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Abstract

Replacement gilts are a major source of introducing the porcine reproductive
and respiratory syndrome (PRRS) virus into the swine breeding herd. The objective of
the present study was to determine the prevalence of PRRS virus antigen by detection
in the ovary of gilts culled due to reproductive disturbances. Ovarian tissues were
collected from 100 Landrace x Yorkshire crossbred slaughtered gilts in Thailand. PRRS
virus antigen in the ovarian tissues were detected by using immunohistochemistry. On
average, the gilts were culled at 277 days of age at a body weight of 148 kg. Of these
gilts, 75 had attained puberty and 25 had not attained puberty. PRRS virus antigens
were detected in the macrophages within the ovary. The histological morphology of
macrophages containing the PRRS virus in ovarian tissue was similar to that found in
lung tissue. Of all the ovarian tissues (n = 100), the PRRS virus was detected in 70
(70.0%) ovaries. The detection frequency of the PRRS virus in the ovarian tissue of gilts
did not differ significantly among the culling reasons (P = 0.496). The gilts that had
exhibited standing oestrus had a lower PRRS virus detection than those that had never
exhibited standing oestrus (62.8% versus 92.0%, respectively, P = 0.005). Gilts with a
body weight of 151 — 160 k¢ had a higher frequency of PRRS virus detection (89.5%)
than gilts with a body weight of <130 kg (52.9%, P = 0.025) and 131-140 kg (50.0%, P
= 0.032). The ovulation rate in the ovary containing the PRRS virus tended to be lower
than the ovary without the PRRS virus (14.8 and 16.7 CL, respectively, P = 0.196). These
findings indicated that the natural exposure to PRRS virus in the replacement gilts
caused an existence of the virus in the ovarian tissues and may subsequently influence

the ovarian function.

Keywords: Immunohistochemistry, Ovary, Pig, PRRSV, Reproduction
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Hematoxylin  staining (A, negative control) and PCNA
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CHAPTER |

INTRODUCTION

Porcine reproductive and respiratory syndrome (PRRS) is a common disease in pigs
worldwide (Zimmerman et al. 2012). The disease is caused by the PRRS virus, which was
discovered in the United States of America (USA) in 1987 (Keffaber 1989). The virus was
identified for the first time in The Netherlands in 1990 (Wensvoort et al. 1991). In Thailand,
the PRRS virus has been detected in pigs since 1989 (Damrongwatanapokin et al. 1996). The
common clinical symptoms of the disease caused by the PRRS virus in gilts and sows include
late-term abortion, mummified foetuses, stillborn piglets, and low viability of piglets at birth
(Olanratmanee et al. 2013). In practice, the PRRS virus is controlled by intensive gilt
acclimatisation, a regular serological monitoring programme, and vaccination with modified
live PRRS virus (MLV) and/or killed vaccines (Diaz et al. 2013). Nevertheless, replacement gilts
remain to be a major source of introducing new strains of the PRRS virus into the herd
(Tummaruk and Tantilertcharoen 2012; Nilubol et al. 2014). Under field conditions, an
intensive acclimatisation of replacement gilts with culled sows or nursery pigs is commonly
practised in most swine breeding herds in Thailand. Although the titre of antibody against the
PRRS virus is often carefully monitored, detection of the PRRS virus in the reproductive organs
of these gilts has never been done (Tummaruk and Tantilertcharoen 2012). Moreover, the titre
of antibody against the PRRS virus of the gilts is highly variable both within and between herds
(Tummaruk and Tantilertcharoen 2012). This causes difficulties for the farmer when deciding
to mate the gilts and occasionally causes infertility problems in some batches of replacement
gilts. The previous study found that 73% (122/166) of replacement gilts culled due to
reproductive failures (e.g., anoestrus, abnormal vaginal discharge, repeat service, and abortion)
had been infected with the PRRS virus (Tummaruk and Tantilertcharoen 2012). Furthermore,
PRRS virus antigen could be detected in the uterine tissue in 33.0% of the gilts culled due to
reproductive failures (Olanratmanee et al. 2011). This may compromise the fertility of
replacement gilts.

In general, the PRRS virus primarily infects pulmonary alveolar macrophages of the pig
during the acute stage of infection (Sur et al. 1997). Likewise, macrophages from other organs
are also the primary cell type that sustains the in vivo replication of the virus
(Thanawongnuwech et al. 2000). Our previous study found that the PRRS virus was detected
in the cytoplasm of the macrophages in the sub-epithelial connective tissue layers of the
endometrium of the gilts culled due to reproductive failures (Olanratmanee et al. 2011).
Interestingly, the detection frequency of PRRS virus antigen varied between the herds, from
14.3% to 80.0% (Olanratmanee et al. 2011). Moreover, the PRRS virus exists in the uterine

tissue of the infected gilts for several months even though vaccination has been done



(Olanratmanee et al. 2011). The most common reproductive disturbances among replacement
gilts is anoestrus and/or delayed puberty (Tummaruk et al. 2009). This problem may be
associated with ovarian dysfunction in gilts infected with the PRRS virus during an intensive
acclimatisation period. If so, gilt acclimatisation practices need to be revised. Nevertheless, to
enhance our understanding of this issue, additional research needs to be carried out on the
pathogenesis as well as the factors associated with PRRS virus infection in replacement gilts.
To our knowledge, PRRS virus detection in the ovarian tissue of gilts naturally exposed to the
PRRS virus associated with the gilts” age, body weight, average daily gain (ADG), ovarian status,
and delayed puberty has not been comprehensively determined.

In the boar, the PRRS virus is able to induce apoptosis of the testicular germ cells (Sur
et al. 1997), while in the female’s gonad, only limited information is known. To our knowledge,
only one study has demonstrated that the PRRS virus can penetrate the resident macrophages
of the ovary but its involvement in follicle development, ovulation, and corpus luteum
formation is not clearly understood (Sur et al. 2001). Under experimental conditions, the PRRS
virus was detected in the ovarian tissue of gilts for 21 days post infection (Sur et al. 2001).
Nevertheless, the role of natural PRRS virus infection in the existence of the virus in gilts’
ovaries has not been elucidated. Also, little is known about the mechanism of pathogenesis
underlying ovarian infection by the PRRS virus. The objective of the present study was to
determine the prevalence of PRRS virus antigen detection in the ovarian tissue of gilts in
relation to the gilts’ historical data, e.g., culling reason, and reproductive data, e.g., age, body

weight, ADG, ovarian status, and delayed puberty.



CHAPTER Il

LITERATURE REVIEW

The selection of high quality replacement gilts is an important key to improving pig
production, since production from individual females contributes to the overall productivity
of swine herds (Roongsitthichai et al. 2013). Gilts and sows with a history of poor reproductive
performance (e.g., prolonged weaning-to-service interval, repeated service and abortion) have
suboptimal productivity and short longevity (Takai and Koketsu 2007; Tummaruk et al. 2010).
In the last decade, the replacement rate of gilts in substitution for culled sows has been 40%
to 60% per year (Engblom et al. 2007). This high replacement rate is because of the high level
of unplanned removal and culling of sows at a younger age than in the past (i.e., parities
above 6) (Engblom et al. 2007). This has also affected production costs and herd efficiency. In
general, the proportion of gilts in commercial swine herds accounts for 20% to 25% of the
sows in production. This reflects the importance of selecting quality gilts to be the production
units in a herd. In general, age, body weight, and estrous behavior of gilts are the major criteria
to be considered before first mating. Based on economic analysis, gilts should conceive before
220 to 230 d of age (Schukken et al. 1994; Koketsu et al. 1999). Koketsu et al. (1999) revealed
that if the age of first insemination of gilts was increased, their longevity decreased. Gilts that
have a low average daily gain (ADG) tend to have a low conception rate and have to be
removed from herds due to reproductive disturbances (Sur et al. 1997; Roongsitthichai et al.
2013). It has been demonstrated that 15% to 20% of sows are removed from a herd after
having produced only one litter, and more than 50% of them are removed before attaining
the fifth parity (Engblom et al. 2007).

Porcine reproductive and respiratory syndrome (PRRS) virus has been isolated from the
ovaries of gilts (Sur et al. 2001). PRRS virus is transmitted following an exposure of naive
animals to infected animals or an expose with semen from infected boars. The duration of
viral shedding in the boar semen of the infected boars varies from 2 to 92 days (Karniychuk
and Nauwynck 2013). PRRS virus reaches the tissue of the boar reproductive tract by migration
of infected macrophages (Prieto and Castro 2005). In the female pigs, endometrial tissue can
be infected by PRRS virus contaminated semen and thereafter distribute to regional lymph
node and other organs (Prieto and Castro 2005). In boars, it has been clearly demonstrated
that the virus is able to induce apoptosis of testicular germ cells (Sur et al. 1997) however, in
female gonads, only limited information is available about its impact. To our knowledge, only
one study has demonstrated that PRRS virus can penetrate the resident macrophages of the
ovary, but its involvement in follicle development, ovulation and corpus luteum formation is
not clearly understood (Sur et al. 2001). In the porcine ovary, macrophage are an essential

cells for cleaning up apoptotic debris during follicular atresia (Miyake et al. 2006). The presence



of macrophages containing phagocytosed cells in cytoplasm has been reported in follicles of
pig (Sur et al. 2001). Furthermore, macrophages also play many important roles in the porcine
ovaries, e.g., phargocytosis and degeneration of foreign antigen, matrix dissolution and tissue
remodeling, production and secretion of cytokines, chemokines, and growth factors (Miyake
et al. 2006). Sine majority of the porcine follicles undergo atresia, macrophages is therefore
an important cell for eliminating those follicles that will not be ovulated and thus maintain
normal function of the porcine ovary. Since macrophage is an important target cell of PRRS
virus infection, the association between some ovarian activities, e.g., follicular growth, and the
presence of PRRS virus in the ovarian tissue of replacement gilts is therefore of interest.
Proliferating cell nuclear antigen (PCNA) is an auxiliary protein of DNA polymerase delta
that is necessary for DNA synthesis (Kurki et al. 1986; Bravo and McDonald-Bravo 1987). The
expression of PCNA increases during the G1 phase, reaches its highest level in the S-phase and
decreases during the G2/M phases of the cell cycle (Kurki et al. 1988). An earlier study has
demonstrated that expression of PCNA in the ovaries is involved with follicular development
in many species, e.g., rats (Oktay et al. 1995), cows (Wandji et al. 1996), baboons (Wandji et al.
1997), pigs (Phoophitphong et al. 2012) and humans (Kelsey et al. 2010). The aims of the
present study were to quantify the number of follicles and determine granulosa cell
proliferation in the ovaries of gilts in relation to ovarian status (i.e., prepubertal and cycling

ovaries) and PRRS virus detection.



CHAPTER Il
MATERIALS AND METHODS

Experimental designs

The present study included two experiments: Experimental | (Detection of porcine
reproductive and respiratory syndrome virus in the ovary of gilts culled due to reproductive
disturbances) and Experimental Il (Granulosa cell proliferation in the gilt ovary associated
with ovarian status and porcine reproductive and respiratory syndrome virus detection).
Experimental | included 100 ovarian tissues and experimental Il included 37 ovarian tissues
from crossbred Landrace x Yorkshire replacement gilts (see below). Immunohistochemical
detection of the PRRS virus was applied in both experiments and immunohistochemistry of
PCNA was applied in experimental Il. Both PRRS virus detection and proliferation of granulosa
cells in the porcine ovaries were carefully determined by using Image-Pro® Plus software under

a light microscope.

Animals, data, and sample collection

Experimental I: Ovarian tissues were collected from 100 Landrace x Yorkshire crossbred
gilts from two commercial swine herds in Thailand. Historical data of the gilts including the
gilts’ identity, the date of birth, date of entry into the herd, date of first observed oestrus,
date of culling, body weight at culling, and culling reason were collected. The age at culling
was calculated. ADG from birth to culling was calculated: ADG (g/day) = (body weight at culling
- 1.5/ age at culling) x 1,000. The ovaries and reproductive tract of the gilts were collected
immediately after slaughter at an abattoir and were placed on ice and transported to the
laboratory within 24 h. The appearance of the ovaries was used to define the stage of the
oestrous cycle. The ovarian appearance was defined according to a previous study (Tummaruk
et al. 2009). Briefly, corpora lutea (CL) were the structures on the ovaries with a pink, tan, or
yellow colour and with a diameter of between 5 to 15 mm (Figure 1). Corpora albicantia (CA)
were regressing and shrunken CL. Follicles were transparent fluid-containing structures in the
ovaries (Figure 1). The number of CL was counted and defined as the number of ovulations.
The ovary was defined as ‘pre-pubertal’” when containing only small follicles and having no
CL or CA, and was defined as ‘cycling” when containing CL or CA and follicles (Figure 1). Of
the cycling ovaries, ‘luteal phase’ was characterized by ovaries that had CL, and ‘follicular
phase’ by ovaries that had follicles of 7 to 12 mm in diameter either with or without CA
(Tummaruk et al. 2010). The reasons for culling were classified into five groups, i.e., anoestrus,
abnormal vaginal discharge, abortion, repeat breeding, and miscellaneous (e.g., lameness,
inverted nipple, and illness) (Tummaruk et al. 2009).



Figure 1 Gross morphology of the gilt’s ovary: (A) ovary of a pre-pubertal gilt containing
numerous small follicles (arrows); (B) ovary of a pubertal gilt during the follicular phase,
containing numerous large follicles (arrowheads) and corpora albicantia (arrow); (C) ovary of a
pubertal gilt during the luteal phase, containing numerous large corpora lutea (arrowheads)

and small follicles (arrows). Bar = 1.0 cm.

Experimental II: Ovarian tissues of 37 Landrace x Yorkshire crossbred gilts were obtained
from slaughter houses. The genital organs and historical data of the gilts were collected from
two commercial swine herds in Thailand. The historical data of the gilts consisted of the herd
and ¢ilt identity, breed, date of birth, date of entry into the herd, date of first observed estrus,
date of culling, and body weight at culling. The age at culling was calculated. The weight of
the ovaries was measured using an electronic balance (BJ 210C, max = 210 g, d = 0.01 g,
Precisa Instruments Ltd., Switzerland). The appearance of the ovaries was used to define the
stage of the oestrous cycle. The ovarian structures were defined according to a previous study
(Tummaruk et al. 2009a). Briefly, corpora lutea (CL) were the structures on the ovaries with a
pink, tan or yellow colour and a diameter of between 5 and 15 mm. Corpora albicantia (CA)
were regressing and shrunken CL. Follicles were transparent fluid-containing structures in the
ovaries (Figure 2). The number of CL was counted and defined as the number of ovulations.

The ovary was defined as ‘prepubertal’” when it contained only small follicles (diameter <3



mm) (Evans and O'Doherty 2001; Tummaruk et al. 2009a) and had no CL or CA (Figure 2A),

and as ‘cycling” when it contained CL or CA and follicles (Figure 2B).

Figure 2 (A-B) Small follicles (arrow) in prepubertal ovaries and corpus luteum (arrow-head),
corpus albicantea and follicles in cycling ovaries (bar = 1 cm) (C-D) Immunohistochemical

expression of negative (A) and positive (B) PRRSV in macrophages in gilt ovarian tissue

General management and vaccination

The herds in the present study were breeding herds in the north-eastern (Herd A) and
middle (Herd B) parts of Thailand. The numbers of sows-on-production were 2,000 (Herd A)
and 3,500 (Herd B) sows/ herd. Herd A produced replacement gilts within the herd using their
own grandparent stock, while Herd B bought replacement gilts from another breeder. The gilts
in both herds were housed in a conventional open-housing system facilitated with a water
sprinkler and fan for reducing heat stress. The health status of the herds was monitored
routinely by the herd veterinarian. In general, the recommended gilt vaccination programme
consisted of foot-and-mouth disease, classical swine fever, Aujeszky’s disease, and porcine
parvovirus at between 22 - 30 weeks of age. In both herds, the replacement gilts were also

STM

vaccinated with a PRRS MLV vaccine (Ingelvac® PRRS™ MLV, Boehringer-Ingelheim Vetmedica

Inc., St. Joseph, Missouri, USA) before being sent to the breeding house.



Management of gilts and oestrus detection

In general, the replacement gilts were kept in pens in groups of 6 to 15 gilts/pen with a
space allowance of 15 to 2.0 m?gilt. Oestrus detection was performed daily using
observations for vulva symptoms (i.e., reddening, swelling, and mucous discharge) and a back
pressure test in the presence of a mature boar (Tummaruk et al. 2007). The gilts were provided
water ad libitum using water nipples and they were fed twice a day (about 3 kg of
feed/gilt/day) with a corn-soybean-fish ration containing 16 to 18% crude protein, 3,000 to
3,250 kcal/kg metabolisable energy and 0.85 to 1.10% lysine. In general, the herds
recommended breeding the replacement gilts from 32 weeks of age onwards at second or
later estrus and at a body weight of at least 130 kg. All herds used conventional artificial

insemination.

Tissue processing
The ovaries were fixed in 10% neutral-buffered formalin for 24 — 48 h, processed by an
automatic tissue processor (Tissue-Tek VIP 5 Jr., Sakura, Tokyo, Japan), and embedded in a

paraffin block (Tissue-Tek TEC, Sakura, Tokyo, Japan). The paraffin embeddings were cut into

4 Wm thickness using a microtome (Shandon, Anglia scientific instrument ltd., Cambridge, UK).

The tissue sections were used to detect PRRS virus infection using immunohistochemistry.

Immunohistochemical detection of the PRRS virus

PRRS virus detection in the gilt’s ovary was carried out by immunohistochemistry
according to our previous protocol (Olanratmanee et al. 2011). Briefly, the ovarian tissue
sections were placed on 3-aminopropyltriethoxysilane-coated slides. The sections were
deparaffinised in xylene and rehydrated in graded alcohol. A polymer-based non-avidin-biotin
technique was applied. An antigen-retrieval technique was used in order to enhance the
reaction between antigens and antibodies by enzymatic treatment using 0.1% trypsin at 37°C
for 30 min. After washing in phosphate-buffered saline (PBS), endogenous peroxidase activity
was inhibited by immersing the sections in 0.3% hydrogen peroxide (H,O,) in absolute
methanol for 30 min at room temperature. Thereafter, the sections were blocked with 1.0%
bovine serum albumin at 37°C for 30 min and incubated at 4°C overnight (12 — 15 h) with a
diluted (1:1000) primary monoclonal antibody SDOW17 (Rural technologies, Inc., USA). After
washing in PBS, dextran coupled with peroxidase molecules and goat secondary antibody
(Dako REAL™Envision™/HRP, Rabbit/Mouse®, Dako, Denmark) was applied to the tissue
sections and incubated at 37°C for 45 min. In the final step, the colour of the bound enzyme
(brown colour) was obtained by incubating with 0.05% 3,3'-diaminobenzidine
tetrahydrochloride (DAB) for 4 - 15 min. All sections were counterstained with Mayer’s
haematoxylin, dehydrated, and mounted for investigation under a light microscope. Negative

control procedures included the omission of primary antibody. Known PRRS virus—infected



lung tissues served as positive controls. The sections were interpreted as positive if they

contained at least one positive cell (brown intracytoplasmic staining) (Figure 3).

Figure 3 Immunohistochemical staining of porcine reproductive and respiratory syndrome
(PRRS) virus antigen (arrows) in (A) positive control (lung tissue), (B) negative control, and (C -

D) ovarian tissue.

PCNA immunohistochemistry

A PCNA immunostaining technique was carried out according to our previous study
(Phoophitphong et al. 2012). Briefly, the pig ovarian tissues were deparaffinized and placed in
an antigen retrieval solution (0.01 M citrate buffer, pH 6.0) in a microwave oven at 600 watts
for 10 min. Endogenous peroxidase was blocked using freshly prepared 3.0% hydrogen
peroxide at room temperature for 10 min. Nonspecific staining was blocked with 1.0% bovine
serum albumin at 37 °C for 30 min. The slides were incubated with mouse monoclonal anti-
PCNA (clone PC10, DAKO, Carpinteria, CA, USA) as a primary antibody at a dilution of 1:200 at
4 °C overnight. After incubation with the primary antibody, the sections were incubated with
DAKO EnVision™ reagent for 45 min at room temperature. Staining was developed with 3, 3'-
diaminobenzidine tetrahydrochloride hydrate (DAB, Sigma, Germany) for 3 min at room
temperature. The sections were counterstained with Mayer’s hematoxylin for 1 min,
dehydrated through a graded series of ethanols, placed into xylene and mounted with

mounting media. During the steps in the staining procedure, the slides were washed 3 times



in PBS for 5 min each time. For the negative control, PBS was used instead of the primary
antibody (Figure 4A).

