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INTRODUCTION 

  

In recent decades, pig production has focused on increasing birth litter size (Koketsu et al., 2017). However, large litter 

size positively correlates with long farrowing duration and increases stillbirth rate (Fahmy and Friend, 1981; Borges et 

al., 2005; Vanderhaeghe et al., 2010). Stillborn piglets can be classified as non-fresh, prepartum, intrapartum and 

postpartum in which the third type accounts for 66.8% (Leenhouwers et al., 2003). Intrapartum stillborn piglets are 

attributable to various factors including maternal and piglet traits as well as management and pharmacological 

interventions (Leenhouwers et al., 1999; Cozler et al., 2002; Lucia et al., 2002; Borges et al., 2005; van Dijk et al., 2005; 

Canario et al., 2006; Mota-Rojas et al., 2006; Vanderhaeghe et al., 2010). 

Currently, no studies on factors associated with stillbirth in swine farms in Vietnam are available. Therefore, the 

present study aimed to evaluate the effect of herd, parity, gestation length, litter size and farrowing duration on stillbirth 

in pig farms in Vietnam. 

 

MATERIALS AND METHODS 

 

Ethical approval 

This observational study was performed according to all ethics and animal rights of Vietnam National University of 

Agriculture, Vietnam. 

 

Animals 

This observational study was conducted from August 2016 to November 2017; included 1174 sows in 16 swine 

farms from 6 provinces in the North of Vietnam. All farms had a breeding herd of 200-700 sows. During gestation, sows 

were housed in individual crates sized 57 cm width x 220 cm length. Approximately a week before estimated farrowing 

date, animals were moved to individual farrowing crates sized 180cm width x 220 cm length. A 60 x 220 mm slatted 

floor in the farrowing crates was assigned for each sow.  

During the first 84 days of gestation, sows were daily fed 1.8-2.5 kg of feed containing 13% of crude protein and a 

metabolizable energy of 2900 Kcalo/kg (Hi-Gro 566, Charoen Pokphand, Vietnam). At the last trimester, sows daily 
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Stillbirth in pigs has been studied worldwide, but, its situation in Vietnam has never been reported. Therefore, the 
present study aimed to investigate the effects of herd, parity, gestation length, birth litter size and farrowing 

duration on stillbirth at sow level in swine farms in Vietnam. Data was collected from 1174 litters of 1174 Landrace 

x Yorkshire  crossbred sows in 16 farms in  the North  of Vietnam. Potential  risk factors  for  stillbirth were 

identified by using logistic regression. The incidence of stillbirth at sow level was 47.9%, and the stillbirth rate was

 5.2%. Multivariate logistic regression showed that parity 1 (OR=1.81, 95%CI=1.24-2.63) and >4 (OR=1.87, 

95%  CI=1.33-2.64),  a  gestation  length  <114  days  (OR=1.80,  95%CI=1.23-2.65),  a  birth  litter  size  ≥9  piglets 

(OR=1.64, 95%CI=1.04-2.61) and a farrowing duration ≥5 hours (OR=1.48, 95%CI=1.05-2.09) were risk factors for

 stillbirth.  This study indicated that stillbirth was common in swine farms in Vietnam. Special attention should be 

paid to sows at parity 1, > 4, sows with a short gestation, sows with a large birth litter size and sows with a long 

farrowing duration to reduce stillbirth. Since the use of highly prolific sows is increasing, stillbirth continues to be 

an issue to be dealt with in swine farms in Vietnam.  
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received 3.0-3.5 kg of feed containing 17% crude protein and a metabolizable engery of 3100 Kcalo/kg (Hi-Gro 567S, 

Charoen Pokphan, Vietnam). At parturition, no feed was available to sows. Water was provided ad libitum through a bite 

nipple system.  

 

Data and definition 

Before parturition, parity number was recorded, and classified as parity 1, parity 2-4 and parity >4. At farrowing, 

birth litter size, gestation length, stillbirth and farrowing duration were recorded. Stillborn piglets were defined as those 

died before being expulsed and had no signs of decay (Vanderhaeghe et al., 2010). The incidence of stillbirth at sow 

level was the proportion of litters with stillborn piglet(s) to all litters. Stillborn rate was the proportion of all stillborn 

piglets to total born piglets of all litters. Birth litter size was defined as number of piglets born/litter (number of live born 

piglets and stillborn piglets). Birth litter size was allocated into 2 categories, i.e. <9 and ≥ 9 piglets/litter. Gestation 

length was the interval between the date of the first artificial insemination and the date of farrowing, and was divided 

into 2 categories (< 114 and ≥ 114 days). Farrowing duration was defined as the interval between the first and the last 

piglet expulsion, and was classified as < 5 and ≥ 5 hours. During farrowing, all sows were injected with oxytocin, the 

number of administrations, the dose, and the time of injection, however, were not recorded.  

