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A B S T R A C T

Vaccines against Erysipelothrix rhusiopathiae (ER) and porcine parvovirus (PPV) are employed in sow farms 
worldwide. This study evaluated the impact of administering a bivalent ER/PPV vaccine during lactation. 
Multiparous sows (n = 83) of two different farms (A (herd size 900 sows) and B (1000 sows)) were allocated in 
two different groups: 1) sows inoculated with saline solution (non-vaccinated group); 2) sows inoculated with the 
bivalent vaccine against ER/PPV (vaccinated group). The injections were administered at ~11 days of lactation. 
The study was conducted in four different experiments: the first experiment, evaluating the female genital tract 
(uterus and ovary) and follicle development, was performed in culled sows (n = 19) of Farm A the day after 
weaning (~24 days). The remaining experiments, which examined internal temperature, offspring growth, and 
sow feed intake, were conducted at Farm B (n = 64). The results of follicle populations, showed a greater fre
quency of large follicles in non-vaccinated compared to vaccinated sows was observed (p < 0.001). The final 
weight of the piglets and their weight gain were higher in the non-vaccinated group (p ≤ 0.05). A statistical trend 
was also observed in the average weight gain of piglets. No differences were observed regarding soẃs rectal 
temperature between groups around the period of injection but the vaccinated group consumed less sow feed on 
the day of injection (p = 0.016). In conclusion, the administration of this vaccine against ER/PPV during the 
lactation period had a negative impact on follicle development, sow feed intake, and offspring weight gain and 
final weight.

1. Introduction

Erysipelas in animals is caused by infection with the Gram-positive 
bacteria Erysipelothrix spp. Erysipelothrix spp. is divided into eight 
different species which includes Erysipelothrix rhusiopathiae (ER) 
(Skerman et al., 1980; Buchanan, 1918) belonging to the genus Erysi
pelothrix in the family Erysipelothrichaceae. Pigs are considered the 
most important reservoir for ER. It was estimated that 30–50 % of 
healthy pigs carry the bacteria in tonsils and lymphoid tissues (Steppson 
& Berman, 1978). Clinically, Erysipelas is characterized by sudden 

death, pyrexia, red skin patches (red sick-ness), arthritis or cardiac 
insufficiency (reviewed by Opriessnig et al., 2020). Moreover, repro
ductive performance is also compromised when Erysipelas is present, 
being associated with vulval discharges, low fertility, abortions or 
smaller litter size (Bilkei, 1996; Hoffmann & Bilkei, 2002). So, this 
bacterium has an important economic influence at different levels of 
swine industry and can impact all pig production levels such as breeding 
herd, grow-finish farm or slaughterhouse (reviewed by Opriessnig et al., 
2020), reasons why the majority of pig breeding are vaccinated. 
Essentially, the commercial vaccines available are based in attenuated 
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erysipelas and bacterins. In gilts a common vaccination schedule con
sists in the i.m. vaccination of the gilts at 22 and 26 weeks of age and 
ahead of the first insemination. Subsequent revaccinations in multipa
rous sows are applied in each reproductive cycle 10 days after farrowing 
because the protective immunity is around 4–6 months (reviewed by 
Opriessnig et al., 2020).

