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Sixty-five stool specimens obtained from children suffering from gastroenteritis were tested for the presence
of antigen to rotavirus by the Abbott TestPack Rotavirus (TestPack) enzyme immunoassay kit. The Kallestad
Pathfinder enzyme immunoassay, polyacrylamide gel electrophoresis, immune electron microscopy, and virus
isolation were utilized as reference assays. Fifty-four specimens were in accord by TestPack and Kallestad
Pathfinder. Among 11 discordant specimens positive with TestPack but negative by Kallestad Pathfinder,
rotavirus was not identified by polyacrylamide gel electrophoresis, immune electron microscopy, or isolation in
primary African green monkey kidney cell cultures. TestPack displayed a performance specificity of 83%. The
inordinately high number of stool specimens reported as false-positive by TestPack precludes the incorporation
of this antigen detection kit into our routine regimen of diagnostic virologic testing.

Rotavirus is a major etiologic agent of diarrhea and
gastroenteritis in infants, young children, and the elderly (5).
Although rotavirus infections are usually self-limiting, high
mortality rates occur in Third World countries and, to a
lesser extent, in the United States (9). An accurate and rapid
laboratory diagnostic test for this infectious agent is needed
to assist the physician or health care worker in the adminis-
tration of the appropriate therapeutic modalities.
The Abbott TestPack Rotavirus (TestPack) enzyme immu-

noassay (EIA) is a relatively new, rapid, and easy-to-
perform test for the detection of rotavirus antigen in stool.
The sensitivity of the assay has been found to be satisfactory
for the diagnosis of rotavirus gastroenteritis. However, the
specificity of TestPack, at selected geographic locations, has
been shown to vary from 90 to 100% (2, 3, 15). The purpose
of this study was to investigate the performance of the
TestPack in the Long Island, N.Y., area, to identify any
recrementitious variability in the specificity of the test.

MATERIALS AND METHODS

Stool specimens. Stool specimens were collected from
symptomatic patients (i.e., 3 to 5 days after onset of gastro-
enteritis or diarrhea) who were admitted to or treated in the
emergency rooms of the Nassau County Medical Center or
at the North Shore University Hospital-Cornell University
Medical College during the winter season of 1988 to 1989.
Some specimens from the previous season were utilized. All
specimens were placed in sterile containers, refrigerated
(4°C), and delivered to the respective virology laboratory
within 24 h of collection. Several specimens not tested
within 3 days of arrival in the laboratory were divided into
aliquots, frozen at -20°C, and subjected to parallel testing,
using the TestPack and Kallestad Pathfinder (PTH) EIAs.
Previously identified discordant stool specimens were
thawed and retested by both EIAs, as well as by polyacryl-
amide gel electrophoresis (PAGE), immune electron micros-
copy, and isolation.

EIAs. The PTH EIA for the detection of rotavirus antigen
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in stool is performed routinely at the Nassau County Medical
Center and the North Shore University Hospital-Cornell
University Medical Center virology laboratories. The
TestPack (lots 20522M100 and 20521M100) and PTH (lots
88015803, 88013585, and 88009483) assays were performed
strictly by the manufacturer's specifications.

(i) TestPack. Briefly, a fecal filtrate was treated with
TestPack guinea pig antirotavirus antibody-coated particles
and antirotavirus alkaline phosphatase conjugate (mouse
monoclonal and bovine polyclonal antibodies). After a 5-min
incubation, the complex was added to a reaction disk. The
reaction disk surface was washed with guanidine hydrochlo-
ride, and chromagen was then added. The appearance of a
"+" (positive) symbol on the reaction disk was indicative of
a positive reaction, and a "-" (negative) symbol (compared
with the control) indicated nonreactivity.