Figure 4 Hematoxylin staining (A, negative control) and PCNA immunostaining of primordial
follicles (B) primary follicles (C-D), pre-antral (E) and antral (F) follicles at magnification: X 20
(A, C, Eand F) and X 40 (B and D)

Follicle categorization
The follicles were classified into three categories as described earlier (Phoophitphong et

al. 2012), i.e., () “primordial follicles” were follicles having an oocyte surrounded by one or
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more flattened pre-granulosa cells at the periphery of the follicle and no cuboidal cells (Figure
4B); (II) “primary follicles” were follicles having a central oocyte surrounded by either a mixture
of flattened pre-granulosa cells and plumb cuboidal granulosa cells or a single layer of
cuboidal granulosa cells (Figure 4 C, D), and (lll) “growing follicles” including both pre-antral
(secondary follicle) and antral follicles (tertiary follicle) and consisting of a visible zona
pellucida and/or multiple layers of granulosa cells (Figure 4 E, F). Pre-antral follicles were
follicles having a central oocyte and visible zona pellucida surrounded by multiple layers of
granulosa cells with no antral formation (Figure 4 E). Antral follicles were follicles having an
oocyte and zona pellucida surrounded by multiple layers of granulosa cells with antral
formation (Figure 4 F). For each category of follicle, both the number and proportion of
follicles were calculated. The number of follicles counted per 100 um? of the real tissue
section was calculated by: the number of follicles per 100 um? = (number of counted follicles/
tissue area) x 100. The proportion of follicles was calculated by: the proportion of each
category of follicles = (number of each category of follicles/ total number of all follicles) x
100. The total number of follicles counted per 100 um? was the sum of primordial follicles,

primary follicles and growing follicles per 100 pm?.

Determination of granulosa cell proliferation

Granulosa cell proliferation was determined in pre-antral (n = 197) and antral (n = 76)
follicles from 37 ovaries. All of the visible pre-antral and antral follicles in the ovarian tissue
sections of the gilts were evaluated. In total, 273 follicles were evaluated. On average, 7.3
follicles (range 1 to 18) per ovary were identified. Granulosa cells with positive PCNA staining
were evaluated using Image-Pro® Plus software under a light microscope (Figure 5). The
percentage of PCNA positive granulosa cells was calculated as: PCNA positive cells (%) =
[(humber of PCNA positive cells/ total number of granulosa cells counted) x 100]. The follicles
were classified according to their ovarian status i.e., prepubertal (n = 59) and cycling (n = 214)
ovaries. Also, the gilts were classified into four groups according to age: 229 — 258 d (n = 55),
259 - 272d (n = 125), 274 - 284 d (n = 33), and 287 — 345 d (n = 60).
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Figure 5 PCNA immunostaining of granulosa cell proliferation in pre-antral follicle and antral
follicles at magnification: X 20 (A), X 40 (B) and X 100 (C) and demonstration of image analysis
(D). Positive immunostaining for PCNA in granulosa cells stained dark brown (arrow) and

negative immunostaining in granulosa cells stained blue (arrow-head)

Statistical analyses

Statistical analyses were carried out by using SAS (SAS, 2002). Data in experimental | are
presented as percentages. The frequency of PRRS virus detection in the ovarian tissue of gilts
was compared by culling reasons, ovarian status (pre-pubertal, follicular and luteal phases),
age classes, body weight classes, ADG classes, season, oestrus behaviour, and ovarian
pathology, and the number of ovulation classes was compared by using Chi-square and
Fisher’s exact test.

The numbers of ovarian follicles are presented as mean + SD. Multiple analysis of
variance (ANOVA) was used to analyse continuous data using the general linear model
procedure of SAS. Dependent variables included the numbers of each type of follicle counted
per 100 um? [i.e., primordial follicles, primary follicles and growing follicles (both pre-antral
and antral follicles)], the proportion of each category of follicle, the total number of follicles
counted per 100 um?, the weight of the ovary and ADG. The statistical model included the
effect of ovarian status (prepubertal and cycling ovary), age class (229 - 258, 259 — 272, 274 -
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284, and 287 — 345) and PRRS virus detection (positive or negative). The number of CL (i.e,,
ovulation rate) was analysed by multiple ANOVA. The statistical model included the effect of
age class and PRRS virus detection. Least square means were calculated from the statistical
models and compared using the least significant difference test with Tukey-Kramer adjustment
for multiple comparisons. Pearson’s correlation was performed to determine the associations
among the percentage with granulosa cell proliferation (i.e., percentage of positive PCNA
immunostaining per follicle) and age of the gilts, body weight, ADG, number of ovulations and
weight of the ovaries. The percentage of positive PCNA immunostaining per follicle was
analysed by multiple ANOVA using the general linear mixed model procedure of SAS. The
statistical model included the fixed effect of follicle type (pre-antral and antral), PRRS virus
detection, ovarian status, age class, the interaction between follicle type and PRRS virus
detection and the interaction between ovarian status and PRRS virus detection. Other
interactions were also tested but excluded from the final statistical models due to
insignificance (P > 0.1). The gilt’s identity was included in the statistical model as a random
effect. Least square means were obtained from the statistical models and were compared
among each category of factors using a least significant difference test with Tukey-Kramer

adjustment for multiple comparisons. P < 0.05 was regarded as statistically significant.
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CHAPTER IV

RESULTS

Experimental | Detection of porcine reproductive and respiratory syndrome virus in the ovary

of gilts culled due to reproductive disturbances

Descriptive statistics

Descriptive statistics on the reproductive data of the replacement gilts included in the
present study are presented in Table 1. On average, the gilts were culled at 277 days of age
at a body weight of 148 kg. Of these gilts, 75 had attained puberty and 25 had not attained
puberty. The average age at first observed oestrus was 214 + 18.8 days. For the gilts that had
not attained puberty (n = 25), the average age at culling was 256 + 16.1 days. Based on the
age and the ovarian status (i.e., pre-pubertal phase), 25 % of the gilts were defined as delayed

puberty.

Table 1 Descriptive statistics on reproductive data of 100 Landrace x Yorkshire crossbred
gilts in Thailand

ltems Mean + SD Range

Age at culling (day) 277 + 33.4 209 - 406
Body weight at culling (kg) 148 + 16.8 105 - 203
Average daily gain (¢/day) 529 + 67.4 150 - 693
Age at first observed oestrus (day) 214 + 18.8 156 - 272
Ovulation rate 159 +43 1-26

Weight of an ovary (g) 6.3+32 1.8 - 16.6

SD, standard deviation

Localisation of the PRRS virus

Histological examination of ovarian tissues of the gilts revealed that PRRS virus antigens
were detected in the macrophages within the ovary (Figure 3C). The virus was found as brown
staining in the cytoplasm of the macrophages (Figure 3D). The histological morphology of
macrophages containing the PRRS virus in ovarian tissue was similar to that found in lung tissue
(Figure 3A). Of all the ovarian tissues (n = 100), the PRRS virus was detected in 70 (70.0%)

ovaries.
Factors influencing the detection frequency of the PRRS virus in ovarian tissue

The detection frequency of the PRRS virus in ovarian tissues of the gilts classified by

culling reasons is displayed in Table 2. As can be seen from the table, the detection frequency
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of the PRRS virus in the ovarian tissue of gilts did not differ significantly among the culling
reasons (P = 0.496). Nevertheless, the PRRS virus was detected in the gilts culled due to
anoestrus more frequently than the gilts culled due to miscellaneous causes (78.9% versus
53.9%, P = 0.073).

Table 2 Number and percentage of gilts with porcine reproductive and respiratory syndrome

(PRRS) virus detection in the ovarian tissue by culling reason

. Number of Number of gilts with PRRS virus Percentage
Culling reason ) ,
gilts detection

Anoestrus 51 40 78.4°
Vaginal discharge 17 11 64.7°
Abortion 10 6 60.0°
Repeat breeding 9 6 66.7°
Miscellaneous 13 7 53.9°
Total 100 70 70.0

Same superscript letter within a column denotes data that do not differ significantly (P>0.05)

The number and percentage of PRRS virus detection in the ovarian tissue of gilts by
ovarian status are presented in Table 3. The ovarian status (i.e., pre-pubertal, follicular and
luteal phases) did not influence the frequency of PRRS virus detection (P = 0.225). The
percentage of PRRS virus detection in ovarian tissue by age groups of the gilts is presented in
Table 4. The frequency of PRRS virus detection was not dependent on the age of the gilts (P
= 0.683).

Table 3 Number and percentage of gilts with porcine reproductive and respiratory syndrome

(PRRS) virus detection in the ovarian tissue by ovarian status

. Number of Number of gilts with PRRS virus Percentage
Ovarian status . .
gilts detection
Pre-pubertal phase 26 20 76.9°
Follicular phase 13 11 84.6°
Luteal phase 61 39 63.9°

Same superscript letter within a column denotes data that do not differ significantly (P>0.05)

The influences of body weight and ADG of the gilts on the frequency of PRRS virus
detection are displayed in Table 5 and 6, respectively. Gilts with a body weight of 151 - 160
kg had a higher frequency of PRRS virus detection (89.5%) than gilts with a body weight of <
130 kg (52.9%, P = 0.025) and 131 — 140 kg (50.0%, P = 0.032). Likewise, gilts with an ADG of
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500 - 550 g/day and 550 — 600 g/day had a higher frequency of PRRS virus detection than gilts
with an ADG of < 500 g/day (81.8 %, 81.8 %, and 46.2 %, respectively, P < 0.02).

Table 4 Number and percentage of gilts with porcine reproductive and respiratory syndrome

(PRRS) virus detection in the ovarian tissue by age group of the gilts

. Number of gilts with PRRS virus Percentage
Age group (days)  Number of gilts ,
detection
< 250 17 11 64.7°
251 - 300 65 a5 69.2°
> 300 18 14 77.8°

?Same superscript letter within a column denotes data that do not differ significantly (P>0.05)

Table 5 Number and percentage of gilts with porcine reproductive and respiratory syndrome

(PRRS) virus detection in the ovarian tissue by body weight group of the gilts

] Number of Number of gilts with PRRS Percentage
Body weight group (kg) _ . _
gilts virus detection

< 130 17 9 52.9°
131 - 140 12 6 50.0°
141 - 150 28 20 71.4%
151 - 160 19 17 89.5°
> 160 24 18 75.0%°

*PDifferent superscript letters within a column denote data that differ significantly (P<0.05)

Table 6 Number and percentage of gilts with porcine reproductive and respiratory syndrome

(PRRS) virus detection in the ovarian tissue by average daily weight gain (ADG) group of the

gilts
Number of Number of gilts with PRRS Percentage
ADG group (gram/day) _ , ,
gilts virus detection
< 500 30 14 46.7°
501 - 550 33 27 81.8°
551 - 600 22 18 81.8°
> 600 15 11 73.3%

*PDifferent superscript letters within a column denote data that differ significantly (P<0.05)

The percentage of PRRS virus detection did not differ significantly between cool and hot
seasons (73.8 % versus 64.1 %, respectively, P = 0.304). The gilts that had exhibited standing
oestrus had a lower PRRS virus detection than those that had never exhibited standing oestrus
(62.8 % versus 92.0 %, respectively, P = 0.005) (Table 7). The percentages of gilts with PRRS
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virus detection in ovarian tissue by ovarian pathology are presented in Table 8. Although the
PRRS virus was detected in 80% of ovaries with multiple cysts, it was also detected in 72% of
ovaries with a normal appearance (P > 0.05). Nevertheless, PRRS virus detection in ovaries with
a single cyst was lower than that in ovaries with multiple cysts (P = 0.03). Although the
frequency of PRRS virus detection was not related to the number of ovulations, the virus was
frequently detected in gilts with a low number of ovulation (i.e, < 13 CL) (Table 9).
Furthermore, the ovulation rate in the ovary containing the PRRS virus tended to be lower
than the ovary without the PRRS virus (14.8 and 16.7 CL, respectively, P = 0.196).

Table 7 Number and percentage of gilts with porcine reproductive and respiratory syndrome

(PRRS) virus detection in the ovarian tissue by oestrus behaviour

. Number of Number of gilts with PRRS Percentage
Oestrus behaviour _ _ .
gilts virus detection
Anoestrus gilts 25 23 92.0°
Pubertal gilts 75 ar 62.8°

2bDifferent superscript letters within a column denote data that differ significantly (P = 0.005)

Table 8 Number and percentage of gilts with porcine reproductive and respiratory syndrome

(PRRS) virus detection in the ovarian tissue by ovarian pathology

) Number of Number of gilts with PRRS Percentage
Ovarian pathology ) _ .
gilts virus detection
Normal 79 57 72.2°
Single cyst 7 2 28.6°
Multiple cyst 10 8 80.0°
Miscellaneous 4 3 75.0%°

bDifferent superscript letters within a column denote data that differ significantly (P < 0.05)

Table 9 Number and percentage of gilts with porcine reproductive and respiratory syndrome

(PRRS) virus detection in the ovarian tissue by number of ovulations

. Number of ~ Number of gilts with PRRS virus Percentage
Number of ovulations

gilts detection
<13 11 9 81.8°
14-17 33 18 54.6°
>18 15 10 66.8°

Same superscript letter within a column denotes data that do not differ significantly (P>0.05)
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Experimental Il Granulosa cell proliferation in the gilt ovary associated with ovarian status

and porcine reproductive and respiratory syndrome virus detection

Descriptive data

Descriptive statistics on reproductive data and the density of follicles in the gilt ovarian
tissues are presented in Table 10. The average age and live weight at culling of the gilts were
270.7 + 245 d and 144.5 + 15.0 kg, respectively. On average, each 100 um? of ovarian tissue
consisted of 17.0 primordial follicles, 5.0 primary follicles, and 0.5 growing follicles. The
proportion of primordial, primary and growing follicles was 71.9%, 25.4%, and 2.6%,
respectively. Of the 37 gilts, 27 gilts (73%) had cycling ovaries and 10 gilts had prepubertal
ovaries (27%). All of the gilts with cycling ovaries had dominant CL (Figure 2). The ovulation
rate was 16.7 + 3.4 (ranged 9.0 to 23.0).

Table 10. Descriptive statistics on gilts” historical data, gross morphology and density of

follicles in their ovarian tissue (n = 37)

Parameter Mean+SD Range

Age at culling (d) 270.7 £ 24.5 229.0 - 345.0
Body weight at culling (kg) 144.5 + 15.0 117.0 - 179.0
Age at first observed oestrus (d) 2142 + 17.6 178.0 - 272.0
Average daily gain (g/d) 530.2 + 55.1 438.0 - 665.0
Weight of the ovary (g) 57+23 2.9 -10.1
Ovulation rate 16.7+3.4 9.0 -23.0
Total number of follicles per 100 pum? 225+ 109 43 -54.2
Number of primordial follicles (follicles/100 um?) ~ 17.0 + 10.3 2.0-46.8
Number of primary follicles (follicles/100 pum?) 5029 0.4 -14.0
Number of growing follicles (follicles/100 um?) 0.5+0.2 0.1-1.0
Granulosa cell proliferation (%) 61.4 + 33.6 0.2-99.9

Effect of PRRS virus

Of these ovaries (n = 37), PRRS virus was detected in 20 (54.1%) and was not detected
in 17 (45.9%). Figure 2 demonstrates positive immunohistochemical expression of PRRS virus
in the ovarian tissue of replacement gilts. Reproductive data, follicle density and granulosa
cell proliferation in the ovarian tissue of gilts with and without PRRS virus are presented in
Table 11. On average, the total number of follicles per 100 um? of ovarian tissue in gilts
without PRRS virus (23.7+2.8) did not differ significantly compared to those with PRRS virus
(24.5+2.8, P > 0.05). The density of primordial, primary and growing follicles per 100 um? of

ovarian tissue in gilts with and without PRRS virus is presented in Table 11. As can be seen
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from the table, neither the number nor the proportion of follicles in the ovarian tissue of gilts

with PRRS virus differed significantly compared to those without PRRS virus (Table 11).

Table 11. Gilts” historical data, gross morphology and follicle density in their ovarian tissue
with and without porcine reproductive and respiratory syndrome (PRRS) virus detection (least

square means + SEM)

Parameter PRRS virus negative  PRRS virus positive P value
(n=17) (n=20)
Gross
Age at culling (d) 275.8 £ 35 268.2 + 3.6 0.088
Body weight (kg) 1419 + 3.8 1415+ 3.9 0.929
Average daily gain (g/d) 510.9 + 13.7 522.1 £ 14.0 0.510
Weight of the ovary (¢) 51+0.5 52+05 0.920
Ovulation rate 175+ 1.0 16.5+ 0.8 0.445
Follicles (per 100 um?)
Total number of follicles 23.7+28 245+ 28 0.818
Number of primordial follicles 193+ 2.6 19.6 + 2.6 0.927
Number of primary follicles 40+0.8 45+0.38 0.620
Number of growing follicles 0.4+0.1 0.4 +0.1 0.762
Proportion of primordial follicles 75.1 + 3.7 75.0 £ 3.8 0.978
Proportion of primary follicles 229 + 3.6 225+ 3.7 0.922
Proportion of growing follicles 19+05 25+05 0.383
Granulosa cells
Granulosa cell proliferation (%)  59.6 + 4.8 56.4 + 5.3 0.637

PCNA immunostaining of granulosa cells in pre-antral and antral follicles is presented in
Figure 5. Granulosa cell proliferation was influenced by the type of follicle (P < 0.05), ovarian
status (P < 0.05), the age of the gilts (P < 0.05), and the interaction between ovarian status
and PRRS virus detection (P = 0.06). On average, the proliferation of granulosa cells in follicles
without PRRS virus did not differ significantly compared to those with PRRS virus (59.6+4.7%
versus 56.4+5.2%, P > 0.05). The granulosa cell proliferation in antral follicles was significantly
higher than in pre-antral follicles in both PRRS virus positive and PRRS virus negative ovarian
tissue (Table 12).

In ovarian tissue from gilts without PRRS virus, granulosa cell proliferation in cycling
ovaries was higher than that in prepubertal ovaries (84.0 + 5.1% and 35.2 + 8.0%, P < 0.05).
However, in ovarian tissue containing PRRS virus, the proliferation of granulosa cells in cycling

ovaries did not differ significantly compared to that in prepubertal ovaries (68.5 + 4.3% and
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44.4 + 9.2%, P > 0.05). Furthermore, the highest percentage of granulosa cell proliferation (i.e.,
84.0%) was found in cycling ovaries without PRRS virus (Table 13).

Table 12. Granulosa cell proliferation in pre-antral and antral follicles in the ovarian tissue of
gilts with and without porcine reproductive and respiratory syndrome (PRRS) virus detection

(least-squares means + SEM)

Follicle type n Granulosa cell proliferation (%)

PRRS virus negative PRRS virus positive
Pre-antral 197 525 + 5.1 46.6 + 5.4
Antral 76 66.7 + 6.0%° 66.3 + 6.3%

aA8 Small letters indicate significant differences within rows and capital letters indicate

significant differences within columns (P<0.05)

Table 13. Granulosa cell proliferation in the follicles of gilts with prepubertal and cycling
ovaries with and without porcine reproductive and respiratory syndrome (PRRS) virus detection

(least-squares means + SEM)

Ovarian status n Granulosa cell proliferation (%)

PRRS virus negative PRRS virus positive
Prepubertal 214 35.2 + 8.0*" 44.4 + 9.2*
Cycling 59 84.0 + 5.1%° 68.5 + 4.3°"

aA8 Small letters indicate significant differences within rows and capital letters indicate

significant differences within columns (P<0.05)

Effect of ¢ilts’ age and ovarian status

The gilts’ historical data, gross morphology, follicle density and granulosa cell
proliferation by age group are presented in Table 14. It was found that the total number of
follicles per 100 um? and the proliferation of granulosa cells in the ovarian tissue of gilts aged
274 - 284 d were higher than in gilts aged 229 - 258 d (P < 0.05) (Table 14).

Historical data, gross morphology, follicle density and granulosa cell proliferation in gilts
with prepubertal ovaries and cycling ovaries are presented in Table 15. As can be seen from
the table, gilts with cycling ovaries had greater ovarian weight, ADG, and body weight than gilts
with prepubertal ovaries. Furthermore, the number of primary follicles and growing follicles
per 100 um? of ovarian tissue in gilts that had cycling ovaries was higher than in those with
prepubertal ovaries (Table 15). Granulosa cell proliferation in gilts with cycling ovaries was also
higher than that in gilts with prepubertal ovaries (76.2+3.4% and 39.8+6.5%, P < 0.05).
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Table 14. Gilts’ historical data, gross morphology, follicle density and granulosa cell

proliferation in ovarian tissue from animals culled at different ages (least square means + SEM)

Parameters Age at culling (days, range)
229 - 258 259 - 272 274 - 284 287 — 345

Gross

Age at culling (d) 2427 +4.8° 266.6 +3.4° 2771 + 65> 301.6 + 5.1°
Body weight (kg) 1322+52° 1433 +36° 1460 +7.1° 1452+ 55°
Average daily gain (g/d) 540.0+18.0° 532.3+13.1%° 520.1+25.8% 473.7+20.0°
Weight of the ovary (g) 55+0.7% 48+0.5° 59 +0.9° 4.5+ 0.7°
Ovulation rate 156+ 12° 151+12° 195+1.9° 179+ 1.1°
Follicles (per 100 um?)

