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Second litter syndrome (SLS) in sows is when fertility performance is lower in the second parity than in the first
parity. The causes of SLS have been associatedwith lactation weight loss, premature first insemination, short lac-
tation length, short weaning to insemination interval, season, and farm of farrowing. There is little known about
the genetic background of SLS or if it is a real biological problem or just a statistical issue. Thus, we aimed to eval-
uate risk factors, investigate genetic backgroundof SLS, and estimate the probability of SLS existing due to the sta-
tistical properties of the trait. The records of 246 799 litters (total number born, TNB) from 46 218 Large White
sows were used. A total of 15 398 sows had SLS. Two traits were defined: first a binominal trait if a sow had
SLS or not (biSLS) and second a continuous trait (Range) created by subtracting the total number of piglets
born in the first parity (TNB1) from the piglets born in the second parity (TNB2). Lactation length, farm, and sea-
son of the farrowing had significant effects on SLS traits when tested as fixed effects in the genetic model. These
effects are farmmanagement-related factors. The age at first insemination andweaning to insemination interval
were significant only for other reproduction traits (e.g., TNB1, TNB2, litter weight in parity 1 and 2). The herita-
bility of biSLS was 0.05 (on observed scale), whereas heritability of Rangewas 0.03. To verify the existence of SLS
data with records of 50 000 sows and 9 parities was simulated. The simulations showed that the average ex-
pected frequency of SLS across all the parities was 0.49 (±0.05) while the observed frequency in the actual
data was 0.46 (±0.04). We compared this to SLS frequencies in 67 farms and only 2 farms had more piglets
born in the first parity compared to the second. Therefore, on the individual sow level SLS is likely due to statis-
tical properties of the trait, whereas on the farm level SLS is likely due to farmmanagement. Thus, SLS should not
be considered an abnormality nor a syndrome if on average the herd litter size in parity 2 is larger than in parity 1.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The Animal Consortium. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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We show that second litter syndrome, that is, lower reproductive
performance in the second parity compared to the first, should not be
considered a syndrome or abnormality as long average litter size in par-
ity 2 is larger than in parity 1. Incidences of second litter syndrome on
the sow level are likely a statistical matter, whereas on the herd level
a high frequency of second litter syndrome suggests a farm manage-
ment issue. Comparing a farm’s observed second litter syndrome fre-
quency to its expected level based on normal distribution, mean, and
standard deviation of all farms together can be used as a tool to identify
second litter syndrome.
ubiak).

sevier Inc. on behalf of The A
Introduction

Between 20 and 60% of sows have lower reproductive performance
(litter size and/or farrowing rate) in the second parity compared to
the first parity (e.g., Penny et al., 1971; Morrow et al., 1989; Hoving
et al., 2011b; Segura Correa et al., 2013). This is called second litter syn-
drome (SLS; Hoving et al., 2010) and many of its aspects are already
quite well known and described in literature. The reduced litter size in
the second parity is attributed to weight loss during the first lactation
(Morrow et al., 1989; Schenkel et al., 2005; Thaker and Bilkei, 2005;
Hoving et al., 2010), premature first insemination (Clowes et al.,
2003a; Clowes et al., 2003b), short first lactation length (Morrow
et al., 1992; Segura Correa et al., 2013), short weaning to insemination
interval (Le Cozier et al., 1997; Boulot et al., 2013 ; Segura Correa
et al., 2013), or seasonal effects on the second farrowing (Boulot et al.,
2013; Segura Correa et al., 2013). Optimal management of sows can
eliminate or reduce many of these effects. For example, adjusting the
diet of highly productive sows can stop weight loss. Other causes such
nimal Consortium. This is an open access article under the CC BY license
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as the age at first insemination have consequences that remain for the
sow’s lifetime reproductive performance.

Moreover, there is little known about the potential genetic back-
ground of SLS. Several studies reported the genetic correlation between
the first and second parity (e.g., 0.62 in Large White and Landrace,
Hermesch et al., 2000; 0.83 in Landrace, Hanenberg et al., 2001), but
did not investigate SLS directly. Recently, a study applied random re-
gression to analyze the genetic variation between parities of a sow
(Sell-Kubiak et al., 2019). A non-unity genetic correlation between par-
ity 1 and 2may indicate genetic variation in SLS. In case the existence of
SLS is heritable, then it would be possible to address it with selective
breeding.

