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Abstract 1 

Porcine reproductive and respiratory syndrome virus (PRRSV) remains a major viral pathogen associated 2 

with respiratory symptoms in swine production systems. This study investigated nationwide patterns of 3 

PRRSV detection, seasonal variation, and co-detection with porcine circovirus type 2 (PCV2) using lung 4 

samples obtained from pigs with respiratory symptoms in the Republic of Korea from 2022 to and 2024. A 5 

total of 2,476 samples were analyzed using real-time reverse transcription–polymerase chain reaction, and 6 

62.4% were found to be positive for PRRSV. The annual positivity rate increased from 59.7% in 2022 and 7 

59.8% in 2023 to 67.8% in 2024. Among all samples, 38.0% were positive for PCV2, with positivity rates 8 

increasing from 28.4% in 2022 to 48.7% in 2024. PRRSV-2 was consistently the predominant genotype, 9 

whereas PRRSV-1 and co-detection infections were detected at lower frequencies. Marked seasonal 10 

variation was observed, with higher detection rates in autumn and winter than in summer. In addition, 11 

PRRSV positivity was significantly higher in PCV2-positive samples than in PCV2-negative samples, 12 

indicating frequent co-detection under field conditions. Multivariate logistic regression analysis identified 13 

season, PCV2 detection, and year as significant factors associated with PRRSV detection. These findings 14 

demonstrate that PRRSV remains widely prevalent in Korean swine farms, with clear seasonal patterns and 15 

frequent co-detection with PCV2, highlighting the importance of integrated respiratory symptoms 16 

management strategies. 17 

 18 

Keywords: porcine reproductive and respiratory syndrome virus, porcine circovirus type 2, swine, 19 

epidemiology, seasonality 20 

 21 

 22 

Introduction 23 

Porcine reproductive and respiratory syndrome virus (PRRSV) is a major viral pathogen in the global 24 

swine industry, causing reproductive failure in breeding herds and respiratory symptoms in growing pigs. 25 

In growing pigs, PRRSV is a key component of porcine respiratory disease complex (PRDC), a 26 
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multifactorial condition involving interactions among viral and bacterial pathogens that increase disease 27 

severity and economic losses [1–4]. 28 

PRRSV is characterized by high genetic variability driven by mutation and recombination, resulting in 29 

substantial viral diversity within swine populations [5]. Two major genotypes, PRRSV-1 (European type) 30 

and PRRSV-2 (North American type), co-circulate in many regions. PRRSV-1 and PRRSV-2 differ 31 

genetically and antigenically and may vary in their epidemiological characteristics and pathogenicity 32 

[4,5]. Consequently, distinguishing between the two genotypes is important for surveillance and disease 33 

control programs. In the Republic of Korea, both genotypes have been detected for decades, with 34 

PRRSV-2 generally predominating in commercial production systems [11,13]. The continued detection of 35 

multiple genotypes indicates long-term endemic circulation and ongoing viral evolution under field 36 

conditions. 37 

Environmental and management-related factors are also important in PRRSV transmission dynamics. 38 

Previous studies have reported increased PRRSV detection during colder seasons, suggesting that 39 

seasonal conditions may influence viral stability and transmission in intensive production systems [9,10]. 40 

In addition, farm density, pig movement networks, and farm-level biosecurity practices have been 41 

identified as important determinants of PRRSV transmission and regional disease dissemination [10,20]. 42 

Porcine circovirus type 2 (PCV2) is another major pathogen associated with PRDC and is frequently 43 

detected together with PRRSV in pigs with respiratory symptoms [3,4,6,7]. Concurrent detection of 44 

PRRSV and PCV2 has been associated with increased disease severity, altered immune responses, and 45 

aggravated respiratory lesions in both experimental and field studies [6–8]. Despite widespread 46 

vaccination, the continued co-detection of PRRSV and PCV2 highlights the complexity of porcine 47 

respiratory disease complex (PRDC), in which multiple pathogens may interact and contribute to disease 48 

occurrence under field conditions. 49 

Previous studies on PRRSV in Korea have primarily focused on genotype distribution or region-50 

specific epidemiology. However, nationwide epidemiological studies evaluating seasonal variation in 51 

PRRSV detection and its co-detection with PCV2 using routine diagnostic data remain limited. In 52 

particular, updated field-based evidence reflecting recent epidemiological changes is still lacking. 53 
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Therefore, the present study aimed to investigate nationwide patterns of PRRSV detection, seasonal 54 

variation, and PRRSV–PCV2 co-detection using lung samples obtained from pigs with respiratory 55 

symptoms in the Republic of Korea from 2022 to 2024. The analysis of a large-scale retrospective 56 

diagnostic dataset in this study provides updated epidemiological insights into PRRSV-associated 57 

respiratory symptoms under field conditions. 58 

 59 

 60 

Materials and Methods 61 

Sample collection and study design 62 

This retrospective study analyzed lung samples collected from pigs with respiratory symptoms that 63 

were submitted for routine diagnostic testing in the Republic of Korea from January 2022 to December 64 