Total number of follicles 155+39° 235+26° 345+52° 232+41%
Number of primordial follicles 11.3+35° 182+24% 303+48  182+3.7°
Number of primary follicles 39+1.1° 48+0.8° 3.6+ 15° 4.8 +1.2°
Number of growing follicles 03+01* 05=+0.1° 0.4 +0.1° 0.3 +0.1°

Proportion of primordial follicles 63.8 + 5.1° 759 + 3.5  86.8 + 6.9° 738+ 5.4°
Proportion of primary follicles 331 +50%° 215+35 119+68" 244 +573°
Proportion of growing follicles 3.1+£07°  26+05° 1.3 +£0.9° 1.8 + 0.8°
Granulosa cells

Granulosa cell proliferation (%)  46.4 = 6.3* 60.5+4.4® 742+82°  60.0 + 6.6

abcd Different superscripts within rows indicate significant differences (P<0.05)
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Table 15. Gilts’ historical data, gross morphology, follicle density and granulosa cell
proliferation in ovarian tissue with prepubertal ovaries compared with cycling ovaries (least

square means + SEM)

Parameters Ovarian status P value
Prepubertal Cycling
Gross
Age at culling (d) 270.7 = 4.9° 2733 £ 2.7°  0.646
Body weight (kg) 134.7 £ 5.3 148.6 +2.9  0.028
Average daily gain (g/d) 4923 + 19.3 540.8 + 10.4 0.034
Weight of the ovary (g) 35+0.7 6.8 + 0.4 <0.001
Ovulation rate 0 16.7 + 3.4 -
Follicles (per 100 um?)
Total number of follicles 244 + 3.9 238 +2.1 0.895
Number of primordial follicles 21.2 + 3.6 178 +1.9 0.407
Number of primary follicles 30+ 1.1 55+0.6 0.053
Number of growing follicles 0.3+0.1 05+0.1 0.011
Proportion of primordial follicles 713+ 238 78.8 £ 5.2 0.211
Proportion of primary follicles 194 £ 5.1 26.0 £ 2.8 0.263
Proportion of growing follicles 1.7+ 0.7 27+04 0.268
Granulosa cells
Granulosa cell proliferation (%) 39.8 + 6.5 76.2 + 3.4 <0.001

'mean+SD

Localization of Estrogen receptor B in the porcine ovary

The immuno-staining of ERB in the porcine ovaries are demonstrated in Figure 6 and
7. The immuno-staining of ERB in the porcine corpus luteum are demonstrated in Figure 8.
The ERB immuno-expression was found in both follicles and corpus luteum of the porcine

ovary.
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Figure 6 The ERB immuno-staining in the ovary of pubertal gilts (B) compared with negative

control (A). 100x magnification
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Figure 7 Immuno-staining was found in nuclei and cytoplasm (arrow) of theca cells in follicles

(B). Negative control (A). 400x magnification
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Figure 8 ERP immunostained was detected in cytoplasm (star) of luteal cells (B) compared

with negative control (A) in CL. 400x magnification
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Table 16 ERB immuno-expression in follicles and corpus luteum (CL) in the porcine ovary

(mean+SD)
Part of ovary Number of observation ERB expression (%)
Follicles 25 22.6+19.0°
CL 25 87.2+9.0°

abdifferent letters within column differ significantly (P<0.05)

The ERB immuno-staining was mainly detected in the theca cells of the follicles (Figure
7) and in the luteal cells in the CL (Figure 8). In the CL, ERP immuno-staining located in the
cytoplasm of the luteal cells (Figure 8)

In the ovarian follicles, most of the ERB immunoreaction was found in the cellular
nuclei and cytoplasm of the theca cells. This is in accordance with a previous that ERB protein
was exhibited mostly in theca interna cells of the follicle. However, the ERB immunoreaction
was rarely expressed in granulosa cells of the follicle (Figure 6). In the CL, the ERB
immunoreaction was detected in the cytoplasm but not in the nuclei of the luteal cells (Figure
8). This indicated that CL could be a source of estradiol production in the porcine species and

also in early luteal phase of bovine species.

The proportion of ERB expression in the follicles and CL are presented in Table 16.
On average, ERB immunoreaction was detected in 22.6% of the theca cells and in 87.2% of
the luteal cells. In conclusion, ERB immuno-staining was detected in the theca cells and luteal
cells in the porcine ovary. This infers that ERB might play an important role in the porcine
ovarian function. Additional study on the variation of ERB immunoreaction associated with

reproductive status will be further investigated.

Impact of PRRS virus infection on the expression of ERB in the ovary of gilts

Estrogens play the important roles in growth and differentiation of the reproductive
system in gilts and sows. The most active estrogen synthesized by antral follicles is estradiol-
17B. Theca interna and granulosa cells are major component of the antral follicles that
synthesize estrogen. Estrogen regulates reproductive function by binding to specific receptor
protein, estrogen receptor (ER). In general, ER is expressed as two isoforms, i.e., EROL and ER[.’).
ERQL is the classical ER that was identified since 1986, while ERB has been identified later.
Although ERQl and ERB are encoded on different chromosome, they have a considerable
sequence homology in their domain. Therefore, it can be speculated that the presence of any
of the ER subtypes indicate the tissue action of estrogen. The objective of the study was to
determine the effect of porcine reproductive and respiratory syndrome (PRRS) virus detection

on the expression of ER[ in ovarian follicles of gilt.
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Ovarian tissues were collected from 62 Landrace x Yorkshire crossbred gilts. The ovaries
were fixed in 10% neutral-buffered formalin and processed histologically. PRRS virus detection
in the gilt ovaries was carried out by immunohistochemistry. The ovarian tissues sections were
incubated with rabbit polyclonal anti—ERB as a primary antibody, biotinylated secondary
antibody-horse anti-mouse anti-rabbit 1¢G and avidin-biotin-peroxidase complex. Five follicles
per ovarian tissue sections were evaluated using Image-Pro® Plus software. The percentage of
ERB positive cells was calculated. The gilts were classified according to PRRS virus detection
as positive (n=38) and negative (n=24). The statistical analyses were carried out using SAS (SAS
Cary, NC, USA). Multiple ANOVA was used to analyse the ER[ positive cells using the general
linear model procedure of SAS. The statistical model included the effect of reproductive status
(prepubertal and cycling gilts), PRRS virus detection (positive and negative) and the interaction
between reproductive status and PRRS virus detection. Least-square means were compared
using Tukey-Kramer test. P<0.05 was regarded as statistically significant.

The result showed that ERB immunoreaction was found in both pre-antral and antral
follicles (Figure 9). On average, ERB was detected in 23.7% of the theca interna cells
surrounding the follicles. The ERB expression was not detected in the granulosa cells of the
porcine ovarian follicles (Figure 9). The percentage of ERB immuno-staining did not differ
significantly between the ovarian tissues detected PRRS virus and those without PRRS virus
detection (P>0.05). This indicated that although PRRS virus has an effect on reproductive
system, the mechanism may not be mediated through the expression of ERB in the ovary. In
conclusions, PRRS virus detection did not significantly influence the ERB expression in the

ovary of gilt.

27



Figure 9 Localization of ERB protein in the representative paraffin sections of gilt ovarian
follicles (A&C) Negative control of ERP immuno-staining. (B) Black arrows indicate a positive
immuno-staining in the ovarian theca intera cells. (D) ERPB positive immuno-staining
(arrowhead) was observed only in theca interna cell. Bar = 50 u.m. O: oocyte; G: granulosa
cells; T: theca interna cells. Magnification 40 x (A-B) and 200 x (C-D).
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CHAPTER V

DISCUSSION

Experimental | Detection of porcine reproductive and respiratory syndrome virus in the ovary

of gilts culled due to reproductive disturbances

The present study reveals the detection of the PRRS virus in the ovarian tissue of
replacement gilts under field conditions. In the ovary, the PRRS virus is located in macrophages
within the ovarian tissue. This is in accordance with an earlier study (Sur et al. 2001), which
found that the PRRS virus could be detected in the ovarian tissue of gilts within 21 days post
infection. The study also demonstrated numerous PRRS virus-positive cells in atretic follicles
of the ovaries. However, no alternation of the ovarian architecture supporting the possible
role of PRRS infection in porcine female infertility could be demonstrated. In contrast, in
gestating sows, the experimental challenge of the PRRS virus caused no consistent or
significant microscopic lesions in ovarian tissues (Benson et al. 2001). Moreover, no evidence
of PRRS virus antigen was detected in the ovarian tissue of sows at 21 days post infection
(Benson et al. 2001). This indicates an inconsistency in the appearance of the PRRS virus in
porcine ovarian tissue. In the present study, the PRRS virus was detected in 70 % of the ovarian
tissues of the replacement gilts culled due to reproductive failure, especially among those
culled due to anoestrus. This indicates a possible role of the PRRS virus in ovarian function
under field conditions. In general, macrophages in the ovaries are involved in many ovarian
functions, e.g., follicular growth, follicular atresia, ovulation, and CL formation (Araki et al.
1996). It was suggested that phagocytic macrophages containing the PRRS virus may deliver
the virus to neighbouring cells, such as granulosa cells (Sur et al. 2001). This may subsequently
influence granulosa cell function, e.g., steriodogenesis, oocyte maturation, and follicle
development. The interruption of these process may influence the oestrus cycle and puberty
attainment in gilts. In the present study, the PRRS virus was detected in the gilts with delayed
puberty (92.0%) more than those that had already attained puberty (62.8%). The age at culling
of these delayed puberty gilts averaged 256 days. Normally, Landrace x Yorkshire crossbred
gilts in Thailand attain puberty at 195 days of age (Tummaruk et al. 2007). Thus, the age at
puberty is delayed for 61 days. PRRS virus infection in the ovary of replacement gilts may, to
some extent, interfere with ovarian functions and contribute to anoestrus problems or delayed
puberty in replacement gilts. In boars, PRRS virus infection clearly induces the depletion and
death of testicular germ cells and results in hypospermatogenesis (Sur et al. 1997). Moreover,
PRRS virus infection in the boar causes a significant reduction in semen quality, e.g., distal
cytoplasmic droplet and sperm motility (Prieto et al. 1996; Guérin and Pozzi 2005). The virus

might have a role in the ovarian tissue of replacement gilts.
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In general, the atretic process of the follicles depends on many factors including the
physiological condition of the animal (Orisaka et al. 2009). The atretic process has not yet
been well described; however, macrophages play a major role by producing pro-inflammatory
mediators, e.g., interleukin 1, interleukin 2, and tumour necrosis factor. A previous study has
demonstrated that macrophages are involved in the atretic process in both the pre-pubertal
and pubertal stages and macrophages are usually absent in healthy developing swine follicles
(Sur et al. 2001). The present study demonstrated the presence of the PRRS virus in both
cyclic and non-cyclic gilts. Macrophages infected with the PRRS virus may invade the granulosa
cell layer and alter apoptosis and/or proliferation of germinal epithelial cells. However, Sur et
al. (2001) did not find any significant differences in ovarian architecture in PRRS virus-infected
gilts compared with that in non-infected gilts. Under field conditions, the replacement gilts
were exposed to the PRRS virus before the first insemination (Tummaruk and Tantilertcharoen
2012). If the ovaries of the gilts were infected with the PRRS virus, granulosa cell proliferation,
steriodogenesis, and oocyte quality may be reduced. This may subsequently cause infertility
problems in mated gilts, which is commonly seen under field conditions (Tummaruk et al.
2010). In addition, the PRRS virus is frequently detected in the ovarian tissue of gilts with a
relatively good body weight (i.e., 150 — 160 kg), rather than those with a poor body weight.
The reason is not known, but this certainly increases the risk of mating the gilts, while the
PRRS virus has not been eliminated from their reproductive organs. As a result, fertility of the
gilts might be compromised. Based on these findings, it is not recommended to expose gilts
to the PRRS virus. Therefore, the acclimatisation of replacement gilts should be omitted or
ended for a certain period of time before the first insemination.

In conclusion, the PRRS virus was detected in 70 % of ovarian tissues of the replacement
gilts culled due to reproductive failure. The frequency of PRRS virus detection depended on
the body weight, ADG, and oestrus cycle. Gilts with a body weight of 151 — 160 kg had a high
frequency of PRRS virus detection (89.5 %). This may increases the risk of mating the gilts,
while the PRRS virus has not been eliminated from their reproductive organs. The PRRS virus
was frequently detected in delayed puberty gilts (92.0 %). The ovulation rate in the ovary
containing the PRRS virus tended to be lower than the ovary without the PRRS virus. These
findings indicated that the natural exposure to PRRS virus in the replacement gilts cause an
existence of the virus in the ovarian tissues and may subsequently influence the ovarian

function.
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Experimental Il Granulosa cell proliferation in the gilt ovary associated with ovarian status

and porcine reproductive and respiratory syndrome virus detection

PRRS virus in gilts’” ovaries is mainly found in macrophages within the ovarian tissue.
Macrophages containing PRRS virus antigen are commonly found in the ovarian medulla,
regressing CL and degenerating follicles (Sur et al. 2001). Macrophages in the ovary are involved
in many ovarian activities, e.g., follicular growth, follicular atresia, ovulation and CL formation
(Araki et al. 1996). In the present study, follicles counted using PCNA immunostaining revealed
no differences in follicle density in ovarian tissues with and without PRRS virus. This indicates
that PRRS virus does not affect the number of follicles in a gilt’s ovaries, in agreement with
earlier studies (Benson et al. 2001; Sur et al. 2001). Benson et al. (2001) demonstrated that
experimental challenge with PRRS virus in gestating sows caused no consistent or significant
microscopic lesions in the ovarian tissues of the sows. Furthermore, no evidence of PRRS virus
antigen was detected in the ovarian tissue of sows Day 21 post-infection (Benson et al. 2001).
In addition, progesterone levels at 111 d of gestation in PRRS virus-infected sows did not differ
significantly compared to those in uninfected sows (Benson et al. 2001). On the other hand,
in the testis of boars, PRRS virus infection causes depletion and death of testicular germ cells
and results in hypospermatogenesis (Sur et al. 1997). Sur et al. (2001) found that PRRS virus
could be isolated from gilts’ ovaries at Day 7 post-infection. Numerous PRRS virus-positive
cells in the ovaries were found in atretic follicles (Sur et al. 2001). However, no alteration in
the ovarian architecture supporting a possible role of PRRS infection in porcine female
infertility could be demonstrated. It has been suggested that phagocytic macrophages
containing PRRS virus may deliver the virus to neighbouring cells, such as granulosa cells (Sur
et al. 2001). In the present study, it was found that granulosa cell proliferation in cycling
ovaries was reduced by 18.4% (i.e., from 84.0% to 68.5%, Table 4) in ovarian tissue with PRRS
virus compared to ovaries without PRRS virus. The reason might be that PRRS virus infection
may interfere with or reduce the synthesis of certain ovarian growth factors, e.g., insulin-like
growth factor (IGFs), epidermal growth factor, vascular endothelial growth factor,
thrombopoietin, erythropoietin and members of Notch family (Sirotkin 2011). Hence, this may
cause poor follicle development and poor steroidogenesis, and may also impair the qualities
of the oocytes. For instance, lacking of IGFs decrease the response of granulosa and theca
cells and oocytes to gonadotropins (Sirotkin 2011). Although a complete mechanism on the
impact of PRRS virus infection on the ovarian function has not been fully elucidated. It is
known that macrophage is a target cell of PRRS virus (Olanratmanee et al. 2011) and
macrophage plays a critical role on a variety of cellular behavior, e.g., adhesion, migration,
invasion and survival (Miyake et al. 2006). This might be in part explain the reduced granulosa

cells proliferation in the ovarian tissue infected with PRRS virus.
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In general, the atretic process in follicles depends on many factors, including the
physiological condition of the animal. The atretic process has not yet been well described,;
however, macrophages play a major role by producing pro-inflammatory mediators, e.g.,
interleukin 1, interleukin 2 and tumour necrosis factor. A previous study has demonstrated
that macrophages are involved in the atretic process in both the prepubertal and pubertal
stages, and are usually absent in healthy developing swine follicles (Sur et al. 2001). We found
that PRRS virus was detected in both prepubertal and pubertal gilts. Therefore, PRRS virus
infected macrophages may invade the granulosa cell layer and contribute to the apoptosis of
germinal epithelial cells (Sur et al. 2001). However, Sur et al. (2001) did not find any significant
differences in ovarian architecture in PRRS virus-infected gilts compared to that in non-infected
gilts. In the present study, granulosa cell proliferation tended to be reduced in ovarian tissues
containing PRRS virus compared to ovaries without PRRS virus. The highest granulosa cell
proliferation was found in the follicles of cycling ovaries without PRRS virus detection. A
previous study demonstrated that insemination of either seronegative or preimmunized gilts
with boar semen containing PRRS virus had no effect on conception or fertilization rates (Prieto
et al,, 1997a). Furthermore, PRRS virus infection does not appear to affect the embryo before
attachment, but may cause embryonic death due to transplacental infection (Prieto et al.
1997b). However, in practice, most replacement gilts were exposed to PRRS virus during the
acclimatization period, which takes place sometime before first insemination (Tummaruk and
Tantilertcharoen 2012). As indicated by the present results, when the ovaries of the gilts are
cycling (puberty), PRRS virus infection may decrease granulosa cell proliferation and possibly
cause poor steroidogenesis and compromised oocyte quality. This may subsequently cause
infertility problems in mated gilts, which are commonly seen under field conditions
(Tummaruk et al. 2010). Based on the information of these findings, pubertal gilts are not
recommended to be exposed to PRRS virus. Therefore, the acclimatization process should be
done (ended) before the gilts’ exhibit first standing heat. On average, Landrace x Yorkshire
crossbred gilts in Thailand show first standing heat at 200 d of age (Tummaruk et al. 2009b).
Pubertal gilts should be kept in individual stalls for some time (the so called “cool down
period”) before first insemination takes place.

The limitation of the present study is that all of the reproductive organs were obtained
from only PRRS virus seropositive herds. Of these gilts, PRRS virus was detected in the ovarian
tissues of one group, but not in the other. It was found that the presence of PRRS virus in the
ovarian tissues of the gilts reduced granulosa cell proliferation to some extent, especially in
cycling ovaries. However, it should be remarked that no ovarian tissue from PRRS virus
seronegative herd could be obtained. The reason is that PRRS virus seronegative herds are
rarely found under field conditions in commercial Thai swine herds (Tummaruk et al. 2013).

In the present study, ovarian status also influenced granulosa cell proliferation. It was

clearly demonstrated that granulosa cell proliferation in cycling ovaries was higher than that
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in prepubertal ovaries. In fact, the ages of the gilts with cycling and prepubertal ovaries did
not differ significantly, while the growth rate and body weight in gilts with cycling ovaries were
higher than in those with prepubertal ovaries. This indicated that the physical maturity of gilts
with cycling ovaries might be somewhat more advanced than those with prepubertal ovaries.
Nevertheless, the total number of ovarian follicles per 100 um? of ovarian tissue as well as
the proportion of each category of follicle did not differ significantly between cycling and
prepubertal ovaries (Table 6). This indicated that gilts with prepubertal ovaries certainly had a
sufficient number of ovarian follicles but failed to accomplish ovulation. The reason might
possibly be a lack of steriodogenesis, suboptimal luteinizing hormone (LH) secretion or
impaired LH receptors at the ovarian level. The present study demonstrated that granulosa
cell proliferation in growing follicles was much lower in prepubertal ovaries than in cycling
ovaries (39.8% versus 76.2%, Table 6). In general, it is widely accepted that the quality of
granulosa cells is closely associated with oocyte development (Pandy et al. 2010). Therefore,
it can be speculated that the poorer granulosa cell proliferation is, the more impaired oocyte
development will be. Furthermore, poor granulosa cell development may also subsequently
cause poor steroid production and impair ovarian function. Thus, ovulation and puberty
attainment will not occur.

It can be concluded that the detection of PRRS virus in the gilt’s ovarian tissue was not
associated with the number or type of follicles but it was associated with the proliferation of
granulosa cells in cycling ovaries. Cycling ovaries had greater granulosa cell proliferation than
prepubertal ovaries. These findings imply that PRRS virus detection in gilt ovarian tissue may
be one factor that can impair follicle development and oocyte quality, and subsequently lead

to abnormal estrous behavior and infertility in replacement gilts.
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CONCLUSIONS

PRRS virus was detected in 70 % of ovarian tissues of the replacement gilts culled due
to reproductive failure.

The frequency of PRRS virus detection depended on the body weight, ADG, and oestrus
cycle.

Gilts with a body weight of 151 — 160 kg had a high frequency of PRRS virus detection
(89.5 %).

The detection of PRRS virus in replacement gilts may increases the risk of mating the
gilts, while the PRRS virus has not been eliminated from their reproductive organs.
The PRRS virus was frequently detected in delayed puberty gilts (92.0 %).

