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Abstract 

Introduction: The study evaluated the patterns of local innate immune response in bronchoalveolar lavage fluid (BALF) 

cells of pigs infected with porcine reproductive and respiratory syndrome virus (PRRSV) alone or co-infected with swine 

influenza virus (SIV). Material and Methods: The study was performed on 26 seven-week-old pigs in three groups: PRRSV-

infected (n = 11), PRRSV and SIV-infected (n = 11), and control (n = 4). BALF was collected post euthanasia at 2 and 4 dpi 

(three piglets per inoculated group) and at 21 dpi (all remaining pigs). Expression of IFN-α, IFN-γ, IL-1β, IL-6, IL-8, and IL-10 

mRNA was quantified in BALF cells. PRRSV RNA was quantified in BALF samples using a commercial real-time RT-PCR kit. 

Results: The three cytokines IFN-α, IFN-γ, and IL-1β presented significant expression changes in all experimental pigs. In 

PRRSV-infected animals IL-8 also did, but in co-infected subjects IL-6 and IL-10 were the additional upregulated cytokines. The 

highest number of differentially expressed genes was observed at 4 dpi, and significant differences in cytokine gene expression 

did not occur between the experimental groups at any other time point.  The mean PRRSV load in the BALF of PRRSV-infected 

pigs was higher than that of co-infected pigs at each time point, having statistical significance only at 4 dpi. Conclusion: The 

results of the study indicate that infection with PRRSV alone as well as with SIV interferes with innate and adaptive immune 

response in the infected host. They also showed that co-infection demonstrates additive effects on IL-6 and IL-10 mRNA 

expression levels.  
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Introduction 

Porcine respiratory disease complex (PRDC) 

caused by mixed viral and bacterial infections is  

a common problem in the modern swine industry 

worldwide. Among viruses, porcine reproductive and 

respiratory syndrome virus (PRRSV) and swine 

influenza virus (SIV), alone or in combination, are the 

top two most significant contributors to PRDC and are 

frequently detected in the field (2, 8). Porcine 

reproductive and respiratory syndrome virus, an enveloped, 

positive-sense single-strand RNA virus within the 

Arteriviridae family, is a causative agent of PRRS 

responsible for late-term abortions in pregnant gilts and 

sows and respiratory distress in piglets and growing 

pigs (26). Some of the hallmarks of PRRSV infection 

in pigs which are pivotal in diagnosis are suppression 

of type I interferon (IFN-α/β) production, modulation 
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of cytokine expression, apoptotic responses, and 

adaptive immunity. These mechanisms may lead to  

a failure of virus clearance and to viral persistence in 

the host (14). The additive effect of modulation of the 

host immune response by PRRSV is increased 

predisposition to secondary infections of the respiratory 

tract (27, 28). SIV is the causative agent of swine 

influenza (SI), a highly contagious acute respiratory 

viral disease of swine. It is an enveloped, segmented, 

single-stranded RNA virus belonging to the 

Orthomyxoviridae family. In SIV-infected pigs 

mortality is usually low, while morbidity may reach 

100% (18). During the acute phase of SI, production of 

inflammatory cytokines such as interferon alpha  

(IFN-α), tumour necrosis factor alpha (TNF-α), 

interleukin-1 beta (IL-1β), interleukin-6 (IL-6), 

interleukin-12 (IL-12), and interferon gamma (IFN-γ) 

has been well documented as an important factor 

determining disease severity (1, 15). In acutely SIV-

infected pigs, a significant correlation was found 

between lung lesions and lung concentrations of IL-1β, 

interleukin-8 (IL-8), and TNF-α (24). 

So far, experimental studies dealing with PRRSV 

and SIV infections conducted in conventional pigs have 

been focused on clinical manifestation and production 

performance. Nevertheless, little is known about the 

effect of concurrent infection with PRRSV and SIV on 

local innate immune response at the molecular level in 

conventional pigs. Only one study generated valuable 

insight on the impact of concomitant PRRSV and SIV 

infections on the development of the innate immune 

response. However, the study was performed in vitro 

and ex vivo on porcine alveolar macrophages (PAMs) 

and precision-cut lung slices (PCLS), respectively (5). 

Therefore, our study took up an in vivo objective: to 

explore the patterns of local innate immune response in 

BALF cells of pigs singly infected with PRRSV or co-

infected with PRRSV and SIV using a model of in vivo 

experimental challenge. 

