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METHOD FOR VISUALLY DETECTING THE PRESENCE OF
VIRUS IN A CLINICAL SPECIMEN

Field of the Invention

This invention relates to diagnostic tests for
detection of viruses in clinical specimens. More
specifically it relates to visual detection of the
presence of a virus that has a characteristic enzyme
through the reaction of the enzyme with a chromogenic
substrate for the enzyme and an agent that reacts with

the liberated chromogen to produce a visually detectable
product.

Background of the Invention

The rapid diagnosis of viral infections is
becoming an integral part of good medical practice. Some
viruses have definable antigens against which antibodies
can be produced. Therefore, immunoassays have been
widely used for the measurement of the antigen and thus
the determination of the presence or absence of a virion.
There are cases, however, where antibody-antigen
reactions are too specific, and the test may not reliably
diagnose a viral infection. Where it is desirable to
measure a more broad group of virions, it may be possible
to detect a particular structural component of the virus.
For example, influenza viruses possess surface
glycoproteins that have neuraminidase activity. The
surface glycoproteins hydrolyze substrates that contain
c-kKetosidically linked N-acetylneuraminic acid. When a
virion with neuraminidase activity is incubated with a
chromogenically or fluorometrically medified N- |
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acetylneuraminic acid substrate, the enzyme will cleave
the chromogenic or fluorometric group from the substrate
and the reaction product will indicate the presence of
the virion. The enzyme, in the case of influenza is part
of the virus itself, but in other cases may be produced
by the virus or by cells as a direct result of the cells
being infected with the particular virus.

An assay for the direct measurement of
influenza neuraminidase was developed by Yolken et al.,
J. Infectious Diseases 142:516-523 (1980). Yolken used
the 4-methylumbelliferyl-a-ketoside of N-acetylneuraminic
acid as a fluorescent substrate to measure neuraminidase
activity in preparations containing small quantities of
cultivated influenza virus as well as in some nasal wash
specimens from human volunteers experimentally infected
with influenza virus. Yolken suggested that "successful
development of fluorometric enzyme assays for the
detection of influenza neuraminidase might thus provide
for a practical means of influenza diagnosis that is
sufficiently‘rapid to allow for the institution of
appropriate preventative and therapeutic interventions*.
Id. at 522. Yolken attempted detection with colorimetric
neuraminidase assays. According to Yolken, the
colorimetric assays were insufficiently sensitive for
clinical applications. 1In fact, "visual neuraminidase
substrates did not detect neuraminidase in any nasal wash
specimen" that Yolken studied. Id. at 520. In contrast,

Yolken noted that flucrometric assays may be suitable for
detecting influenza neuraminidase in clinical samples.
"The successful development of fluorometric enzyme assays
for the detection of influenza neuraminidase might thus
provide for a practical means of influenza diagnosis that
1s sufficiently rapid to allow for the institution of
appropriate preventative and therapeutic interventions."
Id. at 522. Following up on this hypothesis, Pachucki et
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al., J. Clinij Lcrobio 26:2664-666 (1988), tested
the 4-methylumbelliferyl-a-ketoside of N-acetylneuraminic
acid on clinical specimens collected from influenza
patients. They reported that, due to its low
sensitivity, the "assay was not useful in detecting
neuraminidase directly in clinical specimens but
ldentified 91% of virus-positive isolates 24 h after
inoculation onto tissue culture". Id. at 2665.

The combined teachings of these references,
therefore, lead away from the use of neuraminidase
substrates to detect influenza neuraminidase activity in

clinical samples, and further teach that visual detection
is impractical for any specimen.

Disclosure of the Invention

One aspect of the invention is a method of
detecting the presence of a virus that comprises a
characteristic enzyme in a clinical sample suspected of
containing the virus comprising the steps of:

(a) 1incubating the sample with a solution of a
substrate for the enzyme, said substrate comprising a
reactive group that is liberated by reaction between the
enzyme and the substrate and said solution containing an
agent that reacts with the liberated reactive group to
produce a visible reaction product, said incubation being
carried out under conditions that permit the enzyme to
react with the substrate to liberate the reactive group
and the reactive group to react with the agent; and

(b) visually observing the product of step (a)
to determine the presence or absence of said visible
reaction product.