The ovulation rate in the ovary containing the PRRS virus tended to be lower than the
ovary without the PRRS virus.

These findings indicated that the natural exposure to PRRS virus in the replacement
gilts cause an existence of the virus in the ovarian tissues and may subsequently
influence the ovarian function.

The detection of PRRS virus in the ¢ilt’s ovarian tissue was not associated with the
number or type of follicles but it was associated with the proliferation of granulosa
cells in cycling ovaries.

Cycling ovaries had greater granulosa cell proliferation than prepubertal ovaries.
These findings imply that PRRS virus detection in gilt ovarian tissue may be one factor
that can impair follicle development and oocyte quality, and subsequently lead to
abnormal estrous behavior and infertility in replacement gilts.

ERB immunoreaction was detected in 22.6% of the theca cells and in 87.2% of the
luteal cells.

PRRS virus detection did not significantly influence the ER expression in the ovary of
gilt.
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Abstract Replacement gilts are a major source of introducing
the porcine reproductive and respiratory syndrome (PRRS)
virus into the swine breeding herd. The objective of the
present study was to determine the prevalence of PRRS virus
antigen by detection in the ovary of gilts culled due to repro-
ductive disturbances. Ovarian tissues were collected from 100
Landrace x Yorkshire crossbred slaughtered gilts in Thailand.
PRRS virus antigen in the ovarian tissues were detected by
using immunohistochemistry. On average, the gilts were
culled at 277 days of age at a body weight of 148 kg. Of these
gilts, 75 had attained puberty and 25 had not attained puberty.
PRRS virus antigens were detected in the macrophages within
the ovary. The histological morphology of macrophages con-
taining the PRRS virus in ovarian tissue was similar to that
found in the lung tissue. Of all the ovarian tissues (2=100), the
PRRS virus was detected in 70 (70.0 %) ovaries. The detec-
tion frequency of the PRRS virus in the ovarian tissue of gilts
did not differ significantly among the culling reasons (P=
0.496). The gilts that had exhibited standing oestrus had a
lower PRRS virus detection than those that had never exhib-
ited standing oestrus (62.8 versus 92.0 %, respectively, P=
0.005). Gilts with a body weight of 151-160 kg had a higher
frequency of PRRS virus detection (89.5 %) than gilts with a
body weight of <130 kg (52.9 %, P=0.025) and 131-140 kg
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(50.0 %, P=0.032). The ovulation rate in the ovary containing
the PRRS virus tended to be lower than the ovary without the
PRRS virus (14.8 and 16.7 corpora lutea (CL), respec-
tively, P=0.196). These findings indicated that the natural
exposure to PRRS virus in the replacement gilts caused an
existence of the virus in the ovarian tissues and may subse-
quently influence the ovarian function.

Keywords Immunohistochemistry - Ovary - Pig - PRRSV -
Reproduction

Introduction

Porcine reproductive and respiratory syndrome (PRRS) is a
common disease in pigs worldwide (Zimmerman et al. 2012).
The disease is caused by the PRRS virus, which was discov-
ered in the USA in 1987 (Keffaber 1989). The virus was
identified for the first time in The Netherlands in 1990
(Wensvoort etal. 1991). In Thailand, the PRRS virus has been
detected in pigs since 1989 (Damrongwatanapokin et al.
1996). The common clinical symptoms of the disease caused
by the PRRS virus in gilts and sows include late-term abor-
tion, mummified foetuses, stillborn piglets, and low viability
of piglets at birth (Olanratmanee et al. 2013). In practice, the
PRRS virus is controlled by intensive gilt acclimatisation, a
regular serological monitoring programme, and vaccination
with modified live PRRS virus (MLV) and/or killed vaccines
(Diaz et al. 2013). Nevertheless, replacement gilts remain to
be a major source of introducing new strains of the PRRS
virus into the herd (Tummaruk and Tantilertcharoen 2012;
Nilubol et al. 2014). Under field conditions, an intensive
acclimatisation of replacement gilts with culled sows or nurs-
ery pigs is commonly practised in most swine breeding herds
in Thailand. Although the titre of antibody against the PRRS
virus is often carefully monitored, detection of the PRRS virus
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in the reproductive organs of these gilts has never been done
(Tummaruk and Tantilertcharoen 2012). Moreover, the titre of
antibody against the PRRS virus of the gilts is highly variable
both within and between herds (Tummaruk and
Tantilertcharoen 2012). This causes difficulties for the farmer
when deciding to mate the gilts and occasionally causes
infertility problems in some batches of replacement gilts.
The previous study found that 73.0 % (122/166) of replace-
ment gilts culled due to reproductive failures (e.g. anoestrus,
abnormal vaginal discharge, repeat service, and abortion) had
been infected with the PRRS virus (Tummaruk and
Tantilertcharoen 2012). Furthermore, PRRS virus antigen
could be detected in the uterine tissue in 33.0 % of the gilts
culled due to reproductive failures (Olanratmanee et al. 2011).
This may compromise the fertility of replacement gilts.

In general, the PRRS virus primarily infects pulmonary
alveolar macrophages of the pig during the acute stage of
infection (Sur et al. 1997). Likewise, macrophages from other
organs are also the primary cell type that sustains the in vivo
replication of the virus (Thanawongnuwech et al. 2000). Our
previous study found that the PRRS virus was detected in the
cytoplasm of the macrophages in the sub-epithelial connective
tissue layers of the endometrium of the gilts culled due to
reproductive failures (Olanratmanee et al. 2011). Interestingly,
the detection frequency of PRRS virus antigen varied between
the herds, from 14.3 to 80.0 % (Olanratmanee et al. 2011).
Moreover, the PRRS virus exists in the uterine tissue of the
infected gilts for several months even though vaccination has
been done (Olanratmanee et al. 2011). The most common
reproductive disturbance among replacement gilts is anoestrus
and/or delayed puberty (Tummaruk et al. 2009). This problem
may be associated with ovarian dysfunction in gilts infected
with the PRRS virus during an intensive acclimatisation peri-
od. If so, gilt acclimatisation practices need to be revised.
Nevertheless, to enhance our understanding of this issue,
additional research needs to be carried out on the pathogenesis
as well as the factors associated with PRRS virus infection in
replacement gilts. To our knowledge, PRRS virus detection in
the ovarian tissue of gilts naturally exposed to the PRRS virus
associated with the gilts’ age, body weight, average daily gain
(ADQG), ovarian status, and delayed puberty has not been
comprehensively determined.

In the boar, the PRRS virus is able to induce apoptosis of
the testicular germ cells (Sur et al. 1997), while in the female’s
gonad, only limited information is known. To our knowledge,
only one study has demonstrated that the PRRS virus can
penetrate the resident macrophages of the ovary but its in-
volvement in follicle development, ovulation, and corpus
luteum formation is not clearly understood (Sur et al. 2001).
Under experimental conditions, the PRRS virus was detected
in the ovarian tissue of gilts for 21 days post infection (Sur
et al. 2001). Nevertheless, the role of natural PRRS virus
infection in the existence of the virus in gilts’ ovaries has not
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been elucidated. Also, little is known about the mechanism of
pathogenesis underlying ovarian infection by the PRRS virus.
The objective of the present study was to determine the
prevalence of PRRS virus antigen detection in the ovarian
tissue of gilts in relation to the gilts” historical data, e.g. culling
reason, and reproductive data, e.g. age, body weight, ADG,
ovarian status, and delayed puberty.

Materials and methods
Animals, data, and sample collection

Ovarian tissues were collected from 100 Landrace x Yorkshire
crossbred gilts from two commercial swine herds in Thailand.
Historical data of the gilts including the gilts’ identity, the date
of birth, date of entry into the herd, date of first observed
oestrus, date of culling, body weight at culling, and culling
reason were collected. The age at culling was calculated. ADG
from birth to culling was calculated: ADG (g/day)=(body
weight at culling—1.5/age at culling) % 1,000. The ovaries and
reproductive tract of the gilts were collected immediately after
slaughter at an abattoir and were placed on ice and transported
to the laboratory within 24 h. The appearance of the ovaries
was used to define the stage of the oestrous cycle. The ovarian
appearance was defined according to a previous study
(Tummaruk et al. 2009). Briefly, corpora lutea (CL) were the
structures on the ovaries with a pink, tan, or yellow colour and
with a diameter of between 5 and 15 mm (Fig. 1). Corpora
albicantia (CA) were regressing and shrunken CL. Follicles
were transparent fluid-containing structures in the ovaries
(Fig. 1). The number of CL was counted and defined as the
number of ovulations. The ovary was defined as ‘pre-pubertal’
when containing only small follicles and having no CL or CA
and was defined as ‘cycling’ when containing CL or CA and
follicles (Fig. 1). Of the cycling ovaries, ‘luteal phase’ was
characterized by ovaries that had CL and ‘follicular phase’ by
ovaries that had follicles of 7 to 12 mm in diameter either with
or without CA (Tummaruk et al. 2010a, b). The reasons for
culling were classified into five groups, i.e. anoestrus, abnor-
mal vaginal discharge, abortion, repeat breeding, and miscel-
laneous (e.g. lameness, inverted nipple, and illness)
(Tummaruk et al. 2009).

General management and vaccination

The herds in the present study were breeding herds in the
northeastern (Herd A) and middle (Herd B) parts of Thailand.
The numbers of sows-on-production were 2000 (Herd A) and
3500 (Herd B) sows/herd. Herd A produced replacement gilts
within the herd using their own grandparent stock, while Herd
B bought replacement gilts from another breeder. The gilts in
both herds were housed in a conventional open-housing



Comp Clin Pathol (2015) 24:903-910

905

Fig. 1 Gross morphology of the
gilt’s ovary: a ovary of a pre-
pubertal gilt containing numerous
small follicles (arrows); b ovary
of a pubertal gilt during the
follicular phase, containing
numerous large follicles
(arrowheads) and corpora
albicantia (arrow); ¢ ovary of a
pubertal gilt during the luteal
phase, containing numerous large
corpora lutea (arrowheads) and
small follicles (arrows).

Bar=1.0 cm

system facilitated with a water sprinkler and fan for reducing
heat stress. The health status of the herds was monitored
routinely by the herd veterinarian. In general, the recommend-
ed gilt vaccination programme consisted of foot-and-mouth
disease, classical swine fever, Aujeszky’s disease, and porcine
parvovirus at between 22 and 30 weeks of age. In both herds,
the replacement gilts were also vaccinated with a PRRS MLV
vaccine (Ingelvac® PRRS™ MLV, Boehringer-Ingelheim
Vetmedica Inc., St. Joseph, MO, USA) before being sent to
the breeding house.

Management of gilts and oestrus detection

In general, the replacement gilts were kept in pens in groups of
6 to 15 gilts/pen with a space allowance of 1.5 to 2.0 m?/gilt.
Oestrus detection was performed daily using observations for
vulva symptoms (i.e. reddening, swelling, and mucous dis-
charge) and a back pressure test in the presence of a mature
boar (Tummaruk et al. 2007). The gilts were provided water
ad libitum using water nipples, and they were fed twice a day
(about 3 kg of feed/gilt/day) with a corn-soybean-fish ration
containing 16.0 to 18.0 % crude protein, 3000 to 3250 kcal/kg
metabolisable energy, and 0.85 to 1.10 % lysine. In general,
the herds recommended breeding the replacement gilts from
32 weeks of age onwards at second or later oestrus and at a
body weight of at least 130 kg. All herds used conventional
artificial insemination.

Tissue processing

The ovaries were fixed in 10.0 % neutral-buffered forma-
lin for 24-48 h, processed by an automatic tissue proces-
sor (Tissue-Tek VIP 5 IJr, Sakura, Tokyo, Japan), and
embedded in a paraffin block (Tissue-Tek TEC, Sakura,
Tokyo, Japan). The paraffin embeddings were cut into
4 pum thickness using a microtome (Shandon, Anglia
Scientific Instrument Ltd., Cambridge, UK). The tissue
sections were used to detect PRRS virus infection using
immunohistochemistry.

Immunohistochemical detection of the PRRS virus

PRRS virus detection in the gilt’s ovary was carried out by
immunohistochemistry according to our previous protocol
(Olanratmanee et al. 2011). Briefly, the ovarian tissue sections
were placed on 3-aminopropyltriethoxysilane-coated slides.
The sections were deparaffinised in xylene and rehydrated in
graded alcohol. A polymer-based non-avidin-biotin technique
was applied. An antigen-retrieval technique was used in order
to enhance the reaction between antigens and antibodies by
enzymatic treatment using 0.1 % trypsin at 37 °C for 30 min.
After washing in phosphate-buffered saline (PBS), endoge-
nous peroxidase activity was inhibited by immersing the
sections in 0.3 % hydrogen peroxide (H,O,) in absolute
methanol for 30 min at room temperature. Thereafter, the
sections were blocked with 1.0 % bovine serum albumin at
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Fig. 2 Immunohistochemical
staining of porcine reproductive
and respiratory syndrome (PRRS)
virus antigen (arrows) in a
positive control (lung tissue), b
negative control, and c¢—d ovarian
tissue

37 °C for 30 min and incubated at 4 °C overnight (12—15 h)
with a diluted (1:1000) primary monoclonal antibody
SDOW17 (Rural technologies, Inc., USA). After wash-
ing in PBS, dextran coupled with peroxidase molecules
and goat secondary antibody (Dako REAL™Envision" /
HRP, Rabbit/Mouse®, Dako, Denmark) was applied to
the tissue sections and incubated at 37 °C for 45 min.
In the final step, the colour of the bound enzyme
(brown colour) was obtained by incubating with
0.05 % 3,3'-diaminobenzidine tetrahydrochloride (DAB)
for 4-15 min. All sections were counterstained with
Mayer’s haematoxylin, dehydrated, and mounted for
investigation under a light microscope. Negative control
procedures included the omission of primary antibody.
Known PRRS virus-infected lung tissues served as pos-
itive controls. The sections were interpreted as positive
if they contained at least one positive cell (brown
intracytoplasmic staining) (Fig. 2).

Statistical analyses

Statistical analyses were carried out by using SAS
(SAS, 2002). Data are presented as percentages. The
frequency of PRRS virus detection in the ovarian tissue
of gilts was compared by culling reasons, ovarian status
(pre-pubertal, follicular, and luteal phases), age classes,
body weight classes, ADG classes, season, oestrus be-
haviour, and ovarian pathology, and the number of
ovulation classes was compared by using chi-square
and Fisher’s exact test. P<0.05 was considered to be
statistically significant.
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Results
Descriptive statistics

Descriptive statistics on the reproductive data of the replace-
ment gilts included in the present study are presented in
Table 1. On average, the gilts were culled at 277 days of age
at a body weight of 148 kg. Of these gilts, 75 had attained
puberty and 25 had not attained puberty. The average age at
first observed oestrus was 214+18.8 days. For the gilts that
had not attained puberty (n=25), the average age at culling
was 256+16.1 days. Based on the age and the ovarian status
(i.e. pre-pubertal phase), 25.0 % of the gilts were defined as
delayed puberty.

Localisation of the PRRS virus

Histological examination of ovarian tissues of the gilts re-
vealed that PRRS virus antigens were detected in the

Table 1 Descriptive statistics on reproductive data of 100 Landrace x
Yorkshire crossbred gilts in Thailand

Items Mean+SD Range
Age at culling (day) 277+33.4 209406
Body weight at culling (kg) 148+16.8 105-203
Average daily gain (g/day) 529+67.4 150-693
Age at first observed oestrus (day) 214+18.8 156272
Ovulation rate 15.9+43 1-26
Weight of an ovary (g) 6.3+3.2 1.8-16.6

SD standard deviation
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Table 2 Number and percentage of gilts with porcine reproductive and
respiratory syndrome (PRRS) virus detection in the ovarian tissue by
culling reason

Table 4 Number and percentage of gilts with porcine reproductive and
respiratory syndrome (PRRS) virus detection in the ovarian tissue by age
group of the gilts

Culling Number  Number of gilts with Percentage Age group Number Number of gilts with Percentage
reason of gilts PRRS virus detection (days) of gilts PRRS virus detection
Anoestrus 51 40 78.4a <250 17 11 64.7a
Vaginal discharge 17 11 64.7a 251-300 65 45 69.2a
Abortion 10 6 60.0a >300 18 14 77.8a
Repeat breeding 9 6 66.7a

. The same letter within a column denotes data that do not differ signifi-
Miscellaneous 13 7 53.9a

cantly (P>0.05)

Total 100 70 70.0

The same letter within a column denotes data that do not differ signifi-
cantly (P>0.05)

macrophages within the ovary (Fig. 2¢). The virus was found
as brown staining in the cytoplasm of the macrophages
(Fig. 2d). The histological morphology of macrophages con-
taining the PRRS virus in ovarian tissue was similar to that
found in lung tissue (Fig. 2a). Of all the ovarian tissues (n=
100), the PRRS virus was detected in 70 (70.0 %) ovaries.

Factors influencing the detection frequency of the PRRS virus
in ovarian tissue

The detection frequency of the PRRS virus in ovarian tissues
of the gilts classified by culling reasons is displayed in
Table 2. As can be seen from the table, the detection frequency
of the PRRS virus in the ovarian tissue of gilts did not differ
significantly among the culling reasons (P=0.496).
Nevertheless, the PRRS virus was detected in the gilts culled
due to anoestrus more frequently than the gilts culled due to
miscellaneous causes (78.9 versus 53.9 %, P=0.073).

The number and percentage of PRRS virus detection in the
ovarian tissue of gilts by ovarian status are presented in
Table 3. The ovarian status (i.e. pre-pubertal, follicular, and
luteal phases) did not influence the frequency of PRRS virus
detection (P=0.225). The percentage of PRRS virus detection
in ovarian tissue by age groups of the gilts is presented in
Table 4. The frequency of PRRS virus detection was not
dependent on the age of the gilts (P=0.683).

Table 3 Number and percentage of gilts with porcine reproductive and
respiratory syndrome (PRRS) virus detection in the ovarian tissue by
ovarian status

Ovarian Number  Number of gilts with Percentage
status of gilts PRRS virus detection

Pre-pubertal phase 26 20 76.9a
Follicular phase 13 11 84.6a
Luteal phase 61 39 63.9a

The influences of body weight and ADG of the gilts on the
frequency of PRRS virus detection are displayed in Tables 5
and 6, respectively. Gilts with a body weight of 151-160 kg
had a higher frequency of PRRS virus detection (89.5 %) than
gilts with a body weight of <130 kg (52.9 %, P=0.025) and
131-140 kg (50.0 %, P=0.032). Likewise, gilts with an ADG
of 500-550 g/day and 550—600 g/day had a higher frequency
of PRRS virus detection than gilts with an ADG of <500 g/day
(81.8, 81.8, and 46.2 %, respectively, P<0.02).

The percentage of PRRS virus detection did not differ
significantly between cool and hot seasons (73.8 versus
64.1 %, respectively, P=0.304). The gilts that had exhibited
standing oestrus had a lower PRRS virus detection than those
that had never exhibited standing oestrus (62.8 versus 92.0 %,
respectively, P=0.005) (Table 7). The percentages of gilts with
PRRS virus detection in ovarian tissue by ovarian pathology
are presented in Table 8. Although the PRRS virus was detect-
ed in 80.0 % of ovaries with multiple cysts, it was also detected
in 72.0 % of ovaries with a normal appearance (P>0.05).
Nevertheless, PRRS virus detection in ovaries with a single
cyst was lower than that in ovaries with multiple cysts (P=
0.03). Although the frequency of PRRS virus detection was not
related to the number of ovulations, the virus was frequently
detected in gilts with a low number of ovulation (i.e. <13 CL)
(Table 9). Furthermore, the ovulation rate in the ovary contain-
ing the PRRS virus tended to be lower than the ovary without
the PRRS virus (14.8 and 16.7 CL, respectively, P=0.196).

