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We studied the concentration of hepatitis A virus (HAV) from environmental samples by membrane filter-
based urea-arginine phosphate buffer and its detection by using immunomagnetic capture (IC) reverse tran-
scription (RT)-PCR (IC PCR). Magnetic beads coated with anti-HAV rabbit antibodies were used for enrich-
ment and concentration of HAV from environmental samples. IC PCR is sensitive enough to detect as few as
0.04 PFU of cell culture-adapted HAV in inoculated water and sewage samples. IC PCR is specific and does not
yield positive reactions with poliovirus 1, HAV RNA, or selected bacteriophages. IC concentrates viruses
suspended in small volumes to microliter volumes that can be used directly in RT-PCR. IC concentration of
viruses from sewage samples without concentration of inhibitory substances is important for successful
RT-PCR detection. In a field trial, 2 of 18 raw sewage samples tested by IC PCR were positive for HAV.

Hepatitis A virus (HAV) has been a major cause of out-
breaks of food-borne illness in the United States (3) and of
sporadic waterborne epidemics worldwide (1). HAV is a 27-
nm-diameter, nonenveloped particle containing a polyadenyl-
ated positive-strand RNA genome of 7,400 nucleotides and is
a member of the picornaviruses.

The variety of concentration techniques still being proposed
by researchers for the isolation of HAV from water samples
shows that there is room for improvement in available meth-
ods. We recently described a positively charged membrane
filter-based adsorption-elution method for concentrating co-
liphages in water samples, with subsequent assay of the con-
centrated material by the plaque technique (17). The sensitiv-
ity of the method encouraged its application to water samples
for the concentration of HAV.

Molecular methods for detecting HAV have largely super-
seded infectivity tests performed with cell cultures. The adap-
tation of HAV from environmental samples to cell culture
propagation is difficult; it may take several weeks and some-
times ends in failure because viral replication is slow and does
not shut off host cell synthesis so as to cause cytopathic effects
(2, 21, 22). No cell line is currently recommended for the
detection of HAV from environmental samples. With the ad-
vent of PCR, even viruses that are not amenable to culturing in
vitro can be detected (16).

Reverse transcription (RT)-PCR is not suitable for sample
volumes above a few microliters, so it depends on previous
treatment of samples to reduce volumes and remove inhibitors
(14). Antigen capture PCR with human anti-HAV immuno-
globulin G (IgG)-coated microcentrifuge tubes has been dem-
onstrated by several researchers (7, 12, 15, 22) and has the
advantage of detecting intact and hence potentially infectious
viruses from environmental samples. Some of the major draw-
backs of this method are the limitation to small sample vol-
umes (ca. 100 ml) and long incubation periods (12 to 24 h at
4°C) to form the antigen-antibody complexes. An alternative
strategy is to concentrate viruses from large-volume water sam-

ples to 1 to 5 ml and subsequently to use immunomagnetic
capture (IC) for detection. IC is an effective tool for the sep-
aration and isolation of viruses from heterogeneous environ-
mental samples. Many immunoassays exploiting immunomag-
netic separation have been described (23). This technique has
also been used for the rapid separation and subsequent detec-
tion of bacteria such as Escherichia coli O157:H7 (4, 5, 11, 20)
and even of protozoa such as Cryptosporidium parvum (8). IC
for the detection of HAV and rotavirus has been reported and
tested with 1- to 20-ml samples, mainly of clinical specimens
and foods (13, 18, 19).

In the present study, the use of IC with RT-PCR (IC PCR)
was developed with the objective of detecting HAV from en-
vironmental samples that were previously concentrated by ad-
sorption of the virus to positively charged membrane filters and
elution with urea-arginine phosphate buffer. The present com-
munication describes the concentration of HAV from water
and sewage samples and the subsequent capture of virus by
interaction of the viral capsid antigen with homologous anti-
body coupled with magnetic beads for easier separation.

MATERIALS AND METHODS

HAV. HAV HM-175/18f was chosen as a model virus for optimizing the
protocol and has the advantage of being easy to quantitate by the plaque assay
with a continuous line of fetal rhesus monkey kidney (FRhK-4) cells (9). After 16
days at 37°C, the overlay medium was removed, the cells were fixed with 12.3%
formaldehyde at room temperature for 2 h, and the plaques were visualized by
staining with crystal violet solution (0.5% crystal violet plus 0.85% NaCl dis-
solved in 69% distilled water–26% ethanol [95%] solution–5% formaldehyde
[37%] solution) for 1 to 2 min.

