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Serological evidence suggests that HoBi-like viruses, an emerging species within the Pestivirus genus of the Flaviviridae family, are in circulation in Argentina. While HoBi-like viruses were first isolated from Brazilian fetal bovine serum (FBS), no survey of Argentine FBS has been conducted. Therefore, 124 local samples of non-irradiated FBS originating from Argentina were surveyed for the presence of pestiviruses using RT-PCR. Amplicons from pestivirus positive samples were genotyped. Four samples were positive for HoBi virus-specific RT-PCR, while the BVDV-positive samples (n = 45) were classified as BVDV-1b (82.2%), BVDV-1a (13.3%), and BVDV-2 (4.5%). Virus isolation and serological profile assessment were performed for the four HoBi-positive FBS lots. These results confirm the circulation of HoBi-like virus in some regions of the Argentinean territory, highlighting the need to review the diagnostic techniques currently used in the clinical cases suspected of BVDV and in contamination control protocols for adventitious agents in cells and biotechnological products.
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INTRODUCTION

Pestiviruses belong to the Flaviviridae family and are enveloped, positive-sense, single-stranded RNA viruses. The pestivirus genome consists of an RNA molecule of about 12,300 nucleotides, containing a single open reading frame that codes for a single polyprotein precursor of 3,900 amino acids. The number of members of the pestivirus genus is currently under review as the incorporation of new putative species has been proposed. Initially, the four recognized species were Pestivirus A, Pestivirus B, and Pestivirus C (Bovine Viral Diarrhea Virus, Border Disease Virus, and Classical Swine Fever Virus, respectively), but now the number of species may reach 11, designed as “pestivirus A” to “pestivirus K.” Within the “new species” of pestiviruses, “pestivirus H,” also known as HoBi-like virus, BVDV-3 or atypical ruminant pestivirus, was one of the most frequently isolated (1).

The array of clinical presentations that collectively fall under that title bovine viral diarrhea (BVD) are caused by three species within the pestivirus genus, BVDV-1, BVDV-2, and HoBi-like virus (2). Since the first identification in Brazilian Fetal Bovine Serum (FBS) in 2004, several HoBi-like virus isolates have been described in Brazil, Europe, and Asia (3–7). This viral agent is a common contaminant in biological products such as FBS; so much so that 40% of all HoBi-like pestivirus strains identified worldwide, to date, were recovered from FBS or cell culture samples (8, 9). Detection of HoBi-like virus is currently a major concern in the area of diagnosis, because many tests available for detecting the causative agents of BVD were designed specifically to detect BVDV-1 and BVDV-2 and may not reliably detect HoBi-like virus.

FBS comes from the blood drawn from bovine fetuses via a closed system of collection at the slaughterhouses. FBS is frequently used to supplement cell cultures employed in basic biomedical research and the development of diagnostic tests. In addition, FBS is used extensively in the biotechnology industry for the production of traditional viral vaccines, recombinant proteins, and biotherapeutics. This is because it is a rich source of essential growth factors, amino acids, proteins, vitamins, carbohydrates, lipids, hormones, growth factors, minerals, and trace elements needed for cell growth stimulation. Originally, FBS was used rather than serum from adult animals because it was thought that blood collected from fetuses was less likely to be contaminated with infectious agents than blood collected from adult animals. However, we now know that cows can be infected with pathogens during pregnancy and can pass these pathogens through the placenta to fetuses, which are the actual sources of FBS (10). This results in FBS becoming contaminated with pathogens such as viruses. These pathogens play a role as adventitious agents that are accidentally introduced through FBS use during the manufacturing of biological products. Unlike microbial contamination (fungi, yeast, and bacteria), the detection of mycoplasma and non-cytopathic (ncp) viruses is more difficult since their effects on cultured cells cannot be detected by routine microscopy. The potential of viruses to cause a silent infection in a cell culture must be addressed, since contaminating viruses can affect research and diagnostic outcomes. In addition, viral contamination of cells and biological products can have potentially dramatic epidemiological consequences, through the accidental introduction of pathogens into human or animal susceptible populations (11). Although downstream processing may be able to eliminate or inactivate certain viruses, others may be resistant to these procedures, highlighting the need to update regulatory risk evaluation and to develop more stringent and detailed requirements (https://www.who.int/bloodproducts).