Table 5 Number and percentage of gilts with porcine reproductive and
respiratory syndrome (PRRS) virus detection in the ovarian tissue by
body weight group of the gilts

Body weight Number Number of gilts with Percentage
group (kg) of gilts PRRS virus detection

<130 17 9 52.9a
131-140 12 50.0a
141-150 28 20 71.4ab
151-160 19 17 89.5b
>160 24 18 75.0ab

The same letter within a column denotes data that do not differ signifi-
cantly (P>0.05)

Different letters within a column denote data that differ significantly
(P<0.05)
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Table 6 Number and percentage of gilts with porcine reproductive and
respiratory syndrome (PRRS) virus detection in the ovarian tissue by
average daily weight gain (ADG) group of the gilts

Table 8 Number and percentage of gilts with porcine reproductive and
respiratory syndrome (PRRS) virus detection in the ovarian tissue by
ovarian pathology

ADG group Number Number of gilts with Percentage Ovarian Number Number of gilts with Percentage
(g/day) of gilts PRRS virus detection pathology of gilts PRRS virus detection

<500 30 14 46.7a Normal 79 57 72.2a
501-550 33 27 81.8b Single cyst 7 2 28.6b
551-600 22 18 81.8b Multiple cyst 10 80.0a
>600 15 11 73.3ab Miscellaneous 4 3 75.0ab

Different letters within a column denote data that differ significantly
(P<0.05)

Discussion

The present study reveals the detection of the PRRS virus in
the ovarian tissue of replacement gilts under field conditions.
In the ovary, the PRRS virus is located in macrophages within
the ovarian tissue. This is in accordance with an earlier study
(Sur et al. 2001), which found that the PRRS virus could be
detected in the ovarian tissue of gilts within 21 days post
infection. The study also demonstrated numerous PRRS
virus-positive cells in atretic follicles of the ovaries.
However, no alternation of the ovarian architecture supporting
the possible role of PRRS infection in porcine female infertil-
ity could be demonstrated. In contrast, in gestating sows, the
experimental challenge of the PRRS virus caused no consis-
tent or significant microscopic lesions in ovarian tissues
(Benson et al. 2001). Moreover, no evidence of PRRS virus
antigen was detected in the ovarian tissue of sows at 21 days
post infection (Benson et al. 2001). This indicates an incon-
sistency in the appearance of the PRRS virus in porcine
ovarian tissue. In the present study, the PRRS virus was
detected in 70.0 % of the ovarian tissues of the replacement
gilts culled due to reproductive failure, especially among those
culled due to anoestrus. This indicates a possible role of the
PRRS virus in ovarian function under field conditions. In
general, macrophages in the ovaries are involved in many
ovarian functions, e.g. follicular growth, follicular atresia,
ovulation, and CL formation (Araki et al. 1996). It was sug-
gested that phagocytic macrophages containing the PRRS
virus may deliver the virus to neighbouring cells, such as

Table 7 Number and percentage of gilts with porcine reproductive and
respiratory syndrome (PRRS) virus detection in the ovarian tissue by
oestrus behaviour

Oestrus Number Number of gilts with Percentage
behaviour of gilts PRRS virus detection

Anoestrus gilts 25 23 92.0a
Pubertal gilts 75 47 62.8b

Different letters within a column denote data that differ significantly
(P<0.05)

granulosa cells (Sur et al. 2001). This may subsequently
influence granulosa cell function, e.g. steriodogenesis, oocyte
maturation, and follicle development. The interruption of
these process may influence the oestrus cycle and puberty
attainment in gilts. In the present study, the PRRS virus was
detected in the gilts with delayed puberty (92.0 %) more than
those that had already attained puberty (62.8 %). The age at
culling of these delayed puberty gilts averaged 256 days.
Normally, Landrace x Yorkshire crossbred gilts in Thailand
attain puberty at 195 days of age (Tummaruk et al. 2007).
Thus, the age at puberty is delayed for 61 days. PRRS virus
infection in the ovary of replacement gilts may, to some
extent, interfere with ovarian functions and contribute to
anoestrus problems or delayed puberty in replacement gilts.
In boars, PRRS virus infection clearly induces the depletion
and death of testicular germ cells and results in
hypospermatogenesis (Sur et al. 1997). Moreover, PRRS virus
infection in the boar causes a significant reduction in semen
quality, e.g. distal cytoplasmic droplet and sperm motility
(Prieto et al. 1996; Guérin and Pozzi 2005). The virus might
have a role in the ovarian tissue of replacement gilts.

In general, the atretic process of the follicles depends on
many factors including the physiological condition of the
animal (Orisaka et al. 2009). The atretic process has not yet
been well described; however, macrophages play a major role
by producing pro-inflammatory mediators, e.g. interleukin 1,
interleukin 2, and tumour necrosis factor. A previous study
has demonstrated that macrophages are involved in the atretic

Table 9 Number and percentage of gilts with porcine reproductive and
respiratory syndrome (PRRS) virus detection in the ovarian tissue by
number of ovulations

Number of Number Number of gilts with Percentage
ovulations of gilts PRRS virus detection

<13 11 9 81.8a
14-17 33 18 54.6a

>18 15 10 66.8a

Different letters within a column denote data that differ signifi-
cantly (P=0.005)
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process in both the pre-pubertal and pubertal stages, and
macrophages are usually absent in healthy developing swine
follicles (Sur et al. 2001). The present study demonstrated the
presence of the PRRS virus in both cyclic and non-cyclic gilts.
Macrophages infected with the PRRS virus may invade the
granulosa cell layer and alter apoptosis and/or proliferation of
germinal epithelial cells. However, Sur et al. (2001) did not
find any significant differences in ovarian architecture in
PRRS virus-infected gilts compared with that in non-
infected gilts. Under field conditions, the replacement gilts
were exposed to the PRRS virus before the first insemination
(Tummaruk and Tantilertcharoen 2012). If the ovaries of the
gilts were infected with the PRRS virus, granulosa cell prolif-
eration, steriodogenesis, and oocyte quality may be reduced.
This may subsequently cause infertility problems in mated
gilts, which is commonly seen under field conditions
(Tummaruk et al. 2010a, b). In addition, the PRRS virus is
frequently detected in the ovarian tissue of gilts with a rela-
tively good body weight (i.e. 150-160 kg), rather than those
with a poor body weight. The reason is not known, but this
certainly increases the risk of mating the gilts, while the PRRS
virus has not been eliminated from their reproductive organs.
As a result, fertility of the gilts might be compromised. Based
on these findings, it is not recommended to expose gilts to the
PRRS virus. Therefore, the acclimatisation of replacement
gilts should be omitted or ended for a certain period of time
before the first insemination.

In conclusion, the PRRS virus was detected in 70.0 % of
ovarian tissues of the replacement gilts culled due to repro-
ductive failure. The frequency of PRRS virus detection
depended on the body weight, ADG, and oestrus cycle. Gilts
with a body weight of 151-160 kg had a high frequency of
PRRS virus detection (89.5 %). This may increase the risk of
mating the gilts, while the PRRS virus has not been eliminated
from their reproductive organs. The PRRS virus was frequent-
ly detected in delayed puberty gilts (92.0 %). The ovulation
rate in the ovary containing the PRRS virus tended to be lower
than the ovary without the PRRS virus. These findings indi-
cated that the natural exposure to PRRS virus in the replace-
ment gilts cause an existence of the virus in the ovarian tissues
and may subsequently influence the ovarian function.

Acknowledgments Financial support for the present study was provid-
ed by Rachadapiseksompoch Endowment fund, Chulalongkorn
University.

References

Araki M, Fukumatsu Y, Katabuchi H, Shultz LD, Takahashi K, Okamura
H (1996) Follicular development and ovulation in macrophage
colony-stimulating factor-deficient mice homozygous for the
osteopetrosis (op) mutation. Biol Reprod 54:478-484

Benson JE, Yaeger JM, Ford PS (2001) Effect of porcine reproductive
and respiratory syndrome virus infection on the ovary and proges-
terone levels in third trimester gestation sows. Theriogenology 56:
777-785

Damrongwatanapokin S, Arsayuth K, Kongkrong C, Parchariyanon S,
Pinyochon W, Tantaswasdi U (1996) Serological studies and isola-
tion of porcine reproductive and respiratory syndrome (PRRS) virus
in Thailand. J Thai Vet Med Assoc 47:19-31

Diaz I, Gimeno M, Callén A, Pujols J, Lopez S, Charreyre C, Joisel F,
Mateu E (2013) Comparison of different vaccination schedules for
sustaining the immune response against porcine reproductive and
respiratory syndrome virus. Vet J 197:438-444

Guérin B, Pozzi N (2005) Virus in boar semen: detection and clinical as
well as epidemiological consequences regarding disease transmis-
sion by artificial insemination. Theriogenology 63:556-572

Keffaber KK (1989) Reproduction failure of unknown etiology. Am
Assoc Swine Pract Newsl 1:1-9

Nilubol D, Tripipat T, Hoonsuwan T, Tipsombatboon P, Piriyapongsa J
(2014) Dynamics and evolution of porcine reproductive and respi-
ratory syndrome virus (PRRSV) ORFS5 following modified live
PRRSV vaccination in a PRRSV-infected herd. Arch Virol 159:
17-27

Olanratmanee E, Nuntawan Na Ayudhya S, Thanawongnuwech R,
Kunavongkrit A, Tummaruk P (2013) Reproductive parameters
following a PRRS outbreak where a whole-herd PRRS MLV vac-
cination strategy was instituted post-outbreak. Trop Anim Health
Prod 45:1099-1106

Olanratmanee E, Wangnaitham S, Thanawongnuwech R, Kunavongkrit
A, Tummaruk P (2011) Prevalence of porcine reproductive and
respiratory syndrome virus (PRRSV) antigen-positive uterus tissue
in gilts culled due to reproductive disturbance in Thailand. Trop
Anim Health Prod 43:451-457

Orisaka M, Tajima K, Tsang BK, Kotsuji F (2009) Oocyte-granulosa-
theca cell interactions during preantral follicular development. J
Ovarian Res 2:9-15

Prieto C, Suarez JM, Bautista JM, Sanchez R, Rillo SM, Simarro I,
Solana A, Castro JM (1996) Semen changes in boar after experi-
mental infection with porcine reproductive and respiratory syn-
drome (PRRSV) virus. Theriogenology 45:383-395

SAS Institute Inc (2002) SAS User’s guide. Statistics version 9.0. Cary
NC USA

Sur J-H, Doster AR, Christian JS, Galeota JA, Wills RW, Zimmerman JJ,
Osorio FA (1997) Porcine reproductive and respiratory syndrome
virus replicates in testicular cells, alters spermatogenesis, and in-
duces germ cell death by apoptosis. J Virol 71:9170-9179

Sur J-H, Doster AR, Galeota JA, Osorio FA (2001) Evidence for the
localization of porcine reproductive and respiratory syndrome virus
(PRRSV) antigen and RNA in ovarian follicles in gilts. Vet Pathol
38:58-66

Thanawongnuwech R, Halbur PG, Thacker EL (2000) The role of pul-
monary intravascular macrophages in porcine reproductive and
respiratory syndrome virus infection. Anim Health Res Rev 1:95—
102

Tummaruk P, Kesdangsakonwut S, Kunavongkrit A (2009) Relationships
among specific reason for culling, reproductive data and gross-
morphology of the genital tracts in gilts culled due to reproductive
failure in Thailand. Theriogenology 71:369-375

Tummaruk P, Kesdangsakonwut S, Prapasarakul N, Kaeoket K (2010a)
Endometritis in gilts: reproductive data, bacterial culture, histopa-
thology, and infiltration of immune cells in the endometrium. Comp
Clin Pathol 19:575-584

Tummaruk P, Tantasuparuk W, Techakumphu M, Kunavongkrit A (2007)
Age, body weight and backfat thickness at first observed oestrus in
crossbred Landrace x Yorkshire gilts, seasonal variations and their
influence on their subsequent reproductive performance. Anim
Reprod Sci 99:167-181

@ Springer



910 Comp Clin Pathol (2015) 24:903-910

Tummaruk P, Tantasuparuk W, Techakumphu M, Kunavongkrit A Broekhuijsen JM, Moonen PLIM, Zeststra T, de Boer EA, Tibben
(2010b) Influence of repeat-service and weaning-to-first-service HJ, de Jong MF, van’t Veld P, Groenland GJR, van Gennep JA,
interval on farrowing proportion of gilts and sows. Prev Vet Med Voets M, Verheijden JHM, Bramskamp J (1991) Mystery swine
96:194-200 disease in the Netherlands: the isolation of Lelystad virus. Vet

Tummaruk P, Tantilertcharoen R (2012) Seroprevalence of porcine re- Quart 13:121-130
productive and respiratory syndrome, Aujeszky’s disease and por- Zimmerman JJ, Benfield DA, Dee SA, Murtaugh MP, Stadejek T,
cine parvovirus in replacement gilts in Thailand. Trop Anim Health Stevenson GW, Torremorell M (2012) Porcine reproductive and
Prod 44:983-989 respiratory syndrome virus (porcine arterivirus). In: Zimmerman

Wensvoort G, Terpstra C, Pol JMA, terLaak EA, Bloemraad M, de JJ, Karriker LA, Ramirez A, Schwartz KJ, Stevenson GW (eds)
Kluyver EP, Kragten C, van Buiten L, Den Besten A, Wagenaar F, Disease of swine, 10th edn. Wiley-Blackwell, Ames, pp 461-486

@ Springer



Comp Clin Pathol (2015) 24:1385-1394
DOI 10.1007/500580-015-2087-y

ORIGINAL ARTICLE

Granulosa cell proliferation in the gilt ovary associated
with ovarian status and porcine reproductive and respiratory

syndrome virus detection

Duangkamol Phoophitphong - Sayamon Srisuwatanasagul -

Padet Tummaruk

Received: 22 October 2014 / Accepted: 24 February 2015 /Published online: 11 March 2015

© Springer-Verlag London 2015

Abstract The aims of the present study were to quantify the
number of follicles and determine granulosa cell proliferation
in the ovaries of gilts in relation to ovarian status and porcine
reproductive and respiratory syndrome (PRRS) virus infec-
tion. Ovarian tissues were obtained from 37 Landrace x
Yorkshire crossbred gilts aged 270.7+24.5 days and weighing
144.5+£15.0 kg (27 cycling and 10 prepubertal gilts). PRRS
virus was detected using immunohistochemistry, and the ova-
ries were classified as negative (n=17) or positive (n=20) to
PRRS virus. Granulosa cell proliferation was determined by
proliferating cell nuclear antigen (PCNA) immunostaining.
The proportion of PCNA-expressing granulosa cells in pre-
antral (n=197) and antral follicles (n=76) was determined
using Image-Pro® Plus software. The number of follicles in
ovarian tissue containing PRRS virus did not differ signifi-
cantly compared with those without PRRS virus. Granulosa
cell proliferation was influenced by the type of follicle
(P<0.05), ovarian status (P<0.05), the age of the gilt
(P<0.05), and the interaction between ovarian status and
PRRS virus detection (P=0.06). Granulosa cell prolifer-
ation in cycling ovaries was higher than in prepubertal
ovaries (84.0+5.1 and 35.24+8.0 %, P<0.05) in gilts
without PRRS virus but not in ovaries containing PRRS
virus (68.5+4.3 and 44.4+9.2 %, P>0.05). It can be conclud-
ed that the detection of PRRS virus in the gilt’s ovarian tissue
was not associated with the number of follicles but was asso-
ciated with the proliferation of granulosa cells in the cycling
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ovaries. This might subsequently cause delayed follicle devel-
opment, reduced oocyte quality, and infertility in gilts.

Keywords Gilt - Granulosa cell - Proliferating cell nuclear
antigen - PRRS - Reproduction

Introduction

The selection of high-quality replacement gilts is an important
key to improving pig production, since production from indi-
vidual females contributes to the overall productivity of swine
herds (Roongsitthichai et al. 2013). Gilts and sows with a
history of poor reproductive performance (e.g., prolonged
weaning-to-service interval, repeated service, and abortion)
have suboptimal productivity and short longevity (Takai and
Koketsu 2007; Tummaruk et al. 2010). In the last decade, the
replacement rate of gilts in substitution for culled sows has
been 40 to 60 % per year (Engblom et al. 2007). This high
replacement rate is because of the high level of unplanned
removal and culling of sows at a younger age than in the past
(i.e., parities above 6) (Engblom et al. 2007). This has also
affected production costs and herd efficiency. In general, the
proportion of gilts in commercial swine herds accounts for 20
to 25 % of the sows in production. This reflects the importance
of selecting quality gilts to be the production units in a herd. In
general, age, body weight, and estrous behavior of gilts are the
major criteria to be considered before first mating. Based on
economic analysis, gilts should conceive before 220 to
230 days of age (Schukken et al. 1994; Koketsu et al. 1999).
Koketsu et al. (1999) revealed that, if the age of first insemi-
nation of gilts was increased, their longevity decreased. Gilts
that have a low average daily gain (ADG) tend to have a low
conception rate and have to be removed from herds due to
reproductive disturbances (Sur et al. 1997; Roongsitthichai
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et al. 2013). It has been demonstrated that 15 to 20 % of sows
are removed from a herd after having produced only one litter,
and more than 50 % of them are removed before attaining the
fifth parity (Engblom et al. 2007).

Porcine reproductive and respiratory syndrome (PRRS) vi-
rus has been isolated from the ovaries of gilts (Sur et al. 2001).
PRRS virus is transmitted following an exposure of naive
animals to infected animals or to semen from infected boars.
The duration of viral shedding in the boar semen of the infect-
ed boars varies from 2 to 92 days (Karniychuk and Nauwynck
2013). PRRS virus reaches the tissue of the boar reproductive
tract by migration of infected macrophages (Prieto and Castro
2000). In the female pigs, endometrial tissue can be infected
by PRRS virus contaminated semen and thereafter distribute
to regional lymph node and other organs (Prieto and Castro
2000). In boars, it has been clearly demonstrated that the virus
is able to induce apoptosis of testicular germ cells (Sur et al.
1997); however, in female gonads, only limited information is
available about its impact. To our knowledge, only one study
has demonstrated that PRRS virus can penetrate the resident
macrophages of the ovary, but its involvement in follicle de-
velopment, ovulation, and corpus luteum formation is not
clearly understood (Sur et al. 2001). In the porcine ovary,
macrophages are essential cells for cleaning up apoptotic de-
bris during follicular atresia (Miyake et al. 2006). The pres-
ence of macrophages containing phagocytosed cells in cyto-
plasm has been reported in follicles of pig (Sur et al. 2001).
Furthermore, macrophages also play many important roles in
the porcine ovaries, e.g., phargocytosis and degeneration of
foreign antigen, matrix dissolution, and tissue remodeling,
production, and secretion of cytokines, chemokines, and
growth factors (Miyake et al. 2006). Since majority of the
porcine follicles undergo atresia, macrophages are therefore
an important cell for eliminating those follicles that will not be
ovulated and thus maintain normal function of the porcine
ovary. Since macrophage is an important target cell of PRRS
virus infection, the association between some ovarian activi-
ties, e.g., follicular growth, and the presence of PRRS virus in
the ovarian tissue of replacement gilts is therefore of interest.

Proliferating cell nuclear antigen (PCNA) is an auxiliary pro-
tein of DNA polymerase delta that is necessary for DNA syn-
thesis (Kurki et al. 1986; Bravo and McDonald-Bravo 1987).
The expression of PCNA increases during the G1 phase, reaches
its highest level in the S-phase, and decreases during the G2/M
phases of the cell cycle (Kurki et al. 1988). An earlier study has
demonstrated that expression of PCNA in the ovaries is involved
with follicular development in many species, e.g., rats (Oktay
et al. 1995), cows (Wandji et al. 1996), baboons (Wandji et al.
1997), pigs (Phoophitphong et al. 2012), and humans (Kelsey
et al. 2010). The aims of the present study were to quantify the
number of follicles and determine granulosa cell proliferation in
the ovaries of gilts in relation to ovarian status (i.e., prepubertal
and cycling ovaries) and PRRS virus detection.
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Materials and methods
Animals, data and sample collection

Ovarian tissues of 37 Landracex Yorkshire crossbred gilts
were obtained from slaughter houses. The genital organs and
historical data of the gilts were collected from two commercial
swine herds in Thailand. The historical data of the gilts
consisted of the herd and gilt identity, breed, date of birth, date
of entry into the herd, date of first observed estrus, date of
culling, and body weight at culling. The age at culling was
calculated. The ADG from birth to culling was calculated:
ADG (grams per day)=(body weight at culling—1.5/age at
culling)x 1000. The organs were collected immediately after
slaughter and were placed on ice and transported to the labo-
ratory within 24 h. The weight of the ovaries was measured
using an electronic balance (BJ 210C, max=210 g/day=
0.01 g, Precisa Instruments Ltd., Switzerland). The ap-
pearance of the ovaries was used to define the stage
of the estrous cycle. The ovarian structures were defined
according to a previous study (Tummaruk et al. 2009a).
Briefly, corpora lutea (CL) were the structures on the
ovaries with a pink, tan, or yellow color and a diameter
of between 5 and 15 mm. Corpora albicantia (CA) were
regressing and shrunken CL. Follicles were transparent
fluid-containing structures in the ovaries (Fig. 1). The
number of CL was counted and defined as the number
of ovulations. The ovary was defined as ‘prepubertal” when
it contained only small follicles (diameter <3 mm) (Evans and
O’Doherty 2001; Tummaruk et al. 2009a) and had no CL or
CA (Fig. 1a), and as ‘cycling” when it contained CL or CA
and follicles (Fig. 1b).