 

Statistical analysis 

All statistical analyses were conducted in SPSS program (SPSS Statistics for Windows, Version 22.0, Armonk, 

NY: IBM Corp). Descriptive statistics for parity, gestation length, birth litter size, farrowing duration and stillbirth were 

generated from all available data of 1174 sows (Table 1). Due to missing data of 363 sows, full records of 811 sows were 

included in risk analyses. The incidence of stillbirth at sow level among herds was compared by means of the Chi-square 

test of association. Potential risk factors for stillbirth were herd (1-16), parity number (parity 1, parity 2-4 and parity > 

4), gestation length (< 114 and ≥ 114 days), birth litter size (< 9 and ≥ 9 piglets/litter) and farrowing duration (< 5 and  

 5 hours). The binary dependent variable was defined as presence of at least one stillborn piglet or absence of stillborn 

piglet(s) in a given litter (Vanderhaeghe et al., 2010). 

Univariate logistic regression was used to analyze effects of individual potential risk factors on stillbirth. Risk 

factors conferring a significant value at P < 0.15 by Wald’s test (2-tailed) were used for calculation of Pearson’s 

correlation and variance inflation factor (VIF) to detect multicollinearity. Only risk factors that had low Pearson’s 

correlation (r < 0.3) and low VIF (VIF < 5) were used to build multivariate logistic regression models. Based on 

biological plausibility and correlations, 4 risk factors including parity number, birth litter size, gestation length and 

farrowing duration were enrolled in the multivariate analysis. Multivariate models were built by enrolling the backward 

stepwise elimination of non-significant factors (P > 0.1). The predictability of the multivariate models was measured by 

Hosmer-Lemeshow goodness of-fit tests. 

 

Table 1. Descriptive statistics for reproductive parameters of 1174 sows in 16 commercial swine herds in Vietnam 

Characteristics Number of sows Mean±SD/Percentage Range 

Parity 1174 3.5±2.2 1-13 

Gestation length (days) 1020 114.8±1.6 105-126 

Farrowing duration (hour) 957 3.6±1.8 1.0-9.5 

Birth litter size 1174 12.4±3.0 3-25 

Incidence of stillbirth at sow level (%) 1174 47.9 (562/1174) - 

Stillbirth rate (%) 1174 5.2 (756/14542) - 

SD: standard deviation 

 

RESULTS 

 

In the Table 1, totally 47.9% of the litter had at least one stillborn piglet, and 5.2% (756/14542) of piglets were stillborn. 

Gestation length, birth litter size and farrowing duration were 114.8 ± 1.6 days, 12.4 ± 3.0 and 3.6 ± 1.8 hours, 

respectively. The incidence of stillbirth at sow level did not significantly differ among 16 herds (37.5% - 60.8%, P = 

0.35). Table 2 shows the results for univariate analysis of individual factors for stillbirth at sow level. Herd had no effect 

on the stillbirth. By contrast, parity, birth litter size, gestation length and farrowing duration all associated with stillbirth. 

Among risk factors for stillbirth, gestation length had a very low association with parity (r = -0.099) and farrowing 

duration (r = -0.082). There was no association among other factors. Besides, VIF for parity, birth litter size, gestation 

length and farrowing duration were 1.010, 1.004, 1.017 and 1.011, respectively. Therefore, all significant factors derived 

from univariate analysis were retained for the multivariate analysis. Table 3 shows the final multivariate logistic 

regression. Sows at parity 1 and parity > 4 had respective 1.81(P = 0.002) and 1.87 (P <0.001) times higher odds for 

stillborn piglets compared with sows at parity 2-4. A birth litter size ≥ 9 significantly increased the risk for stillbirth 
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compared with a birth litter size < 9 (OR = 1.64, P = 0.035). Sows with a gestation length < 114 days had 1.80 times 

higher odds for stillbirth compared with sows with a gestation length ≥ 114 days (P < 0.001). Sows with a farrowing 

duration ≥ 5 hours had significant higher odds for stillbirth compared with sows with a farrowing duration < 5 hours (OR 

= 1.48, P = 0.026). The multivariate model conferred 56.7% “percentage correct”. Hosmer Lemeshow test showed that 

the model had a good fit between the observed and expected incidence of stillbirth at sow level (P = 0.899). 

 

Table 2. Results of univariate logistic regression for association between potential risk factors and stillbirth in 16 

Vietnamese swine farms (2016-2017). 

