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Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s)

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s) 1M. 2.4, 7A,7B.9B. 10B

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph
required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
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or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
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Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AlA.
EXAMINER'S AMENDMENT
An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the

payment of the issue fee.

Authorization for this examiner’s amendment was given in an interview with Jordan

Gottdank on June 18, 2021.

The application has been amended as follows:

Previously withdrawn claims 11-12, 15-20 and 22 have been cancelled.

Claims 13 and 14 were incorrectly withdrawn in the previous office action and have
been rejoined.

The following claims have been amended and should read as follows:

1. (Currently amended) A hazardous contaminant detection system comprising:
a collection device comprising:
a buffer solution configured to lift a hazardous contaminant from a test
surface when the buffer solution is applied to the test surface,
an absorbent swab material configured to absorb at least a portion of the

buffer solution and contact the test surface to collect the hazardous contaminant,
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a handle having a first end coupled to the absorbent swab material, a second
end spaced apart from the first end, and an elongate length extending therebetween,

a fluid-tight container having an interior volume dimensioned to encase the
handle and the absorbent swab material and the buffer solution, the container
having a first coupling biased closed and configured to open to release a volume of
the buffer solution from the interior volume, wherein the first coupling is further
configured to return to a closed position to prevent spillage of fluid from the fluid-
tight container; and
a detection device comprising:

a cartridge comprising a second coupling configured to mechanically mate

with and open the first coupling, wherein mechanically unmating the first and

second couplings causes the first coupling to return to the closed position;

an assay test strip contained in the cartridge and positioned to receive the
volume of the buffer solution released from the container, the assay test strip
comprising at least one reaction zone configured to produce an optically-detectable
change in appearance in the presence of the hazardous contaminant, and
an image sensor positioned to receive light reflected from the at least one
reaction zone and configured to generate signals representing an intensity of the
received light, and
control electronics configured to analyze the signals and determine the
presence of the hazardous contaminant in the at least one reaction zone.
11. (Canceled)
12. (Canceled)
14. (Currently amended) The methed hazardous contaminant detection system of
claim 13, furtherecomprising wherein contacting the test surface to collect the hazardous

contaminant using the collection device comprises:

expressing a portion of the buffer solution from the absorbent swab material onto
the test surface; and

wiping the test surface with the absorbent swab material to re-absorb the expressed
buffer solution into the absorbent swab material.

15. (Canceled)
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16. (Canceled)
17. (Canceled)
18. (Canceled)
19. (Canceled)
20. (Canceled)
22. (Canceled

Reasons for Allowance

The following is an examiner’s statement of reasons for allowance: As argued in
Applicant’s response filed 02/11/2021, Anderson in view of Pais fail to teach the claimed
invention and more specifically fail to teach a buffer solution configured to lift a hazardous
contaminant from a test surface when the buffer solution is applied to the test surface, an
absorbent swab material configured to absorb at least a portion of the buffer solution and
contact the test surface to collect the hazardous contaminant, a handle having a first end
coupled to the absorbent swab material, a second end spaced apart from the first end, and an
elongate length extending therebetween, a fluid-tight container having an interior volume
dimensioned to encase the handle and the absorbent swab material and the buffer solution,
the container having a first coupling biased closed and configured to open to release a volume
of the buffer solution from the interior volume, wherein the first coupling is further configured
to return to a closed position to prevent spillage of fluid from the fluid-tight container; and a

detection device comprising: a cartridge comprising a second coupling configured to
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mechanically mate with and open the first coupling, wherein mechanically unmating the first
and second couplings causes the first coupling to return to the closed position;

an assay test strip contained in the cartridge and positioned to receive the volume of
the buffer solution released from the container, the assay test strip comprising at least one
reaction zone configured to produce an optically-detectable change in appearance in the
presence of the hazardous contaminant, and an image sensor positioned to receive light
reflected from the at least one reaction zone and configured to generate signals representing
an intensity of the received light, and control electronics configured to analyze the signals and
determine the presence of the hazardous contaminant in the at least one reaction zone.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the
issue fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to REBECCA M GIERE whose telephone number is (571)272-5084.
The examiner can normally be reached on M-F 9:00-5:30.

Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at

http://www.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Bao-Thuy Nguyen can be reached on 571-272-0824. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access
to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/REBECCA M GIERE/
Primary Examiner, Art Unit 1641
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor : Weston F. Harding

App. No. : 16/134038

Filed : September 18, 2018

For : HAZARDOUS CONTAMINANT COLLECTION KIT AND RAPID
TESTING

Examiner :  Christopher Lang

Art Unit o 1641

Conf. No. : 8763

RESPONSE TO NON-FINAL OFFICE ACTION

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

In response to the Office Action dated November 12, 2020 in connection with the above-
referenced application, Applicant submits the following.

Amendments to the Claims are reflected in the listing of claims which begins on page 2
of this paper.

Remarks begin on page 7 of this paper.
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REMARKS

This paper is filed in response to the non-final Office Action dated November 12, 2020 in
connection with the above-referenced patent application. Claims 1-21 were pending in the
application, with Claims 11-12 and 14-21 previously withdrawn from consideration. By this
paper, Claims 1 and 2 have been amended, Claim 21 has been canceled, and new Claim 22 has
been added. Support for the amendments can be found throughout the specification as filed, for
example, at least in the original claims and paragraphs [0124]-[0125] and [0129]. Thus, no new
matter has been added to the present application by way of the amendments. Applicant
respectfully requests reconsideration and allowance of pending Claims 1-10, 13, and 22 in view

of the amendments set forth above and the following remarks.

Request for Rejoinder
In the Response to Restriction Requirement filed September 29, 2020, Claim 13 was
amended to depend directly from elected independent Claim 1. Reconsideration of the restriction
was requested with regard to Claim 13 that was amended to depend from elected Claim 1.
Applicant respectfully requests rejoinder and examination of Claim 13 in view of its dependence

from Claim 1.

Rejections Under 35 U.S.C. § 112

Claim 2 stands rejected under 35 U.S.C. § 112(b) as being indefinite for failing to
particularly point out and distinctly claim the subject which the inventor regards as the invention.
Specifically, the Office Action states that “Since the test surface is not a claimed component of
the detection system, it is unclear as to how the demarcation guide is being applied.” Office
Action at p. 2. Applicant respectfully submits that the amendments to Claim 2 set forth herein
overcome the 35 U.S.C. § 112 rejection as stated in the Office Action. Accordingly, Applicant
respectfully requests withdrawal of the rejection of Claim 2 under 35 U.S.C. § 112(b).

Rejections Under 35 U.S.C. § 103
Claims 1-3 and 5-10 stand rejected under 35 U.S.C. § 103 as being unpatentable over
Anderson (US 2011/0201099) in view of Pais (WO 2017/019598 with US equivalent US
2018/0372595). Claim 4 stands rejected under 35 U.S.C. § 103 as being unpatentable over

-
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Anderson in view of Pais and further in view of Tung (US 7,837,939). Applicant respectfully
disagrees with the rejections. However, solely in the interest of advancing prosecution, Applicant
has amended independent Claim 1 as set forth above. Applicant respectfully submits that Claims
1-10 comply with 35 U.S.C. § 103 for at least the following reasons.

Independent Claim 1 was rejected as being unpatentable over the combination of
Anderson and Pais. Amended Claim 1 recites in part “a fluid-tight container having an interior
volume dimensioned to encase the handle and the absorbent swab material and the buffer
solution, the container having a first coupling biased closed and configured to open to release a
volume of the buffer solution from the interior volume, wherein the first coupling is further
configured to return to a closed position to prevent spillage of fluid from the fluid-tight
container.” Applicant respectfully submits that Anderson and Pais, alone or in combination, fail
to teach or suggest at least this feature.

