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Virus enumeration by epifluorescence microscopy (EFM) is routinely done on preserved, refrigerated
samples. Concerns about obtaining accurate and reproducible estimates led us to examine procedures for
counting viruses by EFM. Our results indicate that aldehyde fixation results in rapid decreases in viral
abundance. By 1 h postfixation, the abundance dropped by 16.4% � 5.2% (n � 6), and by 4 h, the abundance
was 20 to 35% lower. The average loss rates for glutaraldehyde- and formaldehyde-fixed samples over the first
2 h were 0.12 and 0.13 h�1, respectively. By 16 days, viral abundance had decreased by 72% (standard devi-
ation, 6%; n � 6). Aldehyde fixation of samples followed by storage at 4°C, for even a few hours, resulted in
large underestimates of viral abundance. The viral loss rates were not constant, and in glutaraldehyde- and
formaldehyde-fixed samples they decreased from 0.13 and 0.17 h�1 during the first hour to 0.01 h�1 between
24 and 48 h. Although decay rates changed over time, the abundance was predicted by using separate models
to describe decay over the first 8 h and decay beyond 8 h. Accurate estimates of abundance were easily made
with unfixed samples stained with Yo-Pro-1, SYBR Green I, or SYBR Gold, and slides could be stored at �20°C
for at least 2 weeks or, for Yo-Pro-1, at least 1 year. If essential, samples can be fixed and flash frozen in liquid
nitrogen upon collection and stored at �86°C. Determinations performed with fixed samples result in large
underestimates of abundance unless slides are made immediately or samples are flash frozen. If protocols
outlined in this paper are followed, EFM yields accurate estimates of viral abundance.

The realization that viruses are abundant in natural waters
and have major effects on the mortality of heterotrophic and
autotrophic microbial communities (reviewed in references 9,
20, 24, and 25) has provided the impetus to develop procedures
to rapidly and accurately enumerate viral particles in cultures
and natural samples. Originally, these efforts focused on using
electron microscopy (1, 3, 4, 18), but this was soon superseded
by more rapid and accurate methods based on epifluorescence
microscopy (EFM) (11, 12, 21, 23) and, most recently, flow
cytometry (5, 6, 13).

Enumeration of viruses by EFM and flow cytometry is based
on using highly fluorescent nucleic acid dyes. In the initial
methods the approach used for enumerating bacteria in natu-
ral samples (17) was modified by staining the virus particles
with DAPI (4�,6-diamidino-2-phenylindole) and enumerating
them on filters by EFM (11, 21, 23). Subsequently, the ap-
proach was modified by replacing DAPI with Yo-Pro-1 (12).
Although Yo-Pro-1 has significant advantages over DAPI in
that the fluorescence is more stable and the fluorescence yield
and the binding coefficient for nucleic acids are higher, it has
the disadvantages of relatively long staining times and inter-
ference by aldehyde-based fixatives. Hence, Yo-Pro-1-stained
slides need to be made with freshly collected samples. None-
theless, the accuracy and precision of viral counts obtained by
EFM are considerably greater than the accuracy and precision
of viral counts obtained by electron microscopy, and the pro-
cedure can be done in the field, making it a desirable approach
for estimating viral abundance (14, 23).

In many instances it is necessary to preserve samples in the
field and return them to the laboratory for analysis of viral
abundance; consequently, efforts were made to modify the
original Yo-Pro-1 method so that it could be used with fixed
samples. One suggested approach was to use microwave radi-
ation to allow rapid Yo-Pro-1 staining of fixed samples (26),
while another modification was to replace Yo-Pro-1 with
SYBR Green I (16) or SYBR Gold (7). Unfortunately, the
introduction of the alternative dyes was not accompanied by
data on the effect of fixation and storage of samples on esti-
mates of viral abundance or by a comparison of the accuracy of
the counts to the accuracy of the Yo-Pro-1 method counts.
Subsequently, Bettarel et al. (2) compared the original Yo-
Pro-1 method (12) with the modified methods involving mi-
crowave treatment (26) and replacement of Yo-Pro-1 by
SYBR Green I (16). Their conclusion was that the SYBR
Green I modification produced less stable fluorescence and
yielded lower estimates of viral abundance but that the original
Yo-Pro-1 and microwave-modified approaches produced esti-
mates that were not significantly different.