Material and Methods 

Viruses. PL15-33 strain of PRRSV 1 was isolated 

from lung tissue of a Polish-farmed pig with respiratory 

clinical signs by three passages in PAMs. The avian-like 

H1N1 A/Poland/Swine/14131/2014 (hereafter referred 

to as SwH1N1) of SIV used in this study had been 

isolated from lung tissue of a pig with severe swine 

influenza clinical manifestations. The viral inoculum 

was prepared from third-passage SPF embryonated 

chicken eggs, and its concentration was evaluated in 

Madin-Darby canine kidney (MDCK) cells.  

Animals and infection studies. A total of 26 

seven-week-old pigs obtained from a conventional 

healthy herd were used. The pigs were randomly 

divided into three groups – two experimental and one 

control. Before the start of the study, all pigs were 

tested for being negative both for PRRSV and influenza 

A virus specific antibodies with an IDEXX PRRS X3 

ELISA kit (USA) and haemagglutination inhibition 

assays using SwH1N1, A/swine/England/96 (H1N2), 

A/swine/Flanders/1/98 (H3N2), and pdm-like H1N1 

(A/swine/Poland/031951/12) strains. The pigs were 

also tested for infection with PRRSV on nasal swabs 

and serum and SIV on nasal swabs in real-time PCRs. 

During the experiment, the animals were housed at 

the BSL3 animal facility in three independent units: 

one for the control and others for the infected pigs. On 

day 0, 11 pigs were inoculated intranasally (IN) with 

105 TCID50 of PRRSV in 3 ml of phosphate-buffered 

saline (PBS) (1.5 ml for each nostril). Another 11 pigs 

were co-inoculated IN with 105 TCID50 of PRRSV and 

107 TCID50 SwH1N1. Four pigs were mock-inoculated 

IN with 3 ml of PBS and served as a negative control 

group. 

Clinical examination of pigs, including 

measurement of rectal temperature and observation for 

respiratory and general signs, was performed daily, 

from day 7 before inoculation until euthanasia. Fever 

was recorded when the rectal temperature was equal to 

or higher than 40°C. At 2 and 4 dpi, three pigs per 

infected group were euthanised. The remaining 

inoculated and control pigs were euthanised at 21 dpi. 

A complete necropsy was performed on each animal, 

with special emphasis on the respiratory tract. Lung 

lesions were evaluated, using the method and procedure 

described previously (13, 24). 

BALF collection and total cell counts. 

Bronchoalveolar lavage fluid was obtained from each 

animal post mortem. A tracheal tube was inserted into 

an incision made in the trachea, and each lung was 

lavaged with 10 ml of PBS, yielding approximately  

5 mL of recovery. Cells were collected from BALF by 

centrifugation at 500 × g for 10 min at 4°C. The 

concentration of nucleated cells in BALF was 

determined by counting in Türk’s solution, and 

approximately 3 × 106 BALF cells were prepared for 

cytokine gene expression evaluation. The supernatant 

was frozen at − 80°C for further detection of viral RNA 

in real-time PCR experiments. 

Cytokine gene expressions. RNA was extracted 

from BALF cells using an RNeasyMini kit (Qiagen, 

Germany), according to the manufacturer’s 

instructions. RNA integrity numbers (RIN) determined 

using an Agilent 2100 Bioanalyzer (Agilent, USA) 

ranged from 7.5 to 9.9 (mean RIN was 8.9). The  

purity and quantity of RNA were measured on  

a NanoPhotometer (Implen, Germany). A range of 78 

to 577 ng/μL described the RNA concentrations, the 

mean RNA concentration being 270.6 ng/μL. Synthesis 

of cDNA from total RNA was carried out using  

M-MLV reverse transcriptase (Invitrogen, USA), PCR-

dNTP mix (Invitrogen), Recombinant RNasin 

Ribonuclease Inhibitor (Promega, USA), and the 

Random Primer (Invitrogen). The protocol for cDNA 

synthesis was as follows: 10 min at 25°C, 60 min at 

42°C, and 15 min at 70°C. 
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A quantitative real-time PCR was conducted to 

detect relative mRNA expression levels using β-actin 

as the internal control gene and a QuantiTect  

SYBR Green PCR Kit (Qiagen), according to the 

manufacturer’s instructions. Primer sequences for  

β-actin were those designed by Duvigneau et al. (6), 

primer sequences for IL-1β, IL-6, and IFN-γ were as in 

Meurens et al. (20), and those for IL-8 and IFN-α were 

first specified by Rola-Łuszczak et al. (25). Reaction 

mixtures included 22 μL of total volume of reaction 

mix, and 3 μL cDNA. The PCR was performed with an 

initial denaturation step at 95°C for 15 min, followed 

by 40 cycles at 94°C for 30 s, 58°C for 30 s, and 72°C 

for 30 s, using a Stratagene Mx3005P thermocycler 

(Agilent). After amplification, a melting curve analysis 

of the real-time PCR products was performed to 

confirm the presence of the expected amplicons. 

