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Comparison of type and concentration of overlay media
which effect on cell confluency and incubation period
on plaque formation in viral plaque assay
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Abstract

Plaque assay is one of the accurate methods for direct quantification of tissue culture adaptive infectious
virus by simply counting the discrete plaques in a cell culture. Even it is a traditional method; plaque assay is
still regarded as the gold standard for virus quantification. In this study, I tried to examine the effect of over-
lay media, cell confluency and incubation period on discrete plaque formation for Bovine Herpes Virus-1 (BHV-
1) LA strain on MDBK cell culture. The data provides the true values for the plaque assay protocol for BHV-1.
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1. Introduction

# 3B

Viral plaque assay is the method for measuring
viral infectivity and multiplication in cultured cells.
Clear lysed areas or plaques develop as the viral par-
ticles are released from the infected cells during
incubation [1].
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Plaque assay is one of the most accurate methods
for the direct quantification of infectious virons and
antiviral substances through the counting of dis-
crete plaques [2]. This technique was first devel-
oped to calculate the titer of bacteriophage stocks.
Renato Dulbecco modified this procedure in 1952
for use in animal virology and it has since been used
for reliable determination of the titers of many differ-
ent viruses [3]. It is widely regarded as the gold
standard for virus quantification and heavily used in
the field of virology [4]. Virus plaque assay only can
be used for the viruses which can cause cytopathic
effect in host cells [5]. Therefore, the usage is limit-
ed but the main advantages of plaque assay are that
each individual virus (or aggregate) forms a single
plaque and that each plaque is rarely a mixture of
several virus types [6].
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In this procedure a confluent monolayer of host
cells is infected with a lytic virus of an unknown con-
centration and allows absorbing. Unabsorbed virus
is washed off and overlay medium is added to
restrict the spread of progeny virus to surrounding
cells. Typically solid or semisolid overlay substrates
like Agarose, Methyl Cellulose and Carboxymethyl
Cellulose have been used [2]. Following visible
plaque formation cells are fixed and stained to identi-

fy plaques by naked eye. The number of plaques;
Plaque Forming Units (PFU) and the dilution of the
virus solution is used to calculate the titer of virus
[3].
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Virus titer = PFU /
dilution of the virus inoculum
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In this report, to know the most optimum condi-
tion of viral plaque assay for Bovine Herpes virus-1
(BHV-1) LA strain as the tissue adapted virus, I
examined the effect following factors on distinguish
plaque formation.
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1. Effect of solid and semisolid overlay media

2. Effect of concentration of overlay media

3. Effect of cell confluent of monolayer cells

4.Effect of time duration between virus inocula-
tion and fixation
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2. Materials and methods
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2.1 Effect of solid (Nobel agar) and semisolid
(Methyl Cellulose) media on plague forma-
tion
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Four C6 plates of MDBK cells of >90% of cell con-
fluent were prepared and each were inoculated with
10 fold serial dilutions of BHV-1 (10 to 10°) and
kept in 5% CO. incubator at 37°C for 1 hour for virus
absorption. Following absorption, the virus solution
was aspirated out and each of 0.75% Nobel agar, 1%
Nobel agar, 0.75% Methyl cellulose and 1% Methyl
cellulose overlay media were added onto the plates,
respectively. C6 plates were incubated in 5% CO,
incubator at 37°C for three to five days. Then, cells
were fixed with 10% formaldehyde/PBS and stained
using 0.5% crystal violet.

2.2 Effect of cell confluence on distinguish
plaque formation
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Three C6 plates of MDBK cells with 80%, 90% and
>100% confluent were prepared. To obtained >100%
confluent kept the plates one more day following it
became 100% confluent. Ten-fold diluted BHV-1 (10
to 10°) were prepared and inoculated into cultured
cells. Following viral absorption in 5% CO: incubator
at 37°C for 1 hour, 1.0% of Methyl Cellulose overlay
medium was added for each plate and continued the
protocol as mentioned above. PFU was calculated in
each plate.

2.3 Effect of concentration of methyl cellulose
overlay media on distinguish plaque forma-
tion
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Ten-fold diluted BHV-1 (10* to 10°) were inoculat-
ed onto three C6 plates of MDBK cells which were
>90% confluent. Following viral absorption, 0.75%,
1.0% and 1.25% methyl cellulose overlay medium
were added to the well of C6 plates, respectively.
Plates were incubated for three days in 5% CO; incu-
bator, then fixed and stained as mentioned above.
C6 plates were examined the size and shape of the
plaques.

