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ABSTRACT: The application of the intrauterine artificial insemination (IUAI) technique allows optimization of a swine production system
due to the reductions in volume and number of sperm cells in the insemination dose, and by reducing the time taken to perform the
insemination. However, IUAI is not recommended for gilts due to the difficulty of intrauterine cannula passage through the cervix. This
difficulty is associated mainly with the fact that the reproductive tract is smaller in gilts than in pluriparous females. However, few studies
have evaluated the application of IUAI in gilts. In these studies, there are variations in approach concerning the definition of the success
rate for cannula passage through the cervix, the type of cannula and the body characteristics of the gilts used, making it difficult to
extrapolate the recommendation for the use of IUAI in gilts. Considering the evidence that such characteristics influence or even determine
the success of the application of IUAI there is a necessity for an understanding of the influence of these factors in the improvement and
later application of the technique. Gilts represent about 15—20% of the breeding group, and the use of IUAI could optimize the processes of
insemination on farms. The approach used in this review highlights the aspects that could aid in structuring further studies for improving
ITUAI in gilts, allowing its use on commercial farms.
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Perspectivas de aplicabilidade da inseminacio artificial intrauterina em leitoas

RESUMO: 4 aplicagdo da técnica de inseminagdo artificial intrauterina (IAU) permitiu uma otimizagdo do sistema de produgdo de suinos
por possibilitar a redug¢do do volume e niimero de células espermdticas na dose inseminante e, também, por diminuir o tempo de execug¢do
da inseminagdo. Porém, a IAU ndo tem sido recomendada para leitoas devido a dificuldade de passagem do cateter intrauterino através da
cérvix. Essa dificuldade é associada principalmente ao menor tamanho do trato reprodutivo de leitoas se comparado ao das fémeas pluriparas.
Entretanto, ainda sdo poucos os estudos que avaliaram a aplicagdo de IAU em leitoas. Nesses estudos, existem variagdes quanto a defini¢do
da taxa de sucesso na inser¢do do cateter através da cérvix, ao tipo de cateter e, também, quanto ds caracteristicas corporais das matrizes
utilizadas, dificultando extrapolagées de recomendagdo do uso da IAU em leitoas. Considerando os indicios de que tais caracteristicas podem
influenciar ou, até mesmo, determinar o sucesso de aplica¢do da técnica, ainda ha necessidade de compreender a influéncia desses fatores
para que a técnica possa ser aprimorada e posteriormente aplicada. Leitoas representam cerca de 15 a 20% do grupo de cobertura e viabilizar
a IAU nessa categoria pode otimizar os processos de inseminagdo nas granjas. A abordagem realizada nessa revisdo traz aspectos que podem
auxiliar na estruturagdo de futuros estudos para aprimorar a IAU em leitoas e permitir seu emprego em granjas comerciais.
Palavras-chave: inseminagdo pos-cervical, nuliparas, cateter intrauterino, cérvix.

INTRODUCTION in the posterior cervix and the insemination dose (ID) is

deposited in the cervix’s lumen (SORIANO-UBEDA

Artificial insemination (AI) is the most-
used reproduction biotechnology in the swine industry
(RIESENBECK, 2011; SORIANO-UBEDA et al.,
2013; WABERSKI et al., 2019). Different methods
have been developed over the years, but currently
cervical artificial insemination (CAI) and intrauterine
artificial insemination (IUAI) are used commercially.

In CAI also known as traditional Al, a
catheter of approximately 50-60 cm in length is placed

