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Introduction

Fetal bovine serum (FBS) is a universal growth supplement 
for cell and tissue culture media used in research, biotechnol-
ogy, and pharmaceutical manufacturing in the production of 
viral vaccines, recombinant proteins, and biotherapeutics. 
FBS contains essential components for cell proliferation and 
maintenance, such as hormones, growth factors, vitamins, 
minerals, transport proteins, and trace elements.11 It is 
obtained from the blood drawn from bovine fetuses via a 
closed system of collection at slaughterhouses.

Pregnant cows arriving at slaughterhouses represent ~ 
23% of the total female cattle slaughter, although this per-
centage varies according to the specific time and country.15,16 
Approximately 800,000 L of FBS are produced annually 
worldwide, from 2,000,000 bovine fetuses, with production 
increasing annually.5 Argentina is one of the most important 
producers of FBS in South America, generating 7,000–
8,000 L/y. The most important clients are local and foreign 
biopharmaceutical industries, vaccine producers, and to a 
lesser extent, research and diagnostic laboratories.

Cows can be infected with pathogens during pregnancy and 
can pass them through the placenta to fetuses. Hence, FBS may 
be contaminated with pathogens that may become adventitious 
agents during the manufacturing of biological products.6 Unlike 
microbial contamination (fungi, yeast, and common bacteria), 
mycoplasma and noncytopathic (ncp) viruses cannot be 

detected easily. Mycoplasmas and ncp viruses may cause silent 
infections in cell cultures, impacting research and diagnostic 
results. In addition, the contamination of cells and biological 
products could have potentially dramatic epidemiologic conse-
quences, through the accidental introduction of pathogens into 
susceptible human or animal populations.12

Mycoplasmas are in the Mycoplasmataceae family of the 
Mollicutes class. Given their small size and membrane flexi-
bility, mycoplasmas are pleomorphic and can alter their size 
and shape in response to environmental conditions. They can 
even penetrate sterilization-grade filters.27 Mycoplasmas are a 
very real concern for research laboratories because they are 
very common cell culture contaminants. Because these agents 
affect the cells’ overall behavior, contamination can result in 
false interpretation of experimental results and undermine the 
validity of the resulting data. Moreover, it may be very diffi-
cult to remove mycoplasmas from contaminated cells.17
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Pestiviruses belong to the Flaviviridae family and are a 
group of enveloped, positive-sense, single-stranded RNA 
viruses. The pestivirus genus includes, among other viruses, 
bovine viral diarrhea virus 1 and 2 (BVDV-1, -2; Pestivirus 
A, B) and a putative atypical pestivirus, the HoBi-like virus. 
The bovine pestiviruses (BVDV-1, BVDV-2, and HoBi-like 
virus) are very common contaminants of biological materials 
such as FBS and cell cultures.3,25 BVDV-1 and -2 are some of 
the most common pestiviruses, and they are endemic almost 
worldwide.7,23 Given that 90% of BVDV strains are ncp, 
when cell lines are accidentally contaminated, it is impossi-
ble to detect BVDV under the optical microscope.21,22,28,31

One way to reduce the risk of contamination during the 
manufacturing process of a biological product derived from 
cell culture is to treat animal-derived materials, such as FBS, 
to inactivate possible contaminants. Gamma irradiation is 
one of the most widely used and effective methods for the 
inactivation of viruses and mycoplasmas in animal sera. Reg-
ulations from the United States (USDA 9 CFR 113.46-53) 
and the European Union (EMA/CHMP/BWP/457920/2012) 
require that all FBS, regardless of country of origin, be tested 
and/or treated (by heat or gamma irradiation) to assure its  
lack of mycoplasma and adventitious viruses, which are the 
following: bovine pestiviruses, rabies virus (RBV; Rabies  
lyssavirus), reovirus, bovine herpesvirus 1 (BoHV-1; Bovine 
alphaherpesvirus 1), bovine parainfluenza virus 3 (BPIV-3; 
Bovine respirovirus 3), bovine adenovirus (BoAdV; Bovine 
atadenovirus), bovine parvovirus (Ungulate bocaparvovirus 
1), bluetongue virus (BTV), and bovine respiratory syncytial 
virus (BRSV; Bovine orthopneumovirus). However, some 
companies still market non-irradiated FBS.20

The Adventitious Virus Laboratory from the National Insti-
tute of Technological Agriculture (INTA) in Argentina offers 
specialized services for detecting contaminating adventitious 
agents in biopharmaceutical and biotherapeutic products for 
human and veterinary use. We carried out a retrospective study 
to evaluate contamination with mycoplasma and adventitious 
viruses in Argentinean batches of irradiated FBS.