Another aspect of the invention is a method of
detecting the presence of a virus that comprises a
characteristic enzyme in a clinical sample suspected of
containing the virus comprising the steps of:
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(a) 1ncubating the clinical sample with a
solution of a chromogenic substrate for the enzyme and a
precipitating agent, the chromogenic group of the
substrate exhibiting a characteristic color when
liberated from the substrate, said incubation being
carried out under conditions that permit the enzyme to
react with the substrate to liberate the chromogen and
the liberated chromogen to be precipitated by the
precipitating agent:;

(b) concentrating the precipitated chromogen;

and

(c) visually observing the concentrate of step
(b) for the presence of said color.

Yet another aspect of the invention is a kit
for use in the detection of the presence of a: virus that
comprises a characteristic enzyme in a clinical sample
suspected of containing the virus, said kit comprising in
packaged combination:

(a) a buffer solution for extraction of the
clinical sample;

(b) a substrate for the enzyme, said substrate
comprising a chromogen that is liberated by reaction
between the enzyme and the substrate; and

(c) a precipitating agent that in solution
reacts with the chromogen to produce'a'visibly detectable
colored precipitate.

- Modes for Carrzing Oout the Invention

The present invention may be used to detect the
presence of any virus that has a characteristic enzyme.
Examples of such viruses and enzymes are influenza A or B
virus (neuraminidase, RNA polymerase, ribonuclease),
adenovirus (protein kinase, protease endonuclease), CMV
(ornithine decarboxylase, DNA polymerase, protein kinase,
exonuclease), herpes simplex (DNA polymerase, prbtein
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kinase, thymidine kinase), parainfluenza (hemagglutinin-
neuraminidase), and respiratory syncytial viruses

(polymerase).

Substrates for these enzymes are known in the
art, e.g., N-acetylneuraminic acid for neuraminidase,
thymidyl phosphate for thymidine kinase, adenylphosphate
for protein kinase, and ornithine for ornithine
decarboxylase. These substrates may be coupled to
chromogens by Kknown chemistry. For instance, in the case
of N-acetylneuraminic acid, the acid is first converted
to its methyl ester by treatment in methanol with
trifluorocacetic acid. Reaction of the ester in excess
acetyl chloride acetylates the free alcohol groups on the
substrate and effect conversion to the glycosyl chloride
simultaneously. The glycosyl chloride in chloroform is
then reacted with an aqueous solution of the sodium salt
of the chromogen in the presence of a phase transfer

 reagent such as triethylammonium chloride to effect

coupling. Deprotection of the acetate and methyl ester
groups by treatment with sodium methoxide and sodium
hydroxide yields the chromogen/N-acylneuraminic acid
conjugate. |

The clinical samples that are tested in the
invention will typically be pharyngeal, nasopharyngeal
(1n the case of pediatric patients) or respiratory

secretions collected from patients as wash, expectorate
or swab specimens.

Proper collection and handling of clinical
specimens is the most important factor in a successful
assay. The possibility of virus isolation is increased
when specimens are collected as soon as possible (3 to 7
days) after disease onset.

In the case of influenza and depending on the
type of respiratory syndrome experienced by the patient,
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several different specimens may be collected as outlined
below.

Upper Respiratory Tract Infections

5 Colds are acute, self-limited viral infections
of the epithelial surfaces of the upper airway
characterized by nasal discharge and stuffiness,
sneezing, rhinitis, and throat irritation. In infants,
additional symptoms may include obstruction of the nasal

10 passages, fever, and irritability. Low volume nasal
washes (2 ml or less) and nasal aspirates usually reveal
high virus titers.

Pharyngitis is an inflammatory disease of the
mucous membranes and structures of the throat often

15 involving the nasopharynx, uvula, and soft palate.
Soreness and irritation are involved, but rarely is
severe pain or difficulty in swallowing apparent.
Additional symptoms include fever, headache, nausea,
vomiting, abdominal pain, and cervical adenitis.

20 Diagnosis requires objective evidence such as erythema,
exudate, or ulceration. Malaise, myalgia, chills,
dizziness, and cough are also occasionally noted.
Pharyngeal swabs or nasopharyngeal aspirates should be
collected, especially if nasal symptoms are prominent.

