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Oral fluid analysis for herd monitoring is of interest to the commercial pig production in Korea. The aim of this study was to investigate 
pathogen-positive rates and correlations among eight pathogens associated with porcine respiratory disease complex by analyzing oral fluid 
samples from 214 pig groups from 56 commercial farms. Samples collected by a rope-chewing method underwent reverse-transcriptase 
polymerase chain reaction (RT-PCR) or standard polymerase chain reaction (PCR) analysis, depending on the microorganism. Pathogens were 
divided into virus and bacteria groups. The former consisted of porcine reproductive and respiratory syndrome virus and porcine circovirus 
type 2 (PCV2), and the latter Pasteurella multocida, Haemophilus parasuis, Actinobacillus pleuropneumoniae, Mycoplasma hyopneumoniae 
(MHP), Mycoplasma hyorhinis, and Streptococcus suis (SS). All pathogens were detected more than once by PCR. Age-based analysis showed 
the PCR-positive rate increased with increasing age for PCV2 and MHP, whereas SS showed the opposite. Correlations between pathogens 
were assessed among 36 different pair combinations; only seven pairs showed statistically significant correlations. In conclusion, the oral 
fluid method could be a feasible way to detect various swine respiratory disease pathogens and, therefore, could complement current 
monitoring systems for respiratory diseases in the swine industry.
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Introduction

Porcine respiratory disease complex (PRDC) is regarded as 
one of the more important health issues affecting pig production. 
Generally, diseases within the PRDC trigger lung damage 
which, in turn, results in low economic efficiency, poor growth 
rate, and higher medication and management costs [6]. 
Coinfection of various pathogens has been frequently detected 
in PRDC samples [7]. The bacterial pathogens frequently 
detected in PRDC cases are Actinobacillus pleuropneumoniae 
(APP), Pasteurella multocida (PM), Streptococcus suis (SS), 
Haemophilus parasuis (HPS), Mycoplasma hyopneumoniae 
(MHP), and Mycoplasma hyorhinis (MHR) [4,10,30]. Viral 
pathogens in PRDC that have effects similar to those mentioned 
above include porcine reproductive and respiratory syndrome 
virus (PRRSV) and porcine circovirus type 2 (PCV2) [6].

Despite the development of various monitoring methods, 
currently used approaches to diagnosis, surveillance, and 

monitoring of PRDC are labor intensive and time consuming. 
Previous studies have used individual sampling approaches 
(e.g., biopsy, swabbing, blood collection) to investigate 
seroprevalence or presence of specific pathogens [11,19]. 
However, due to the difficulty of sampling certain targets (e.g., 
blood, organs, other tissue), and limitations related to time and 
budget, there is a need to develop new solutions to monitoring 
issues [3,9].

Some recent studies have proposed that oral fluid (OF) can 
function as a suitable sample source for the detection, diagnosis, 
surveillance, and monitoring of various pathogens, and OF has 
been investigated and used in swine farms in North America 
[22,27]. The use of OF for such purposes is only recently being 
tested for application in swine farms in Korea. Although OF 
studies have been carried out in North America and Europe, 
there have been no OF study results reported in Korea.

The objectives of this study were to survey the pathogen-positive 
rate for eight respiratory pathogens in commercially farmed 
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pigs and determine the correlations between pathogen pairs in 
Korea by using an OF-based sampling method, which has been 
shown to be a suitable method for monitoring various respiratory 
pathogens.

Materials and Methods

Experimental design
Animal experiments related to collecting samples from pigs 

were approved by the Institutional Animal Care and Use 
Committee of Konkuk University (KU-15090). All animals 
were kept at commercial domestic pig farms located nationwide 
in Korea.

In this study, pigs from 56 farms that included 214 pig groups 
were sampled. The farms were commercial farrow-to-finisher 
farms, were located in different regions within Korea, and had 
different environments, herd sizes, and barn sizes. The age 
groups of sampled animals ranged between 3 and 26 weeks old. 
Routine vaccination programs for PCV2, classical swine fever 
virus, foot and mouth disease (FMD) virus, and MHP were 
conducted on each farm. Porcine infectious diseases such as 
porcine epidemic diarrhea (PED) and FMD were not detected 
and mass medication was not included in the pig feed used on 
the study farms. According to veterinary practitioners familiar 
with the farms, the pigs from which samples were collected did 
not show any respiratory signs.