Preparation of rabbit antibody and immunomagnetic beads. Inactivated HAV
vaccine (0.5 ml; SmithKline Beecham, Philadelphia, Pa.) was thoroughly mixed
with 0.5 ml of Freund’s adjuvant and injected subcutaneously into rabbits. After
a series of injections, blood was collected and the serum was separated and
stored at 220°C. Antibody was purified with a MabTrap G II kit (Pharmacia
Biotech, Uppsala, Sweden) and biotinylated with a biotinylation kit (Pierce,
Rockford, Ill.) according to the manufacturer’s instructions. The biotinylated
protein was stored at 4°C in 0.1% sodium azide.

Streptavidin Magnesphere paramagnetic particles (Promega, Madison, Wis.)
were washed three times; 1 mg was suspended in biotinylated rabbit anti-HAV
IgG (5.8 mg/ml) and incubated for 2 h at room temperature, and the beads were
separated. About 100 mg of biotinylated rabbit anti-HAV IgG is bound per
milligram of magnetic particles. Unbound IgG was removed by washing four
times with 1 ml of phosphate-buffered saline (PBS) containing 0.1% bovine
serum albumin (BSA), and the beads were stored in 600 ml of PBS containing
0.1% BSA at 4°C. Uncoated magnetic Dynabeads (M-450; Dynal, Lake Success,
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N.Y.) were coated with antibody by a covalent coupling mechanism according to
the manufacturer’s instructions.

In order to learn whether the antibody-coated beads would capture other
viruses, a cocktail mixture of HAV (4 3 102 PFU/ml), poliovirus 1 (6.5 3 102

PFU/ml), and coliphages fX174 (ATCC 13706B; 2.8 3 103 PFU/ml), MS2
(ATCC 15597; 4.3 3 103 PFU/ml), Qb (ATCC 23631B; 7.9 3 103 PFU/ml), and
T1 (ATCC 11303B; 1.2 3 103 PFU/ml) was added to 1.5 ml of sterile PBS–150
mg of magnetic beads coated with HAV antibody. The suspension was incubated
for 1 h at room temperature with occasional stirring. The beads were collected
with a magnetic separator (Promega), washed four times with 250 ml of PBS
containing 0.1% BSA, and finally suspended in 1.5 ml of PBS. Each suspension
(250 ml, equivalent to 25 mg) was then plated on soft-agar medium with the
following hosts: fX174 with host E. coli C (ATCC 13706), MS2 with host E. coli
(ATCC 15597), Qb with host E. coli (ATCC 23631), T1 with host E. coli (ATCC
11303), and poliovirus 1 with host cells of the FRhK-4 cell line. HAV was
detected by IC PCR. In a parallel experiment, beads exposed to the heterologous
agents and washed were tested by IC PCR. In a further experiment to evaluate
the specificity of IC PCR, poliovirus 1 (6.5 3 105, 6.5 3 104, 6.5 3 103, 6.5 3 102,
and 0 PFU of poliovirus, the last two with 400 PFU of HAV) was added to sterile
500-ml water samples, which were then subjected to IC PCR.

Optimization of magnetic beads for detection of HAV. A set of experiments
was performed to establish the optimal conditions for the separation of HAV
from the concentrated samples. To test the magnetic antibody capture of HAV,
different amounts of Promega magnetic beads (25 to 100 mg) were added to 250
ml of distilled water in a 2-ml sterile microcentrifuge tube at a constant HAV titer
(400 PFU) and incubated at room temperature for 1 h with occasional mixing.
The beads were collected from the suspension with a magnetic separator (Pro-
mega), washed four times with 100 ml of PBS containing 0.1% BSA, and trans-
ferred to a 500-ml microcentrifuge tube. Parallel experiments were done with
Dynabeads.

Concentration of inoculated HAV from water and sewage samples. Dechlori-
nated tap water samples (100 ml; pH 7.4 to 8.1) were contaminated with 0.004 to
400 PFU of HAV and concentrated and tested by IC PCR as shown in Fig. 1.