25 Low volume throat washings or swabs may be preferable if
there is prominent pharyngitis.

Lower Respiratory Tract Infections

Influenza syndrome includes fever, chills, sore
30 throat, and systemnic complaints.' A cough 1is also
associated with common cold and pharyngeal symptoms.
This syndrome is most often observed during epidemics
throughout the winter months. Throat swabs or washings

should be collected.
35
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Pneumonia, and infiltrative disease of the
lungs is most fregquently viral in nature for infants and
children. Respiratory tract symptoms include cough and
shortness of breath. Nasopharyngeal aspirates, tracheal
aspirates, bronchial aspirates or nasal washes are
preferred. Throat swabs are acceptable.

Correct collection of the above-listed
specimens will help to assure a timely diagnosis.
Specimen collection, processing, and culture isolation of
respiratory viruses should be attempted only by
experienced personnel. Nasopharyngeal swabs may not
retrieve a large number of virions, but are much easier
to collect, especially with infants. If secretions are
too small as in the convalescent stage of croup, or the
mucosa particularly fragile, nasopharyngeal swabs may be
the specimen of choice. Throat swabs or washes may be
combined with nasopharyngeal swabs or collected alone
particularly with influenza virus infections. Nasal
washes provide an easy collection method, as with swab
specimens, but increase the number of mucosal cells
available. Nasopharyngeal aspirates, particularly where
respiratory syncytial virus (RSV) and parainfluenza virus
infections are suspected, are strongly encouraged.

Nasopharyngeal swab specimens are collected as
follows: A dry swab (cotton or Dacro;) is inserted into
one or both nostrils to the nasopharyngeal area. The
swab is allowed to remain in the nostril for a few
seconds to absorb secretions, rotated gently, and then
withdrawn. A separate swab used for each nostril may
increase the specimen volume. Swab(s) should be placed
into 1 to 2 ml of agqueous buffer solution, the shaft
broken off, and the cap tightly secured.

Throat swvab specimens are collected as follows:
A swab (cotton or Dacron), moistened in sterile phosphate
buffered saline (0.15 M sodium chloride and 0.01 M sodium

*Trade-mark
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phosphate, pH 7.0-7.6), is used to vigorously rub the
tonsils and the posterior pharynx. The swab is then
extracted into a sterile vial containing 2 ml of agueous
buffer solution, and the vial is capped.

Throat wash specimens are collected as follows:
The patient is asked to gargle with 1 to 2 ml of sterile
phosphate buffered saline (0.15 M sodium chloride and
0.01 M sodium phosphate, pH 7.0-7.6) and the buffered
saline is collected into a sterile vial containing 1 to 2

ml of agqueous buffer solution and the cap tightly
secured.

Nasal wash specimens are collected as follows:

1 to 2 ml of sterile phosphate buffered saline (0.15 M

sodium chloride and 0.01 M sodium phosphate, pH 7.0-7.6)
is instilled into each nostril while the patient holds
his/her head tilted back. Then the head is tipped
forward and the fluid collected into a sterile vial
containing 1 to 2 ml of aqueous buffer solution and the
cap tightly secured.

Nasopharyngeal wash specimens are collected as
follows: 1 to 2 ml of sterile phosphate buffered saline
(0.15 M sodium chloride and 0.01 M sodium phosphate, pH
7.0-7.6) 1s aspirated into a soft rubber bulb. The
patient is placed on his/her side in a supine position
and oné nostril is gently pressed closed with finger
pressure. The point of the bulb is used to completely
occlude the other side. The phosphate buffered saline is
then squeezed into the nose and quickly aspirated.
Secretions are then expelled into a sterile vial
containing 1 to 2 ml of agqueous buffer solution and the
cap tightly secured.

Nasopharyngeal aspirate specimens are collected
as follows: A No. 8 French soft plastic feeding tube is
attached through a valve-containing trap to an electric

suction'apparatus. The sterile catheter is introduced
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through the flares to the back of the nose. Suction is

intermittently applied through the means of a thumb valve
while the catheter is slowly withdrawn. The process may
be repeated once in each nostril so that 0.2 to 0.8 ml of
secretion is obtained in the trap. The secretion is then

transferred to 1 to 2 ml of aqueous buffer solution and
the cap tightened securely.