et al., 2013; BORTOLOZZO et al., 2015; ROCA et
al., 2016). For this technique, IDs containing 1.3—4
billion sperm cells (mostly 2.5—4 billion) extended in a
total volume of 70-100 mL are used depending on the
region or country (SORIANO-UBEDA et al., 2013;
BORTOLOZZO et al., 2015; KNOX, 2016; ROCA et
al., 2016; WABERSKI et al., 2019). Considering that
females are inseminated two or three times, a total of
2.6—-12 billion sperm cells are used per estrus.
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Alternatively, the TUAI technique (also
known as post-cervical artificial insemination —
PCAI), consists of using an inner cannula through
the traditional catheter allowing ID deposition in
the uterine lumen (after the cervix and before the
uterine bifurcation) (WATSON & BEHAN, 2002).
Therefore, by reducing the sperm transit through
the cervix, IUAI allows the use of IDs of lower
volume and number of sperm cells than CAI without
impairing reproductive performance (WATSON
& BEHAN, 2002; HERNANDEZ-CARAVACA
et al,, 2012). Thus, IDs with 1-2 billion sperm
cells in a volume of 40-50 mL are used for IUAI
(BORTOLOZZO et al., 2015; WABERSKI et al.,
2019). The advantages of IUAI compared to CAI are
reported to be the reduction in the number of sperm
cells and the volume of IDs, allowing the production
of a greater number of IDs per ejaculate and
optimizing the use of boars of higher genetic index
(WATSON & BEHAN, 2002; DALLANORA et
al., 2004; HERNANDEZ-CARAVACA et al., 2012;
GARCIA-VAZQUEZ et al., 2019b), shorter time to
perform the insemination (MARTINEZ et al., 2002;
WATSON & BEHAN, 2002), and a reduction in the
costs of boar acquisition and maintenance (DIEHL et
al., 2006). IUAI is consolidated and has been applied
successfully to more than 90% of pluriparous sows
(WATSON & BEHAN, 2002; DALLANORA et al.,
2004; MEZALIRA et al., 2005; BENNEMANN et
al., 2007), to approximately 86% of primiparous sows
(SBARDELLA et al., 2014) and is widespread in the
production systems for these categories.

Despite that, there are limitations to
recommending ITUAI in gilts, the most significant
challenge being the difficulty of cannula insertion
through the cervix (HERNANDEZ-CARAVACA et
al., 2017; GARCIA-VAZQUEZ et al., 2019b). Thus,
there is still a need to perform both Al techniques
(CAIand IUAI) in the farm routine and to produce two
semen dose sizes in the boar studs (BORTOLOZZO
et al., 2015; GARCIA-VAZQUEZ et al., 2019b).
Considering that gilts represent a significant number
of animals in the breeding herd (BORTOLOZZO &
WENTZ, 2006), the use of IUAI could consolidate
advantages observed in pluriparous sows and allow
standardization of the Al technique used on farms and
the semen dose production in boar studs.

This review discusses the main results
obtained using IUAI in gilts, since its application is
still a challenge for this category. Additionally, the
factors that affect the reported results are discussed
in order for it to be considered in future approaches
for the improvement and use of the technique in gilts.

The use of intrauterine artificial insemination

HANCOCK (1959) made the first report
of using a device for intrauterine semen deposition.
However, scientific information on IUAI application
under commercial conditions was reported only from
2002 (WATSON & BEHAN, 2002). From that time,
several studies to determine the number of sperm
cells and the volume of IDs that provide satisfactory
reproductive performance with IUAI have been
conducted (DALLANORA et al., 2004; ROZEBOOM
etal., 2004; MEZALIRA et al., 2005; BENNEMANN
et al., 2007; ARAUJO et al., 2009; HERNANDEZ-
CARAVACA et al., 2012). IUAI came to be used
in pluriparous sows, with doses containing about
1.5 billion sperm cells in a volume of 45-50 mL.
Although, there are no official data, Brazil stands out
in the use of IUAI with an estimated 60% of total
inseminations performed by IUAI (WABERSKI et
al., 2019) and more than 80% of farms using this
technique in pluriparous sows (BORTOLOZZO, F.P,;
personal information).

IUAI remains limited and non-
recommended for gilts (BORTOLOZZO et al., 2015;
GARCIA-VAZQUEZ et al., 2019b), and few studies
evaluating IUAI included gilts or primiparous sows.
The explanation for this non-inclusion was based
on the difficulty of cannula insertion through the
cervix and occurrence of bleeding, which is higher
in primiparous sows and gilts than in pluriparous
sows (15-23% versus 0-10%) (DALLANORA et al.,
2004; BENNEMANN et al., 2007; SBARDELLA et
al., 2014; HERNANDEZ-CARAVACA et al., 2017;
GARCIA-VAZQUEZ et al., 2019b). Additionally,
when attempts at IUAI in gilts were made using
a cannula for pluriparous sows,  histological
examination confirmed injuries to the cervical
mucosa in most of the gilts (43/68) (BEHAN &
WATSON, 2006). This sum of factors determined the
recommendation for IUIA use only for females with
parity order (PO) of 2 or more. In fact, the first studies
that included primiparous sows resulted in a reduction
in the number of piglets born (SERRET et al., 2005)
and difficulty with cannula insertion (DIEHL et al.,
20006), indicating the necessity for adjustments in the
technique according to the PO.

