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Abstract
Background: Primiparous sows (PP) have higher nutrient requirements, fewer piglets born with lower birth weight and
growth performance than multiparous sows (MP). The aim of the current study was to investigate the effect of parity of
sow (PP or MP) on the growth performance and humoral immune response of piglets. A total of 10 PP and 10 MP (3rd to
5th parity) sows were used. There were 4 treatments in a 2 × 2 factorial arrangement, with piglets from PP sows suckled
by PP or MP sows, and piglets from MP sows suckled by PP or MP sows. Average daily gain (ADG) of piglets during the
lactation period, and ADG, average daily feed intake (ADFI) and gain:feed ratio (G:F) from weaning to 144 days of age
were controlled, and concentrations of immunoglobulins G (IgG) and major acute phase protein (Pig-MAP) were
measured as markers of humoral immune response throughout the study.
Results: Total ADG was higher in piglets born from MP than in those born from PP (669 vs. 605 g/day; standard error of
the mean (SEM) = 15.5, n = 5; P = 0.001) and in piglets suckled by MP than in piglets suckled by PP (655 vs. 620 g/day;
SEM = 15.5, n = 5, P = 0.037). Total ADFI was higher for pigs born from MP than for those born from PP (1592 vs. 1438 g/d,
SEM = 42.2, n = 5, P < 0.001). Total G:F tended to be higher for pigs suckled by MP than for those suckled by PP (0.43 vs.
0.41, SEM = 0.006, n = 5, P = 0.076). At weaning, IgG serum concentration was higher (30.0 vs. 17.8 mg/mL, SEM = 4.98,
n = 15, P = 0.013) in pigs suckled by MP than in piglets suckled by PP. However, IgG concentrations were higher for
pigs born from PP than for pigs born from MP on days 116 (P < 0.001) and 144 (P = 0.088). Pig-MAP tended to be lower
in pigs suckled by MP than in pigs suckled by PP on days 40 and 60 of age (P < 0.10).
Conclusions: The research indicates that the growth performance and humoral immune response of the offspring of
PP is improved by cross-fostering with MP. These results open the possibility of an interesting strategy for improving
the growth of litters from PP, that is easier to apply than current programs based on parity segregation, which implies
a separate building site to house gilts, first parity sows and their offspring.
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Background
Primiparous sows (PP) have higher nutrient requirements [1, 2] and fewer piglets born than multiparous
sows (MP) [3]. Usually, PP sows are bred before they
reach mature body size and when the back fat levels are
still limited and often times below the recommendation
of 18.0–23.0 mm at first insemination [4]. Part of the nutrient intake of a PP sow during the reproductive cycle is
still used for their own tissue growth [5]. Piglet birth
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weight and growth performance during lactation are also
lower for piglets born to PP sows than to MP sows [6, 7],
and these differences may affect piglet growth during the
nursery and finishing phases. However, the impact of sow
parity on pig growth during the finisher pigs’ whole life
span has not been evaluated.
Pigs are born with limited reserves of fat and stored
glycogen [8–10]. Thus, an adequate colostrum intake by
the newborn pig is key for its survival, providing nutrients
for growth and development [11]. Ferrari et al. [12] have
recently shown that a minimum of 200–250 g of colostrum is necessary to avoid growth retardation. Furthermore, Decaluwé et al. [13] have shown an association
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between colostrum intake and growth and survival of the
piglet. Colostrum also provides passive immunity derived
from maternal immunoglobulin transmission [14]. In pigs,
placental transmission of Ig from dam to fetal circulation
is not possible [15], and so Ig uptake from colostrum is
very important for the protection of the new-born pig.
Colostrum and milk also contain high amounts of bioactive components (e.g. insulin-like growth factors, epidermal growth factor, lactoferrin, leptin, nucleotides)
which play a role in organ maturation, growth, and disease
resistance [16–19]. Because milk composition is linked to
mammary development [20] components of colostrum
and milk such as Ig, total fat content, or energy and
growth factors differ between PP sows and MP sows [7, 21].
Primiparous sows might not be well adapted to the new environment, including acquisition of specific immunity
against pathogens present on the farm. Previous studies have
reported lower Ig concentrations in blood from PP sows
than from MP sows [21–24]. Moreover, the concentration
of Ig in neonatal pig serum has been found to be directly
proportional to the concentration found in colostrum and
in sow serum [22, 24–26]. However, there is some controversy about the effect of colostrum IgG concentration on
piglets. Some studies have not observed any effect of IgG
concentration in colostrum nor IgG colostrum intake on
the health and performance of the litter [27]. However, other
studies have found a positive effect of colostrum Ig and milk
concentration intake on piglet health [26, 28].
Before specific immune response take place, pigs respond to threats, such as infectious diseases, stress, injuries or traumas, with a series of early-defense system
known as acute phase response. Although non-specific,
it serves as a core of the innate immune response that
contributes to resolution and the healing process, but
also induces profound metabolic alterations such as anorexia and increased muscle catabolism [29]. When a
disease occurs, concentrations of acute phase proteins
(APP) increase and can be used as a non-specific marker
of the health status of the animal [30]. The current study
investigated the effect of the sow parity (PP or MP) on
the growth performance of piglets from birth to slaughter.
In addition, serum concentration of major acute phase
protein (Pig-MAP) and Ig of piglets were evaluated as
markers of humoral immune response from weaning to
slaughter and Ig transmission to the piglets, respectively.
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not be representative of MP sows. The experiment was carried out in a commercial farm, positive for porcine reproductive and respiratory disease virus (PRRSV), swine
influenza virus (SIV) and Mycoplasma hyopneumoniae, and
all sows had the same adaptation program. Briefly, normal
management of gilts in the farm included arrival of gilts on
the farm at 120 d of age, their immunization against the
main pathogens that they might be exposed to in the feces
of reproductive sows, and their vaccination against major
pathogens (Parvovirus, Erysipelothrix rhusiopathiae, Bordetella bronchiseptica & Pasteurella multocida (Atrophic
rhinitis), Mycoplasma hyopneumoniae, Aujeszky’s disease
virus, SIV, and PRRSV) according to standard protocols. At
the second estrus the gilts were moved to the gestation
barn. Once there, 21 ± 1 d later and coinciding with their
third estrus, the gilts were inseminated at the same time
that MP sows which were weaned the previous week. At
107 ± 1 d of gestation, the experimental sows were randomly housed in an environmentally controlled farrowing
room. This room contained 20 pens (2.2 × 3.0 m) with
plastic-slatted flooring and kept in farrowing crates (1.0 ×
2.5 m) equipped with a trough feeder with a sow nipple
drinker. The pens also had a piglet nipple drinker. Barn
temperature was maintained at 23 °C, and supplementary
heat was supplied to the piglets for the first week of lactation keeping the temperature at piglet height at 30 °C. During the experiment, animals were checked daily by a
veterinarian including the status of the udders.
Diets

