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A method of reverse transcription (RT) and polymerase chain reaction (PCR) for the detection of Norwalk
virus in human stools was developed. A cationic detergent, cetyltrimethylammonium bromide, was found to
effectively remove from stool extracts factors that inhibit the RT-PCR assay. The specificities of the tests were
shown by hybridization of the amplified DNA with Norwalk virus-specific cDNA probes and a consistent
correlation between virus detection in stools and infection of volunteers. RT-PCR detected virus in stool
samples diluted 10~* and was about 100 times more sensitive than dot blot hybridization. In serial stool samples
collected before and at different times after inoculation of 10 volunteers with Norwalk virus, 37 of 55 were
positive by RT-PCR, but only 27 were positive by dot blot hybridization (6 = 22.96; P < 0.001). Further
application of this method should allow detection of Norwalk virus in food or environmental samples such as

shellfish and shellfish waters.

Norwalk virus or Norwalk virus-like agents are important
pathogens that cause acute epidemic gastroenteritis in hu-
mans (11). These viruses are spread by waterborne, person-
to-person, and food-borne routes. It has been estimated that
up to 42% of outbreaks of acute nonbacterial gastroenteritis
in adults in the United States may be due to Norwalk virus
or Norwalk virus-like agents (12). Currently, diagnosis of
Norwalk virus infection relies on immunologic tests, includ-
ing immune electron microscopy, radioimmunoassays
(RIAs), immune adherence hemagglutination assays, and
enzyme immunoassays. Because these tests use human
convalescent-phase serum from patients, they are of rela-
tively low sensitivity because of the low affinity of the
antibodies for the viruses. In addition, sources of serum are
limited. Recently, we and others have successfully cloned
the Norwalk virus genome (7, 15). Using Norwalk virus-
specific cDNAs, we showed that Norwalk virus contains a
polyadenylated single-stranded RNA genome of about 7.7
kb. Based on this knowledge, we developed a reverse
transcription (RT) and polymerase chain reaction (PCR)
method, originally described by Saiki et al. (16), for the
detection of Norwalk virus in human stools.

MATERIALS AND METHODS

Human volunteer studies. Adult volunteers were students
or staff working in the Texas Medical Center. The Norwalk
virus inoculum (8FIIa) used in the volunteer studies was
kindly supplied by A. Kapikian (Laboratory of Allergy and
Infectious Diseases, National Institute of Allergy and Infec-
tious Diseases, Bethesda, Md.). The virus was administered
to the volunteers as described previously (7). All stools were
collected in plastic containers, and bulk stools and aliquots
were stored at —70°C for later use.

Extraction of viral RNA from stools. Stool samples were
suspended in water (10 to 50% [wt/vol]) and extracted once
with an equal volume of 1,1,2-trichloro-1,2,2-trifluoroethane
(Freon 113; also referred to as genetron; Dupont Co.,
Wilmington, Del.). Virus in the aqueous phase was precip-
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itated with 8% polyethylene glycol 6000 (BDH Chemicals,
Gallard-Schlesinger, Carle Place, N.Y.) in the presence of
0.4 M NaCl. The pellet was suspended in proteinase K buffer
(0.1 M Tris-HCI [pH 7.5], 12.5 mM EDTA, 0.15 M NaCl, 1%
[wt/vol] sodium dodecyl sulfate, and 400 pg of proteinase K
per ml) and incubated at 37°C for 30 min. Ten percent
cetyltrimethylammonium bromide (CTAB; Sigma Chemical
Co., St. Louis, Mo.) and 4 M NaCl were added separately to
give final concentrations of 1.25% CTAB and 0.45 M NaCl.
After incubation at 56°C for 30 min, the mixture was ex-
tracted with an equal volume of phenol-chloroform and
reextracted with an equal volume of chloroform. The RNA
in the sample was then precipitated with 2.5 volumes of
ethanol, and the RNA either was used directly for the
RT-PCR tests or was stored at —20°C for later use. The
RNAs for dot blot hybridization were prepared by a similar
protocol, but the CTAB steps (addition of CTAB-NaCl and
incubation at 56°C for 30 min) were omitted.