In our laboratory, EFM is routinely used to estimate viral
abundance in cultures and natural samples, and over the years
we have counted thousands of samples. Although we typically
employed the original Yo-Pro-1 method, we also used the
modified methods. However, in our hands, the results were
inconsistent. In particular, we experimented with the SYBR
Green I modification and became suspicious that glutaralde-
hyde fixation as recommended in the protocol was affecting our
results. In particular, we noticed decreases in viral abundance
over time when viral isolates were preserved with aldehydes
and stored at 4°C.

Aldehyde fixatives are routinely used to preserve natural
samples, which are then typically stored at 4°C in the dark
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before slides are prepared for EFM. The length of time be-
tween fixation of samples and preparation of slides can vary
from minutes to months or even years. Several studies have
shown, however, that the abundance of bacteria decreases
when the bacteria are fixed with glutaraldehyde, formaldehyde,
or Lugol’s iodine and stored at 4°C (10, 15, 22). Workers have
also reported decreases in the estimates of viral abundance in
aldehyde-preserved water (13, 14, 26, 27) and sediment (8)
samples, although the data are quite limited. A recent study of
viral isolates and natural marine samples by flow cytometry
indicated that storage of aldehyde-fixed samples decreased by
as much as 90% in just a few hours (5). This finding led to the
suggestion that viruses used for enumeration by flow cytometry
should be fixed with 0.5% glutaraldehyde for 15 to 30 min and
then flash frozen in liquid nitrogen before they are stored at
�80°C.

In this study, our goal was to firmly establish protocols that
allow accurate estimation of viral abundance in natural waters
by EFM. Specifically, we wished to determine whether alde-
hyde fixation of samples was responsible for inconsistent esti-
mates of viral abundance in SYBR Green I-stained samples
and, if so, what the magnitude of the error was over time.
Second, we wished to establish a satisfactory protocol for the
preservation of field samples so that accurate estimates of viral
abundance can be obtained by EFM.

MATERIALS AND METHODS

Sample collection. Plastic bottles, rinsed with water from the collection sites,
were used to collect water samples from the following locations around Vancou-
ver, British Columbia, Canada: Jericho Beach Pier (49°11�N, 123°10�W), the
north arm of the Fraser River (49°12.3�N, 123°03.1�W), and a depth of 50 m in
Burrard Inlet (49°18.95�N, 123°8.35�W) at the water intake system of the Van-
couver Aquarium. Samples were brought back to the lab and processed imme-
diately for slide preparation, fixation, and storage experiments.

EFM. For all experiments viral abundance was determined by EFM by using
an Olympus AX70 epifluorescence microscope with a wide-blue filter set (exci-
tation at 450 to 480 nm, 515-nm cutoff) and a UPlanApo �100 objective. The
water samples were collected and either processed immediately or fixed with
0.5% glutaraldehyde (electron microscopy [EM] grade) or with filtered (pore
size, 0.1 �m) 2.0% formaldehyde. Subsamples were either filtered directly or
diluted with filtered (pore size, 0.02 �m) MilliQ water to reduce the number of
viruses per field when preparations were observed under the microscope for ease
of counting. Slides were made by filtering 800 �l of whole or diluted samples,
either fixed or unfixed, through 0.02-�m-pore-size AlO3 filters (Anodisc; What-
man). The filters were immediately stained with SYBR Green I, SYBR Gold, or
Yo-Pro-1 (Molecular Probes). SYBR Green I slides were prepared by using a
modified method of Noble and Fuhrman (16). The filters were stained sample
side up for a minimum of 15 min in the dark with diluted SYBR Green I (a 4 �
10�2 dilution in filtered [pore size, 0.02 �m] MilliQ water) in a plastic petri dish.
Each filter was then mounted on a glass slide with 0.1% p-phenylenediamine
(made freshly from a frozen 10% aqueous stock; Sigma Chemical Co.) in 50%
glycerol–50% phosphate-buffered saline (0.05 M Na2HPO4, 0.85% NaCl; pH
7.5). The SYBR Gold slides were prepared by using the same method that was
used for the SYBR Green I slides (7). Yo-Pro-1 slides were prepared by the
method of Hennes and Suttle (12) for unfixed samples only. The filters were
stained sample side up for 48 h in 100 �l of 50 mM Yo-Pro-1 in a 2 mM NaCN
solution in a petri dish. The filters were then rinsed twice, with filtration, with 800
�l of filtered (pore size, 0.02 �m) MilliQ water and mounted onto glass slides
with glycerol. The slides were either frozen or counted immediately by EFM. For
frozen-storage experiments, the slides were stored at �20°C in a frost-free
freezer until they were counted. In all cases, a minimum of 200 virus-like parti-
cles in at least 20 random fields were counted (19).

