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Microbial contamination of the environment represents a significant health risk. Classical bacterial fecal indicators have shown to have significant
limitations, viruses are more resistant to many inactivation processes and standard fecal indicators do not inform on the source of contamination.
The development of cost-effective methods for the concentration of viruses from water and molecular assays facilitates the applicability of viruses
as indicators of fecal contamination and as microbial source tracking (MST) tools. Adenoviruses and polyomaviruses are DNA viruses infecting
specific vertebrate species including humans and are persistently excreted in feces and/or urine in all geographical areas studied. In previous
studies, we suggested the quantification of human adenoviruses (HAdV) and JC polyomaviruses (JCPyV) by quantitative PCR (qPCR) as an
index of human fecal contamination. Recently, we have developed gPCR assays for the specific quantification of porcine adenoviruses (PAdV)
and bovine polyomaviruses (BPyV) as animal fecal markers of contamination with sensitivities of 1-10 genome copies per test tube. In this study,
we present the procedure to be followed to identify the source of contamination in water samples using these tools. As example of representative
results, analysis of viruses in ground water presenting high levels of nitrates is shown.

Detection of viruses in low or moderately polluted waters requires the concentration of the viruses from at least several liters of water into a much
smaller volume, a procedure that usually includes two concentration steps in series. This somewhat cumbersome procedure and the variability
observed in viral recoveries significantly hamper the simultaneous processing of a large number of water samples.

In order to eliminate the bottleneck caused by the two-step procedures we have applied a one-step protocol developed in previous studies and
applicable to a diversity of water matrices. The procedure includes: acidification of ten-liter water samples, flocculation by skimmed milk, gravity
sedimentation of the flocculated materials, collection of the precipitate and centrifugation, resuspension of the precipitate in 10 ml phosphate
buffer. The viral concentrate is used for the extraction of viral nucleic acids and the specific adenoviruses and polyomaviruses of interest are
quantified by gPCR. High number of samples may be simultaneously analyzed using this low-cost concentration method.

The procedure has been applied to the analysis of bathing waters, seawater and river water and in this study, we present results analyzing
groundwater samples. This high-throughput quantitative method is reliable, straightforward, and cost-effective.

Video Link

The video component of this article can be found at https://www.jove.com/video/2820/

Protocol

1. Concentration of the viral particles present in water samples

1. Collection and conditioning of water samples

1. Collect a minimum of 2 replicates of 10 L per sample in plastic containers with flat bottom and one extra sample as a process control.
This last sample will be spiked with a known amount of viral particles and used as a control.

Note: It is recommended to have special separate material (bottles, tube, etc.) for spiked samples.

2. Check the calibration of the conductimeter and recalibrate if necessary. Prepare a negative control by using tap water previously
adjusted to the adequate conductivity (see below 1.6) in one extra plastic 10 L container.

3. For spiked samples: Add the standard volume of the control virus (approximately 10° genome copies per 10 L of water) to the sample.
Mix by stirring avoiding splashing and aerosols. Positive controls could consist in an uncommon strain of adenovirus such as HAdV-35
or a bacteriophage such as MS2.

4. If the sample presents high quantity of suspended material (sand or other materials), let it sediment for 15 minutes. Transfer the water
into a new container.
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Adjust the pH of the water sample to 3.5 (+ 0.1) by the addition of 1 N HCI. This step is important for the concentration of the viruses,
so make sure the pH has been properly adjusted. Mix the water thoroughly by vigorous stirring while adding the HCI. (Note: If the pH is
lower than 3.5 add 1 M NaOH).

Adjust the conductivity. If the sample has a conductivity of 1500 pS/cm or higher, this step is not needed. If the conductivity is lower
than 1500 pS/cm the formation of flocculated material (flocs) is not guaranteed so adjust the conductivity to 1500 uS/cm by the addition
of artificial sea salts (Sigma). Mix vigorously by stirring while adding the sea salts.

Record the pH of the samples before and after conditioning as well as the volume of HCI used. The conductivity should also be
recorded after adjusting the pH. Always disinfect the pH-meter and conductimeter electrodes with a fresh HCI solution, dechlorinate
with 10% sodium tiosulphate solution and finally rinse with distilled water.

2. Preparation of pre-flocculated 1 % skimmed milk (PSM)

1.
2.

Check the calibration of the pH-meter and the conductimeter and recalibrate if necessary.

