005. Effects of Iyophilized colostrum
and different colostrum feeding regimens on passive transfer of immunoglobulin g
in Majorera goat kids. Journal of Dairy Science 88, 3650-3654.

Castro N, Capote J, Bruckmaier RM and Arguello A 2011. Management effects
on colostrogenesis in small ruminants: a review. Journal of Applied Animal
Research 39, 85-93.

Castro N, Acosta F, Nino T, Vivas J, Quesada E, Capote J and Arguello A 2008.
The effects of diet and age on serum complement system activity in goat kids.
Livestock Science 119, 102—-106.

Christley RM, Morgan KL, Parkin TDH and French NP 2003. Factors related to the
risk of neonatal mortality, birth-weight and serum immunoglobulin concentra-
tion in lambs in the UK. Preventive Veterinary Medicine 57, 209-226.

Ciupersescu DD 1977. Dynamics of serum immunoglobulin concentrations in sheep
during pregnancy and lactation. Research in Veterinary Science 22, 23-27.

da Nobrega JE, Riet-Correa F, Nobrega RS, de Medeiros JM, de Vasconcelos JS,
Simoes SVD and Tabosa IM 2005. Perinatal mortality of lambs in the semi-arid
region of Paraiba, Brazil. Pesquisa Veterinaria Brasileira 25, 171-178.

David I, Bouvier F, Ricard E, Ruesche J and Weisbecker J-L 2014. Feeding
behaviour of artificially reared Romane lambs. Animal 8, 982-990.

Demiroren E, Shrestha JNB and Boylan WJ 1995. Breed and environmental
effects on components of ewe productivity in terms of multiple births, artificial
rearing and 8-month breeding cycles. Small Ruminant Research 16, 239-249.

Ehrenstein MR and Notley CA 2010. The importance of natural IgM: scavenger,
protector and regulator. Nature Reviews Immunology 10, 778-786.

Emsen E, Yaprak M, Bilgin OC, Emsen B and Ockerman HW 2004. Growth
performance of Awassi lambs fed calf milk replacer. Small Ruminant Research
53, 99-102.

Firat A, Ozpinar A and Erhard MH 2003. Serum immunoglobulin G levels in
lambs fed colostrum and dam milk or cow milk after birth. In The 11th Inter-
national Symposium of the World Association of Veterinary Laboratory Diag-
nosticians and OIE Seminars on Biotechnology (ed. R. Thanawongnuwech and
P. Ingkaninun), pp 24-25. The Thai Association of Veterinary Laboratory
Diagnosticians, Bangkok, Thailand.

Downloaded from https:/www.cambridge.org/core. University of Basel Library, on 30 May 2017 at 13:11:43, subject to the Cambridge Core terms of use, available at
https:/www.cambridge.org/core/terms. https://doi.org/10.1017/5175173111500110X


http://dx.doi.org/10.1017/S175173111500110X
https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S175173111500110X
https:/www.cambridge.org/core

Halliday R and Williams MR 1979. Absorption of imunoglobulin from colostrum

by bottle-fed lambs. Annales de Recherches Veterinaires 10, 549-556.

Hernandez-Castellano LE, Almeida AM, Castro N and Argiiello A 2014a. The
colostrum proteome, ruminant nutrition and immunity: a review. Current Protein

and Peptide Science 15, 64-74.

Hernandez-Castellano LE, Argiiello A, Almeida AM, Castro N and Bendixen E
2015a. Colostrum protein uptake in neonatal lambs examined by descriptive
and quantitative liquid chromatography-tandem mass spectrometry. Journal of

Dairy Science 98, 135-147.

Hernéndez-Castellano LE, Almeida AM, Ventosa M, Coelho AV, Castro N and
Argliello A 2014b. The effect of colostrum intake on blood plasma proteome profile
in newborn lambs: low abundance proteins. BMC Veterinary Research 10, 85.

Hernandez-Castellano  LE, Morales-delaNuez A,  Sanchez-Macias
Moreno-Indias |, Torres A, Capote J, Argiiello A and Castro N 2015b. The effect
of colostrum source (goat vs. sheep) and timing of the first colostrum feeding
(2 h vs. 14 h after birth) on body weight and immune status of artificially reared

newborn lambs. Journal of Dairy Science 98, 204-210.

Hernandez-Castellano  LE,  Moreno-Indias I,  Morales-delaNuez
Sanchez-Macias D, Torres A, Capote J, Argliello A and Castro N 2015¢. The effect
of milk source on body weight and immune status of lambs. Livestock Science

175, 70-76.

Holloway NM, Tyler JW, Lakritz J, Carlson SL, Tessman RK and Holle J 2002.
Serum immunoglobulin G concentrations in calves fed fresh colostrum or a
colostrum supplement. Journal of Veterinary Internal Medicine 16, 187-191.

Lérias JR, Hernandez-Castellano LE, Suérez-Trujillo A, Castro N, Pourlis A and
Almeida AM 2014. The mammary gland in small ruminants: major morpho-
logical and functional events underlying milk production — a review. Journal of

Dairy Research 81, 304-318.

Matos-Gomes N, Katsurayama M, Makimoto FH, Santana LLO, Paredes-Garcia E,
Becker MAD and Dos-Santos MC 2010. Psychological stress and its influence on
salivary flow rate, total protein concentration and IgA, 1gG and IgM fiters.

Neuroimmunomodulation 17, 396-404.