Primers. Norwalk virus-specific primers (primer pairs 1
and 4, 8 and 9, and 16 and 17) were purchased from either the
Midland Certified Reagent Company, Midland, Texas, or
from the Department of Cell Biology, Baylor College of
Medicine. The sequences of these primers were selected
randomly from different regions of the nucleotide sequence
of the viral genome (8) and were as follows: primer 1,
5'-ATTGAGAGCCTCCGCGTG-3'; primer 4, 5'-GGTGGC
GAAGCGGCCCTC-3'; primer 8, 5'-CATATCTATAACT
GCTGA-3'; primer 9, 5'-ATGCTATATACATAGGTC-3';
primer 16, 5'-CAACAGGTACTACGTGAC-3'; and primer
17, 5'-AGCAAATCTTGGGCCACA-3'. The primers were
purified by high-pressure liquid chromatography (Midland
Certified Reagent Company) or by removal from the resin by
using ammonium hydroxide and then ethanol precipitation
(Baylor College of Medicine). Random primers (hexamers)
were purchased from Promega (Biological Research Prod-
ucts, Madison, Wis.).

RT-PCR assay. Both RT and PCRs were carried out under
the conditions recommended by the manufacturers. The
reverse transcriptase (from avian myeloblastosis virus) was
purchased from Life Sciences Inc. (St. Petersburg, Fla.),
and AmpliTaq was purchased from Perkin-Elmer Cetus
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(Norwalk, Conn.). Negative reagent controls were run in
each experiment. For RT, a 30-pl reaction mixture was
made. It contained 1x PCR buffer (10 mM Tris-HCI [pH
8.3], 1.5 mM MgCl,, 50 mM KCl), 3.3 mM deoxynucleoside
triphosphates, 1.0 uM primers or 10 uM random primers, 40
U of RNasin, 10 U of reverse transcriptase, and purified viral
RNA. Each reaction was carried out for 1 h at 42°C. For
PCR following RT with random primers, 70 pl of 1x PCR
buffer containing the two Norwalk virus-specific primers (1.0
wM each) and Taq polymerase (5 U) were added to the RT
mixture and put into the thermal cycler (Programmable
Thermal Controller; MJ Research Inc., Cambridge, Mass.).
For PCR following RT with a Norwalk virus-specific primer,
1.0 pM the second Norwalk virus-specific primer and 5 U of
Tagq polymerase were added to the RT mixture and put into
the thermal cycler. The amplification cycle program included
denaturation for 1 min at 94°C, 30 to 40 cycles of denatur-
ation for 1 min at 94°C, primer annealing for 1 min 20 s at
49°C, and primer extension for 1 min at 72°C. A final
extension was then performed for 15 min at 72°C. The
amplified DNA products were separated by agarose gel
electrophoresis, stained with ethidium bromide, and visual-
ized after illumination with UV light. In some experiments,
PCR-amplified DNA in agarose gels was hybridized in a
dried gel as described previously (6).

Dot blot hybridization. The method of dot blot hybridiza-
tion was adapted from our previously reported technique of
detection of hepatitis A virus from environmental samples
(21). Norwalk virus-specific probes were prepared from
Norwalk virus cDNAs, covering the same regions of the
Norwalk virus genome as the PCR-amplified products. In-
sert cDNAs were isolated by restriction enzyme digestion
and sized on a SeaPlaque agarose (FMC BioProducts, Rock-
land, Maine) gel. The DNA fragments then were labeled in
the agarose with [*2P]dCTP by the random primer technique
and conditions described by Promega. Both prehybridization
and hybridization were carried out in a solution without
formamide at 65°C, as described previously (5).

RIA. Pre- and postinfection serum samples from one
volunteer (volunteer 505) given Norwalk virus were used as
capture antibody at 1:800 dilutions. Stool suspensions were
extracted with genetron and diluted 1 to 10 in phosphate-
buffered saline containing 1% bovine serum albumin and
10% fetal calf serum. Samples of 50 pl were added to each
well. Purified immunoglobulin G from another volunteer
(volunteer 519) given Norwalk virus was labeled with '*°I
and was used as the detector antibody. Positive/negative
(P/N) ratios of the counts per minute were calculated for the
reactivity of each sample with the post- and preinfection
serum samples, respectively. A P/N ratio of =2.1 was
considered a positive reaction.