Prepare pre-flocculated skimmed milk solution (1 % PSM, w/v) by dissolving 10 g skimmed milk powder (Difco) in 1 L artificial seawater
(dissolve 33.3 g of artificial sea salts in 1 L of dechlorinated tap water and autoclave) and carefully adjusting the pH to 3.5 with 1N HCI.
The flocs should be visible. Prepare the solution just before to be used or store at 4°C for 24 h. For dechlorination use 1 ml of 10%
tiosulphate solution per 100 ml of water.

3. Flocculation of viral particles present in water samples

1.
2.
3.

Add 100 ml of 1 % PSM to the 10-L water sample.
Stir the samples for 8-10 h to allow the viruses to adsorb to the flocs. Use a timer to switch-off the stirring after 8-10 h.
Stop the stirring and let the flocs sediment by gravity for 8-10 h.

4. Collecting and re-dissolving the flocs. Centrifugation

1.

bl

N>

Remove the supernatant using a peristaltic pump and a plastic pipette connected to a plastic tube. For spiked samples the supernatant
should be collected into a bottle and disinfected according to internal procedures. In all cases TAKE CARE not to collect the pellet.
Collect the sediment with the flocs (approximately 500 ml) into a centrifuge bottle.

Balance the pots by the addition of PSM pH 3.5.

Centrifuge the pots in a high-speed centrifuge at 8,000 x g for 30 min at 4°C. As soon as the centrifuge stops, carefully remove the
centrifuge pots from the centrifuge.

Very gently pour off and discard the supernatant. Follow appropriate measures for infectious material.

Add 7 ml of phosphate buffer to dissolve the pellet in each centrifuge bottle.

Once the flocs have been dissolved, measure and add phosphate buffer to reach a total volume of 10 ml.

Homogenize the viral concentrate by vortexing and distribute the 10 ml into clean microtubes which should be frozen at -80°C until
needed in further analysis.

2. Nucleic acid extraction

1. Perform a nucleic acid extraction with the QIAamp Viral RNA Mini Kit following manufacturer instructions. This kit enables the use of an
automated platform (such as Qiacube, Qiagen).

3. Quantitative PCR of human adenoviruses (HAdV), JC polyomaviruses (JCPyV), porcine
adenoviruses (PAdV) and bovine polyomaviruses (BPyV)

1. Quantification of genome copies in the samples

1.

Prepare the gPCR mix in a clean separate area by using TagMan Environmental PCR Master Mix 2x (Applied Biosystems) . The
reaction takes place in a 96-well optical reaction plate covered with optical adhesive covers. Concentrations of the Master Mix, primers
and probes are described in Table 1.

Once the mix has been prepared, aliquot 15pl into each well including the controls (see 3.2). The total volume for one reaction after
addition of target will be 25pl (15ul mix + 10pl sample or standard).

Add the nucleic acid extractions from the samples (10ul) in a separate area. Run direct and a ten-fold dilution in purified water of each
sample in duplicate. Cover the wells containing the samples with part of an adhesive cover, keep the other part of the cover for the
following step.

Add dilutions of the DNA standard suspensions (10pl) from 10° to 10° GC/10yl by triplicate and using a micropipette exclusively used
for the standard DNA. It is advisable to add standards in an area equipped with UV radiation for destroying plasmid DNA and to clean
the micropipette after each use. Cover the wells containing the standards with the pre-cut adhesive cover.

Note: To prepare standard suspensions to be used in the quantification of genome copies, the target DNA region should be cloned
into a plasmid and linearized. In the following address you will find a detailed procedure on how to create standard curves with plasmid
DNA templates to be used in gPCR:

http://www.appliedbiosystems.com/support/tutorials/pdf/quant_pcr.pdf

Perform the gPCR into an adequate system selecting the appropriate parameters (considering the use of adhesive cover and the total
volume in each well, etc). Following activation of the AmpliTaq Gold for 10 min at 95°C, 40 cycles of amplification are performed as
follows: 15 s at 95°C and 1 min at 60°C for HAdV, JCPyV and BPyV, and 15 s at 95°C, 20s at 55°C and 20s at 60°C for PAdV.

Once the reactions are completed, store data and results as described in the user’s manual of the equipment used. The amount of
DNA will be defined as the median of the data obtained after correcting the dilution factor when needed.

2. Controls
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1. Use positive and negative controls. The assay must include more than one non-template control (NTC) to prove mix does not produce
fluorescence. It is advisable to run the positive process control in order to evaluate potential enzymatic inhibition due to inhibitors
present in the studied samples.

2. Record results of gPCR assays of two different dilutions of the standard DNA and from the process control. Use results to prepare
control charts for quality control (QC) programs related to the sensitivity and efficiency of the assays.