2024. Samples were obtained from commercial swine farms across multiple regions through veterinary 65 

diagnostic services. Because samples were submitted for diagnostic testing from pigs with clinical 66 

respiratory signs, the dataset should not be considered representative of the general swine population. 67 

Instead, it reflects field cases of respiratory symptoms identified under commercial production conditions. 68 

This study used post-mortem lung samples collected from pigs submitted for routine diagnostic testing. 69 

Therefore, approval from an Institutional Animal Care and Use Committee (IACUC) was not required. 70 

All procedures were conducted in accordance with relevant institutional and national guidelines for 71 

diagnostic services. 72 

Only lung tissue samples were included to specifically evaluate respiratory-associated PRRSV 73 

detection under field conditions. A total of 2,476 lung samples collected from 2022 to 2024 were 74 

analyzed. Samples were submitted from commercial swine farms across multiple regions of the Republic 75 

of Korea, providing broad geographic coverage of routine diagnostic cases. Detailed characteristics of the 76 

study samples are summarized in Table 1. 77 

Available metadata for each sample, including year of submission, month, province, farm size, 78 

production stage, and PCV2 detection, were retrospectively extracted from diagnostic submission records 79 
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maintained by the Veterinary Diagnostic Center, Harim Bio Research Center (Jeil Feed Co., Ltd., 80 

Republic of Korea). Farm size was classified according to total herd size as small (≤1,000 pigs), medium 81 

(1,001–2,999 pigs), and large (≥3,000 pigs). Multiple samples from the same farm may have been 82 

included; however, farm-level clustering was not accounted for in the analysis. 83 

Viral nucleic acid extraction and real-time reverse transcription–polymerase chain reaction 84 

detection 85 

Total nucleic acids were extracted from lung tissues using an automated extraction system (NPA-32P; 86 

BIOMAX, Guri, Republic of Korea) according to the manufacturer's instructions. All samples were 87 

processed within 24 h of arrival at the laboratory. 88 

The detection of PRRSV and PCV2 was performed using commercial real-time reverse transcription–89 

polymerase chain reaction(PCR) assays (PostBio, Guri, Republic of Korea). Specifically, two separate 90 

assays were utilized for individual samples: a multiplex assay targeting both PRRSV-1 and PRRSV-2, 91 

and a singleplex assay targeting PCV2. 92 

Amplification was carried out using a CFX Opus 96 Real-Time PCR System (Bio-Rad, Hercules, CA, 93 

USA). For PRRSV detection, the reaction conditions consisted of reverse transcription at 50°C for 15 min 94 

and initial denaturation at 95°C for 5 min, followed by 40 cycles of amplification at 95°C for 10 s and 95 

60°C for 30 s. For PCV2 detection, PCR amplification was performed under identical cycling conditions, 96 

but with the omission of the 15-min reverse transcription step at 50°C. 97 

Samples with cycle threshold (Ct) values < 35 were considered positive according to the manufacturer's 98 

recommended criteria. PRRSV-positive samples were further classified as PRRSV-1, PRRSV-2, or co-99 

detection based on the amplification profiles. co-detection was defined as the simultaneous detection of 100 

both PRRSV-1 and PRRSV-2 targets within a single sample. 101 

 102 

Statistical analysis 103 
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Descriptive analyses were performed to summarize PRRSV detection according to year, season, region, 104 

genotype, and PCV2 detection. Differences in PRRSV positivity across categorical variables were 105 

evaluated using chi-square tests. 106 

Multivariate logistic regression analysis was conducted to identify factors associated with PRRSV 107 

positivity. PRRSV detection (positive/negative) was used as the dependent variable, and year, season, and 108 

PCV2 detection were included as independent variables. The reference categories were defined as 2022 109 

for year, summer for season, and PCV2-negative samples for PCV2 detection. 110 

Multicollinearity among candidate explanatory variables was assessed using the variance inflation 111 

factor (VIF). Variables with VIF values greater than 5 were considered to exhibit substantial 112 

multicollinearity and were excluded from the final multivariable logistic regression model. Other 113 

variables were also excluded because of incomplete data. 114 

Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate the strength of 115 

associations. Statistical significance was defined as p < 0.05. All analyses were performed using Python 116 

