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1. Statement of the problem 

Porcine reproductive and respiratory syndrome (PRRS), characterized by reproductive 

failure in breeding females and respiratory distress in pigs of all ages, is an economically 

important disease globally. In a 2013 analysis, its economic impact on the U.S. swine 

industry was estimated at $664 million annually or $1.8 million per day (Holtkamp et al., 

2013).  The causative agent porcine reproductive and respiratory syndrome virus (PRRSV) 

includes at least 2 distinct genotypes: type 1 (PRRSV-1; European type) and type 2 

(PRRSV-2; North American type), with extensive genetic variability between or even 

within these genotypes (Nelsen et al., 1999). 

 

Currently, PRRSV-specific real-time RT-PCRs and serological assays have been 

commonly used for the detection of PRRSV. However, PRRSV virus isolation (VI) is still 

frequently needed for various applications. For example, 1) PRRSV VI is conducted to 

determine if a sample contains infectious (live) virus. 2) Due to high rate of genetic and 

antigenic diversity, the commercial PRRSV vaccines are not always effective against field 

isolates. Swine veterinarians often request isolation of PRRSV for producing autogenous 

vaccines. 3) In order to further characterize some PRRSV strains (e.g. pathogenesis by 

inoculation of animals, etc.), cell culture isolates are needed. 4) Development and 

validation of some diagnostic assays need PRRSV cell culture isolates (e.g. virus-specific 

indirect fluorescent antibody [IFA] assay and virus-specific virus neutralization assay for 

antibody testing). 

 

A MARC-145 cell line derived from the African monkey kidney cell line MA-104 is 

commonly used for isolating PRRSV (Kim et al., 1993). However, not all PRRSV strains 

can grow in MARC-145 cells. Porcine alveolar macrophages (PAM) are believed to 

support replication of most PRRSV strains and are generally used to complement isolation 

of PRRSV in addition to MARC-145 cells. Nevertheless, preparation of reliable PAM 

primary culture could be a challenge as only pigs of high health status and <8 weeks of age 

are recommended as the source of PAM (Wensvoort et al., 1992). In addition, PAM are 

primary cells and cannot be continuously passed and need to be prepared periodically. 
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However, different batches of PAM are not always equally susceptible to PRRSV; thus, 

verification of each batch of PAM before use is needed. Due to these disadvantages, PAM 

have not been routinely used by many veterinary diagnostic laboratories for PRRSV VI. 

The ZMAC cell line, derived from porcine alveolar macrophages, has been developed and 

recently made available to diagnostic laboratories for isolating PRRSV. We at the Iowa 

State University Veterinary Diagnostic Laboratory (ISU VDL) have obtained the patented 

ZMAC cell line from Aptimmune Biologics Inc. However, ZMAC cells have not been 

evaluated for PRRSV VI using a large number of clinical samples.  

 

In addition to cells used for VI, success of isolating PRRSV could also be affected by virus 

concentration in the samples as reflected by PRRSV PCR threshold cycle (CT) values, by 

specimen types, and by PRRSV strains as reflected by different phylogenetic lineages and 

restriction fragment length polymorphism (RFLP) patterns. However, the impact of these 

factors on PRRSV VI has not been investigated in detail yet. 

 

2. Objective(s) 

 Compare isolation of PRRSV in MARC-145 and ZMAC cells using clinical samples.  

 Evaluate the correlation of PRRSV concentration, genetic lineage, and specimen type 

to virus isolation success.  

 Compare virus titers of isolates obtained in ZMAC and MARC-145 cells. 

 Evaluate whether PRRSV isolated in ZMAC cells can grow in MARC-145 cells and 

vice versa. 

 

3. Brief materials and methods  

Clinical samples. A total of 220 PRRSV-2 PCR-positive clinical samples with various CT 

ranges (95 serum samples with CT 13.2-36.2; 91 lung samples with CT 13-30.2; and 34 oral 

fluid samples with CT 25.8-34) and 51 PRRSV-1 PCR-positive clinical samples with 

various CT ranges (21 serum samples with CT 18.4-36.8; 8 lung samples with CT 17.4-35.4; 

and 22 oral fluid samples with CT 31-36.8) were selected from diagnostic cases submitted 

to the ISU VDL for virus isolation attempts in MARC-145 and ZMAC cells. 

