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After an introduction of pandemic HIN1 swine influenza virus (pdmH1N1 SIV)
in the Thai swine farms, mild clinical outcome is observed and its role in porcine
respiratory disease complex (PRDC) is questionable. A highly pathogenic porcine
reproductive and respiratory syndrome virus (HP-PRRSV) has become endemic in the
Thai swine farms. This study was conducted to determine the pathogenicity of the
pdmH1IN1 SIV when co-infected with a HP-PRRSV. Thirty-two weanling pigs from a free
PRRSV, SIV, porcine circovirus type 2 (PCV-2) and Mycoplasma spp. commercial farm
were randomly divided into 4 groups: Negative, PRRSV, SIV and Co-infection
groups. Pigs in PRRSV and Co-infection groups were challenged intranasally with the
Thai isolate HP-PRRSV at 0 days post HP-PRRSV challenge (dphc) and pigs in SIV and
Co-infection groups were inoculated intratracheally with pdmH1N1 SIV at 6 dphc. The
1*" and 2" necropsies were done at 2 and 4 days post SIV challenge (dsc). A
comparison of the lung lesion scores between PRRSV and Co-infection groups at 2 dsc
showed no statistical difference, but at 4 dsc, lung lesions score of the Co-infection
group had higher average score than that of the PRRSV only group. Also, SIV viral load
in the lung of the Co-infection group showed higher viral load at 4 dsc, comparing to
the SIV-infected group significantly. The results suggest that the low pathogenic
pdmH1IN1 SIV could enhance the lung severity when co-infected with the HP-PRRSV

possibly leading to porcine respiratory disease complex (PRDC).

Department:  Veterinary Pathology Student's Signature

Field of Study: Veterinary Pathobiology Advisor's Signature
Academic Year: 2017



ACKNOWLEDGEMENTS

| would like to express my deepest gratitude and appreciation to my
dearest advisor Prof. Dr. Roongroje Thanawongnuwech for professional guidance,

mentoring and his patience throughout my Master’s degree.

| wish to express my sincere thanks to Asst. Dr. Sawang Kesdangsakonwut
for his assistance on pathological analysis and useful knowledge and suggestion.
My gratitude is also expressed to Assoc. Prof. Dr. Theerayuth Kaewamatawong as
my chairman for his valuable suggestion about an appointment and useful advice
and Asst. Prof. Dr. Aunyaratana Thontiravong and Dr. Suphattra lJittimanee for
providing the useful suggestion. | am thankful to all staff of the Chulalongkorn
University, Veterinary Diagnostic Laboratory (CU-VDL) and Department of Veterinary
Pathology, Chulalongkorn University for their kindly technical assistance and
support. | would like to thank Dr. Roongtham Kedkovid, Dr. Yonlayong Woonwong,
Dr, Jirapat Arunorat and especially Dr. Chaitawat Sirisereewan for their endless
friendship and support throughout my study. Thus, my eraduate program would
have been impossible without the financial support from the National Research

University (NRU; NRU59-PPS023HR).

Most of all, I would like to express my special appreciation and thanks to
my beloved parents (Mr. Peerasak Sangpratum and Mrs. Niramon Sangpratum), my
sister (Miss Praveenuch Sangpratum) and my friends for their unending support and

continuing encouragement.

Vi



CONTENTS

Page

THAT ABSTRACT L.ttt iv
ENGLISH ABSTRACT .ottt v
ACKNOWLEDGEMENTS ..ottt vi
CONTENTS <ttt vii
LIST OF TABLE .ttt 1
LIST OF FIGURES ..ottt ettt 2
LIST OF ABBREVIATIONS ...ttt 3
CHAPTER | INTRODUCTION ...ttt 5
1.1 Importance and ratioNale......co oo 5
1.2 RESEAICH ODJECTIVE ..ottt bbb 7
1.3 RESEAICH DENETIES ... 7
CHAPTER II LITERATURE REVIEW ...ttt 8
2.2 Disease and €HIOLOQY ... ittt 8
2.2.1 Porcine reproductive and respiratory syndrome virus (PRRSV)..........cc.c....... 8

2.2.2 Swine influeNZa Virus (SIV) ......oovieiiiieisieee e 9

2.2 Co-infection between PRRSV and SIV ... 10
CHAPTER Il MATERIALS AND METHODS ...ttt 12
3.1 VIrUSES aNd CILS .. 12
3.2 ANIMNALS ¢t 12
3.3 Experimental deSiGN .....c.co i 12
3.4 CliNIiCal OBSENVATION ...t 13