(Python Software Foundation, Wilmington, DE, USA). 117 

 118 

  Results 119 

Overall PRRSV detection and genotype distribution 120 

A total of 2,476 lung samples collected from pigs with respiratory symptoms from 2022 to 2024 were 121 

analyzed. Among these, 1,546 samples (62.4%) were positive for PRRSV. 122 

Annual PRRSV positivity rates were 59.7% (463/776) in 2022, 59.8% (520/870) in 2023, and 67.8% 123 

(563/830) in 2024, showing a significant difference between years (p = 0.0004; Table 2, Fig. 1A). 124 

PRRSV-2 was the predominant genotype throughout the study period, whereas PRRSV-1 and co-125 

detection were observed at lower frequencies (Fig. 1B). 126 

 127 

PCV2 detection 128 
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Among the 2,476 lung samples analyzed, 940 (38.0%) were positive for PCV2. Annual PCV2 129 

positivity rates increased over the study period, from 28.4% (220/776) in 2022 and 36.3% (316/870) in 130 

2023 to 48.7% (404/830) in 2024. PCV2 was consistently detected throughout the study period and 131 

represented a substantial proportion of respiratory disease cases submitted for routine diagnostic 132 

investigation. The annual distributions of PRRSV and PCV2 detection are summarized in Table 3. 133 

 134 

Seasonal patterns of PRRSV detection 135 

Monthly variation in PRRSV positivity was observed across the study period (Fig. 3A). Seasonal 136 

analysis showed significant differences between seasons (p < 0.001; Table 2, Fig. 3B). 137 

PRRSV positivity rates were 53.1% in spring, 56.2% in summer, 68.0% in autumn, and 69.6% in 138 

winter. Detection was higher in autumn and winter than in summer. 139 

 140 

Regional distribution of PRRSV detection 141 

PRRSV positivity varied substantially across provinces (Table 2, Fig. 4). Relatively higher PRRSV 142 

positivity rates were observed in Chungnam, Gyeonggi, and Jeonbuk provinces. To ensure data reliability 143 

and avoid unstable estimates from extremely small sample sizes, provinces with fewer than five samples 144 

were excluded from the spatial visualization and regional comparison analyses. 145 

 146 

PRRSV–PCV2 co-detection 147 

Concurrent detection of PRRSV and PCV2 was frequently observed in lung samples from pigs with 148 

respiratory disease. Overall, 647 samples were positive for both PRRSV and PCV2, representing 41.8% 149 

of all PRRSV-positive samples. The proportion of PRRSV-positive samples with co-detected PCV2 150 

increased from 30.2% in 2022 to 52.8% in 2024 (Fig. 2A). 151 

PRRSV positivity was significantly higher in PCV2-positive samples than in PCV2-negative samples 152 

(68.8% vs. 58.5%, p < 0.001; Table 2, Fig. 2B). 153 
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To further characterize the epidemiological distribution of PRRSV–PCV2 co-detection, additional 154 

seasonal and regional analyses were performed. Co-detection rates were 21.5% in spring, 21.1% in 155 

summer, 30.9% in autumn, and 29.0% in winter, indicating that concurrent detection occurred more 156 

frequently during autumn and winter. Regionally, higher co-detection rates were observed in Chungnam, 157 

Gyeonggi, and Jeonbuk, whereas relatively lower rates were identified in the remaining provinces. 158 

Overall, the seasonal and regional distribution of PRRSV–PCV2 co-detection generally paralleled the 159 

overall distribution of PRRSV positivity. 160 

 161 

Multivariate logistic regression analysis 162 

Multivariate logistic regression analysis identified year, season, and PCV2 detection as significant 163 

factors associated with PRRSV positivity (Table 4, Fig. 5). 164 

Compared with the reference categories, the odds of PRRSV positivity were significantly higher in 165 

2024. Seasonal effects were also evident, with higher odds observed in winter (OR = 1.78, 95% CI = 166 

1.39–2.28) and autumn (OR = 1.61, 95% CI = 1.26–2.05) than in summer. In addition, PCV2-positive 167 

samples had higher odds of PRRSV detection than PCV2-negative samples (OR = 1.45, 95% CI = 1.21–168 

1.73). 169 

 170 

Discussion 171 

PRRSV was detected in 62.4% of lung samples collected from pigs with respiratory symptoms in the 172 