Sewage samples were collected from sewage treatment facilities at the Uni-
versity of California, Davis, campus and processed as described by Jothikumar et
al. (16) with the modification that no pH adjustment of clarified samples was
carried out. Briefly, the raw sewage sample, which was negative for HAV as
evidenced by negative IC PCR testing and cell culturing, was heat treated at 85°C
for 1 h and cooled to room temperature. The heat-treated sewage (100 ml) was
stirred for 30 min at room temperature. The coarse material was removed by
centrifugation (1,500 3 g for 20 min), and the supernatant fluid was inoculated
with a known HAV stock and concentrated and tested as described for water
samples (Fig. 1).

Detection of HAV in raw sewage samples. Raw sewage samples (200 ml) were
collected during the first and third weeks of every month from April to Decem-
ber 1996, and 100 ml of each was concentrated to 1 ml by the membrane
adsorption-elution method and subjected to detection of HAV by IC PCR. PCR
products were further purified and concentrated with a QIAquick spin column
(Qiagen, Chatsworth, Calif.) to 20 ml, of which 10 ml representing an initial raw
sewage sample volume of 100 ml was further analyzed by Southern blotting and
oligonucleotide probe testing.

RNA extraction from water samples. To compare a more conventional detec-
tion procedure to IC PCR, water samples (100 ml) were inoculated with 10-fold
dilutions of HAV and concentrated to 1 ml by the membrane adsorption-elution
method. The guanidinium isothiocyanate (GIT) protocol was followed to extract
RNA from 250 ml of water samples for RT-PCR by a slight modification of the
method of Chomczynski and Sacchi (6) (Fig. 1).

RNA extraction from beads, RT, and PCR. RNA was obtained from the
magnetic beads by heating at 99°C for 5 min in 17 ml of 13 PCR buffer (10 mM
Tris-HCl, 50 mM KCl, 1.5 mM MgCl2 [pH 8.3]–1 mM each deoxynucleoside
triphosphate–1.5 mM primer 2 (nucleotides 2413 to 2389; 59-GGAAA TGTCT
CAGGT ACTTT CTTTG-39). There was no difference between adding the
primer before or after the denaturation step. Following denaturation of the virus
at 99°C for 5 min and rapid chilling on ice, the buffer was separated from the
beads and transferred to a sterile tube containing 1 ml of RNase inhibitor (20
U/ml; Perkin-Elmer Cetus, Foster City, Calif.) and 1 ml of Moloney murine
leukemia virus reverse transcriptase (50 U/ml; Perkin-Elmer Cetus). Assuming
that a residual volume of 1.0 ml was associated with the immunobead-virus
isolates, the final total volume was 20 ml. The entire mixture was incubated at
42°C for 30 min in a Progene DNA Thermocycler (Techne, Princeton, N.J.) and
used as a substrate for PCR at a final total volume of 50 ml. Reverse transcriptase
in the RT mixture was inactivated by heating at 95°C for 5 min, after which 30 ml
of 13 PCR buffer–1.5 mM primer 1 (nucleotides 2167 to 2192; 59-GTTTT
GCTCC TCTTT ATCAT GCTAT G-39)–2.5 U of AmpliTaq DNA polymerase
(Perkin-Elmer Cetus) was added. To increase the sensitivity and specificity of the
PCR, hot-start PCR was performed by adding MaXWax Nuggets (Nebraska
Diagnostics & Biologicals, Omaha, Nebr.). The PCR cycle carried out in the
Thermocycler was as follows: 5 min of denaturation at 94°C, 1 min of annealing
at 55°C, and 1 min of extension at 72°C for 35 cycles, with an additional 7 min of
extension at 72°C. The amplified product of 247 bp was visualized by UV light
after electrophoresis in a 2% agarose gel (Gibco BRL) in the presence of
ethidium bromide (0.5 mg/ml). A 100-bp DNA ladder (Invitrogen, San Diego,

Calif.) was used as a size marker. The 247-base amplified region of the HAV
genome corresponds to a highly conserved region encoding the carboxyl termi-
nus of capsid protein VP3 and the amino terminus of protein VP1 (7).

PCR products were also analyzed after Southern blotting (24) to a nylon
membrane (Amersham Life Science, Arlington, Ill.) with a digoxigenin (DIG)-
labelled oligonucleotide probe (nucleotides 2232 to 2251; 59-TCAAC AACAG
TTTCT ACAGA-39) by a nonradioactive method of detection. Bound DIG-
labelled probe was detected with the Genius 3 nucleic acid detection kit (Boehr-
inger Mannheim Biochemicals, Indianapolis, Ind.).

