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ABSTRACT

Prolonged farrowing duration increases stillbirth in piglets and affects maternal health leading to a decrease in the
reproductive performance of the sow. The present study aimed to predict the duration of postpartum vaginal
discharge (PVD, day) in sows. Data were collected from 204 mixed parity Landrace X Yorkshire sows in a swine
farm in Bacninh province, Vietnam. Parity, gestation length, litter size, number of dead-born piglets (NDB),
farrowing duration (FD, h), and manual extraction (ME) were recorded. Postpartum vaginal discharge was
monitored twice a day until no discharge was detected in two successive observations. Linear regression analysis
was used to build the model that best predicted the duration of postpartum vaginal discharge. Results showed that
the average duration of postpartum vaginal discharge was 3.3 + 1.6 days. The final multiple linear regression
selected manual extraction, farrowing duration, and the number of dead-born piglets as the most significant factors
for the prediction of postpartum vaginal discharge duration. All of these three factors were positively associated with
PVD. This study indicated that the duration of postpartum vaginal discharge can be predicted. Shortening the
farrowing duration, which may reduce the NBD, lowering the rate of manual extraction can be some of the
approaches to decrease the duration of postpartum vaginal discharge. Moreover, the results of this study suggested
that suitable postpartum treatments such as antibiotics and anti-inflammatory drugs, and care should be provided to
the sows with a high risk of prolonged postpartum vaginal discharge to shorten this period.
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INTRODUCTION

After farrowing, the uterus continues to contract in order to expel placental remnants and inflammatory and/or infection
products through the vagina to the outside of the body. The normal postpartum vaginal discharge (PVD) duration in the
sow may vary from 3 to 4 days. Previous studies reported that the average PVD was 4.3 days (Nam, 2020) and 4.5 days
(Nam, 2019a). Under the condition of uterine infection, PVD can be prolonged as it was found that about 17.4-23.7% of
the sows had a PVD longer than 6 days (Waller et al., 2002). A PVD above 6 days has been found to decrease
conception rate, farrowing rate, total born, and the number of born alive (Waller et al., 2002). Increased PVD also
prolongs the weaning to first service interval (Nam, 2019a), and tends to increase the incidence of diarrhea in suckling
piglets (Nam, 2019b).

Some factors affecting PVD in swine have been identified in previous studies. Tummaruk and Sang-Gassanee
(2013) found that 5-7 parity sows had a higher risk of developing postparturient vaginal discharge in comparison with 2-
4 parity sows. It has been also reported, via multivariate logistic regression analysis, that manual extraction, farrowing
duration, parity, stillbirth, and postparturient body temperature were all associated with the incidence of prolonged
postparturient vaginal discharge (Nam, 2020). Nonetheless, no information on the prediction of PVD in sows is
available.

Once the PVD is predicted, sufficient treatments and care can be provided to sows at a high risk of experiencing
this disorder to shorten the duration of postpartum vaginal discharge and thereby reducing potentially harmful effects of
prolonged PVD on the reproductive performance of the sows (Waller et al., 2002). Therefore, the present study aimed to
predict the postpartum vaginal discharge duration in sows.

MATERIALS AND METHODS

Ethical approval
This observational study did not involve sample collection, and all procedures used were routinely conducted on
this farm, therefore ethical approval was waived from the animal care and use committee of the Vietnam National
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University of Agriculture. All animal handling practices followed the guidelines for the treatment of animals by the
animal care and use committee of the Vietnam National University of Agriculture.

Animals

This study enrolled 204 farrowing of 204 mixed parity Landrace x Yorkshire crossbred sows with an average age
of 22 months old from a commercial swine farm in Bacninh province, Vietham. Pregnant sows were housed in
individual gestation crates. The gestation crates were in 220 cm in length and 60 cm in width. About a week before
farrowing, sows were moved to the individual farrowing pens which were divided into farrowing crates in the center for
sows and creep areas for piglets at both sides of the farrowing crates. The farrowing crates had the same size as the
gestation crates. Both two types of crates had slatted concrete floors. The creep area for the piglet was covered with a
plastic slatter. In one corner of the creep area, a warm place for piglets was heated by an infrared lamp during the first
week after farrowing. The temperature at the gestation and farrowing rooms ranged between 23-30°C, while that in the
piglets’ places was 32-35°C. The humidity in the gestation and farrowing crates was 70-85%. Sows were bathed twice
per day. During the gestation, sows were fed twice a day. Depending on gestation stage and body condition, sows daily
received 1.8-3.5 kg of an industrialized pelleted feed. At the first 84 days of gestation, sows were fed 1.8-2.5kg, the feed
was increased to 3.0-3.5kg during 85-110 days of gestation. From day 111 of gestation until farrowing, sows received
feed in a reduction pattern. Lactating sows were fed increasingly to ad libitum level which normally started from day 6
postpartum. Sows received water from a bite nipple system. Vaccination against classical swine fever (week 10 of
gestation), foot and mouth disease (week 12 of gestation), porcine reproductive and respiratory syndrome (2 times per
year), Aujeszky’s disease (2 times per year), and parvovirus disease (10 days postpartum) were conducted in all sows.
Sows were removed to farrowing crates about 7 days before the estimated parturition date. The study only include sows
with a normal appetite who were clinically healthy. The period of study was from February to July 2020.