Second litter syndrome may, however, be only a statistical artifact
causedbypartitioning the sows into SLS andnon-SLS groups. It is, there-
fore, important to investigate to what extent the observed frequency of
SLS can be explained by the statistical properties of litter size, that is, the
statistical properties of the trait distribution.

Thus, the objectives of this study are 1) to evaluate the potential risk
factors associated with SLS, 2) to investigate the potential genetic back-
ground of SLS in LargeWhite pigs, and 3) to determine the probability of
SLS due to the statistical properties of the trait.
Material and methods

Data

Data for the genetic analysis were previously used in Sell-Kubiak
et al. (2015, 2019). Litter size observationswere collected between Feb-
ruary 1998 and July 2014 on multiplication farms of Topigs Norsvin
(Vught, the Netherlands). Overall 263 088 total number born (TNB) re-
cordswere available from 69 238 LargeWhite sows. The sows produced
purebred and crossbred litters. The average TNB for all sows was 13.6
(±3.4). An average TNB in each parity is in Supplementary Table S1.
For statistical analysis, only the sows with TNB recorded in both parity
1 (TNB1) and parity 2 (TNB2) were kept. This gave 92 436 litters from
46 218 sows with 15 398 SLS and 30 820 non-SLS sows. Also, the num-
ber born alive (NBA) and litter weight (LW) in parity 1 (NBA1, LW1)
and parity 2 (NBA2, LW2) were available. The average for NBA traits
was 11.67 (±2.98) and 12.63 (±3.23), whereas for LW traits 15.17 kg
(±4.3) and 17.40 kg (±4.7), respectively, in parity 1 and 2. Based on
all available TNB records, the average lifetime TNB (mTNB) per sow
was estimated.
Fig. 1.Distribution of Range, the difference between litter size in parity 1 and litter size in parity 2
syndrome and white columns indicate the sows with second litter syndrome.
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To estimate the heritability of SLS, we defined two traits. First, the bi-
nomial trait (biSLS) indicatingwhether the sow had the SLS (biSLS= 1)
or not (biSLS = 0). The biSLS was 1 when the litter size in parity 2 was
lower than in parity 1. The second trait (Range) was linear and de-
scribed the difference between litter size in parity 1 and parity 2, and
was normally distributed with a range from −18 to 18 (Fig. 1).

In the genetic analyses, we used five generations of pedigree if avail-
able. The total pedigree included 83 571 animals.
Culling reasons

Out of 15,398 sows that had SLS, 12,826 were kept in herds for at
least one more parity, whereas the remaining 2339 were culled after
the second parity. Culling reason is difficult to record, because usually
several factors affect the decision. In this population of Large White
pigs, 75 sows were removed from the herds because litter size was
too small and 661 due to various reproduction problems (e.g., poor lac-
tation, problems with insemination, high piglet mortality) or maternal
behavior problems (e.g., biting or crushing piglets). Other main reasons
for culling were leg and mobility issues (N = 271) or various health
problems, for example, heart or kidney failure, sudden death (N =
823). SLS was never listed as one of the culling reasons. The remaining
509 sows had no reason of culling recorded.
Evaluation of risk factors

The available datawere also evaluated based on the possible risk fac-
tors for SLS presented in the literature. Factors included farm-year-
season of the second farrowing, the age at the first insemination
(Age_ins), age at first successful fertilization (Age_fer), first lactation
length (Lactation), and weaning to insemination interval (Interval) be-
tween parity 1 and 2. Interval was the actual number of days (Supple-
mentary Table S2) or nine classes created by grouping certain number
of days following the definition of the Topigs Norsvin breeding pro-
gram: 0–2, 3–5, 6–7, 8–9, 10–11, 12–17, 18–23, 24–28, and 28+ days
(Supplementary Table S3). For 665 sows, Age_ins and Age_fer were
not available, whereas for 3881 sows Age_ins and Age_fer differed. Lac-
tationwas not available for 337 sows. If the sows did not have an obser-
vation for one of the risk factors, the record was included in the analysis
but marked as missing. Descriptive statistics of the risk factors are pre-
sented in Table 1.
in LargeWhite sows population. The grey columns indicate the sowswithout second litter



Table 1
Descriptive statistics of risk factors: average age atfirst insemination, age atfirst successful
fertilization, the first lactation length, andweaning to insemination interval for sows with
or without second litter syndrome (SLS).

