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Respiratory diseases in weaned pigs are a common problem, with a complex etiology involving both viruses and bacteria. In the present study, we investigated the presence of eleven viruses in nasal swabs, collected from nurseries (55 cases) under the suspicion of swine influenza A virus (swIAV) and submitted by swine veterinarians for diagnosis. The other ten viruses included in the study were influenza B (IBV) and D (IDV), Porcine reproductive and respiratory syndrome virus (PRRSV), Porcine respiratory coronavirus (PRCV), Porcine cytomegalovirus (PCMV), Porcine circovirus 2 (PCV2), 3 (PCV3) and 4 (PCV), Porcine parainfluenza 1 (PPIV1) and Swine orthopneumovirus (SOV). Twenty-six swIAV-positive cases and twenty-nine cases of swIAV-negative respiratory disease were primarily established. While IBV, IDV, PCV4 and PPIV1 were not found in any of the cases, PRCV, SOV, and PCMV were more likely to be found in swIAV-positive nurseries with respiratory disease (p < 0.05). Overall, PCV3, PRRSV, and PCMV were the most frequently detected agents at herd level. Taken individually, virus prevalence was: swIAV, 48.6%; PRCV, 48.0%; PRRSV, 31.6%; SOV, 33.8%; PCMV, 48.3%, PCV2, 36.0%; and PCV3, 33.0%. Moreover, low Ct values (<30) were common for all agents, except PCV2 and PCV3. When the correlation between pathogens was individually examined, the presence of PRRSV was negatively correlated with swIAV and PRCV, while was positively associated to PCMV (p < 0.05). Also, PRCV and SOV were positively correlated between them and negatively with PCMV. Besides, the analysis of suckling pig samples, collected in subclinically infected farrowing units under an influenza monitoring program, showed that circulation of PRCV, PCMV, SOV, and PCV3 started during the early weeks of life. Interestingly, in those subclinically infected units, none of the pathogens was found to be correlated to any other. Overall, our data may contribute to a better understanding of the complex etiology and epidemiology of respiratory diseases in weaners. This is the first report of SOV in Spain and shows, for the first time, the dynamics of this pathogen in swine farms.
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Highlights

- Thirty-one virus combinations suggest a complex etiology of pig respiratory diseases.

- First detection and dynamics description of SOV in Spanish pig farms.

- PRRSV is negatively correlated with swIAV and PRCV, while positively with PCMV.

- SOV, PCMV, PRCV and PCV3 detection at early ages suggests an important role of sows.



Introduction

Respiratory diseases are one of the most common problems in weaned and growing pigs, with a complex etiology involving both viral and bacterial agents (1–4). The most common clinical picture is characterized by cough, with or without fever and possibly nasal discharge, labored breathing, and increased mortality. Since several agents may produce similar lesions, the pathological picture has an indicative value, but does not allow precise diagnosis. In many nurseries, the outbreaks are recurrent batch after batch (5).

Agents causing respiratory diseases are often categorized as primary and secondary/opportunistic pathogens. Primary respiratory infectious agents are capable of subverting host respiratory defense barriers and establish infections on their own, while opportunistic agents take advantage of the damage caused by primary agents to establish the infections. Primary infections are often complicated by opportunistic agents, resulting in more serious respiratory disease outcomes. Some agents could act both as primary and opportunistic invaders, depending on environmental conditions and the homeostasis of pigs. Viral pathogens are generally considered as primary agents of respiratory disease in nurseries. In the field, it is common to detect several respiratory viruses simultaneously circulating in nurseries, making difficult to ascertain the role of each one, or their interactions in a particular case. For some pathogens like swine influenza A virus (swIAV), a primary role can be assumed despite the variation of virulence among strains (1, 6). For others, like porcine respiratory coronavirus (PRCV), their role in respiratory disorders is difficult to be established (7, 8). Additionally, agents, such as porcine circovirus 2 (PCV2) and porcine reproductive and respiratory syndrome virus (PRRSV), may impair or modify host defense mechanisms against other agents (9–13). The immunosuppressive features of porcine cytomegalovirus (PCMV) have not been fully proved, although it is supposed to regulate the expression of different cytokines (IL-1, IL-2, IL-12, TNF-α, and IL-10) (14, 15).