The aqueous buffer solution referred to in the
above collection procedures preserves enzyme activity.
It maintains the pH at about 4 to 7, preferably 5.5 to
6.5. The solution also contains optiocnally about 0.1% to
10% by weight nonionic detergent, a small amount (1-20
mM) of alkaline earth metal cation (Ca, Mg, preferably
Ca), and a sufficient amount of a stabilizer selected
from the group consisting of polyhydric sugar -alcohols,
simple sugars, and disaccharide sugars to enhance the
thermal stability of the enzyme in the sample. In the
case of washes and aspirates, if the specimen is to be
assayed'within five minutes of collection, it may be
combined directly with the substrate and precipitating
agent and need not be combined with buffer solution.
Similarly, fresh swabs may be extracted directly into the
substrate and precipitating agent solution if they are to
be tested within five minutes after collection.

The buffer may be'organic Or inorganic.
Examples of suitable buffers are conventional buffers

(e.g. monosodium citrate-disodium citrate mixture, citric

acid~trisodium citrate mixture, citric acid-monosodium
citrate mixture, etc.), acetate buffers (e.g., acetic
acld-sodium acetate mixture), succinate buffers (e.q.
succinic acid-monosodium succinate mixture, succinic
acid-sodium hydroxide mixture, succinic acid-disodium
succinate mixture,.etc.); tartrate buffers (e.gq. tartaric

acid-tartrate mixture, tartaric acid-potassium tartrate
mixture, tartaric acid-sodium hydroxide mixture etc.),



10

15

20

25

30

35

CA 02104683 2002-03-15

-10~-

fumarate buffers (e.g. fumaric acid-monosodium fumarate
mixture, fumaric acid-disodium fumarate mixture,
monosodium fumaric acid-disodium fumarate mixture),
gluconate buffers (e.g. gluconic acid-sodium gluconate
mixture, gluconic acid-sodium hydroxide mixture, gluconic
acid-potassium gluconate mixture, etc.), oxalate buffers
(e.g. oxalic acid-sodium oxalate mixture, oxalic acid-
sodium hydroxide mixture, oxalic acid-potassium oxalate
mixture, etc.), lactate buffers (e.g. lactic acid-sodium
lactate mixture, lactic acid-sodium hydroxide mixture,
lactic acid-potassium lactate mixture, etc.), acetate
buffers (e.g. acetic acid-sodium acetate mixture, acetic
acid-sodium hydroxide mixture, etc.), malate buffers
(e.g., D,L-malic acid-disodium malate mixture), phosphate
buffers (e.g. monosodium phosphate-disodium phosphate
mixture, monosodium phosphate-sodium hydroxide mixture,
triscdium phosphate-hydrochloric acid mixture, etc.), 2-
(N-morpho-lino)ethanesulfonic acid, [bis-(2-
hydroxyethyl)-iminoltris (hydroxymethyl)methane, N-2-
acetamido-iminodiacetic acid, 1,3-bis{[tris(hydroxy-
methyl)methyl-amino)}propane, piperazine-N,N’-bis(2~-
ethanesulfonic acid), N-2-acetamido-2-aminoethanesulfonic
acid, 3-(N-morpholino)-2-hydroxypropanesulfonic acid, N-
N-bis-(2-hydroxyethyl)2-aminoethanesulfonic acid, 3-(N-
morpho-lino)propanesulfonic acid, 2-[tris(hydroxy-
methyl)methyl-amino)ethanesulfonic acid, N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid, 3-
{(tris-(hydroxymethyl)-methyl)amino}~-2-hydroxypropane-
sulfonic acad.

Examples of non-ionic detergents useful in the
buffer solution are the Pluronics such as Polysorbate 20
and Polysorbate 80, Tritogcx-loo, NP-46i and alkyl
glucosides such as Cg-Cgy alkyl glucoside. The detergent
is an optional component and facilitates release of the
enzyme from the viral envelope.

*Trade-mark
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Examples of the stabilizers that are used in
the buffer solution are trihydric or higher sugar
alcohols, such as glycerin, erythritol, arabitol,
xXylitol, sorbitol, mannitol, the simple sugars glucose
and fructose and the disaccharide sucrose. These
polyhydric sugar alcohols, and simple and disaccharide
sugars can be used alone or in combination. In order to
stabllize the activity of the neuraminidase-containing

viruses, the polyhydric sugar alcohols or simple and
disaccharide sugars are added to the liquid

formulation/excipient system in an amount from 0.2 M to
2.1 M and preferably, 0.6 M to 2.0 M.

Once mixed with the buffer solution, the sample
may be stored for prolonged periods, preferably at 2°C to
8°C without significant loss of enzyme activity.

Repeated freezing and thawing of the sample should be
avoided.