3.5 PathologiCal STUAY ... 13



viii

Page

3.6 Quantification of Viral RNA ... 14
BL6. 1 HP-PRRSV .. 14

BL0.2 SIV ettt 14

3.7 STAtISTICAL @NALYSIS. cvvtieieieieee e 15
CHAPTER IV RESULTS L. 16
4.1 Clinical reSPIratory SCOTE.....c.iiiririeieieieie ettt 16
4.2 Mean rectal temMPErature ... 16
4.3 Lung lesion score and histopathological findings............cccceeireeereceecee, 20
4.4 SIV shedding in nasal swabs and loading in lUNg tiSSUES......ccceeiiiririririiiirirne. 23
CHAPTER V DISCUSSION AND CONCLUSION ......cuiuiiiiiiieiricieieee e 25
5.1 DiSCUSSION...cvvvereercrcnreenerife PRGBSI 1L leneenercreeneneenecresaeneseanesessencssancsessenens 25
5.2 CONCLUSION 1ttt 26
5.3 Compliance with ethical standards.........cccviiiiiiiiccccccee 27
REFERENCES. ... Ml sl ettt naneaes 28
APPENDIX ...ttt 36



LIST OF TABLE

Table 1 Number of positive PRRSV genomic RNA in sera at -2 and 2 dphc



LIST OF FIGURES

Figure 1 Clinical respiratory sCore Of Pigs.. ..o 18
Figure 2 Mean rectal temperature Of PigS ......ciriiirniiee e 19
Figure 3 Lung lesion score after SIV challenge........cccooeeeeciciieice e 21
Figure 4 Lung histopathology ... 22

Figure 5 SIV genomic copies per microliter in lung samples after SIV challenge......... 24



°C
Ct
cDNA
dphc
dsc
et al.

ELISA

HA

H&E

HI
HP-PRRSV

um

pdmH1IN1

LIST OF ABBREVIATIONS

Base pair (s)

Degree Celsius

Cycle threshold

Complementary deoxyribonucleic acid
Days post HP-PRRSV infection

Days post SIV infection

et alii, and others

Enzyme-linked immunosorbent assay
Gram (s)

Hemagglutinin gene

hematoxylin and eosin staining
Hemagglutination inhibition test
Highly pathogenic porcine reproductive and respiratory
syndrome virus

Interferon

Immunosglobulin G

Interleukin

Immunoperoxidase monolayer assay
Matrix gene

Madin-Darby canine kidney cell line
Milliliter (s)

Microgram (s)

Microliter (s)

Micrometer (s)

Pandemic H1IN1 2009 virus



rHIN1
PBS
PCR
PCV-2
PAMs
PRRSV
PRDC
RNA
%

SIV
spp.
TCIDs,
TRIG

Pandemic HIN1 2009 reassortant virus
Phosphate buffer saline

Polymerase chain reaction

Porcine circovirus type 2

Porcine alveolar macrophages

Porcine reproductive and respiratory syndrome virus
Porcine respiratory disease complex
Ribonucleic acid

Percentage

Swine influenza virus

Species

50% tissue culture infectious dose

Triple reassortment internal gene cassette



CHAPTER |
INTRODUCTION

1.1 Importance and rationale

Porcine respiratory disease complex (PRDC) is one of the most common
respiratory problem in the swine industry worldwide. This condition is a multiple
microbial interaction causing fever, growth retardation, cough and dyspnea, 30-70%
morbidity rates and 4-6% mortality rates (Opriessnig et al., 2011). Primary and
secondary pathogens are mainly composed of respiratory viruses and bacteria,
respectively. Primary pathogens associated with PRDC including porcine reproductive
and respiratory syndrome virus (PRRSV), swine influenza virus (SIV), porcine circovirus
type 2 (PCV-2), Mycoplasma hyopneumoniae can cause damage to respiratory defense
mechanism particularly in nursery pigs. PRRSV is the most common primary invader
that associated with PRDC (Cheong et al,, 2017). Moreover, PRRSV causes negative
immunomodulatory effects by down regulation of interferon alpha (IFN-Ql) and up
regulation of interleukin 10 (IL-10) (Suradhat and Thanawongnuwech, 2003;
Thanawongnuwech et al., 2004). Mostly, the combination of various pathogens could
increase disease severity, such as lung pathological enhancement with PRRSV-SIV (Van
Reeth et al., 1996), prolonged clinical signs and pneumonic lesions with PRRSV-porcine
pseudorabies virus (PRV) (Shibata et al., 2003) and increased susceptibility to
Streptococcus suis infection (Thanawongnuwech et al., 2000). Recently, a highly
pathogenic PRRSV (HP-PRRSV) or atypical type 2 PRRSV (Jantafong et al,, 2015) has
become a dominant circulating PRRSV strain, causing more severe clinical appearance

along with high morbidity and mortality rates (Tian et al., 2007; Nilubol et al., 2012).

Interestingly, pandemic HIN1 2009 (pdmH1N1) outbreak occurred in human
population in Mexico and the United States and later spread worldwide (Dawood et
al., 2009) including Thailand (Sreta et al., 2010). This virus genome was derived from
the classical swine and Eurasian swine lineages and the North American H3N2

containing triple-reassortant internal gene (TRIG) from swine, human and avian lineages



(Pensaert et al., 1981; Brown, 2000; Smith et al., 2009b). In humans, pdmH1N1 infection
showed fever, dry cough, muscle pain and dead due to respiratory failure, causing high
morbidity and mortality rates (Smith et al., 2009a). However, clinical signs in infected
pigs showed only fever, coughing, sneezing and nasal discharge (Pereda et al., 2010).
Normally, the incubation period in pigs is between 1-3 days with rapid recovery
between 4-7 days after the onset (Vincent et al, 2008). Furthermore, recent
surveillance data showed pdmHIN1 and pdmHIN1 origin reassortant viruses have
been circulating in the Thai swine farms after the introduction of pdmHIN1 SIV
(Nonthabenjawan et al., 2015). In addition, despite zoonotic potential, pdmHIN1 SIVs
have low pathogenicity and get less attention in Thailand due to it caused only mild

respiratory signs and minimal gross lesions (Arunorat et al., 2017).

