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A broad range of pathogens is capable of causing respiratory dis-
eases in pigs, with most cases found to be polymicrobial and 
multifactorial (Chae, 2016; Opriessnig et al., 2011). Because the 
predominant pathogens can vary significantly among production 
sites, the combined causative factors are referred to as porcine 

respiratory disease complex (PRDC). Generally, pathogens within 
the PRDC trigger lung damage, which in turn results in low economic 
efficiency, poor growth rates and higher medication and manage-
ment costs (Fablet, Marois- Créhan, et al., 2012). Bacterial patho-
gens most frequently detected in PRDC cases include Actinobacillus 
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Abstract
Porcine respiratory disease complex (PRDC) is one of the most challenging health con-
cerns for pig production worldwide. The aim of the present study was to determine 
the prevalence of pathogens associated with PRDC, including porcine reproductive 
and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2) and 
bacterial agents, such as Streptococcus suis, Haemophilus parasuis and Actinobacillus 
pleuropneumoniae, in clinically healthy pigs in Eastern China. Molecular detection re-
vealed positive single- pathogen detection rates of 59.9%, 27.2%, 52.3%, 33.2% and 
0.4% for PCV2, PRRSV, S. suis, H. parasuis and A. pleuropneumoniae, respectively. Co- 
infection with more than one pathogen was frequently detected in these samples, 
with PCV2/S. suis, H. parasuis and PCV2/H. parasuis mixed infection rates of 35.4%, 
33.2% and 21.6%, respectively, and PCV2/S. suis/H. parasuis and PRRSV/PCV2/S. 
suis co- infection rates of 21.6% and 6.2%, respectively. These results suggest that 
mixed infections are prevalent among PRDC cases in swine, which may pose a greater 
threat to the health of herds compared with single- pathogen infections.
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pleuropneumoniae, Streptococcus suis and Haemophilus parasuis 
(Cheong et al., 2017; Fablet, Marois, et al., 2012), while predominant 
viral pathogens include porcine reproductive and respiratory syn-
drome virus (PRRSV) and porcine circovirus type 2 (PCV2) (Fablet, 
Marois- Créhan, et al., 2012). Based on their ability to induce lesions 
in respiratory tissues, pathogens associated with PRDC can be cat-
egorised as primary, secondary or opportunistic infectious agents 
(Dorr et al., 2007).

To date, several interactions and synergisms between respira-
tory pathogens have been described (Li et al., 2017). For example, 
several infectious agents with low pathogenicity can together result 
in high- grade respiratory diseases (Opriessnig et al., 2011). Based on 
these observations, the present study aimed to survey viral (PCV2 
and PRRSV) and bacterial (S. suis, H. parasuis and A. pleuropneumo-
niae) co- infections in nasal swab samples and the lungs of healthy 
pigs which were collected from Eastern China from 2017 to 2019.

For this study, a total of 898 samples were collected from clini-
cally healthy pigs from 27 farms in Eastern China. Nasal swab sam-
ples (n = 522) were collected from piglets from 15 farms, while lung 
samples (n = 376) were randomly collected from finishing pigs from 
12 farms at the slaughterhouse.

To detect bacterial pathogens, the surface of each lung was 
seared and a tissue sample aseptically collected. Samples were 
inoculated into 1.5 ml of Todd– Hewitt broth medium containing 
0.02% nicotinamide adenosine dinucleotide (NAD) and incubated 
with gentle shaking for 2– 4 hr, as described previously (MacInnes 
et al., 2008). Nasal swabs were cultured in the same way. Following 
incubation, cells were pelleted by centrifugation and resuspended in 
100 μL of sterile ddH2O. Suspensions were then boiled for 10 min 
before being incubated on ice for a further 10 min. Following cen-
trifugation, supernatants were transferred to fresh tubes and stored 
at −80°C for use as templates for polymerase chain reaction (PCR)- 
based detection assays.

For virus detection, 0.1 g lung tissue samples were homogenised 
using an MP FastPrep- 24 Homogeniser (MP Biomedicals, Irvine, CA, 
USA), whereas nasal swab samples were placed in 2- mL sterile plas-
tic tubes containing 1.5 ml of sterile phosphate- buffered saline (PBS, 
pH = 7.2). DNA and RNA were then extracted from all samples using 

DNAout and RNAout kits (Tiandz, Beijing, China), respectively, as 
per the manufacturer's instructions. Extracted DNA and RNA were 
stored at −80°C.