RESULTS

Development of RT-PCR to detect Norwalk virus in stool.
Three pairs of primers were designed for the RT-PCR test on
the basis of the primary sequence of the Norwalk virus
genome. The three pairs of primers were located at the 5’
end, the center, and the 3’ end of the virus genome, and their
amplified products were 815, 662, and 456 bp, respectively.
Figure 1 shows the relative locations of these primer pairs on
the Norwalk virus genome and typical results of RT-PCR-
amplified products seen in an agarose gel after 30 cycles of
amplification by using Norwalk virus RNA as the template.
Each pair of primers gave a single major band of the
expected size after amplification. To save material, we
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FIG. 1. Detection of Norwalk virus in stool by RT-PCR. RNA
was extracted from a stool sample (sample 543-11) by the CTAB
technique and amplified by RT-PCR as described in the text. Lanes
1 and 5, 1-kb markers from Bethesda Research Laboratories (the
markers that migrated as 1.6, 1.0, and 0.5 kb are labeled); lane 2,
PCR with Norwalk virus primers 8 and 9; lane 3, PCR with Norwalk
virus primers 16 and 17; lane 5, PCR with Norwalk primers 1 and 4.
The amplified products were separated on an agarose gel and
visualized with UV light after staining with ethidium bromide. The
small product seen in lane 3 was made in variable amounts in
different experiments. The positions of the three primer pairs used in
this study are given above the autoradiograph. The numbers below
the map indicate the sizes (in base pairs) of the RT-PCR product.

routinely used only one pair of primers (the 3' end set called
primer pair 1 and 4) for further tests. However, to confirm
reactivities, the other two sets of primers were used in some
experiments.

In our preliminary experiments, a strong inhibitory fac-
tor(s) for both reverse transcriptase and Taq polymerase was
observed in nucleic acid extracted from the stool samples.
Several methods [including dialysis, heating, phenol-chloro-
form extraction, and oligo(dT) cellulose chromatography of
the sample] were evaluated to remove this inhibitory fac-
tor(s). Positive results were seen only by using the oligo(dT)
method, but the efficiencies of the reactions with material
prepared by this method were low (data not shown). Subse-
quent work showed that inclusion of the cationic detergent
CTAB in the RNA extraction steps significantly increased
the signals of the reactions. The use of CTAB was based on
our previous results of dot blot hybridization for the detec-
tion of hepatitis A virus and rotavirus in shellfish (21). CTAB
was found to be able to remove inhibitory factor(s) from the
stool samples prepared for RT-PCR (Fig. 2).

The use of random primers and specific primers during the
first-strand cDNA synthesis step was compared by examin-
ing the products made from dilutions of virus-containing
stool samples. Specific primers showed slightly higher sen-
sitivities based on the intensities of the products made from
each virus dilution. However, the same endpoint dilution of
sample was detected by using either type of primer (data not
shown). Therefore, on the basis of work performed to date,
either type of primer can be used.

The most critical step of RT-PCR was found to be the RT
for the first-strand cDNA synthesis. Initially, we performed
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FIG. 2. Comparison of RNA extraction methods with and with-
out CTAB for the RT-PCR assay. Serial dilutions of a stool sample
(sample 543-11) were extracted with phenol-chloroform without and
with CTAB extraction. The nucleic acid was amplified by RT-PCR
by using primers 1 and 4. The amplified products were analyzed by
agarose gel electrophoresis, stained with ethidium bromide, and
visualized with UV light. M, 1-kb markers from Bethesda Research
Laboratories (see Fig. 1).

RT and PCR in one tube into which all the reagents for both
reactions were added simultaneously. Subsequent experi-
ments showed that these conditions, although convenient,
were not optimal for RT. Instead, we found that if the RTs
and PCRs were separated by adding the PCR reagents to the
tube after the first RT reaction had been completed, the test
sensitivity was increased 10 to 100 times (data not shown).

The number of cycles required for virus detection was
examined by using serial dilutions of one stool sample.
Increasing signals were observed until 40 cycles of amplifi-
cation. In the stool with a high concentration of virus, 25 to
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30 cycles were sufficient for virus detection, while in stools
with a low concentration of virus, more cycles were required
(Fig. 3). For subsequent studies, we used 40 cycles of
amplification to obtain maximum sensitivity of virus detec-
tion.

Sensitivity of RT-PCR for detecting Norwalk virus in stool.
The sensitivity of RT-PCR for Norwalk virus detection first
was tested by using plasmid DNA as the template. A
detection level of 0.01 fg of DNA (approximately 10 genome
copies) was obtained. Because of the difficulty of quantitat-
ing viral RNA in stool samples (due to the low concentration
of virus in stool and the lack of a culture system), we used
dilutions of stools to compare the sensitivities between
RT-PCR and hybridization tests for the detection of Norwalk
virus. Serial dilutions of stool were made and processed for
virus detection by both methods. Norwalk virus was de-
tected by RT-PCR in a 10™* dilution of the stool sample,
equivalent to 0.15 to 0.012 mg of stool, while 125 mg of the
same stool sample was required to show a positive result by
dot blot hybridization (Table 1).