Bacterial agents also participate in the respiratory disease of weaners. Some, i.e., Mycoplasma hyopneumoniae, are capable of causing primary respiratory disease, while others may mainly act as opportunistic agents. The interactions leading to such complications are poorly understood, the available evidence are partial and sometimes contradictory (16–18).

Nevertheless, a consensus view from the clinical and pathological picture points to the interaction of different agents with host genetic background and its immune status, under specific environmental circumstances [see Saade (19) for an excellent review].

In recent years, several viruses have been added to the list of potential porcine respiratory pathogens. Among them, it is worth mentioning Influenza B (IBV) and D (IDV) (20–23), swine orthopneumovirus (SOV) (24), porcine parainfluenza 1 virus (PPIV1, also designated as porcine respirovirus) (25–27), and porcine circovirus 3 (PCV3) (28). The knowledge on the epidemiology of these viruses, their interactions and participation in respiratory disease is limited, with only a few reports available (29–33). The role of other recently discovered agents, such as PCV4 (34) is not known yet (35).

The present study aimed to explore the frequency and combinations of several respiratory viruses, including SOV, PPIV, PCV3 and PCV4, together with IBV and IDV, in nasal swabs collected from pigs in respiratory disease outbreaks. Swabs were submitted to the laboratory by swine veterinarians under suspicion of swIAV infection.



Materials and methods


Cases and sample collection

The study comprised 55 cases, corresponding to the number of respiratory disease outbreaks in nurseries (out of the 84 received for diagnosis between 2017 and 2019) from Spain and Portugal. Nasal swabs (n = 873) were submitted for diagnosis under suspicion of swIAV. Twenty-nine cases were discarded when <10 animals were sampled or did not fulfill any of the criteria: (1) Noticeable respiratory disease was reported in nurseries, (2) cough and fever were predominant signs in diseased animals, with mortality association above-usual in the farm, and (3) nasal swabs were stored at 4°C and submitted to the laboratory (Laboratori Veterinari de Diagnosi en Malalties Infeccioses, UAB) in <24 h after collection.

All cases were initially examined for swIAV presence during a swIAV surveillance project carried out in Spanish farms (36). The 55 examined cases comprised both swIAV-positive (N = 26), as well as swIAV-negative (N = 29). Nasal swab suspensions of each submission were pooled (3–4 samples/pool) for the initial analysis. Then, for each pathogen present, 10 corresponding positive farms were randomly selected from positive cases, and animals were analyzed individually. Each farm was assigned a code for the purpose of anonymized identification.

Additionally, since some other farms performed routine monitoring of swIAV in farrowing crates and nurseries, we had the opportunity to test the circulation of respiratory viruses at different ages in 8 additional farms, where animals did not show overt respiratory disease. This sampling comprised 20 nasal swabs collected from farrowing units and 12 from nurseries. With those numbers, any agent could be detected if present in ≥15 or ≥25% of the animals in the farrowing units and nurseries, respectively, (95% confidence). These samples were initially examined by pooling (2–3 samples/pool).



Swab processing, nucleic acid extraction and RT-PCR

Each nasal swab tip (Sigma-Virocult) was submerged into 1 ml viral transport medium immediately after collection. Upon reception, swabs were resuspended in the transport medium, tubes were vortexed, and three aliquots were stored at −80°C until needed. Before nucleic acid extraction, thawed aliquots were centrifuged at 8,000 g during 5 min at 4°C to collect supernatants for RNA/DNA extraction (MagMax Core nucleic acid extraction kit, ThermoFisher Scientific). All analyses were carried out with the same RNA batch (a single extraction per sample). Exogenous internal positive control (IPC) from PRRSV LSI Vetmax PRRS EU/NA kit (Life technologies) was used to validate extraction proficiency. Samples known to be swIAV-positive were also included as positive control for nucleic acid extraction.

The presence of different viruses was examined by either real-time PCR or real-time RT-PCR using AgPath-ID One-Step RT-PCR Reagents (ThermoFisher Scientific). SwIAV, IBV and IDV, and PCV2, PCV3, and PCV4 were detected using previously described primers (37–42). For PPV1, PCMV, PRCV, and SOV, the primers were specifically designed (see Table 1). All PCRs were performed using 5 μl of the extracted nucleic acids, except for PRRSV, where 7 μl was used, as instructed by LSI VetMax PRRS EU/NA v2 (Life Technologies). The primer specificity was evaluated by SANGER sequencing of the amplified products of samples positive by conventional RT-PCR (see primers in Table 1). In each round of PCR, positive (samples containing the target virus as confirmed by sequencing) and negative controls (PBS) were included.