The relative expression (R) of target genes was 

calculated using the following equation: R = (Etarget)ΔCt 

target (control−sample)/(Eref)ΔCt ref (control−sample) which expresses 

mRNA from the cells of infected pigs relative to the 

cells from control pigs after normalising to β-actin (23). 

PRRSV quantification with real-time PCR in 

BALF. Viral RNA was extracted from BALF 

supernatant with a QIAamp viral RNA mini kit 

(Qiagen), according to the manufacturer’s instructions. 

For the detection of PRRSV in BALF samples, a real-

time PCR was performed with EZ-PRRSV MPX 4.0 

master mix and reagents (Tetracore Inc., USA).  

For consistency, each plate contained Tetracore 

quantification standards and control sets for use with 

the Tetracore reagents. Viral RNA concentration was 

expressed as the number of RNA copies/ml of sample. 

The virus concentration was calculated by linear 

extrapolation of the cycle threshold values against  

a standard curve generated from serial dilutions of 

quantified standards (1 × 102 to 1 × 105 copies per μL). 

Statistical analysis. The obtained data were 

subjected to the Shapiro–Wilk test for normality and 

Levene’s test for equality of variances. After rejection 

of normality and variance homogeneity, differences 

between viral loads were compared between groups by 

the nonparametric Mann–Whitney U test. For the mean 

mRNA levels of cytokines in the BALF cells, the 

nonparametric Kruskal–Wallis test with post hoc 

Dunn’s test were used for analysing the specific sample 

pairs. Differences were considered significant at  

p < 0.05. All calculations were performed with 

Statistica 8.0 (Tibco, USA). 

Results 

Clinical signs, gross pathology. Seven pigs 

infected with PRRSV alone had short-term fever 

(40.1°C–41.5°C). In the group inoculated with both 

viruses, long-term fever (over three days) was observed 

in 8 out of 11 animals. The most severe course of the 

disease was observed in the co-infected piglets of 

which 10 out of 11 demonstrated clinical signs of 

infection. In PRRSV-infected pigs, clinical signs were 

recorded in 8 out of 11 animals. No symptoms were 

observed in control pigs. All animals from the PRRSV-

infected and co-infected groups had lung gross lesions 

typical for PRRSV and/or SIV infection, exemplified 

most severely by the co-infected group at 21 dpi.  

PRRSV RNA quantification. Mean viral loads, 

measured as viral genomic copies (copies of RNA/mL 

of BALF), were quantified at each time point, with the 

peaks of viral load coming at 4 dpi and 21 dpi in the 

PRRSV-infected and co-infected groups, respectively 

(Fig. 1). The mean concentration of the PRRSV load in 

BALF of PRRSV-infected pigs was higher than that of 

pigs infected with PRRSV and SIV over the entire 

study; however, statistical significance was observed 

only at 4 dpi (p < 0.05). No viral RNA was detected in 

control animals (data not shown). 

 

 
Fig. 1. Mean, minimum and maximum value of PRRSV copy number (copies/mL) in BALF of pigs infected with 

PRRSV or co-infected with PRRSV and SIV over the observation period. Asterisks indicate statistically 
significant differences between groups at the same number of days post infection (p < 0.05) 
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Cytokine gene expression in BALF cells. 

Detailed data on the mean (± SEM) mRNA levels of 

cytokine in the BALF cells of experimental pigs  

are summarised in Fig. 2. In general, statistically 

significant expression changes were observed in four 

gene transcripts in pigs infected with PRRSV alone and 

in five gene transcripts in pigs infected with both 

viruses along the time course analysed. Overall, the 

highest number of differentially expressed genes was 

observed at 4 dpi, and only at this time point were 

significant differences in cytokine gene expression 

observed between pigs solely infected with PRRSV and 

those which were co-infected. 

On the 2nd dpi in pigs challenged with PRRSV 

alone, significant mRNA upregulation of IFN-α and 

downregulation of IL-8 and IFN-γ mRNA was 

observed (p < 0.05) as compared to the controls. Also, 

in co-infected pigs significant downregulation of IFN-γ 

mRNA was recorded when evaluated against the 

controls. 

