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Introduction 

In recent years, sow mortality has been on the rise in the swine industry and pelvic organ 

prolapse (POP) is within the top three reasons for sow mortality in the U.S. (Ross, 2019; 

Eckberg, 2022, 2023). An industry survey in the U.S. identified several factors that are 

associated with POP, including water treatment, body condition, bump feeding, and perineal 

score (PS) (Ross, 2019). PS is a visual assessment of the perineal region for swelling, 

redness, and protrusion, classified as low (PS1), moderate (PS2), or high (PS3) POP risk 

(Kiefer et al., 2021). The greater incidence of POP brings awareness to premature sow death 

or culling, economic losses, and animal welfare. Improving sow mortality by 1% is expected 

to increase net income/sow/year by $11.40, with ~50% from more pigs weaned, ~20% from 

greater sow cull income, and ~30% from lower replacement costs (Euken and Schulz, 2022). 

Animal welfare initiatives, such as California’s Prop 12, which requires sows to be group-

housed right after weaning, among others, require adaptations by producers and breeding 

companies. However, their impact on health problems (incl. POP) has not been investigated. 

Previous research on POP, using different breeds, genetic lines, incidence rates, and pedigree 

versus genomic relationships, estimated a heritability of 0.35±0.02 in purebreds on the 

liability scale (Bhatia et al., 2023), of 0.03±0.01 with a linear model and 0.003±0.003 with a 

threshold model in another purebred population with 1% incidence (Supakorn et al., 2019), 

and of 0.09±0.006 for purebreds and 0.11±0.014 for crossbreds with a linear model (Chen et 

al., 2024). With average incidences of 1.8% for purebreds and 3.9% for crossbreds, estimates 

of Chen et al. (2024) convert to 0.81 and 0.58, respectively, on the liability scale. Given the 

limited information on the genetic basis of POP in crossbred sows and lack of a good 

indicator trait for POP, the objectives of this study were to: 1) evaluate the genetic basis of 

susceptibility to POP in commercial, crossbred sows; 2) estimate heritability of PS and it 

genetic correlation with POP; and 3) estimate the relationship of non-genetic factors, such as 

early group housing and body condition score with perineal score and POP.  

  

Materials & Methods 

Animals and management. Data were collected in June and July of 2023 on 3,983 crossbred 

Landrace x Large White females on two commercial farms in the Midwest of the US. The 

two farms followed conventional management practices, with sows housed in individual 

stalls from weaning until 35 days post breeding, when they were moved into group housing 

with 1.67 m2 per sow. However, farm 2 managed part of its sows according to California’s 

Prop 12 production requirements, which included moving sows into group housing 

immediately after weaning, with at least 2.23 m2 per sow, and entry into farrowing stalls no 

earlier than 5 days before the due date. In the summer of 2023, most gilts (parity 1) were 

managed following Prop 12, along with a random proportion of sows from later parities.  

 

Data recording. During entry into the farrowing room at <20 days prior to the due date, each 

sow was evaluated for body condition score, caliper score, and PS. Body condition was 
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scored on the 5-point scale of Coffey et al. (1999), with 1=emaciated and 5=overly fat. 

Caliper score was measured on a numeric scale (5-24), utilizing the Topigs Norsvin caliper. 

PS was scored on the 3-point scale of Kiefer et al. (2021), as described above. For some 

analyses, PS2 and PS3 were combined into PS2/3. POP was recorded to subsequent weaning 

as 0=no POP, 1=POP. 

 

Genotyping. Sows were not pedigreed but tissue samples were collected from each sow, and 

a portion of these were submitted for genotyping using a custom 25k SNP panel. The subset 

of animals selected for genotyping was based on a case-control design, where cases included 

all sows with POP and sows with a PS score of 2/3. For each case, at least one sow from the 

same farrowing room, batch, and parity that did not have POP and PS=1 was also genotyped. 

 

Statistical analyses. Univariate logistic regression models were used to estimate the effects 

of farm, housing type (conventional vs. Prop 12), recording month, and parity on PS and POP 

(model 1). To estimate the effects of body condition and caliper score on PS and POP, these 

effects were added to the model one at a time. To estimate the association of PS with risk of 

POP, PS was added to the model for POP. Phenotypic analyses included data from all 

recorded sows. Model 1 was also used to estimate genetic parameters for POP and PS based 

on their respective genotyped case and control sows, using ASReml 4.2. Heritabilities were 

estimated using univariate logistic regression models for POP and PS2/3 and a bivariate 

linear mixed model was used to estimate genetic correlations of POP with PS2/3 and with 

body condition and caliper scores, and between body condition and caliper scores.  