The Office Action admits that Anderson does not teach a fluid-tight container having a
first coupling biased closed and configured to release a volume of the buffer solution or a second
coupling configured to mechanically mate with and open the first coupling. Office Action, p. 4.
Applicant does not disagree.

Pais does not cure this deficiency of Anderson with regard to amended Claim 1, alone or
in combination with Anderson. Pais is generally directed to a sample extraction device and
related methods of use. Pais, Abstract and | [0006]. Pais discloses a frangible material sealing
the bottom of an extraction container prior to mating with a microfluidic device. Pais, ] [0048].
Further, Pais discloses that a sharp structure or pressure force is applied when coupling the
extraction container to the microfluidic device, piercing or rupturing the frangible material to
enable the contents to be transferred to the microfluidic device. Id. However, Pais contains no
teaching or suggestion of preventing spillage of fluid from the extraction container when
removed from the microfluidic device. To the contrary, the frangible material cannot be re-sealed
once pierced or ruptured when the extraction container is mated with the microfluidic device.
Thus, there is no portion of the extraction container in Pais that can return to a closed position to
prevent spillage of fluid. Therefore, Pais, alone or in combination with Anderson, does not teach
or suggest at least “wherein the first coupling is further configured to return to a closed position

to prevent spillage of fluid from the fluid-tight container,” as recited in Claim 1.
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Under § 103, “all words in a claim must be considered in judging the patentability of that
claim against the prior art.” In re Wilson, 424 F.2d 1382, 1385, 165 U.S.P.Q. 494, 496 (C.C.P.A.
1970). For at least the above reasons, Applicant respectfully submits that Anderson and Pais,
alone or in combination, fail to teach or suggest each and every element of Claim 1.
Accordingly, Applicant respectfully requests withdrawal of the rejection of Claim 1 under
35 U.S.C. § 103 and allowance of the claim.

Claims 2-10 each depend directly or indirectly from Claim 1. Anderson and Pais
therefore fail to teach or suggest each and every element of Claims 2-10 for at least the same
reasons. The additional citation of Tung with regard to Claim 4 does not cure the deficiencies of
Anderson and Pais discussed above, nor was it cited in the Office Action to do so. Accordingly,
Applicant respectfully requests withdrawal of the rejection of dependent Claims 2-10 under

35 U.S.C. § 103 and allowance of the claims.

No Disclaimers or Disavowals

Although the present communication may include alterations to the application or claims,
or characterizations of claim scope or referenced art, Applicant is not conceding in this
application that previously pending claims are not patentable. Rather, any alterations or
characterizations are being made to facilitate expeditious prosecution of this application.
Applicant reserves the right to pursue at a later date any previously pending or other broader or
narrower claims that capture any subject matter supported by the present disclosure, including
subject matter found to be specifically disclaimed herein or by any prior prosecution.
Accordingly, reviewers of this or any parent, child or related prosecution history shall not
reasonably infer that Applicant has made any disclaimers or disavowals of any subject matter

supported by the present application.
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Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: February 11, 2021 By:_/Jordan E. Gottdank/
Jordan Gottdank
Registration No. 71,933
Attorney of Record
(858) 707-4000

-10-
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AMENDMENTS TO THE CLAIMS
(Currently amended) A hazardous contaminant detection system comprising:
a collection device comprising:

a buffer solution configured to lift a hazardous contaminant from a test
surface when the buffer solution is applied to the test surface,

an absorbent swab material configured to absorb at least a portion of the
buffer solution and contact the test surface to collect the hazardous contaminant,

a handle having a first end coupled to the absorbent swab material, a
second end spaced apart from the first end, and an elongate length extending
therebetween,

a fluid-tight container having an interior volume dimensioned to encase
the handle and the absorbent swab material and the buffer solution, the container
having a first coupling biased closed and configured to open to release a volume