Each farm was assigned four rope sets with one rope set 
consisting of four ropes. Thus, there were potentially 16 OF 
samples taken from each farm. A four rope set was assigned to 
four different age groups within the target age range (3 to 26 
weeks old). Each rope was hung in a pen housing a minimum of 
20 and a maximum of 25 pigs. The pigs were allowed to chew 
on the ropes; thus, each rope represented the OF obtained from 
similarly aged pigs in each pen.

Oral fluid samples
For OF collection, 45 cm long, 1.3 cm diameter cotton ropes 

were used. The ropes had three strands that were undyed and 
unbleached [21]. Prior to use, ropes were sealed in oilpaper, 
autoclaved (121oC, 15 min), and then packed in an airtight bag. 
On arrival in the farm’s target barn, the rope was unsealed and 
hung in an individual pen, with sterile handling. One OF sample 
was collected from each pen after a fixed access time. Animal 
interaction (biting and chewing) with the rope was limited to 20 
min in each pen [15,26]. After 20 min, the rope, which was 
typically saturated with OF, was removed from the pen and 
directly transferred to the laboratory within 24 h in order to 
assure limited damage to the pathogens. For transport, the rope 
samples were sealed in airtight plastic bags and transported in a 
cool box with ice packs. After arrival in the laboratory, the 
airtight bag was unsealed in a biosafety cabinet to protect the 
samples from contamination. OFs were extracted by squeezing 

the rope while it remained within the airtight bag. The obtained 
OF was then poured into a 15 mL centrifuge tube [28]. Samples 
were then centrifuged at 2,000 × g for 10 min at 4oC. Aliquots 
of each OF sample were placed in several 2 mL microcentrifuge 
tubes. One microcentrifuge tube was tested immediately, and 
the others were stored at −70oC until further analysis.

Laboratory assays
The presence of PRRSV, PCV2, PM, HPS, APP, MHP, MHR, 

and SS in OF samples were determined by using reverse- 
transcriptase polymerase chain reaction (RT-PCR) or standard 
polymerase chain reaction (PCR) assays. For DNA/RNA 
extraction, samples were processed by using the Viral Gene-spin 
Viral DNA/RNA Extraction Kit (iNtRON Biotechnology, Korea) 
according to the manufacturer’s protocol. After DNA/RNA 
extraction, each sample underwent RT-PCR (Maxime RT-PCR 
PreMix Kit; iNtRON Biotechnology) or PCR (Maxime PCR 
PreMix Kit; iNtRON Biotechnology) according to the 
properties of each pathogen. The primer sequences used in this 
study are listed in Table 1. To detect pathogens, RT-PCR, nested 
PCR, or PCR was carried out according to previously described 
protocols. In case of PRRSV, RT-PCR and nested PCR were 
performed sequentially with nested PCR used as a confirmatory 
test. The references describing the corresponding protocols for 
each pathogen are listed in Table 1.

The amplicons were separated by performing electrophoresis 
with 2.0% agarose gels and staining with DNA dye (SafeView 
Classic; Applied Biological Materials, Canada) and visualized 
under UV light. The sizes of the PCR products were determined 
by comparison with a DNA ladder.

Data analysis
Data were analyzed on both per pen (sample-level) and per 

farm (farm-level) bases. Pathogen-specific PCR results were 
analyzed as qualitative (positive/negative) data. A farm was 
considered to be positive when any sample from that farm was 
positive for a particular pathogen. Differences in the distribution 
of pathogen combinations among samples were analyzed by 
using chi-squared tests. Pathogen combinations were considered 
positive if multiple pathogens were detected in PCR analysis of 
the same sample. To assess the presence of correlations 
(positive/negative) among the eight pathogens (PRRSV, PCV2, 
PM, HPS, APP, MHP, MHR, and SS), pairwise comparisons 
were performed by applying the Pearson correlation method to 
the sample-level data. Statistical analyses for pairwise comparison 
were performed by using MedCalc (ver. 12.7.0.0; MedCalc 
Software, Belgium). Correlation results with p ＜ 0.05 were 
considered statistically significant.