Pestiviruses are one of the most common viral contaminants found in FBS (10). However, the risk of having an infectious virus in the FBS can be reduced by gamma-irradiation (12). Although the commercialization of gamma-irradiated FBS is recommended, some companies market it without the irradiation process and this could lead to silent contamination of products in the research and industrial sector. Further, gamma-irradiation may not be 100% effective under all conditions (13). Besides Brazil, the epidemiology of Hobi-like virus in South America is unknown (14). In Argentina, we have previously reported serologic evidence of natural circulation of this agent in bubaline populations of the northeast region of Argentina, bordering Brazil. However, live virus was not isolated from samples collected for that survey (15). Moreover, the most recent survey of the BVDV genotypes and subgenotypes affecting the bovine populations of Argentina was generated from viruses isolated before 2010, using PCR protocols that do not detect HoBi-like viruses (16).

The analysis of FBS-samples originating from Pampean region (central eastern of Argentina) would allow an estimation of the frequency of genotypes and subgenotypes of pestiviruses in local herds. Further, analyzing FBS samples allows a sampling strategy with a wider coverage and simpler accessibility than traditional sampling strategies of recruiting and testing herds.



MATERIALS AND METHODS


Fetal Bovine Serum Samples

For the purposes of this study, 124 samples of non-irradiated fetal bovine sera batches, collected between 2014 and 2106, were obtained from two FBS manufacturers in Argentina. Each sample corresponded to a pool of 20 fetuses. Aliquots of 1.0 ml of each serum were placed in nuclease-free microcentrifuge tubes and stored at −70°C prior to analysis. Fetuses were collected from 30 slaughterhouses located in Buenos Aires province (provider A, 121 samples) and three samples corresponded to two slaughterhouses located in Córdoba and Santa Fe provinces (provider B, three samples; Figure 1). These three provinces accumulate 55.3% of the national cattle herd (Buenos Aires 35%; Santa Fe 11.3%; Cordoba 9%; http://www.senasa.gob.ar). All the slaughterhouses processed both dairy and feedlot herds. The samples analyzed were regarded as “semi-processed products” because they were not irradiated. Some of those lots were also tested after irradiation (corresponding to “final products”), to check the effectiveness of the Gamma-irradiation process. The dynamic irradiation was performed in a local company (IONICS, S.A.) at 25 Kilograys (KGrays).
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FIGURE 1. Geographic location of the slaughterhouses.




RNA Purification and Reverse Transcription

Viral RNA was extracted directly from 200 μl of FBS samples using a commercial kit (Roche High pure Viral RNA kit) according to the manufacturer's recommendations. The positive controls (BVDV Singer strain and HoBi 83/10 CP (Decaro N, Department of Veterinary Medicine of Bari, Italy) were virus grown in cultured cells and diluted in FBS to a final titer of 102 tissue culture infective dose (TCID)/ml. Aliquots of pestivirus negative FBS, minimal essential media (MEM), and supernatants of mock infected Madin-Darby bovine kidney (MDBK) cells were used as negative controls. Viral RNA was extracted from 200 μl of each control and was processed as the FBS samples. Reverse transcription was carried out in a 25 μl volume using 500 ηg of RNA and 0.5 μg of random hexanucleotide primers (Biodynamics, SRL). Two hundred units of M-MLV (Promega) and 20 units RNAsin ribonuclease inhibitor (Promega) were used with 5 μl of 5X RT Buffer (50 mM Tris–HCl, 75 mM KCl, 3 mM MgCl2, and 10 mM DTT), 1 μl of 25 mM of dNTPs mix PBL) and RNAse free water. The thermal condition was 60 min at 42°C and after that; the reactions were heated to 95°C for 5 min in order to inactivate the enzyme.