On the other hand, porcine Parvovirus (PPV) is a virus (family Par
voviridae, Parvovirinae subfamily, and Ungulate protoparvovirus 1 
species) present in the majority of pig herds worldwide (van den Born 
et al., 2020) and considered to be one of the major causes of repro
ductive failure (Streck & Truyen, 2020). PPV does not cause clinical 
signs in adults, so this disease can be considered when females return to 
oestrus with no apparent reasons or delay in parturitions with an in
crease in the number of mummified fetuses and small litters (Streck & 
Truyen, 2020), because fetuses infected early in pregnancy usually die, 
resulting in their mummification or resorption (van den Born et al., 
2020). PPV is controlled by a proper management of internal and 
external biosecurity of the herd and through vaccination. Current 
commercial PPV vaccines consist of inactivated forms of the original 
virus (Truyen & Streck, 2012) or recombinant virus (García-Morante 
et al., 2019). In the case of reproductive females, the vaccination pro
tocols are similar to the ones explained for ER (Truyen & Streck, 2012), 
because in most of the times the antigens are mixed by the pharma
ceutical industry in the same vaccine. As mentioned, vaccines against 
erysipelas and PPV are routinely used in the pig industry. For user 
convenience and to reduce the number of injections given to sows in the 
breeding herd during the lactation period, a typical immunization 
schedule usually includes the combination of two vaccines as a ready to 
use product. This approach improves both animal welfare and the labor 
efficiency of farmers (Sánchez-Matamoros et al., 2019). However, it is 
also useful for pig health to improve the comfort of the breeding envi
ronment because pigs exposed to stress can reduce their immunological 
responses against pathogens (Morimoto et al., 2022). Certainly, any 
situation of stress during the lactation period may have an impact on 
their productivity (feed consumption, milk production, growth of the 
current litter), risking their maximum productive level or even having a 
negative impact in the following reproductive cycle. Numerous factors 
influence the proper development of follicles in sows. These include 
season, parity, body condition, stress and lactation duration. These 
factors are considered primary influences on ovarian follicular growth in 
sows (Quesnel et al., 2005; Peltoniemi et al., 2006; Auvigne et al., 2010; 
Bertoldo et al., 2011; Knox et al., 2019). In the sows, waves of follicular 
growth are absent (Lucy et al., 2001). During the luteal and early 
follicular phases, approximately 50 follicles measuring 1–6 mm are 
present (Foxcroft et al., 1985). Subsequent to the elimination of inhib
itory effects associated with suckling at weaning, follicles that exceed 4 
mm (dominant follicles) undergo further growth, while the number of 
small follicles diminishes and begin atresia (Hafez, 2000). It is important 
to note, that sows showing smaller follicles at weaning had showed 
longer intervals for estrus and ovulation and smaller litters at farrowing 
(Kemp et al., 2005; Lopes et al., 2014; TP Lopes et al., 2020).

Nowadays, vaccines have evolved into safer products noticing their 
use not only during the lactation period but in a wider range of periods 
of the reproductive cycle of the sow. Nevertheless, there are no detailed 
published data about the impact of ER/PPV vaccination on reproductive 
tract and productive performance with the routinely used schedules. 
According to the pointed out information, the objective of the present 
study was to evaluate the effect of the ER/PPV vaccination on sows 
during lactation, with particular regard to its impact on the reproductive 
tract, temperature, and feed consumption of the sow, as well as on their 
offspring (piglets’ growth).

2. Materials and methods

2.1. Study design

The design of the study (Fig. 1) was directed to evaluate the impact of 
the bivalent vaccine (ER/PPV) administered in post-farrowing sows. 
Concretely, sows were vaccinated (vaccinated group) or injected with 
sterile physiological saline solution (2 ml) (non-vaccinated) during 
lactation (~11 days of lactation in all the experiments) in late summer 
early autumn. The sows included in the first experiment (experiment 1), 
were a total of 19 sows (Farm A) of the same batch distributed in non- 
vaccinated (n = 9, parity= 6.88 ± 0.78) and vaccinated sows (n = 10, 
parity= 6.60 ± 1.07). They were sacrificed the day after weaning (24.4 
± 4.37 days after farrowing). The follicles of the ovaries were classified 
according to their size in (i) small (< 2 mm in ø), (ii) medium (2–4 mm in 
ø), and (iii) large (> 4 mm in ø). Moreover, the weight of the ovaries (g), 
uterine horns (g), oviducts (g), and diameter of uterine arteries (cm) 
were recorded.

In experiment 2, 64 sows (Farm B) of the same batch were distributed 
in vaccinated (n = 37, parity = 3.85 ± 2.98) and non-vaccinated (n =
27, parity = 3.88 ± 2.80) groups having similar reproductive perfor
mance (see Table 3). In both groups, we took the rectal temperature of 
the sows (pre-vaccination and 6 h and 12 h post-vaccination), and 
weighted the piglets (at birth, at 10 e and at 19 days of age) and the 
calculated the (ADWG of piglets from birth to final weight at 19 days of 
lactation (experiment 3). Finally, the feed consumed by the sows [before 
(Day(− 2) and D(− 1)) vaccination, the day of vaccination (D0) and after 
vaccination (Day(1) and D(2))] were evaluated (experiment 4).