 

Cells. MARC-145 cells were cultured and maintained in RPMI-1640 medium 

supplemented with 10% fetal bovine serum, 2 mM L-Glutamine, 0.05 mg/ml Gentamicin, 

10 unit/ml penicillin, 10 µg/ml Streptomycin, and 0.25 µg/ml Amphotericin. ZMAC cells 

were cultured and maintained in RPMI-1640 medium supplemented with components as 

recommended by the Aptimmune Biologics Inc.  

 

Virus isolation. For lung samples, 10% lung homogenates were first prepared. Then serum, 

lung homogenate, and oral fluid samples were filtered through 0.45 µM membranes to 

sterilize samples. Virus isolation was conducted in 24-well plates containing monolayers of 

MARC-145 cells and ZMAC cells, respectively. For each batch of samples, inoculation 

into two cell lines was conducted in the same day to avoid additional freeze-thaw of 

samples. For inoculation, 300 µl of samples were inoculated per well. After incubation for 

1 h at 37°C incubator with 5% CO2, inoculum was removed and 1 ml of the culture 

medium was added per well. The inoculated MARC-145 cells were observed daily for 

development of cytopathic effects (CPE) up to 5 days and the inoculated ZMAC cells were 
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observed for 3 days. Then, cell culture supernatants were harvested and the cell plates were 

fixed with 80% cold acetone and subject to immunofluorescence staining with PRRSV 

nucleocapsid protein-specific monoclonal antibodies conjugated to fluorescein 

isothiocyanate (FITC). If immunofluorescence staining is unclear, the supernatants were 

tested by PRRSV PCR to confirm VI results. 

 

Virus titration. Twenty PRRSV-2 PCR-positive samples that were VI positive in both 

MARC-145 and ZMAC cells were selected for virus titer comparisons. Basically, 20 virus 

isolates obtained in MARC-145 cells were titrated in MARC-145 cells and 20 virus isolates 

obtained in ZMAC cells were titrated in ZMAC cells. Briefly, each virus isolate was 

serially 10-fold diluted and inoculated into MARC-145 cells or ZMAC cells grown in 96-

well plates, 100 µl per well, five replicate wells per dilution. The plates were incubated at 

37°C with 5% CO2 for 3-5 days. Viral CPE was recorded daily. The cell culture 

supernatants were harvested and the cell plates were fixed with 80% cold acetone and 

subject to immunofluorescence staining with FITC-conjugated PRRSV nucleocapsid 

protein-specific monoclonal antibodies. If immunofluorescence staining is unclear, the 

supernatants were tested by PRRSV PCR. The virus titers were determined according to 

the method described by Reed and Muench (Reed and Muench, 1938) and expressed as 

TCID50/ml. 

 

Virus growth cross-checking. Eighty-four PRRSV isolates obtained in ZMAC cells were 

inoculated into MARC-145 cells to evaluate their growth. Similarly, 43 PRRSV isolates 

obtained in MARC-145 cells were inoculated into ZMAC cells to evaluate their growth. 

    

4. Significant results 

Comparison of PRRSV VI from clinical samples in ZMAC and MARC-145 cells  

Among the PRRSV-2 samples, 43.2% (41/95) and 8.4% (8/95) of serum samples, 67.0% 

(61/91) and 48.4% (44/91) of lung samples, and 0% (0/34) and 0% (0/34) of oral fluid 

samples, were VI positive in ZMAC and MARC-145 cells, respectively (Table 1). Taken 

together, the success rates of PRRSV-2 VI from serum and lung samples in ZMAC and 

MARC-145 cells were 54.8% (102/186) and 27.9% (52/186), respectively. Among the 52 

PRRSV-2 samples that were VI positive in MARC-145 cells, 45 were VI positive and 7 

were VI negative in ZMAC cells (Table 2). In contrast, among the 102 PRRSV-2 samples 

that were VI positive in ZMAC cells, 45 were VI positive and 57 were VI negative in 

MARC-145 cells (Table 2). The success rates of isolating PRRSV-2 from serum and lung 

samples with different CT values are summarized in Table 3. For serum samples, PRRSV-2 

VI success rates were 78.9% and 21.1% (CT<20), 72.7% and 18.2% (CT 20-25), 29.0% and 

0% (CT 25-30), 5.0% and 0% (CT 30-33), and 0% and 0% (CT 33-37) in ZMAC and 

MARC-145 cells, respectively. For lung samples, PRRSV-2 VI success rates were 93.1% 

and 75.9% (CT<20), 69.2% and 46.2% (CT 20-25), 31.8% and 18.2% (CT 25-30), and 0% 

and 0% (CT 30-37) in ZMAC and MARC-145 cells, respectively.      