Polymerase Chain Reaction and Sequencing

The 5′-UTR of BVDV was amplified using “324–326” primers (17), while the 5′-UTR of HoBi Virus was amplified using “H1-326” primers (“H1”: 5′ CTGAAGCCCTGAGTACGGGG 3′). “H1” primer was designed using Primer 3 Software (18). Samples were run in a thermocycler (SimpliAmp, Applied Biosystems) in quadruplicate (two runs with two duplicates per run), for 324–326 and for H1-326 PCRs. The reactions were carried in a 25 μl volume containing 600 ηM of each primer, 5 μl of 5X GoTaq Reaction Buffer (Promega), 4.5 μl of mM MgCl2(Promega), 1 μl of 25 mM dNTPs mix, 1 U of Taq DNA polymerase (Promega) and DEPC water. PCR conditions were as follows: initial denaturing at 95°C for 5 min followed by 35 cycles of denaturing at 94°C for 1 min, primer annealing at 55°C for 1 min, and elongation at 72°C for 1 min. The final elongation was extended to 7 min at 72°C. The PCR products were detected by electrophoresis in a 2.0% agarose gel, stained with Gel Stain (Transbionovo), and visualized under ultraviolet light.

To evaluate the detection limit of the PCRs, 10-fold dilutions of the reference strains BVDV 1-Singer, BVDV 2-VS253 (kindly provided by Dr. Odeón, INTA Balcarce, Buenos Aires) and HoBi-like virus 83/10 were made in MEM and RNA extracted from each dilution was assessed by RT-PCR.

The amplicons were purified from agarose gels using a commercial kit (GE, Illustra GFX PCR DNA and Gel Band Purification Kit). Amplicons were not cloned but sequenced directly in both directions, and all samples were tested in duplicate. Sequencing was performed by the Genomic Unit at CICVyA-INTA, Castelar.



Phylogenetic Analysis

The sequences generated were compared to sequences deposited in GenBank database using the BLAST software (http://www.ncbi.nlm.nih.gov/BLAST). Sequences were trimmed and analyzed with Bioedit Software (19) to obtain 236 bp fragments, corresponding to HoBi-like and BVD viruses. The analyzed fragments correspond to nucleotides 138–374 (5-UTR) of the reference strain BVDV1a-NADL, accession number M31182. For phylogenetic analysis, sequences of representative strains of BVDV-1, BVDV-2, HoBi-like virus, and CSFV were downloaded from the NCBI GenBank database. Multiple sequence alignment was performed with Clustal W, 3 Version 1.8.3 (20). The dendrograms were obtained under Kimura distances method (21) and Neighbor Joining (22) using Mega program, version 4 (23); 1,000 resample of bootstrap were used. Trees were drawn with Dendroscope 2.7.4 (24). Nucleotide sequences of the strains obtained during this study have been submitted to the GenBank database; accession numbers are given in Table 1.


Table 1. Pestivirus-positive samples obtained in this work.
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Virus Isolation

Irradiated and non-irradiated FBS, which tested positive using the H1-326 PCR protocol (37, 71, 117, and 126), were subjected to virus isolation in MDBK cells in 6-well plates. Cells were grown in MEM supplemented with 2% FBS, which was free from neutralizing antibodies (Nabs) against BVDV/HoBi-like virus and BVDV/HoBi-like virus RNA (determined by virus neutralization assay and RT-PCR, respectively), and a penicillin/streptomycin/gentamicin antibiotic cocktail. Four passages of 4 days each were performed using 70% confluent, 24-h fresh cell monolayers, freeze-thawing at room temperature between each passage to release any intracellular virus. Plates were kept at 37°C with 5% CO2 and monitored for cytopathic effect (cpe) during the period. Since none of the samples showed cpe, three more passages were performed. Following the fourth passage, the medium was removed and monolayers were washed twice with cold PBS and fixed in cold acetone. Indirect immunofluorescence was used to detect the HoBi-like virus, using the monoclonal antibody (mAb) N-2 (25) combined with a Goat anti-mouse Ig FITC Conjugated (Bio-x cat M17A27). The N-2 mAb reacts with a wide range of pestivirus species, including HoBi-like isolates. The HoBi-like strains were titrated on MDBK monolayers in 96-well plates using quadruplicate 10-fold dilutions and titer was estimated using indirect immunofluorescence as described above, and the Reed and Muench method (26).



Antigenic Cross Reactivity Assay
 
Vaccination of Guinea Pig

The antigenic pattern of the Hobi-like virus isolates obtained from the non-irradiated FBS was evaluated as described previously (16). Briefly, four guinea pigs (strain SSi: Al from the CICVyA farm) 12 weeks of age, ~500 g in weight were obtained from the animal care facilities of National Institute of Agricultural Technology (INTA). Animals were inoculated subcutaneously with oil based vaccines formulated with the supernatants of the 7th passage of each HoBi-like virus-positive FBS sample (sample number identification: 37, 71, 96, 117). Another two guinea pigs were obtained as positive and negative controls and were inoculated with either the HoBi-like reference strain 83/10 (Decaro N, Department of Veterinary Medicine of Bari, Italy) (n = 1) or MDBK-mock supernatant (n = 1), respectively.