A series of stool samples collected from 10 Norwalk
virus-inoculated volunteers at different times after infection
also were tested for the presence of Norwalk virus by
RT-PCR and hybridization. Nine of these 10 volunteers had
symptomatic infections. A total of 55 stool samples were
tested. Thirty-seven were positive by PCR, while only 27
were positive by hybridization (Table 2). All samples posi-
tive by hybridization were also positive by PCR. The in-
creased sensitivity of the PCR detection method was most
striking for stool samples collected between 25 and 48 h after
infection of volunteers. At these times, PCR detected virus
in 91% of the stool samples, while hybridization detected
virus in only 57% of the samples. Only three samples from
the one volunteer who had an asymptomatic infection were
tested. Only the sample from the latest time point (at 68 h
postinoculation) was positive by RT-PCR.
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FIG. 3. Evaluation of the number of cycles of amplification required for virus detection by RT-PCR. Serial 10-fold dilutions (from a to €)
of one stool sample were tested for Norwalk virus by RT-PCR. Sample f was a negative control which contained all the reagents but which
lacked viral RNA. [*>P]dCTP was included during the amplification reaction, and aliquots of the reactions were taken out after different
numbers of amplification cycles. After gel electrophoresis of each aliquot, the band of amplified product in a dried gel was cut out and its
radioactivity was determined by counting in a scintillation spectrometer.
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TABLE 1. Comparative sensitivities of detecting Norwalk virus
in stools by PCR and dot blot hybridization

Stool Test Test result with the following dilution of stool®:
sample method

no. 10° 1071 102 1073 107¢  10°°

502A-03 PCR NT + - - - -
Hyb® + - - - - NT

505A-05 PCR NT + + + + -
Hyb + + * - - NT

544A-04 PCR NT + + - - -
Hyb - - - - - NT

544A-05 PCR NT + + + - -
Hyb - - - - - NT

“ NT, not tested; +, strong signal seen; —, no signal seen; +, weak but clear
si?al seen.
Hyb, dot blot hybridization.

Specificity of RT-PCR detection of Norwalk virus in stools.
The specificities of the RT-PCR tests were first determined
from the unique sizes of the amplified DNA products on
agarose gels. No extra bands were seen in the 55 stool
samples tested by RT-PCR with the 1-4 primer pair. The
specificities of the tests were also confirmed by hybridization
of the amplified DNA products with Norwalk virus-specific
probes after gel electrophoresis (data not shown).

To confirm further the specificity of the RT-PCR test for
Norwalk virus detection, an additional 55 stool samples from
well persons (preinfection stools from volunteers and other
individuals without any clinical symptoms of gastroenteritis)
or from Norwalk virus-infected volunteers were coded and
tested. All 25 normal or preinfection stool samples were
negative, and all 30 stool samples from the Norwalk virus-
infected individuals were positive for virus by RT-PCR. The
infection status of the volunteers was determined by the
presence of clinical symptoms (vomiting, diarrhea, fever,
nausea, or malaise) and by demonstration of seroresponses
measured by a new enzyme-linked immunosorbent assay (9).
The 30 positive stool samples were from 12 volunteers who

TABLE 2. Comparison of RT-PCR and dot blot hybridization for
detection of Norwalk viruses in 55 stool samples from
human volunteers

No. of positive stools/total no. of stools collected
from volunteers at the following time (h)*:

Assay

<0 0-12 13-24 2548 49-72 73-96 97-120 Total
PCR 03 0/4 18 2123 9/9 4/5 2/3  37/55°
Hyb® 0/3 0/4 8 13723 79 4/5 213 27/55*

2 A total of 55 stools were tested from 10 volunteers who were found to be
infected on the basis of antibody seroconversion measured by using a new
enzyme-linked immunosorbent assay with purified recombinant Norwalk
virus particles produced by using the baculovirus expression system (9). Nine
of these 10 volunteers had symptomatic infections.

® For the stool samples tested, 27 were positive and 18 were negative by
both RT-PCR and dot blot hybridization. The remaining 10 samples were
positive by PCR but not by dot blot hybridization. This indicated that the PCR
assay is significantly more sensitive (x> = 22.96; P < 0.001) than the dot blot
hybridization test. All the RT-PCR-positive and dot blot hybridization-
negative samples recently were tested with a new antigen enzyme-linked
immunosorbent assay by using hyperimmune antiserum made to recombinant
Norwalk virus particles (data not shown), and they all were positive,
indicating that the RT-PCR results were correct.