Republic of Korea between 2022 and 2024, confirming that PRRSV remains widely distributed in 173 

commercial swine production systems. Detection rates increased significantly in 2024, and PRRSV-2 174 

remained the predominant genotype throughout the study period. In addition, clear seasonal variation was 175 

observed, with higher positivity during autumn and winter, while frequent PRRSV–PCV2 co-detection 176 

was identified among diagnostic submissions. Together, these findings indicate that PRRSV continues to 177 

represent a major component of porcine respiratory disease complex (PRDC) under contemporary field 178 
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conditions in Korea and emphasize the need for continuous epidemiological surveillance and integrated 179 

respiratory disease control strategies [1–4]. 180 

The overall PRRSV detection rate observed in the present study is consistent with previous reports 181 

describing the long-term endemic circulation of PRRSV in Korean swine populations. Both PRRSV-1 182 

and PRRSV-2 have co-circulated in Korea for several decades, although PRRSV-2 has consistently 183 

predominated in commercial pig production systems [13]. Recent nationwide molecular surveillance has 184 

also demonstrated the continued circulation of both genotypes together with the emergence of highly 185 

pathogenic PRRSV-2 variants, indicating that the epidemiological landscape of PRRSV in Korea remains 186 

dynamic rather than static [14]. The predominance of PRRSV-2 observed in the present dataset therefore 187 

appears to represent a continuation of the established epidemiological pattern rather than a recent 188 

genotype replacement. 189 

Although PRRSV-2 accounted for most positive cases, the continued detection of PRRSV-1 and 190 

concurrent detection of both genotypes remains epidemiologically important. PRRSV possesses one of 191 

the highest evolutionary rates among RNA viruses because of its error-prone RNA-dependent RNA 192 

polymerase and frequent recombination events, resulting in substantial genetic diversity and continuous 193 

viral evolution [5,11]. The simultaneous circulation of multiple genotypes within intensive production 194 

systems increases opportunities for viral diversification and the emergence of novel variants with altered 195 

pathogenicity or antigenicity. Although lineage classification and recombination analyses were beyond 196 

the scope of the present study, the continued detection of both PRRSV genotypes highlights the 197 

importance of maintaining molecular surveillance to monitor future evolutionary changes in circulating 198 

field strains. 199 

The findings of the present study are broadly consistent with recent epidemiological reports from other 200 

Asian countries, where PRRSV continues to evolve through the emergence of genetically diverse 201 

lineages[15,16]. In China, multiple studies have documented the widespread circulation of NADC30-like 202 

and NADC34-like PRRSV-2 strains, which have become increasingly prevalent despite routine 203 

vaccination and have substantially altered the molecular epidemiology of PRRSV in commercial pig 204 

populations [16–18]. Similar trends have recently been reported in Korea, where nationwide surveillance 205 
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identified the emergence and rapid dissemination of highly virulent PRRSV-2 variants [14]. Although 206 

molecular characterization was not performed in the present investigation, the increased PRRSV detection 207 

observed in 2024 may reflect the continued endemic circulation and ongoing genetic evolution of field 208 

viruses rather than a transient epidemiological event. 209 

In contrast, the epidemiological situation in Europe differs substantially from that observed in East 210 

Asia because PRRSV-1 remains the dominant genotype in most European countries despite increasing 211 

genetic diversity within regional populations [21]. These regional differences highlight the distinct 212 

evolutionary trajectories of PRRSV across continents while emphasizing that continuous viral evolution 213 

represents a common challenge irrespective of genotype predominance. Consequently, sustained 214 

epidemiological surveillance integrating routine diagnostic data with molecular characterization remains 215 

essential for detecting emerging variants and supporting evidence-based disease control strategies. 216 

A notable finding of the present study was the progressive increase in PCV2 detection during the study 217 

period, rising from 28.4% in 2022 to 48.7% in 2024. This observation indicates that PCV2 continues to 218 

circulate extensively in Korean swine herds and remains an important pathogen associated with 219 

respiratory disease cases submitted for diagnostic investigation. Although the present retrospective study 220 

was not designed to determine the underlying causes of this increasing trend, several factors may have 221 

contributed to the observed pattern. Continuous circulation of genetically diverse PCV2 strains, 222 

differences in vaccination practices among farms, changes in herd immunity, and increasing diagnostic 223 

submissions from clinically affected pigs may all influence annual detection rates under field conditions 224 

[7,23]. Because vaccination records, viral genotypes, and farm-level management information were 225 

unavailable in the present dataset, these potential contributing factors could not be evaluated directly. 226 