Due to the immunosuppressive ability of PRRSV, several studies showed
potentiation of co-infection between PRRSV and SIV by demonstrating an increase in
post-weaning mortality (Alvarez et al., 2015), decreased SIV vaccine efficacy and also
increased clinical appearance and viral shedding during an acute phase of SIV infection
(Kitikoon et al., 2009). Furthermore, co-infection between HP-PRRSV and pdmH1N1 SIV
has not been conducted. This study would provide useful information about the
pathogenesis of co-infection of the Thai isolate HP-PRRSV and pdmHIN1 SIV in

weanling pigs.



1.2 Research objective

To evaluate clinical, pathological and virological findings of the co-infection between
the Thai isolate HP-PRRSV and pdmH1N1 SIV.

1.3 Research benefits

1. This study would provide the information about the role of the Thai isolate

pdmH1N1 SIV associated with PRDC.

2. This study would provide more useful information about pathogenicity of pdmH1N1

SIV when co-infected with HP-PRRSV in weanling pigs.

3. This data would be used as a model of the co-infections in other countries having

pdmH1IN1 and HP-PRRSV circulation in the swine farms.



CHAPTER Il
LITERATURE REVIEW

2.2 Disease and etiology
2.2.1 Porcine reproductive and respiratory syndrome virus (PRRSV)

Porcine reproductive and respiratory syndrome virus (PRRSV) is a single-
stranded positive sense RNA virus with envelope which belongs to family Arteriviridae
in order Nidovirales. PRRSV genome is approximately 15 kb in size, which contains 11
open reading frames (ORFs) encoding for 14 non-structural proteins (NSP) and 8
structural proteins (Lunney et al., 2016). The virus is classified into 2 types; type |
(European strain) and type Il (North American strain). PRRSV infection is resulting in
reproductive failure in breeding herds and respiratory problem in nursery and finishing

pigs (Lunney et al., 2016).

In 2006, Chinese researchers found a deletion of 30 amino acids
discontinuously in NSP2 gene (Tian et al., 2007) in a type Il PRRSV genomes which is
known as highly pathogenic PRRSV (HP-PRRSV) or atypical type Il PRRSV. The virus has
continued spreading to the Southeast Asian region including Thailand, consequently,
in 2010 (Nilubol et al.,, 2012) and currently, become a dominant strain (Jantafong et
al., 2015). Clinical signs of HP-PRRSV infection were characterized by high fever (40-42
°C) and diffuse petechial hemorrhage in various organs leading to death in adult pigs
and pregnant sows. The infected pigs could spread the disease throughout the
population within 3-5 days. Other clinical signs such as skin erythema and respiratory
signs including coughing and dyspnea could be seen in some infected pigs (Zhou and
Yang, 2010). According to the expansion of tropism ability of the HP-PRRSV via
pulmonary alveolar macrophages (PAMs) and lymphoid system (Li et al., 2012), the
extensive lesions were observed, showing multifocal hemorrhages in multiple organs
including skin, lungs, lymph nodes and kidney. The edema and congestion could be
seen in the brain.  Microscopically, lymphoid depletion occurred along with

lymphocytic infiltration surrounding the vessels indicate perivascular cuffing especially



in the lung, brain and kidney (Hu et al,, 2013). Also, acute pulmonary congestion,

hemorrhagic pneumonia, hemorrhagic nephritis can be seen.

Importantly, PRRSV has its immunosuppressive ability by interleukin-10 (IL-10)
up regulation via infected PAMs (Genini et al., 2008). IL-10 has been recognized as a
potent immunosuppressive cytokine, which inhibits pro-inflammatory cytokine and
induce regulatory T cell (Treg) (Wongyanin et al., 2012). Treg could maintain host
immune homeostasis by inflammatory responses control and immunopathology
limiting (Sakaguchi et al., 2009). It is also possible that PRRSV infection could induce
PRRSV-specific Treg at the infected sites, leading to ineffective lung clearance capacity,

prolong infection and increase susceptibility to secondary infection.