2.2. Animals and housing

A total of 83 crossbred sows [Large-White X Landrace] from two 
commercial sow farms were used for this study. Farm A consisted of a 
900-sow farrow-to-nursery (Genetic Topigs Norsvin, TN70), whereas 
Farm B comprised 1000-sows in a farrow-to-wean intensive conven
tional system (Genetic Geneplus Iberia, S.L). Both farms were in Spain’s 

Fig. 1. Scheme of the experimental design. Two groups of sows were allocated 
in one of the two experimental groups: vaccinated vs. non-vaccinated (control 
group injected with saline solution). The vaccination was performed ~11 days 
of lactation. Experiment 1) Reproductive tracts of weaned sows were recovered 
from the slaughterhouse and follicles were counted and classified depending on 
their size (small, medium, or large). Experiment 2) The temperature of the sows 
was evaluated before vaccination (pre-vaccination) and after vaccination (6 h 
and 12 h post-vaccination). Experiment 3) The weight of the piglets was 
analyzed at born, 10 days of age, and before weaning (19 days of age). More
over, ADWG and total weight gain were calculated. Experiment 4) The feed 
consumed by the sows of the study was evaluated before (Day(− 2) and D(− 1)) 
vaccination, the day of vaccination (D0), and after vaccination (Day(1) and 
D(2)).
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North-eastern area, with an industry-standard biosecurity program in 
place certified by the herd veterinarian. Sows on the farms were actively 
mass vaccinated against the porcine respiratory and reproductive syn
drome virus (PRRSv) every four months, E. coli and Clostridium per
fringens type C (bivalent vaccine) in last trimester of every gestation and 
against Parvovirus and E. rhusiopathiae (bivalent vaccine) during the 
lactation period in each cycle. Both farms were stable against PRRSv 
based on the classification system developed by the American Associa
tion of Swine Veterinarians (Holtkamp et al., 2011). It is noteworthy 
that throughout the course of the study’s development, no occurrence of 
disease outbreaks or alterations in animal diets occurred.

During the trial, animals were allocated in farrowing crates (ac
cording to the European Commission Directive for Pig Welfare).

2.3. Vaccine

Sows used in this trial received vaccination against ER and PPV 
bivalent vaccine following manufacturés protocol [Eryseng® Parvo, 
HIPRA, Amer, Spain]. The vaccine’s adjuvant is alum, the most widely 
used vaccine adjuvant due to its safety, cost-effectiveness, and ability to 
enhance the body’s immune response to various antigens. (Di Benedetto 
et al., 2024). The treatment was administered intramuscular (i.m.) into 
the neck musculature caudal of the ear base and at a volume of 
administration of 2 ml per animal. All injections were performed by a 
dedicated worker not involved with data collection.

2.4. Uterine tract postmortem examination

The experiment was conducted using only those sows that had been 
selected for culling as part of the farm’s standard culling procedure 
following weaning. None of the selected sows exhibited any reproduc
tive problems in their reports prior to culling. The genital tract of the 
sows (ovarian structures, oviduct, uterine horns, uterine arteries) was 
evaluated the day after weaning. Measurements of ovarian follicle size 
(right and left) and uterine artery size were performed with a digital 
caliber (RS PRO) by an expert under single-blind study conditions. The 
weight (scale in grams-g) of the ovaries, oviducts, and uterine horns was 
recorded with a precision digital scale (Nahita 5041).

2.5. Insemination procedure, pregnancy diagnosis, farrowing and litter 
performance

The insemination was carried on after estrus detection, that was 
performed twice daily by experienced workers by allowing sows nose-to- 
nose contact with mature boars and applying back pressure. The 
occurrence of estrus was defined by the standing reflex in front of a 
teaser boar and reddening and swelling of the vulva. Only sows with 
clear signs of estrus were used for the experiment. The post-cervical 
artificial insemination procedure was performed as described by 
Hernández-Caravaca et al. (2012). Pregnancy was confirmed by ultra
sound 23–28 days after insemination by transabdominal ultrasonogra
phy (Echoscan T-300 S, Barcelona, Spain). At 110 days of gestation, 
pregnant sows were moved from the gestation facilities to the farrowing 
pens. Farrowing data were recorded for each sow. At the end of far
rowing, farrowing rate (%) and the number of piglets born were recor
ded. Each piglet was classified as piglet born alive, dead, or mummified. 
The weaning age of the piglets in both farms was ~24 days. In experi
ment 2, alive piglets were identified with eartags and were assigned to 
their mother sow at birth for precise recording. During the lactation 
period, crossfostering was allowed within each group. Individual body 
weights (kg) of the piglets were collected on the day of birth and a few 
days before weaning using a digital handing scale. Moreover, piglet 
average daily weight gain (ADWG) was obtained for the surviving pig
lets (calculated from the day of birth to the day of the last weighing at 19 
days after birth). The piglets were provided with an ad libitum supply of 
commercial diets commencing on the sixth day of lactation.