 

None of the 22 PRRSV-1 oral fluid samples was VI positive in either ZMAC or MARC-

145 cells (Table 1). Among the PRRSV-1 serum and lung samples, 23.8% (5/21) and 0% 

(0/21) of serum samples, and 75.0% (6/8) and 50.0% (4/8) of lung samples, were VI 

positive in ZMAC and MARC-145 cells, respectively (Table 1). Taken together, the 
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success rates of PRRSV-1 VI from serum and lung samples in ZMAC and MARC-145 

cells were 37.9% (11/29) and 13.8% (4/29), respectively. All of the 4 PRRSV-1 samples 

that were VI positive in MARC-145 cells were also VI positive in ZMAC cells (Table 2). 

Out of the 11 PRRSV-1 samples that were VI positive in ZMAC cells, 4 were VI positive 

and 7 were VI negative in MARC-145 cells (Table 2). The success rates of isolating 

PRRSV-1 from serum and lung samples with different CT values are summarized in Table 

3. However, due to small number of PRRSV-1 samples, percentages of VI success rates in 

each CT range were not very informative. 

 

Comparison of virus titers of PRRSV isolates obtained in ZMAC and MARC-145 cells 

In order to compare the infectious titers of viruses isolated in ZMAC and MARC-145 cells, 

20 PRRSV-2 isolates obtained in ZMAC cells were titrated in ZMAC cells and 20 PRRSV-

2 isolates obtained in MARC-145 cells from the same set of 20 clinical samples were 

titrated in MARC-145 cells. As shown in Figure 1, most of the isolates (14/20) obtained in 

ZMAC and MARC-145 cells had similar infectious titers whereas 5 ZMAC isolates had 

higher titers than MARC-145 isolates and one ZMAC isolate had lower titer than MARC-

145 isolate.   

 

Cross-checking of PRRSV-2 isolates growth in ZMAC and MARC-145 cells 

In order to determine whether isolates derived from ZMAC cells can grow in MARC-145 

cells and vice versa, 84 PRRSV-2 isolates obtained in ZMAC cells were inoculated into 

MARC-145 cells and 43 PRRSV-2 isolates obtained in MARC-145 cells were inoculated 

into ZMAC cells to evaluate their growth. The data are summarized in Table 4.  

 

Among the 84 PRRSV-2 isolates obtained in ZMAC cells, 45 grew and 39 did not grow in 

MARC-145 cells. Interestingly, out of the 45 ZMAC isolates that grew in MARC-145 cells, 

31 original samples were VI positive and 14 original samples were VI negative in MARC-

145 cells; among the 39 ZMAC isolates that did not grow in MARC-145 cells, 12 original 

samples were VI positive and 27 original samples were VI negative in MARC-145 cells.  

 

All of the 43 PRRSV-2 isolates obtained in MARC-145 cells grew in ZMAC cells. Among 

them, 36 original samples were VI positive and 7 original samples were VI negative in 

ZMAC cells. 

 

5. Discussion of how results can be applied by practitioners 

PRRSV was not isolated from any oral fluid samples evaluated in this study regardless of 

using ZMAC or MARC-145 cells, indicating PRRSV VI from oral fluid is still a big 

challenge. However, it is clear that success rates of PRRSV-2 and PRRSV-1 VI from 

serum and lung samples using ZMAC cells were higher than those using MARC-145 cells, 

which was true for samples with CT<30. For serum and lung samples with CT>30, PRRSV 

VI success rate was very low regardless of which cell line was used. This study clearly 

demonstrates that using ZMAC cells could significantly improve success rates of PRRSV 

VI from clinical samples, which will better serve the needs of producing autogenous 

vaccines for prevention and control of PRRS. Most of the PRRSV-2 isolates obtained in 

ZMAC cells and MARC-145 cells had similar infectious titers. It is noteworthy that not all 

of the PRRSV-2 isolates obtained in ZMAC cells grew in MARC-145 cells while all of the 
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PRRSV-2 isolates obtained in MARC-145 cells grew in ZMAC cells. Currently, the 

majority of autogenous vaccine manufacturing companies/labs use MARC-145 cells for 

PRRSV propagation; they may need to consider introducing ZMAC cells to their labs if 

they want to use PRRSV isolates obtained in ZMAC cells by veterinary diagnostic 

laboratories. 