Preliminary experiments. A series of preliminary experiments were conducted
to determine if the effects of aldehyde preservation were dependent on the
concentration of glutaraldehyde used for fixation. Duplicate samples were fixed
in 0.5, 2, and 4% glutaraldehyde and stored at 4°C. Slides were prepared after 30

min and 1 and 2 days and then every 2 days until 12 days. Slides were counted
immediately following preparation.

Glutaraldehyde versus formaldehyde. To examine differences in preservation
between glutaraldehyde and formaldehyde, a seawater sample collected from
Jericho Beach was divided into two sets of triplicate subsamples. One set of
subsamples was fixed in 0.5% glutaraldehyde (EM grade), and the other set was
fixed in filtered 2.0% formaldehyde before the subsamples were incubated at 4°C
in the dark for 30 min. Eight slides were then prepared from each subsample by
using SYBR Green I as described above. One slide from each set was counted
immediately, while the remaining slides were kept in a frost-free freezer at
�20°C. On days 1, 2, 4, 7, 9, 13, and 16, one slide was prepared from each of the
subsamples, which remained at 4°C in the dark, and immediately counted. One
previously prepared frozen slide from each set was counted on days 1, 2, 7, 13 and
16 to compare the effects of storage of fixed samples at 4°C with the effects of
storage of frozen slides on estimates of viral abundance. To examine short-term
changes in viral abundance in fixed samples, this experiment was repeated, and
slides for viral enumeration were prepared at 0, 1, 2, 4, 7, 12, 25, and 48 h.

Comparison of nucleic acid stains and storage methods. Water samples were
collected and divided into three sets of triplicate subsamples (designated sets I,
II, and III) (Fig. 1). One set (set I) was left unfixed; the other two sets were fixed
in 0.5% EM-grade glutaraldehyde (set II) or 0.74% filtered (pore size, 0.1 �m)
formaldehyde (2% formalin) (set III) and stored at 4°C in the dark for 30 min.
Immediately after fixation a slide was prepared from each triplicate subsample
and stained with SYBR Green I or SYBR Gold. One Yo-Pro-1-stained slide was
also made with each subsample of the unfixed triplicate subsamples. All the slides
were counted on the same day by EFM. At least 400 virus-like particles were
counted in 48 fields for this experiment. While the slides were being made, three
5-ml subsamples (subsamples A, B, and C) were taken from each treatment.
Subsample A was flash frozen in liquid nitrogen and stored at �86°C by follow-
ing the recommended storage procedures for flow cytometry (6), Subsample B
was flash frozen and stored at �20°C in a non-frost-free freezer, and subsample

FIG. 1. Flow chart of comparison of nucleic acid stains and storage
experiment. Natural water samples were collected in plastic bottles
that were rinsed with water from collection sites. The samples were
dispensed into three sets of triplicate containers and either left un-
treated (set I) or fixed with 0.5% glutaraldehyde (set II) or 0.74%
formaldehyde (set III). Each of the triplicate subsamples was split into
three treatments and either flash frozen in liquid nitrogen [N2(l)] and
stored at �86°C (subsample A) or �20°C (subsample B) or stored
directly at �20°C (subsample C). The remaining samples from sets II
and III were stored at 4°C. Slides were prepared for enumeration of
viral abundance at time zero (t�0) and 7 days (t�7). Glut, glutaral-
dehyde; Form, formaldehyde.
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C was frozen at �20°C. After 7 days, the subsamples were thawed in a 37°C water
bath, and slides stained with SYBR Green I or SYBR Gold were made. At the
same time, Yo-Pro-1-stained slides were made from the unfixed set of sub-
samples. The slides were kept frozen at �20°C in a frost-free freezer and counted
within 7 days (Fig. 1). Samples were also stored at 4°C in the dark and sampled
after 7 days.

Analysis of decay. For both types of fixative, linear, quadratic, and exponential
models were fitted to the short- and long-term viral decay data from the Jericho
Beach Pier samples by using Sigmaplot (SPSS) or JMP IN (SAS Institute). The
models were evaluated based on their r2 values. The predictive ability of the
models was tested against the data from the Fraser River and Burrard Inlet
samples after 7 days of fixation.