Materials and methods

Samples

We evaluated 124 samples of irradiated FBS batches, belong-
ing to the 5 largest FBS local manufacturers (A–E), by volume 
of production. Batches were produced and remitted to the 
laboratory between 2015 and 2019. In all cases, the dynamic 
gamma irradiation procedure was carried out in a local com-
pany at 25 kilograys prior to remission. The number of fetuses 
per batch was not communicated by the producers. Molecular 
and culture methods were used to analyze the samples (Fig. 1).

Molecular analyses

Molecular detection of mycoplasma and bovine pestiviruses 
was performed in all of the FBS batches in 2 stages: in raw 
samples, and in the lysate of cultured cells after cell passages.

Mycoplasma detection: DNA extraction and 
PCR

DNA was obtained from raw FBS samples and from cell 
lysates (High Pure DNA isolation kit; Roche), following the 

Figure 1.  Schematic representation of adventitious agent analysis of irradiated Argentinean fetal bovine serum batches.
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manufacturer’s instructions. GPO3 and MGSO primers were 
used to amplify a 280-bp DNA fragment, complementary to 
the 16S rRNA region of mycoplasma, according to a previous 
report.13 Lysates of baby hamster kidney (BHK) cells contam-
inated with mycoplasma and minimal essential medium were 
used as positive and negative controls, respectively. PCR reac-
tions were carried out in a total reaction volume of 25 µL con-
taining 500 nM of each primer, 5× GoTaq reaction buffer 
(Promega), 25 mM of dNTPs mix (PBL), 0.25 U of Taq DNA 
polymerase (Promega), and 5 µL of extracted DNA. The PCR 
conditions were as follows: initial denaturing at 94°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 2 min. 
The final elongation step was extended to 2 min at 72°C. The 
presence of the amplified product was revealed by electropho-
resis in 2% agarose gel, containing an intercalating agent 
(GelRed; Biotium), and visualized under ultraviolet light. The 
limit of detection of the PCR was determined previously to be 
8 copies per reaction (data not shown).

Pestivirus detection: RNA extraction and  
real-time PCR

Viral RNA was extracted from raw FBS samples, cell lysates, 
and controls (High Pure viral RNA kit; Roche) according to 
the manufacturer’s recommendations. Untreated FBS, free 
from pestiviral antibodies (Abs) and RNA, were used as neg-
ative controls; freedom was determined by virus neutraliza-
tion (VN) and real-time PCR (rtPCR) methods described 
below. BVDV-1 Singer strain stocks were diluted in pestivi-
rus-negative FBS to a final titer of 102 tissue culture infective 
doses (TCID)/mL to be used as positive controls. Reverse 
transcriptions (RTs) were carried out in a final reaction vol-
ume of 25 μL using 500 ng of RNA. The reaction mixture 
consisted of 0.5 μg of random hexanucleotide primers  
(Biodynamics), 200 U of M-MLV (Moloney murine leuke-
mia virus; Promega), 20 U of RNAsin ribonuclease inhibitor 
(Promega), 5× RT buffer (Promega), and 25 mM of dNTPs 
mix (PBL). The thermal condition was 60 min at 42°C, and 
then the reactions were heated to 95°C for 5 min in order to 
inactivate the enzyme.

A SYBR Green rtPCR was performed (StepOne cycler, 
Thermo Fisher Scientific; Fast-essential Green master mix, 
Roche) according to the manufacturers’ protocols. The reac-
tions were carried out in a 12-µL volume, and ROX (5-car-
boxy-X-rhodamine; Invitrogen) was used as reference dye.

The primers used in the rtPCR are known as “189-389”14 
and were used at a final concentration of 470 nM. These prim-
ers target a partial sequence of the 5′ untranslated region of 
BVDV, from position 190 to 390 of the NADL reference strain 
(GenBank accession M31182). PCR conditions were as fol-
lows: initial denaturing step at 95°C for 10 min, followed by 45 
cycles of 95°C for 20 s, 60°C for 20 s, and 72°C for 20 s. Melt-
ing curve analysis was used to evaluate the results; specificity 

of the amplification was confirmed by agarose gel electropho-
resis. This assay has previously been demonstrated to detect 
BVDV-1, BVDV-2, and HoBi-like virus, and the linear range 
of the rtPCR is 108–101 complementary DNA copies/µL, with 
99% efficiency (unpublished data).