2.6. Rectal temperature

Temperatures were measured rectally in the sows using self- 
calibrated digital thermometers at approximately the same time each 
day and recorded in degrees Celsius (◦C) units. Pyrexia was defined as an 
increase in temperature of >1.5 ◦C respective to the baseline tempera
ture of the individual animal (pre-vaccination temperature) (Noguera 
et al., 2021).

2.7. Feed intake

Daily feed intake data were individually obtained by sow using 
control of feeding consumption devices (GESTAL SOLO, JYGA Tech
nologies, Quebec, Canada). Feed was available ad libitum with com
mercial diets for lactating sows.

2.8. Statistical analysis

Statistical analyses were performed with the SPSS 24.0 software 
package (IBM SPSS Inc., Chicago, IL, USA). Sow characteristics param
eters were analyzed for normality by a Shapiro–Wilk test, in which 
showed that all parameters had a normal distribution. The Chi-squared 
test was used to evaluate the distribution of follicles within different 
follicle size classes between both experimental group (vaccinated vs 
non-vaccinated). The proportion of each follicle category (small, me
dium, large) between non-vaccinated and vaccinated animals was 
compared by t-test (data with normal distribution; small and large cat
egories) or Wilcoxon test (data with non-normal distribution; medium 
category). The results are represented as the mean ± SD (standard de
viation) or mean ± SEM (standard error of the mean) accordingly. 
Values were considered significantly different when p ≤ 0.05. A statis
tical trend was considered when p > 0.05 and p < 0.07. The correlation 
between the number of follicles (small, medium, and large) and ovary 
weight and uterine artery size was assessed by Pearsońs correlation.

The reproductive performance of the sows used in the study was 
analyzed for normality by the Kolmogorov-Smirnov test, which showed 
that all parameters had non-normal distribution, so, the non-parametric 
U-Mann Whitney test was used. The results are represented as the mean 
± SD (standard deviation). Values were considered significantly 
different when p ≤ 0.05.

Rectal temperature data were analyzed using the Statistic Analysis 
Software (SAS, University Edition 2016). Sphericity of the data was 
checked for the temperature of the sows (pre-vaccination, 6 h, and 12 h 
post-vaccination). All the variables confirmed the sphericity of the data, 
and they were analyzed using Proc Mixed procedures. The model 
included the treatments (vaccinated vs. non-vaccinated sows), the three 
points of evaluation (pre-vaccination, 6 h post-vaccination, and 12 h 
post-vaccination), and the interaction between these as the main effect, 
with different samples and sows as the random effect. Data temperatures 
are represented as the mean ± SD (standard deviation).

The weights of piglets were analyzed for normality by a Kolmogorov- 
Smirnov test, which showed that all parameters had a non-normal dis
tribution except weight gain from birth to the final weight, piglet weight 
at the end of the study and ADWG from birth to the final weight. Then, 
the U-Mann-Whitney test was used for non-parametric parameters and 
the T-test for parametric parameters. Values were considered signifi
cantly different when p ≤ 0.05. A statistical trend was considered when p 
> 0.05 and p < 0.07. Weight data in the text are represented as the mean 
± SD (standard deviation). The feed consumed per sow was analyzed for 
normality by a Shapiro–Wilk test, which showed that the data had a 
normal distribution, so a t-student test was applied. Values were 
considered significantly different when p ≤ 0.05. Feed consumed data in 
the text are represented as the mean ± SD (standard deviation).
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3. Results

Sows used in experiment 1 (Table 1; Farm A) showed similar char
acteristics between both experimental groups. Gross examinations did 
not reveal significant differences between vaccinated and non- 
vaccinated females based on the weights of the ovaries, uterus, and 
oviduct.