Characteristics 
Incidence of stillbirth 

at sow level  (%)a 
ORb (95% CI)c P value 

Herd - - 0.364 

Farrowing duration < 5 hrs 48.8 (308/631) Reference  

Farrowing duration ≥ 5 hrs 60.0 (108/180) 1.57 (1.12-2.20) 0.008 

Gestation length  ≥ 114 days 48.4 (324/669) Reference  

Gestation length < 114 days 64.8 (92/142) 1.96 (1.35-2.85) <0.001 

Parity 2-4 44.4 (202/455) Reference 
 

Parity 1 59.0 (92/156) 1.80 (1.25-2.60) 0.002 

Parity > 4 61.0 (122/200) 1.96 (1.40-2.75) <0.001 

Birth litter size < 9 43.2 (38/88) Reference 
 

Birth litter size ≥ 9 52.3 (378/723) 1.60 (1.02-2.51) 0.04 
aSows with stillborn piglet(s) in each group/total sows in each group. bOR =odds ratio. cCI =confidence interval 

 

Table 3. Results of multivariate logistic regression for association between potential risk factors and stillbirth in 16 

Vietnamese swine farms (2016-2017). 

Characteristics ORa (95% CI)b P value 

Farrowing duration < 5 hrs  Reference   

Farrowing duration ≥ 5 hrs 1.48 (1.05-2.09) 0.026 

Gestation length  ≥ 114 days Reference   

Gestation length < 114 days 1.80 (1.23-2.65) <0.001 

Parity 2-4 Reference  
 

Parity 1 1.81 (1.24-2.63) 0.002 

Parity > 4 1.87 (1.33-2.64) <0.001 

Birth litter size < 9 Reference  
 

Birth litter size ≥ 9 1.64 (1.04-2.61) 0.035 
aOR=odds ratio; bCI = confidence interval 

 

DISCUSSION 
 

Studies on risk factors for stillbirth in the pig have been carried out in various countries with numerous results 

(Vanderhaeghe et al., 2013; Koketsu et a., 2017; Rangstrup-Christensen et al., 2017). However, the present study is the 

first to determine risk factors for stillbirth in swine farms in Vietnam. The incidence of stillbirth at sow level in this study 

(47.9%) is higher in comparison with those in Brazil (27.8% to 33.1%) (Lucia et al., 2002; Borges et al., 2005), it is, 

however, similar to that in Belgium (48%) (Vanderhaeghe et al., 2010) and in Denmark (44%) (Rangstrup-Christensen et 

al., 2017). The stillbirth rate in this study (5.2%), is within the range of reported results (4.1%-7.5%) (Lucia et al., 2002; 

Borges et al., 2005; Vanderhaeghe et al., 2010; Rangstrup-Christensen et al., 2017; Bhattarai et al., 2019a; 2019b). 

Unfavorable association between farrowing duration and stillbirth has been previously substantiated (Van Dijk et 

al., 2005; Canario et al., 2006; Baxter et al., 2009). Borges et al. (2005) reported that sows with a farrowing duration >3 

hours had 2.0 times higher odds for stillbirth when compared with sows with a farrowing duration ≤ 3 hours. By contrast, 

Lucia et al. (2002) found that a farrowing longer than 4 hours did not increase the risk for stillbirth. In this study, a 

farrowing lasting 5 hours was considered normal (Bjorkman et al., 2018), and when a farrowing was considered 

“prolonged” it increased the risk for stillbirth. During the farrowing process, uterine contraction reduces the blood flow 

to the placenta and may even break fetal umbilical cords resulting in asphyxia in piglets (Mota-Rojas et al., 2006). 

Therefore, prolonged farrowing predisposes piglets to increased unfavorable condition, and consequently, to higher risk 

for stillbirth (Alonso-Spilsbury et al., 2005).  

A reverse association between gestation length and stillbirth and stillbirth rate in pig has been widely substantiated 

(Zaleski and Hacker, 1993; Leenhouwers et al., 1999; Sasaki and Koketsu, 2007; Rydhmer et al., 2008). In another 

study, a non-existent association between gestation length and stillbirth was suggested to be due to a narrow variation of 

gestation length (Canario et al., 2006). Gestation length of the pig is widely known to be 114 days. In the present study, 

17.5% sows had early parturition (<114 days) (Table 2). At the time close to term, the lung of swine fetus develops in an 
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almost exponential rate, and its development is only fully completed by about 114 days of gestation (Olson, 1979; 

Kirwood, 2015). Therefore, piglets born before 114 days of gestation might have immature lungs that increased their risk 

for stillbirth (Rydhmer et al., 2008). 

