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ABSTRACT

Previous studies have shown the presence of bovine
leukemia virus (BLV) in colostrum and milk of natu-
rally infected cows. The relationship between virus or
provirus and specific antibodies in these secretions
is particular to each infected cow and will probably
determine whether the consumption of colostrum or
milk from these naturally infected dams provides an
infective or a protective effect in recipient calves. Our
recent findings suggest that this issue is a key point
in BLV transmission in very young calves. Based on
this, the aim of the present study was to determine the
effect of the spray-drying treatment of colostrum on
BLV infectivity. The treatment was done on scale-down
conditions, using fresh colostrum from BLV-negative
cows spiked with infective BLV. Residual infectivity
was tested in susceptible lambs. Lambs inoculated with
colostrum spiked with BLV-infected cells or cell-free
BLV showed evidence of infection 60 d after inocula-
tion, whereas none of the lambs inoculated with spray-
dried colostrum showed evidence of infection 60 d after
inoculation. These results provide direct evidence that
the experimental spray-drying process used in this
study was effective in inactivating infectious BLV in
colostrum. These findings suggest that the risk for BLV
transmission could be reduced if milk and colostrum
were treated by spray-drying prior to consumption in
dairy facilities. The effect of spray-drying on the func-
tional properties and stability of the antibodies present
in colostrum under long-term storage should be further
investigated.
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INTRODUCTION

Bovine leukemia virus (BLV) is widely distributed
in the Americas, with high individual prevalence and
clinical disease appearance in dairy herds under in-
tensive management (https://www.oie.int/wahis_2/
public/wahid.php/Diseaseinformation /statuslist). The
endemicity of bovine leukemia in Argentina has in-
creased from the first report in 1973, reaching a herd
prevalence of more than 80% in the most productive
areas of the country (Trono et al., 2001). A recent
study has shown that around 10% of newborn calves
are infected, with a high incidence during the first 2 yr
of age, reaching around 50% prevalence before the first
calving (Gutiérrez et al., 2011; Merlini et al., 2016).
According to internal farm reports, up to 5% of cows
die because of BLV-associated lymphosarcoma, which
is associated with a loss of profits of more than $5,000
per animal (Castellano and Goizueta, 2014). Although
some studies have shown that the antibodies present in
milk and colostrum protect against neonatal infection
(Van Der Maaten et al., 1981), others have detected
both virus and provirus in these secretions and con-
firmed their infectivity by experimental inoculation
and oral consumption (Romero et al., 1983). Thus,
the ability of colostrum and milk to either infect or
protect from BLV-infected dams remains controversial.
Considering a potential failure in the transfer of passive
immunity, common management at dairy facilities is
artificial supply of fresh or frozen colostrum to newborn
calves from a bank to complement the natural intake
from its mother during the first day of life (Stott et al.,
1979; Reschke et al., 2017).

Despite the importance of colostrum consumption,
this secretion also represents one of the first potential
exposures of calves to infectious agents other than BLV
(Waldner and Rosengren, 2009; Lorenz et al., 2011).
Some effective practices to inactivate these pathogens,
including BLV, include freezing and pasteurization
(Baumgartener et al., 1976; Rubino and Donham, 1984;
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Godden et al., 2006). However, these practices also re-
duce immunoglobulin concentrations (Godden et al.,
2003). Thus, the aim of this study was to evaluate the
effectiveness of spray-drying treatment of colostrum to
inactivate BLV infectivity under scale-down conditions,
as an alternative to eliminating a potential source of
BLV transmission and to provide good passive immu-
nity.

MATERIALS AND METHODS

Experimental Contamination of the Colostrum
Pool with BLV

The FLK-BLV cell line is persistently infected with
BLV and constantly secretes viral particles to the
supernatant without cytopathogenic effect (Van Der
Maaten and Miller, 1976). Both FLK-BLV supernatant
and FLK viable cells were used as inocula for experi-
mental contamination of colostrum, as described below.
The FLK-BLV cell line was kindly provided by Dr. Luc
Willems (University of Liége, Belgium).

The FLK cells were cultured in RPMI 1640 medium
(Corning Inc., Corning, NY) with the addition of so-
dium pyruvate (1%) and HEPES (2.5%) and supple-
mented with 10% irradiated fetal bovine serum (Inter-
negocios SA, Buenos Aires, Argentina). Cultures were
maintained at 37°C with 5% CO, until formation of a
confluent monolayer, when the medium was replaced
with maintenance medium and cultured for 48 h. The
supernatant containing cell-free BLV was harvested,
clarified by centrifugation at 4,500 x ¢ at 4°C for 15
min, and stored at —65 + 10°C until use. Cells in the
monolayer were removed using trypsin, washed 3 times
with PBS, resuspended, and counted by the trypan
blue exclusion method.