For S. suis detection, a PCR targeting a fragment of 689 bp of gdh 
was used (Gottschalk et al., 2013). Detection of H. parasuis was based 
on the amplification of an 821 bp fragment of the 16SrRNA gene. 
The APP DNA was identified by using a pair of specific primers for 
Apx- IV gene (MacInnes et al., 2008). For PCV2 detection, a PCR was 
carried out using primers previously described (Jiang et al., 2017). 
RT- PCR- targeting ORF5 was used for the detection of PRRSV (Peng 
et al., 2017). Primers used in this study are listed in Table 1.

Pathogen detection results for the 898 samples are presented 
in Table 2 and Figure 1. Samples were screened for typical swine 
respiratory viruses PRRSV and PCV2 and common swine respira-
tory bacteria S. suis, H. parasuis and A. pleuropneumoniae. Overall, 
single- pathogen detection rates for PCV2, PRRSV, S. suis, H. para-
suis and A. pleuropneumoniae were 59.9%, 27.2%, 52.3%, 33.2% 
and 0.4%, respectively. PCV2/S. suis was the most frequently de-
tected combination of infectious agents among all samples (35.4%), 
followed by H. parasuis/S. suis co- infection (33.2%) and PCV2/H. 
parasuis coinfection (21.6%). The most prevalent multi- pathogen 
infections were PCV2/S. suis/H. parasuis (21.6%) and PRRSV/
PCV2/S. suis (6.2%).

Pathogen detection rates for each sample type are presented in 
Table 2 and Figure 1. Overall, more than 60% of lung tissue samples 
were PCR positive for viruses, while bacterial detection rates rang-
ing from 1.1% to 26.6%. PRRSV/PCV2 co- infection was most prev-
alent among the lung tissue samples (47.8%), followed by PRRSV/S. 
suis co- infection (21.3%) and PCV2/S. suis co- infection (18.1%). 
Multi- pathogen infection (PRRSV/PCV2/S. suis) was detected in 56 
(14.9%) lung tissue samples.

Among the nasal swab samples, S. suis, PCV2 and H. parasuis 
were detected in 71%, 59.4% and 55.6% of samples, respectively. 
Neither PRRSV nor A. pleuropneumoniae was detected in nasal swab 
samples in this study. S. suis/H. parasuis coinfection was the predom-
inant mixed infection among the nasal samples (55.6%), followed by 
PCV2/S. suis co- infection (47.9%) and PCV2/H. parasuis co- infection 
(36.4%). PCV2/S. suis/H. parasuis multi- pathogen infection was 

Primer
Target 
gene Primer Sequences（5’– 3’，）

Products 
Size Reference

PCV2- F ORF2 TTCGGTACCAGCTATGACGTATCCAAG 751bp (Jiang 
et al., 2017)PCV2- R GCCAAGCTTTCACTTCGTAATGGTTTT

PRRSV- F ORF5 TGGCAATTTGAATGTTCAAGTATG 681bp (Peng 
et al., 2017)PRRSV- R CTGTGCTATCATTGCAGAAGTCGT

SS- F GDH GCAGCGTATTCTGTCTTTCG 689bp (Gottschalk 
et al., 2013)SS- R CCATGGACAGATAAACTAGG

HPS- F 16SrRNA GTGATGAGGAAGGGTGGTGT 822bp (MacInnes 
et al., 2008)HPS- R GGCTTCGTCACCCTCTGT

APP- F Apx- IV TTATCCGAACTTTGGTTTAGCC 417bp (MacInnes 
et al., 2008)APP- R CATATTTGATAAAACCATCCGTC

TA B L E  1   Primers used for PCR- based 
detection of pathogens associated with 
PRDC
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observed in 190 nasal swab samples (36.4%). Overall, bacterial coin-
fection was more frequently observed than viral co- infection in the 
nasal swab samples.

The most prevalent pathogen combinations among all 898 sam-
ples based on PCR data are summarised in Figure 2. Our results 
suggested that co- infection/multi- pathogen infection was more 

Pathogen

Total prevalence
(n = 898)

Lungs samples
(n = 376)

Nasal swabs
(n = 522)