 

Please note that statistical analyses on the data obtained in this study are in progress 

and are not presented in this interim report. 
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Table 1. Outcomes of PRRSV virus isolation from clinical samples in MARC-145 and ZMAC cells  

Type Specimen Number ZMAC VI + MARC-145 VI +

Serum N=95 43.2% (41/95) 8.4% (8/95)

Lung N=91 67.0% (61/91) 48.4% (44/91)

Oral fluid N=34 0% (0/34) 0% (0/34)

Total N=220

Serum N=21 23.8% (5/21) 0% (0/21)

Lung N=8 75.0% (6/8) 50.0% (4/8)

Oral fluid N=22 0% (0/22) 0% (0/22)

Total N=51

PRRSV-2

PRRSV-1

Table 2. Comparison of PRRSV virus isolation in MARC-145 and ZMAC cells 

on serum and lung samples

Type MARC-145 VI + MARC-145 VI - Total

ZMAC VI + 45 57 102

ZMAC VI - 7 77 84

Total 52 134 186

ZMAC VI + 4 7 11

ZMAC VI - 0 18 18

Total 4 25 29

PRRSV-2

PRRSV-1

Table 3. Correlation of PRRSV PCR CT values to virus isolation outcomes in ZMAC and MARC-145 cells based on specimen types  

Total
ZMAC        

VI +

MARC-145 

VI +
Total

ZMAC        

VI +

MARC-145 

VI +
Total

ZMAC        

VI +

MARC-145 

VI +

<20 19 15 (78.9%) 4 (21.1%) 29 27 (93.1%) 22 (75.9%) 48 42 (87.5%) 26 (54.2%)

20-25 22 16 (72.7%) 4 (18.2%) 39 27 (69.2%) 18 (46.2%) 61 43 (70.5%) 22 (36.1%)

25-30 31 9 (29.0%) 0 22 7 (31.8%) 4 (18.2%) 53 16 (30.2%) 4 (7.5%)

30-33 20 1 (5.0%) 0 1 0 0 21 1 (4.8%) 0

33-37 3 0 0 0 0 0 3 0 0

Total 95 41 (43.2%) 8 (8.4%) 91 61 (67.0%) 44 (48.4%) 186 102 (54.8%) 52 (28.0%)

<20 1 0 0 2 2 (100.0%) 2 (100.0%) 3 2 (66.7%) 2 (66.7%)

20-25 4 2 (50.0%) 0 4 4 (100.0%) 2 (50.0%) 8 6 (75.0%) 2 (25.0%)

25-30 8 3 (37.5%) 0 0 0 0 8 3 (37.5%) 0

30-33 5 0 0 0 0 0 5 0 0

33-37 3 0 0 2 0 0 5 0 0

Total 21 5 (23.8%) 0 8 6 (75.0%) 4 (50.0%) 29 11 (37.9%) 4 (13.8%)

PRRSV-1

CT valueType

Serum Lung Serum + Lung

PRRSV-2
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Figure 1. Comparison of infectious titers (TCID50/ml) of 20 PRRSV-2 isolates obtained in 

ZMAC and MARC-145 cells. The same set of 20 clinical samples were VI positive in both 

ZMAC and MARC-145 cells. The isolates obtained in ZMAC cells were titrated in ZMAC cells 

and the isolates obtained in MARC-145 cells were titrated in MARC-145 cells. Five ZMAC 

isolates having higher titers than MARC-145 cells are surrounded by dotted line. Fourteen 

ZMAC and MARC-145 isolates having similar titers are surrounded by solid line. 

 

Table 4. Cross-checking of PRRSV-2 isolates growth in ZMAC and MARC-145 cells 

a. 84 PRRSV-2 isolates obtained in ZMAC cells --> Re-inoculated into MARC-145 cells

Initial VI in 

ZMAC

Initial VI in 

MARC-145 

ZMAC isolates re-inoculated 

into MARC-145

Number of isolates 

(%)

Pos Pos Pos 31/84 (36.9%)

Pos Neg Pos 14/84 (16.7%)

Pos Pos Neg 12/84 (14.3%)

Pos Neg Neg 27/84 (32.1%)

b. 43 PRRSV-2 isolates obtained in MARC-145 cells --> Re-inoculated into ZMAC cells

Initial VI in 

MARC-145

Initial VI in 

ZMAC 

MARC-145 isolates re-

inoculated into ZMAC

Number of isolates 

(%)

Pos Pos Pos 36/43 (83.7%)

Pos Neg Pos 7/43 (16.3%)

Pos Pos Neg 0/43 (0%)

Pos Neg Neg 0/43 (0%)