Two spray-drying processes were independently per-
formed using 10 L of colostrum as the starting material
for each process (pool 1 and pool 2, Figure 1). This
colostrum was prepared as a pool of individual colos-
trum collections from uninfected cows from a BLV-free
dairy farm. All individual collections, as well as the
pools, were confirmed negative for BLV-specific anti-
bodies and provirus in our laboratory and kept frozen
at —20°C until the moment of use. These 10-L fractions
were independently contaminated with 10 viable BLV-
infected cells from the FLK-BLV cell line (pool 1) or
with 600 mL of fresh supernatant of FLK-BLV cells
containing cell-free BLV virus (pool 2). A third 10-L
fraction of colostrum, made with individual colostrum
collected from BLV-infected cows with detectable an-
tibodies against BLV as well as against bovine viral
diarrhea virus (BVDV) and bovine rotavirus (BRV),
was subjected to the spray-drying process (pool 3) to
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confirm the efficacy of the process to preserve immu-
noglobulins. A 150-mL fraction of negative colostrum
contaminated with BLV-infected cells (1.5 x 10°)
and another 150-mL fraction contaminated with cell-
free BLV (9 mL of fresh FLK supernatant) were left
untreated to verify the infectivity or interference of
the material without treatment. These fractions were
prepared immediately before performing the infectivity
test in sheep (Figure 1).

The amount used for the experimental contamina-
tion of both FLK-BLV cells and cell-free BLV was more
than 10 times that necessary to induce an experimental
infection in lambs or calves, according to data previ-
ously obtained in our laboratory (Porta et al., 2019).

Spray-Drying of the Colostrum Pools

The spray-drying or atomization treatment of pools
1, 2, and 3 (Figure 1) was carried out in a Galaxie
1612 spray dryer, following the recommendations of
personnel of Galaxie Argentina (Buenos Aires, Argen-
tina). The colostrum load was performed at 180°C and
the spray-drying process was carried out at 80°C to
preserve the antibodies. A flow diagram of the process,
together with a brief description, is shown in Figure 2.
Once the drying was performed, the colostrum powder
was preserved at room temperature.

Infectivity Bioassay in Sheep

The procedures in the Manual of the Institutional
Committee for Care and Use of Experimental Animals
of the National Institute of Agricultural Technology of
Argentina (CICUAE-INTA) were used for the handling
of animals and the extraction and handling of samples.
Eight BLV-free lambs, 3 to 6 mo old, were used. Lambs
were kept together in a natural grazing system until the
end of the trial, after which they were euthanized.

The spray-dried colostrum powder (pools 1 and 2)
was resuspended in its original volume with sterile dis-
tilled water. The volume of reconstitution was adjusted
by refractometry, taking as reference the concentration
of total solids in the colostrum before drying. Two
susceptible BLV-free lambs were inoculated for each
sample under study. The volume of inoculation was 50
mL per lamb, which was applied subcutaneously at 4
different sites. This model of infectivity was previously
set up in our laboratory (Porta et al., 2019) and is com-
monly used for the analysis of BLV infectivity in clini-
cal samples (Kanno et al., 2014). The samples without
spray-drying treatment were inoculated without any
previous manipulation (Figure 1).

The infection was monitored by ELISA and nested
PCR. Blood samples were taken into heparinized col-
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lection tubes by jugular venipuncture on the day of the
experimental infection (0 d post-infection), and at 30
and 60 d post-infection. Plasma and buffy coat were
obtained by centrifugation at 1,500 x g at 4°C for 15
min and stored at —20°C until analyzed.

DNA Purification

Total genomic DNA was extracted from colostrum
and lamb whole blood, using the High Pure PCR Tem-
plate Preparation Kit (Roche Life Science, Penzberg,
Germany) following the manufacturer’s instructions.

I viable cells
Frm
I':fK-BL\V
-
cell-free —
W supernatant 150 mL

OLOSTRU
Neg. Abs.

]
150 mL

1.5 x 108 FLK-BLV cells

1 x 10° FLK-BLV cells
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Detection of BLV Provirus and BLV Antibodies

The BLV provirus was detected by nested-PCR spe-
cific for the tazx gene according to a previously reported
method (Gutiérrez et al., 2011). The detection limit of
this assay was 1 BLV-infected cell/10,000 uninfected
cells.