During gestation, sows were fed twice a day with approximately 1.5 kg of a cereal-soybean meal-based diet,
formulated to contain 2045 kcal NE/kg, 14.0% crude
protein, 0.60% lysine, and 5.4% crude fiber content. During lactation, sows were fed a diet based on the same ingredients, but that contained 2150 kcal NE/kg, 17.0%
crude protein, 0.90% lysine, and 4.3% crude fiber content. Both gestation and lactation diets were dry feeds
and mixed with water in the feeder. For the first 7 d after
farrowing, sows were offered increasing amounts of feed
until they reached their ad libitum feed intake. Individual
daily feed intake of sows was calculated by subtracting the
daily amount of feed supplied from the amount of feed
remaining in the feeders at the end of feeding.
Experimental design

Methods
Animals husbandry diets and experimental design

A total of twenty sows (Large White x Landrace) at
107 ± 1 d of gestation, comprising 10 PP sows and 10 MP
sows (from third to fifth parity) with good health status,
were selected. Second parity sows and ‘old-sows’, with more
than 5 parities, were discarded and not included in the
study because they might show different characteristics and

Piglets were ear tagged, weighed and allotted to treatment
immediately after birth, before first colostrum intake. The
experiment followed a completely randomized design with
four treatments organized as a 2 × 2 factorial arrangement,
with the parity of sows at farrowing and parity of suckled
sow as main factors. Half of the piglets born to a PP sow
were also suckled by a PP sow, while the other half were
suckled by a MP sow. Equally, half of the piglets born to a
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MP sow were suckled by the same parity sow, while the
other half were suckled by a PP sow. All cross-fostering
required were done immediately after birth and before
first colostrum intake. Litters were balanced to ensure 10
and 11 piglets for PP sows and MP sows respectively.
The experiment was divided in 3 periods; lactation
(from birth to weaning at 28 ± 2 d of age), nursery (from
weaning to 74 ± 2 d of age) and growing-finishing (from
nursery to 144 ± 2 d of age). After weaning, piglets were
allocated by previous treatments and sex to 20 pens of
10 pigs each (5 pens per treatment; 5 entire males and 5
females in each pen). Ten animals were removed randomly from pigs suckled from MP sows to balance the
pen density. Piglets were housed in an environmentally
controlled wean-to-finish barn. The temperature was set
at 28 °C for the first week after weaning and was then
decreased by 1 °C per week until reaching 20 °C at 74 d
of age, after which it was kept constant. Pens (2.5 × 3.0 m)
were provided with plastic-slatted floors, except for a

non-slatted central area (1 m wide). Pens were equipped
with floor heating, and each pen was provided with 60 cm
of through with 3 holes and a nipple drinker. Pigs had ad
libitum access to water and pelleted diet throughout the
trial. The feeding program was the same for all the pigs,
and consisted of 4 diets based on barley, corn, wheat and
soybean meal (Table 1) supplied respectively from 28 to
38 d of age (prestarter diet), 38 to 74 d (starter diet), 74 to
116 d (growing diet), and 116 to 144 d of age (finishing
diet). All diets met or exceeded the nutritional requirements of the pigs [31]. Animals remained in the same
pens from weaning until the end of the experimental
period (144 days of age).
Data collection

Sow feed intake was controlled individually during the
lactation period, and piglets were individually weighed at
birth and at 28 ± 2 d of age to calculate the average daily
gain (ADG) during lactation. After weaning, feed intake

Table 1 Ingredient composition and calculated nutrient composition of the experimental diets (% dry matter unless indicated otherwise)
Prestarter (28–38 d)

Starter (38–74 d)

Growing (74–116 d)

Finishing (116–144 d)