On the 4th dpi in PRRSV-infected pigs, only IL-8 

mRNA expression was significantly changed compared 

to the controls, whereas in co-infected pigs significant 

mRNA downregulation of IFN-α and upregulation of 

IL-6 was recorded when contrasted with the control 

pigs. Moreover, for the co-infected pigs at this time 

point, the transcript level of IFN-α was significantly 

downregulated, and IL-6 and IL-10 were significantly 

upregulated in BALF cells as compared to singly 

infected animals (p < 0.05). 

On day 21, only the transcript levels of IFN-γ,  

IL-1β, and in some cases IL-10 were still significantly 

changed as compared to uninfected pigs. With respect 

to IFN-γ mRNA expression, its relative level was 

significantly higher in the PRRSV-infected and co-

infected groups as compared to the controls. In the co-

infected group, the transcript level of IL-10 was 

significantly greater than that of uninfected animals. By 

contrast, in the PRRSV-infected and co-infected groups 

significant mRNA down-regulation of IL-1β relative to 

the control pigs was observed.  

 

 

Fig. 2. Mean (± SEM) cytokines mRNA expression profile in BALF cells following infection with PRRSV or co-infection with PRRSV and SIV 

at 2 dpi (A), 4 dpi (B), and 21 dpi (C). a – p <  0.05 between PRRSV-infected group and control group; b – p <  0.05 between co-infected group 
and control group; c – p <  0.05 between PRRSV-infected group and co-infected group  



 E. Czyżewska-Dors et al./J Vet Res/63 (2019) 489-495 493 

 

 

Discussion 

In this investigation, we studied the expression of 

local inflammatory mediators in BALF cells of pigs 

following infection with PRRSV or co-infection with 

PRRSV and SIV under in vivo experimental challenge. 

The innate immune response plays a pivotal role in 

controlling pathogen spread and in orchestrating 

effective adaptive immune responses. Type I IFNs 

(IFN-α/β) are central elements of antiviral immunity, 

and their production is critical to activation of the 

antiviral innate immune response and regulation of the 

induction of the adaptive immune response (29). It has 

been documented previously that PRRSV is a poor 

inducer of IFN-α, and its level remains low throughout 

the course of infection (9, 14). Here, IFN-α transcript 

levels were slightly increased in BALF cells of pigs 

infected with PRRSV alone, however, only early post 

infection (2 dpi). Our findings are in agreement with 

earlier experiments and support the theory that PRRSV 

has developed efficient strategies to circumvent the 

IFN response (7, 9). Also in pigs infected with both 

viruses there was a dampened expression profile of 

IFN-α transcript level observed, most noticeably at  

4 dpi. Similar results were found in PCLS infected with 

PRRSV and SIV or superinfected with both viruses (5). 

Interestingly, in the same study, a significant increase 

in IFN-α transcript expression in PAMs under 

superinfection conditions was recorded (5). According 

to Dobrescu et al. (5), the higher expression of IFN-α 

transcripts in superinfection conditions could be  

a result of both additive effects and viral kinetics. 

Regarding IFN-γ, downregulation at 2 dpi and 

upregulation of its expression at 21 dpi was observed in 

the PRRSV-infected group. The delayed and dampened 

onset of cellular immune response in PRRSV-infected 

pigs was also documented in previous studies (4, 9, 19, 

31). In co-infected pigs, the same trend of IFN-γ 

expression profile was found. SIV infection is known 

to induce several inflammatory cytokines including 

IFN-γ (3, 15, 16, 24). Therefore, it can be hypothesised 

that PRRSV could affect SIV-induced IFN-γ 

production in the BALF cells of pigs. Furthermore, 

increased mRNA levels of IFN-γ at 21 dpi coincided 

with a decreased amount of PRRSV RNA in BALF in 

pigs infected with PRRSV. Similarly in a previous 

study, the last detection of viraemia in PRRSV-infected 

pigs corresponded to the appearance of interferon-γ-

secreting cells (IFN-γ-SC) (4). This finding indicates 

that IFN-γ could play an important role in controlling 

PRRSV infection. 

IL-1β, an endogenous pyrogen, is one of the main 

cytokines produced by alveolar macrophages and has  

a variety of immune regulation functions, including 

participation in the body’s defence and promoting 

systemic inflammatory reaction. In this study,  

a dampened expression profile of IL-1β transcript 

levels in BALF cells of PRRSV-infected pigs was 

detected at each time point. Our results are in line with 

previous in vivo studies, in which no significant 

differences of IL-1β mRNA expression in peripheral 

blood mononuclear cells (PBMCs), tracheobronchial 

lymph nodes (TBLNs), or lungs of pigs infected with 

PRRSV were found (21, 30). Interestingly, in co-

infected pigs upregulation of IL-1β expression at 4 dpi 

was detected, however, when compared with the 

control group the difference was not significant. 