Antibodies against the whole viral particle were de-
tected using an indirect ELISA developed and validated
in our laboratory (Trono et al., 2001). Samples were
assayed in duplicate in 2-fold dilutions; results were
expressed as percentage reactivity and determined by

without spray-
drying treatment

spray-drying 5

treatment
180°C/80°C

without spray-
drying treatment

spray-drying
treatment
180°C/80°C

n=2

without spray-

drying treatment antibody testing
spray-drying _ .

o antibody testing
180°C/80°C

Figure 1. Experimental contamination of colostrum with bovine leukemia virus (BLV) and spray-drying treatment. Neg. Abs. = negative
antibodies; Pos. Abs. = positive antibodies. FLK-BLV = cells persistently infected with BLV; SN = supernatant.
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Spray Dryer Components
1) Feeding Tank.
2) Product Filter.
:
3) Dosing pump.
7} 4) Sets of Pipes, Valves and
Accessories.
5) Complete burner.

X
¥ 6) Hot Gas Generator Direct.

7) Full atomizer.

8) Hot Air Disperser.

9)Drying Chamber with Door and
Peephole.

10) Interconnection Ducts.

11) Product Output Cyclone.

12) Rotary Valve.

13) Aspiration Fan.

14) Fireplace.

15) Control and Command Board.
16) Effluent Gas Washer Components

Figure 2. Flow diagram of a spray-drying process (www.galaxie.com.ar). Briefly, the process begins with the loading of colostrum in the
feed tank (1), from where it is driven through a pump (3) to the atomizer (7), previously passing through a filter. In the atomizer, it receives
a uniform stream of hot air that pulverizes it. Drying (9) occurs almost instantaneously due to the size of the drop. Finally, the residual air is
separated from the powder (11) and the process ends with a dry colostrum powder.

absorbance ratio obtained by the sample with respect
to the weak positive control and the negative plaque
control. All sera with reactivity >25% were declared
positive, as defined during previous validation (Gutiér-
rez et al., 2009).

Detection of BVDV and BRV Antibodies

Antibodies against BVDV were detected and mea-
sured by seroneutralization assay. Samples were as-
sayed in 4-fold dilutions and neutralization titers were
assigned according to the positive status of 4 replicates
for each dilution (Pecora et al., 2014).

Antibodies against BRV were detected by an indirect
ELISA, as previously reported (Fernandez et al., 1996).
Samples were run in duplicate in 4-fold dilutions.

RESULTS

The spray-dried colostrum contaminated with BLV-
infected cells and cell-free virus was not infectious for
lambs previously stated as BLV-negative, which showed
no specific circulating antibodies or provirus, demon-
strating the ability of the process to inactivate the virus
when more than 10 times the amount of infective virus
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or cells was used. In contrast, the non-dried colostrum
contaminated with both types of inoculum was shown
to be infective, showing no nonspecific inactivation of
virus by the BLV antibody-free colostrum matrix (Fig-
ure 3).

Antibodies against BLV and BRV in pool 3 spray-
dried colostrum were reduced by only one dilution
when assayed by ELISA after reconstitution. In the
case of BVDV, the neutralization titer changed from
3 to 2.5, as a consequence of the reduction from 4 to 1
neutralized replicates at the same sample dilution (512;
Table 1).

DISCUSSION

Spray-drying is widely used in many applications of
the food and pharmaceutical industries (Masters, 1991)
and is an extensively used method for drying protein
and improving the stability of antibodies (Ramezani et
al., 2017). This process has demonstrated to maintain
the quality of live-virus vaccines during storage (Li et
al., 2015; Kanojia et al., 2017), which is important be-
cause the need to maintain the cold chain for these vac-
cines is challenging. A distinct advantage of this system
is the preservation of the functionality of components


www.galaxie.com.ar

Lomonaco et al.: EFFICACY OF SPRAY-DRYING TREATMENT

6508

100
90
80 * X
* = = BLV-Negative Colostrum +
70 FLK cells + spray-drying
g % ® |
T % = = BLV-Negative Colostrum +
% FLK SN + spray-drying
g 50
< ——— BLV-Negative Colostrum +
% 40 FLK cells not spray-dried
0 o ——— BLV-Negative Colostrum +
CUT-OFF antibodies FLK SN not spray-dried
======
0
(] 10 20 30 40 50 60 70

Time (d)

Figure 3. Serology of lambs inoculated with colostrum samples with (dashed line) and without (solid line) spray-drying treatment. Stars
indicate a positive result by PCR. BLV = bovine leukemia virus; FLK-BLV = cells persistently infected with BLV; SN = supernatant.

of the biological matrix, particularly immunoglobulins
(Niewold et al., 2007; Gikanga et al., 2015; Faghihi
et al., 2017), which is of vital importance in products
containing antibodies that must be preserved, such as
serum, plasma, milk, and colostrum.