Therefore, the observed increase in PCV2 detection should be interpreted as an epidemiological 227 

observation rather than evidence of changes in viral pathogenicity or vaccine effectiveness. Furthermore, 228 

although PCV2 detection increased concurrently with PRRSV detection during the study period, the 229 

present findings do not support the interpretation that the increase in PRRSV positivity was solely 230 

attributable to the increasing prevalence of PCV2. 231 
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The present study also demonstrated that PRRSV was detected significantly more frequently in PCV2-232 

positive samples than in PCV2-negative samples, and the proportion of PRRSV–PCV2 co-detection 233 

increased throughout the study period. This finding is biologically plausible because PRRSV 234 

preferentially infects porcine alveolar macrophages, which serve as one of the primary components of the 235 

innate immune defense system within the respiratory tract. Infection of these cells impairs macrophage 236 

function, alters cytokine responses, and reduces the host's ability to eliminate secondary pathogens, 237 

thereby creating conditions that may facilitate concurrent infections [25,26]. Experimental studies have 238 

consistently demonstrated that simultaneous infection with PRRSV and PCV2 can exacerbate respiratory 239 

disease by increasing viral replication, enhancing pulmonary lesions, prolonging viral persistence, and 240 

dysregulating both innate and adaptive immune responses [3,6–8,22]. Consequently, concurrent detection 241 

of these two pathogens in field cases is biologically reasonable and reflects the multifactorial nature of 242 

porcine respiratory disease complex. In addition to PCV2, PRRSV-induced immunosuppression has also 243 

been associated with increased susceptibility to other respiratory pathogens, including Mycoplasma 244 

hyopneumoniae, Streptococcus suis, and swine influenza A virus, further emphasizing the multifactorial 245 

etiology of PRDC [3,4,22]. 246 

Nevertheless, the association observed in the present study should be interpreted with caution. Because 247 

the present investigation was based on retrospective diagnostic PCR results obtained from pigs with 248 

respiratory disease, detection of PRRSV and PCV2 in the same sample does not necessarily indicate 249 

simultaneous biological co-infection or a direct causal relationship between the two viruses. Likewise, the 250 

higher PRRSV detection observed in PCV2-positive samples should not be interpreted as evidence that 251 

the increasing annual PCV2 detection rate directly caused the increase in PRRSV positivity. Rather, both 252 

pathogens are endemic in Korean swine populations and frequently circulate within the same production 253 

systems, where shared epidemiological risk factors, including animal movement, farm density, 254 

biosecurity status, management practices, and host immunity, may contribute to their concurrent 255 

detection. Seasonal variation, the predominance of PRRSV-2, and regional production characteristics 256 

identified in the present study further support the conclusion that multiple epidemiological factors, rather 257 

than a single pathogen, contributed to the observed temporal increase in PRRSV detection. Future 258 
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longitudinal studies incorporating vaccination history, molecular characterization, production parameters, 259 

and sequential infection dynamics will be required to clarify the temporal and biological relationship 260 

between PRRSV and PCV2 under commercial field conditions. 261 

The present study demonstrated a distinct seasonal pattern in PRRSV detection, with significantly 262 

higher positivity during autumn and winter than during spring and summer. Similar seasonal trends have 263 

been consistently reported in both Korea and North America, where PRRS outbreaks occur more 264 

frequently during colder months [9,10]. Lower ambient temperatures may prolong viral survival outside 265 

the host by enhancing the environmental stability of PRRSV and reducing viral degradation on 266 

contaminated fomites, thereby increasing opportunities for indirect transmission. Experimental studies 267 

have demonstrated that PRRSV remains infectious for longer periods under low-temperature conditions in 268 

both aerosols and contaminated manure, supporting the biological plausibility of increased transmission 269 

during colder seasons [27,28]. In addition, seasonal management practices commonly adopted during 270 

winter, including reduced barn ventilation, increased stocking density, and limited air exchange, may 271 

further facilitate viral transmission within intensive production systems [9,19]. Comparable seasonal 272 

patterns have also been reported in previous Korean surveillance studies conducted between 2018 and 273 

2022, supporting the hypothesis that climatic conditions and management practices jointly influence the 274 

epidemiology of PRRSV under field conditions [13]. Nevertheless, environmental variables were not 275 

directly evaluated in the present study, and further investigations incorporating climatic, housing, and 276 

management data are warranted to better define their respective contributions to seasonal disease 277 

occurrence. 278 

Regional variation in PRRSV detection was also observed, with the highest positivity rates identified in 279 

Chungnam, Gyeonggi, and Jeonbuk, which represent major swine-producing regions in the Republic of 280 

Korea. These provinces contain the largest swine populations in the Republic of Korea according to 281 

official livestock statistics [12] (Supplementary Fig. S1) and are characterized by high farm density, 282 

frequent animal movement, and extensive inter-farm transportation networks. Such production 283 

characteristics may increase opportunities for virus introduction and regional dissemination, thereby 284 

contributing to the spatial clustering of PRRSV observed in the present study [10,20]. Although regional 285 
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differences should be interpreted cautiously because diagnostic submissions were not evenly distributed 286 

among provinces, the observed spatial pattern is consistent with previous epidemiological studies 287 

demonstrating that farm connectivity and animal movement are major drivers of PRRSV transmission 288 