Corn

450.0

450.0

84.0

87.7

Sweet dried milk whey

150.0

50.0

–

–

Extruded soybean

114.0

30.0

–

–

Barley

110.0

220.0

250.0

300.0

Ingredients

Soybean meal 44% CP

100.0

186.0

188.7

93.7

Wheat

–

–

290.0

297.0

Corn DDGS

–

–

100.0

150.0

Glycerin, 85%

–

–

30.0

30.0

Sugar beet molasses

–

–

15.0

15.0

Soybean oil

39.7

24.5

15.7

–

Dicalcium phosphate

16.9

18.7

–

–

Mono-calcium phosphate

–

–

4.0

2.0

Calcium carbonate

0.7

2.5

11.7

13.3

Sodium chloride

2.0

3.1

2.3

2.3

L-Lysine HCl, 78%

5.7

5.1

3.7

4.3

L-Threonine

2.0

2.0

1.1

1.2

Methionine-OH, 88%

2.9

2.3

0.8

0.5

L-Tryptophan

1.1

0.9

–

–

Vitamin-mineral mixa

5.0

5.0

3.0

3.0

NE, MJ/kg

10.79

10.26

9.83

9.61

CP

191

170

173

150

Digestible Lys

13.5

11.5

9.4

8.0

Nutrients content

a

Vitamin/mineral mix prestarter and starter diets provided the following quantities per kilogram: vitamin A, 10,000 IU; vitamin D3, 2000 IU; vitamin E, 100 IU;
vitamin K3, 2 mg; thiamine, 4 mg; riboflavine, 10 mg; vitamin B6, 5 mg; vitamin B12, 0.03 mg; biotin, 0.4 mg; niacin, 50 mg; choline, 300 mg; Ca-d-pantothenic acid,
30 mg; folic acid, 1.8 mg; Fe, 60 mg; Zn, 100 mg; Cu, 10 mg; Mn, 50 mg; I, 0.6 mg; Se, 0.2 mg. Vitamin/mineral mixes for growing and finishing diets provided the
following quantities per kilogram: vitamin A, 6000 IU; vitamin D3, 1500 IU; vitamin E, 20 IU; vitamin K3, 2 mg; thiamine, 2 mg; riboflavine, 3 mg; vitamin B6, 1 mg;
vitamin B12, 0.02 mg; niacin, 15 mg; choline, 100 mg; Ca-d-pantothenic acid, 12 mg; Fe, 110 mg; Zn, 110 mg; Cu, 150 mg; Mn, 45 mg; I, 0.8 mg; Se, 0.2 mg

Piñeiro et al. Porcine Health Management

(2019) 5:1

on a pen basis and individual body weight (BW) of the
pigs were recorded every 2 weeks. Mortality was daily recorded and weighed. The ADG, average daily feed intake
(ADFI), and gain to feed ratio (G:F; based on the calculation ADG:ADFI) were calculated for each period (nursery,
growing, and finishing) and for the entire experimental
period (28–144 d of age) from these data.
Blood samples (7 mL) were obtained restraining pigs
with a snout snare and sampling from the jugular vein.
Three piglets per sow were chosen at random (15 piglets
per treatment) and were sampled at 14, 28, 38, 60, 90, and
144 d of age using 10 mL vacutainer tubes (BD, San Agustin de Guadalix, Madrid, Spain). Serum was immediately
removed after centrifugation at 3500×g for 5 min at room
temperature and was kept frozen (− 20 °C) until their analysis for serum concentrations of Pig-MAP and IgG.
Pig-MAP and IgG determination

Serum Pig-MAP and IgG concentrations were determined by following the methods of Tecles et al. [32] and
Broom et al. [33], respectively. Briefly, the concentration
of Pig-MAP was determined using a commercial sandwich ELISA kit based on two monoclonal anti Pig-MAP
antibodies (Pig-MAP Kit ELISA, PigCHAMP Pro Europa
SL, Segovia, Spain), according to the instructions of the
manufacturer. Serum IgG quantification was performed
using commercial sandwich ELISA kits (Bethyl Laboratories Inc., BioNova, Madrid, Spain).
Statistical analysis

Statistical analyses were performed as a completely randomized design with 4 treatments arranged as a 2 × 2
factorial arrangement, using the pen as the experimental
unit for growth performance as well as the animal for
Pig-MAP and IgG concentrations in serum. Power calculations (G*Power, Universität Düsseldorf, Germany)
were carried out using data on variability and effect size
from previous trials in the same farm adapted to the described arrangement and with growth as primary outcome. Normality of data and models was tested by
graphic (P-P, Q-Q plots) and numerical (Shapiro-Wilk
test) methods. Data on growth performance were analyzed by repeated measures, with parity of gestating sow
and parity of lactating sow, time point, and their interactions as main effects, by using the MIXED procedure of
SAS 9.2 (SAS Inst. Inc., Cary, NC). When the gestating
and lactating sow parity had a significant interaction
with time, p-values for each time point were obtained.
Data on Pig-MAP and IgG concentrations in serum
were analyzed by 2-way ANOVA at each time point.
Mortality data showed lack of normality and therefore
data was analyzed using the GLIMMIX procedure of
SAS for generalized linear mixed models. Tukey’s correction was used for multiple mean comparisons. Alpha
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level for determination of significance was 0.05 and
trends were discussed using an alpha level of 0.10.