The fresh specimens (used within five minutes
of collection) or the buffered stabilized specimen is
then combined and incubated with a mixture of chromogenic
substrate and precipitating agent appropriate to detect
the virus via the enzyme associated with the virus. The
reaction is carried out between ambient and physiological
(approximately 20~40°C), preferably at room temperature.
Higher temperatures may be used, but they may produce
false positives. The sensitivity of the test at
physiological temperature is substantially greater than
at amblent temperatures. The reaction time will normally
be in the range of 20 to 120 minutes, more usually 30 to
60 minutes. The chromogenic substrate concentration will
normally range from 0.05 mM to 5.0 mM, preferably 0.05 mM
to 0.5 mM. If there is enzyme activity in the sample,
the chromogenic group will be cleaved from the substrate
and the liberated chromogen will react with the
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precipilitating agent to form a precipitate having a
characteristic color.

The agents that allow for precipitation and

visual detection of the chromogen may be salts, dyes or
5 color-producing compounds that can be in their activated

or ilnactive state whereby upon activation they will
produce the precursor to the final colored compound.
These dyes or color-producing compounds include any
compounds which will couple to, or react with the

10 liberated chromogen, but not limited to the diazonium
salts listed below. Diazonium salts are formed by the
reaction of a precursor amine with a nitrite. Thus, the
aryl amine precursors to diazonium salts may be used in
combination with an alkyl nitrite, e.g., n-butyl nitrite

15 and t-butyl nitrite, at an acid pH. For maximum
stability the diazonium salt and substrate are preferably
maintained in a dry (e.g., lyophilized) form prior to
use. The concentration of the diazonium salt, dye, or
color producing compound will typically range between

20 0.01 mM to 10 mM with optimum ranges between 0.05 mM to
0.5 mM. Concentrationé between 0.025 mM to 5 mM have
been tested with several diazonium salts and results
indicate that with increasing concentrations of these
diazonium salts sensitivity can be increased to an

25 optimal point. '

The preferred aryl alcohol chromogens and their
characteristic colors when detected visually or
colorimetrically after precipitation by a diazonium salt
are liSted in the following table. The colors were

30 determined by the interaction of 0.2 mM indicated
diazonium salt solution with a 0.2 mM free indicated
chromogen solution in a 50 mM sodium acetate buffer at pHJ
5.9 and allowing the reaction to proceed for several

minutes and collecting the precipitate on a 0.45 micron
35 nitrocellulose membrane.
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In addition to the substrate and precipitating
agent, the reaction mixture may contain color enhancing
agents and moieties required for enzymatic activity. In
this regard, thimerosol (at 0.1% to 0.5% by weight) and
methyl paraben or propyl paraben (at 0.01% by weight)
were found to enhance the color of the precipitate formed
from several of the above-listed diazonium salts.

Calcium ion has been found to greatly increase the enzyme
turnover rate and is thus a desirable component of the
mixture. Calcium ion may be added as a salt, e.g.,
calclum chloride, preferably at concentrations in the
range of 5-20 mM, preferably 10 mM. Uncoupled chromogens
may be included to provide contrasting color which would
distinguish a positive test from a negative test.

Bulking or stabilizing agents such as mannitol may also
be added to the substrate and salt.

The volume of the sample used in the assay may
affect the sensitivity and the presence of background
color. Assay volumes ranging between 0.25 ml and 2.0 ml
have been used successfully. Concentrations of substrate
and precipitating agent should be adjusted to give
optimum results for each assay volume. In this regard,
it was found that when the assay volume is increased
(i.e., concentration of enzyme is decreased) the
concentrations of substrate and precipitating agent must
be decreased to reduce undesirable background color
formation.

The liberation of chromogen and the formation
of precilpitate are pH dependent, and the optimum pH for
each of these reactions may differ. Generally the pH may
range between about 3 and 9, preferably between 5 and 8.
In tests using a panel of two chromogens and three

diazonium salts, the most intense color was produced at
pH 6.9.
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It may be desirable to improve the detection
limit afforded by the present invention for various
samples. In such a case, an enzyme amplification
technique described by Bobrow et al., Journal of
Immunological Methods, 125:279-285 (1989), may be useful.
The method involves "utilizing the ADRE (analyte
dependent reporter enzyme) of a solid-phase assay to
catalyze the deposition of additional reporter enzyme
onto the so0lid phase, resulting in signal amplification
and improved assay detection 1imits". Id. at 280.