Tissue processing

The ovaries were fixed in 10 % neutral-buffered forma-
lin for 24 to 48 h, processed by an automatic tissue
processor (Tissue-Tek VIP 5 Jr., Sakura, Tokyo,
Japan), and embedded in a paraffin block (Tissue-Tek
TEC, Sakura, Tokyo, Japan). The paraffin blocks were
cut into 5-pum-thick sections using a microtome (Shandon,
Anglia Scientific Instrument Ltd., Cambridge, UK). For each
ovarian tissue, two sections were cut, and each section
was placed on a separate slide. One section was used
to detect PRRS virus infection using immunohistochem-
istry, and the other was stained by PCNA immunohis-
tochemistry to determine the number of follicles and
granulosa cell proliferation.

Immunohistochemical detection of PRRS virus

PRRS virus detection in the gilt ovaries was carried out by
immunohistochemistry according to our previous protocol
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Fig. 1 a-b Small follicles
(arrow) in prepubertal ovaries and
corpus luteum (arrowhead),
corpus albicantea, and follicles in
cycling ovaries (bar=1 cm). c—d
Immunohistochemical expression
of negative (¢) and positive (d)
PRRSV in macrophages in gilt
ovarian tissue

(Olanratmanee et al. 2011). Briefly, the ovarian tissue was cut
and placed on 3-aminopropyl-triethoxy silane-coated slides.
The sections were deparaffinized in xylene and rehydrated in
graded alcohol. A polymer-based non-avidin—biotin technique
was applied. An antigen-retrieval technique was used in order
to enhance the reaction between antigens and antibodies by
enzymatic treatment, using 0.1 % trypsin at 37 °C for 30 min.
After washing in phosphate-buffered saline (PBS), endoge-
nous peroxidase activity was inhibited by immersing the sec-
tions in 0.3 % hydrogen peroxide in absolute methanol for
30 min at room temperature. Thereafter, the sections were
blocked with 1.0 % bovine serum albumin at 37 °C for
30 min and incubated at 4 °C overnight (12 to 15 h) with a
diluted (1:1000) primary monoclonal antibody SDOW17
(Rural Technologies, Inc., USA). After washing in PBS, a
goat secondary antibody dextran coupled to peroxidase mol-
ecules (Dako REALTM EnvisionTM/HRP, Rabbit/Mouse®,
Dako, Denmark) was applied to the tissue sections and
incubated at 37 °C for 45 min. In the final step, the
color of the bound enzyme (brown color) was devel-
oped using 0.05 % DAB (3, 3'-diaminobenzidine tetra-
hydrochloride) for 4 to 15 min. All sections were coun-
terstained with Mayer’s hematoxylin, dehydrated, and
then mounted for investigation under a light microscope.
Negative control procedures included the omission of
primary antibody. Known PRRS virus-infected lung
and lymph node tissues served as positive controls.
The sections were interpreted as positive if they contained
at least one positive cell (brown intracytoplasmic staining)
(Olanratmanee et al. 2011) (Fig. 1c¢ and d).

PCNA immunohistochemistry

A PCNA immunostaining technique was carried out accord-
ing to our previous study (Phoophitphong et al. 2012). Briefly,
the pig ovarian tissues were deparaffinized and placed in an
antigen retrieval solution (0.01 M citrate buffer, pH 6.0) in a
microwave oven at 600 watts for 10 min. Endogenous perox-
idase was blocked using freshly prepared 3.0 % hydrogen
peroxide at room temperature for 10 min. Nonspecific staining
was blocked with 1.0 % bovine serum albumin at 37 °C for
30 min. The slides were incubated with mouse monoclonal
anti-PCNA (clone PC10, DAKO, Carpinteria, CA, USA) as a
primary antibody at a dilution of 1:200 at 4 °C overnight.
After incubation with the primary antibody, the sections were
incubated with DAKO EnVision™ reagent for 45 min at room
temperature. Staining was developed with 3, 3'-diaminoben-
zidine tetrahydrochloride hydrate (DAB, Sigma, Germany)
for 3 min at room temperature. The sections were counter-
stained with Mayer’s hematoxylin for 1 min, dehydrated
through a graded series of ethanols, placed into xylene, and
mounted with mounting media. During the steps in the stain-
ing procedure, the slides were washed three times in PBS for
5 min each time. For the negative control, PBS was used
instead of the primary antibody (Fig. 2a).

Follicle categorization
The follicles were classified into three categories as described

earlier (Phoophitphong et al. 2012), i.e., (I) “primordial folli-
cles” were follicles having an oocyte surrounded by one or
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Fig. 2 Hematoxylin staining

(a, negative control) and PCNA
immunostaining of primordial
follicles (b), primary follicles
(¢—d), pre-antral (e), and antral (f)
follicles at magnification: x20

(a, ¢, e, and f) and x40 (b and d)

more flattened pre-granulosa cells at the periphery of the fol-
licle and no cuboidal cells (Fig. 2b); (II) “primary follicles”
were follicles having a central oocyte surrounded by either a
mixture of flattened pre-granulosa cells and plumb cuboidal
granulosa cells or a single layer of cuboidal granulosa cells
(Fig. 2 c and d); and (III) “growing follicles” including both
pre-antral (secondary follicle) and antral follicles (tertiary fol-
licle) and consisting of a visible zona pellucida and/or multiple
layers of granulosa cells (Fig. 2e and f). Pre-antral follicles
were follicles having a central oocyte and visible zona pellu-
cida surrounded by multiple layers of granulosa cells with no
antral formation (Fig. 2¢). Antral follicles were follicles hav-
ing an oocyte and zona pellucida surrounded by multiple
layers of granulosa cells with antral formation (Fig. 2f). For
each category of follicle, both the number and proportion of
follicles were calculated. The number of follicles counted per
100 um? of the real tissue section was calculated by: the num-
ber of follicles per 100 pm?=(number of counted follicles/
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tissue area)x 100. The proportion of follicles was calculated
by: the proportion of each category of follicles=(number of
each category of follicles/ total number of all follicles)* 100.
The total number of follicles counted per 100 um? was the
sum of primordial follicles, primary follicles, and growing
follicles per 100 um?.

Determination of granulosa cell proliferation

Granulosa cell proliferation was determined in pre-antral
(n=197) and antral (n=76) follicles from 37 ovaries. All
of the visible pre-antral and antral follicles in the ovar-
ian tissue sections of the gilts were evaluated. In total,
273 follicles were evaluated. On average, 7.3 follicles
(range 1 to 18) per ovary were identified. Granulosa cells with
positive PCNA staining were evaluated using Image-Pro®
Plus software under a light microscope (Fig. 3). The percent-
age of PCNA positive granulosa cells was calculated as:
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Fig.3 PCNA immunostaining of
granulosa cell proliferation in pre-
antral follicle and antral follicles
at magnification: x20 (a), x40 (b),
andx 100 (¢) and demonstration
of image analysis (d). Positive
immunostaining for PCNA in
granulosa cells stained dark
brown (arrow) and negative
immunostaining in granulosa
cells stained blue (arrowhead)

PCNA-positive cells (%)=[(number of PCNA positive cells/
total number of granulosa cells counted)x 100]. The follicles
were classified according to their ovarian status, i.e., prepu-
bertal (n=59) and cycling (n=214) ovaries. Also, the gilts
were classified into four groups according to age: 229-258
days (n=55), 259-272 days (n=125), 274-284 days (n=33),
and 287-345 days (n=60).

Statistical analysis

The statistical analyses were carried out using SAS version 9.0
(SAS institute Inc., Cary, NC, USA). Descriptive statistics
including general means, standard deviation (SD), and the
range of all the continuous data were calculated. The numbers
of ovarian follicles are presented as mean+SD. Multiple anal-
ysis of variance (ANOVA) was used to analyze continuous
data using the general linear model procedure of SAS.
Dependent variables included the numbers of each type of
follicle counted per 100 um? [i.e., primordial follicles, prima-
ry follicles and growing follicles (both pre-antral and antral
follicles)], the proportion of each category of follicle, the total
number of follicles counted per 100 um?, the weight of the
ovary, and ADG. The statistical model included the effect of
ovarian status (prepubertal and cycling ovary), age class (229—
258, 259-272, 274-284, and 287-345), and PRRS virus de-
tection (positive or negative). The number of CL (i.e., ovula-
tion rate) was analyzed by multiple ANOVA. The statistical
model included the effect of age class and PRRS virus detec-
tion. Least square means were calculated from the statistical

models and compared using the least significant difference
test with Tukey-Kramer adjustment for multiple comparisons.
Pearson’s correlation was performed to determine the associ-
ations among the percentage with granulosa cell proliferation
(i.e., percentage of positive PCNA immunostaining per folli-
cle) and age of the gilts, body weight, ADG, number of ovu-
lations, and weight of the ovaries. The percentage of positive
PCNA immunostaining per follicle was analyzed by multiple
ANOVA using the general linear mixed model procedure of
SAS. The statistical model included the fixed effect of follicle
type (pre-antral and antral), PRRS virus detection, ovarian
status, age class, the interaction between follicle type and
PRRS virus detection, and the interaction between ovarian
status and PRRS virus detection. Other interactions were also
tested but excluded from the final statistical models due to
insignificance (P>0.1). The gilt’s identity was included in
the statistical model as a random effect. Least square means
were obtained from the statistical models and were compared
among each category of factors using a least significant dif-
ference test with Tukey-Kramer adjustment for multiple com-
parisons. P<0.05 was regarded as statistically significant.

Results
Descriptive data

Descriptive statistics on reproductive data and the density of
follicles in the gilt ovarian tissues are presented in Table 1. The
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Table 1 Descriptive statistics on gilts’ historical data, gross
morphology, and density of follicles in their ovarian tissue (n=37)

Parameter Mean+SD Range

Age at culling (days) 270.7+£24.5 229.0-345.0

Body weight at culling (kg) 144.5+15.0 117.0-179.0

Age at first observed oestrus (days) 2142+17.6 178.0-272.0

Average daily gain (g/day) 530.2+55.1 438.0-665.0

Weight of the ovary (g) 57+23 2.9-10.1

Ovulation rate 16.7+3.4 9.0-23.0

Total number of follicles per 100 1m? 22.5+10.9 4.3-54.2

Number of primordial follicles 17.0+10.3 2.0-46.8
(follicles/100 pm?)

Number of primary follicles 5.0£2.9 0.4-14.0
(follicles/100 pm?)

Number of growing follicles 0.5+0.2 0.1-1.0
(follicles/100 pm?)

Granulosa cell proliferation (%) 61.4+33.6 0.2-99.9

average age and live weight at culling of the gilts were 270.7+
24.5 days and 144.5+15.0 kg, respectively. On average, each
100 um? of ovarian tissue consisted of 17.0 primordial folli-
cles, 5.0 primary follicles, and 0.5 growing follicles. The pro-
portion of primordial, primary, and growing follicles was 71.9,
25.4, and 2.6 %, respectively. Of the 37 gilts, 27 gilts (73 %)
had cycling ovaries and ten gilts had prepubertal ovaries
(27 %). All of the gilts with cycling ovaries had dominant
CL (Fig. 1). The ovulation rate was 16.7+3.4 (ranged 9.0 to
23.0).

Effect of PRRS virus

Of these ovaries (n=37), PRRS virus was detected in 20
(54.1 %) and was not detected in 17 (45.9 %). Figure 1 dem-
onstrates positive immunohistochemical expression of PRRS
virus in the ovarian tissue of replacement gilts. Reproductive
data, follicle density, and granulosa cell proliferation in the
ovarian tissue of gilts with and without PRRS virus are pre-
sented in Table 2. On average, the total number of follicles per
100 um? of ovarian tissue in gilts without PRRS virus (23.7+
2.8) did not differ significantly compared with those with
PRRS virus (24.5+2.8, P>0.05). The density of primordial,
primary, and growing follicles per 100 um? of ovarian tissue
in gilts with and without PRRS virus is presented in Table 2.
As can be seen from the table, neither the number nor the
proportion of follicles in the ovarian tissue of gilts with
PRRS virus differed significantly compared with those with-
out PRRS virus (Table 2).

PCNA immunostaining of granulosa cells in pre-antral and
antral follicles is presented in Fig. 3. Granulosa cell prolifera-
tion was influenced by the type of follicle (P<0.05), ovarian
status (P<0.05), the age of the gilts (P<0.05), and the inter-
action between ovarian status and PRRS virus detection (P=
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0.06). On average, the proliferation of granulosa cells in fol-
licles without PRRS virus did not differ significantly com-
pared with those with PRRS virus (59.6+4.7 versus 56.4+
5.2 %, P>0.05). The granulosa cell proliferation in antral fol-
licles was significantly higher than in pre-antral follicles in
both PRRS virus-positive and PRRS virus-negative ovarian
tissues (Table 3).

In ovarian tissue from gilts without PRRS virus, granulosa
cell proliferation in cycling ovaries was higher than that in
prepubertal ovaries (84.0£5.1 and 35.2+8.0 %, P<0.05).
However, in ovarian tissue containing PRRS virus, the prolif-
eration of granulosa cells in cycling ovaries did not differ
significantly compared to that in prepubertal ovaries (68.5+
4.3 and 44.4+9.2 %, P>0.05). Furthermore, the highest per-
centage of granulosa cell proliferation (i.e., 84.0 %) was found
in cycling ovaries without PRRS virus (Table 4).

Effect of gilts’ age and ovarian status

The gilts’ historical data, gross morphology, follicle density,
and granulosa cell proliferation by age group are presented in
Table 5. It was found that the total number of follicles per
100 um? and the proliferation of granulosa cells in the ovarian
tissue of gilts aged 274-284 days were higher than in gilts
aged 229-258 days (P<0.05) (Table 5).

Historical data, gross morphology, follicle density, and
granulosa cell proliferation in gilts with prepubertal ovaries
and cycling ovaries are presented in Table 6. As can be seen
from the table, gilts with cycling ovaries had greater ovar-
ian weight, ADG, and body weight than gilts with pre-
pubertal ovaries. Furthermore, the number of primary
follicles and growing follicles per 100 um? of ovarian
tissue in gilts that had cycling ovaries was higher than
in those with prepubertal ovaries (Table 6). Granulosa cell
proliferation in gilts with cycling ovaries was also higher than
that in gilts with prepubertal ovaries (76.2+3.4 and 39.8+
6.5 %, P<0.05).

Discussion

PRRS virus in gilts’ ovaries is mainly found in macrophages
within the ovarian tissue. Macrophages containing PRRS vi-
rus antigen are commonly found in the ovarian medulla,
regressing CL, and degenerating follicles (Sur et al. 2001).
Macrophages in the ovary are involved in many ovarian ac-
tivities, e.g., follicular growth, follicular atresia, ovulation, and
CL formation (Araki et al. 1996). In the present study, follicles
counted using PCNA immunostaining revealed no differences
in follicle density in ovarian tissues with and without PRRS
virus. This indicates that PRRS virus does not affect the num-
ber of follicles in a gilt’s ovaries, in agreement with earlier
studies (Benson et al. 2001; Sur et al. 2001). Benson et al.



Comp Clin Pathol (2015) 24:1385-1394 1391

Table 2 Gilts’ historical data,

gross morphology, and follicle Parameter PRRS virus-negative PRRS virus-positive P value

density in their ovarian tissue with (n=17) (n=20)

and without porcine reproductive

and respiratory syndrome (PRRS) Gross

virus detection (least square Age at culling (days) 275.8+3.5 268.2+3.6 0.088

means:+SEM) Body weight (kg) 1419438 141.5+3.9 0.929
Average daily gain (g/day) 510.9+13.7 522.1+14.0 0.510
Weight of the ovary (g) 5.1+£0.5 5.2+0.5 0.920
Ovulation rate 17.5+1.0 16.5+£0.8 0.445

Follicles (per 100 um?)
Total number of follicles 23.7+£2.8 24.5+2.8 0.818
Number of primordial follicles 19.3+£2.6 19.6+2.6 0.927
Number of primary follicles 4.0+£0.8 4.5+£0.8 0.620
Number of growing follicles 0.4+0.1 0.4+0.1 0.762
Proportion of primordial follicles 75.1+3.7 75.0+£3.8 0.978
Proportion of primary follicles 22.9+3.6 22.5+3.7 0.922
Proportion of growing follicles 1.9+0.5 2.5+£0.5 0.383
Granulosa cells

Granulosa cell proliferation (%) 59.6+4.8 56.4+53 0.637

(2001) demonstrated that experimental challenge with PRRS
virus in gestating sows caused no consistent or significant
microscopic lesions in the ovarian tissues of the sows.
Furthermore, no evidence of PRRS virus antigen was detected
in the ovarian tissue of sows at day 21 post-infection (Benson
et al. 2001). In addition, progesterone levels at 111 days of
gestation in PRRS virus-infected sows did not differ signifi-
cantly compared with those in uninfected sows (Benson et al.
2001). On the other hand, in the testis of boars, PRRS virus
infection causes depletion and death of testicular germ cells
and results in hypospermatogenesis (Sur et al. 1997). Sur et al.
(2001) found that PRRS virus could be isolated from gilts’
ovaries at day 7 post-infection. Numerous PRRS virus-
positive cells in the ovaries were found in atretic follicles
(Sur et al. 2001). However, no alteration in the ovarian archi-
tecture supporting a possible role of PRRS infection in porcine
female infertility could be demonstrated. It has been suggested
that phagocytic macrophages containing PRRS virus may de-
liver the virus to neighboring cells, such as granulosa cells

Table 3  Granulosa cell proliferation in pre-antral and antral
follicles in the ovarian tissue of gilts with and without porcine
reproductive and respiratory syndrome (PRRS) virus detection
(least-squares means+SEM)

(Sur et al. 2001). In the present study, it was found that gran-
ulosa cell proliferation in cycling ovaries was reduced by
18.4 % (i.e., from 84.0 to 68.5 %, Table 4) in ovarian tissue
with PRRS virus compared with ovaries without PRRS virus.
The reason might be that PRRS virus infection may interfere
with or reduce the synthesis of certain ovarian growth factors,
e.g., insulin-like growth factor (IGFs), epidermal growth fac-
tor, vascular endothelial growth factor, thrombopoietin, eryth-
ropoietin, and members of Notch family (Sirotkin 2011).
Hence, this may cause poor follicle development and poor
steroidogenesis, and may also impair the qualities of the oo-
cytes. For instance, lack of IGFs decreases the response of
granulosa and theca cells and oocytes to gonadotropins
(Sirotkin 2011). A complete mechanism on the impact of
PRRS virus infection on the ovarian function has not been
fully elucidated. It is known that macrophage is a target cell
of PRRS virus (Olanratmanee et al. 2011), and macrophage
plays a critical role on a variety of cellular behavior, e.g., ad-
hesion, migration, invasion, and survival (Miyake et al. 2006).

Table4 Granulosa cell proliferation in the follicles of gilts with
prepubertal and cycling ovaries with and without porcine
reproductive and respiratory syndrome (PRRS) virus detection
(least squares means+SEM)

Follicle type n Granulosa cell proliferation (%)

PRRS virus-negative PRRS virus-positive

Ovarian status  n Granulosa cell proliferation (%)

PRRS virus-negative ~ PRRS virus-positive

Pre-antral 197
Antral 76

52.5+5.1aA
66.7+6.0aB

46.6+5.4aA
66.3+6.3aB

Prepubertal 214
Cycling 59

35.2+8.0a,A
84.0+5.1a,B

44.4+92a, A
68.5+4.3a,A

Small letters indicate significant differences within rows, and capital let-
ters indicate significant differences within columns (P<0.05)

Small letters indicate significant differences within rows, and capital let-
ters indicate significant differences within columns (P<0.05)
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Table 5 Gilts’ historical data,

gross morphology, follicle Parameters Age at culling (days, range)

density, and granulosa cell

proliferation in ovarian tissue 229-258 259-272 274-284 287-345

from animals culled at different

ages (least square means+SEM) Gross
Age at culling (days) 242.7+4.8a 266.6+3.4b 277.1£6.5bc 301.6+5.1d
Body weight (kg) 132.2+5.2a 143.3+3.6a 146.0+7.1a 145.2+5.5a
Average daily gain (g/day) 540.0+18.0a 532.3+13.1ab 520.1+25.8ab 473.7+£20.0b
Weight of the ovary (g) 5.5+0.7a 4.8+0.5a 5.9+0.9a 4.5£0.7a
Ovulation rate 15.6+1.2a 15.1+1.2a 19.5+1.9a 17.9+1.1a

Follicles (per 100 pm?)

Total number of follicles 15.5+3.9a 23.5+2.6ab 34.5+5.2b 23.2+4.1ab
Number of primordial follicles 11.3+£3.5a 18.2+2.4a 30.3+4.8a 18.2+3.7a
Number of primary follicles 39+l1.1a 4.840.8a 3.6£1.5a 4.8+1.2a
Number of growing follicles 0.3£0.1a 0.5+0.1a 0.4+0.1a 0.3£0.1a
Proportion of primordial follicles 63.8+5.1a 75.9+3.5a 86.8+£6.9a 73.845.4a
Proportion of primary follicles 33.1£5.0a 21.5+3.5a 11.9+6.8a 24.4+53a
Proportion of growing follicles 3.1+0.7a 2.6+0.5a 1.3+0.9a 1.8+0.8a

Different superscripts within rows Granulosa cells

indicate significant differences Granulosa cell proliferation (%) 46.4+6.3a 60.5+4.4ab 74.2+8.2b 60.0£6.6ab

(P<0.05)

This might be explained in part the reduced granulosa cells

proliferation in the ovarian tissue infected with PRRS virus.
In general, the atretic process in follicles depends on many

factors, including the physiological condition of the animal.