[9,10,20]. 289 

Several limitations should be considered when interpreting the findings of the present study. First, the 290 

study population consisted exclusively of pigs with respiratory disease that were submitted for routine 291 

diagnostic testing. Therefore, the results represent diagnostic detection among clinically affected animals 292 

rather than the true prevalence of PRRSV within the general swine population. Second, because 293 

individual farm identifiers were not consistently available, clustering of samples originating from the 294 

same farm could not be incorporated into the statistical analyses. Third, several potentially important 295 

epidemiological variables, including vaccination history, production management, biosecurity practices, 296 

and herd health status, were unavailable in this retrospective dataset and therefore could not be included 297 

in the multivariable model. In particular, vaccination records were unavailable, preventing evaluation of 298 

the relationship between vaccination status and PRRSV detection or PRRSV–PCV2 co-detection. Finally, 299 

molecular characterization, lineage classification, and whole-genome sequencing of circulating PRRSV 300 

strains were beyond the scope of this study. Future nationwide surveillance integrating molecular 301 

epidemiology with longitudinal production and vaccination data will provide a more comprehensive 302 

understanding of PRRSV evolution and transmission dynamics in Korean swine populations. 303 

Despite these limitations, the present study provides updated nationwide epidemiological evidence 304 

regarding PRRSV detection in pigs with respiratory disease in the Republic of Korea. The continued 305 

predominance of PRRSV-2, significant seasonal variation, regional differences in detection, and the 306 

increasing frequency of PRRSV–PCV2 co-detection collectively highlight the complex epidemiology of 307 

PRDC under commercial production conditions. These findings provide valuable baseline information for 308 

improving diagnostic surveillance, optimizing disease control strategies, and guiding future 309 

epidemiological and molecular investigations aimed at reducing the burden of PRRSV in Korean swine 310 

production systems [23,24]. 311 

 312 
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Conclusion 313 

This nationwide retrospective study demonstrated that PRRSV is widely detected in lung samples from 314 

pigs with respiratory symptoms in the Republic of Korea, with PRRSV-2 as the predominant genotype. 315 

Detection rates varied by year and showed clear seasonal patterns, with higher positivity rates during 316 

autumn and winter. Frequent co-detection of PRRSV and PCV2 was also observed under field conditions. 317 

These findings provide updated epidemiological insights into PRRSV-associated respiratory symptoms 318 

and support the need for integrated disease management strategies in commercial swine production 319 

systems.  320 

This study provides an updated synthesis of recent PRRSV epidemiological patterns in the Republic of 321 

Korea and discusses their implications for the swine industry. Although limited by the retrospective 322 

nature of diagnostic data, the findings offer a valuable foundation for future research, including molecular 323 

epidemiology studies, network-based transmission analysis, and quantitative assessments linked to 324 

production performance. In the long term, the development of data-driven surveillance systems 325 

integrating diagnostic, molecular, and production data is expected to enhance PRRSV control strategies 326 

and support the establishment of sustainable swine production systems in the Republic of Korea. 327 