Results

Veterinarians did not report any difficulty in installing, 
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Table 1. Primers sequences used for the survey of porcine respiratory disease complex pathogens in Korea

Pathogen Assay* Sequence Product size (bp)† Reference‡

PRRSV RT-PCR 5′-ATG GCC AGC CAG TCA ATC-3′ 400 [2]
5′-TCG CCC TAA TTG AAT AGG TG-3′

Nested PCR 5′-CCA GTC AAT CAG CTG TGC CA-3′ 300 [29]
5′-CGG ATC AGG CGC ACA GTA TG-3′

PCV2 PCR 5′-TTT AGG GTT TAA GTG GGG GGT C-3′ 470 [33]
5′-CCG GAT CCA TGA CGT ACC CAA GGA GGC G-3′

PM PCR 5′-AAG GGA TGT TGT TAA ATA GAT AGC-3′ 410 [17]
5′-GCT TCG GGC ACC AAG CAT AT-3′

HPS PCR 5′-GTG ATG AGG AAG GGT GGT GT-3′ 820 [16,20]
5′-GGC TTC GTC ACC CTC TGT-3′

APP PCR 5′-AAG GTT GAT ATG TCC GCA CC-3′ 950 [8]
5′-CAC CGA TTA CGC CTT GCC A-3′

MHP PCR 5′-TTC AAA GGA GCC TTC AAG CTT C-3′ 1,000 [30]
5′-AGA GGC ATG ATG ATT TGA CGT C-3′

MHR PCR 5′-CGG GAT GTA GCA ATA CAT TCA G-3′ 1,130 [30]
5′-AGA GGC ATG ATG ATT TGA CGT C-3′

SS PCR 5′-TTC TGC AGC GTA TTC TGT CAA ACG-3′ 700 [13]
5′-TGT TCC CTG GAC AGA TAA AGA TGG-3′

PRRSV, porcine reproductive and respiratory syndrome virus; PCV2, porcine circovirus type 2; PM, Pasteurella multocida; HPS, Haemophilus parasuis; 
APP, Actinobacillus pleuropneumoniae; MHP, Mycoplasma hyopneumoniae; MHR, Mycoplasma hyorhinis; SS, Streptococcus suis; RT-PCR, reverse 
transcriptase polymerase chain reaction; PCR; polymerase chain reaction. *RT-PCR and nested PCR were performed sequentially and nested PCR was a 
confirmatory test. †Approximate product size (units: base pairs). ‡RT-PCR or standard PCR conditions were performed according to protocols detailed in the 
references cited.

Table 2. Swine oral fluid polymerase chain reaction (PCR) results at the sample and farm levels

Pathogen
Sample (n = 214) Farm (n = 56)*

Number of positives Positive rate (%) Number of positives Positive rate (%)

Virus PRRSV 112 52.3 48 85.7
PCV2 63 29.4 29 51.8

Bacteria PM 26 12.2 18 32.1
HPS 149 69.6 51 91.1
APP 53 24.8 26 46.4
MHP 145 67.8 49 87.5
MHR 97 45.3 37 66.1
SS 120 56.1 45 80.4

*PRRSV, porcine reproductive and respiratory syndrome virus; PCV2, porcine circovirus type 2; PM, Pasteurella multocida; HPS, Haemophilus parasuis; 
APP, Actinobacillus pleuropneumoniae; MHP, Mycoplasma hyopneumoniae; MHR, Mycoplasma hyorhinis; SS, Streptococcus suis. *Farms were 
considered positive if one or more pen-based oral fluid sample had PCR-positive results for a pathogen.

collecting, packaging, and submitting the OF-bearing ropes to 
the laboratory. Most samples arrived at the laboratory in good 
condition; however, 12 rope samples (5.3% of the total 226 
samples) were not saturated with OF and were eliminated from 
the analyses, leaving a sample size for analysis of 214.

Sample-level and farm-level PCR results
Table 2 presents the overall PCR results for the sample-level 

and farm-level data for 214 samples and 56 farms, respectively. 
The first pathogen surveillance group comprised the typical 
swine respiratory viruses consisting of PRRSV and PCV2. The 
second pathogen surveillance group comprised the typical 
swine respiratory bacteria consisting of PM, HPS, APP, MHP, 
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Fig. 1. Proportions of major pathogens and major pathogen 
combinations in polymerase chain reaction (PCR)-positive 
porcine oral fluid samples. PRRSV, porcine reproductive and 
respiratory syndrome virus; PCV2, porcine circovirus type 2; 
MHP, Mycoplasma hyopneumoniae. *Pathogen combinations 
were considered positive if the major pathogen and one or more
other pathogens were PCR positive. †Pathogen combinations 
were considered positive if one or more pathogens were PCR 
positive without PRRSV, PCV2, and MHP.