Table 6  Gilts’ historical data, gross morphology, follicle density, and
granulosa cell proliferation in ovarian tissue with prepubertal ovaries
compared with cycling ovaries (least square means+SEM)

Parameters Ovarian status P value
Prepubertal Cycling

Gross
Age at culling (days) 270.7+49a 273.3+2.7a 0.646
Body weight (kg) 134.7£53 148.6+2.9 0.028
Average daily gain (g/day) 492.3+19.3 540.8+10.4 0.034
Weight of the ovary (g) 3.5+0.7 6.8+0.4 <0.001
Ovulation rate 0 16.7+£3.4*

Follicles (per 100 um?)
Total number of follicles 244439  23.8+2.1 0.895
Number of primordial follicles ~ 21.2+3.6  17.8+1.9  0.407
Number of primary follicles 3.0£1.1 5.540.6 0.053
Number of growing follicles 0.3+0.1 0.5+0.1 0.011
Proportion of primordial follicles 71.3+2.8  78.845.2  0.211
Proportion of primary follicles 19.4£5.1 26.0£2.8  0.263
Proportion of growing follicles ~ 1.7+0.7 2.7+0.4 0.268

Granulosa cells
Granulosa cell proliferation (%) 39.8+6.5  76.2+34  <0.001

#Mean+SD

@ Springer

The atretic process has not yet been well described;
however, macrophages play a major role by producing pro-
inflammatory mediators, e.g., interleukin 1, interleukin 2, and
tumor necrosis factor. A previous study has demonstrated that
macrophages are involved in the atretic process in both the
prepubertal and pubertal stages, and are usually absent in
healthy developing swine follicles (Sur et al. 2001). We found
that PRRS virus was detected in both prepubertal and pubertal
gilts. Therefore, PRRS virus infected macrophages may in-
vade the granulosa cell layer and contribute to the apoptosis
of germinal epithelial cells (Sur et al. 2001). However, Sur
etal. (2001) did not find any significant differences in ovarian
architecture in PRRS virus-infected gilts compared with that
in non-infected gilts. In the present study, granulosa cell pro-
liferation tended to be reduced in ovarian tissues containing
PRRS virus compared with ovaries without PRRS virus. The
highest granulosa cell proliferation was found in the follicles
of cycling ovaries without PRRS virus detection. A previous
study demonstrated that insemination of either seronegative or
preimmunized gilts with boar semen containing PRRS virus
had no effect on conception or fertilization rates (Prieto et al.
1997a). Furthermore, PRRS virus infection does not appear to
affect the embryo before attachment but may cause embryonic
death due to transplacental infection (Prieto et al. 1997b).
However, in practice, most replacement gilts were exposed
to PRRS virus during the acclimatization period, which takes
place sometime before first insemination (Tummaruk and
Tantilertcharoen 2012). As indicated by the present results,
when the ovaries of the gilts are cycling (puberty), PRRS virus
infection may decrease granulosa cell proliferation and
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possibly cause poor steroidogenesis and compromised oocyte
quality. This may subsequently cause infertility problems in
mated gilts, which are commonly seen under field conditions
(Tummaruk et al. 2010). Based on the information of these
findings, pubertal gilts are not recommended to be exposed to
PRRS virus. Therefore, the acclimatization process should be
done (ended) before the gilts’ exhibit first standing heat. On
average, Landrace x Yorkshire crossbred gilts in Thailand
show first standing heat at 200 days of age (Tummaruk et al.
2009b). Pubertal gilts should be kept in individual stalls for
some time (the so-called cool down period) before first insem-
ination takes place.

The limitation of the present study is that all of the repro-
ductive organs were obtained from only PRRS virus seropos-
itive herds. Of these gilts, PRRS virus was detected in the
ovarian tissues of one group, but not in the other. It was found
that the presence of PRRS virus in the ovarian tissues of the
gilts reduced granulosa cell proliferation to some extent, es-
pecially in cycling ovaries. However, it should be remarked
that no ovarian tissue from PRRS virus seronegative herd
could be obtained. The reason is that PRRS virus seronegative
herds are rarely found under field conditions in commercial
Thai swine herds (Tummaruk et al. 2013).

In the present study, ovarian status also influenced granu-
losa cell proliferation. It was clearly demonstrated that granu-
losa cell proliferation in cycling ovaries was higher than that
in prepubertal ovaries. In fact, the ages of'the gilts with cycling
and prepubertal ovaries did not differ significantly, while the
growth rate and body weight in gilts with cycling ovaries were
higher than in those with prepubertal ovaries. This indicated
that the physical maturity of gilts with cycling ovaries might
be somewhat more advanced than those with prepubertal ova-
ries. Nevertheless, the total number of ovarian follicles per
100 um? of ovarian tissue as well as the proportion of each
category of follicle did not differ significantly between cycling
and prepubertal ovaries (Table 6). This indicated that gilts with
prepubertal ovaries certainly had a sufficient number of ovar-
ian follicles but failed to accomplish ovulation. The reason
might possibly be a lack of steriodogenesis, suboptimal lutein-
izing hormone (LH) secretion, or impaired LH receptors at the
ovarian level. The present study demonstrated that granulosa
cell proliferation in growing follicles was much lower in pre-
pubertal ovaries than in cycling ovaries (39.8 versus 76.2 %,
Table 6). In general, it is widely accepted that the quality of
granulosa cells is closely associated with oocyte development
(Pandy et al. 2010). Therefore, it can be speculated that the
poorer granulosa cell proliferation is, the more impaired oo-
cyte development will be. Furthermore, poor granulosa cell
development may also subsequently cause poor steroid pro-
duction and impair ovarian function. Thus, ovulation and pu-
berty attainment will not occur.

It can be concluded that the detection of PRRS virus in the
gilt’s ovarian tissue was not associated with the number or

type of follicles, but it was associated with the proliferation
of granulosa cells in cycling ovaries. Cycling ovaries had
greater granulosa cell proliferation than prepubertal ovaries.
These findings imply that PRRS virus detection in gilt ovarian
tissue may be one factor that can impair follicle development
and oocyte quality, and subsequently lead to abnormal estrous
behavior and infertility in replacement gilts.
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Introduction

Porcine reproductive and respiratory syndrome (PRRS) virus has been isolated from ovary of the gilts (1).
However, the involvement of PRRS virus in the follicle growth has not been clearly determined. Proliferating
cell nuclear antigen (PCNA) is an auxiliary protein that necessary for DNA synthesis. It has been demonstrated
that PCNA expression in the ovary involves with follicle growth in many species (2, 3). The purpose of the present
study was to evaluate the effect of PRRS virus infection in the porcine ovarian tissue on follicle growth in

prepubertal and pubertal gilts.

Materials and Methods

Ovarian tissue sections were obtained from 37 Landrace x Yorkshire crossbred gilts. For each gilt, two
sections were cut and each section was placed on a separated slide. One section was used to determine PRRS
virus infection by using immunohistochemistry and another was stained by PCNA immuno-histochemistry (3).
The ¢ilts were classified on the criterion of an immunohistochemical expression of PRRS virus in the ovarian
tissues as positive (n=20) and negative (n=17) groups (Figure 1A and 1B). Stages of the reproductive cycle were
classified according to the ovarian appearance and structures that is corpus luteum (CL) and follicles (4). Gilts
with ovaries having only small follicles (<5 mm) were defined as a prepubertal (n=10) and those with ovaries
having CL were defined as a pubertal (n=27) (Figure 1C and 1D). For the PCNA sections, a total of 273 follicles
(197 pre-antral and 76 antral follicles) were determined for the proportion of PCNA expression under light
microscope. The positive areas of granulosa cells with positive PCNA staining were calculated using Image-Pro®

Plus software.

The statistical analyses were carried out using multiple ANOVA. The statistical model include effect of
follicle type (preantral and antral), PRRS virus infection (positive and negative), ovarian status (prepubertal and
pubertal), reason for culling (abortion, anestrus, repeat service, vaginal discharge and non-reproductive causes)
and interaction between follicle type and PRRSV, follicle type and ovarian status and PRRSV and ovarian status.
Least square means were obtained from each class of the factor and were compared by using least significant

difference test. P<0.05 were regarded to be statistically significant.
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Figure 1. (A-B) Immunohistochemical expression of negative (A) and positive (B) PRRSV in macrophages of the gilt’s
ovarian tissue. (C-D) Small follicles (arrow) of ovary in prepubertal gilt and corpus luteum (arrow-head) in the ovary of
pubertal gilt (bar = 1 cm). (E-F) PCNA immuno-staining of growing follicle demonstrate positively stained granulosa

cells (arrow) and negatively stained granulosa cells (arrow-head) in pre-antral (E) and antral (F) follicles.

Result and Discussion

The follicle growth was demonstrated by the percentage of granulosa cells proliferation stained by PCNA
(Figure 1E and 1F). The proportion of PCNA expression in the growing follicles of PRRSV negative and positive
ovarian tissue is presented in Table 1. The present study demonstrated that the growth of the ovarian follicle

of pubertal gilt was higher than pre-pubertal gilt in negative PRRS group but not in PRRS positive group (Table 1).

Table 1. Percentage of granulosa cells proliferation (least-squares means+SEM) in the ovarian tissue of gilts

infected with porcine reproductive and respiratory syndrome virus.

Gilt status PRRS virus infection

negative positive
Prepubertal 36.6+6.5" (n=33) 49.8+7.6>" (n=26)
Pubertal 76.6+3.7*" (n=82) 59.9+4.6°" (n=132)

n=number of follicle,* Different letters within row differed significantly (P<0.05),

*® Different capital letters within column differed significantly (P<0.05).

This indicated that PRRS infection in the ovarian tissue of gilt influence the proliferation of granulosa cells
and may lead to poor follicle growth as well as poor quality of oocyte. However, infection of PRRS virus in the
ovarian tissue of prepubertal gilt did not influence the proliferation of granulosa cell of the follicle. This indicated
that the acclimatization and/or vaccination should be introduced to the replacement gilt during prepubertal stage.
The introduction of PRRS live virus to pubertal gilt is therefore not recommended. Additionally, the immunohistochemical

expression of PCNA of granulosa cells in gilt can be applied to study the folliculogenesis in pig.
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It could be conclude that PRRS virus infection effect the granulosa cell proliferation of pubertal gilts but

not in pre-pubertal gilts.

Acknowledgement

Financial support of this present study was provided by The National Research Council of Thailand. D.

Phoophitphong is a grantee of the Royal Golden Jubilee (RGJ) Ph.D. program, the Thailand Research Fund.

References

1. Sur et al,, 2001. Vet. Pathol. 38: 58-66.
2. Picut et al., 2008. Toxicol. Pathol. 36: 674-679.

3. Phoophitphong et al., 2012. Livest. Sci. 150: 425-431.
4. Tummaruk et al., 2009. Theriogenology. 71: 369-385.

Poster Presentation

313



Oral Sessi %ﬁié
ral Sessions z
&4

| Reproduction/Breeding/Genetics-BREEDING |

Follicle development and number of ovulation in the ovarian tissue of gilts infected by porcine
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Introduction

Porcine reproductive and respiratory syndrome virus
(PRRSV) has been isolated from the ovary of the female
pigs and may be involve with the reproductive failure in
gilts and sows’. PRRSV can induce apoptosis in germ
cells from testes, alveolar macrophage and mononuclear
cells from lymphoid tissues’™. Nevertheless, little
information about the pathogenesis of PRRSV infection
in the gilts ovary has been done’. Furthermore, the
influence of PRRSV infection in the ovary on follicle
development has not been elucidated. The aim of the
present study was to determine follicles development and
number of ovulation in the ovarian tissue of gilts infected
by PRRSV.

Materials and Methods

Ovarian tissue sections were obtained from 19 Landrace
x Yorkshire crossbred gilts aged 267.8+19.2 days and
weighted 145.7+11.8 kg. The genital organs were
collected from slaughterhouses, placed on ice and
transported to the laboratory within 24 h of culling.
Ovulation rate was defined as the total number of
corpora lutea (CL) from both ovaries. The ovaries were
fixed in 10% neutral-buffered formalin for 24-48 h,
processed by an automatic tissue processor and
embedded in paraffin block. The paraffin embeddings
were cut into 5 um thick by using microtome. At each
ovarian tissue, two sections were cut and each section
was placed on a separate slide. One section was used to
determine PRRSV infection using immunohistochemistry?,
while another was stained by PCNA immuno-
histochemistry. For the PCNA sections, the follicles were
categorized as primordial, primary and growing follicles
and were quantified under light microscope. The number
of follicles was expressed as the total number of follicles
per 100 pm® of the tissue section. The gilts were
classified on the criterion of body weight (=150 kg, n=7
versus <150 kg, n=12) and the present or absent of
PRRSV in the ovarian tissue (positive, n=10 versus
negative, n=9). Multiple analysis of variance was used to
analyze the effect of body weight and PRRSV infection
on the number of follicles. P<0.05 were regarded to be
statistically significant.

Results

On average, the total number of follicles in negative and
positive  PRRSV ovarian tissue was 21.6+£3.1 and
19.242.7, respectively (P=0.56). Number of primordial,
primary and growing follicles and ovulation rate in
PRRSV positive and negative ovarian tissues are

presented in Table 1. The number of primary follicles in
gilts with a body weight of >150 kg was higher than gilts
with a body weight of <150 kg (8.9+1.1 versus 4.6+0.8,
P=0.007).

Table 1. Number of primordial, primary and growing
follicles in PRRSV positive and negative ovarian tissue

Follicle PRRSV

Positive Negative
Primordial 12.246.7° 14.0+7.4°
Primary 6.4+4.5° 6.0+1.3°
Growing 0.6+0.2° 0.5+£0.2°
Ovulation rate 15.0+2.9° 16.745.3°

* The same superscript within a row do not differ
significantly (P>0.05)

Conclusions and Discussion

PRRSV in the gilt ovary is mainly found in the
macrophages in the ovarian tissue’. Follicular count
using PCNA immunohistochemistry revealed that no
differences between number of follicles in negative and
positive PRRSV ovarian tissues. This indicated that
PRRSV might not affect the number and type of follicles
in the gilts ovarian tissue. This is in agreement with
carlier studies °. However, a high variation on the
number of primary follicles in the PRRSV positive
ovarian tissues was remarked (Table 1). This indicated
that abnormal follicles development may occurred only
in some gilts. Additional works will be carried to
determine the occurrence of apoptosis and also some
additional number of gilts will be added.
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ABSTRACT

The purpose of this study was to evaluate the influence of PRRSV detection on the granulosa cells
proliferation during follicle development in replacement gilts. The gilts were classified on the criterion of
the PRRSV immunohistochemical expression in the ovarian tissues as positive (n=6) and negative
(n=6) groups. Ovarian sections were evaluated for PCNA by use of immuno-histochemistry and
categorized as pre-antral (n=41) and antral follicles (n=15). The proportion of PCNA expression in
granulosa cells were determined under light microscope and calculated using Image-Pro® Plus
software. The proportion of proliferating granulosa cells in either preantral and antral follicles were
compared between PRRS positive and PRRS negative ovarian tissue. The results revealed that pre-
antral follicle with negative PRRSV had a higher percentage of proliferative marker than those with
positive PRRSV (57.4+5.8% and 36.6+5.7%, respectively, P=0.01). For antral follicles, the negative
PRRSV had no difference in PCNA expression of granulosa cells compared with the positive PRRSV
(P=0.800). It could be concluded that PRRSV infection in the gilt ovarian tissues reduced the
proliferation of granulose cells in pre-antral follicles, but did not influence antral follicles. This impact
may result in a delay follicle development and reduce the oocytes quality and subsequently caused

abnormal estrus behavior and infertility problem in replacement gilts.

Introduction

Porcine reproductive and respiratory syndrome virus (PRRSV) has been isolated from the
ovary of the gilts (Sur et al.,, 2001; Olanratmanee et al., 2011b). In boar, it has been clearly
demonstrated that the virus is able to induces apoptosis of the testicular germ cells (Sur et al., 2001),
while in the female’s gonad, only limited information is known. To our knowledge, only one study has
demonstrated that PRRS virus can penetrate the resident macrophages of the ovary, but its
involvement in the follicle development, ovulation and corpus luteum formation has not been clearly
determined (Sur et al., 2001).

Proliferating cell nuclear antigen (PCNA) is an auxillary protein of DNA polymerase delta that
necessary for DNA synthesis (Kurki et al., 1986; Bravo et al., 1987). The expression of PCNA increases
during G1 phase, gets to the highest level in S-phase and decreases during G2/M phases of the cell
cycle (Kurki et al., 1988). An earlier study has demonstrated that the expression of PCNA in the ovary
involve with follicular development in many species, e.g, rat (Oktay et al., 1995), cow (Wandji et al.,

1996), baboon (Wandji et al., 1995), pig (Toméanek and Chronowska, 2006; Phoophitphong et al.,



2012) and human (Kelsey et al., 2010). The purpose of the present study was to evaluate the
granulosa cells proliferation during follicle development (pre-antral and antral stages) in the ovarian

tissue of replacement gilts with and without PRRSV detection.

Material and methods

Animals and management

Ovarian tissue sections were obtained from 12 Landrace x Yorkshire crossbred gilts aged
275.2+34.2 days and weighted 142.7£19.1 kg. The gilts were obtained from two commercial swine
herd in the middle and northern parts of Thailand. The replacement gilts were kept in the gilt pools for
at least 60 days before sending to the breeding unit. All the replacement gilts were vaccinated against
foot-and-mouth disease virus (FMDV), classical swine fever virus (CSFV), Aujeszky’s disease virus
(ADV), porcine parvovirus (PPV) and porcine reproductive and respiratory syndrome virus (PRRSV)
between 154 and 210 days of age. Moreover, an acclimatization was conducted before service, by
grouping the replacement gilts with the weaned sows selected for removal for about 28 days. The
acclimatization process was initiated by introducing such weaned sows to the gilts’ pen at 154-196
days of age with a ratio of one sow per 6-10 gilts. The sows used for acclimatization were rotated on a
weekly basis and were removed from the herd after acclimatization. Using this acclimatization process,
the gilts were exposed to many types of viral pathogens circulating within the herds (e.g., PRRSY, PPV

and enterovirus) before sending to the breeding unit.

Sample collection and immunohistochemistry

The genital organs were collected from slaughterhouses, placed on ice and transported to the
laboratory within 24 h of culling. Ovulation rate was defined as the total number of corpora lutea (CL)
from both ovaries. The ovaries were fixed in 10% neutral-buffered formalin for 24-48 h, processed by
an automatic tissue processor and embedded in paraffin block. At each ovarian tissue, two sections
were cut and each section was placed on a separated slide. One section was used to determine PRRS
virus infection using immunohistochemistry (Olanratmanee et al., 2011b), while another was stained by
PCNA immuno-histochemistry. PCNA immuno-staining technique has been modified after previous
studies in the rat's ovarian tissue (Mushkelishvili et al., 2005; Picut et al., 2008). The slides were
incubated with mouse monoclonal anti-PCNA (clone PC10, DAKO, Carpinteria, CA, USA) as a primary
antibody at a dilution of 1:200 overnight at 4°C. After incubation with the primary antibody, the sections
were incubated with DAKO EnVision™ reagent for 45 min at room temperature. The primary antibody
was visualized by 3,3’ -diaminobenzidine tetrahydrochloride hydrate (DAB, Sigma, Germany) for 3 min

at room temperature. For negative control, PBS was used instead of the primary antibody.



Follicles categorization

The gilts were classified on the criterion of an immunohistochemical expression of PRRS virus
in the ovarian tissues as positive (n=6) (Figure 1) and negative (n=6) groups. The follicles were
classified into 2 categories as described earlier (Oktay et al., 1995; Picut et al., 2008). Pre-antral
follicles were follicles having a central oocyte and visible zona pellucida surrounded by multiple layers
of granulosa cells with no antral formation (Figure 2). Antral follicles were follicles having an oocyte and
zona pellucida surrounded by multiple layers of granulosa cells with antral formation. For the PCNA
sections, a total of 56 follicles were categorized as pre-antral (n=41) and antral follicles (n=15) and
were determined for the proportion of PCNA expression under light microscope. The positive areas of

granulosa cells with positive PCNA staining were calculated using Image-Pro® Plus software.

Statistical analysis

The statistical analyses were carried out using SAS version 9.0 (SAS institute Inc., Cary, NC,
USA). The proportion of PCNA positive area was analyzed by using general linear model (GLM)
procedure. The statistical model included follicle type (pre-antral and antral), PRRSV infection (positive
and negative) and interaction between follicle type and PRRSV infection. Least squared means were
obtained from the statistical models and were compared by using least significant different (LSD) test.