RESULTS AND DISCUSSION

Concerns about the accuracy of our estimates of viral abun-
dance led us to conduct a series of experiments to examine the
effects of aldehyde fixation and other preservation methods on
the counts of viral particles obtained by EFM. Our goal was to
establish protocols that yield accurate estimates of viral abun-
dance in natural water samples. These experiments demon-
strated that aldehyde fixation of water samples results in a
rapid decrease in the number of viral particles observable by
EFM. In order to obtain accurate estimates, slides must be
made immediately and kept frozen at �20°C, or fixed samples
must be flash frozen in liquid nitrogen and stored at �86°C.
Consequently, determinations of viral abundance made with

fixed samples should be considered large underestimates un-
less stained slides were made immediately after fixation or the
samples were flash frozen in liquid nitrogen and stored at
�86°C. These results and their implications are presented in
detail below.

Effect of aldehyde fixation and storage at 4°C. One of the
major benefits reported for the use of SYBR Green I was its
compatibility with fixatives (16). However, in both 16-day and
48-h experiments viral abundance decreased dramatically and
rapidly in glutaraldehyde- or formaldehyde-fixed natural water
samples stored at 4°C (Fig. 2). By 1 h postfixation, the abun-
dance had decreased an average of 16.4% � 5.2% (n � 6), and
by 4 h, the viral abundance was 20 to 35% lower than that at
zero time (Fig. 2B). Different concentrations of fixative did not
result in significant differences in decay rates (P � 0.05, as
determined by the slopes test; n � 41) (data not shown). The
average rates of decay for glutaraldehyde- and formaldehyde-
fixed samples over the first 2 h were 0.12 and 0.13 h�1, respec-
tively. The rate of decay decreased markedly with time and was
almost 1 order of magnitude less after 8 h than during the
period immediately following fixation. By 16 days the average
viral abundance had decreased by 72.2% (standard deviation,
6%; n � 6) (Fig. 2A). The amounts of the decrease were not
significantly different between the fixatives for the 48-h and

FIG. 2. Percentages of the initial virus abundance for 0.5% glutaraldehyde-fixed (�) and 2.0% formaldehyde-fixed (E) samples collected from
Jericho Beach Pier and stored at 4°C. Subsamples were collected over time, and the viruses were enumerated by using SYBR Green I staining.
The percentages of the initial virus abundance estimates are shown over time for slides prepared immediately and frozen at �20°C for 0.5%
glutaraldehyde-fixed (}) and 2.0% formaldehyde-fixed (F) samples. Models of decay for glutaraldehyde- and formaldehyde-fixed samples are
indicated by solid and dashed lines, respectively (see text for equations). (A) Long-term experiment conducted over 16 days. (B) Short-term
experiment conducted over 48 h. The error bars indicate standard deviations for triplicate samples.
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16-day experiments (P � 0.163 and P � 0.865, respectively, as
determined by the paired t test). These results indicate that
aldehyde fixation of samples followed by storage at 4°C for
even a few hours results in large underestimates of viral abun-
dance by EFM. This may be one of the reasons that the Yo-
Pro-1 method was found to yield estimates of viral abundance
that were 1.2- to 7.1-fold (average, 3.0-fold; n � 12) higher
than estimates based on transmission electron microscopy
(12), whereas the estimates obtained by using SYBR Green I
averaged only 1.28-fold higher than transmission electron mi-
croscopy-based counts (16). It is possible that microwave radi-
ation may reduce the decay (26), although we did not test this
in our study; moreover, Xenopoulos and Bird caution that
even when microwave radiation is used, the samples must be
processed within a few days.

The loss of bacteria from aldehyde-fixed samples has been
well documented (10, 22), and losses of up to 50% of bacterial
cells within 1 month of fixation have been reported (10). There
have also been reports that viral abundance declines in alde-
hyde-preserved samples. Marie et al. (13), using flow cytom-
etry, observed that the number of viruses infecting the mi-
croalga Phaeocystis pouchetii decreased in samples preserved in
glutaraldehyde or paraformaldehyde and stored at 4°C. Also,
Danovaro et al. (8) found that the abundance of viruses in
extracted sediment samples declined by more than 20% after
only 24 h of storage and by 30 to 40% after 7 days of storage.
Brussaard (5) found that the abundance of virus isolates fixed
with glutaraldehyde decreased within a few hours. Different
isolates decayed at different rates, but by 14 days following
fixation the decreases were as great as 80%.

In our experiments the loss of viruses over time was not well
described by a single rate constant. For example, the rate of
loss of viruses in glutaraldehyde- and formaldehyde-fixed sam-
ples decreased from 0.13 and 0.17 h�1 during the first hour to
ca. 0.01 h�1 between 24 and 48 h. This suggests either that a
combination of mechanisms contributed to the decrease in
viral abundance in fixed samples or that specific viruses decay
at different rates.