Similar results were reported by Tu et al. (30), who 

investigated the mRNA expression profiles of Toll-like 

receptors (TLRs) and related inflammatory cytokines 

including IL-1β in PBMCs from pigs infected with 

PRRSV, porcine circovirus type 2 (PCV2), or both. 

Their findings implicated that the exacerbated clinical 

signs and lesion scores in co-infected pigs were related 

to the increased secretion of IL-1β (30). 

Regarding IL-8, its mRNA expression level was 

downregulated at 2 and 4 dpi and remained unchanged 

at 21 dpi in PRRSV-infected pigs. IL-8 is a neutrophil 

chaemotactic factor and plays a central role in the 

inflammation process. According to the majority of 

studies, PRRSV induces IL-8 production in PAMs, 

BALF, serum, and TBLNs (12, 17). Contradictory 

findings between studies may be related to the use of 

different PRRSV isolates for inoculation. One of the 

latest pieces of research demonstrated that expression 

of IL-8 is strain-dependent. Rola-Łuszczak et al. (25) 

found that PRRSV type 1 strains including a subtype 1 

strain isolated in Denmark and a Russian subtype 2 

isolate either did not alter or downregulated the IL-8 

signalling pathway, whereas upregulation was observed 

after infection with a subtype 2 Belarusian isolate. In 

our study in co-infected pigs, no significant differences 

of IL-8 expression were observed at any of the  

time points. Previously, swine influenza virus co-

infection with Bordetella bronchiseptica resulted in  

a considerable upregulation of IL-8 expression 

compared to its expression in single viral or bacterial 

infection, and pneumonia induced by SIV was 

associated with production of IL-8 (16, 18). It can be 

hypothesised that PRRSV impairs SIV-induced 

proinflammatory cytokine production. 

In the present study, among the innate 

proinflammatory cytokines evaluated, only the IL-6 

mRNA level was markedly upregulated at 4 dpi, the 

difference being observed only in co-infected pigs. 

Similarly, Dobrescu et al. (5) found that in PCLS, IL-6 

mRNA expression level was upregulated in response to 

SIV infection but not to PRRSV infection, whereas in 

PAMs, the upregulation was more significant in co-

infection and superinfection conditions than in single 

viral infection. In contrast, Gómez-Laguna et al. (11) 

showed a significant correlation between expression of 

IL-6 and lung lesions in PRRSV-infected pigs. The 

differences between studies may be related to the 

diversity of PRRSV isolates used for inoculation, as 

different isolates may induce different expression 

patterns of genes involved in the IL-6 signalling 

pathway (25). It is worth emphasising that the 
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increased IL-6 mRNA level at 4 dpi in co-infected pigs 

coincided with a significantly lower PRRSV load in 

BALF. It may suggest that the IL-6 contributes virus 

clearance during PRRSV and SIV infection. 

IL-10 is an immunomodulatory cytokine that is 

able to inhibit the synthesis and release of other 

cytokines (22). In the present study, no significant 

changes in IL-10 transcript level were detected in 

PRRSV-infected pigs at any time-point post infection. 

Previous reports suggested that different PRRSV 

isolates were able to induce different patterns of IL-10 

expression (9, 10). However, in pigs infected with both 

viruses, the IL-10 transcript level was significantly up-

regulated at 4 dpi compared to PRRSV-infected pigs 

and at 21 dpi compared to controls. In a previous study 

in which the same swine influenza virus subtype 

(H1N1) was used for inoculation, no changes in mRNA 

expression of IL-10 in SIV-infected pigs were 

demonstrated (16). These results imply that there is  

a positive synergistic interaction between the viruses in 

respect to IL-10 mRNA expression in concomitant 

infections. 

In conclusion, our results indicate that infection 

with PRRSV alone and with SIV affected the 

expression of IFN-α and delayed the onset of IFN-γ 

expression. Together, these findings highlight the 

interference of PRRSV with the innate and cell-

mediated immune response in the infected host. In 

addition, the results of our study show that co-infection 

with PRRSV and SIV demonstrates additive effects on 

the mRNA expression of IL-6 and IL-10. However, the 

impact of such synergy on the viral load and severity of 

clinical disease are not clear and require further 

investigation. 
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