Results
During the lactation period, no clinical signs were observed in the experimental sows and no treatments were
required. The average size of the litter at farrowing was
of 11.9 ± 2.46 piglets total born and 11.1 ± 2.35 piglets
born alive, with no differences detected between MP
sows and PP sows, respectively. Also, there was no difference between treatments in the BW of the pigs at
birth (1.7 ± 0.05 kg BW) and at weaning at 28 d of life
(7.9 ± 0.25 kg BW). During the second week of lactation,
MP sows tended to have higher ADFI than PP sows
(6.08 vs. 4.99 kg/d, standard error of the mean (SEM) =
0.445, P = 0.090). Animals born to MP sows tended to
have higher pre-weaning mortality than pigs born to PP
sows (5.0 vs. 1.1%; P = 0.077). No more than 1 piglet
died per litter in any case.
No interactions were found between parity of the gestating and lactating sow for any of the variables studied
(P > 0.2 in all cases), and therefore the results are presented as main effects and changes with time (Table 2).
However, there was an interaction (P = 0.002) between
the parity groups of gestating sows and time for BW.
Likewise, a trend (P = 0.069) to the interaction was
found between parity of lactating sow with time for BW.
Parity of the gestating or lactating sow did not affect
BW of piglets at weaning. However, pigs born to MP
sows showed higher BW than those born to PP sows at
116 d (62.4 vs. 57.3 kg, SEM = 1.84, P = 0.015) and 144 d
(87.0 vs. 79.4 kg, SEM = 2.15, P = 0.002) of age. Also, pigs
suckled by MP sows showed higher BW than piglets
suckled by PP sows at 76 d (32.6 vs. 30.2 kg, SEM = 1.29,
P = 0.083), 116 d (61.7 vs. 58.0 kg, SEM = 1.84, P = 0.065)
and 144 d (85.4 vs. 80.9 kg, SEM = 2.15, P = 0.052) of
age. Total ADG was higher in piglets born to MP sows
than in piglets born to PP sows (669 vs. 605 g/d; SEM =
15.5, P = 0.001). Also, piglets suckled by MP sows
showed higher ADG than piglets suckled by PP sows
(655 vs. 620 g/d, SEM = 15.5, P = 0.037). Cumulative
ADFI was only affected by the parity of the gestating
sow. ADFI was higher for pigs born to MP sows than for
pigs to PP sows (1592 vs. 1438 g/d, SEM = 42.2, P < 0.001).
Also cumulative G:F tended to be higher for pigs suckled
by MP sows than for those suckled by PP sows (0.43 vs.
0.41, SEM = 0.006, P = 0.076). Parity of lactating sow affected mortality between 28 and 144 d, being lower for
pigs suckled by MP sows than for pigs suckled by PP sows
(4.0 vs. 10.3%, P = 0.035).
An interaction trend (P = 0.083) was found between
the gestating and lactating sow parity effects for
Pig-MAP at 14 d of age; for pigs born to MP sows,
those suckled by MP sows tended to have lower
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Table 2 Growth performance of pigs from weaning to slaughter1:28 to 144 d of age
Primiparous (PP)

SEM2

P-value3

(n = 5)

Gestation

Gestation

Multiparous (MP)

Lactation

MP

PP

MP

PP

28 d

8.4

7.9

7.9

7.7

0.53

0.512

0.454

74 d

33.5

30.7

31.6

29.6

1.29

0.273

0.083

116 d

63.5

61.2

59.8

54.8

1.84

0.015

0.065

144 d

88.0

86.0

82.7

75.7

2.15

0.002

0.052

28–144 d

675

663

634

576

15.5

< 0.001

0.037

28–74 d

524

476

494

457

74–116 d

750

760

707

625

116–144 d

816

816

763

712

42.0

< 0.001

0.358

0.526

0.076

Lactation

Body weight, kg

Average daily gain, g

Average daily feed intake, g
28–144 d

1602

1582

1474

1401

28–74 d

799

746

773

747

74–116 d

2004

2033

1854

1770

116–144 d

2386

2381

2120

2005

28–144 d

0.42

0.42

0.43

0.41

28–74 d

0.66

0.64

0.64

0.61

74–116 d

0.37

0.37

0.38

0.35

116–144 d

0.34

0.34

0.36

0.36

Gain to feed ratio
0.006

1

Gestation indicates the type of sow from which piglets were born, and lactation type indicates the type of sow which suckled the piglets
3
SEM: standard error of the mean
2
All variables were analyzed by repeated measures. The model included type of gestating (G) and lactating (L) sow, age of the piglet (A), and their interactions
GxL, GxA, LxA, and GxLxA. Age was always significant (P < 0.001), while other interactions were not significant for any variable (P > 0.10) except for body weight.
The P values of the interactions (GxA, LxA) for body weight were 0.001 and 0.069, respectively

serum Pig-MAP concentrations than those suckled by
PP sows (0.45 vs. 0.77 mg/mL, SEM = 0.093, Table 3).
After weaning, Pig-MAP tended to be lower in pigs
that were suckled by MP sows than in pigs suckled by PP
sows (0.74 vs. 1.01 mg/mL, SEM = 0.146, P = 0.070 at 40 d
of age and 0.63 vs. 0.80 mg/mL, SEM = 0.101, P = 0.089 at

60 d of age). Also, at 116 d of age, an interaction
trend (P = 0.098) was detected between gestating and
lactating sow; for pigs born to PP sows, those suckled
by MP sows had lower levels of Pig-MAP in serum
than those suckled by PP sows (0.51 vs. 1.14 mg/mL,
SEM = 0.182).