Risk factor Non-SLS
sows

SLS
sows

Age at first insemination N 30 391 15 162
% 67 33
Mean 246.43 245.51
SD 28.27 27.72
Min 123 155
Max 364 364

Age at first fertilization N 30 391 15 162
% 67 33
Mean 249.97 249.08
SD 31.99 31.56
Min 123 157
Max 688 521

Lactation length N 25 379 12 185
% 68 32
Mean 25.73 25.31
SD 4.47 4.03
Min 21 21
Max 64 65

Weaning to insemination interval (actual
values)

N 28 544 14 554
% 66 34
Mean 5.73 5.48
SD 4.04 3.55
Min 0 0
Max 25 25
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Heritability of second litter syndrome

In the genetic analyses, the variance components for biSLS and
Rangewere estimatedwithASReml 4.1 (Gilmour et al., 2015). The avail-
able risk factorswerefitted asfixed effects in the geneticmodel for biSLS
andRange to test if they had significant effects on the trait. Each risk fac-
tor was tested as linear, linear and quadratic, and as a class variable
(with the same number of levels as the available values per factor).
Farm-year-season of the second farrowing and Lactation were added
to the models for biSLS and Range (Table 2).

For the binomial trait biSLS, the logistic linkwas used in the general-
ized linear mixed model:

biSLS ¼ XbiSLSbbiSLS þ ZbiSLSabiSLS þ ebiSLS

where biSLS is a vector of observations on SLS; X and Z are incidence
matrices relating observations to effects; bbiSLS is a vector of fixed effects
of farm-year-season of the second farrowing and Lactation on biSLS;
Table 2
The significance level of the fixed effect age at first insemination, age at first successful fertilizat
parity 1 (TNB1), total number born in parity 2 (TNB2), number born alive in parity 1 (NBA1), nu
TNB2 (Range), mean litter size per sow (mTNB), litter weight in parity 1 (LW1), litterweight in
as a trait (Interval).

Trait Age at first insemination Age at first fertilization

Linear Quadratic Class Linear Quadratic Class

TNB1 <0.001 0.009 <0.001 <0.001 <0.001 <0.001
TNB2 <0.001 0.051 0.007 <0.001 0.002 n.s.1

NBA1 <0.001 0.001 <0.001 <0.001 <0.001 <0.001
NBA2 <0.001 0.003 0.003 <0.001 0.004 <0.001
mTNB 0.002 n.s. 0.033 0.017 n.s. n.s.
SLS n.s. n.s. n.s. n.s. n.s. n.s.
Range n.s. n.s. n.s. n.s. n.s. n.s.
LW1 <0.001 n.s. <0.001 <0.001 0.012 <0.001
LW2 <0.001 0.001 0.010 <0.001 <0.001 0.034
Interval <0.001 0.004 0.002 <0.001 <0.001 <0.001
Lactation <0.001 <0.001 <0.001 <0.001 0.001 <0.001

1 Not significant.
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abiSLS is a vector of random additive genetic effects, with abiSLS ~ N(0,
AσabiSLS

2 ), where σabiSLS
2 is the additive genetic variance of biSLS, and e

is a vector of residual, with ebiSLS ~ N(0, IebiSLSσebiSLS
2 ), where σebiSLS

2 is
the variance of residuals of biSLS. IebiSLS is the identity matrix of the ap-
propriate dimensions and A is the numerator relationshipmatrix. In the
analysis of binomial traits, the residual variance is by default fixed to 1.0
to avoid over/underestimation of variance components.

The trait Range was analyzed with the following model:

Range ¼ XRangebRange þ ZRangeaRange þ eRange

where Range is a vector of observations of a difference between TNB1
and TNB2;b is a vector offixed effects of farm-year-season of the second
farrowing and Lactation on Range; a is a vector of random additive ge-
netic effects for Range, with aRange ~ N(0, AσaRange

2 ), where σaRange
2 is

the additive genetic variance of Range; and e is a vector of residuals,
with eRange ~ N(0, IeRangeσeRange

2 ), where σeRange
2 is the variance of resid-

uals of Range. IeRange is the identity matrix of the appropriate
dimensions.

Analysis of other traits

Traditional reproduction traits and risk factors were analyzed with
ASReml 4.1. These were TNB1, TNB2, NBA1, NBA2, LW1 and LW2,
Age_ins, Lactation, and Interval. The analysis was performed similarly
to the one performed for Range, but used farm-years-season of the
first farrowing instead of the second farrowing for traits related to parity
1 (TNB1, NBA1, LW1). Traits from parity 1 did not include Interval and
Lactation as a fixed effect because it was recorded in parity 2. In the
model for Age_ins, only one fixed effect of sow’s birth farm-year-
season was used, since Lactation and Interval could not affect it.

