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A B S T R A C T

Experimental studies on Zika virus (ZIKV) may require improvement of infectious titers in viral stocks obtained
by cell culture amplification. The use of centrifugal filter devices to increase infectious titers of ZIKV from cell-
culture supernatants is highlighted here. A mean gain of 2.33 ± 0.12 log10 DICT50/mL was easily and rapidly
obtained with this process. This efficient method of ultrafiltration may be applied to other viruses and be useful
in various experimental studies requiring high viral titers.

The globalization of Zika virus (ZIKV; Flavivirus genus, Flaviviridae
family) led to a high number of experimental studies during the past
years. Experiments may require viral stocks with high concentrations
that cannot always be obtained by cellular amplification alone.
Different methods such as ultracentrifugation over a density gradient,
pressurized filtration or polyethylene glycol precipitation are com-
monly used to concentrate virus (Chu and Dornburg, 1997; Coelho
et al., 2017; Reiser et al., 1996; Russell et al., 2007; Saha et al., 1994;
Wunner and Pringle, 1976). Such processes are time-consuming (up to
several days) and important losses in infectivity may occur (as much as
99% loss) (Burns et al., 1993; Chu and Dornburg, 1997; Russell et al.,
2007; Saha et al., 1994). A convenient process of ultrafiltration using
centrifugal filter devices (CFD) to highly concentrate ZIKV from in-
fected cell-culture supernatants is reported here.

Infected cell-culture supernatants were obtained by amplification of
ZIKV (strain PF13/251013-18, GenBank accession number KX369547)
on C6/36 or Vero-76 cells (ATCC CRL-1660 and CRL-1587 respectively,
USA) as previously described (Aubry et al., 2016; Richard et al., 2015).
Supernatants were centrifuged at 4 °C at 3200× g for 10min to pellet
cells in suspension, and were pre-filtrated using 0.22 μm filter units
(Nalgene, USA) to prevent clogging of the CFD filter and facilitate the
ultrafiltration step. Samples of supernatants were collected and stored
at −80 °C with foetal bovine serum at a dilution of 1:5. Clarified cell-
culture supernatants were then physically concentrated using Centricon
Plus-70 CFD (Millipore, Germany) with a membrane pore size of 10 nm
(100K NMWL), following the manufacturers’ recommendations to use
three- to six-fold lower pore size than the target molecules. Briefly, the
CFD was loaded with 70mL of supernatant and centrifugation was

performed at 4 °C at 3200× g for 25–45min, until approximately
250 μL of concentrate of ZIKV-infected supernatant was achieved in the
filter core of the CFD. Then the CFD was inverted and centrifugation at
1000× g was performed during 2min at 4 °C to recover the con-
centrate. The concentrate was stored at −80 °C with foetal bovine
serum at a dilution of 1:5 until use.

ZIKV infectious titers were determined in samples collected before
and after concentration by inoculation of 10-fold dilutions of each
sample on Vero cells in 96-wells plates. Following 6 days of incubation
at 37 °C in an atmosphere of 5% CO2, cells were fixed on the plates with
cold acetone diluted at 3:4 in phosphate-buffered saline buffer (PBS;
Biomérieux, France) for 10min. Indirect immunofluorescence assay
was subsequently performed to detect ZIKV-infected cells using anti-
flavivirus mouse antibodies 4G2 (Absolute antibody, UK) diluted 1:50
in PBS, then fluorescein isothiocyanate-conjugated goat anti-mouse
secondary antibodies (Life technologies, USA) diluted 1:50 in PBS with
Evans blue. Wells with ZIKV-positive cells were enumerated for each
dilution, and the method of Reed and Muench was used to calculate
viral titers in 50% tissue culture infectious dose (TCID50/mL) (Reed and
Muench, 1938). Statistical analyses were conducted using the Shapiro-
Wilk test to check normality, and the paired t-test to compare viral
titers before and after concentration (Graph Pad Prism software, USA).

Seven CFD-concentration trials were conducted in the context of
previous studies (Richard et al., 2017, 2016) using C6/36 (trials 1–2)
and Vero-76 (trials 3–7) cell-culture supernatants. For each trial, four
CFD were simultaneously used and viral concentrates were pooled to
obtain a final volume of about 1mL. ZIKV titrations were performed at
the time of previous studies for samples from C6/36 amplification and
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one year later for samples from Vero amplification. ZIKV infectious ti-
ters in samples collected before the concentration step (starting ZIKV
titers) consisted in values ranging from 3.25 to 6.50 log10 TCID50/mL
(Table 1). After CFD-concentration, viral titers (final ZIKV titers) were
significantly increased (p < 0.0001) with values between 5.36 and
9.00 log10 TCID50/mL. The gain (final titer subtract starting titer) ob-
tained with CFD-concentration varied from 2.00 to 2.86 log10 TCID50/
mL corresponding to a mean gain of 2.33 ± 0.12 log10 TCID50/mL
(mean ± standard error).

The ultrafiltration method used here allowed to easily and rapidly
obtain samples with higher concentrations of ZIKV from infected cell-
culture supernatants. Concentrations of cell-culture supernatants by
ultrafiltration process have been performed for several retroviruses
(Chu and Dornburg, 1997; Reiser, 2000; Reiser et al., 1996; Saha et al.,
1994) but only few studies have used this method for arthropod-borne
viruses (arboviruses), and usually as an additional step to another
process such as ultracentrifugation with a sucrose gradient or pressur-
ized filtration systems to obtain purified virus (Coelho et al., 2017;
Huang et al., 2008; Russell et al., 2007). As demonstrated here for ZIKV,
in a previous study for dengue virus (Richard et al., 2015), and as also
observed for chikungunya virus (personal data), viral titers were greatly
increased by 2 log10 using CFD, confirming that this method is effective
for different arboviruses. Moreover, this ultrafiltration method does not
require the addition of chemicals, thus enabling the use of the con-
centrates for both in vitro and in vivo studies. Indeed, ZIKV con-
centrates obtained with the CFD-ultrafiltration process have been suc-
cessfully used in different kinds of studies including vector competence
experiments (Richard et al., 2017, 2016) and evaluation of inactivation
processes in the transfusion field (Aubry et al., 2016; Laughhunn et al.,

2017; Santa Maria et al., 2017). This convenient CFD-ultrafiltration
approach may be applied to other viruses and may be useful in various
experimental studies requiring high viral titers.
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Table 1
ZIKV titers in infected cell-culture supernatants before (starting titers) and after (final
titers) concentration with Centricon Plus-70 centrifugal filter devices.

Experimental assay Starting ZIKV
titera (log10
TCID50/mL)

Final ZIKV titer
(log10 TCID50/
mL)

Gain in ZIKV titer
(log10 TCID50/mL)

Trial 1 6.50 8.60 2.10
Trial 2 6.50 9.00 2.50
Trial 3 3.25 5.75 2.50
Trial 4 3.25 5.36 2.11
Trial 5 4.64 7.50 2.86
Trial 6 4.64 6.88 2.24
Trial 7 4.50 6.50 2.00
Mean gain – – 2.33

Cell-culture supernatants used for trials were obtained from C6/36 (trials 1–2) and Vero-
76 (trials 3–7) cultures infected with ZIKV. In each trial, 280 mL of supernatant were
divided into four centrifugal filter devices and concentrated by ultrafiltration to obtain a
final pooled-volume of approximately 1mL. ZIKV, Zika virus.

a Discrepancies between C6/36 and Vero starting titers were due to different storage
durations.
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