Table 3 Major acute phase protein of pigs (Pig-MAP) serum concentration in pigs during lactation, nursery, and growing-finishing
phases, mg/mL1
SEM2

P-value

PP

(n = 15)

Gestation

Lactation

Interaction

0.77

0.76

0.093

0.095

0.096

0.083

0.80

0.77

0.170

0.174

0.646

0.513

1.12

0.75

0.91

0.146

0.500

0.070

0.455

0.88

0.69

0.73

0.101

0.837

0.089

0.210

1.02

0.88

0.72

1.17

0.198

0.960

0.432

0.137

0.50

0.52

0.51

1.14

0.182

0.088

0.077

0.098

0.59

0.64

0.79

0.68

0.082

0.143

0.4

0.309

Gestation

Multiparous (MP)

Primiparous (PP)

Lactation

MP

PP

MP

14

0.45

0.77

28

0.93

1.12

40

0.74

60

0.58

90
116
144

d of age

1

Gestation indicates the type of sow piglets were born from and lactation indicates the type of sow which suckled the piglets, defined as multiparous sows (from
3 to 5 parities) and primiparous sows
2
SEM: standard error of the mean
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At 28 d of age, IgG concentration was higher in pigs
suckled by MP sows than in pigs suckled by PP sows (30.0
vs. 17.8 mg/mL, SEM = 4.98, P = 0.013; Table 4). At 40 d
of age, pigs born to MP sows tended to have higher levels
of IgG than pigs born to PP sows (15.4 vs. 7.4 mg/mL,
SEM = 4.25, P = 0.084), and pigs suckled by MP sows
tended to have higher levels of IgG than pigs suckled by
PP sows (15.8 vs. 7.8 mg/mL, SEM = 4.25, P = 0.052).
However, at 60 d of age, pigs suckled by MP sows had
lower IgG concentration compared to pigs suckled by PP
sows (4.2 vs. 6.7 mg/mL, SEM = 0.95, P = 0.010). Also, pigs
born to MP sows had lower IgG concentrations in
serum at 116 d of age than pigs born to PP sows (17.0
vs. 30.9 mg/mL, SEM = 3.68, P < 0.001), and concentrations still tended to be lower at 144 d of age (35.5 vs.
45.0 mg/mL, SEM = 6.24, P = 0.088).

Discussion
Results from the current study demonstrate that both
the gestating sow parity and lactating sow parity can
affect pig growth performance throughout its productive
life, resulting in important differences by the time pigs
reach market weight. Pigs born to PP sows tend to be
less viable and to have lower growth rates than those
born to MP sows [7, 12]. The reason for these differences is a subject of debate and may be related to innate
factors of the piglets born to PP sows, such as fewer
muscle fibers, or to lower total production [34] and immunoglobulin composition [7] of colostrum and milk of
PP sows compared with MP sows. This observation
might be important under practical conditions, because
growth performance of litters from PP sows could be
improved by cross-fostering with MP sows, or through
nutritional changes in the post-weaning phase such as
increasing threonine and tryptophan content, both involved in biological functions such as gut integrity and
immunity [35–37], or supplementing feed with a source
of dietary fiber [38]. In the current experiment, final BW

(at 144 days of age) was 9% lower for pigs born to PP
sows than for pigs born to MP sows, and 7% lower for
litters suckled by PP sows than for litters suckled by MP
sows. Consequently, fostering extra pigs produced by PP
sows with MP sows might mitigate BW growth delay to
some extent, with effects that are apparent during the
whole productive life.
The reproductive cycle and hormonal system of PP
sows are naïve, and their development is still competing
for nutrients with their muscle development, while they
show lower feed intake capacity and lower metabolizable
fat and protein stores [1]. In contrast, mature MP sows
are fully-grown and have a well-established reproductive
cycle [39]. Under these circumstances, fetal nutrient
supply might differ between PP sows and MP sows, thus
affecting the fetal development. Averette et al. [40] and
Moore [41] have reported a lower birth weight for pigs
born to PP sows compared to pigs born to MP sows, indicating that this difference could be due to retardation
in fetal growth as well as to fewer skeletal muscle fibers,
which cannot be compensated for during the postnatal
growth [42], even when no differences in BW are detected at birth [43] as happened in the present study.
The differences in growth observed between piglets
from PP sows and MP sows might be explained by transmission of pathogens from the dam to the fetus [44] or
due differences in prenatal stress [45, 46]. In our study,
Pig-MAP concentration was increased after weaning in
pigs suckled by PP sows as compared to pigs suckled by
MP sows, which might be indicative of higher exposure
to infection or inflammation suffered at weaning by
these PP sow suckled pigs.
A reduced Ig concentration during lactation may result in reduced health status and poorer growth performance of nursery pigs [12]. Values obtained in our
trial showed a difference of 44% in IgG concentrations
in piglets at weaning between those suckled by PP sows
and MP sows. Pigs suckled by MP sows showed better