Virus neutralization

VN assays were performed to detect the presence of neutral-
izing Abs (nAbs) against pestiviruses in all of the raw FBS 
samples (Fig. 1), as described previously.18,19 Briefly, 100 
TCID

50
 of cytopathic BVDV-1 (Singer strain), BVDV-2 

(VS253 strain), or HoBi-like virus (83/10), were co-incu-
bated with dilutions of inactivated serum samples (1/4–1/64) 
for 1 h at 37°C. Then, the mixture was added to plates with  
3 × 104 Madin–Darby bovine kidney (MDBK) cells/well. 
Plates were incubated for 72 h at 37°C under 5% CO

2
. Recip-

rocals of the end point nAb titers were calculated using the 
Reed and Muench method.24

Cell culture

Samples of FBS were inoculated in duplicate on MDBK and 
Vero cell lines, according to international recommendations 
(9.CFR section 113.53, USDA-APHIS-USA, https://www.
govinfo.gov/app/details/CFR-2014-title9-vol1/CFR-2014-ti-
tle9-vol1-sec113-53/summary; Fig. 1). After an adsorption 
period of 1 h at 37°C, maintenance culture medium was added, 
and the cell cultures were incubated at 37°C with 5% CO

2
. 

Monolayers were subcultured every 7 d by a freeze–thaw 
cycle, and 15% of the volume of the culture was used to inocu-
late the subculture. Cells were examined regularly throughout 
the 21-d maintenance period for evidence of cytopathic agents. 
On day 21, monolayers were tested by hemadsorption and 
immunofluorescence assays, and cell lysates were used for 
molecular detection of mycoplasma and pestiviruses. For this 
purpose, monolayers were washed 3 times with PBS to elimi-
nate any trace of culture medium, and then cells were lysed 
with a small volume of PBS by a freeze–thaw cycle.

Hemadsorption and immunofluorescence 
assays

In order to detect the presence of hemadsorbing agents, 
monolayers were washed 3 times with PBS, and cells were 
then incubated with a suspension of washed guinea pig and 
chicken red blood cells according to standard procedures.

Inoculated cell cultures were also evaluated by direct 
immunofluorescence using a panel of specific polyclonal 
Abs conjugated with fluorescein (VMRD; Suppl. Table 1). 
Briefly, cells were fixed with cold acetone for 20 min at 
−20°C and air-dried. The cells were washed once with PBS 
and then the Abs were added and incubated for 30 min at 
37°C. Cells were then washed 3 times with PBS, and the 

https://www.govinfo.gov/app/details/CFR-2014-title9-vol1/CFR-2014-title9-vol1-sec113-53/summary
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stained slides were mounted on a glass slide with mounting 
fluid. Observation was performed with a fluorescent-light 
microscope with 20× and 40× objectives. Cells infected with 
reference strains for each viral species were used as positive 
controls. Non-infected cells were used as negative controls 
in all cases.

The master cell banks used in our study were provided by 
the tissue culture facilities at the Virology Institute (INTA), 
and they were adventitious agents–free according to prior 
studies carried out in our laboratory. All of the reagents used 
for growth and maintenance of the indicator cells (serum, 
trypsin, and cell culture medium) were of commercial origin. 
All of them were controlled to rule out the presence of adven-
titious agents by the methods explained above (molecular 
analyses, VN, cell culture, and hemadsorption and immuno-
fluorescence assays).

Results

By PCR assays, 14% and 84% of the raw FBS analyzed sam-
ples were positive for mycoplasma and bovine pestiviruses, 
respectively. Only 8% of FBS samples were positive in both 
PCR tests. In contrast, 12 FBS samples (10%) were negative 
for both PCRs (Table 1). There was no association between 
the PCR results and the FBS manufacturer (Table 2).

None of the FBS samples analyzed contained nAbs 
against BVDV-1, BVDV-2, or HoBi-like virus. None of the 
FBS samples under study showed evidence of cytopathic 
effect on MDBK or Vero cells during the entire culture obser-
vation period. No growth of contaminating microorganisms, 
such as bacteria and fungi, was observed during the entire 
culture observation period. After 21 d of culture, cell lysates 
showed negative results when analyzed by PCR or RT-rtPCR 
for mycoplasma or bovine pestiviruses, respectively. No 
hemadsorbing activity was detected, and immunofluores-
cence assays were negative for all of the viruses analyzed in 
all FBS samples.

Discussion

Based on clinical, virologic, and epidemiologic evidence, the 
Argentinean cattle population is known to be free of some 
pathogens considered as exotic, such as Rift Valley fever 
virus (Rift Valley fever phlebovirus), bovine spongiform 

encephalopathy prion, and rinderpest virus (Rinderpest mor-
billivirus), making the contamination of the source material 
with these agents unlikely. In contrast, some bovine viral 
infections are endemic in our country (bovine pestiviruses, 
BoHV-1, BRSV). The Argentinean sanitary status for other 
viral agents remains unknown because clinical or serologic 
evidence has not been reported (BoAdV, bovine parvovirus). 
Regulations specify that the products used in the production 
of biopharmaceuticals must be checked for the presence of 
various contaminating agents, and constitute the basis for 
analysis in our laboratory to assess the safety of the material 
under test.