The frequencies of each follicle size were significantly different be
tween vaccinated vs non-vaccinated sows (p < 0.001), with vaccinated 
sows showing a lesser frequency of large follicles and a higher frequency 
of small follicles than non-vaccinated sows. When the percentage of 
follicles in each category (small, medium or large) was compared, a 
significant higher rate of large follicles was observed in non-vaccinated 
compared to vaccinated animals (Table 2), (Fig. 2).

No correlation was detected between the size of the follicles and 
ovary weight (p > 0.05), but a positive significant correlation was 
established between the number of large follicles and the size of the 
uterine artery (r = 0.678; p = 0.022). In addition, when this last cor
relation was performed separately in the two experimental groups, a 
statistical trend was found for non-vaccinated sows (r = 0.872; p =
0.054) but correlation was not observed for the vaccinated sows (r =
0.323; p = 0.533).

At farm B, all animals showed normal reproductive performance 
prior to the experiments without differences between the experimental 
groups (Table 3). The vaccination (or placebo in the case of the control 
group) of the sows was performed after ~11 days of lactation (11.27 ±
1.52 and 11.22 ± 1.39 days for vaccinated and non-vaccinated sows, 
respectively; p = 0.939).

In experiment 2, the sows’ rectal temperature during the trial (pre- 
and post-vaccination) did not display any differences between vacci
nated and non-vaccinated sows (p > 0.05). Moreover, no adverse local 
reactions were observed in any of the investigated groups.

In experiment 3, the number of lactation days until the final weight 
studied were 19.18 ± 1.34 and 19.25 ± 1.43 days for vaccinated and 
non-vaccinated sows respectively (p = 0.617). The weights of piglets 
between groups at birth and at 10 days of lactation were similar (1.39 ±
0.39 and 1.37 ± 0.37 kg for piglets from vaccinated and non-vaccinated 
sows at birth; p = 0.712 and 3.54 ± 0.54 and 3.64 ± 0.59 kg for piglets 
from vaccinated and non-vaccinated sows at 10 days; p = 0,202). Sta
tistical differences were observed at final weight near weaning (5.28 ±
0.57 and 5.40 ± 0.56 kg for piglets from vaccinated and non-vaccinated 
sows, respectively; p = 0.05). When the total weight gained per piglet 
between birth and the final weigh was analyzed, the results indicated a 
significant improvement for the piglets from non-vaccinated sows (3.89 
± 0.62 and 4.02 ± 0.60; for vaccinated and non-vaccinated sows 
respectively, p = 0.03) (Fig. 3).

ADWG during the studied period showed a statistical trend in favor 
the non-vaccinated group (0.204 ± 0.032 and 0.210 ± 0.034; for 
vaccinated and non-vaccinated sows respectively, p = 0.06).

When the feed consumed per sow (experiment 4) was analyzed the 2 
days previous to vaccination (D(− 2) and D(− 1)), the day of vaccination 
(D(0)), and 2 days after vaccination (D(1) and D(2)), a significant dif
ference was observed the D0 (p = 0.016) showing a lower feed con
sumption per sow in the vaccinated group compared to the non- 
vaccinated group (4.09 ± 1.03 and 4.62 ± 0.82 kg, Fig. 4).

4. Discussion

Successful swine production aims to deliver as many live-born and 
healthy piglets as possible by, among other factors, preventing infectious 
diseases affecting reproductive output. Vaccination is one of the most 
successful and cost-effective interventions to prevent swine diseases 
such as erysipelas and parvovirus. However, vaccination strategies on 
farms should be established to achieve not only an adequate level of 
immunity against pathogens but also to decrease the stress of the ani
mals in critical periods of swine production to maximize its production 
and welfare. Our study has shown the effect of the administration of a 
combined vaccine of ER and PPV during the lactation period on repro
ductive and productive efficiency.