For the formulation, all viruses were diluted to a final concentration of 1 × 107 TCID50/ml and 200 μl aliquots were placed on 48-well-culture plates. The aliquots were exposed to continuous UVC light 30 cm beneath the longitudinal midpoint of a UVC lamp (TUV 30WG30T8, Philips) for 1 min for inactivation. Afterward, the aliquots were subjected to viral isolation to confirm full inactivation. Each guinea pig received 3 doses of 0.6 ml each, on days 0 and 15 and 30. Each dose contained the equivalent of 2.4 × 106 TCID50 of virus prior to inactivation. Vaccines were prepared with ISA 50 adjuvant (Seppic) in a 60:40 relation (adjuvant: antigen solution). Blood extraction was conducted on days 0 and 60 days post inoculation (dpi) by cardiac puncture under anesthesia, following INTA's ethical committee of animal welfare (CICUAE) recommendations for animal welfare. After centrifugation at 5,000 g for 5 min, sera samples were obtained. Guinea pig handling, inoculation, and sample collection was done by trained personnel under the supervision of a veterinarian and in accordance with protocols approved by the CICUAE Protocol 34/2017.



Virus-Neutralization Assay

In order to analyze the cross-reactivity between the HoBi-like virus isolates obtained from the FBS samples and reference strains of BVDV, comparative VN assays were performed using the guinea pig sera with the following cp strains: Singer (BVDV-1a), 25366 (BVDV-1b), VS253 (BVDV-2), and 83/10 (HoBi-like virus). Briefly, the VN assays were performed in 96-well plates containing monolayers of MDBK cells grown to 80% confluence; briefly, for each serum sample, a 75 μl viral suspension that contained 100 TCID of HoBi-83/10 virus was mixed with 75 μl of heat inactivated (55°C for 30 min) diluted guinea pig sera and were incubated for 1 h. These mixtures were then seeded on the plates and incubated at 37°C in 5% CO2 for 72 h. Control wells without virus were used for each serum sample in order to control for toxicity. The guinea pig sera were tested in duplicate in 2-fold dilutions starting at 1:8 and each test was carried out three times. Dilution endpoints were obtained for all the pestiviruses by observing cpe in cell monolayers.

The mean titers and the standard deviations for each VN test were calculated. Reciprocals of the endpoint Nab titers were calculated using Reed and Muench method.





RESULTS


Polymerase Chain Reaction and Phylogenetic Analysis

Forty-five out of 124 samples analyzed (36%) were positive using 324–326 PCR, and 4 (3.2%) FBS samples were positive using H1-326 PCR. None of them resulted positive to both PCRs. The limit of detection for the PCRs used was 102 TCID50/ml for their corresponding BVDV and HoBi reference strains (data not shown). The 324–326 primers amplify the BVDV-1 and BVDV-2 reference strains but not the Hobi reference strain. The opposite pattern is obtained with H1-326 primers.

The phylogenetic analysis showed that the pestiviral RNA found in the FBS samples were segregated to three species, corresponding to BVDV-1 and BVDV-2 and HoBi-like virus strains (Table 1). Most of the 324–326 primer positive samples (43/45) grouped into the type 1 BVDV (88%). Of these type 1 BVDV strains, 86% (37/43) were grouped in subgenotype 1b cluster and 14% (6/43) clustered with 1a subgenotype reference strains (Figure 2). Of the two sequences clustered in BVDV-2 genotype, one belongs to subgenotype 2a (N°106) and the other to subgenotype 2b (N°101). The range of sequence identity among type 1a and 1b strains was: 97.6–100 and 94.3–100%, respectively, while among type 2 strains the values were 84.5–100%. The four samples positive to the H1-326 PCR were grouped in the Brazilian/Italian HoBi-like group (Figure 2). The sequence identity among them was 90.6–100%.
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FIGURE 2. Phylogenetic analysis of Argentinean HoBi-isolates based on partial sequence of the 5′ Untranslated Region (UTR). The viral types and the Genbank accession numbers are indicated. The Argentinean strains are shown in italics and reference strains are highlighted. Branch lengths are proportional to genetic distances.