Genetic correlations

The genetic correlations between SLS and traditional reproduction
traits or risk factors were estimated using bivariate models in ASReml
4.1. The fixed effects for each trait are presented in Table 2 except
Age_ins, which only had birth farm-year-season of a sow as a fixed ef-
fect. All bivariate models used the model below, which includes biSLS
and TNB1 as examples:

biSLS
TNB1

� �
¼ XbiSLS 0

0 XTNB1

� �
bbiSLS

bTNB1

� �
þ ZbiSLS 0

0 ZTNB1

� �
abiSLS
aTNB1

� �
þ ebiSLS

eTNB1

� �

where biSLS and TNB1 are vectors of observations as described above;
bbiSLS and bTNB1 are vectors of fixed effects as described above; abiSLS
ion, weaning to insemination interval, and lactation length for traits: total number born in
mber born alive in parity 2 (NBA2), second litter syndrome (SLS), range between TNB1 and
parity 2 (LW2), lactation length as a trait (Lactation), andweaning to insemination interval

Lactation length Weaning to
insemination
interval (class)

Weaning to
insemination
interval (days)

Linear Quadratic Class Class Linear Class

– – – – – –
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
– – – – – –
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 n.s. <0.001 n.s.
<0.001 n.s. <0.001 n.s. n.s. n.s.
<0.001 <0.001 <0.001 n.s. n.s. n.s.
– – – – – –
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 – – –
– – – – – –
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and aTNB1 are vectors of random additive genetic effects with abiSLS
aTNB1

� �
�

N
�
0

σ2
abiSLS σabiSLS;aTNB1

σabiSLS;aTNB1 σ2
aTNB1

� �
⊗A

�
where σaTNB1

2 is the additive ge-

netic variance of TNB1 and σabiSLS, aTNB1 is the covariance between addi-
tive genetic effects of biSLS and TNB1; and ebiSLS and eTNB1 are vectors of

residuals with ebiSLS
eTNB1

� �
� N

�
0

σ2
ebiSLS σebiSLS;eTNB1

σebiSLS;eTNB1 σ2
eTNB1

� �
⊗I

�
where

σeTNB1
2 is the residual variance of TNB1 andσebiSLS, eTNB1 is the covariance

between residuals of biSLS and TNB1.

Verification of second litter syndrome

To investigate whether SLS is a real biological problem or just a sta-
tistical issue, two analyses were performed. First, we performed a simu-
lation study that assumed the absence of any physiological factors that
could induce SLS (i.e., there was no apparent reason for SLS to be pres-
ent in the data). Second, we compared the frequency of SLS of each farm
in the real data with the expectations based on the assumption of the
normal distribution of the analyzed trait. In these analyses, we
used TNB.

Simulation
To verify the existence of SLS or any next parity syndrome (NLS),

that is, a drop in TNB in the next parity in comparison to the previous
one, we performed a simplistic stochastic simulation. Total number
born for 50 000 unrelated sowswas simulated over 10 parities (for sim-
ulation scheme, see Fig. 2). The number of piglets (TNB) in each parity
was drawn from a multivariate normal distribution using mvtnorm
package (Genz and Bretz, 2009) available in R software (R Core Team,
2019). The means and SD for each parity as well as phenotypic correla-
tions between the parities were from the dataset used in this study (see
Supplementary Tables S1 and S4). The simulation was replicated 100
times and the results averaged over all the replications.

The next litter syndrome is reported when the number of piglets in
the next litter is lower than in the previous one: TNBi > TNBi+1. We
split the simulated data set into two groups: 1) TNBi > TNBi+1 and
2) TNBi ≤ TNBi+1, where the first group had NLS. This division was
done separately six times for the six parity pairs 1&2, 2&3, 3&4, 4&6,
6&7, 7&8.

Expected frequency
The expected frequency of NLS or TNBi > TNBi+1 was assessed using

properties of the normal distribution. A farm’s observed frequency of
SLS can be compared to its expected frequency using the normal distri-
bution, mean, and standard deviation of all farms together. Therefore,
Fig. 2. Simulation scheme for litter size in pigs with correlations (r) between litter size in
different parities.
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using function pnorm available in R software (R Core Team, 2019), we
calculated the cumulative distribution function to predict the probabil-
ity that TNB1 will be lower or equal to TNB2 as:

Fx Xð Þ ¼ P X≤xð Þ

where x is average TNB1 for a particular farm and X = N(μTNB2,σTNB2),
μTNB2, σTNB2were based on the all farms in the dataset.