Few studies have analyzed the putative impact of vaccination on the 
reproductive tract and ovary function, except those related to ovarian 
regulation (Jinshu et al., 2005; Wang et al., 2012) or contraception (Ma 
et al., 2012; Dalmau et al., 2015) through vaccines. First, we compared 
the effect of vaccination during day 11 of lactation on the ovary and 
reproductive tract. The study demonstrates that this ER/PPV vaccine has 
no impact on the female reproductive tract and the total number of 
follicles in the ovaries did not vary between non-vaccinated and vacci
nated sows. This fact agrees with a previous report comparing PRRSV 
-vaccinated and non-vaccinated sows concerning gross measurements of 
ovaries and uterus (Papatsiros et al., 2015). However, our results indi
cated that the non-vaccinated sows showed a higher frequency of larger 
follicles than vaccinated sows. In pigs, some studies have shown, that 
developmental competence of pig oocytes improves as follicular size 
increases (Marchal et al., 2002). To the best of our knowledge, this is the 
first study analyzing the impact of vaccination on porcine follicular size. 
This is of paramount importance because sows showing smaller follicles 
at weaning had showed longer intervals for estrus and ovulation and 
smaller litters at farrowing (TP Lopes et al., 2020). Lopes et al. also 
stated that differences in follicles size in the early stage of lactation 
persisted throughout the entire period and weaning, reinforcing the 
notion that vaccinations and stress should be minimized during this 
stage (TP Lopes et al., 2020).

In our study, a positive correlation was also found between large 
follicle proportion and uterine artery size in the non-vaccinated group. 
Although in another species the positive correlation observed between 
ovarian follicular size and uterine artery vascular indices was demon
strated in cows (Yama et al., 2022).

The populations of follicles observed in the present study agree with 
the physiology of the ovary during lactation. Small and medium-sized 
follicles (no larger than 3 mm) are present during the second week of 
lactation for a later increase in their size because of a higher frequency of 
luteinizing hormone (LH) pulses but not developed beyond 5 mm in 
diameter during lactation (Quesnel, 2009). One aspect to consider is the 
impact of feed reduction intake on the day of vaccination on follicular 
development. Our results indicated a reduction of follicle size popula
tion in the vaccinated sows and a significant decrease in feed intake on 
the day of vaccination in this group of animals. It has been demonstrated 
that gilts deprived of glucose reduced LH pulse frequency (Barb et al. 
2001) which may be related to the reduction in the follicular growth 
observed in our study. Restriction feed to sows were reported to inhibit 
secretion of LH and result in fewer follicles larger than 4 mm at weaning 
and two days later (Quesnel et al., 1998). So, nutritional deficiency 

Table 1 
Characteristics (number of parities and reproductive tract) of the sows from the two experimental groups (non-vaccinated vs. vaccinated sows). Data are expressed as 
mean ± SD. The values are the mean of right and left structures (ovary, oviduct, uterine horn, and uterine arteries) and the mean total number of follicles per sow. No 
significant differences were observed (p > 0.05).

N Parity Ovaries weight (g) Total number of follicles per sow Oviduct weight (g) Uterine horns weight (g) Uterine arteries (cm)

Non-vaccinated 9 6.88 ± 0.78 7.83 ± 1.60 67.22 ± 16.02 3.31 ± 0.44 304.20 ± 47.97 0.57 ± 0.07
Vaccinated 10 6.60 ± 1.07 7.01 ± 1.63 74.60 ± 18.23 3.26 ± 1.28 309.00 ± 51.90 0.53 ± 0.06
p-value ​ 0.235 0.833 0.364 0.116 0.937 0.685
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during lactation can alter follicular growth.
Overall, the administered vaccine did not induce a significant in

crease in the mean rectal temperature compared to non-vaccinated an
imals. Furthermore, none of the animals of the study had a rectal 
temperature increase above 1.3 ◦C (including vaccinated and non- 
vaccinated animals) after injection except two animals injected with 
the vaccine which had an increase of 1.9 ◦C. These findings agree with 
previous reports using the same bivalent vaccine in pregnant gilts 
(Noguera et al., 2021) or different PPV vaccine in lactating sows 
(García-Morante et al., 2019).

The number of pigs weaned per sow is commonly used as a mea
surement to benchmark the productivity of breeding herds (Koketsu 
et al., 2017). However, other factors such as piglet quality should be 
considered. A previous study using a different vaccine showed no dif
ferences between the vaccinated group and non-vaccinated regarding 
ADWG in piglets (García-Morante et al., 2019), and vaccine applied was 
only against PPV but not ER, and the study was longer than our study (19 
vs. 28 days). Although in this study similar to our results a significant 
difference in piglet weight gain from birth to the final weight at weaning 
in favor of non-vaccinated group was found. Moreover, the AWDG trend 
to be higher in the piglets from the non-vaccinated group. This aspect 
may be associated with the reduced sow feed intake in the period around 
vaccination, where the feed consumed significantly decreased the day of 
inoculation in the vaccinated group. Feed intake is a critical point in 
lactating sows and lower lactation feed intake has been associated with a 
lower average weaning weight of piglets and reproductive failures 
(Koketsu et al., 1996) which agrees with our results.