Some years later, after the standardization
of the IUAI in PO > 2 sows, SBARDELLA et al.
(2014) were the first to evaluate and validate TUAI
specifically for primiparous sows. The authors
reached a success rate of 86% in intrauterine cannula
insertion in all inseminations. In the same study,
no differences were observed in the reproductive
performance when comparing TUAI (1.5 billion
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sperm cells in 45 mL) with CAI (3.0 billion sperm
cells in 90 mL). Improvements over the years that
have increased the success rate of IUAI in young
females must be considered, such as the suggestion to
remove contact with boars during IUAI to avoid the
cervical contraction stimulation and its possible effect
on the difficulty of cannula insertion (ULGUIM et al.,
2018a); improvements in intrauterine cannulas (more
flexible material); as well as greater experience by
the operators (GARCIA-VAZQUEZ et al., 2019b).
However, even with the knowledge of these factors
and with the emergence of new intrauterine cannulas
for gilts recently, there is still a necessity for additional
studies to make the use of IUAI feasible in gilts.

Intrauterine artificial insemination in gilts

One of the first studies comparing the
insemination techniques (CAI and IUAI) in gilts
included 47 animals, and a higher total number of
piglets born and born alive was observed for CAI
compared to IUAI but no statistically significant
difference (DIMITROV et al., 2007). In their study,
the success rate of cannula insertion was not reported.
As with primiparous sows, studies on IUAI in gilts
were not conducted for several years. However, with
the improvement in cannulas and standardization of
the technique studies of IUAI in gilts were resumed.

Our understanding is that the necessity of
deepening the knowledge of the factors associated
with the success of IUAI in gilts should include an
understanding of the best device to be used, the gilts’
cervix characteristics and the methods applied during
the attempts at intrauterine cannula insertion. Most of the
TUALI attempts conducted in gilts under field conditions
were performed initially with consolidated catheters and
intrauterine cannulas for pluriparous sows.

In a recent study published exclusively
on gilts, a low success rate of cannula insertion and
gilts successfully inseminated by IUAI (23%) was
reported when a multi-ring catheter designed for
pluriparous sows and a 3.5-mm-diameter intrauterine
cannula were used (HERNANDEZ-CARAVACA
et al., 2017). Under field conditions, ULGUIM et
al. (2018b) measured the success rate and insertion
depth of an intrauterine cannula (75-cm length and
3.5-mm diameter) in the first insemination, when
catheters designed for either pluriparous sows or gilts
were used as guides for cannula insertion. A cannula
insertion of more than 10 cm was possible in 44% of
gilts using catheters designed for either pluriparous
sows or gilts. In contrast, a higher percentage of
gilts with cannula insertion of less than 6 cm was
observed using a catheter designed for gilts (40%)

when compared to a catheter used for pluriparous sows
(28%). Results suggested a better fixation in the cervix
with the catheter used for pluriparous sows, facilitating
the manipulation of the intrauterine cannula through
the cervix and its use as a guide for IUAI in gilts. In
a recent study conducted by our group (unpublished
data), no difference in the success rate for intrauterine
cannula insertion (~70%) was observed when guide
catheters for pluriparous sows with different tip shapes
(foam-tip or spiral-tip) were used. However, the spiral-
tip catheter resulted in a greater semen backflow and
number of attempts required for cannula insertion than
did the foam-tip catheter.

On the other hand, even with some degree
of difficulty in 42% of the gilts, a success rate close
to that observed in pluriparous sows for cannula
insertion was reported in gilts (91%) by TERNUS et
al. (2017). In some studies, the approach used to define
the success rate or percentage of cannula insertion is
unclear because the methodological description is
often unclear. This is because the insertion percentage
can consider the percentage of gilts in which cannula
insertion was possible in all inseminations during the
estrus, the percentage of gilts that received at least
one IUAI during the estrus, or the percentage of
inseminations where the intrauterine cannula insertion
was possible per total number of inseminations
performed. Additionally, the lack of information on
the devices’ dimensions makes it difficult to identify
those with the greatest potential for applicability
in TUAI Also, there is a lack of information about
the number of attempts made and time required for
cannula insertion, as well as the gilts’ characteristics
at insemination (age, weight, body condition score,
and the number of previous estrus detected), making
it difficult to draw conclusions about the possibilities
of using IUAI in gilts.