In the present study, sows at parity 1 and parity >4 had a higher risk for stillbirth in comparison with sows at parity 

2-4 (Table 3). The result partly agrees with that reported by Borges et al. (2005). In that study, sows at parity > 5 had 1.6 

times higher odds for stillbirth compared with sows at parity 2-5, sows at parity 1, however, had a lower odds for 

stillbirth in comparison with sows at parity 2-5 (OR=0.7). Lucia et al. (2002) reported that the incidence of stillbirth at 

parity ≥ 4 was 2.2 times higher than that in the parity 2-3. In the present study, the incidence of stillbirth at parity 2, 3, 4 

was very close together, i.e. 43.5%, 44.8% and 45.5%, respectively. The effect pattern of parity on stillbirth in this study 

was somewhat similar to that reported by Vanderhaeghe et al. (2010). In that study, incidence of stillbirth in sows at 

parity 2 was lower than that in sows at parity 1, 3-6 and >6 (9.7 % vs 26.4 %, 44.7 % and 19.1 %, respectively). The 

association between stillbirth and higher parities has been suggested to be due to long farrowing durations and large litter 

sizes in older parities (Borges et al., 2005; Almond et al., 2006). However, it is not a perfect explanation to the 

association between parity and stillbirth in this study since the proportions of sows at parity 1, 2-4 and > 4 had a 

farrowing duration ≥ 5 hours were not significantly different (21.2%, 21.5% and 24.5%). Furthermore, the percentage of 

sows at parity 2 - 4 and > 4 had a litter size ≥ 9 was very the same (89.9% and 90.0%) and did not differ from that in 

parity 1 (85.9%). The result of this study may be partly explained by that the proportion of sows at parity 2 - 4 had a 

gestation length < 114 days tended to be lower than that of sows at parity 1 and > 4 (14.3% vs 19.9% and 23.0%, 

respectively, data not shown in the table). 

The effect of litter size on the stillbirth found in this study was in agreement with many previous results (Zaleski 

and Hacker, 1993; Leenhouwers et al., 1999; Knol et al., 2002; Lucia et al., 2002; Borges et al., 2005; Vanderhaeghe et 

al., 2010). This effect may link to the association between birth litter size and farrowing duration and piglet birth weight. 

Birth litter size positively correlates with farrowing duration (Van Dijk et al., 2005). Such association also existed in the 

present study since a higher percentage of sows with a birth litter size ≥ 9 had a farrowing duration ≥ 5 hours when 

compared with sows with a birth litter size < 9 (23.2% vs 14.8%). A long farrowing may predispose piglets to hypoxia 

which has been showed to increase the stillbirth of piglets (Borges et al., 2005; Van Dijk et al., 2005; Canario et al., 

2006). Furthermore, birth litter size negatively correlates with average birth weight of piglets (Mungate, 1999; Bergstrom 

et al., 2009). In other word, a larger birth litter size has a lower average birth weight (Akdag et al., 2009). Lighter piglets 

have lower hemoglobin level in comparison with heavier piglets (Zaleski and Hacker, 1993). During the farrowing 

process, piglets actively moved through the pelvic canal (Taverne and van der Weijden, 2008). Therefore, it may be 

hypothesized that heavier piglets participate in farrowing process more efficiently so they had a lower risk for stillbirth 

(Canario et al., 2006). 

As an initial study, the present work has some limitations. Firstly, this study did not differentiate prepartum from 

intrapartum stillbirth. In the present study, the definition of stillbirth may overestimate the intrapartum stillbirth because 

piglets died shortly before the onset of parturition may be wrongly defined as intrapartum stillbirth. Secondly, infectious 

stillbirth, implying most cases of prepartum stillbirth (Sprecher et al., 1974; Borges et al., 2005), was not ruled out in this 

study. However, the failure of differentiation of stillbirth types should not cause any serious problems in this study 

because prepartum stillbirth was reported to account for only about 5% of all cases (Leenhouwers et al., 2003). Thirdly, 

although oxytocin was used in all studied sows during farrowing its doses, administration routes and time of application 

were not recorded. Intravenous and intravulval routes may cause more intrapartum stillbirth in comparison with 

intramuscular route (Mota-Rojas et al., 2006). Also, the use of oxytocin with different doses and/or at different birth 

order results in different stillbirth rates (Mota-Rojas et al., 2007a; 2007b). Therefore, a detailed record of oxytocin use 

during parturition will help evaluate the effect of oxytocin on the stillbirth in the swine farms in Vietnam where oxytocin 

is used ubiquitously and abusively. 

 

CONCLUSION 
 

The present study indicated that stillbirth in pig was common in swine farms in Vietnam. Parity 1 and > 4, gestation 

length <114 days, birth liter size ≥ 9 and farrowing duration ≥ 5 hours all increased stillbirth. It suggested that, to reduce 

the stillbirth, all sows, especially those with increased risk should be monitored carefully during farrowing.  
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