 

Results & Discussion 

Phenotypic analyses: The distribution of phenotyped sows by farm, parity, and housing type 

is in Fig. 1. Table 1 shows the number of sows for each farm by PS and the % of those sows 

that experienced POP. The overall incidence was 2.4% for POP and 33% for PS=2/3. %POP 

increased with PS for farm 1 but was highest for PS=2 for farm 2, simply due to the low 

incidence of PS=3 in farm 2. However, having a PS=1 did not eliminate the risk of POP, with 

4 sows in this study experiencing POP after being scored PS=1.  

 

 
Figure 1. Distribution of sows by farm, parity, and housing type (conventional vs Prop 12). 
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Table 1. Number of sows by perineal score (PS) and the % of those sows that experienced 

pelvic organ prolapse (POP). 

 Farm 1 Farm 2 

 Conventional Prop 12 housing 

PS = 1 1371 (0.002%) 777 (0.0%) 406 (0.002%) 

PS = 2 960 (0.006%) 121 (0.025%) 160 (0.025%) 

PS = 3 64 (25.0%) 1 (0.0%) 9 (0.0%) 

 

Figure 2 shows results of phenotypic analyses by logistic regression. Compared to parity 2+ 

sows, parity 1 sows had significantly lower risk of PS=2/3 (p<0.001) (Fig.2a) and POP 

(p<0.001) (Fig.2b), which is consistent with previous studies (Ross, 2019; Dunkelberger et 

al., 2024; Bhatia et al., 2023; Chen et al., 2024).  

 

 
Figure 2. Logistic regression model estimates of the effects of various factors on perineal 

score (PS) and pelvic organ prolapse (POP), with odds ratios and 95% confidence intervals.  
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Sows with body condition score ≤2 had 2.5 times greater odds of PS=2/3, compared to sows 

with body condition score ≥4 (Fig.2c), and a 1-unit increase in caliper score was associated 

with 10-17% lower odds of PS=2/3 (Fig.2d). Although not significant, higher body condition 

and caliper scores were also associated with lower risk of POP (results not shown). Sows 

housed following Prop 12 had significantly higher risk of PS=2/3 (p<0.001) (Fig.2a) and 

POP (p<0.001) (Fig.2b). Prop 12 sows had higher average body condition and caliper scores 

than conventional sows. However, adjusting PS for body condition did not affect the greater 

risk of Prop 12 sows for PS=2/3 (Fig.2c). The higher PS and POP of Prop 12 sows could be 

the result of them experiencing hierarchy aggression, competition for feed, and other 

stressors right after weaning, while conventional sows remained in individual stalls until 35 

days post breeding. PS had a highly significant association with POP (p<0.001) (Fig.2e), with 

a substantial difference in risk for POP also between PS=2 and PS=3. This shows that, 

together with parity and body condition, PS can help to identify sows at higher risk for POP.   

 

Genetic analyses: Estimates of heritability on the liability scale for PS and POP were 

0.18±0.03 and 0.29±0.13. The latter was close to the purebred estimate of 0.35 by Bhatia et 

al. (2023) and aproximately half the crossbred estimate on the liability scale of 0.58 by Chen 

et al. (2024). Bivariate linear mixed models estimated a strong positive genetic correlation 

between PS and POP of 0.74±0.07 and essentially no genetic correlation of POP with caliper 

score (0.02±0.22) and body condition (-0.02±0.16). The estimate of the genetic correlation 

between caliper score and body condition was highly positive at 0.84±0.05. 

 

Conclusions 

Our study shows that sows parity 2+, with low body condition, or moderate-to-high PS in late 

gestation must be closely monitored for POP. Results also suggest that early grouping of 

sows after weaning may increase the risk of high PS and POP, requiring additional attention 

around farrowing. Although POP had a higher heritability on the liability scale (0.29) than PS 

(0.18), with its incidence being substantially lower than for PS=2/3 (2.4 versus 33%), this 

translates into heritabilities on the observed scale of 0.04 for POP versus 0.11 for PS. 

Combined with a 0.74 genetic correlation between PS and POP, recording PS is expected to 

result in higher accuracies of estimated breeding values for POP than recording POP. Thus, 

PS is a promising indicator trait to select for reduced genetic susceptibility to POP.  
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