of the buffer solution from the interior volume, wherein the first coupling is

further configured to return to a closed position to prevent spillage of fluid from

the fluid-tight container; and

a detection device comprising:

a cartridge comprising a second coupling configured to mechanically mate
with and open the first coupling;

an assay test strip contained in the cartridge and positioned to receive the
volume of the buffer solution released from the container, the assay test strip
comprising at least one reaction zone configured to produce an optically-
detectable change in appearance in the presence of the hazardous contaminant,
and

an image sensor positioned to receive light reflected from the at least one
reaction zone and configured to generate signals representing an intensity of the
received light, and

control electronics configured to analyze the signals and determine the

presence of the hazardous contaminant in the at least one reaction zone.
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2. (Currently amended) The hazardous contaminant detection system of claim 1,

further comprising a demarcation guide configured to specify speetfying an area of the test

surface to be tested for contamination by the hazardous contaminant.

3. (Previously presented) The hazardous contaminant detection system of claim 2,
wherein the control electronics are configured to determine whether the hazardous contaminant
is in contact with the at least one reaction zone based at least partly on the intensity of the signals
and the area of the test surface.

4. (Previously presented) The hazardous contaminant detection system of claim 1,
wherein the assay test strip further comprises:

a sample receiving zone for receiving the volume of the buffer solution, the
sample receiving zone positioned along a fluid path formed by the first and second
couplings; and

a length of material extending between the sample receiving zone and the at least
one reaction zone and configured to wick at least the received buffer solution from the
sample receiving zone to the at least one reaction zone.

5. (Previously presented) The hazardous contaminant detection system of claim 1,
wherein the first coupling comprises a flexible valve, and wherein the second coupling comprises
a male luer connector configured to open the flexible valve.

6. (Previously presented) The hazardous contaminant detection system of claim 5,
wherein the male luer connector comprises an interior lumen positioned to provide a fluid
pathway to a sample receiving zone of the assay test strip.

7. (Previously presented) The hazardous contaminant detection system of claim 1,
wherein the first coupling comprises a mechanical valve, and wherein the second coupling
comprises a nozzle configured to open the mechanical valve.

8. (Previously presented) The hazardous contaminant detection system of claim 1,
wherein the first and second couplings each comprise threads configured to mechanically mate
the first and second couplings.

9. (Previously presented) The hazardous contaminant detection system of claim 8,
wherein, when the first and second couplings are fully threaded together via the threads, a nozzle

of the second coupling opens a valve of the first coupling.
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10. (Previously presented) The hazardous contaminant detection system of claim 1,
wherein the detection device comprises a network connection interface, and wherein the control
electronics are configured to send data representing whether the hazardous contaminant is in
contact with the at least one reaction zone to at least one remote computing device over a
network via the network connection interface.

11. (Withdrawn) A method of testing a test surface for the presence of a hazardous
contaminant, the method comprising:

wiping the test surface with an absorbent swab material coupled to an elongate
handle to collect particles of the hazardous contaminant from the test surface;

inserting the absorbent swab material into an open end of a container, the
container comprising a reservoir containing a volume of a buffer solution and a cap to
seal the reservoir;

sealing the container with the cap to isolate the absorbent swab material and the
buffer solution within the reservoir of the container;

agitating the container to release at least some collected particles of the hazardous
contaminant into the buffer solution;

mechanically mating a first coupling of the container to a second coupling on a
cartridge of an assay test strip, wherein mechanically mating the first and second
couplings opens a fluid path between the reservoir and a sample receiving zone of the
assay test strip;

transferring a volume of the buffer solution from the reservoir to the assay test
strip through the mechanically-mated first and second couplings;

inserting the assay test strip into an assay reader device; and

based on an output of the assay reader device, identifying that the hazardous
contaminant is present on the test surface.