Fig. 2. Pen-level PCR results for 214 oral fluid samples arranged 
by age group. Oral fluid samples from pigs were analyzed for 
respiratory pathogen presence by using PCR. Pig age groups: A, 
aged 3–7 weeks; B, 8–12 weeks old; C, 13–16 weeks old; D, 17–
26 weeks old. PRRSV, porcine reproductive and respiratory 
syndrome virus; PCV2, porcine circovirus type 2; PM, Pasteurella 
multocida; HPS, Haemophilus parasuis; APP, Actinobacillus 
pleuropneumoniae; MHP, Mycoplasma hyopneumoniae; MHR, 
Mycoplasma hyorhinis; SS, Streptococcus suis; All N, negative 
PCR result for all pathogens.

MHR, and SS.
The major pathogen combinations identified from the PCR 

data in the 214 OF samples are summarized in Fig. 1. Because 
96 of 256 possible outcomes (a binary outcome was produced 
for each of the eight different PCR results, or 28) were observed, 
all combinations within the pathogen data could not be 
presented practically; thus, only the most frequent pathogen 
occurrences in the PCR data are presented in Fig. 1. Overall, 
multiple pathogen combinations were more common than 
single pathogen occurrences. Three (1.4%) of the 214 samples 
were negative for all eight pathogens.

Age-level PCR results
Fig. 2 shows the PCR results obtained at the age level (n = 

214). OF samples were divided into four age-based groups: A, 
aged 3 to 7 weeks old; B, aged 8 to 12 weeks; C, aged 13 to 16 
weeks; and D, 17 to 26 weeks. The numbers of OF samples in 
each group were 51, 77, 39, and 47, respectively. Most 
pathogens had PCR-positive results among the four groups. The 
PRRSV-positive rate ranged between 47% and 55% among the 
age groups. The positive rates for APP and PM were below 30% 
in all age groups. Negative rates for all eight pathogens were 
low in the younger pigs (aged 3–12 weeks; groups A and B), 
whereas negative rates were zero in the older pigs (aged 13–26 
weeks; groups C and D). Positive rates for PCV2 and MHP 
increased with increasing age, but the SS-positive rate decreased 
with increasing age.

Correlation between pathogens
Among the pathogen combinations of the eight assessed 

pathogens, there were significant differences identified by 
chi-squared testing (p ＜ 0.001) of the sample-level (per pen) 
data. Pairwise comparisons of the positive and negative presences 
of various respiratory pathogens stratified by pen identified 
statistically significant correlations in seven pathogen pairs: 
PCV2 and MHP (p = 0.0002), PM and MHP (p = 0.02), PM and 
SS (p = 0.007), HPS and MHP (p = 0.004), HPS and MHR (p = 
0.01), HPS and SS (p = 0.005), and MHP and MHR (p = 0.015). 
No other pathogen-pair correlation results were identified as 
statistically significant (p ＜ 0.05).

Discussion

Several previous studies have attempted to validate the use of 
OF sampling for the detection of PRRSV and PCV2 by addressing 
the issue of sample collection method and establishing the 
feasibility of performing pathogen identification via OF 
[15,22,26]. In comparison with serum-based analysis, OF analysis 
had many advantages, i.e., number of samples required (one per 
pen vs. one per animal), labor intensity, time required, and 
budget needed to perform surveillance or monitor disease. 
Furthermore, during sample collection, other notable advantages 
of OF collection are its noninvasive stress-free nature and its 
being highly compliant with animal ethics requirements [27]. 
Based on these advantages, the current study was performed to 
survey eight pathogens (both viruses and bacteria) that are 
associated with PRDC in commercial pig production facilities.

In previous studies, the published positive rates for PRDC 
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pathogens varied depending on sample and sampling types. 
One such study determined the prevalence of porcine pathogens 
and reported positive rates for SS (53.7%), PM (27.3%), 
PRRSV (22.0%), and PCV2 (11.9%) in tonsil samples at 
slaughter [19]. Previous reports on MHP, HPS, PM, and APP 
positive rates have reported quite variable results. When analyzed 
in nasal, tonsillar, and oropharyngeal swab samples, positive 
rates were: MHP (2.4%), SS (67.1%), APP (30.9%), PM 
(24.6%), and HPS (23.4%) [5]. However, in another study, the 
positive rate for MHP was 23.5% in bronchoalveolar lavage 
fluid and 26.5% in lung tissue [18]. In a study of the association 
between pathogens in healthy pigs and pigs with pneumonia, 
regardless of whether pigs had pneumonia, they showed 
positive rates for PRRSV, PCV2, PM, HPS, MHP, and MHR, 
despite the absence of clinical symptoms [24].