2.2.2 Swine influenza virus (SIV)

Swine influenza is an influenza A virus from the family Orthomyxoviridae
composing of eight segmented single-stranded RNA genomes including PB2, PB1, PA,
HA, NP, NA, M and NS proteins. Two major proteins are haemagglutinin (HA) and
neuraminidase (NA) which have been identified for 18 HA and 11 NA. In 2009,
pandemic HIN1 (pdmH1IN1) virus emerged in humans in Mexico and had spread
globally including Thailand (Sreta et al., 2010) demonstrating the importance of
zoonosis and reverse zoonosis (Dawood et al., 2009). This viral genome contained
internal genes called the triple reassortant internal genes (TRIG) found in North America
(PA, PB1 and PB2 segments) (Zhou et al.,, 1999), the Avian-like Eurasian swine H1IN1
virus in Europe and Asia (NA and M segments) (Arias et al., 2009) and the classical swine
lineage (HA, NP and NS segments). In humans, pdmH1N1 infection showed fever, dry
cough, muscle pain and dead due to the respiratory failure which caused high
morbidity and mortality rates (Smith et al,, 2009a). However, pdmH1N1 infected pigs
developed only asymptomatic to mild respiratory signs (Sreta et al., 2010; Arunorat et

al., 2017).

Although influenza viruses have different genetic components, but clinical
disease and lesions are observed similarly (Janke, 2014). Firstly, viruses enter the

respiratory airways, replicate in respiratory airway epithelial cells from nasal mucosa to
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alveoli and microscopically, cause cranioventral bronchointerstitialpneumonia.  In
mild infection, gross lesions showed small clusters of dark red lobules which mainly
located in the cranial and middle lung lobes and slightly found in caudal and accessory
lung lobes (Janke, 2014). For more severe infection, most lung lobes were affected
with diffuse congested lung and interlobular edema with extensive foamy fluid in the
bronchi and trachea. Microscopically, the hallmark lesions were necrotizing bronchitis
and bronchiolitis. The airway epithelial cells were necrotic and sloughed. Lymphocytic
infiltration became more prominent around the airways and vessels. Later, the
fibroblastic proliferation might result in bronchial polyps or incomplete splitting of

repaired airways (bronchiolitis obliterans) (Janke, 2014).

2.2 Co-infection between PRRSV and SIV

In swine farms, the respiratory diseases in nursery pigs mostly occurred by
interaction among respiratory pathogens called PRDC. Maternal antibodies against
PRRSV and SIV, did not exist at 8-12 weeks of age. Moreover, in nursery pigs, having
high risk to be infected with the pathogens horizontally especially SIV is commonly
found after pig grouping (Van Reeth and Pensaert, 1994). Since PRRSV and SIV are the
two main respiratory pathogens, several studies showed the outcome of the co-

infection (Van Reeth et al., 1996; Kitikoon et al., 2009; Alvarez et al., 2015).

Dual infection between PRRSV and SIV induced more clinical appearance than
a single infection (Kitikoon et al., 2009; Dobrescu et al., 2014). The co-infected pigs
developed moderate to severe respiratory signs, growth retardation and pathological
changes and also viral shedding. All of these causes, led to post-weaning mortality
which was one of the major causes of economic losses along with increased length of
the growing phase (Alvarez et al., 2015). An increased in pathological changes observed
in lungs might occur due to pathogenesis of SIV. An infection in airway epithelial cells
induced cellular necrosis and inflammatory cell infiltration including phagocytic cells
such as pulmonary alveolar macrophages (PAM) which were susceptible to PRRSV for
viral replication (Chang et al.,, 2005). This phenomenon could prolong and increase

pneumonia and viral shedding. Furthermore, the presence of PRRSV either from
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infection or modified live vaccine (MLV) significantly reduced SIV vaccine efficacy
(Kitikoon et al., 2009). In addition, co-infected pigs developed more respiratory signs

and lung lesions, which indicated SIV vaccination failure.

However, not to all co-infection between PRRSV and SIV cases developed more
severe clinical outcomes. The disease severity also depended on the virulence of the

viruses and the time interval between the infection (Van Reeth et al., 2001).
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CHAPTER IlI
MATERIALS AND METHODS

3.1 Viruses and cells

A Thai isolate pdmH1N1 SIV (A/swine/Thailand/CU-PL65/2010(H1IN1)) and a Thai
isolate HP-PRRSV (HP-PRRSV/10PL01) were provided by Chulalongkorn University
Veterinary Diagnostic Laboratory (CU-VDL, Bangkok, Thailand). SIV was propagated in
Madin Darby Canine Kidney (MDCK) cells (ATCC, USA) and titrated to 10° tissue culture
infectious dose (TCIDso/ml). HP-PRRSV was propagated in MARC-145 cells and titrated
to 10% TCIDsp/ml. All inoculums were stored at -80° C until used.

3.2 Animals

Thirty-two, three-week-old, crossbred pigs from a commercial farm in the
central part of Thailand which had negative results against PCV-2 and Mycolpasma
spp. antigens and antibodies were obtained. All pigs were tested negative for influenza
A virus and HP-PRRSV by real time PCR and antibodies tested by a commercial ELISA
kit IDEXX PRRS X3 Ab test, USA) for PRRSV screening and a Multispecies Kit (ID Screen®
Influenza A antibody competition multi-species; IDvet Louis Pasteur-Grabel, France) for

SIV screening.