€ Hyb, dot blot hybridization.
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each showed a fourfold or greater increase in antibody titers
against Norwalk virus (data not shown). The RT-PCR results
were also compared with virus detection by dot blot hybrid-
ization and RIA. Figure 4 shows a typical result of Norwalk
virus detection in the stool from a patient with severe illness.
Virus detection by RT-PCR generally agreed with the results
obtained by dot blot hybridization and RIA. However, the
RT-PCR was more sensitive than the other two tests. The
specificity of the test with the 1-4 primer pair also was shown
by a lack of obtaining any RT-PCR products from stool
samples containing human calicivirus (one stool sample
tested), hepatitis A virus (two stool samples tested), rotavi-
ruses (two stool samples tested), poliovirus (two stool sam-
ples tested), and other small round non-Norwalk viruses
(nine stool samples tested).

DISCUSSION

Cloning of the Norwalk virus genome provided the first
step in the development of new, sensitive, specific, and
widely available assays for the detection of this virus. We
have described the development of RT-PCR (14, 16) for the
detection of the Norwalk virus genome. This method should
be of interest for both clinical and basic studies of Norwalk
virus and possibly of other related viruses. Several possible
applications include the following. First, RT-PCR should be
useful in monitoring attempts to adapt virus for replication in
cell culture. Previous attempts at cultivating Norwalk virus
may have stopped prematurely because of the lack of
sensitive methods to monitor even abortive virus replication.
Second, RT-PCR may be useful for establishing a clinical
diagnosis of diarrhea caused by Norwalk virus infection.
This method might be expected to be of particular use for
Norwalk virus detection, because very low levels of virus
are thought to be excreted, and such low virus levels might
be missed by antigen-based assays. Third, use of RT-PCR to
localize the site of virus replication in the gastrointestinal
tract and to monitor the duration and patterns of virus
shedding in stool or other clinical samples should further our
understanding of the pathogenesis of Norwalk virus infec-
tions. Fourth, this technique offers the opportunity for
further development of methods for the detection of virus in
environmental samples. There is particular interest in the
development of methods that can detect Norwalk virus in
food, water, and shellfish for public health safety reasons
and to protect the shellfish industry. Finally, RT-PCR can be
expected to be a powerful tool for molecular epidemiologic
studies of Norwalk and related viruses. By combining RT-
PCR, cloning, and sequencing methods, it will be of interest
to determine and compare the nucleotide sequences of
Norwalk virus and Norwalk-like viruses and other agents
associated with gastroenteritis (small round-structured vi-
ruses) collected from different geographic regions (2, 11).
This information will help us to understand the similarities
and differences between these viruses at a molecular level,
which will be useful for classification and understanding the
importance and epidemiology of these individual agents that
cause human disease.

Because RT-PCR depends on enzyme amplification of
nucleic acid, the quality of the RNA used for the assay is
very important for obtaining positive results. In this study,
we found that two steps (polyethylene glycol precipitation
and CTAB extraction) were critical for processing virus from
stool samples to obtain high-quality RNA for successful
RT-PCRs. Polyethylene glycol precipitation of viruses not
only concentrated the virus but it also removed a significant
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Relative intensity / RIA P/N Value

75 185 28 305 306 312 32 33

RIA
PCR

Hybridization
Formed Stool
Watery Stoo!

34 345 37 39 465 52 60

Hours Post Inoculation

FIG. 4. Detection of Norwalk virus in serial stool samples of one volunteer by RT-PCR, dot blot hybridization, and RIA. A sample size
of 0.125 ul of 10% stool suspension from stools collected from one volunteer (volunteer 544) who was administered Norwalk virus was used
to extract viral RNA for the dot blot hybridization and PCR, and 0.05 ml of the same sample was used for antigen detection by RIA. The time
postinoculation of stool collection from the volunteer and the consistency (formed or watery) of each stool sample are also shown. The PCR
and hybridization results were scored as relative intensities on the basis of visual inspection of the hybridization signals on the exposed X-ray
film for the hybridization and on the basis of the ethidium bromide-stained bands of the PCR products visualized after electrophoresis on an
agarose gel. Maximum staining was scored as 4+, and negative results were scored as 0. A relative intensity of 1 or above is equivalent to
a positive result (+) in Table 1. An intensity of 0.5 is equivalent to a plus-or-minus result (+), and an intensity of <0.2 is equivalent to a
negative result (—) in Table 1. The negative samples were plotted just above the 0 value to indicate that the assay was performed. Six samples
(from 30.6 and 33 to 39 h postinoculation) with P/N ratios of =2.1 were positive by RIA.

amount of small particles and soluble substances which
potentially could inhibit the RT-PCR assay. This step was
found to be particularly significant when the virus concen-
tration in a stool sample was very low.