P<0.05 were regarded to be statistically significant.

Result and Discussion

Figure 1 demonstrated PRRS virus detection in the ovarian tissue of replacement gilts and
Figure 2 demonstrated the PCNA immnostaining of granulosa cells in a pre-antral and antral follicles.
Regardless to the follicle types, follicles in the negative PRRS virus ovarian tissue tended to have a
higher percentage of proliferative marker than those with positive PRRS virus ovarian tissue (57.0+5.2%
versus 44.9+6.0%, P=0.132). For pre-antral follicles, negative PRRS virus ovarian tissue had 20.8%
higher PCNA expression granulosa cells than the positive PRRS virus ovarian tissues (57.4+5.8%
versus 36.615.7%, P=0.01). For antral follicles, the proliferation of granulosa cells in PRRS virus
negative and PRRS virus positive ovarian tissue did not differ significantly (56.6+8.6% versus
53.2+10.5%, P=0.800) (Table 1). The proliferation of granulosa cells in antral and pre-antral follicles did
not differ significantly (54.9+6.8% versus 47.0+4.1%, respectively, P=0.324).

In the present study, based on immunological detection of PRRSV in the ovarian tissue, 6
gilts were classified as positive and other 6 gilts were classified as negative. However, all of the

reproductive organs were obtained from PRRSV sero-positive herds and PRRSV vaccination was



also performed in all replacement gilts. Thus, all of the gilts had been sero-positive gilts. Of
these gilts, one group (n=6) detected PRRSV in the ovarian tissue, while another group (n=6) did
not detected PRRSV in their ovarian tissue. Our hypothesis is that, if the gilts expose to PRRSV
and the virus remains in their ovary until the time of insemination (i.e., at age >220 days). Would
it be any significant impact on the follicles development and/or the oocyte qualities? It was found
that the presence of PRRSV in the ovarian tissue of gilts significantly reduce granulosa cells
proliferation of pre-antral follicles for 20% (36.6 versus 57.4%). This may reduce some of the
ovarian growth factors (Sirotkin, 2011) and subsequently cause poor follicles development,
reduced steroidogenesis and impair the oocyte’s qualities. However, additional research should
be carried to determine some more parameters indicating the ovarian function (e.g., apoptosis,

expression of steroid receptor) as well as some ovarian growth factors.

Table 1 Granulosa cells proliferation (least-squares means+SEM) in the ovarian tissue of gilts infected

with porcine reproductive and respiratory syndrome virus

PRRS virus negative PRRS virus positive
Pre-antral follicle 57.445.8%" 36.625.7%"
Antral follicle 56.6+8.6%" 53.2+10.5%"

“® Different letters within row differed significantly (P<0.05)

Conclusions

It could be concluded that PRRS virus infection in the ovarian tissue of gilts significantly
reduced proliferation of granulose cells of pre-antral follicles. This may subsequently resulted in an
increase in the number of poor quality oocytes, poor steroidogenesis and may cause poor estrus

behavior and/or infertility problems in replacement gilts.
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Figure 1 Porcine reproductive and respiratory syndrome virus (PRRSV) infection in macrophages of

ovarian medulla (A) and negative PRRS infection (B) (magnification 400x).

Figure 2 Proliferating cell nuclear antigen (PCNA) immuno-staining of growing follicles. Positive stained
granulosa cells (arrow) and negative stained granulosa cells (arrow-head) in pre-antral (A) and antral

(B) follicles. (magnification 200x and 100x).
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Introduction
Porcine  reproductive and  respiratory
syndrome (PRRS) is an economically
important disease in pig industry (1). The
target cells of PRRS virus (i.e., macrophage)
are presented in the endometrium of pig (2).
Karniychuk et al. (3) found that PRRS virus
can replicate and induce apoptosis in the fetal
implantation sites at the last stage of gestation.
These findings indicate that PRRS virus
infections may cause pathological changes in
the endometrium and lead to infertility.
However, to our knowledge, the impact of
PRRS virus infection on the endometrial
function has not been fully elucidated. Thus,
the objective of the present study was to
determine the effect of PRRS virus infection on
the expression of estrogen receptor a (ERa) in

the endometrium  of  gilts using
immunohistochemistry.
Materials and Methods

Uterine tissues were collected from 56
Landrace x Yorkshire crossbred gilts (4). The
uterus were fixed in 10% neutral-buffered
formalin and processed histologically. The
expression of ERa was determined using
immunohistochemistry on paraffin sections
using polyclonal antibodies against ERa (5).
ERa staining was evaluated in epithelium,
subepithelium, and glandular layers of the
uterus. Five objective fields of each uterine
section were randomly selected to evaluate
using Image-Pro® Plus software under a light
microscope. The percentage of ERa positive
cells was calculated as: ERa positive cells (%)
= [(number of ERa positive cells/ total
number of cells counted) x 100]. The gilts were
classified according to PRRS virus detection as
positive (n=26) and negative (n=30). The
reproductive status of the gilts was defined
according to the ovarian appearance into three
groups, i.e., prepubertal (n=12), luteal phase
(n=26) and follicular phase (n=16) (4). The

statistical analyses were carried out using SAS.
Multiple ANOVA was used to analyze the
data. The statistical model included the effect
of reproductive status (prepubertal, luteal and
follicular phases), tissue layers (epithelium,
subepithelium, and glandular layers), PRRS
virus detection (positive and negative), and
the interaction between reproductive status
and PRRS virus detection. Least-square means
were calculated and compared using Tukey-
Kramer test. p<0.05 was regarded as
statistically significant.

Figure 1 Expression of ERa in endometrium of
PRRSV infected gilts: a) negative control; b)
positive control; ¢, d) immunostaining of ERa
in subepithelial and glandular layers. Black
arrows indicate positive staining cell, 200x
magnification.

Results and Discussion
The result showed that the immuno-staining
of ERa in the endometrium of gilts are
presented in epithelial, sub-epithelial and
glandular layers of the uterus (Fig. 1). The
percentage of ERa immuno-staining did not
differ significantly between the PRRS virus
detection and those without PRRS virus
detection in the endometrium of gilts (Table
1). The difference of ERa immuno-staining
was found between prepubertal and follicular
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phase gilts in subepithelial layer (17.9 and
30.4%, respectively, p=0.014) and glandular
layer (15.1 and 46.1%, respectively, p<0.001) of
the gilt’s endometrium. The difference in ERa
immuno-staining between prepubertal and
follicular phase gilts indicated that the ovarian
steroid hormones in gilts influenced the
expression of ERa rather than the presence of
PRRS virus. In conclusions, PRRS virus did
not affect the expression of the ERa in
endometrium.

Table 1 The percentage of ERa positive cells in
the epithelium, subepithelial and glandular
tissues layers of the endometrium in gilts with
and without PRRS virus detection in the
uterus (LS means+SEM.)

Tissue layer PRRS virus detection
Negative Positive
Epithelium 22.8+2.62 25.242.82
Subepithelium  12.4+1.82 15.3£1.92
Glandular 32.84£2.9a 31.2+3.1a

aCommon superscript within row did not differ
significantly (p>0.05)
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Introduction

Estrogens play the important roles in growth
and differentiation of the reproductive system
in gilts and sows. The most active estrogen
synthesized by antral follicles is estradiol-17p.
Theca interna and granulosa cells are major
component of the antral follicles that synthesize
estrogen. Estrogen regulates reproductive
function by binding to specific receptor protein,
estrogen receptor (ER). In general, ER is
expressed as two isoforms, i.e., ERa and ERp
(1). ERa is the classical ER that was identified
since 1986, while ERP has been identified later
(3). Although ERa and ERP are encoded on
different chromosome, they have a considerable
sequence homology in their domain (3).
Therefore, it can be speculated that the presence
of any of the ER subtypes indicate the tissue
action of estrogen. The objective of the study
was to determine the effect of porcine
reproductive and respiratory syndrome (PRRS)
virus detection on the expression of ERpP in
ovarian follicles of gilt.

Materials and Methods

Ovarian tissues were collected from 62 Landrace
x Yorkshire crossbred gilts (4). The ovaries were
fixed in 10% neutral-buffered formalin and
processed histologically. PRRS virus detection
in the gilt ovaries was carried out by
immunohistochemistry (2). The ovarian tissues
sections were incubated with rabbit polyclonal
anti-ERP as a primary antibody, biotinylated
secondary antibody-horse anti-mouse anti-
rabbit IgG and avidin-biotin-peroxidase
complex. Five follicles per ovarian tissue
sections were evaluated using Image-Pro® Plus
software. The percentage of ERP positive cells
was calculated. The gilts were classified
according to PRRS virus detection as positive
(n=38) and negative (n=24).

The statistical analyses were carried out using
SAS (SAS Cary, NC, USA). Multiple ANOVA
was used to analyse the ER positive cells using
the general linear model procedure of SAS. The
statistical model included the effect of
reproductive status (prepubertal and cycling
gilts), PRRS virus detection (positive and
negative) and the interaction between
reproductive status and PRRS virus detection.
Least-square means were compared using
Tukey-Kramer test. p<0.05 was regarded as
statistically significant.

Results and Discussion
The result showed that ERp immunoreaction
was found in both pre-antral and antral follicles

(Fig. 1).

Figure 1 Localization of ERP protein in the
representative paraffin sections of gilt ovarian
follicles. Positive immunostaining in the ovarian
theca interna cells (B) compared with negative
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control (A). Bar = 50 um. theca interna cells (B)
compared with negative control (A). Bar = 50
pm.

On average, ERP was detected in 23.7% of the
theca interna cells surrounding the follicles. The
ERB expression was not detected in the
granulosa cells of the porcine ovarian follicles

(Fig. 2).

Figure 2 ERP immunostaining expressed mainly
in the nucleus and cytoplasm of theca cells
(arrow head, B) compared with negative control
(A). No ERP immunostaing was found in
granulosa cells (arrow). Bar = 10 pm.

The percentage of ERB immuno-staining did not
differ significantly between the ovarian tissues
detected PRRS virus and those without PRRS
virus detection (p>0.05). This indicated that
although PRRS virus has an effect on
reproductive system, the mechanism may not be
mediated through the expression of ERp in the
ovary. In conclusions, PRRS virus detection did
not significantly influence the ER(3 expression in
the ovary of gilt.
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Introduction

Leptin is a protein hormone mainly produced
from adipose tissue and playing an important
role in feed intake regulation and energy
balance (1, 2). This hormone has been suggested
to control various aspect of reproduction (1, 2,
3). The objective of the present study was to
investigate the concentration of serum leptin in
Landrace and Yorkshire replacement gilts in
relation to their breed, bodyweight, backfat
thickness and age at first observed estrus.

Materials and Methods

In total, 80 serum samples from 48 Landrace
and 32 Yorkshire gilts were included. The gilts
were categorized by bodyweight into 4 groups:
<121 kg (n=20), 121-130 kg (n=20), 131-140 kg
(n=18), >140 kg (n=9) and grouping by backfat
thickness into 4 groups: 10.0-13.0 mm (n=7),
13.5-16.0 mm (n=24), 16.5-19.0 mm (n=14), 19.5-
26.0 mm (n=22) and by age of first estrus into 3
groups: <180 days of age (n=18), 181-200 days of
age (n=17), >200 days of ages (n=32). Serum
leptin  was investigated by an enzyme
immunoassay (Porcine Leptin ELISA kit,
MyBioSource Ltd., CA., USA.). The data were
analyzed by wusing Pearson’s correlation,
multiple  ANOVA  and least-significant
difference test. Values with p<0.05 were
considered statistically significant.

Results and Discussion
On average, serum leptin concentration of the
gilts was 0.9+0.8 ng/ml. The gilts exhibited first
standing estrus at 201.5+28.9 days of age and
were mated at 253.6£19.2 days of age. Body
weight and backfat thickness of the replacement
gilts were 136.6£12.3 kg and 16.9£3.5 mm,
respectively. The serum leptin concentration did
not differ significantly between Landrace and
Yorkshire gilts (Table 1). Likewise, the serum
leptin concentration did not correlate with the
bodyweight, backfat thickness and age at first

observed estrus of the gilts (Table 2). The serum
leptin concentration did not differ significantly
among different body weight classes of the gilts
(Table 3). The gilts with backfat thickness (Table
4, 5) of 16.5-19.0 mm had a higher serum leptin
concentration than those with backfat thickness
of 10.0-13.0 mm (1.31+0.2 vs 0.51£0.3 ng/ml,
p=0.034) and 13.5-16.0 mm (0.70+0.2 ng/ml,
p=0.028).

Table 1 Serum leptin concentration in Landrace

and Yorkshire gilts
Breed N Leptin (ng/ml)
Landrace 41 0.96+0.11a
Yorkshire 26 0.60 £0.192

Table 2 Pearson’s correlation between serum
leptin concentration and gilt’s reproductive data

Parameters Correlation
Bodyweight (kg) r=-0.08, P=0.53, n=67
Backfat thickness r=0.09, P=0.42, n=79
(mm)

Age at first estrus (d) r=0.21, P=0.07, n=76
Age at first mating (d)  r=-0.08, P=0.49, n=79

Non-productive days  r=-0.10, P=0.37, n=79

Table 3 Serum leptin concentration by body
weight classes

Bodyweight N Leptin (ng/ml)
(kg)

<120 20 0.86+0.18=
121-130 20 0.87+0.182
131-140 18 0.62+0.202
>140 9 0.76+0.272

Table 4 Serum leptin concentration by backfat
thickness classes

Backfat (mm) N Leptin (ng/ml)
10.0-13.0 7 0.51+0.32
13.5-16.0 24 0.70+0.22
16.5-19.0 14 1.31+0.2°
19.5-26.0 22 0.82+0.220
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Table 5 Serum leptin concentration by age at
first observed estrus classes

Age at estrus N Leptin (ng/ml)
o)

<180 18 0.58+0.212
181-200 17 0.85+0.212
>200 32 0.91+0.142

This is the first report on the serum leptin
concentration of replacement gilts in Thailand.
Furthermore, it was found that the gilts with a
backfat thickness of 16.5-19.0 mm had a higher
level of serum leptin concentration than those
with a lower backfat thickness. This implies that
the gilts with high level of backfat thickness
might have had a better energy balance and
feed intake than those with a lower backfat
thickness. This may subsequently contributed to
a better reproductive function in the gilts with
high backfat and high leptin level.

In conclusion, the serum leptin concentrations
did not differ between Landrace and Yorkshire
and did not correlate with bodyweight and age
at first observed estrus. However, gilts with a
backfat thickness of 16.5-19.0 mm had a
significantly higher serum leptin concentration
than gilts with a backfat thickness of below 16.0
mm.
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Introduction

Our previous study has demonstrated that a
certain number of gilts were culled from the
herd due to reproductive failure, especially
anestrus and/or abnormal estrus behavior (1).
The mechanism associated with anestrus or
poor estrus behavior in gilts is needed to be
explored. It is well established that estrogen
plays an important roles in the growth and
differentiation of reproductive system (2). In
general, estradiol-17p is the most active form of
estrogen. This hormone is secreted by antral
follicles of the ovarian tissue (3). Furthermore,
corpus luteum (CL) in pig also produces this
hormone that performs as a paracrine/autocrine
regulator (4). Estrogen receptor beta (ERp) is the
remarkable subtype of ERs in the porcine ovary
(5). The ERpP plays a vital role in follicular
maturation and ovulation (3). Therefore, the
present study aims to explore ERP expression in
different locations of the porcine ovary using
immunohistochemical method.

Materials and Methods
Ovarian tissues were obtained from 25 Landrace
x Yorkshire pubertal gilts (1). The tissue sections
were deparaffinized in xylene, rehydrated
through graded ethanol dilutions. Thereafter,
the tissue sections were placed in 0.01 M citrate
buffer (pH 6.0) in a microwave oven at 750
watts for 15 min to retrieve antigenicity.
Endogenous peroxidase was blocked by freshly
prepared 3.0% hydrogen peroxide at room
temperature (RT) for 10 min. Nonspecific
staining was blocked with normal horse serum
at RT for 30 min. The slides were incubated with
primary antibody, rabbit polyclonal anti-ERpP
(Santa Cruz Biotechnology, Inc., Texas, USA) at
a dilution 1:100, overnight at 4°C. Thereafter,
secondary antibody, biotinylated-horse anti-
mouse anti-rabbit IgG (Vector Laboratories, CA,
USA) was applied to the samples at RT for 30
min, followed with avidin-biotin-peroxidase
complex at RT for 30 min. Staining was
developed with DAB substrate. The sections

were counterstained with haematoxylin stain
and mounted with mounting medium. Negative
control section was subjected to the same
immuno-histochemical procedure replacing
primary antibody by using PBS. Immuno-
staining of ERP in follicles and corpus luteum
were determined by Image-Pro® plus software.
The percentage of ERP positive cells was
calculated as: ERp positive cells (%) = [(number
of ERP positive cells/ total number of cells
counted) x 100]. For each tissue section, 5
microscopic areas were randomly evaluated.
The results were expressed as meantSD. The
percentages of ERB positive cells were
compared among different region of the ovaries
including follicles and corpus luteum by using
ANOVA. The value of p<0.05 was regarded to
be statistically significance.

Results and Discussions
The immuno-staining of ERP in the porcine
ovaries are demonstrated in Figure 1 and 2. The
immuno-staining of ERP in the porcine corpus
luteum are demonstrated in Figure 3.

The ERP immuno-expression was found in both
follicles and corpus luteum of the porcine ovary.
The ERP immuno-staining was mainly detected
in the theca cells of the follicles (Fig. 2) and in
the luteal cells in the CL (Fig. 3). In the CL, ERpP
immuno-staining located in the cytoplasm of the
luteal cells (Fig. 3).

Table 1 ERB immuno-expression in follicles and
corpus luteum (CL) in the porcine ovary

(meanzSD)
Part of Number of ERP expression
ovary observation (%)
Follicles 25 22.6%19.02
CL 25 87.249.0

abdifferent letters within column differ significantly
(p<0.05)
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Figure 1 The ER} immuno-staining in the ovary
of pubertal gilts (B) compared with negative
control (A). 100x magnification.

Figure 2 Immuno-staining was found in nuclei
and cytoplasm (arrow) of theca cells in follicles
(B). Negative control (A). 400x magnification.
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In the ovarian follicles, most of the ERp
immunoreaction was found in the cellular
nuclei and cytoplasm of the theca cells. This is in
accordance with a previous that ERP protein
was exhibited mostly in theca interna cells of the
follicle (3). However, the ERp immunoreaction
was rarely expressed in granulosa cells of the
follicle (Fig. 1). In the CL, the ERB immuno-
reaction was detected in the cytoplasm but not
in the nuclei of the luteal cells (Fig. 3). The
positive staining in CL indicated that CL could
be a source of estradiol production in the
porcine species and also in early luteal phase of
bovine species (4).

Figure 3 ERPB immunostained was detected in
cytoplasm (star) of luteal cells (B) compared
with negative control (A) in CL. 400x
magnification

The proportion of ERP expression in the follicles
and CL are presented in Table 1. On average,
ERP immunoreaction was detected in 22.6% of
the theca cells and in 87.2% of the luteal cells. In
conclusion, ERP immuno-staining was detected
in the theca cells and luteal cells in the porcine
ovary. This infers that ERP might play an
important role in the porcine ovarian function.
Additional study on the variation of ERp
immunoreaction associated with reproductive
status will be further investigated.



Thai | Vet Med Suppl. 1, 2014. 44

Acknowledgement
Financial support for the present study was
provided by Ratchadaphiseksomphot
Endowment Fund 2014, Chulalongkorn
University. D. Phoophitphong is a grantee of the
Royal Golden Jubilee (RGJ]) Ph.D. Program, the
Thailand Research Fund.

References

1. Tummaruk et al., 2009. Theriogenology. 71:
369-375.

2. Drummond & Fuller, 2010. ] Endocrinol. 205:
15-23.

3. Knapczyk et al, 2008. Dom Anim
Endocrinol. 35: 170-179.

4. Martin et al., 2013. Livest Sci. 155: 442-453.

5. Chronowska & Kott, 2012. ] Anim Feed Sci.
21: 313-323.

149



	Cover (Thai)
	Cover (English)
	Acknowledgement
	Abstract (Thai)
	Abstract (English)
	Content
	CHAPTER I INTRODUCTION
	CHAPTER II LITERATURE REVIEW
	CHAPTER III MATERIALS AND METHODS
	Experimental designs
	Animals, data, and sample collection
	General management and vaccinatio
	Management of gilts and oestrus detection
	Tissue processing
	Immunohistochemical detection of the PRRS virus
	PCNA immunohistochemistry
	Determination of granulosa cell proliferation

	CHAPTER IV RESULTS
	Experimental I
	Experimental II

	CHAPTER V DISCUSSION
	CONCLUSIONS
	REFERENCES
	APPENDIX