Correcting for decay in fixed samples. Although the rates of
loss of the viruses changed with storage time, the rates were
similar for viral communities collected from different environ-
ments. For example, 7 days after fixation ca. 40 to 60% of the
viruses remained in refrigerated samples from the Jericho
Beach Pier (Fig. 2A), the Fraser River (Fig. 3B), and Burrard
Inlet (Fig. 3C). Given that the viral communities were likely
different in the different habitats, this finding suggests that the
rate constants for decay in aldehyde-fixed samples, although
variable over time, might be quite robust among samples. This
is consistent with previous findings (22) which showed that
decreases in bacterial cell numbers in glutaraldehyde-pre-
served seawater samples are predictable.

Although viral decay in the fixed samples was not described
by a single rate constant, changes in viral abundance over time
were approximated by using models calculated for periods less
than and greater than 8 h (Fig. 2). The models were based on
data from several experiments conducted with water samples
from Jericho Beach Pier. Over the first 8 h, viral decay in
glutaraldehyde- and formaldehyde-fixed samples was approxi-
mated by the following equations: ln(percent remaining) �
0.0082h2 � 0.1261h � 4.6017 (r2 � 0.90, n � 17) and ln(per-

FIG. 3. Virus abundance estimates for slides prepared at time zero
(t�0) from unfixed, 0.5% glutaraldehyde-fixed, and 0.74% formalde-
hyde-fixed samples. Estimates of abundance are also shown for day 7
(t�7) for samples fixed for 30 min or left unfixed and stored at �20°C
or flash frozen in liquid nitrogen and stored at �20 or �86°C. Fixed
samples were also stored at 4°C. Light grey bars, SYBR Green I-
stained slides; dark gray bars, SYBR Gold-stained slides; black bars,
Yo-Pro-1-stained slides. Where data are not shown, the treatment was
not performed with the sample. The error bars indicate standard de-
viations for triplicate subsamples. (A) Jericho Beach Pier; (B) Fraser
River; (C) Burrard Inlet. Glut, glutaraldehyde; Form, formaldehyde;
Liq N, liquid nitrogen.
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cent remaining) � 0.0101h2 � 0.1252h � 4.6017 (r2 � 0.83,
n � 18), respectively. After the first 8 h, the decay of viruses
was estimated by using exponential models. For glutaralde-
hyde-fixed samples the decay was approximated by ln(per-
cent remaining) � 4.118e�0.0006 h (r2 � 0.93, n � 27), and
for formaldehyde-fixed samples the decay was approximated
by ln(percent remaining) � 4.216e�0.0004 h (r2 � 0.67, n � 30).
We tested these models against independent decay data col-
lected for samples from the Fraser River and Burrard Inlet
that were fixed with either 0.5% glutaraldehyde or 0.74% form-
aldehyde and stored at 4°C. When the model for glutaralde-
hyde-fixed viral decay was applied to virus abundance data
collected at 168 h, the percentages of viruses remaining were
underestimated, resulting in overestimation of the initial viral
abundance by 23 and 8.0% for the Fraser River and Burrard
Inlet samples, respectively. When the model was applied to
formaldehyde-fixed samples, the percentage of viruses remain-
ing for the Fraser River sample was underestimated, which
resulted in a 9% overestimate of the initial viral abundance,
while the percentage of the viruses remaining for the Burrard
Inlet sample was overestimated, which resulted in a 10% un-
derestimate of the initial viral abundance. Consequently, these
models can be used to approximate initial viral abundance in
samples stored for relatively short periods of time. Beyond 1 or
2 weeks of storage, extrapolation to initial abundance would
likely yield increasingly inaccurate results given that 25% or
less of the initial viral abundance would remain. Caution
should be used when these models are applied to viral abun-
dance in stored samples, as over- or underestimates of as much
as 20% could affect conclusions regarding the environment
studied.

There are several plausible explanations for the decreases in
viral abundance in stored fixed samples. Proteases may break
down viral proteins, as has been suggested for bacteria in
glutaraldehyde-fixed samples (10). Alternatively, aldehydes
may cross-link the viral proteins and interfere with stain pen-
etration. Finally, viruses may attach to each other, bacterial
cells, or other particulates, and this may reduce the number of
free viruses. Regardless of the mechanism, the viruses can no
longer be distinguished as individual particles by EFM or flow
cytometry (5, 13).