TABLE 1 List of primers and probes designed for the present study.
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To evaluate farm prevalence with more precision, individual samples from 10 cases positive for each pathogen were also analyzed by RT-PCR.



Statistical analysis

A farm was considered infected by a given virus if at least one sample was positive for that virus. Thus, for each virus, its presence or absence in the farm was coded as 1/0 or Yes/No depending on the purpose of the analysis. The associations between pathogens at a farm level were initially tested using a tetrachoric correlation matrix (tetrachoric function in R).

An Exploratory Factor Analysis was then performed to identify the underlying relationships between different viruses (packages RcmdrMisc and psych in R). The Kaiser-Meyer-Olkin (KMO) test was performed to determine sampling adequacy and the Bartlett's test to determine sphericity. Eigenvalues were used to determine the number of factors to extract (eigenvalues ≥ 1.0). Factor loadings were calculated to identify whether a variable was not loaded sufficiently onto any given factor (loading <0.40).

The final step was to elaborate regression models, where one virus (presence or absence) was considered the respondent variable and the others as independent factors (lm function in R). When two or more variables were found to be correlated in the correlation analysis, the interactions between variables were included in the formula. The Breusch-Pagan test was used to test the heteroscedasticity, whereby regression was weighted. The variance inflation factor was calculated to determine how much collinearity existed in the model. The same scheme of data analysis was applied to the examination of the database composed of individual results.

Individual results from 10 outbreaks were used to determine the prevalence of these viruses in respiratory outbreaks. In this case, the average and distribution of Ct-values were also compared using Kruskal-Wallis test. All analyses were done in RStudio 2021.09.2 + 382 “Ghost Orchid” Release for Windows.




Results


Prevalence and association of respiratory viruses PRRSV, PRCV, SoV, PCV2, PCV3, and PCMV in swIAV-positive and -negative nurseries

The final sampling comprised 55 respiratory disease cases, 26 of which in swIAV-positive nurseries. Overall, PCV3 was the most frequently detected agent, present in 43/55 cases (78.2%; CI95%: 66.6–87.8%). PRRSV and PCMV were found in 40/55 cases (72.7%; CI95%: 58.8–83.5%), PRCV in 29/55 cases (52.7%; CI95%: 39.3–66.1%), PCV2 in 18/55 cases (32.7%; CI95%: 21.1–46.8%), and SOV in 17/55 cases (30.9%; CI95%: 19.5–45.0). IBV, IDV, PCV4, and PPIV1 were not detected in any case. To note, this is the first description of SOV occurrence in pig herds in Spain and the second in Europe.

Figure 1 shows the proportion of cases in which each pathogen (PRRSV, PRCV, SOV, PCV2, PCV3, PCMV) was found based on swIAV status of the farm. Interestingly, the frequency of a given pathogen detected in swIAV-positive cases (on a herd level) varied from that in swIAV-negative cases. PRCV, SOV, and PCMV were more likely to be found in swIAV-positive nurseries (69.2 vs. 37.9% for PRCV; 46.2 vs. 19.2% for SOV and 88.5 vs. 58.6% for PCMV, p < 0.05). Among 55 farms, 31 virus combination patterns were displayed (Table 2). In one respiratory outbreak, none of the examined viruses was detected.


[image: Figure 1]
FIGURE 1
 Frequency of detection of the different viruses in the studied cases, based on the swIAV status of the nursery. n.s, not significative.



TABLE 2 Distribution of the 55 examined farms according to the combination of respiratory viruses found in the nurseries.
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Next, a tetrachoric correlation matrix was calculated to determine associations between different pathogens at a farm level. The results showed that the swIAV-positive status was positively correlated with the presence of PRCV, SOV, and PCMV (p < 0.05) (Table 3). The presence of PRCV was correlated with PCV3 (p < 0.05) SOV, and PCMV (p < 0.001).


TABLE 3 Tetrachoric correlation coefficients.
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The exploratory factor analysis with two factors explained 40.2% of the total variance. Factor 1 included all viruses but PCV3 and Factor 2 included swIAV, SOV, PCV2, and PCV3. Detailed results are shown in Supplementary material 1.