N % N % N %

PCV2 538 59.9 228 60.6 310 59.4

PRRSV 244 27.2 244 64.9 0 0

S.suis 470 52.3 100 26.6 370 71

H. parasuis 298 33.2 8 8.5 290 55.6

A. pleuropneumoniae 4 0.4 4 1.1 0 0

PCV2 + PRRSV 180 20 180 47.8 0 0

PCV2 + S.suis 318 35.4 68 18.1 250 47.9

PCV2 + H. parasuis 194 21.6 4 1.1 190 36.4

PCV2 + A. pleuropneumoniae 0 0 0 0 0 0

PRRSV + S.suis 80 8.9 80 21.3 0 0

PRRSV + H. parasuis 4 0.4 4 1.1 0 0

PRRSV + A. pleuropneumoniae 4 0.4 4 1.1 0 0

S.suis + H. parasuis 298 33.2 8 2.1 290 55.6

S.suis + A. pleuropneumoniae 0 0 0 0 0 0

H. parasuis + A. pleuropneumoniae 0 0 0 0 0 0

PCV2 + PRRSV + S.suis 56 6.2 56 14.9 0 0

PCV2 + PRRSV + H. parasuis 4 0.4 4 1.1 0 0

PCV2 + PRRSV + A. pleuropneumoniae 0 0 0 0 0 0

PCV2 + S.suis + H. parasuis 194 21.6 4 1.1 190 36.4

PCV2 + S.suis + A. pleuropneumoniae 0 0 0 0 0 0

PCV2 + H. parasuis + A. 
pleuropneumoniae

0 0 0 0 0 0

TA B L E  2   Detection rates for PRDC 
pathogens in nasal swab samples and lung 
samples

F I G U R E  1   Prevalence of major 
pathogens associated with PRDC
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common than single- pathogen infection among pigs in Eastern 
China.

PRDC is one of the most important health issues impacting pig 
production. Knowledge of the pathogens associated with PRDC is 
critical for the implementation of prevention and control measures. 
Overall, 67% (602/898) and 52.8% (474/898) of samples in the cur-
rent study were PCR positive for respiratory viruses and bacteria, re-
spectively, with PCV2 (59.9%) and S. suis (53.2%) the most frequently 
detected viral and bacterial pathogens, respectively. Previous stud-
ies have revealed varying rates of PRDC pathogens depending on 
the sample type and sampling method. A study by O’Sullivan et al. 
(O'Sullivan et al., 2011) revealed prevalence rates for S. suis, PRRSV 
and PCV2 in tonsil samples from pigs at slaughter in Canada of 
53.7%, 22.0% and 11.9%, respectively. Similarly, Fablet et al. (Fablet 
et al., 2011) recorded prevalence rates of 67.1%, 30.9% and 23.4% 
for S. suis, A. pleuropneumoniae and H. parasuis among nasal, tonsil-
lar and oropharyngeal swab samples from pigs in France. However, 
other studies have revealed lower prevalence rates, with S. suis, H. 
parasuis and A. pleuropneumoniae observed in only 17.4%, 29.4% 
and 5.9% of bronchial swab samples and 14.7%, 50% and 2.9% of 
lung tissue samples, respectively, from pigs in Germany (Moorkamp 
et al., 2008). Interestingly, in a study comparing pathogens in healthy 
pigs with those in pigs with pneumonia showed that PRRSV, PCV2 
and H. parasuis were prevalent among all samples regardless of the 
presence/absence of clinical symptoms (Palzer et al., 2008). The high 
detection rates observed in the current study suggest that respira-
tory pathogens are prevalent among herds in Eastern China.

Co- infections in various combinations were observed in a high 
percentage of the lung samples and nasal swabs in the current study. 
Although this is the first report of PCV2/S. suis co- infection, previ-
ous studies have reported co- infections caused by combinations of 
PCV2, PRRSV and A. pleuropneumoniae (Dorr et al., 2007). In such 
cases, infected hosts were then vulnerable to opportunistic infection 
by other pathogens (Pogranichniy et al., 2002). A similar tendency 
was observed in the current study, with single- pathogen detection 
rates ranging from 0% to 10.7% but co- infection rates (with one or 
more pathogens) increasing to 32.8%– 54.3% (Figure 2). Statistically 

significant correlations between pathogens are of particular concern 
for PRDC management. In the current study, significant correlations 
between PCV2 and S. suis, PRRSV and S. suis, PRRSV and H. parasuis 
and S. suis and H. parasuis were identified. However, it was not possi-
ble to analyse the association between A. pleuropneumoniae and other 
pathogens because of the small number of positive samples. 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 co- infection with the corresponding paired pathogen.

In conclusion, this is the first investigation into the prevalence of 
PRDC pathogens in Eastern China. The results of this study provide a 
better understanding of the interactions between major bacterial and 
viral PRDC pathogens, which will aid in disease prevention and treatment.
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