The use of substances for cervix dilation
and the development of devices specifically designed
for IUAI in gilts are strategies used to overcome the
difficulties of cannula insertion through the cervix.
Drugs for cervix dilation have been successfully
used in ewes, in which there is also difficulty in
catheter insertion through the cervix for transcervical
insemination (ROBINSON et al., 2011). In this way,
according to HERNANDEZ-CARAVACA et al.
(2017), when vetrabutin chlorhydrate was injected
intramuscularly and compared to the cervical
deposition of warm extender for cervix relaxation, no
significant improvement in the success rate for [UAI
in gilts was observed (34% and 24%, respectively);
however, this approach is uncommon in pigs.
Regarding the use of a specific device designed for
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gilts (16-mm-diameter catheter and 2.5-mm-diameter
intrauterine cannula), the success rate was higher
(60% versus 37%) compared to the use of the same
catheter (16 mm) with a larger-diameter cannula
(3.5 mm) (HERNANDEZ-CARAVACA et al., 2017).
Similarly, SUAREZ-USBECK et al. (2019) observed
that the insertion of the cannula was possible in 77.5%
of gilts when a catheter and a cannula specifically
designed for gilts were used. Recent results using
a cannula specific for gilts (3.0-mm diameter) also
indicated percentages close to 60% of gilts in which
cannula insertion was possible in all inseminations
performed during estrus (WILL et al, 2021).
Considering that the cannula diameter can influence
the IUAI success rate, adjustments to the device have
been the most-used strategies, showing promising
results for the progress of the technique.

In general, in different studies in which
IUAI was evaluated in gilts, the reproductive
performance was not affected compared to CAI
(Table 1). In another approach, LLAMAS-LOPEZ
et al. (2019) used a cannula specially designed for
gilts for deposition of the ID at 8 cm further cranially
than the conventional catheter. This technique was

considered deep cervical artificial insemination (Dp-
CAl), indicating an alternative to IUAI and CAI
The technique (1.5 billion sperm cells per ID) was
successfully performed in 89% of the gilts and there
were no differences in reproductive performance
compared to CAI (2.5 billion sperm cells per ID).
However, the authors reported that the ID was infused
slowly due to cervical deposition. Therefore, Dp-
CAI could be an interesting strategy, but it would
not include the benefit of reduction in the time for
semen dose infusion (an important advantage of
IUAI). Additionally, in a recent study conducted by
our research group, we observed good reproductive
results, even using CAI with reduced number of sperm
cells (WILL et al., 2021). However, additional care is
required during insemination using this technique. In
this sense, the Dp-CAI can bring more security than
CAl, with a reduced number of sperm cells, but does
not benefit from the full advantages of ITUAIL

Characteristics to be considered in the use of IUAI
in gilts

The smaller dimensions of the
reproductive tract are the reason for the difficulty

Table 1 - Reproductive performance using intrauterine artificial insemination (IUAI) with different numbers of sperm cells and

insemination dose (ID) volumes in gilts.

1 Al Catheter +
Reference n q 2
technique cannula type
DIMITROV et al. 28 CAT -
(2007) 19 IUAL -+P
) 47 CAI -
HERNANDEZ-
n
CARAVACA et al. 36 IUAI PP
(2017) 54 IUAI G+P
63 IUAI G+G
273 CAI -
TERNUS et al. (2017)
279 IUAI =
SUAREZ-USBECK et 324 CAI -
al. (2019) 248 IUAI G+G
. 130 CAIL -
LLAMAS-LOPEZ et al. T
(2019) 6 Dp-CATP G+G
158 CAIL -
159 CAIL =
WILL et al. (2021)
90 [UAI P+G
97 IUAI P+G

No. of sperm Vol.  Farrowing

5 6 (0
cells ( 10°)  (mL)*  rate (%) TPB SR (C0)