A key question about our results is what minimum number
of Norwalk virus particles can be detected by RT-PCR.
Unfortunately, it is not possible to quantitate directly the
numbers of Norwalk virions in a stool sample because of the
very low concentration of virus present. In fact, virus
particles can be seen only by performing immune electron
microscopy (11). One can estimate that such samples contain
approximately 10° particles per ml, and if we can detect
Norwalk virus RNA in stool samples diluted up to 10~*, this
suggests a detection limit of as few as 10 particles and
certainly 100 to 1,000 particles. This latter number of parti-
cles is consistent with the result that RT-PCR is 100 times
more sensitive than hybridization for the detection of Nor-
walk virus, and previously, we found that the detection limit
of hybridization with purified hepatitis A virus particles is
10* to 10° virions (5).

The CTAB extraction method used in our experiments
was modified from that used to extract nucleic acid from
shellfish for hybridization assays (21). Specifically, for ex-
traction of virus from stool samples for RT-PCR, we used
CTAB in high salt concentrations in conjunction with phe-
nol-chloroform extraction to obtain relatively pure RNA in
the aqueous phase. In contrast, for extraction of nucleic acid
from shellfish homogenates, we use CTAB in low salt
concentrations after phenol-chloroform extraction to obtain

a CTAB-RNA precipitate (21). This modification w: s made
by monitoring the recovery of radiolabeled single-si.randed
RNA added to stool extracts. We found that viral RNA
stayed in the aqueous phase, while most of the stool debris
separated into the interphase or organic phases when the
sample was extracted with phenol-chloroform in the pres-
ence of CTAB and a high concentration of salt. Although the
precise mechanism by which CTAB effectively purifies the
RNA by this procedure is not clear, our results confirm that
the salt concentration plays an important role in the behavior
of nucleic acid in CTAB solutions (10).

Other techniques (including hydroxyapatite and CF-11
chromatography) have been reported to remove inhibitors
from stool samples for PCR testing (4, 20). Although direct
comparisons are needed to evaluate the relative efficiencies
of these various techniques, a major advantage of our CTAB
method over the other techniques is its great simplicity and
speed.

While developing this method, we found that contamina-
tion of the PCR products was problematic during our early
experiments. The major source of contamination was plas-
mid DNA of Norwalk virus clones which were present in the
laboratory. To avoid the problem of contamination, we
found it necessary to use a separate room for the preparation
of the reagents and samples for testing. This room was
physically separated from any rooms used for plasmid work.
Special care also had to be taken to avoid cross-contamina-
tion between samples during the tests. While these precau-
tions have been noted by others (13, 17, 18) and were
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effective in our hands when strictly followed, this problem
represents a major difficulty that must be overcome before
such methods will be readily useful in clinical laboratories.

The patterns of virus shedding from volunteers tested in
the study were similar to those reported previously, except
that the RT-PCR method detected more Norwalk virus-
positive samples (3). However, the detection of virus shed-
ding was earlier (15 h after virus administration) and lasted
longer (at least 6 days [the latest time tested] after virus
administration) than reported previously. Further applica-
tion of these new techniques will allow us to study other
important questions about the epidemiology, immunology,
and pathogenesis of Norwalk virus infection.

In additional preliminary tests, we used the 1-4 primer pair
to screen other samples thought to contain Norwalk virus
from several outbreaks of human gastroenteritis from differ-
ent countries, and we did not find many Norwalk virus-
positive samples. This may indicate that the virus which
caused these outbreaks was different from the 8FIIa Nor-
walk virus used as the inoculum for the volunteers. Re-
cently, we designed other primers (primers 35 and 36) which
show homology between the RNA polymerase regions of
Norwalk virus and feline calicivirus. Testing of such new
primers in combination with our previous and other nested
primers appears to be useful for the development of tests not
only for the detection of Norwalk virus but also for other
agents found in stools and currently classified as small round
viruses (1, 19).
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