The regression analysis at the farm level showed a significant model only for PRCV. The presence of PRCV in the farm was significantly (p < 0.05) related to the presence of SOV, PCV3, and probably PCMV (p = 0.051) (statistics shown in Table 4A).


TABLE 4 Regression models. The tables show the significant regression models at a farm level (A) or individual level (B).
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Prevalence and association of pathogens on an individual level

To have further insight on the prevalence of each pathogen, we then performed the analysis at the individual level. Ten batches (one batch of each farm) of infected nurseries for each pathogen were selected. As a result, a diversity of Cts (from 15–16 up to 30s) could be found for most of the examined viruses, while it was very uncommon to obtain Ct values of PCV2 and PCV3 below 30 (Figure 2; Supplementary material 2). On average, the individual prevalence for the different viruses were as follows: swIAV 48.6%; PRCV 48.0%; PRRSV 31.6%; SOV 33.8%; PCMV 48.3%, PCV2 36.0%; and PCV3 33.0% (Supplementary material 3). The presence of PCMV was negatively correlated with SOV and PRCV (p < 0.05) (Table 4B).


[image: Figure 2]
FIGURE 2
 The figure shows the distribution of Ct values in 10 nurseries infected by each detected virus. To simplify the graphs, values for negative animals were shown as Ct = 0. The letter in the X-axis indicates the farm code. Detailed values of prevalence, confidence intervals and average Cts are shown in Supplementary material 1. IAV, influenza A virus; PRCV, porcine respiratory coronavirus; PRRSV, porcine reproductive and respiratory syndrome virus; SOV, swine orthopneumovirus; PCMV, porcine cytomegalovirus; PCV2, porcine circovirus 2; PCV3, porcine circovirus 3.


The correlation between different pathogens at the individual level was analyzed as well. As shown in Table 3, PRCV infection was negatively correlated with PRRSV and PCMV and positively associated with SOV (p < 0.05). PCMV was positively correlated with PRRSV (p < 0.05) and negatively correlated with SOV and PRCV (p < 0.05); SOV was positively correlated with PCV2 (p < 0.05). Apart from these, swIAV and PRRSV were negatively related (p < 0.05).

Next, the exploratory factorial analysis with 3 factors explained in total 55% of the variance (Supplementary material 1). Factor 1 comprised all variables but PCV3 (explaining 28% of the variance, loadings between −0.55 and 0.78). Factor 2 explained 15% of the variance and was composed of swIAV, PRCV, SOV, and PCMV (loadings between −0.64 and 0.62). Factor 3 explained 12% of the variance and was composed of PRCV and PCMV (loadings were −0.64 and 0.44, respectively).

The regression models for individual samples showed a negative correlation (p < 0.05) between PRCV and PRRSV. Presence of SOV in a sample was positively correlated with presence of PCV2 and negatively correlated with the presence of PCMV.



Profiling of respiratory viruses in subclinically infected farms

To examine whether the infection by different viruses started from the maternal stage, 8 farms where suckling pigs and weaners had been sampled for influenza monitoring purposes were analyzed. In this part, only SOV, PCV3, PCMV, and PRCV were included because viral circulation of swIAV, PRRSV, and PCV2 may start in maternities. Analysis of nasal swabs indicated that PCMV spreads mainly in nurseries, since the frequency of positive pools in 7/8 farms reached 100% in that phase (Figure 3). In contrast, for SOV, PCV3, and PRCV, the infection was mostly found in suckling pigs, suggesting the role of sows in transmitting the infection. Interestingly in these subclinically infected farms, the tetrachoric correlation (Table 5) shows no significant correlation between examined viruses.


[image: Figure 3]
FIGURE 3
 Proportion of positive pools for SOV, PCV3, PCMV and PRCV in suckling pigs and weaners among 8 monitored farms. The numbers within the bars indicate the average Ct value of the positive samples. PRCV, porcine respiratory coronavirus; SOV, swine orthopneumovirus; PCMV, porcine cytomegalovirus; PCV3, porcine circovirus 3.