3.0 100 85.7 10.3 -
1.5 50 89.5 9.1 -
3.0 80 93.6 13.7 -
1.5 40 82.6 13.1 19.6
1.5 40 93.3 13.2 37.0
1.5 40 84.3 13.9 60.3
2.5 80 89.4 11.6 -
1.5 40 91.8 11.8 91.4
3.0 90 85.8 183 -
1.5 45 88.7 185 77.5
2.5 85 83.6 13.7 -
1.5 45 87.5 13.1 88.9
1.5 50 93.7 145

2.5 80 95.6 145 )
1.5 50 94.4 14.8 89
2.5 80 93.8 14.5

"Number of inseminated gilts; ?Catheter for cervical fixation used for pluriparous sows (P) or gilts (G) + intrauterine cannula for
pluriparous sows (P) or gilts (G); *Number of sperm cells in the ID (x 10°); *ID volume; * TPB — total number of piglets born; *SR —
success rate of intrauterine cannula insertion; ' CAI — cervical artificial insemination; ® IUAI — intrauterine artificial insemination; ° Dp-
CAI — deep cervical artificial insemination. There was no difference between treatments in any study.
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of intrauterine cannula insertion through the cervix
(KAPELANSKI et al, 2013; TUMMARUK &
KESDANGSAKONWUT, 2014). In this way,
recently, GARCIA-VAZQUEZ et al. (2019a)
characterized the reproductive tract morphometry of
the parts involved in the IUAI of pluriparous sows
(PO = 5, and 234.05 + 11.71 kg average weight)
and gilts (~220 days of age, and 165.76 = 8.5 kg).
Compared to gilts, pluriparous sows presented longer
vagina + cervix length (56.23 £ 6.01 versus 50.39 +
5.25 cm), larger cervix length (25.93 + 4.64 versus
21.65 = 3.39 cm), and larger perimeter and area in
the uterine part of the cervix (8.50 = 1.44 cm and
4.07 £ 1.46 cm?; versus 6.28 £ 0.92 cm and 2.46 +
0.56 cm?), all respectively. Additionally, pluriparous
sows had more connective tissue (67.60 = 13.38
versus 58.86 = 10.78%) and fewer muscle fibers
(30.66 £ 13.69 versus 39.79 £+ 10.24%) than gilts,
respectively. These differences in connective tissue
and muscle fiber content could explain the lower
distension capacity of the gilt cervix, which may
make intrauterine cannula insertion difficult. Also,
the gilts had a higher density of cervical ridges in the
uterine part of the cervix, which reduced the cervical
lumen and made cannula insertion more restricted.
Therefore, new devices for IUAI must consider the
morphological peculiarities of the gilt cervix.

Specific characteristics of the different
genetic lines represent also factors to be considered,
as suggested by the results of TERNUS et al. (2017),
who observed a high percentage of cannula insertion
in their study. Another point is related to the effect
of age and weight of gilts on the success rate.
SUAREZ-USBECK et al. (2019) used gilts of 150
+ 5 kg, at least two previously detected estrus, and
255-270 days of age at insemination (older than is
normally recommended for the first insemination).
Although, the influence of these factors on the
percentage of gilts that allowed cannula insertion
was not evaluated, the good results concerning
cannula insertion indicated that IUAI success is
greater in older or heavier gilts. Despite the authors
crediting the success of cannula insertion to the use
of a cannula specific for gilts, the possible effects of
age and weight should not be excluded.

In a study from the 1980s it was
reported that larger cervix dimensions (weight
and length) were associated with heavier, older,
and cyclical gilts (females with ovarian structures
characteristic of previous reproductive cycles)
(PRUNIER et al., 1987). Similarly, TUMMARUK
and KESDANGSAKONWUT (2014) observed
larger dimensions of the reproductive tract in

cyclical females compared to non-cyclical, and
greater length of the uterus in gilts of higher
body weight (=161 kg). In this way, recently,
WILL et al. (2021) observed that gilts of = 225
days old at insemination and weighing > 124 kg
in the estrus previous to the insemination estrus
had a higher success rate of intrauterine cannula
insertion than those of lower weight and age. Here,
the success rate considered the cannula insertion
through the cervix in all inseminations performed
during estrus. Additionally, in a recent evaluation
performed by our group, we observed a tendency
(P £ 0.10) of an interaction effect between classes
of weight, body condition score (BCS), and
caliper unit, with different classes of age, where
gilts of older age, higher weight, and higher body
condition parameters (BCS and caliper) showed
a higher success rate of cannula insertion than
those of lower age, weight and body condition
score (Table 2). These results suggested that these
factors combined influence the percentage success
of cannula insertion through the cervix in gilts and
should be better explored in future studies.