Sequencing of purified PCR products. Fluorescence-based cycle sequencing
reactions were carried out on purified PCR fragments with dye-labelled termi-
nators by use of the ABI PRISM dye terminator cycle sequencing ready reaction
kit with AmpliTaq DNA polymerase (Fluorescent Sequencing, Perkin-Elmer
Cetus); the manufacturer’s protocol was followed. Extension products were pu-
rified with Centri-Sep columns (Princeton Separations, Adelphia, N.J.) accord-
ing to the manufacturer’s protocol and analyzed with an ABI PRISM 377 DNA
sequencer (Perkin-Elmer Cetus).

RESULTS

Specificity of IC. All phages and poliovirus 1 were negative
in their homologous hosts, indicating a lack of IC, as well as in
IC PCR (data not shown). Amplification produced a 247-base
DNA fragment for HAV with the same intensity in the pres-
ence or absence of poliovirus 1; there was no nonspecific am-
plification, as observed by ethidium bromide staining, with
poliovirus 1 alone (Fig. 2). IC beads stored at 4°C were assayed

FIG. 1. Protocol for concentration and detection of HAV from environmen-
tal samples. A conventional RT-PCR detection procedure is compared with the
IC PCR method.
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monthly for stability and sensitivity; the sensitivity of detection
was the same for the first 4 months and was 1 log lower during
months 5 and 6 (data not shown).

Optimal quantity of immunomagnetic beads in water sam-
ples for concentration of HAV. We next established the opti-
mal dilution of immunomagnetic beads for binding virus in
different volumes of water samples; it was clear that the great-
est amount of HAV was bound when immunomagnetic bead/
water dilution ratios of 1:20, 1:40, and 1:60 were used at an
HAV dilution of 4 3 102 PFU (data not shown). At an immu-
nomagnetic bead/water dilution ratio of 1:80, the sensitivity
decreased dramatically, probably due to poor separation of
beads or to poor adsorption of viruses, with rapid settling in
the larger volume of the water sample. The ratio of 25 mg of
beads to 500 ml of environmental sample was kept constant in
all subsequent experiments. Increasing the amount of magnetic
beads tested to 50, 75, and 100 mg in a 500-ml volume of water
containing 40 PFU of HAV did not increase the amount of
bound HAV, as evidenced by IC PCR (data not shown). Vi-
ruses captured on beads evidently were not dislodged by three
to five washes with gentle resuspension after each wash (data
not shown).

Sensitivity of IC PCR. The sensitivities of detection of HAV
diluted in water samples by the IC PCR assay and the conven-
tional RT-PCR assay were studied and compared. Tap water
samples (100 ml, pH 7.4 to 8.1) seeded with 10-fold dilutions of
HAV were subjected to concentration on positively charged mem-
brane filters, elution, and reconcentration with urea-arginine-
phosphate buffer (Fig. 1). Further extraction of viral RNA by the
GIT procedure was necessary for RT-PCR. For IC PCR, ex-
posure of the beads to 1 ml of concentrate for 1 h followed by
heat treatment to release viral RNA was sufficient. The prep-
aration of viral RNA and RT-PCR are the most critical steps
for the detection of HAV. The highest dilution that gave an
HAV-positive PCR signal was interpreted as the end point of de-
tection. The detection of 0.04 PFU was achieved with IC PCR
(Fig. 3); conventional RT-PCR detected 0.4 PFU (Fig. 4). The
sensitivity attained with immunomagnetic beads was 10-fold
higher than that without the beads. Similar results were obtained
with 25 ml of Dynabeads (4 3 108 beads/ml), with no difference
in sensitivity (data not shown). Hence, further study was car-
ried out with Promega beads coated with HAV antiserum be-
cause they cost less than Dynabeads. When water samples of 100,
250, and 500 ml were seeded with 0.4 PFU, the larger water vol-
umes did not affect the sensitivity of detection (data not shown).
Southern hybridization with a DIG-labelled probe verified that
the PCR product actually represented the HAV genome.