In the present study, the sample-level results were obtained 
from the analysis of OF samples from each pen. Pathogens that 
were most frequently detected by PCR assays were PRRSV 
(52.3%), HPS (69.6%), MHP (67.8%), and SS (56.1%). The 
high positive rates for these pathogens suggest that they might 
be prevalent in herds. As described above, a farm was 
considered positive for a particular pathogen when any pen 
sample from that farm tested positive for that pathogen. 
Considering that pathogens could be transmitted from one pen 
to another, it is possible that certain pathogens can become 
widely distributed throughout a farm.

In the results of our pathogen combination analysis, 96 
outcome combinations were observed, and the most notable 
trend was the presence of coinfection with mixed pathogens. 
There have been previous reports that have referred to 
coinfection being caused by PRRSV, PCV2, MHP, or APP 
[1,3,31,32]. In such cases, the hosts infected with those 
pathogens were then vulnerable to infection by other pathogens 
via opportunistic infection [23,25]. In this study, a similar 
tendency was observed. The positive rates for single pathogens 
were lower than those for combinations of multiple pathogen. 
The PCR-positive rates for single pathogens ranged from 0% to 
2.3%, whereas for the major respiratory pathogens co-infected 
with one or more pathogens, the PCR-positive rates ranged 
from 29.4% to 67.3%. The positive rate for samples with one or 
more pathogens, excluding the presence of PRRSV, PCV2, and 
MHP, was 14.0%, and this rate could be affected and/or 
enhanced by the presence of PRRSV, PCV2, or MHP with other 
respiratory pathogens. It is the statistically significant pathogen 
correlations that would be of greatest concern in PRDC 
management, and we noted significant correlations between 
PCV2 and MHP, PM and MHP, PM and SS, HPS and MHP, 
HPS and MHR, HPS and SS, and MHP and MHR. The 
identification of these significant pathogen pairs indicates that 
if one pathogen is frequently detected within a herd, that herd 
may also be vulnerable to coinfection with the corresponding 
paired pathogen.

The positive rates for each pathogen were also analyzed by 
pig age. Using that approach, it was possible to gain an 
overview of the age-dependent trends among the pathogens. 
Several previous studies have focused on longitudinal research 
and limited condition testing of disease prevalence [26,27]. 
With these studies in mind, Fig. 2 shows an overview of the 
pathogen frequency at each age group in our study population. 
PRRSV maintained a positive rate of 47% to 55% in all age 
groups, but there were different frequency distributions among 
the other pathogens. The PRRSV, HPS, MHP, and SS pathogens 
exhibited a relatively high frequency (about 50%) in pigs aged 
3–16 weeks of pigs (groups A–C). Notably, HPS and SS 
appeared more frequently in the youngest age group (aged 3 to 
7 weeks, group A) than in the older age groups. For PCV2 and 
MHP, PCR-positive rates tended to rise as age increased from 
group A to group D. These trends indicate differences in the 
control of pathogenic infections in each age group.

In previous studies, the OF method has been considered a 
reliable monitoring method for specific pathogens, including 
PRRSV and the Hepatitis E virus (HEV) [12,14]. While there 
are many advantages of the OF analysis technique, some 
weaknesses were reported by the field veterinarians or caretakers 
involved in this study. Despite the OF samples being theoretically 
representative of all pen-based pigs, some pigs showed little 
interest in interacting with the cotton rope. This may be due to 
selecting an unfavorable installation time or to differences in 
individual status (e.g., at the same time as feeding or individual 
health condition). Some mildly depressed pigs were observed to 
show no interest in interacting with the rope. In such cases, the 
collected OF sample may not represent the population of the pen 
or herd. In addition, due to some caretakers being unfamiliar with 
the OF collection method, some ropes were not saturated with 
OF upon arrival in the laboratory and were excluded from the 
study.

In conclusion, this is the first investigation presenting 
pathogen prevalence data obtained by using an OF method for 
a large number of pathogens causing PRDC in Korea. The 
results suggest that OF analysis can be a potentially useful 
technique in monitoring the major pathogens in PRDC by single 
sampling of pigs in commercial swine farms in Korea.
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