3.3 Experimental design

All pigs were divided randomly into 4 groups. Co-infection (n=9) and HP-PRRSV-
inoculated groups (n=9) were inoculated intranasally with 2 ml of 10? TCIDsy/ml HP-
PRRSV (10PLO1) on day 0. The pigs in SIV positive control group (n=9) and negative
control group (n=5) were mocked by using minimum essential media (MEM). In both
SIV and Co-infection groups, pigs were anesthetized using 0.08 ml/kg of zolazepam and
tiletamine (Zoletil®, Virbac, Thailand) intramuscularly and inoculated intratracheally
with 20 ml of 10> TCIDs/ml (A/Swine/Thailand/CU-PL65/2010(HIN1)) at 6 days post
HP-PRRSV challenge (dphc), whereas, the negative group were inoculated with MEM

with the same procedure. All pigs were housed at the BSL-2 animal facility provided
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by Chulalongkorn University Laboratory Animal Center (CULAC) and freely access to
feed and water. Nasal swab samples were collected at -2 dphc, 0, 1, 2, 3 and 4 dsc
and kept in the transporting medium containing 5% BSA, 300 U/ml penicillin, 300
He/ml streptomycin and 1 Klg/ml trypsin at -80°C. The animal use protocols were
conducted under the approval of Chulalongkorn University Animal Care and Use

Committee, Chulalongkorn University (Animal Use Protocol No. 1673032).

3.4 Clinical observation

Clinical signs were monitored daily including appetite, rectal temperature (Fever were
set at rectal temperature > 40°C.) and clinical respiratory scores (0-3; 0: no clinical
respiratory distress, 1: mild respiratory distress with predominant abdominal breathing,
2: Moderate exaggerated respiratory distress with entirely abdominal labored breathing,
3: Severe, very labored respiratory distress with mouth breathing along with cyanotic

nose/ears)

3.5 Pathological study

Seventeen pigs (2 pigs from the negative group and 5 pigs from other 3 groups) were
randomly selected for euthanasia using an overdosed pentobarbital sodium
(Nembutal®, Ceva, Thailand) at 2 days post SIV challenge (dsc) and fifteen pigs (3 pigs
from the negative and 4 pigs from other 3 groups) at 4 dsc. Lung lesion score was
examined as previous described (Halbur et al., 2000). All tissue samples were fixed in
10% formalin, processed and embedded in paraffin for histopathological evaluation.
Microscopic lung lesions were characterized by necrotic bronchitis and bronchiolitis,
along with interstitial pneumonia and lymphocytic peribronchiolar cuffing (Landolt et

al., 2003; Kitikoon et al., 2006)
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3.6 Quantification of viral RNA
3.6.1 HP-PRRSV

Viral RNA from sera were extracted using the Nucleospin® RNA virus (machery-
negal, Duren, Germany). The Tagman® probe-based real-time RT-PCR was used for the
quantification of PRRSV RNA (Egli et al,, 2001). Reverse primer USalichnEU-R (5’
AAAT|GGCTTCTC|GG[TTTT ~ 3’)  and  forward  primer  USalighnEU-F (5
TCA|CTGTGCCAG|TGCTGG 3’) and US-PRRSV-specific probe FAM US rev (5° FAM-
TCCCGGTCCCTTGCCTCTGGA-TAMRA 3’) were used.

Amplification was done in a 25 ul reaction containing SuperScript™ Il One-Step
RT-PCR kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 1x Reaction Mix, 0.4
mM of each primer and probe, 0.5 pl of SuperScript® Ill RT/Platinum Taq Mix and 0.5
ul of viral RNA.

3.6.2 SIV

Viral RNA from nasal swab samples and lung tissues were extracted using the
same protocol as PRRSV test. The modified real time RT-PCR assays were done on

™11 Platinum® One-Step

Corbett Rotor-Gene™ 6000 (Qiagen) using SuperScript
Qualitative RT-PCR System (Invitrogen, Carlabad, California, USA) according to the
manufacturer’s instructions. Primers and probes were used based on the previous
study (Spackman et al., 2002). Ampilification of a portion of the M gene (forward primer
(MF3; 57 TGATCTTCTTGAAAATTTGCAG  3’) and M-64  probe  (FAM-
TTGTGGATTCTTGATCGTAMRA)) (Payungporn et al., 2006) were done. The positive CT

value >40 was considered as a negative results.

The positive control was used from the positive sample based on viral isolation
and titration in the MDCK cell line from the previous study (Sreta et al., 2009). The
viral antigen was detected using immunoperoxidase assay.  Anti-influenza A
nucleoprotein monoclonal antibodies (HB654404), a rabbit anti-mouse 1gG conjugated
horseradish peroxidase (Dako Cytomation, USA) and aminoethyle carbazole (AEC)

substrate were used.
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3.7 Statistical analysis

All data were analysed using analysis of variance (ANOVA) followed by Tukey’s
multiple comparison test. All statistical analyses were performed in GraphPad Prism

for Windows (GraphPad Software Incorporated, San Diego, CA, USA).
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CHAPTER IV
RESULTS

4.1 Clinical respiratory score

The clinical respiratory score of the experimented pigs were shown in Figure 1.
After HP-PRRSV challenge, 5 pigs from the PRRSV and 4 pigs from the Co-infection
groups showed mild depression and respiratory distress at 2 dphc. Most pigs from
both PRRSV and co-infection groups showed clinical signs at 5 dphc. During SIV
challenge period, all pigs from the PRRSV and Co-infection groups showed moderate
to severe respiratory distress with no statistically significant difference (P>0.05) and
notably, the SIV-only inoculated pigs showed no remarkable clinical respiratory distress

throughout the experiment.