Detection of inoculated HAV in sewage samples. Experi-
ments were performed in triplicate according to the protocol
described for heat-treated sewage samples (shown to contain
no indigenous cytopathic viruses by testing in FRhK-4 cells)
inoculated with HAV to determine the sensitivity of the test
(Fig. 5). The IC PCR methods used were the same as those
used for water samples and had the same sensitivity, with an
end point of detection at 0.04 PFU. The presence of any
inhibitory substances did not alter the sensitivity of detection;

FIG. 2. Specificity of IC PCR. HAV (400 PFU) in the presence of poliovirus
1 in 500 ml of water was processed by the IC method with 25 mg of magnetic
beads. Lanes: M, markers; 1, positive control (reaction mixture with 400 PFU of
HAV); 2, negative control (reaction mixture without virus); 1, 400 PFU of HAV
plus 6.5 3 102 PFU of poliovirus 1; 2, 6.5 3 105 PFU of poliovirus 1 without
HAV; 3, 6.5 3 104 PFU of poliovirus 1 without HAV; 4, 6.5 3 103 PFU of
poliovirus 1 without HAV; 5, 400 PFU of HAV in 500 ml of water. The asterisk
at the left indicates the 247-base position of the HAV amplicon.

FIG. 3. Detection of HAV by IC PCR. (A) Water samples (100 ml) were
inoculated with 10-fold dilutions of HAV, concentrated to 1 ml by the membrane
adsorption-elution method, processed for IC with 50 mg of magnetic beads, and
resuspended to 20 ml in 13 PCR buffer for RT-PCR. Lanes: M, markers; 1,
positive control (reaction mixture with 400 PFU of HAV); 1 through 5, HAV at
40, 4, 0.4, 0.04, and 0.004 PFU, respectively. The arrow at the left indicates the
247-base position of the HAV amplicon. (B) Confirmation of the bands by
Southern transfer and hybridization with an internal oligonucleotide probe.

FIG. 4. Detection of HAV by RT-PCR. (A) Water samples (100 ml) were
inoculated with 10-fold dilutions of HAV, and concentrated to 1 ml by the
membrane adsorption-elution method, RNA was extracted as described in Ma-
terials and Methods by the GIT procedure, and a 20-ml sample was subjected to
RT-PCR. Lanes: M, markers; 1, positive control (reaction mixture with 400 PFU
of HAV); 2, negative control (reaction mixture without virus); 1 through 5,
HAV at 0.04, 0.4, 4, 40, and 400 PFU, respectively. The arrow at the left indicates
the 247-base position of the HAV amplicon. (B) Confirmation of the bands by
Southern transfer and hybridization with an internal oligonucleotide probe.

506 JOTHIKUMAR ET AL. APPL. ENVIRON. MICROBIOL.



the presence of inhibitors that would have interfered with
RT-PCR was not determined.

Detection of HAV in sewage samples. Direct testing of en-
vironmental samples by standard PCR methods has been se-
verely hampered by the presence of inhibitory compounds in
sewage and similar materials. In trials with 100 ml of raw
sewage, 2 of 18 samples (collected on 6 May 1996 [S1] and 15
November 1996 [S2]) were found positive for HAV by the IC
PCR method (data not shown), a result which enabled se-
quencing of a portion of the VP3-VP1 region after PCR am-
plification (Fig. 6). Partial genomic comparison of the se-
quences of two isolates of HAV with that of wild-type HAV
reported by Cohen et al. (7) suggests that the genome se-
quence is relatively stable; the sequences were 94.59% and
96.85% in agreement for strains from samples S1 and S2,
respectively. The observed difference in these strains isolated
from a campus sewage treatment plant may reflect the ethnic
and geographical diversities of the university population.

DISCUSSION

In recent years, IC PCR-based technologies have proved to
be very important tools in the detection of waterborne and
food-borne pathogens; in the present study, we adapted IC
PCR to the detection of HAV from water and wastewater

samples. RNases and substances that inhibit RT reactions of-
ten occur in environmental samples and are difficult to remove
(14); these problems can be overcome by IC, thus avoiding
false-negative results. Our adaptation of IC PCR entails three
major steps: (i) virus concentration to a small volume, (ii)
immunomagnetic separation of adsorbed viruses, and (iii) heat
treatment for RNA extraction followed by RT-PCR. In that
the positively charged filter medium that we used (17) for
adsorption-elution concentration of viruses from water is the
same as that used in cartridge form for larger-volume samples
(10), this method could probably be scaled up readily. The easy
second-stage [of step (i)] concentration of virus by precipita-
tion on the phosphate floc that is formed by the addition of
MgCl2 may improve on the results obtained with beef extract.