(il) PTH. The PTH EIA consisted of rabbit antirotavirus
immunoglobulin G-coated tubes into which diluted stool and
horseradish peroxidase-conjugated murine monoclonal anti-
body were added. The tubes were gently mixed and incu-
bated for 1 h at room temperature. After thorough washings,
the tubes were visually read 15 min after the addition of the
chromogen (tetramethylbenzidene). Specimens displaying a
blue color were considered positive. Specimens displaying
no blue color were interpreted as negative. Previous studies
in this laboratory showed no differences between our ability
to visually interpret the results of the assay and spectropho-
tometric readings (14).
PAGE. Discordant stool specimens, which had been re-

peated at least twice by each EIA, underwent further testing
at least two times to identify the presence of viral RNA by
PAGE (4, 11). Briefly, stool specimens were suspended in
0.05 M Tris-NaCl (20% suspension, pH 8.0), sonicated in an
ice bath at 40 W for 30 s (Sonifier cell disrupter; Heat
Systems-Ultrasonics, Inc., Plainview, N.Y.), and centri-
fuged at 3,000 x g for 30 min at 4°C. The resultant superna-
tant was then centrifuged at 99,000 x g for 1 h at 4°C to pellet
the virus. The RNA was extracted from the pellet by the
phenol-chloroform method (RNAzol; Cinn/Biotecx Labora-
tories International, Friendswood, Tex.), using the manufac-
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turer's recommendations. The RNA was suspended in sam-
ple buffer (0.0625 M Tris base [pH 6.8], 20% glycerol, 0.5%
sodium dodecyl sulfate, and 0.1% bromphenol blue) for
loading onto a discontinuous system consisting of a 3%
stacking and a 10% running gel (12).

Cells infected with laboratory-adapted strains of simian
rotavirus SA-11 (SA-11; kindly supplied by Mary K. Estes,
Baylor College of Medicine, Houston, Tex.) and reovirus
type 1, Lang strain (ATCC VR-230), served as controls.
Flasks containing primary African green or rhesus monkey
kidney cells were inoculated with SA-11 or reovirus (13, 14)
and incubated until there was a 1+ or 2+ cytopathic effect.
The infected cells were treated with RNAzol (0.2 ml of
RNAzol per 106 cells) and then with 0.2 ml of chloroform,
with subsequent precipitation of the viral RNA in isopro-
panol. The RNA was washed in 75% ethanol, suspended in
sample buffer, and loaded onto the gel. RNA segments were
visualized by silver staining (catalog no. AG-25; Sigma
Chemical Co., St. Louis, Mo.). Data analysis was performed
as described previously (14).
Immune electron microscopy. A 20% stool suspension was

prepared in phosphate-buffered saline. The suspension was
mixed thoroughly on a Vortex mixer and then subjected to
additional mixing with a cell disrupter (Mini Bead Beater;
Biospec Products, Bratleville, Okla.) for 1 min (14). The
suspension was then centrifuged at 10,000 x g for 10 min.
Equal volumes of the supernatant and rotavirus antiserum
(rabbit immunoglobulin to human rotavirus [Dako Corp.,
Santa Barbara, Calif.]; diluted 1:100 in phosphate-buffered
saline) were gently vortexed and incubated for 30 min at
37°C. The suspension was centrifuged at 10,000 x g for 1 h
at room temperature, and then the supernatant was aspirated
and the pellet was suspended in 25 ,tl of phosphate-buffered
saline. An equal volume of 4% phosphotungstic acid was
added to the virus-antibody complex. One drop of the
complex was placed onto a carbon-Formvar-coated, 400-
mesh grid for a period of 3 min. Bibulous paper was used to
remove the excess inoculum. The controls consisted of a
pooled stool mixture of five fecal specimens, which were
PTH EIA and isolation positive, and SA-11, which had been
prepared in primary African green monkey kidney cell
cultures. A known negative control stool specimen was
processed in parallel with the positive controls and the
discordant clinical specimens in question.

Virus isolation. Attempts to isolate rotavirus from stool
were performed by procedures described earlier (14).
Briefly, trypsin-treated stool extracts were inoculated into
culture tubes containing primary African green monkey
kidney cell monolayers. The tubes were placed into a roller
drum apparatus and incubated for 10 days. The controls
consisted of SA-11 and a pooled positive stool specimen.
After 10 days of incubation, cells were scraped from the
tubes and then washed and stained by immunofluorescence
to detect the presence of cell-associated rotavirus antigen. A
cytopathic effect was visualized after 3 days in the SA-11-
inoculated culture tubes only.