Considering the above discussion
concerning the characteristics of the gilts at
first insemination, it is important to remember
that a certain degree of body and physiological
development is necessary to achieve puberty,
which is usually reached at approximately 150—
220 days of age and is defined as the occurrence
of the first estrus and subsequent regular cyclicity
at intervals of 18-24 days (MELLAGI et al.,
2006; SOEDE et al., 2011). The first insemination
is recommended from the second detected estrus
when the gilts reach 135-150 kg body weight,
avoiding compromising the farrowing rate and
litter size (KUMMER etal., 2005; BORTOLOZZO
et al., 2009). However, the recommendations
range from 203-240 days of age and 135-160 kg
body weight, according to genetic line.

Therefore, the variations in intrauterine
cannula insertion rates among studies may be related
to the different characteristics of the gilts used
(weight, age, number of previous estrus detected),
which are possibly associated with the dimensions of
the reproductive tract. In this way, due to differences
in the age and weight recommendations for the first
insemination, and in the physical conformation of
gilts, scientific information that considers the cannula
insertion in different genetic lines are required. These
characteristics are relatively easy to measure in the
farm’s routine and an understanding of their effects
can be essential before recommending IUAI in gilts.
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Table 2 - Success rate (%) of intrauterine cannula insertion through the cervix of gilts according to different classes of age, body condition

score (BCS), caliper unit and weight.

Classes' | Age (days) P-value
<224 225-241 >242 Age Classl Age x Class
n 80 157 82
BCS® <0.01 0.27 0.09
2.5 65 36.8" 60.6" 61.5%
3 177 53.1% 57.0% 54.8%
>3 77 33.3% 71.1™ 88.9™
Caliper® 0.01 0.34 0.10
<13 68 52.4% 55.9% 61.5™
13-14 170 47.7% 60.2"™ 55.8"
>14 81 33.3% 67.5" 88.5™
Weight (kg)* 0.01 0.04 0.06
<124 78 36.7™ 50.0™ 42.9%
124-140 162 60.5™ 59.6™ 62.9%
>140 79 25.0% 76.5% 81.8%

1 Class of body variable; 2 Data on the variables age, BCS and caliper unit were recorded at the moment of insemination (2nd estrus);
3 The weight variable was measured at the estrus previous to the insemination estrus. In this study, the success rate was defined as the
percentage of gilts that allowed intrauterine cannula insertion through the cervix in all inseminations performed during estrus. The effect
of interaction was considered as a tendency (0.05 < P < 0.10); a-b in the same column indicates tendency to difference between the
classes of body variables. x-z in the same row indicates tendency to difference between the age classes (unpublished data).

In summary, it has been reported in most
studies, as well as by production system operators,
that the greatest challenge to the use of [IUAI on a large
scale is the difficulty of cannula insertion through the
cervix, and consequently the longer time required to
perform the technique. Thus, despite the good results
obtained recently in gilts, [UAI has not been used
in most production systems (GARCIA-VAZQUEZ
et al., 2019b). For this reason, improvements to the
technique, considering the factors that could influence
or even determine the success of IUAI in gilts, are
necessary before making a recommendation for its
use on a commercial scale.

CONCLUSION

The few studies that have evaluated TUAI
and included gilts used different approaches to define
the success of cannula insertion. The characteristics
of the gilts at first insemination and the catheters and
cannulas used for IUAI are different between studies.
These considerations make it difficult to conclude
a recommendation concerning IUAI in gilts. We
considered that the technique remains limited to gilts,
even with a success rate close to 70%, due to the difficulty
of cannula insertion through the cervix. Future studies
should focus on a better understanding of the possible
effects of genetic factors and the physical characteristics
of gilts on the success rate of cannula insertion.
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