Despite the mild nature vaccine’s effects, our study indicates that its 
administration during lactation can have several adverse consequences 
on sow physiology and offspring performance, as previously discussed. 
In this regard, adverse reactions to vaccination may result to the in
flammatory response to the antigen or the presence of an adjuvant in the 
vaccine (Spickler et al., 2003). The alum used as an adjuvant in the 
vaccine administered in our study can activate cellular transcription 
factors and stimulate the production of various signaling molecules. For 
example, it can trigger the Nalp3 inflammasome, leading to a humoral 
adaptive immune response (IgE production) (Eisenbarth et al., 2008; 
Kool et al., 2008; Kuroda et al., 2011). Additionally, alum can activate 
dendritic cells through receptor-independent uptake, induce lipid 

Table 2 
Percentage of small, medium and large follicles per ovary from the two experimental groups (non-vaccinated vs. vaccinated sows). Data are expressed as mean ± SEM. 
No significant differences were observed (p > 0.05). Dots-graph showing the percentage of follicular size [small (represented in blue), medium (represented in grey) 
and large (represented in green)].

Ovaries Small 
follicles (%, 

)

Medium 
follicles (%, 

)

Large 
follicles (%, 

)

Dots-graph

Non-vaccinated 18 24.95 ± 4.04 39.36 ± 6.35 35.65 ± 4.97

Vaccinated 20 35.41 ± 5.61 44.71 ± 5.78 19.89 ± 3.39

p-value ​ 0.12 0.33 0.035 ​

Fig. 2. Ovaries of non-vaccinated and vaccinated sows the day after weaning at 
the beginning of the follicular phase, after lactation anestrus. Different follicle 
sizes are observed in both groups. Scale in cm.

Table 3 
Reproductive performance in sows used for both experimental groups (non-vaccinated vs. vaccinated sows). Data are shown as mean ± SD. No significant differences 
were observed (p > 0.05).

N Parity Total piglets born Piglets born alive Piglets born dead Mummified piglets

Vaccinated 33 3.85 ± 2.98 14.15 ± 3.40 13.01 ± 3.34 0.97 ± 1.52 0.06 ± 0.37
Non-vaccinated 31 3.88 ± 2.80 13.98 ± 3.68 12.63 ± 2.81 1.30 ± 1.90 0.14 ± 0.60
p-value ​ 0.927 0.877 0.481 0.265 0.345
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mediators such as prostaglandins, and stimulate the innate immune 
system by host DNA released from alum-injured cells (Flach et al., 2011; 
Kuroda et al., 2011; Marichal et al., 2011). Moreover, high doses of 
aluminum hydroxide injected without antigens has demonstrated to 
cause granulomas in pigs (Valtulini et al., 2005). However, alum re
mains the most widely used vaccine adjuvant due to its safety, 
cost-effectiveness, and ability to enhance the immune response to 
various antigens (Di Benedetto et al., 2024). Including an experimental 
group receiving only the adjuvant could have provided a more 

comprehensive interpretation of the results. We acknowledge this is a 
limitation of the present study; however, it is important to note that all 
commercially available bivalent ER/PPV vaccines come as ready-to-use 
suspension for injection, and the focus is on evaluating whether the 
complete product available to veterinarians (adjuvant + antigen) in
fluences reproductive performance.

5. Conclusions

This study determined that administering the bivalent ER/PPV vac
cine to sows during lactation can have a detrimental effect on follicle 
development, leading to a reduced frequency of large follicles. Addi
tionally, piglets from vaccinated sows exhibited lower final weight, 
reduced weight gain, and a tendency toward lower average daily weight 
gain during lactation. Furthermore, vaccinated sows had lower feed 
consumption on the day of vaccination compared to the non-vaccinated 
group.

It is well established that ER and PPV are major contributors to 
reproductive failure in the swine industry, and vaccination remains the 
most cost-effective strategy to prevent these diseases worldwide.

The findings of this study highlight the need for further research to 
evaluate alternative vaccination strategies, such as administration dur
ing gestation or as part of a mass vaccination program that reduces 
vaccine administration during lactation, to mitigate potential negative 
effects on sow reproductive performance and piglet growth.
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