RESULTS AND DISCUSSION

The evaluation of any assay system is contingent upon the
accuracy of the reference standard. Since no single assay is
perfect, a combination of confirmatory methodologies must
be used (8). The use of PTH and PAGE as confirmatory
assays was based on the superior performance of the PTH
EIA in two prior evaluation studies (6, 14) and our extrac-
tion/concentration procedure of the infectious agent from
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FIG. 1. Testing of il discordant stool specimens by PAGE. Lane
a, Rotavirus SA-il; lanes b to j, 1, and m, stools that contained no
detectable RNA; lanes k and n, negative specimens; lane o, rotavi-
rus SA-il; lane p, reovirus type i Lang strain.

stool to enhance detection of the genomic double-stranded
RNA. The rotavirus isolation assay approximates 5 X 102
infectious particles per mi (17), perhaps approaching that
sensitivity reported with polymerase chain reaction (J. A.
Wilde, J. J. Eiden, R. P. Viscidi, and R. H. Yolken, Pro-
gram Abstr. 29th Intersci. Conf. Antimicrob. Agents Che-
mother., abstr. no. 456, 1989). Our additional confirmatory
assay of immune electron microscopy complemented the use
of the PTH ETA, PAGE analyses, and isolation.
0f 65 specimens tested by TestPack and PITH, 54 were in

accord. Eleven discordant specimens, positive by TestPack
but negative by PTH, were negative by PAGE (Fig. 1),
immune electron microscopy, and isolation. In our hands,
TestPack failed to approach the near-perfect test specifica-
tions reported by others (3, 15). However, our results
showing an 83% specificity are more in agreement with those
of workers reporting a specificity of 90% (2). Two of our il
discordant specimens were obtained from 1987-1988 frozen
stock. In the clinical setting, however, a rapid specimen
turnaround time is the rule rather than the exception. Con-
sequentIy, our testing of primarily fresh specimens ad-
dressed those needs of the physician and the laboratory
worker.

Disparities reported between our work and the earlier
studies (3, 15) are diflicuit to explain. However, critical
examination of the signal produced on the TestPack reaction
disk (ie., the + and - symbols) cannot help but ignite a
nidus of interpretive discord. Some workers, for example,
may interpret (in violation of the manufacturer's specifica-
tions) a faint + signal on the reaction disk as nonreactive.
Such interpretive difficulties by the novice or perhaps the
experienced laboratory worker with minimal exposure to the
assay in question would not be unexpected (M. Cheuesky,
personal communication). Importantly, incorporation of ro-
tavirus TestPack into the laboratory environment is contin-
gent upon the level of experience of the individual perform-
ing the test in question.
Approximately one-third of our false-positive specimens

took i min or longer to pass through the TestPack reaction
disk focused. Although the manufacturer recommends resam-
pling and retesting of such "suspect" specimens, the sug-
gested protocol negates the rapidity of the test and requires
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TABLE 1. Age distribution of patients suffering from
gastroenteritis or diarrhea

Patient age (mo) No. of patients tested No. of false-positives

sl 28 5
2-3 10 1
4-6 0 0
7-9 1 0
10-12 4 2
24-36 7 1
48-60 2 1
>60 13 1

additional effort on the part of the physician, the nursing
staff, and the laboratory support personnel. Differences in
filtrate behavior (i.e., the migration rate) in the disk focuser
were not found to reflect variations in stool pigment inten-
sities.
Reduced rotavirus EIA specificity has been ascribed some

years ago to confounding nondiscrete substances in stool
such as fibers, protein metabolites, enzymes, and antiglob-
ulins (1, 10, 16, 18). One may not rule out an effect of these
and perhaps other ill-defined stool components which might
be responsible, in part, for the appearance of a faint + signal
on the reaction disk. Another possible reason for the high
false-positivity rate identified in this study was thought to
have been our relatively large symptomatic neonatal and
infant (c3 months of age) patient populations (Table 1).
However, comparison of data obtained from these popula-
tions with those obtained from our >10-month-old patients
revealed no differences in the specificity of TestPack. More
data are needed from patients of various age groups, how-
ever, before a more definitive statement can be made.
Previous studies evaluating the TestPack among sympto-
matic neonatal or infant patients had been ill-defined or only
minimally addressed (2, 3, 15).
The TestPack has the obvious advantage of rapidity and

simplicity of performance. Clearly, such an assay has con-
siderable appeal to health officials in rural areas throughout
the Third World. In the fully equipped virology/microbiol-
ogy laboratory, however, the questionable specificity of
TestPack limits its incorporation into the routine testing
regimen when other relatively simple assay systems are
available (6, 14).
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