Comparison of expected and observed second litter syndrome frequency
The data from individual herds were used to indicate the existence

of SLS by comparing the observed frequency of SLS with the determin-
istically predicted frequency of TNB (Supplementary Table S5). In
total, 67 herds with 21 to 3774 sows were analyzed. The observed fre-
quency SLS was on average 0.33 (±0.07) and ranged from 0.16 to 0.60.

Results

Second litter syndrome in Large White population

The sows used for the genetic analysis had the smallest litters in
early and late parities and the highest in parities 3 to 6. Evaluating
only the average litter size will overlook the incidences of SLS in the
population since it is only observed in sows that deviate from the aver-
age parity curve.

It was observed that 13 301 sows had SLS for both TNB and NBA,
from which 8228 sows had TNB1 = NBA1. There were 2097 unique
SLS sows for TNB caused by many stillborn piglets in TNB1, which de-
creased NBA1 enough to be lower than NBA2, and 2109 unique SLS
sows forNBA caused bymany stillborn piglets in TNB2,whichdecreased
NBA2 enough to be lower than NBA1. Based on NBA, 15 410 sows were
assigned as SLS sows, which is a very similar number to SLS based
on TNB.

Average litter size and number of records for SLS sows and non-SLS
sows are presented in Fig. 3. Second litter syndrome sows hadmore pig-
lets (P < 0.001) than non-SLS sows with 14.03 (±2.58) piglets in the
first litter and 10.86 (±2.96) piglets in the second compared to non-
SLS sows that had 11.62 (±2.92) in the first parity and 14.61 (±2.83)
piglets in the second parity (Fig. 3). In the remaining parities, SLS
sows had on average 0.11 to 0.47 piglets less than non-SLS sows;
these differences were not statistically significant. This indicates that
later performance is unaffected by SLS.

The 12 826 sowswith SLSwere kept for later parities so if SLS has ge-
netic component this syndrome could remain in the population.

Risk factors

The Age_ins, the Age_fer, and Interval were not significant for biSLS
and Range but were significant for other reproduction traits (Table 2).
Only Lactation affected biSLS and Range (P < 0.001), with longer lacta-
tion reducing chances of SLS.

Farm-year-season effect of the farrowing was significant for biSLS
and Range and was included in the models for those traits. There were
no seasons or farms with SLS significantly different to the average of
33% of SLS cases, even in harsh seasons.

Heritability of second litter syndrome

The additive genetic variance was 0.10 (±0.02) for biSLS and 0.48
(±0.07) for Range. The residual variance was 1.0 for biSLS (the residual
variance in binomial analysis in ASReml 4.1 is 1 by default) and 13.57
(±0.09) for Range. Heritability for biSLSwas 0.09 (±0.02) on theunder-
lying scale and 0.05 on the observed scale (calculated based on Gilmour
et al., 1985), whereas the heritability of Range was 0.03 (±0.005).



Fig. 3. A. Average litter size (TNB) across parities of Large White sows with second litter syndrome (dashed line) and sows without second litter syndrome (solid line). B. Number of
observations across parities of Large White sows with second litter syndrome (dashed line) and sows without second litter syndrome (solid line).
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Genetic and phenotypic relationship between traits and risk factors

The phenotypic and genetic correlations are presented in Table 3.
The correlations were significant between SLS traits and traditional re-
production traits (TNB, NBA, LW in parity 1 or 2, and mTNB). The
biSLS and Range are derived from TNB1 and TNB2, which are correlated
with NBA1 and NBA2 as well as LW1 and LW2. Thus, existence of those
correlations should be expected by default. The correlations between
risk factors and SLS traits are close to “0” or have a very high SE suggest-
ing insignificance of relationship between those traits (Table 3).

Simulation results

Dividing the dataset to simulate the next litter syndrome into NLS
and non-NLS sows always resulted in a split between the average TNB
observed in the two adjacent parities. The average TNB in the remaining
parities was always equal in both groups of sows (see Fig. 4). For exam-
ple, in casewhen the two first paritieswere analyzed (Fig. 4a), NSL sows
in parity 1 had lower average TNB2 thannon-SLS sows. This gives an im-
pression of the existence of SLS and suggests a problem with highly
performing sows in parity 1.