Data collection

Milk letdown and vulva swelling were monitored for planning parturition supervision. All sows were supervised
continuously during the parturition. Parity, gestation length, litter size (total born), number of born dead piglets (NBD)
(included stillborn and mummified piglets), farrowing duration (FD, hour), and manual extraction (ME) were recorded.
Stillborn piglets were not distinguished from mummified piglets because both of them were classified as dead-born
piglets. Manual extraction usually occurred when a birth interval exceeded 45 minutes. During farrowing, a sow might
need manual extraction more than once. Oxytocin (20 1U) was daily administered to all sows for 3-5 days postpartum.
All postpartum sows received 3 doses of antibiotic injections in the neck (Amoxicillin trihydrate, Amoxisol L.A. Bayern,
Vietnam, 15 mg/kg) at a 2-day interval starting from the end of parturition (Nam, 2020). Vaginal discharge was checked
twice a day before crate cleaning in the morning and afternoon until no discharge was noticed in two successive
observations. The PVD (day) was then calculated as the interval between the birth of the last piglet and the time of the
first observation with no vaginal discharge.

Statistical analysis

Linear regression was used to determine factors that explained the duration of vaginal discharge. At first, univariate
analysis was conducted for individual independent variables, and variables that had a p-value < 0.1 were retained for
multiple linear regression analysis. Second, multiple linear regression was run in a forward pattern to determine the final
model that best explained the PVD in sows. A p-value < 0.05 was set as the significance level in the multiple linear
regression analysis. All tests were conducted in the SPSS program (Statistical Package for the Social Sciences, IBM
Corp. Released 2019. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp.).

RESULTS

The descriptive statistics of investigated sows were presented in Table 1. The mean vaginal discharge duration in the
studied sows was 3.3 + 1.6 days ranging from 1 to 6.5 days. During the parturition, 16% of sows needed manual
extraction for birth assistance and 50% (102/204) of sows had at least one dead-born piglet. The rate of dead-born piglets
was 8.1% (218/2696). The gestation length was 115.6 + 1.7 days varying between 112 and 127 days, and farrowing
duration was 3.2 + 1.8 hours varying in the range of 0.5-12 hours.

Pearson’s correlation between independent variables was presented in Table 2. All correlations between
independent variables were very low to low ranging from 0.161 to 0.496. Univariate analysis showed that all investigated
factors were significantly associated with PVD in the studied sows (p < 0.1, Table 3). Therefore, all of these factors were
used for multiple linear regression analysis for the prediction of PVD. The final multiple linear regression model
consisted of three factors, including manual extraction, farrowing duration, and the number of born dead piglets (Table
4). All of these three factors were positively associated with PVD depicted in the final equation that is PVD = 2.385 +
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0.938*ME + FD*0.173 + 0.161*NBD. The final model had an R? of 0.187. All the variance inflation factors were small
(<1.312), therefore multicollinearity was not a concern.

Table 1. Descriptive statistics of 204 studied sows in a commercial swine herd in the North of Vietnam

Parameters Mean = SD Min-Max
Mean + SD (n=204)
Parity 2.6+1.9 1-13
Gestation length (day) 115.6+1.7 112-127
Litter size 13.2+3.7 2-26
Number of born dead piglets/litter 1.1+1.6 0-10
Farrowing duration (hour) 3.2+1.8 0.5-12
Vaginal discharge duration (day) 3.3t1.6 1-6.5
Percentage
Incidence of manual extraction (%) 15.7 (32/204)
Proportion of litters with born dead piglet(s) (%) 50 (102/204)
Born dead piglet rate (%) 8.1 (218/2696)

SD: Standard deviation, min: Minimum, max: Maximum

Table 2. Pearson’s correlation between explanatory variables for the duration of postpartum vaginal discharge in the sow

Variables ] GL ME LS NBD
GL -.036

ME 228" -.109

LS 042 -.125 .089

NBD 101 .034 441" 344

FD 161" -.133 329" 496" 341"

P: Parity, GL: Gestation length, ME: Manual extraction, LS: Litter size; NBD: Number of born dead piglets, FD: Farrowing duration (hour). *, **
denoted the significance level at <0.05 and <0.01, respectively.

Table 3. Univariate linear regression analysis of factors associated with postpartum vaginal discharge duration in a
commercial swine herd in the North of Vietnam

Covariates Coefficients Probability R-squared
Manual extraction (yes/no) 1.527 <0.001 0.121
Farrowing duration (hour) 0.281 <0.001 0.103
Gestation length (day) -0.119 0.081 0.015
Number of born dead piglets 0.328 <0.001 0.101
Parity 0.166 0.004 0.039
Litter size 0.101 0.001 0.054

Table 4. Multiple linear regression analysis for prediction of postpartum vaginal discharge duration in 204 sows in a
commercial swine herd in the North of Vietnam

Covariates Coefficients Probability VIF
Constant 2.385 <0.001

Manual extraction (yes/no) 0.938 0.004 1.300
Farrowing duration (hour) 0.173 0.005 1.185
Number of born dead piglets 0.161 0.035 1.312