Table 4 Immunoglobulin G (IgG) serum concentration in pigs during lactation, nursery, and growing-finishing phases, mg/mL1
SEM2

P-value

PP

(n = 15)

Gestation

Lactation

Interaction

29.8

40.8

7.15

0.847

0.406

0.487

37.0

16.4

4.98

0.282

0.013

0.119

7.7

8.6

7.0

4.25

0.084

0.052

0.113

6.9

3.4

6.6

0.95

0.300

0.010

0.495

21.1

26.6

17.3

20.4

3.68

0.175

0.242

0.736

19.5

13.9

30.8

30.9

3.68

0.001

0.451

0.445

36.4

49.0

43.5

6.24

0.088

0.751

0.564

Gestation

Multiparous (MP)

Primiparous (PP)

Lactation

MP

PP

MP

14

33.4

34.4

28

23.7

18.9

40

23.0

60

5.0

90
116
144

34.8

d of age

1

Gestation indicates the type of sow piglets were born from and lactation indicates the type of sow which suckled the piglets, defined as multiparous sows (from
3 to 5 parities) and primiparous sows
2
SEM: standard error of the mean
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growth rates and lower Pig-MAP concentrations in the
nursery period than pigs suckled by PP sows, which may
indicate a better health status of this group of animals.
However, in the present study pigs were cross-fostered
immediately after birth and first colostrum intake. It is
important for newborn piglets to consume colostrum
from their own dams to get adequate immunity [11].
Colostral cells of sows other than a piglet’s own dam are
not absorbed and thus cannot confer cellular immunity
on the newborn piglets [47]. The precise role of these
immune cells in piglet immunity, which was not evaluated in the present study, is not known. Indeed, it has
been stated that cross-fostering procedure management
carried out before 6–12 h after birth negatively affects
transfer of maternal specific humoral and cell-mediated
immunity from sow to piglets [48]. Pig growth immediately after weaning was affected by the parity of the lactating sow. However, the parity of the gestating sow had
less effect in this early phase of the growing period, although it did affect growth later. This difference in effects may be due to innate traits in maternal immunity.
Maternal immunity provided by the lactating sow to the
offspring decayed from IgG levels around 30 mg/mL at
14 d of age to around 6 mg/mL at 60 d of age. Then, the
pig developed its own immunity, and serum IgG concentrations in pigs increased again with time to reach levels
around 35 mg/mL for pigs born to MP sows and 45 mg/mL
in pigs born to PP sows at 144 d of age. There is no
obvious reason for the difference in the IgG concentrations reported although it could be related to the
reduced growth rate reported for pigs born to PP
sows. The higher IgG concentrations in pigs born to
PP sows might reflect a higher incidence of disease in
this group, a less effective innate immunity, or differences in the regulatory components of the immune
system with predominance of the humoral response.

Conclusion
In conclusion, the research indicates that the growth
performance and health status of the offspring of PP
sows is improved by cross-fostering with MP sows.
These results open the possibility of an interesting strategy for improving the growth of litters from PP sows, a
strategy that is easy to apply compared with current programs based on parity segregation. However, it is important to note that the results obtained in the current
study might have also been affected by factors such as
the health status of the studied herd, as well as the
management conditions and feeding programs. Further
studies are needed to gain more knowledge on the possibilities of this strategy. Pig-MAP and IgG concentrations
in serum help explain some of the differences found in
production data.

Page 7 of 8

Abbreviations
ADFI: Average daily feed intake; ADG: Average daily gain; APP: Acute phase
protein; BW: Body weight; G:F: Gain to feed ratio; Ig: Immunoglobulin;
MP: Multiparous; Pig-MAP: Major acute phase protein of pig; PP: Primiparous
Acknowledgements
The farmer and his stockmen are greatly acknowledged for agreeing to
engage in the trial and for working in good cooperation with the
investigation team.
Funding
The authors gratefully acknowledge the Agencia para el Desarrollo Económico
(exp ADE 04/05/SG/0009, currently ICE) from the Regional Spanish Government
in Castilla-León, and the PROFIT (exp FIT-010000-2006-119, from the Spanish
Ministry of Industry) for funding and supporting the present project.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on request.
Authors’ contributions
CP was investigator of the study and wrote the manuscript; AM was Clinical
Research Manager and participated in animal manipulations and data
collection; EM performed the statistical study and reviewed the manuscript;
JM participated in the experimental design, the discussion of results and
contributed in writing the manuscript. All authors read and approved the
final manuscript.
Ethics approval and consent to participate
An owner consent was completed by the farmer prior to the enrolment of
his animals in the study. This study was conducted in compliance with the
Good Clinical Practice Guidance Document #85, May 9, 2001 (VICH GL9) and
was approved by PigCHAMP Pro Europa animal welfare committee. Animals
were handled in compliance with both Spanish regulations and guidelines
for the protection of animals used for scientific research (Real Decreto
Español 223/88 BOE 67: 8509–8511) and applicable European regulation.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
PigCHAMP Pro Europa S.L., c. Dámaso Alonso, 14, Segovia, Spain. 2Teagasc,
Pig Development Department, Moorepark, Fermoy, Cork, Ireland. 3School of
Veterinary Medicine, University College Dublin, Belfield, D04 V1W8, Dublin 4,
Ireland.
Received: 30 August 2018 Accepted: 20 December 2018