4.2 Mean rectal temperature

After HP-PRRSV challenge, 2 pigs from the PRRSV and 1 pig from the Co-
infection group showed fever (40-40.3 °C) and at 6 dphc, 8/9 pigs from both groups
had fever. After the SIV challenge, all pigs from the SIV-infected group showed no
fever throughout the experiment. The mean rectal temperature of the PRRSV-infected
groups tended to decrease. Only 2/9 pigs had fever at 6 dphc and had normal rectal
temperature until the necropsy date, whereas, the remaining pigs from the Co-infection

group still showed fever until the end of the experiment (Fig. 2).



Table 1 Number of positive PRRSV genomic RNA in sera at -2 and 2 dphc

No. of positive PRRSV genomic RNA in sera

Group -2 dphc 2 dphc
Negative 0/5 0/5
SIV 0/9 0/9
PRRSV 9/9 9/9

Co-infection 9/9 9/9
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Figure 1 Clinical respiratory score of pigs. Statistical analyses were performed using

one-way ANOVA followed by Tukey’s multiple comparison test. (* indicates significant

difference between the Co-infection and SIV groups. ° indicates significant difference

between the PRRSV and SIV group (P<0.05)).
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Figure 2 Mean rectal temperature of pigs. Statistical analyses were performed using
one-way ANOVA followed by Tukey’s multiple comparison test.  ( indicates significant
difference between the co-infection and SIV groups. ® indicates significant difference
between the PRRSV and SIV groups. € indicates significant difference between the co-

infection and PRRSV groups (p<0.05)
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4.3 Lung lesion score and histopathological findings

Gross examination at 2 and 4 dsc demonstrated that all gross lung lesions from
the Negative and the single SIV-infected groups showed grossly look normal lung
lesion, whereas, lungs from the PRRSV and Co-infection groups showed firm and fail to
collapse with no significant differences (p>0.05) at 2 dsc. However, lung lesion score
was more severe in the co-infection pigs than those of the single PRRSV-infected groups

(p<0.05) at 4 dsc (Fig. 2).

Microscopically, all lungs from the Negative group show no significantly findings
(Fig. 3a). Lungs from the single SIV-infected pigs, showed mild to moderate
bronchointerstitial pneumonia (Fig. 3b). The single PRRSV-infected lung sections
showed severe interstitial pneumonia (Fig. 3c). However, co-infected lung lesions
showed severe bronchointerstitial pneumonia (Fig. 3d) and bronchiolar epithelium
showed epithelium necrosis with lymphocytic peribronchiolar cuffing, along with

mononuclear cells infiltration in the alveolar septum.
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Figure 3 Lung lesion score after SIV challenge (2 and 4 dsc) Statistical analyses were

performed using one-way ANOVA followed by Tukey’s multiple comparison test.

(Asterisk indicates significant differences between group (p<0.05).)
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Figure 4 Lung histopathology. (a) Negative group. No remarkable lesions (4x). (b) PRRSV
group. Moderate interstitial pneumonia accompanied with lymphocytic infiltration in
alveolar septa (10x). (c) SIV group. Moderate necrosis of bronchiolar epithelium,
showing necrotizing bronchointerstitial pneumonia (4x). (d). Co-infection group. The left
alveoli are filled with inflammatory cells with exudate and cell debris. The bronchiolar
epithelium shows necrosis, indicating severe bronchointerstitial pneumonia (10x). (left

corner). Necrotizing bronchiolitis (arrowhead) with lymphocytic peribronchiolar cuffing.
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4.4 SIV shedding in nasal swabs and loading in lung tissues

During 1-3 dsc, no SIV shedding samples were positive in both single SIV and
Co-infection groups. However, at 4 dsc, the single SIV-infected group had 75% positive
pigs (3/4), whereas, none of Co-infection pigs showed positive result from the nasal
swabs. At 2 dsc, SIV RNA quantification from lung homogenate from the single SIV
(4/5) and Co-infection (3/5) groups showed no significant difference (p>0.05), whereas,
at 4 dsc, all remaining lung tissues had significant SIV loading with higher detection in

the Co-infection group than that of the single SIV group (p<0.05) (Fig. 4).
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Figure 5 SIV genomic copies per microliter (log10) in lung samples after SIV challenge
(2 and 4 dsc) Statistical analyses were performed using one-way ANOVA followed by
Tukey’s multiple comparison test. (The asterisk indicates significant difference

between groups (p<0.05).)
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CHAPTER V
DISCUSSION AND CONCLUSION

5.1 Discussion

Based on the study objective, we confirmed the hypothesis that the Thai isolate
HP-PRRSV could enhance the pathogenicity of the Thai pdmHIN1 SIV. It should be
noted that this is the first co-infection report between HP-PRRSV and pdmH1N1 SIV in

weanling pigs.