Morales-delaNuez A, Castro N, Moreno-Indias I, Juste MC, Sanchez-Macias D,
Briggs H, Capote J and Argiiello A 2009. Effects of a reputed immunostimulant
on the innate immune system of goat kids. Small Ruminant Research 85, 23-26.

Moreno-Indias |, Morales-delaNuez A, Hermandez-Castellano LE, Sanchez-Macias D,
Capote J, Castro N and Arguello A 2012. Docosahexaenoic acid in the goat kid diet:
effects on immune system and meat quality. Journal of Animal Science 90, 3729-3738.

Moretti DB, Kindlein L, Pauletti P and Machado-Neto R 2010. IgG absorption by
Santa Ines lambs fed Holstein bovine colostrum or Santa Ines ovine colostrum.

Animal 4, 933-937.

Muller LD and Ellinger DK 1981. Colostral immunoglobulin concentrations

among breeds of dairy-cattle. Journal of Dairy Science 64, 1727-1730.

Murphy TA, Loerch SC, McClure KE and Solomon MB 1994. Effects of restricted
feeding on growth performance and carcass composition of lambs. Journal of

Animal Science 72, 3131-3137.

Colostrum effect on lamb immune status

Napolitano F, Pacelli C, Girolami A and Braghieri A 2008. Effect of information
about animal welfare on consumer willingness to pay for yogurt. Journal of Dairy
Science 91, 910-917.

Napolitano F, Cifuni GF, Pacelli C, Riviezzi AM and Girolami A 2002. Effect of
artificial rearing on lamb welfare and meat quality. Meat Science 60, 307-315.

Nonnecke BJ, Waters WR, Goff JP and Foote MR 2012. Adaptive immunity in the
colostrum-deprived calf: response to early vaccination with Mycobacterium
bovis strain bacille Calmette Guerin and ovalbumin. Journal of Dairy Science 95,
221-239.

Nowak R and Poindron P 2006. From birth to colostrum: early steps leading to
lamb survival. Reproduction Nutrition Development 46, 431-446.

O'Doherty JV and Crosby TF 1997. The effect of diet in late pregnancy on
colostrum production and immunoglobulin absorption in sheep. Journal of
Animal Science 64, 87-96.

Ontsouka CE, Bruckmaier RM and Blum JW 2003. Fractionized milk composition
during removal of colostrum and mature milk. Journal of Dairy Science 86,
2005-2011.

Oswald IP, Lantier F and Bourgy G 1990. Classical and alternative pathway
hemolytic activities of ovine complement — variations with age and sex.
Veterinary Immunology and Immunopathology 24, 259-266.

Quigley JD, French P and James RE 2000. Effect of pH on absorption of
immunoglobulin G in neonatal calves. Journal of Dairy Science 83, 1853—1855.

Quigley JD 3rd, Kost CJ and Wolfe TM 2002. Absorption of protein and IgG in
calves fed a colostrum supplement or replacer. Journal of Dairy Science 85,
1243-1248.

Ramirez-Santana C, Pérez-Cano FJ, Audi C, Castell M, Moretones MG,
Lopez-Sabater MC, Castellote C and Franch A 2012. Effects of cooling and
freezing storage on the stability of bioactive factors in human colostrum. Journal
of Dairy Science 95, 2319-2325.

Rodriguez C, Castro N, Capote J, Morales-delaNuez A, Moreno-Indias |,
Sanchez-Macias D and Arguello A 2009. Effect of colostrum immunoglobulin
concentration on immunity in Majorera goat kids. Journal of Dairy Science 92,
1696-1701.

Smith GW and Foster DM 2007. Short communication: absorption of protein and
immunoglobulin G in calves Fed a colostrum replacer. Journal of Dairy Science
90, 2905-2908.

Trujillo AJ, Castro N, Quevedo JM, Arguello A, Capote J and Guamis B 2007.
Effect of heat and high-pressure treatments on microbiological quality and

immunoglobulin G stability of caprine colostrum. Journal of Dairy Science 90,
833-839.

Wheeler TT, Hodgkinson AJ, Prosser CG and Davis SR 2007. Immune
components of colostrum and milk — a historical perspective. Journal of
Mammary Gland Biology and Neoplasia 12, 237-247.

Winter A 2011. Bovine neonatal pancytopenia, and anaemia in lambs caused by
feeding cow colostrum. Veterinary Record 168, 84-84.

1679

Downloaded from https:/www.cambridge.org/core. University of Basel Library, on 30 May 2017 at 13:11:43, subject to the Cambridge Core terms of use, available at

https:/www.cambridge.org/core/terms. https://doi.org/10.1017/5175173111500110X


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S175173111500110X
https:/www.cambridge.org/core

	The effect of colostrum period management on BW and immune system in lambs: from birth to weaning
	Implications
	Introduction
	Material and methods
	Milk feeding period
	Weaning period
	BW recording and sample collection
	Statistical analyses

	Results and discussion
	Milk feeding period

	Figure 1BW, IgG and IgM concentrations, TCA and ACA evolution in the NR (n��&#x003D;��20), C4 (n��&#x003D;��20) and C8 (n��&#x003D;��20) groups during colostrum and milk feeding periods.
	Weaning period

	Figure 2BW, IgG and IgM concentrations, TCA and ACA evolution in the NR (n��&#x003D;��20), C4 (n��&#x003D;��20) and C8 (n��&#x003D;��20) groups during the weaning period.
	Acknowledgments
	ACKNOWLEDGEMENTS
	References
	References