The colored precipitate that is produced may be
concentrated by any conventional liquid-solid separation
means, such as filtration, evaporation, and
centrifugation, so that it may be more readily seen.
Preferably the reaction medium is filtered using a
suitable filter with a pore size small enough to retain
the precipitate. Pore sizes will typically range between
0.20 microns and 20 microns, preferably from 0.45 microns
to 5 microns. Examples of suitable filter materials are
nylon, chemically modified nylon, nitrocellulose and
hybrid nitrocellulose. The reaction medium may be passed
through the filter by gravitation or under'positive
force, such as that effected by positive pressure, vacuum
or capillary action. In the latter an absorbent pofous
material, such as cotton or cellulose, is placed beneath
and in contact with the membrane. Such material is
capable of wicking and retaining the fluid volume in the
reaction mixture. The reaction mixture may be focused on
a small spot on the membrane to provide a distinct
colored spot on the surface of the membrane indicating a
positive test. The sensitivity of the assay may be
increased by focusing the mixture through a small
diameter spot SO as to concentrate the color in a small

area. The spot diameter will normally range between 1
and 5 mn.
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The invention further provides a kit for use in
the clinic or physician’s office for rapidly detectihg
the presence of a virus in a clinical sample. A
preferred embodiment kit comprises a vessel that contains
a buffer solution wherein the sample can be deposited.
The kit further contains a second sealed vessel that
contains the substrate coupled to the chromogen and the
precipitating agent in dry form. When the sample is
deposited in the buffer solution (or the buffer solution
is used to dissolve the substrate and precipitating
agent), the contents of the sealed vessel are added and
the solution is covered and allowed to incubate for a

period as described previously. The cover for the buffer
vessel 1s a filtration device comprising a porous

membrane and absorbent material. The center portion

contains a 2 cm diameter circular opening such that when
the device is placed over the vessel, the vessel is
sealed from the outside air. The filtration device

further comprises a focusing device (e.g., a funnel) such

‘that when the sample is deposited on the membrane by

inversion of the vessel and filtration device
combination, the solution is physically concentrated to a
spot on the membrane which is between 1.5 and 5.0 mm.

After the incubation period is completed, the vessel and
filtration device are inverted to permit the reaction

‘mixture to pass through the membrane and where virus 1is

present, a colored reaction product will be present on
the spot surface of the membrane.

The kit will also normally include positive and
negative control specimens and written instructions for
carrying out the assay.

Accordingly, the present invention provides a
simple and rapid technigue for detecting the presence of
a virus in a clinical specimen that may be carried out in
the clinic or physician’s office and enable the physician



WO 92/12256 PCT/US91/09785

10

15

20

25

S0

35

2104685 B

to prescribe the appropriate therapy to treat the
infection and/or the appropriate prophylactic treatment
to persons in close contact with the infected patient.

- The following example further illustrates the
invention. This example is not intended to limit the

invention in any manner.

Example

Clinical specimens from patients suspected of
having influenza are collected as described above. The
specimen is combined with an aqueous solution of 2.0 nl
containing 10 mM CaCl,, 3.5 mM malic acid, pH 5.9 and
0.01% Thymerosol. The combination of the specimen and

-aqueous solution are used to reconstitute a dry reagent

mixture containing 0.075 mM 4-chloro-l-naphthol-N-acetyl-
neuraminic acid, 0.05 mM Fast Red ITR, 0.04 mM 3AAP, 1%
mannitol, and 21.5 mM malic acid diazonium salt in a
sterile vial.

Except in the case of wash or aspirate
specimens where 2 ml wash or aspirate itself are added
directly to the dry reagents mixture.

After combining the specimen with the substrate
mixture, the vial is capped and the mixture is incubated
at 37°C for 60 minutes.

The entire contents of the vial are then placed
on a nitrocellulose filter (1.2 microns, Micron
Separation, Inc.) backed with a pad of cellulose acetate
(4.9 X 29.2 X 30.7 mm) . Thé contents are focused onto
the filter through a 2 mm diameter orifice.