12. (Withdrawn) The method of claim 11, further comprising identifying, based on
the output of the assay reader device, a concentration of the hazardous contaminant present on

the test surface.
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13. (Previously presented) The hazardous contaminant detection system of claim 1,
wherein the absorbent swab material is pre-moistened with a dilute version of the buffer solution,
and wherein the dilute version of the buffer solution is configured to lift the hazardous
contaminant from the test surface.

14. (Withdrawn) The method of claim 13, further comprising:

expressing a portion of the buffer solution from the absorbent swab material onto
the test surface; and

wiping the test surface with the absorbent swab material to re-absorb the
expressed buffer solution into the absorbent swab material.

15. (Withdrawn) The method of claim 11, wherein mechanically mating the first and
second couplings causes a male luer connector of the second coupling to open a valve of the first
coupling.

16. (Withdrawn) The method of claim 15, further comprising uncoupling the first
and second couplings, wherein the valve closes after the uncoupling to re-seal a remaining
volume of the buffer solution within the reservoir.

17. (Withdrawn) The method of claim 16, further comprising mechanically mating
the first coupling of the container to a third coupling on a second cartridge of a second assay test
strip, wherein mechanically mating the first and second couplings opens a fluid path between the
reservoir and a second sample receiving zone of the second assay test strip.

18. (Withdrawn) The method of claim 17, further comprising:

transferring a volume of the remaining volume of the buffer solution from the
reservoir to the second assay test strip through the mechanically mated first and third
couplings;

inserting the second assay test strip into the assay reader device; and

determining a result of the second assay test strip using the assay reader device.

19. (Withdrawn) The method of claim 18, further comprising confirming the
presence of the hazardous contaminant on the test surface based on the result of the second assay
test strip.

20. (Withdrawn) The method of claim 18, further comprising determining that an
additional hazardous contaminant is present on the test surface based on the result of the second

assay test strip.
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21. (Canceled).
22. (New) The hazardous contaminant detection system of claim 1, wherein
mechanically unmating the first and second couplings causes the first coupling to return to the

closed position.



PTO/SB/08 Equivalent

Application No. 16/134038
INFORMATION DISCLOSURE Filing Date September 18, 2018
First Named Inventor Harding et al.
STATEMENT BY APPLICANT - g
Art Unit 1641
(Multiple sheets used when necessary) Examiner Christopher Lang
SHEET 1 OF 1 Attorney Docket No. BDALV.031A (P-11073B)
U.S. PATENT DOCUMENTS
. . Document Number o Pages, Columns, Lines Where
Examiner | Cite . . Publication Date .
-, Number - Kind Code (if known) Name of Patentee or Applicant Relevant Passages or Relevant
Initials | No. Example: 1,234,567 B1 MM-DD-YYYY Figures Appear
1 5,543,115 08-06-1996 |Karakawa
2 7,837,939 11-23-2010 |Tung et al.
3 9,857,372 01-02-2018 Pulitzer et al.
4 2009/0061534 03-05-2009 |Sharrock
5 2020/0298240 09-24-2020 |Oshinski et al.

FOREIGN PATENT DOCUMENTS

Foreign Patent Document I Pages, Columns, Lines
Country Code-Number-Kind Code P&mﬁg%ﬁe Name AO f Fl’iigenqtee or Where Relevant Passages or T
Example: JP 1234567 A1 PP Relevant Figures Appear

6 WO 2016/040642 03-17-2016 |Cue, Inc.

Examiner | Cite
Initials No.

NON PATENT LITERATURE DOCUMENTS

Exami . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate),
xaminer | Cite . . . . . . 1
Initials | No. | title of the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), T
volume-issue number(s), publisher, city and/or country where published.

34204581 :abt

Examiner Signature Date Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

T' - Place a check mark in this area when an English language Translation is attached.