TABLE 5 Tetrachoric correlation matrix for results of nasal swabs collected in asymptomatic infected farms.
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Discussion

The polymicrobial nature of the porcine respiratory disease complex is a well-established and widely accepted concept. Nevertheless, the participation, contribution and interaction between different agents is not so well understood. One of the main obstacles is to establish experimental models that can reflect the agent complexity in a herd and the events taking place under farm conditions. Along with molecular technique advances, the number of viruses known to potentially participate in the respiratory disease in pigs has increased, with the discovery of IBV, IDV, PPIV1, SOV, PCV3, and PCV4 (20, 21, 23, 24, 27, 28, 43). New high-throughput methods such next generation sequencing, combined with novel detection methods as Fluidigm or Swinostics will increase the list of viruses that can be studied and improve the knowledge of their role in swine infectious diseases (44–46). However, the current cost of these instruments and techniques difficult their use in large scale studies. Real-time RT-PCR is sensitive enough and cost-effective.

In the present study, we examined the presence of a panel of 11 viruses in outbreaks of respiratory disease in nurseries. The cases included in this work had been initially submitted for swIAV diagnosis due to clinical signs of affected animals (cough and fever and increased mortality). Certainly, this would create a selection bias toward more severe cases of respiratory disease in nurseries. To compensate it, a comparable number of swIAV-positive and swIAV-negative outbreaks were balanced for analysis. Nasal swabs are the main sampling methods in the present study. Although nasal swabs are optimal for those viruses (i.e., swIAV, PRCV or PCMV) replicating in the nasal epithelium or higher airways, their use may underestimate other pathogens, such as PRRSV, whose replication in nasal mucosa may depend on viral virulence (47). This bias must be considered as well and, probably, favor the detection of more virulent isolates.

The analysis of pooled nasal swabs showed that IBV, IDV, PPIV1, and PCV4 were not present in any of the outbreaks analyzed, suggesting a low circulation, if not complete absence, of these pathogens in pig herds in Spain. Our results agree with a previous report (48).

Among 55 farms, up to 31 virus combinations were displayed, and interestingly, the presence of PRCV, SOV or PCMV was more frequently detected in swIAV positive nurseries. The cause for such association is unclear, it might reflect a poorer biosecurity in some farms, or the result of a confounding variable. The limited information available for those samples submitted for diagnosis makes virtually impossible to further investigate it.

At the individual level, the presence of swIAV in nasal swabs was negatively correlated with PRRSV shedding. In vitro, co-infection of susceptible epithelial CD163+ cells with PRRSV and swIAV interfered the replication of each other (49), while in pigs, some level of interference could also be observed when PRRSV infection preceded swIAV inoculation (50). The presence of PRRSV was found to be positively correlated with PCMV. In a previous study carried out in Chinese farms (51), PCMV positive animals were always found to be PRRSV-positive. Upregulation of IL-10 and downregulation of TNF-α and IL-8 by PCMV in porcine macrophages could be a reason for the interaction with PRRSV, but confirmation would require experimental efforts (15). Both PRRSV and PCMV were negatively correlated with PRCV and SOV. This observation is consistent with the known induction of type I interferon by PRCV (52) and the susceptibility of cytomegaloviruses to interferons (53–55).

Also, SOV and PRCV seemed to be positively related. Both agents were negatively correlated with PCMV, while SOV was positively related to PCV2. The fact that both PCMV and PCV2 are known immunosuppressive agents (56, 57), plus the ability of PRCV and other orthopneumoviruses for inducing interferon responses (58, 59), suggest a role of complex interactions of those viruses with the immune system. The confirmation of these associations would require either a different epidemiological study or, if possible, an experimental co-infection trial. To the best of our knowledge, no experimental infection with SOV has been reported.

Another interesting point to discuss is the different distribution of Ct values between most pathogens and PCV2 and PCV3 (Figure 2). While for swIAV, PRRSV, SOV, PCMV, nasal swabs in a farm most commonly contained either higher or lower viral loads (as deduced from Ct values), most animals yielded Ct values above 30 for PCV2 and PCV3. This suggests that shedding of PCV2 and PCV3 was relatively low. In the case of PCV2, this is reasonable because animals probably had high levels of maternally derived antibodies and were vaccinated at weaning. But for PCV3, the result is more difficult to explain. Zhai et al. (60) found a higher prevalence of PCV3 in weaners with severe respiratory disease indicating that Cts 20–27 were common in diseased animals, while Cts above 30 were found mostly in animals with less severe respiratory disease or asymptomatic. This could be the case of the present study.