References
1. Kemp B, Soede NM. Reproductive problems in primiparous sows. Proc. 18th
IPVS congress, Hoya, Germany. June 27–July. 2004;01:843–8.
2. Kim SW, Weaver AC, Shen YB, Zhao Y. Improving efficiency of sow
productivity: nutrition and health. J Anim Sci Biotechnol. 2013;4:26–33.
3. Calderón-Díaz JA, Boyle LA, Diana A, Leonard FC, Moriarty JP, McElroy MC,
McGettrick S, Kelliher D, Manzanilla EG. Early indicators predict mortality,
illness, reduced welfare and carcass characteristics in finisher pigs. Prev Vet
Med. 2017;146:94–102.
4. Roongsitthichai A, Tummaruk P. Importance of backfat thickness to
reproductive performance in female pigs. Thai J Vet Med. 2014;44:171–178.5.
5. Young MG, Tokach MD, Aherne FX, Main RG, Dritz SS, Goodband RD,
Nelssen JL. Effect of sow parity and weight at service on target maternal
weight and energy for gain in gestation. J Anim Sci. 2005;83:255–61.

Piñeiro et al. Porcine Health Management

6.

7.

8.
9.

10.

11.
12.

13.

14.
15.
16.

17.

18.
19.
20.
21.

22.

23.
24.

25.

26.

27.

28.
29.
30.
31.

32.

(2019) 5:1

Mahan DC. Effect of weight, split-weaning, and nursery feeding programs
on performance responses of pigs to 105 kilograms body weight and
subsequent effects on sow rebreeding interval. J Anim Sci. 1993;71:1991–5.
Carney-Hinkle EE, Tran H, Bundy JW, Moreno R, Miller PS, Burkey TE. Effect of
dam parity on litter performance, transfer of passive immunity and progeny
microbial ecology. J Anim Sci. 2013;91:2885–93.
Friend DW. Effect on the performance of pigs from birth to market weight of
adding fat to the lactation diet of their dams. J Anim Sci. 1974;39:1073–81.
Seerley RW, Pace TA, Foley CW, Scarth RD. Effect of energy intake prior to
parturition on milk lipids and survival rate, thermostability and carcass
composition of piglets. J Anim Sci. 1974;38:64–9.
Boyd RD, Moser BD, Peo ER Jr, Cunningham PJ. Effect of energy source prior
to parturition and during lactation on piglet survival and growth and on
milk lipids. J Anim Sci. 1978;47:883–92.
Quesnel H, Farmer C, Devillers N. Colostrum intake: influence on piglet
performance and factors of variation. Livest Sci. 2012;146:105–14.
Ferrari CV, Sbardella PE, Bernardi ML, Coutinho ML, Vaz IS Jr, Wentz I,
Bortolozzo FP. Effect of birth weight and colostrums intake on mortality and
performance of piglets after cross-fostering in sows of different parities. Prev
Vet Med. 2014;114:259–66.
Decaluwé R, Maes D, Wuyts B, Cools A, Piepers S, Janssens GPJ. Piglets’
colostrums intake associates with daily weight gain and survival until
weaning. Livest Sci. 2014;162:185–92.
Le Dividich J, Rooke JA, Herpin P. Nutritional and immunological
importance of colostrum for the new-born pig. J Agric Sci. 2005;143:469–85.
Moffett A, Loke C. Immunology of placentation in eutherian mammals.
Nature. 2006;6:584–94.
Jensen AR, Elnif J, Burrin DG, Sangild PT. Development of intestinal
immunoglobulin absortion and enzyme activities in neonatal pigs in diet
dependent. J Nutr. 2001;131:3259–65.
Wolinski J, Biernat M, Guilloteau P, Westrom BR, Zabielski R. Exogenous
leptin controls the development of the small intestine in neonatal piglets. J
Endocrinol. 2003;177:215–22.
Donovan SM, Hartke JL, Monaco MH, Wheeler MB. Insulin-like growth
factor-I and piglet intestinal development. J Dairy Sci. 2004;87:47–54.
Danielsen M, Pedersen LJ, Bendixen E. An in vivo characterization of colostrum
protein uptake in porcine gut during early lactation. J Proteome. 2011;74:101–9.
Kensinger RS, Collier RJ, Bazer FW. Ultrastructural changes in porcine
mammary tissue during lactogenesis. J Anat. 1986;145:49–59.
Declerck I, Dewulf J, Piepers S, Decaluwé R, Maes D. Sow and litter factors
influencing colostrums yield and nutritional composition. J Anim Sci. 2015;
93:1309–17.
van de Ligt JLG, Lindemann MD, Harmon RJ, Monegue HJ, Cromwell GL. Effect
of chromium tripicolinate supplementation on porcine immune response
during the periparturient and neonatal period. J Anim Sci. 2002;80:456–66.
Inoue T, Kitano K, Inoue K. Possible factors influencing the immunoglobulin
G concentration in swine colostrum. Am J Vet Res. 1980;41:1134–6.
Klobasa F, Butler JE, Werhahn E, Habe F. Maternal-neonatal immunoregulation
in swine. II. Influence of multiparity on de novo immunoglobulin synthesis by
piglets. Vet Immunol Immunopathol. 1986;11:149–59.
Damm BI, Friggens NC, Nielsen J, Ingvarsten KL, Pedersen LJ. Factors
affecting the transfer of porcine parpovirus antibodies from sows to piglets.
J Vet Med A Physiol Pathol Clin Med. 2002;49:487–95.
Krakowski L, Kryzanowski J, Wrona Z, Kostro K, Siwicki AK. The influence of
non-specific immunostimulation of pregnant sows on the immunological
value of colostrum. Vet Immunol Immunopathol. 2002;87:89–95.
Bland IM, Rooke JA, Bland VC, Sinclair AG, Edwards SA. Appearance of
immunoglobulin G in the plasma of piglets following intake of colostrum,
with or without a delay in sucking. Anim Sci. 2003;77:277–86.
Salmon H. The mammary gland and neonate mucosal immunity. Vet
Immunol Immunopathol. 1999;72:143–55.
Murata H, Shimada N, Yoshioka M. Current research on acute phase
proteins in veterinary diagnosis: an overview. Vet J. 2004;168:28–40.
Petersen HH, Nielsen JP, Heegaard PM. Application of acute phase protein
measurements in veterinary clinical chemistry. Vet Res. 2004;35:163–87.
National Research Council. Nutrient requirements of swine: 10th revised
edition. In: Washington, DC: the National Academies Press. Retrieved from;
1998. https://doi.org/10.17226/6016. Accessed 4 Oct 2017.
Tecles F, Fuentes P, Martínez-Subiela S, Parra MD, Muñoz A, Cerón JJ.
Analytical validation of commercially available methods for acute phase
proteins quantification in pigs. Res Vet Sci. 2007;83:133–9.