The average expected frequency across multiple parities (0.49 ±
0.05) from the simulationwas slightly higher than observed frequencies
averaged for all the replicates (0.46 ± 0.02; Table 4). This comparison
Table 3
Estimates of phenotypic and genetic (additive genetic effect and residuals) correlations between
and second parity (Range) with: total number born in parity 1 (TNB1), total number born in pa
mean litter size per sow (mTNB), litter weight in parity 1 (LW1), litter weight in parity 2 (LW2
tation length (Lactation).

Correlation TNB1 TNB2 NBA1 NBA2 mTNB

biSLS Phenotypic 0.37 −0.52 0.35 −0.50 0.25
Additive
genetic
effects

0.64
(0.06)

−0.61
(0.05)

0.48 (0.08) −0.57 (0.06) −0.0
(0.02

Residuals 0.41
(0.01)

−0.56
(0.01)

0.38
(0.003)

−0.51
(0.002)

−0.3
(0.02

Range Phenotypic 0.53 −0.65 0.50 −0.62 0.36
Additive
genetic
effects

0.27
(0.03)

−0.46
(0.04)

0.28 (0.07) −0.39 (0.07) −0.0
(0.03

Residuals 0.63
(0.06)

−0.70
(0.07)

0.57
(0.004)

−0.65
(0.004)

−0.3
(0.04
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established that the null hypothesis of no presence of NSL in the data
was accepted.

Data from individual herds were used to investigate if some farms
have higher frequency of SLS beyond the null hypothesis of no NSL
(Supplementary Table S5). The expected frequency of SLS was cal-
culated using μTNB1

from each herd, and μTNB2
and σTNB2

were based on
the all herds. The expected frequency of SLS was on average 0.39
(±0.14) and ranged from 0.08 to 0.65. The correlation between the ex-
pected and observed frequencies was weak (−0.03) and not signifi-
cantly different from 0. The average difference between the observed
and expected frequencies was−0.06 (±016.). Out of 67 farms, 27 had
lower expected SLS frequency than observed. This discrepancy was be-
cause of properties of the normal distribution and farms’ average TNB1
and TNB2 and their SD rather than a SLS. Among the 27 farms with
lower expected SLS frequency, 4 had lower average TNB2 than TNB1
(farm numbers 62, 63, 66, and 67; Supplementary Table S5). Two of
those farms (63 and 67) had low number of records available which
might have affected the frequencies. Thus, only farms 62 and 63 present
a real issue with lower average TNB2 than TNB1.We checked all the re-
cords for these two farms, but found no clear indications of biological or
management issues. Nonetheless, those farms should be observedmore
closely as they do not perform as expected. The comparison of the ob-
served and expected frequencies of SLS used in this study can identify
the presence of NLS in a herd.
second litter syndromeas binomial trait (biSLS) or difference between litter size in thefirst
rity 2 (TNB2), number born alive in parity 1 (NBA1), number born alive in parity 2 (NBA2),
), age at first insemination (Age_ins), weaning to insemination interval (Interval), and lac-

LW1 LW2 Age_ins Interval Lactation

−0.35 −0.11 −0.02 −0.03 −0.06
7
)
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(0.04)

−0.23
(0.02)

0.12 (0.08) −0.14 (0.15) −0.21 (0.13)

7
)

0.53
(0.03)

−0.42
(0.04)

−0.001
(0.004)

−0.03
(0.003)

−0.03
(0.004)

−0.43 −0.13 −0.02 −0.04 −0.08
8
)

0.29
(0.04)

−0.17
(0.02)

−0.002 (0.08) −0.09 (0.14) −0.11 (0.11)

2
)

0.47
(0.03)

−0.52
(0.06)

0.007 (0.006) −0.04
(0.006)

−0.03
(0.006)



Fig. 4. Average number of piglets born in the consecutive simulated parities. Dashed line represents averages for sows that had less piglets in the parity n+ 1 than in parity n; solid line is
for the remaining sows. Letters a. to f. denote parity numbers in which the condition was checked – parity 2–7, respectively.

Table 4
Frequency of expected and observed sowswith larger litter in the preceding parity than in
the next one, analyzed for parities 1–6 and averaged over all simulated repetitions.