Mycoplasmas affect cattle heath in some Argentinean 
farms. These farms may be suppliers of the FBS manufactur-
ers at the slaughterhouses, and hence the local FBS batches 
may contain mycoplasma DNA. Added to this problem, cell 
culture contamination with mycoplasma is frequent around 
the world. The most likely sources of cell culture contamina-
tion with mycoplasma appear to be laboratory personnel, 
FBS, and other infected cell cultures.9,17 Microbiologic cul-
ture is the gold standard test to detect every kind of myco-
plasma contamination in cell cultures without considering 
the origin and species of mycoplasma. However, culture is 
time-consuming and may lead to false-negative results. 
Mycoplasma contamination can also be detected by PCR, 
which is a simple, sensitive, specific, reliable, efficient, and 
cost-effective technique. Most mycoplasma PCR tests 
amplify the highly conserved sequence of the 16S rDNA 
region, which is shared by a broad range of species, includ-
ing Mycoplasma bovis, M. arginini, and Acholeplasma laid-
lawii, which are the most frequent varieties found in cattle.17 
We found mycoplasma DNA in 14% of the FBS batches 
tested. Although there is not much information about the 
expected rate of contamination, some authors have reported 
0–19% of FBS batches to be positive for mycoplasma.1,2,6,9,22

Our pestiviral RT-rtPCR results indicated that a high pro-
portion (84%) of the FBS batches contained viral RNA. Our 
data are in accordance with previous studies; multiple authors 
have reported pestiviral contamination rates of 22–100% in 
commercial FBS batches.3,10,20,26,29,30 In most of these reports, 
the number of fetuses per batch was not available but, defi-
nitely, an increased pool size enhances the rate of contamina-
tion. Also, the sensitivity of the molecular method used has a 
great impact on the ability to detect viral RNA in FBS sam-
ples. Finally, some of these studies have been carried out 
with primers that do not detect RNA from HoBi-like virus, 
whereas the primers used in our research have proved to effi-
ciently detect BVDV-1, BVDV-2, and HoBi-like virus.14

The molecular detection of genetic material of myco-
plasma and pestiviruses in the FBS batches indicates that the 
source material was contaminated with those agents but does 
not imply infectivity of the material. Discrimination between 
infectious and non-infectious mycoplasma and pestiviruses 
is essential and can only be achieved by cell culture methods. 
In our study, these infectious agents were absent after cell 

Table 1.  Molecular detection of mycoplasma and pestiviral 
genetic material in raw fetal bovine serum samples.

Pestivirus

Mycoplasma

TotalNegative Positive

Positive 76% (94) 8% (10) 84% (104)
Negative 10% (12) 6% (8) 16% (20)
Total 86% (106) 14% (18) 100% (124)

Number of samples in parentheses.
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culture and subsequent passages, supporting correct viral 
inactivation by FBS producers through the gamma irradia-
tion process. This treatment may profoundly minimize the 
risk for infectious agents in FBS,26,29 but the absence of 
infectious pathogens cannot be fully guaranteed until the 
product is strictly controlled by cell culture assays. In our 
study, the gamma irradiation process proved to be 100% 
effective in canceling the infectivity of the adventitious 
agents analyzed. The other adventitious viruses (BoAdV, 
BTV, BPIV-3, RBV, bovine parvovirus, BoHV-1, BRSV, and 
reovirus) were also absent in all of the FBS batches. Our 
results reinforce the importance of using irradiated FBS as a 
supplement reagent in cell culture assays for elaboration of 
biological products, in order to minimize the risk of adventi-
tious contaminations in cells, and therefore in the final prod-
ucts. The presence of pestiviral RNA in FBS batches is still a 
matter of concern, especially if the sera are used for the man-
ufacture of pestiviral vaccines.

Gamma irradiation cannot eliminate the viral Abs present 
in FBS batches. Therefore, laboratories are encouraged to 
implement a stringent Ab-detection protocol if FBS is used 
for pestiviral detection tests.8 Some researchers have 
reported uneven levels of nAbs in FBS batches.3,4 The 
Argentinean FBS batches that we evaluated contained no 
traces of nAbs against BVDV-1, BVDV-2, or HoBi-like 
virus, therefore nAbs would not be the main concern when 
using these inputs.
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