Our results demonstrated that the Thai HP-PRRSV isolate could induce the
clinical disease on its own as previously reported (Sirisereewan et al., 2017). All HP-
PRRSV inoculated pigs exhibited viremia at 2 dphc (Table 1) and had shown moderate
to severe respiratory distress and depression. After the pdmH1IN1 SIV inoculation, a
few SIV-infected pigs only had sporadic nasal shedding and did not showed obvious
clinical signs. This might due to route of infection using in this study. According to
recent study (Hemmink et al.,, 2016), that showed the pdmH1N1 could induce more
clinical signs and virus shedding via intranasal route than that of intratracheal route
due to the virus bypassed the upper respiratory tract (URT), which is known to be the
natural route of infection. For mean rectal temperature, co-infection pigs showed
fever during 1-4 dsc whereas the only PRRSV-inoculated pigs had normal rectal
temperature after SIV challenge. This might be due to increased cytokines production
during the acute stage of SIV infection such as IL-6 (Barbe et al., 2010), inducing febrile

response in the HP-PRRSV-induced immunocompromised pigs in this experiment.

Interestingly, a comparison of the lung lesion scores between the PRRSV and
Co-infection groups at 2 dsc showed no statistical differences, but at 4 dsc, the lung
lesion score of the Co-infection group had higher average scores than that of the PRRSV
only group. Similarly, the SIV lung viral loading of the Co-infection group showed higher
viral load at 4 dsc comparing to the single SIV-infected group. Exact mechanisms of
the co-infection between these studied two viruses are not clearly clarified due to

differences in time interval, virulent strain usages. However, PRRSV has its tropism via



26

pulmonary alveolar macrophages (PAMs) (Li et al., 2012), which could interfere the SIV
clearance effectively. Additionally, IL-10 up regulation could inhibit
monocyte/macrophage functions also leading to poor clearance of the virus
(Thanawongnuwech et al., 2000; Moore et al,, 2001). In addition, HP-PRRSV did not
induce interleukin-1 receptor antagonist (IL-1Ra) comparing to type Il PRRSV during an
acute phase of infection (Nedumpun et al., 2017). IL-1Ra plays an essential role in
anti-inflammatory cytokines induction (Arend et al, 1998), leading to excessive
cytokines production. Thus, inflammatory cytokines (IL-1, IL-6 and TNF-QU) are also
induced by PAMs and increase during SIV co-infection possibly due to PAMs did not
undergo apoptosis (Seo et al., 2004). The results showed the potentiation of the co-

infection of HP-PRRSV and pdmH1IN1 SIV.

Importantly, this study showed that the co-infected lungs had higher SIV
loading, which means the SIV could replicate better than that of the only SIV-infected
pigs. This suggests an increased chance to antigenic drift, which had been shown in
weanling pigs with and without immunity during an early infection (Diaz et al., 2013).
Furthermore, since swine is susceptible to infection with both avian and human
influenza A virus (IAV) and considered as mixing vessel or intermediate host for IAV of
human pandemic potential (Webster et al., 1992), reassortment is important in 1AV
evolution (Dugan et al., 2008) and host switching (Garten et al., 2009) especially swine
workers (Kitikoon et al., 2011).

5.2 Conclusion

This study suggests that pdmH1N1 SIV disease severity could be enhanced by
HP-PRRSV infection comparing to the single infection. Therefore, routine surveillance
and diagnosis of SIVs should be done in order to reduce production losses and

zoonotic prevention and control.
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5.3 Compliance with ethical standards

This study protocol was approved by the Chulalongkorn University Animal Care
and Use Committee, Chulalongkorn University (IACUC#1673032).
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Appendix A: The procedure for preparation of the tissue processing
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Objective Reagent Time (minutes)
Dehydration 80% ethyl alcohol 30
80% ethyl alcohol 30
95% ethyl alcohol 30
95% ethyl alcohol 30
100% ethyl alcohol 40
% ethyl alcohol 40
Clearing Xylene 30
Xylene 30
Infiltration Melted paraffin 30
Melted paraffin 30
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Appendix B: Viral titration and Immunoperoxidase monolayer assay (IPMA) for SIV

1. Prepare monolayer of MDCK cells 96-well tissue culture plate
2. Wash confluent cell monolayer 3 times with cell culture medium containing 5% BSA
and 5 mg/ml TPCK-treated trypsin
3. Make 10-fold dilution of sample and apply 100 ul in to each well, follow the
prepared dilution (4 well per dilution)
4. Incubate in 37°C humidified incubator with 5% CO, for 72 hours
5. Fix the cell with 4% formalin in PBS-0.5% tween