Virus Isolation

The virus isolation of the four non-irradiated samples positive for HoBi-like virus by RT-PCR was achieved at the fourth passage in MDBK cells. Although three more passages were performed, none of the four viruses showed cpe. On the other hand, after the blind passages of the irradiated counter samples of the same FBS, immunofluorescence assay were negative, confirming the efficacy of the irradiation process.



Antigenic Cross Reactivity Assay

The antigenic profiles of the isolated HoBi-like strains were checked in the guinea pig model. All the animals were seronegative to the strains evaluated at 0 dpi. After the second dose, the guinea pig vaccinated with the MDBK-mock supernatant, remained seronegative to the evaluated Pestiviruses. On the other hand, guinea pigs vaccinated with the different HoBi-like viruses developed Nabs against the reference HoBi-like strain (83/10), ranging from 128 to 512 at 60 dpi (Table 2).


Table 2. Neutralizing antibodies titers against different strains of BVDV and HoBi-like viruses in the sera of guinea pigs.
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Further, cross neutralizing titers for BVDV-1a, BVDV-1b, and BVDV-2 were 4 to 6-fold lower than for the four HoBi-like isolates.




DISCUSSION

The presence of adventitious viruses in cell cultures is well-recognized as one of the main concerns in the manufacture of human and animal biological products. FBS is routinely used as a medium supplement and may harbor many viral agents, one of the most common being NCP-BVDV (27). The only previous study carried out to determine pestivirus contamination in Argentine FBS was published in 2000, which reported that 100 out of 200 (50%) FBS batches analyzed were BVDV-positive. Phylogenic characterization of detected strains of BVDV was not performed in that study (28). Multiple authors have reported different frequencies of BVDV contamination in FBS batches, ranging from 22 to 100% (8, 29–33). In most of these studies, the number of fetuses per batch was not available and, definitely, an increased pool size enhances the rate of contamination.

The FBS market in Argentina is led by a few national companies, which export their products to various countries including Brazil, Uruguay, Paraguay, Venezuela, Panama, USA, Kenya, and China. At the same time, other foreign companies commercialize their products in Argentina. Some national and foreign companies offer non-irradiated FBS, which has potential detrimental consequences, such as contamination of cell cultures used in basic research, virological diagnosis, upstream processing of biopharmaceuticals, embryo technology, and other animal reproduction protocols. A clear evidence of these risks is the frequent findings of viral agents' traces in cell lines, pharmaceutics products and vaccines (13).

Several methods to inactivate viruses in FBS have been evaluated (34). Gamma irradiation has been found to be effective while having minimum impact in the growth-promoting properties of sera. Still, it has been suggested that Gamma irradiation protocols need to be carefully evaluated as the complete inactivation will depend on various factors such as the serum packaging configuration, variability in gamma irradiation conditions and process, viral strain, viral load, variability in the quality of the virus stock selected for spiking studies, among others (35). In this regard, the results obtained in the model using lower values of gamma radiation (15 kGreys), according to the inactivation efficacies reported by Nims et al. (12) showed a dramatic variability in the results, based on the exponential behavior of the inactivation curve, increasing the risk from 1/19531 batches to 1 contaminated batch every 20 batches (15 kGrey). These results emphasize the need to strictly audit the industry standardization, monitoring, and quality assurance of inactivation protocols. Still, there are users who choose the non-irradiated variant of FBS alleging precipitation problems linked to the irradiation process. Anyway, we are convinced that the risk is of using non-irradiated FBS is too high and efforts to increase the awareness in the research community should be made. In addition, assessment of innovative inactivation protocols gives the chance to replace the gamma irradiation, while assuring the safety of the product.

Since the epidemiological status of the HoBi-like virus is still unknown in most countries and it has been reported a lack of sensitivity of the majority of the diagnostic techniques that are currently being used for this viral type, the potential risk of entry to a free-zone through FBS is significantly high. This fact makes urgently relevant the need to update and harmonize regulatory protocols for the commercialization of this product by regulatory authorities.