VIF: Variance of the inflation factor

DISCUSSION

The uterine involution starts at the third stage of parturition which is characterized by the placental expulsion. The
placental expulsion is the result of the inflammation process and uterine contraction (Houben et al., 2009; Setyawan et
al., 2021). The inflammation of the uterus may be the result of trauma that occurs during the placental detachment, fetal
movement, farrowing assistance, and infection with microorganisms (Sheldon et al., 2009; Dubuc et al., 2010).
Clearance of placental remnants, products of uterine inflammation, and infection are conducted via vaginal discharge
(Sheldon et al., 2009). Although it was reported that different factors were associated with the incidence of prolonged
postpartum vaginal discharge in sows (Nam, 2020), the present study has been the first to predict the PVD in this
species.

There is a lack of information in the PVD in sows. A previous study reported that the average PVD in 530 sows
was 4.3 days which was longer than that in the present study (Nam, 2020). The shorter vaginal discharge duration in the
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present study may partly be due to a lower mean parity (2.6 versus 3.6 days), a shorter farrowing duration (3.2 versus 4.0
hours), and a smaller proportion of manual extraction (15.7% versus 32.9%), compared to a previous study (Nam, 2020).

The positive correlation between farrowing duration and PVD can be explained via several mechanisms mentioned
below. Farrowing is an energy-consuming process (Melo and Peracoli, 2007), and the longer the farrowing duration the
more energy is consumed (Yang et al., 2019). Increased farrowing duration can also increase the incidence of reduced
appetite and fever in the sows (Tummaruk and Sang-Gassanee, 2013). These conditions result in energy imbalance and
anaerobic metabolism which may subsequently cause ketosis and electrolyte imbalance (Melo and Peracoli, 2007).
Furthermore, farrowing duration is positively associated with manual extraction which may cause damage to the
endometrium and may increase postpartum infection due to its suppression of uterine leukocyte phagocytosis (Beagley et
al., 2010). Moreover, increased farrowing duration might be a result of impaired oxytocin
concentration/activity/receptors (Kimura et al., 2013), and this condition may affect the postpartum placental remnant
discharge (Bjorkman et al., 2018). All those above-mentioned conditions can contribute to the positive association
between farrowing duration and the length of postpartum vaginal discharge.

The incidence of manual extraction in spontaneous farrowing was 33.8% and could be up to 50-73.6% in
hormonal-induced farrowing (Boonraungrod et al., 2018). This rate in a study by Oliveira et al. (2020) was 11.1-16.8%
which was very close to the incidence of manual extraction in the present study. Manual extraction might cause damage
to the endometrium and bring pathogenic agents into the uterine lumen (Giuliodori et al., 2013). Furthermore, this study
showed that manual extraction usually occurred simultaneously with a prolonged farrowing duration. Therefore,
damaged endometrium, presence of pathogenic agents, and imbalance of energy/metabolism/electrolytes as discussed
above may explain the positive association between manual extraction and PVD.

The association between the number of dead-born piglets and litter size and PVD may be explained through the
positive association between these two factors and farrowing duration. A previous study also showed that litter size was
positively correlated with farrowing duration (Nam and Sukon, 2020). Dead-born piglets can not actively move in the
reproductive tracts thereby increasing the farrowing duration (van Dijk et al., 2005; Taverne and van der Weijden, 2008).
Also, the number of dead-born piglets was positively associated with manual extraction. Taken together, PVD was
lengthened when the number of dead-born piglets and litter increased.

The positive association between parity and PVD in the present study may be attributable to the positive
correlations between parity and farrowing duration and manual extraction and to the changes in anatomy and
microecology of the genital tract of the high parity sows. Previous studies have shown that older sows were more likely
to have postparturient vaginal discharge (Tummaruk and Sang-Gassanee, 2013). Older sows are also more frequently
found to have an unhealthy uterus, cervix, and vagina (Boma and Bilkei, 2006). Furthermore, older postpartum sows are
at a higher risk of having a bacterial positive sample collected at the anterior vaginal and cervical area (Bara et al., 1993).
Maes et al. (1999) also reported that uterine infection was more common in higher-parity sows than in younger sows.
Therefore, PVD increased when parity increased.

It is widely known that gestation length is negatively associated with litter size (Hanenberg et al., 2001; Sasaki and
Koketsu, 2007; Rydhmer et al., 2008). This association may be a result of the hormonal-related parturition process
(McLaren et al., 2000; Barth, 2014; Raheem, 2017). According to this association, gestation length increases in small
litter sizes where the farrowing duration decreases. Therefore, the associations between gestation length and litter size
and that between litter size and farrowing duration are the explanation for the negative correlation between gestation
length and PVD.

CONCLUSION

The present study showed that PVD in sows can be predicted, and manual extraction, farrowing duration, and the
number of dead-born piglets are the most significant factors for the prediction of PVD. Successful prediction of PVD
may be beneficial to the farmers and veterinarians in identifying sows at a high risk of having a long PVD, and in
providing sufficient treatments and care for these sows to shorten the PVD.
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