5.1 Discard all culture media

5.2 Apply 100 pl of 4% formalin in PBS-0.5% tween in each well

5.3 Incubate for 25 min at room temperature

5.4 Wash with PBS-0.5% tween for 3 times
6. Apply antibody (Influenza A nucleoprotein monoclonal antibodies (HB654404))
dilute with 1% BSA in PBS-0.5% tween (dilution 1:1,000), 50 pul/well and incubate for 1
hour at room temperature
7. Wash with PBS-0.5% tween for 3 times
8. Apply conjugate (A polyclonal rabbit anti-mouse 1gG conjugated horseradish
peroxidase) dilute with 1% BSA in PBS-0.5% tween (dilution 1:300), 50 pl/well and
incubate for 1 hour at room temperature
9. Wash with PBS-0.5% tween for 3 times
10. Add 5% AEC and 3% H,0O, in acetate buffer, apply AEC substrate 50 ul/well and
incubate for 10 min at room temperature
11. Wash with tap water, 3 times, dry plate and observe under phase-contrast
microscope

12. Calculate TCIDsy by Reed and Muench method
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Appendix C: Viral titration and Immunoperoxidase monolayer assay (IPMA) for PRRSV

1. Prepare monolayer of MARC-145 cells 96-well tissue culture plate
2. Wash confluent cell monolayer 3 times with cell culture medium
3. Make 10-fold dilution of sample and apply 100 pl in to each well, follow the
prepared dilution (4 well per dilution)
4. Incubate in 37°C humidified incubator with 5% CO, for 72 hours
5. Fix the cell with 4% formalin in PBS-0.5% tween

5.1 Discard all culture media

5.2 Apply 100 pl of 4% formalin in PBS-0.5% tween in each well

5.3 Incubate for 25 min at room temperature

5.4 Wash with PBS-0.5% tween for 3 times
6. Apply antibody (Monoclonal antibody for PRRSV detection (SDOW17 and SR30))
dilute with 1% BSA in PBS-0.5% tween (dilution 1:1,000), 50 pl/well and incubate for 1
hour at room temperature
7. Wash with PBS-0.5% tween for 3 times
8. Apply conjugate (A polyclonal rabbit anti-mouse I¢G conjugated horseradish
peroxidase) dilute with 1% BSA in PBS-0.5% tween (dilution 1:300), 50 pl/well and
incubate for 1 hour at room temperature
9. Wash with PBS-0.5% tween for 3 times
10. Add 5% AEC and 3% H,0O, in acetate buffer, apply AEC substrate 50 ul/well and
incubate for 10 min at room temperature
11. Wash with tap water, 3 times
12. Dry plate and observe under phase-contrast microscope

13. Calculate TCIDsy by Reed and Muench method



40

VITA

Mr. Nattaphong Sangpratum was born on Octorber, 2th, 1991 at Nakhon
Pathom province. He graduated with Doctor of Veterinary Medicine, second class
honor from the Faculty of Veterinary Science, Chulalongkorn University in 2016.
Soon after the graduation, he had enrolled in the Master program in Veterinary

Pathobiology program since 2016.

During the Master degree study, He received a scholarship from the

National Research University (NRU).
Academic publication

Kedkovid R, Woonwong Y, Arunorat J, Sirisereewan C, Sangpratum N,
Kesdangsakonwut S, Tummaruk P, Teankum K, Assavacheep P, lJitimanee S,
Thanawongnuwech R. 2018. Porcine circovirus type 3 (PCV3) shedding in sow

colostrum. Veterinary Microbiology. 220: 12-17.

Kedkovid R, Woonwong Y, Arunorat J, Sirisereewan C, Sangpratum N,
Lumyai M, Kesdangsakonwut S, Teamkum K, Jitimanee S, Thanawongnuwech R.
2018. Porcine circovirus type 3 (PCV3) infection in grower pigs from a Thai farm
suffering from porcine respiratory disease complex (PRDC). Veterinary Microbiology.

215: 71-76.



	THAI ABSTRACT
	ENGLISH ABSTRACT
	ACKNOWLEDGEMENTS
	CONTENTS
	LIST OF TABLE
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER I INTRODUCTION
	1.1 Importance and rationale
	1.2 Research objective
	1.3 Research benefits

	CHAPTER II LITERATURE REVIEW
	2.2 Disease and etiology
	2.2.1 Porcine reproductive and respiratory syndrome virus (PRRSV)
	2.2.2 Swine influenza virus (SIV)

	2.2 Co-infection between PRRSV and SIV

	CHAPTER III MATERIALS AND METHODS
	3.1 Viruses and cells
	3.2 Animals
	3.3 Experimental design
	3.4 Clinical observation
	3.5 Pathological study
	3.6 Quantification of viral RNA
	3.6.1 HP-PRRSV
	3.6.2 SIV

	3.7 Statistical analysis

	CHAPTER IV RESULTS
	4.1 Clinical respiratory score
	4.2 Mean rectal temperature
	4.3 Lung lesion score and histopathological findings
	4.4 SIV shedding in nasal swabs and loading in lung tissues

	CHAPTER V DISCUSSION AND CONCLUSION
	5.1 Discussion
	5.2 Conclusion
	5.3 Compliance with ethical standards

	REFERENCES
	APPENDIX
	VITA