3. Confirmation of results
1. Positive results may be further confirmed using nested-PCR and nucleotide sequencing of the amplicons, producing additional data on
the nucleotide sequences of the strains detected®®7912

Following the procedure described, human and animal viruses have been detected and quantified in bathing waters, seawater and river water??,
As a representative example, ground water samples from areas presenting high levels of nitrates were evaluated to define the sources of the
contamination. Ten-liter water samples were collected from 4 different wells in rural areas of a Northeast region in Spain. Five replicates were
collected in each well being one replicate seeded with human adenovirus 2 used as process control. Samples were processed according to the
protocol represented in Figure 1. The four replicates analyzed in one of the four sites studied showed positive results for PAdV (mean value
7.74x10° GC/L) which would be related to the presence of pig slurries in the areas surrounding the sampling site and would support fecal porcine
contamination as the source of nitrates in groundwater (Table 2).

4. Representative Results:

Collection of 10-|
water samples

Pre-conditioning of
water samples

Concentration of viral particles to
10 ml of phosphate buffer by
skimmed milk flocculation

Nucleic acid extraction

Quantification of specific human,
porcine or bovine adenovirus or
polyomaviruses by gPCR

Figure 1. Procedure for the detection and quantification of viruses in water.
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Primerworking salution Final concentration
Walurme {ulh

HadwiPADY | JCPWIBPW HADVIPADY | JCPyWIBPYY
Pofize 2 124 1% 1%
Forward primer | 22.50uM 10pM 1.00 0.9pm 0. 4ph
Reverse primer | 22.50p0M 10pM 1.00 0.9phd 0.4pm
Probe 11.25uM G 0.50 0.225uM 0.12pm
Frobe 11.250M Gt 0.50 0.2250M 0.12pM

HAY (hexom JOPW (WP1) | PAGY (hexon) BPYY (P13
Primer forward . AdF JE3F Q-PAdY-F 2B-F1-1
Primer reverse . AdR JE3R G-PADY-R @aB-R1-1
Frobe . AdACDEF JE3F 2-PADY-P 2B-P1-2
Reference - Hernroth et ar, 2002 | Pal et 2/, 2006 Hundesa etaf, 2009  Hundesa et ai, 2010

Table 1. Concentration of primers and probes for gPCR assays.

Human viruses Animal viruses . )
HAGY JCPYV FAdY BPyY Physico-chemical parameters
qPCR | o % qPCR & . |_aPCR i & qPCR p 5 T | Conductivity | TDS | NO
ol e Bl B B i IO S i e R B et B e AT e e
7 a0 - - a0 (70" = [a[700] - - |40 |693] 845 TE00 725 | =00

Table 2. Detection and quantification of animal and human adenoviruses and polyomaviruses in ground water samples.
n number of replicates analyzed

% percentage of positive replicates

(-) non detected

The procedure described would fulfill the conditions for a fitting method for routine environmental and public health laboratories: reproducible,
reliable, straightforward and cost-effective. The protocol is simple; however it must be followed carefully. Low conductivity in the samples without
adding the requested concentration of artificial seawater salts would dramatically reduce the recovery of viruses as would be the case if the
stirring time for flocculation is significantly reduced (less than 5 hours for example).

Currently applied MST tools are generally based on molecular techniques. Studies developed by different groups have shown that out of the
currently used parameters (i.e. bacterial genes) none is as specific as needed. Thus the use of a combination of these parameters has been
suggested as the best approximation for an efficient tracking of the origin of fecal contamination in water bodies®"".

In recent years, the study of the selected DNA viruses that produce in many cases persistent infections in absence of clinical symptoms, has
emerged as a method for source-tracking fecal contamination in the environment. Quantitative PCR techniques and the concentration method
proposed provide reliable values of the concentration of these viruses and very valuable data for the development of risk-assessment studies
and remediation actions. These techniques are also highly sensitive and specific, which is an absolute requirement for tracking the source of
contamination. Also, they will be a very useful tool for the generation of larger data bases for the quantitative characterization of the excretion
and dissemination of the specific viruses proposed as microbial source-tracking tools in diverse geographical areas.

The procedure described allows the analysis of multiple samples simultaneously in about 48 hours without intensive labor requirements. The
availability of an efficient low-cost concentration method support the applicability of HAdV and JCPyV, and PAdV and BPyV in water as cost-
effective assays for quantitative microbial source-tracking studies and identification of the origin of contaminants in ground water.

Two patent applications were filed in 2009 to protect the intellectual property of protocols for quantification of PAdV and BPyV.
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