Page 8 of 8

33. Broom LJ, Miller HM, Kerr KG, Knapp JS. Effects of zinc oxide and
enterococcus faecium SF68 dietary supplementation on the performance,
intestinal microbiota and immune status of weaned piglets. Res Vet Sci.
2006;80:45–54.
34. Devillers N, Farmer C, Le Dividigh J, Prunier A. Variability of colostrum yield
and colostrum intake in pigs. Animal. 2007;1:1033–41.
35. Le Floc’h N, LeBellego L, Matte JJ, Melchior D, Sève B. The effect of sanitary
status degradation and dietary tryptophan content on growth rate and
tryptophan metabolism in weaning pigs. J Anim Sci. 2009;87:1686–94.
36. Ren M, Liu XT, Wang X, Zhang GZ, Qiao SY, Zeng XF. Increasing levels of
standardized ileal digestible threonine attenuates intestinal damage and
immune response in E. coli K88 + challenge in weaned pigs. Anim Feed Sci
Tech. 2014;195:67–75.
37. Jayaraman B, Htoo J, Nyachoti CH. Effects of dietary threonine:lysine ratioes
and sanitary conditions on performance, plasma urea nitrogen, plasma-free
threonine and lysine of weaned pigs. Anim Nutr. 2015;1:283–8.
38. Liu P, Zhao J, Wang W, Guo P, Lu W, Wang C, Liu L, Johnston LJ, Zhao Y,
Wu X, Xu C, Zhang J, Ma X. Dietary corn bran altered the diversity of
microbial communities and cytokine production in weaned pigs. Front
Microbiol. 2018;9:2090–9.
39. Whittemore CT. Nutrition reproduction interactions in primiparous sows.
Livest Prod Sci. 1996;46:65–83.
40. Averette LA, Odle J, Monaco MH, Donovan SM. Dietary fat during
pregnancy and lactation increases milk fat and insulin-like growth factor I
concentrations and improves neonatal growth rates in swine. J Nutr. 1999;
129:2123–9.
41. Moore C. (2001). Segregated production: How far could we go? Retrieved
from the University of Minnesota Digital Conservancy, http://hdl.handle.net/
11299/147667. Accessed 4 Oct 2017.
42. Rehfeldt C, Kuhn G. Consequences of birth weight for postnatal growth
performance and carcass quality in pigs as related to myogenesis. J Anim
Sci. 2006;84:113–23.
43. Moore VM, Davies MJ. Diet during pregnancy, neonatal outcomes and later
health. Reprod Fertil Dev. 2005;17:341–8.
44. Feng W, Laster SM, Tompkins M, Brown T, Xu JS, Altier C, Gomez W,
Benfield D, McCaw MB. In utero infection by porcine reproductive and
respiratory syndrome virus is sufficient to increase susceptibility of piglets to
challenge by Streptococcus suis type II. J Virol. 2001;75:4889–95.
45. Tuchscherer M, Kanitz E, Otten W, Tuchscherer A. Effects of prenatal stress
on cellular and humoral immune responses in neonatal pigs. Vet Immunol
Immunopathol. 2002;86:195–203.
46. Ruiz RJ, Avant KC. Effects of maternal prenatal stress on infant outcomes: a
synthesis of the literature. Adv Nurs Sci. 2005;28:345–55.
47. Tuboly S, Bernáth S, Glávits R, Medveczky i. Intestinal absorption of colostral
lymphoid cells in newborn piglets. Vet Immunol Immunopathol. 1998;20:75–85.
48. Bandrick M, Pieters M, Pijoan C, Baidoo SK, Molitor TW. Effect of crossfostering on transfer of maternal immunity to mycoplasma hyopneumoniae
to piglets. Vet Rec. 2011;168:100.