Frequency Parity

2 3 4 5 6 7

Expected 0.45 0.42 0.48 0.51 0.52 0.54
Observed 0.43 0.44 0.44 0.47 0.47 0.49
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Discussion

The objectives of this study were to evaluate the potential risk fac-
tors associated with SLS, to investigate the genetic background of SLS
in Large White pigs, and to determine the probability of SLS in the pop-
ulation existing due to the statistical properties of the trait.

Second litter syndrome’s risk factors

First, we investigated the risk factors that could potentially cause
SLS. Lactation length, however, was the only significant risk factor for
SLS traits when used as fixed effect in the genetic model. This risk factor
was not confirmed by the phenotypic and genetic correlations between
Lactation and SLS traits. The quadratic relationship between Lactation
and Range was significant which could explain why no correlation
6

existed. The quadratic relationship between Lactation and biSLS, how-
ever, was not significant. Morrow et al. (1992) indicated that longer lac-
tation leads to larger second litter because young sows hadmore time to
recover after first gestation. However, not all researchers confirmed the
Lactation association with SLS (e.g., Segura Correa et al., 2013). None-
theless, this effect was highly significant for all reproduction traits ana-
lyzed in our study. Lactation length is highly management related
because the breeder decideswhen towean the piglets. Therefore, longer
lactations would be recommended to help with overall reproductive
performance in the herd.

Age at first insemination, age at first fertilization, andweaning to in-
semination interval did not contribute to SLS traits, but did to traditional
reproduction traits. This confirms what is already known from litera-
ture. Age_ins and Age_fer affect overall reproductive performance of
the sow (e.g., Schukken et al., 1994; Sterning et al., 1998; Tummaruk
et al., 2001), whereas an inadequate Interval affects second parity traits
(i.e., TNB2, NBA2, LW; Segura Correa et al., 2013).

Another biological risk factor present in the literature is large lacta-
tion weight loss after the first farrowing of the sow (Morrow et al.,
1989; Morrow et al., 1992; Whittemore, 1996; Kemp and Soede, 2004;
Schenkel et al., 2005; Thaker and Bilkei, 2005; Hoving et al., 2010). In
general, the conclusion is that primiparous sows are more susceptible
to the lactation weight loss causing incomplete recovery at weaning
and lowovulation rate or increased embryonicmortality. Thosefindings
were followed up by the experiments showing how SLS could be
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avoided with an adjusted diet (Whittemore, 1996; Hoving et al., 2011a,
2011b; Soede et al., 2013) or hormonal treatment (Vargas et al., 2006;
Everaert et al., 2007). We did not have the information about lactation
weight loss because it is not routinely collected on Topigs Norsvin
farms. However, based on a study done by Bergsma (2011) on data col-
lected between October 2001 and December 2005 for 363 commercial
crossbred sows from Institute for Pigs Genetics (currently Topigs
Norsvin Research Center, Beuningen, the Netherlands) there was no ef-
fect of lactation weight loss on subsequent reproductive performance.
Thus, reduced reproduction on the individual sow level in highly
performing, primiparous sows can be prevented by adjusting the diet
of those sows to help them recover before their second parity. However,
on a herd level the lactation weight loss is not associated with lower re-
productive performance in second parity.

The last risk factor indicated in the literature for the SLS is the season
and farm of the farrowing (Boulot et al., 2013; Segura Correa et al.,
2013). The effect of farm-year-season of the farrowing was significant
for all traits including biSLS and Range. Boulot et al. (2013) suggested
that SLS can happen more often on bigger farms than on smaller farms
because there is not enough time spent per animal to adjust diets. We
did not see such relationship and the farm effect accounted for more as-
pects than just farm size, such as feed fluctuations or management in
general. The significance of the effect of year and season was not sur-
prising since insemination of pigs is all year long with some farrowing
in more difficult conditions than others such as winter and summer,
or drought years. Some breeding programs consider the harsh environ-
mental conditions (Herrero-Medrano et al., 2015) or even disease oc-
currence (Rashidi et al., 2014) to select for robust animals performing
well under changing conditions.We did not observe any differences be-
tween seasons in the incidence of SLS.

In summary, farm management can control significant SLS risk fac-
tors Lactation and farm-year-season, whereas adjusting the diet of pri-
miparous, highly performing sows controls the most common risk
factor of lactation weight loss. Therefore, the farm management can
avoid reduced performance in second parity, and as long the average
TNB2 is higher than TNB1 the breeder should not be alarmed.