The high rate of loss of viruses in aldehyde-fixed samples is
likely the reason that we obtained variable results and other
workers have reported lower estimates of viral abundance
when the protocol for SYBR Green I staining (16) was used.
For example, Bettarel et al. (2) indicated that the estimates of
viral abundance made by using the original Yo-Pro-1 method
(12) were invariably and significantly higher than those ob-
tained by using SYBR Green I. However, their slides were
made from samples fixed in 0.74% formaldehyde and stored
for up to 1 week.

Processing of unfixed samples and storage of slides. We
found no significant difference (P 	 0.01) between estimates of
viral abundance made with fixed and estimates of viral abun-
dance made with unfixed samples, provided that the slides
were made immediately. However, it was not possible to use
SYBR Green I to stain all unfixed samples (e.g., Burrard Inlet
samples) due to occasional sample-dependent high back-
ground fluorescence. Counts from time zero for natural sam-
ples from the three locations analyzed by using analysis of

variance showed no significant difference among stains (P 	
0.01), demonstrating that accurate estimates of viral abun-
dance can be made with aldehyde-fixed samples, if the slides
are made immediately.

There was no decline in viral abundance during the 16-day
experiment on Yo-Pro-1-or SYBR Green I-stained slides
stored at �20°C. This finding agrees with studies showing that
Yo-Pro-1-stained slides can be stored at �20°C for at least 4
months (12) and with our unpublished data showing that ac-
curate estimates of viral abundance can be made with Yo-Pro-
1-stained slides stored for 1 year. Hence, slides do not need to
be processed immediately after preparation.

Alternative preservation methods. As storage of aldehyde-
fixed samples at 4°C resulted in rapid decay of viral particles,
we explored freezing at �20°C, flash freezing in liquid nitrogen
and storage at �20°C, and flash freezing and storage at �86°C
as alternative methods to preserve unfixed and fixed samples.
Of the three approaches, only flash freezing followed by stor-
age at �86°C produced acceptable results. This is also the
protocol that has been recommended for storage of samples
for viral enumeration by flow cytometry (6, 13). This method of
storage has been found to provide reliable estimates of abun-
dance by flow cytometry for up to 6 months of storage (6).
Viral abundance decreased in samples that were flash frozen
and stored at �20°C or were stored directly at �20°C (Fig. 3).
An exception was unfixed samples from Burrard Inlet that
were flash frozen and stored at �20°C, for which the estimates
of viral abundance were about double those at time zero (Fig.
3C). The reason for this difference is unknown. Estimates of
viral abundance determined by using SYBR Green I or SYBR
Gold staining did not decrease for unfixed or 0.5% glutaralde-
hyde-fixed samples that were flash frozen in liquid nitrogen
and stored at �86°C. The viral abundance for samples from
Jericho Beach and the Fraser River that were fixed in 0.74%
formaldehyde, flash frozen, and stored at �86°C was signifi-
cantly different from the viral abundance for unfixed and 0.5%
glutaraldehyde-fixed samples that were stored in the same way
(P � 0.01). This finding is similar to the findings of experiments
performed with viral isolates in which the flow cytometric
counts decreased for formaldehyde-fixed samples (5). Flash-
frozen unfixed samples showed lower abundance when they
were stained with Yo-Pro-1 than when they were stained with
SYBR Green I or SYBR Gold.

Recommendations. Whenever possible, slides should be pre-
pared immediately with either unfixed or fixed samples and
frozen at �20°C until they are processed, because viral abun-
dance declines rapidly in fixed samples stored at 4°C. Slides
made immediately with Yo-Pro-1, SYBR Green I, and SYBR
Gold yielded estimates of viral abundance that were indistin-
guishable from each other. Nonetheless, the suitability of the
staining procedures should be checked for the type of samples
being analyzed because not all stains were suitable for all
samples. If immediate slide preparation is impractical, flash
freezing 0.5% glutaraldehyde-fixed or unfixed water samples in
liquid nitrogen, followed by storage at �86°C, allows accurate
estimates of viral abundance to be made by using SYBR Green
I or SYBR Gold staining. Consequently, determinations of
viral abundance made with fixed samples should be considered
large underestimates unless stained slides were made immedi-
ately after fixation or the samples were flash frozen in liquid
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nitrogen and stored at �86°C. If the protocols outlined above
are carefully followed, EFM provides practical and accurate
estimates of viral abundance in natural samples.
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