 328 

 329 
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 419 

Figure Legends  420 

Figure 1. 421 
Annual and overall PRRSV detection and genotype distribution in lung samples from pigs with 422 
respiratory symptoms in the Republic of Korea from 2022 to 2024. 423 
(A) Annual and overall porcine reproductive and respiratory syndrome virus (PRRSV) positivity rates 424 
(%) during the study period. Values above the bars indicate positivity rates and the number of positive 425 
samples. 426 
(B) Annual and overall distribution of PRRSV genotypes among PRRSV-positive samples. Stacked bars 427 
represent the proportions of PRRSV-1, PRRSV-2, and co-detection. 428 
 429 
Figure 2. 430 
PRRSV–PCV2 co-detection patterns in lung samples from pigs with respiratory symptoms in the 431 
Republic of Korea from 2022 to 2024. 432 
(A) Annual and overall proportions of PRRSV-positive samples concurrently positive for PCV2. Values 433 
above the bars indicate co-detection rates and sample counts. 434 
(B) PRRSV positivity according to PCV2 detection. Bars represent annual and overall PRRSV positivity 435 
rates in PCV2-positive and PCV2-negative samples. Statistical significance was assessed using chi-square 436 
tests. 437 
 438 
Figure 3. 439 
Seasonal patterns of PRRSV detection in lung samples from pigs with respiratory symptoms in the 440 
Republic of Korea from 2022 to 2024. 441 
(A) Monthly PRRSV positivity rate trends by year. Lines represent monthly positivity rates for 2022, 442 
2023, 2024, and the overall positivity rate for 2022–2024. 443 
(B) Seasonal comparison of PRRSV positivity rates. Bars indicate positivity rates by season for each year 444 
(2022, 2023, and 2024) and the overall positivity rate for 2022–2024. Statistical significance was assessed 445 
using chi-square tests. 446 
 447 
Figure 4. 448 
Regional distribution of PRRSV positivity in lung samples from pigs with respiratory symptoms in 449 
the Republic of Korea from 2022 to 2024. 450 
2022–2024(Average) and annual PRRSV positivity rates by province. Horizontal bars represent positivity 451 
rates for each province. Values indicate positivity rates and the number of positive samples/total samples. 452 
Provinces with fewer than 10 samples were excluded from visualization. 453 
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 454 
Figure 5. 455 
Multivariate logistic regression analysis of factors associated with PRRSV positivity in lung 456 
samples from pigs with respiratory symptoms in the Republic of Korea from 2022 to 2024. 457 
Forest plot showing odds ratios (ORs) and 95% confidence intervals (CIs) for variables associated with 458 
PRRSV positivity. The dashed vertical line indicates the null value (OR = 1.0). Reference categories were 459 
2022 for year, summer for season, and PCV2-negative samples. 460 
 461 
Figure 5. 462 
Multivariate logistic regression analysis of factors associated with PRRSV positivity in lung 463 
samples from pigs with respiratory symptoms in the Republic of Korea from 2022 to 2024. 464 
Forest plot showing odds ratios (ORs) and 95% confidence intervals (CIs) for variables associated with 465 
PRRSV positivity. The dashed vertical line indicates the null value (OR = 1.0). Reference categories were 466 
2022 for year, summer for season, and PCV2-negative samples. 467 
 468 
Supplementary Figure S1. 469 
Provincial distribution of the swine population in the Republic of Korea, 2022–2024. 470 
(A) Geographic distribution of the average swine population by province in the Republic of Korea. 471 
Provinces were grouped according to the average number of pigs raised during 2022–2024. 472 
(B) Average swine populations in the major swine-producing provinces during the same period. Bars 473 
represent the mean number of pigs, expressed in millions of heads. Data were obtained from the Korean 474 
Statistical Information Service (KOSIS) Livestock Statistics Survey, and quarterly provincial swine 475 
population data were averaged across 2022–2024. 476 
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Tables 
 
Table 1. 

Characteristics of lung samples collected from pigs with respiratory disease in the Republic of 

Korea, 2022–2024. 

Variable Category n (%) 

Year 2022 776 (31.3) 

 2023 870 (35.1) 

 2024 830 (33.5) 
Season Spring 614 (24.8) 

 Summer 479 (19.3) 

 Autumn 713 (28.8) 

 Winter 670 (27.1) 
Province Chungnam 460 (18.6) 

 Gyeonggi 489 (19.7) 

 Jeonbuk 456 (18.4) 

 Gyeongbuk 558 (22.5) 

 Gyeongnam 94 (3.8) 

 Jeonnam 119 (4.8) 

 Gangwon 38 (1.5) 

 Chungbuk 259 (10.5) 
Values are presented as number of samples (n) and percentages. PCV2, porcine circovirus type 2; 

PRRSV, porcine reproductive and respiratory syndrome virus. 
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Table 2. 

PRRSV positivity rates according to epidemiological variables in lung samples from pigs with 

respiratory symptoms from 2022 to 2024. 

Variable Category Positive / Total Positivity (%) p-value 

Year 2022 463/776 59.7 0.0004 

 2023 520/870 59.8  

 2024 563/830 67.8  
Season Autumn 485/713 68.0 <0.001 

 Spring 326/614 53.1  

 Summer 269/479 56.2  

 Winter 466/670 69.6  
Province Chungnam 339/460 73.7 <0.001 

 Gyeonggi 310/489 63.4  

 Jeonbuk 289/456 63.4  

 Gyeongbuk 341/558 61.1  

 Gyeongnam 57/94 60.6  

 Jeonnam 72/119 60.5  

 Gangwon 18/38 47.4  

 Chungbuk 119/259 45.9  
PCV2 status Negative 899/1536 58.5 <0.001 

  Positive 647/940 68.8   
Positivity rates are presented as percentages. Statistical significance was assessed using chi-square 

tests. PRRSV, porcine reproductive and respiratory syndrome virus; PCV2, porcine circovirus type 

2. 
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 481 
Table 3.  

Annual detection rates of PRRSV and PCV2 in lung samples from pigs with respiratory 

symptoms in the Republic of Korea from 2022 to 2024. 
      