, The color of the 2 mm spot through which the
contents have been filtered is observed immediately after
all the solution has been absorbed through the filter. A
red, pink, or orange colored spot is positive: a vellow
colored spot is negative.
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Modifications of the above described modes for
carrying out the invention that are obvious to those of
skill in the fields of virology, biochemistry, organic
chemistry, diagnostic medicine and related fields are

5 intended to be within the scope of the following clainms.
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1. A method for detecting the presence of a
virus which contains a characteristic enzyme 1in a

clinical sample suspected of containing the virus

comprising the steps of:

(a) 1ncubating the sample with a solution of a
substrate for the virus, said substrate including a
reactive group that is liberated by reaction between the
enzyme and the substrate and salid solution contailining an
agent that reacts with the liberatea reactive group to
produce a visible reaction product, sald incubation being
carried out under conditions that permit the enzyme to
react with the substrate to liberate the reactive group
and the reactive group to react with the agent; and

(b) visually observing the product of step (a)
to determine the presence or absence of said visible
reaction product,
wherein the liberated reactive group 1s selected from the
group consisting of 3-methoxyphenol, 3-dimethylamino-
phenol, 6-bromo-2-naphthol, 4-chloro-l-naphthol, 3-
bromophenol and 3-acetamidophenol, and
wherein the agent that reacts with the liberated reactive

group is selected from the group consisting of Fast Red

ITR, Fast Red AL, Fast Violet B, last Red-Violet LB, Fast

Black K, Fast Blue BB, and Fast Corinth V.

Z . The method of claim - wherein the clinical
sample is collected by means of a nasopharyngeal swab, a
throat swab, a throat wash, a nasal wash, a

nasopharyngeal wash, or a nasopharyngeal aspilrate.

3. The method of claim 1 wherein the virus 1s

-’

influenza virus and the enzyme is neuramlnidase.
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4 A method of detecting the presence of a
virus which contains a characteristic enzyme in a
clinical sample suspected of containing the virus
comprising the steps of:

(a) 1ncubating the clinical sample with a

solution of a chromogenic substrate for the enzyme and a

#

precipitating agent, the chromogenic group of the

substrate exhibiting a characteristic color when
liberated from the substrate, said incubation being
carrled out under conditions that permit the enzyme to
react with the substrate to liberate the chromogen and
the liberated chromogen to be precipitated by the
preclipitating agent;

() concentrating the precipitated chromogen;
and

(c) visually observing the concentrate of step

(b) for the presence of said color.

5. The method of claim 4 wherein the clinical
sample 1s collected by means of a nasopharyngeal swab, a
throat swab, a throat wash, a nasal wash, a

nasopharyngeal wash, or a nasopharyngeal asplrate.

C. The method of claim 4 wherein the

chromogenic group 1s selected from the group consisting
of 3-methoxyphenol, 3-dimethylaminophenol, o6-bromo-2-
naphthol, 4-chloro-l-naphthol, 3-bromophenol, and 3-

acetamidophenol.

7. The method of claim 4 wherein the

precipitating agent is selected from the group consisting

of Fast Red ITR, Fast Red AL, Fast Violet B, Fast Red-

Violet LB, Fast Black K, Fast Blue BB, and Fast Corinth
V.
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8 . The method of claim 4 wherein the virus is

influenza and the enzyme 1s neuraminidase.

F
s

9. A kit for the detection of the presence of a

virus 1n a direct clinical sample suspected of containing

the virus, wherein the virus has a characteristic enzyme,

sald kit comprising;

(a)

a buffer solution for extraction of the
characteristic enzyme from the direct clinical
sample;

a substrate for the characteristic enzyme,
sald substrate comprising a chromogen that 1is
liberated upon incubation of the direct
clinical sample with the substrate by reaction
between the characteristic enzyme and the

substrate, if the characteristic enzyme 1s

present in the direct clinical sample;

a precipitating agent which reacts with the

liberated chromocgen in the buffer solution to

’*
F

produce a colored precipitate 1f the

characteristic enzyme 1s present 1in the direct
clinical sample; and

a means for concentrating the colored

precipitate sufficiently to provide a distinct,
visibly detectable spot of the colored
precipitate if the characteristic enzyme 1s

present in the direct clinical sample;
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wherein the virus is selected from the group consisting

of influenza A, influenza B, adenovirus, cytomegalovirus,

herpes simplex, parainfluenza, and respiliratory synctical

virus.

10. The kit of claim 9 wherein the
concentration means comprises a porous membrane having a
pore size capable of retaining the precipitate and an
absorbent pad beneath and in contact with the membrane,
said pad being capanle of wicking away fluid from the

membrane.
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