Since for some farms we had samples from both suckling piglets and nurseries, we examined the presence of four of the tested viruses (SOV, PCV3, PRCV and PCMV) in both compartments within the same farm. The results revealed that all these agents started to circulate in the farrowing units, in a pattern already observed in other diseases. For example, transmission of swIAV in endemic farms has been well documented to start as early as the first week of age (61, 62). Interestingly, no correlation between the pathogens examined could be found when animals did not show evident signs of respiratory disease, indicating that serious respiratory disease is caused largely by co-infections.

In summary, the present study shows the complexity of the interaction between viruses present in nasal swabs of diseased, or subclinically infected animals, suggesting the existence of interactions among them that deserve further study. Moreover, we report the presence of SOV in Spain for the first time.
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trices for the presence or absence of each virus at farm level (upper) or in individuals (lower). Tp = 0.06; *p < 0.05; **p < 0.01;

he table shows the results of the tetrachoric correlation r
*p < 0.001.
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Primer Sequence

Real time PCR
PPV-IFw  ATTCGGGCAGAGATGTAACG
PPV-1Rv TATCCCACCCCTCGGTCTAT

PPV-1 Probe  FAM-GCCCGATAAAATCCACAAAGA-BHQI

SOV Fw GGGGAGGACTTGATGCTGTA
SOV Rv AACTTTGCTGCCTCCTTTGA

SOV Probe  FAM-CTGAAAGCTGAGAAGGCCAG-BHQI

PCMVFw  AAI CACG

ACAAC

PCMVRy  CTGAGCATGTCCCGCCCTAT
PCMV Probe  FAM-CTCTAGCGGCGTCCATCACC-BHQ1
PRCVEw  TCAGCCAATTTTGGTGACAG

PRCVRy  GATCATCCTTTGGCAAGTGG

PRCV Probe  FAM-ATGGGAGCAGTGCTAAGCAT-BHQ1
End-point PCR

PRCVFw  AAACACTACTTGTGGTTTTGGTTAT
PRCVRy  ACAGTCACACCGAACGGAAT

PCMVFw  TGACAGTGAGCAGTCGGAAT

PCMV Rv TCAGGCGTGGATATGTAACG

SOV Fw CTATCGGAACCGAATGAGAC

SOV Rv TGCCAGGAGCCATATTTG
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A. Farm level

Formula = PRCV ~ swIAV + PRRSV + PRRSV * swIAV + SOV + PCMV + PCV3 + PCV2 + PRCV*PCMV * SOV + PRCV * PCV3

Estimate std. Exror t-value
Intercept -0276 0.198 —1424
PCMV 0297 0.148 2005
SOV 0358 0.138 2592
PCV3 0.342 0.144 2.369
Multiple R-squared 0432 F-statistic 5005
Adjusted R-squared 0346 prvalue <0.001
Residual standard error 0301

B. Individual results

Formula = PRCV ~ swIAV + PRRSV + PRRSV * swIAV + SOV + PCMV + PCV3 4 PCV2 4 PCMV * SOV + PCVM * PRRSV + SOV * PCV2

Estimate Std. Error t-value
Intercept 0531 0280 1932
PRRSV ~0.888 0.440 —2.016
Multiple R* 0466 F-statistic 4912
Adjusted R? 0491 prvalue <0.001
Residual standard error 0.382
Formula = SOV ~ swIAV + PRRSV + PRRSV * swIAV + PCMV + PCV3 + PCV2 + PCMV * PRCV + PRCV * PRRSV

Estimate std. Error t-value
Intercept 0.658 0.164 3.990
PCMV ~0520 0.141 ~3.679
PCV2 0474 0.167 2.829
Multiple R* 0.534 F-statistic 7.543
Adjusted R? 0464 pvalue <0.001
Residual standard error 0.369
Formula = PCMV ~ swIAV + PRRSV + PRRSV * swIAV + SOV + PCV3 + PCV2 + SOV * PRCV + PRCV * PRRSV

Estimate Std. Error t-value
Intercept 0.857 0.120 7.127
PRCY —0332 0.124 —2676
sov ~0.454 0122 -3711
Multiple R? 0551 F-statistic 9.596
Adjusted R* 0.493 p-value <0.001

Residual standard error

0350
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0.1612
0.0509
00128
00221

Pr (>[t)

0.059
0.049
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p <0001
0.010
p <0001
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‘he table shows the results of the tetrachoric correlation matrices for the presence or
absence of each virus at farm with subclinical infection. Al correlation values were

ignificant (p > 0.05).
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