Year Sample No. PRRSVpositive  
/ total 

PRRSV  
positivity (%) 

PCV2 positive  
/ total 

PCV2  
positivity (%) 

2022 776 463/776 59.7 220/776 28.4 

2023 870 520/870 59.8 316/870 36.3 

2024 830 563/830 67.8 404/830 48.7 

Total 2476 1,546/2,476 62.4 940/2,476 38 
Values are presented as number of positive samples and positivity rates. PRRSV, porcine 

reproductive and respiratory syndrome virus; PCV2, porcine circovirus type 2. 
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 485 
Table 4. 

Multivariate logistic regression analysis of factors associated with PRRSV positivity in lung 

samples from pigs with respiratory symptoms from 2022 to 2024. 

Variable Category OR (95% CI) p-value 

Year 2023 vs 2022 0.97 (0.79–1.18) 0.740 

 2024 vs 2022 1.33 (1.08–1.64) 0.008 

Season Spring vs Summer 0.89 (0.69–1.13) 0.324 

 Autumn vs Summer 1.61 (1.26–2.05) <0.001 

 Winter vs Summer 1.78 (1.39–2.28) <0.001 

PCV2 detection Positive vs Negative 1.45 (1.21–1.73) <0.001 

Odds ratios (ORs) and 95% confidence intervals (CIs) are presented. Reference categories were 

defined as 2022 for year, summer for season, and PCV2-negative samples. 

PRRSV, porcine reproductive and respiratory syndrome virus; PCV2, porcine circovirus type 2. 
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Figures 488 

 489 
Figure 1. Annual and overall PRRSV detection and genotype distribution in lung samples from pigs with respiratory symptoms in the Republic of Korea 490 
between 2022 and 2024. 491 
(A) Annual and overall PRRSV positivity rates (%) during the study period. Values above bars indicate positivity rates and the number of positive samples.  492 
(B) Annual and overall distribution of PRRSV genotypes among PRRSV-positive samples. Stacked bars represent the proportions of PRRSV-1, PRRSV-2, and co-493 
detection. 494 
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 495 
Figure 2. PRRSV–PCV2 co-detection patterns in lung samples from pigs with respiratory symptoms in the Republic of Korea from 2022 to 2024. 496 
(A) Annual and overall proportions of PRRSV-positive samples concurrently positive for PCV2. Values above bars indicate co-detection rates and sample counts. 497 
(B) PRRSV positivity according to PCV2 detection. Bars represent annual and overall PRRSV positivity rates in PCV2-positive and PCV2-negative samples. 498 
Statistical significance was assessed using chi-square tests.499 
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 500 

 501 
Figure 3. Seasonal patterns of PRRSV detection in lung samples from pigs with respiratory symptoms in the Republic of Korea from 2022 to 2024. 502 
(A) Monthly PRRSV positivity trends by year. Lines represent monthly positivity rates for 2022, 2023, 2024, and the overall positivity rate for 2022–2024. 503 
(B) Seasonal comparison of PRRSV positivity rates. Bars indicate positivity rates by season for each year (2022, 2023, and 2024) and the overall positivity 504 
rate for 2022–2024. Statistical significance was assessed using chi-square tests. 505 

ACCEPTED



 506 
Figure 4. Regional distribution of PRRSV positivity in lung samples from pigs with respiratory symptoms in the Republic of Korea from 507 
2022 to 2024. 508 
2022–2024(Average) and annual PRRSV positivity rates by province. Horizontal bars represent positivity rates for each province. Values indicate 509 
positivity rates and the number of positive samples/total samples. Provinces with fewer than 10 samples were excluded from visualization. 510 
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 511 
Figure 5. Multivariate logistic regression analysis of factors associated with PRRSV positivity in lung samples from pigs with respiratory 512 
symptoms in the Republic of Korea from 2022 to 2024. 513 
Forest plot showing odds ratios (ORs) and 95% confidence intervals (CIs) for variables associated with PRRSV positivity. The dashed vertical line 514 
indicates the null value (OR = 1.0). Reference categories were 2022 for year, summer for season, and PCV2-negative samples. 515 
  516 
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 517 
Supplementary Figure S1. Provincial distribution of the swine population in the Republic of Korea, 2022–2024. 518 
(A) Geographic distribution of the average swine population by province in the Republic of Korea. Provinces were grouped according to the average 519 
number of pigs raised during 2022–2024. 520 
(B) Average swine populations in the major swine-producing provinces during the same period. Bars represent the mean number of pigs, expressed 521 
in millions of heads. Data were obtained from the Korean Statistical Information Service (KOSIS) Livestock Statistics Survey, and quarterly provincial 522 
swine population data were averaged across 2022–2024. 523 
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