Heritability of second litter syndrome and genetic correlations

The heritability of biSLS (on observed scale) and Range is lower than
other reproductive traits. There is genetic variation within the parity
curve for litter size in pigs (Sell-Kubiak et al., 2019), indicated by
non-unity correlations between parities. Thus, phenotypic and genetic
fluctuations between the parities of sows are expected. The way SLS
was defined in our study as a binomial trait (biSLS) or a difference be-
tween TNB1 and TNB2 (Range) is another approach to study variation
between parities. However, to our knowledge there is no other possibil-
ity to define SLS for statistical analysis.

Although our study presents existence of genetic relationships be-
tween traditional reproductive traits and SLS traits, those correlations
are expected. The biSLS and Range are derived from TNB1 and TNB2,
which are highly correlated with NBA1 and NBA2 and litter weight in
parities 1 and 2. The remaining correlations betweenmTNBand risk fac-
tors are close to “0” or have very high SE indicating not significant
results.

Probability of second litter syndrome occurrence

Dividing the dataset to simulate the next litter syndrome into NLS
and non-NLS sows always resulted in a split between the average TNB
observed in the two adjacent parities. This gives an impression of the
existence of SLS and suggests a problem with highly performing sows
in parity 1. Furthermore, the pattern observed for second parity syn-
dromewas very similar across the remaining parities for the next parity
syndrome. Thus, it could be expected that the observed pattern of de-
crease in performance in the next parity is visible due to the statistical
7

properties of the trait’s (i.e., litter size) distribution rather than a biolog-
ical phenomenon. Assuming that SLS and NLS are just statistical proper-
ties of the traits, the observed number of NLS sows will be determined
by the means and standard deviations of parity n and parity n + 1.
For instance, as the difference in means increases the frequency of NLS
decreases. Similarly, a lower standard deviation in parity n + 1 de-
creases the expected frequency of NLS. A higher difference in means
and a lower standard deviation will reduce the potential overlap be-
tween distributions of the trait between consecutive parities. For exam-
ple, if μTNB2

= 10 and σTNB2
= 5, while μTNB1

= 9 then in parity 2wewill
find 42% sows that have a lower TNB in parity 2 than in parity 1, that is,
SLS. As the condition for NLS is TNBn > TNBn+1, by definition μTNBn+1

has
to be higher than μTNBn

. If, μTNB2
=12 only 27% sows have a lower TNB in

parity 2 than in parity 1. The simulation confirmed also that NLS in-
stances are related to the means and variance of the litter size and not
necessarily to any physiological or management issues. Furthermore,
these characteristics could be changed through breeding.
Is second litter syndrome an actual problem in pig breeding?

The SLS is present in the literature already for quite some time
(Penny et al., 1971; Morrow et al., 1989) and is mentioned as one of
the reasons for removing sows from herds (Hoving et al., 2011a). Sur-
prisingly, SLS is not a common reason to cull sows after the first parity,
as the literature suggests. At least not on commercial farms of Topigs
Norsvin, where nearly 13 000 sows with SLS were kept for further
breeding purposes. Moreover, on average the performance of the sows
in our study is as expected physiologically: the sowshad the smallest lit-
ters in early and late parities and the highest in parities 3 to 6 (Sell-
Kubiak et al., 2019). This was also observed in Japanese herds (Saito
et al., 2010). Only after dividing the sows into two groups, the SLS exists
(Saito et al., 2010 and this study).
Conclusion

The observed difference between TNB1 and TNB2 and heritability of
biSLS and Range suggest that SLS is a real biological phenomenon. How-
ever, the rest of our results presented no relationship between potential
risk factors for SLS that have different source than management. Fur-
thermore, the simulations showed that any next litter syndrome is as
probable as SLS due to the properties of the TNB distribution. Therefore,
SLS on an individual sow level is not a physiological issue, but an event
that can be expected since litter size is a trait following a multivariate
normal distribution. Only abnormalities on a herd level, that is, a drop
in the average litter size for parity 2 compared to parity 1 in a given
time or a batch, should be used by a farmer to adjust their management.
In any other case, a drop in TNB2 in comparison to TNB1 on an individ-
ual sow level can be ignored. The frequency of SLSwithin the population
can also be lowered by breeding. Avoiding selection pressure on litter
size in parity 1 (Sell-Kubiak et al., 2019) will help to slow down the in-
crease of litter size in the first parity, which negatively affects reproduc-
tive performance of young sows. Alternatively, breeders can put more
selection pressure on increasing litter size in parity 2. Both can be simul-
taneously addressed by selective breeding.
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