Because of the high rate of contamination of FBS with pestiviruses, sensitive monitoring for adventitious pestiviruses should be recommended to manufacturers and diagnostic laboratories, and be built into the framework of inspection controls on biological products and hemo-derivatives standards. Currently, no commercial diagnostic kits are licensed for the detection of HoBi-like virus, and at the same time, many techniques used in-house at diagnostic laboratories for the detection of pestivirus contamination have not been evaluated for their ability to detect HoBi-like virus. In this regard, although, molecular techniques for detection of HoBi pestiviruses have been reported (36, 37), its systematic implementation in diagnostic laboratories has been quite limited. Bauermann and collaborators (8) already suggested the urgent need for an update in pestivirus diagnostics and the use of multiple and complementary tests for an accurate result, otherwise, the prevalence of emerging HoBi-like pestivirus will remain being underestimated.

The regional prevalence of HoBi-like viruses is largely unknown. In the present report, most of the FBS samples belonged to Buenos Aires province (provider A), which presents the highest density of cattle in Argentina. In 4 of these samples, the detection of HoBi-like virus was achieved. It was not possible to trace the particular farm of origin, but this data indicates that HoBi-like virus is currently circulating in herds located in Pampean region. In the phylogenetic analysis, the local HoBi-like isolates obtained here were clustered within the Brazilian/Italian lineage (38). Although this result was expected due to the geographical location of Argentina and its proximity to Brazil, an introduction from a more distant region should not be dismissed.

It is only recently that the economic impact of the BVD in Argentina herds has begun to be analyzed (39, 40). Even less is known regarding the contribution of HoBi-like viruses to BVD losses. We believe that the results reported here justify the need to be proactive concerning the overhaul of diagnostic aspects for the certification of biological products to be commercialized and for import-export procedures.

The data obtained in this work affect not only the area of diagnosis but also the vaccine development sector. The antigenic variability between HoBi-like viruses and BVDV was demonstrated in the guinea-pig experiment (Table 2). However, there are no commercial vaccines, specifically against HoBi-like viruses, available (4, 38). It is critical these antigenic characteristics among bovine Pestiviruses to be taken into account by vaccine manufacturers, since it has been well-demonstrated that variability between vaccine and field strains may be cause of vaccine failure (41, 42). The results obtained regarding BVDV genotypes frequencies in the Pampean region indicate that BVDV-1b subgenotype may be, by far, the most common in the FBS samples, representing 75.5% of the whole number of BVDV- positive samples. This data reinforces one previous work, which indicated that 76.6% of the BVDV isolates from this region–obtained from years 1993 to 2010- belonged to BVDV-1b subgenotype (16). The incorporation of representative BVDV-1b field strains in national vaccines in order to provide more adequate protection against the disease was suggested in that study, but so far, there were no updates.

The high BVDV-1b prevalence is not the same throughout the continent, since other American countries (Uruguay, Brazil and Mexico) reported higher frequencies of the other BVDV variants (43, 44). However, it is relevant to highlight that in that previous study (16), all the analyzed samples belonged to clinical cases, fact that could have biased the results of prevalence of the described genotypes, due to differences in the pathogenicity generated by each strain. In the present work, that factor did not skew the results since the samples came from fetal samples obtained in the slaughterhouses and not from clinical cases. All the pestiviral RNA detected in this work correspond to viruses acting in natural infections and not to viruses derived from live or attenuated vaccines, since these formulations are not allowed in the country.

In conclusion, putting the procedures in place to assure the absence of pestiviruses as FBS contaminant is a critical part of the quality control of biological products or laboratory protocols. Therefore, diagnostic techniques used for the determination of pestiviruses in biological products should be frequently tested and updated for their ability to detect new variants of viruses.
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%Fetel bovine serum samples. Samples 4-214 were obtained from provider A and P1-P3
were obtained from provider B.
bNCBI-NIH Genbank Accession numbers.
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Antibody titers of guinea pigs at 60 di are indlicated as mean values derived from three
repetitive virus neutralization tests. 37, 71, 96, and 117 are the HoBi solates obtained from
the FBS samples used to vaccinate the guinea pigs. 83/101s the reference cp lalian strain
used to vaccinate a guinea pig (positive control), while Mock belongs to a supematant of
non-infected MDBK ussd to vaccinate another guinea pig (negative contro). Animels that
did not have neutralzing antibodies against the viruses evaluated in a 1/8 dilution were
considered negative. Standard deviation is shown ().
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