2.4 Effect of incubation time after virus inocu-
lation
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Three C6 plates of MDBK cells which were 90%
confluent were prepared and were inoculated with
ten-fold dilutions of BHV-1 (10? to 10°). Following
viral absorption 0.75% of Methyl cellulose overlay
medium was added. Each C6 plate was fixed on day
3, day 4 and day 5, respectively, after virus inocula-
tion and PFU was examined.

3. Results
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3.1 Effect of solid (Nobel agar) and semisolid
(Methyl Cellulose) media on plague forma-
tion
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Observed clear plaque formation only with Methyl
Cellulose overlay medium (Fig 1).
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Table X. Virus plaque formation units (PFU) in the presence of various concentration of methyl cellulose
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Concentration of Methyl Cellulose overlay media
Cel{ confluency FEEH DO A F V1 — A D
MR (5 A7)
0.75% 1.0% 1.25%
80% 1.33x107 1.05x107 1.3x107
90-100% 3.3x107 3.5x10" 3.2x107
>100% (100% 2L 1) 2.08x10" 1.28 %10 1.88x10°

Fig 2 (X 2)

3 days after

4 days after

5 days after

Fig 3 (X 3)

3.2 Effect of cell confluence on distinguish
plaque formation
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The result showed that high virus titer when the
host cells were 90-100% confluent (Table X). Howev-
er, cell confluency was not associated with PFU.
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3.3 Effect of concentration of Methyl Cellulose
on plaque formation
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0.75% of Methyl Cellulose overlay medium provid-
ed comparatively bigger plaques than the 1% and
1.25% Methyl Cellulose (Fig 2).
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3.4 Effect of incubation time after virus inocu-
lation
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Cells fixed five days after inoculation showed dis-
tinguish large plaques compare to cells fixed on
three days and four days after virus inoculation (Fig
3).
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4. Discussion
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Formation of plaque in a virus plaque assay is due
to cytopathic effect made by the virus strain. Cyto-
pathic effect on cell layers with Methyl cellulose
medium was observed. On the other hand, cells
were detached from the bottom of plates in case of
Novel agar and following fixation and staining, cells
had been washed off from the plates. Procedure was
repeated by changing the temperature of novel agar
between 40°C and 45°C and incubating the plates in
upside down position in 5% CO; incubator. The
results were same. Although the reason was
unknown, it may indicate solid Nobel agar disturbed
the plaque formation by BHV-1 while semi solid
Methyl cellulose gives distinguish plaque with BHV-1.
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Effect of cell confluency in plaque formation was
measured by using different % confluent of MDBK
cells. The initial concentration of cells per one well
of C6 plate was maintained from 4x10° to 4.3x10°.
Cell confluent of 90-100% showed high PFU compare
to 80% and >100%. When overlay media is applied
following initial viral infection, plaques will begin to
develop as viral infection and replication are restrict-
ed to the neighboring cells. As the cells are loosely
attached in cell layers of 80% confluent cells, dis-
crete plaque formation could not be observed. At
the same time when the cells are kept for a longer
duration and cell confluent becomes >100%, the

monolayer structure get changed and it disturbs the
formation of discrete plaques during the given incu-
bation period. Therefore 90-100% confluent of cells
is best for the viral plaque assay.
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The concentration of Methyl Cellulose as overlay
media has inversely affected the size of the plaques.
Although PFU number is more or less similar with
all three concentrations, the diameter of single
plaque with 0.75% Methyl cellulose is slightly higher
than with 1.0% or 1.25%. When the concentration of
overlay medium is low it positively effects on replica-
tion-lysis-infection cycle of the virus and propaga-
tion of infection to surrounding monolayer.
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Time duration following inoculation of virus to fix-
ation provided similar PFU in all three plates. How-
ever, clear distinguish comparatively large plaques
were visible in the plate fixed on five days after virus
inoculation. Five days culture after virus inoculation
may be optimal for BHV-1 plaque assay.
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Finally, these results in this study provide the true
value on the plaque assay protocol for BHV-1.
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