In dairy facilities, natural colostrum should be sub-
stituted or supplemented using a product that not only
provides functional immunoglobulins but also ensures
safety in terms of biological contaminants such as
BLV. During the neonatal period, calves are at par-
ticular risk of becoming infected with BLV, especially
on dairy farms where calves are provided with natural
or artificial intake of colostrum and raw milk (Ruiz et
al., 2018). In Argentina, dairy farms use a colostrum
bank containing colostrum from individual cows for
supplementation or substitution of natural colostrum;

the banked colostrum is preserved in domestic freezers
until the moment of use. The state of the cow regarding
BLYV is not checked before her colostrum is banked and
although the colostrum is sometimes heat-treated at
60°C before use to ensure inactivation of pathogens,
this is not the general procedure. Moreover, heat
treatment takes time, reduces the functionality of the
immunoglobulins, and may lead to coagulation of the
colostrum. In this context, the use of colostrum powder
obtained with the spray-drying process is a feasible
alternative. The handling of individual secretions for
preservation and treatment could be avoided and the
procedure could be reduced to rehydrating the powder
and using it immediately after calf delivery. In fact, this
technology is used in the manufacture of commercial
colostrum substitutes that are currently consumed by

Table 1. Titration of antibodies in colostrum with antibodies (pool 3) before (pre) and after (post) the spray-drying process'

BLV titer BVDV la titer BRV titer

(ELISA) (seroneutralization) (ELISA)
Sample? Pre Post Pre Post Pre Post
Pool 3 (colostrum with natural antibodies against BLV, BVDV la, 128 64 512 512 65,536 16,384

and BRV)

"Results are expressed as dilutions of the sample under study with a 2-fold dilution (BLV titer) or 4-fold dilution (BVDV 1a and BRV titers).
’BLV = bovine leukemia virus; BVDV la = bovine diarrhea virus serotype la; BRV = bovine rotavirus.
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cattle and other livestock in several countries. In this
context, the presence of BLV-specific antibodies was
reported in breeding calves in the United Kingdom,
where infection with BLV has been eradicated, due to
the use of a colostrum substitute from the United States
(Choudhury et al., 2013, 2015), showing the preserva-
tion of antibodies in the colostrum powder.

The inactivation of viral infectivity by the spray-
drying treatment has been demonstrated (Pujols and
Segalés, 2014), although not specifically for BLV or
its presence in colostrum. The assays carried out in
this study demonstrate that treatment of colostrum by
spray-drying is effective for inactivation of cell-associ-
ated or cell-free BLV without eliminating specific anti-
bodies against BLV, BVDV, and BRV (Table 1). The
antibodies measured after treatment varied in only one
dilution from the untreated samples in the case of BLV
and BRV, and in the number of replicates within the
same dilution in the case of BVDV. This could be an
effect of the random variation of the serological assays
or a reproducible effect of the treatment, and should
be further investigated, together with the functional
ability of colostrum powder to protect against BLV
challenge, as has been demonstrated for BRV (Vega
et al., 2015). The spray-drying treatment is reported
to protect the function of immunoglobulins from dif-
ferent sources, particularly from colostrum (Chelack et
al., 1993). Considering a potential protective effect of
the antibodies in recipient calves, the ultimate purpose
would be to adjust the concentration of antibodies to
be provided to the calves. In addition to the functional-
ity of antibodies, stabilization should be also studied.
Together, these findings provide preliminary evidence
for a potential strategy to provide calves with passive
immunity in the absence of infectivity.

In Argentina, milk substitute from fluid cow milk and
dietary supplements based on egg powder containing
specific antibodies against neonatal diarrhea are pro-
duced by spray-drying. Although colostrum powder is
not produced in our country, we have the capacity to
manufacture this type of product, on both small and
large scales. Our findings suggest that the risk for BLV
transmission could be reduced if colostrum is treated by
spray-drying before its consumption in dairy facilities.
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