Monceyron and Grinde (19) reported that the sensitivity of
HAV detection by direct PCR was lower than that of immu-
nomagnetic separation followed by PCR for samples of pol-
luted water, seawater, or fecal extracts. They also reported that
even increasing the volume from 1 to 20 ml without increasing
the amount of beads (0.2 mg) did not drastically influence the
sensitivity of detection; however, in this study we observed that
if the sample volume was increased beyond 1.5 ml without an
increase in the amount of beads (0.025 mg), the sensitivity of
detection was drastically reduced because of poor separation
from the mixture. It is possible that nonspecific inhibitors be-
came limiting in this situation.

Comparative recovery trials with HAV in water and sewage
showed that Dynabeads (4.5 mm in diameter) had a sensitivity
equal to that of the smaller Promega beads, probably due to
the larger surface area of the latter. However, HAV separation
from shellfish samples was more effective with Dynabeads than
with Promega beads (data not shown), perhaps because the
extremely small size and the flake form of the Promega beads
promoted the attachment of shellfish proteins or other solids
that obscured the antibody.

The immunomagnetic beads did not collect heterologous
viruses or HAV RNA, and the presence of heterologous vi-
ruses did not affect IC PCR detection of HAV. The limit of
HAV detection by conventional RT-PCR was 1 log unit higher
than that by IC PCR. This difference may have been the result
of a loss of viral RNA during the GIT extraction procedure or
the ability of IC PCR to process 1 ml of sample concentrate in
a single microcentrifuge tube, an amount which is fourfold
higher than that in the GIT procedure. In an earlier study,
Deng et al. (9) reported a ratio of 1 PFU per 79 viral particles;
since the same HAV strain was used in the present study, in
which the detection limit was 0.04 PFU, a positive result may
have been obtained with 3.16 viral particles in 100 ml of envi-
ronmental sample. This level of detection is, of course, far
more sensitive than that of the plaque assay, assuming that the
HAV present was capable of producing plaques in cell cul-
tures. Although the present method does not directly test for

FIG. 5. Detection of HAV inoculated into heat-treated sewage samples. (A)
Heat-treated sewage samples (100 ml) were inoculated with 10-fold dilutions of
HAV, concentrated to 1 ml by the membrane adsorption-elution method, pro-
cessed for IC with 50 mg of magnetic beads, and resuspended to 20 ml in 13 PCR
buffer for RT-PCR. Lanes: M, markers; 1, positive control (reaction mixture
with 400 PFU of HAV); 2, negative control (reaction mixture without virus); 1
through 4, HAV at 4, 0.4, 0.04, and 0.004, PFU, respectively; 5, 100 ml of water
with 40 PFU of HAV, concentrated to 1 ml by the membrane adsorption-elution
method (as in Fig. 3, lane 1). The arrow at the left indicates the 247-base position
of the HAV amplicon. (B) Confirmation of the bands by Southern transfer and
hybridization with an internal oligonucleotide probe.

FIG. 6. Sequence alignment for a 222-bp sequence from the region encoding the carboxyl terminus of capsid protein VP3 and the amino terminus of protein VP1
of HAV strains isolated from sewage samples S1 and S2. Dashes represent nucleotides identical to those of the consensus sequence (I). Duplicate determinations
yielded identical results.
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infectivity, it is likely that a positive result in IC PCR at least
shows that the HAV RNA is still coated by capsid protein.
Despite the few nucleotide differences observed in the envi-
ronmental isolates of HAV, IC PCR was able to detect them,
probably because of the high conservation found in VP3-VP1
protein sequences. The study of HAV sequence variations in
environmental isolates will provide potentially useful informa-
tion for addressing epidemiological questions such as pathways
for viral spread and viral pathogenicity.

In summary, we have developed a rapid and sensitive IC
PCR technique for the identification of HAV in water and
sewage samples; it also appears applicable to testing of foods
and to studying the molecular epidemiology of HAV. This
procedure can be carried out in less than 24 h. If an appropri-
ate mixture of magnetic beads coated with antibodies to dif-
ferent viruses could be developed, this procedure might permit
the simultaneous detection of other enteric viruses in environ-
mental samples.
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