EAST Search History (Prior Art)

Ref Hits Search Query | DBs Defa | Plurals Time Stamp
# ult
Oper
ator
Si 2 "20090197283".pn. | US-PGPUB; | ADJ] ON 2020/10/20 15:41
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT
S2 2 d229689.pn. | US-PGPUB; | AD] ON 2020/10/20 15:46
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT
S3 72 (D229689, D383851, D425625, D438979, | US-PGPUB; | OR ON 2020/10/20 16:13
D520643, D558357, D559397, D560281, | USPAT;
D574507, D594131, D640795, D743046, | USOCR;
D743571, "1853238", "3841973", | FPRS;
"4278437", "5422273", "5511654", | EPO; JPO;
"7114403", "20040018634", | DERWENT
"20050106753", "20050136553",
"20100077843", "20120264229",
"20140309556", "20150132795",
"20160041167™).pn.
S4 124 ("4724307", "4956302", "5373748", | US-PGPUB; | OR ON 2020/10/20 17:39
"5511934", "5798273", "5823592", | USPAT;
"6382036", "6924153", "8486717", | USOCR;
"20020035869", "20040248106", | FPRS;
"20050084842", "20050136540", | EPO; JPO;
"20050181517", "20050250141", | DERWENT

"20080118397", "20090015273",
"20090223635", "20110117025",
"20120011944", "20120107956",
"20120282154", "20130280143",
"20140017812", "20140080129",
"20140121487", "20140210857",
"20150302662", "20160019716",
"20160077013", "20160078680",
"20160258874", "20170016045",
"20170153185", "20170154438",
"20180247024", "20180293350",
"20190035153", "20190086295",
"20190086296", "20190086305",
"20190086431", "20190088026",

"20190120727").pn.

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 1




EAST Search History (Prior Art)

S5

S6

44

("4724307", "4956302", "5373748",
"5511934", "5798273", "5823592",
"6382036", "6924153", "8486717",
"20020035869", "20040248106",
"20050084842", "20050136540",
"20050181517", "20050250141",
"20080118397", "20090015273",
"20090223635", "20110117025",
"20120011944", "20120107956",
"20120282154", "20130280143",
"20140017812", "20140080129",
"20140121487", "20140210857",
"20150302662", "20160019716",
"20160077013", "20160078680",
"20160258874", "20170016045",
"20170153185", "20170154438",
"20180247024", "20180293350",
"20190035153", "20190086295",
"20190086296", "20190086305",
"20190086431", "20190088026",
"20190120727").pn.

("8128871", "9488585", "20070276786",

"20110201099", "20140183256",
"20200241020").pn.

US-PGPUB;
USPAT

US-PGPUB;
USPAT

OR

OR

ON

ON

2020/10/20 17:39

2020/10/20 17:56

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 2




EAST Search History (Prior Art)

S7 63

(US-20160041167-$ or US-20150132795-$
or US-20140309556-$ or US-20120264229-$
or US-20100077843-$ or US-20050136553-$
or US-20050106753-$ or US-20040018634-$
or US-20190120727-$ or US-20190088026-$
or US-20190086431-$ or US-20190086305-$
or US-20190086296-$ or US-20190086295-$
or US-20190035153-$ or US-20180293350-$
or US-20180247024-$ or US-20170154438-$
or US-20170016045-$ or US-20160258874-$
or US-20160078680-$ or US-20160077013-$
or US-20160019716-$ or US-20150302662-$

or US-20140210857-$ or
US-20140121487-$).did. or

(US-20140080129-$ or US-20140017812-$
or US-20130280143-$ or US-20120282154-$
or US-20120107956-$ or US-20120011944-$
or US-20110117025-$ or US-20090223635-$
or US-20090015273-$ or US-20080118397-$
or US-20050250141-$ or US-20050181517-$
or US-20050136540-$ or US-20050084842-$
or US-20040248106-$ or US-20020035869-$
or US-20200241020-$ or US-20140183256-$

or US-20110201099-$ or

US-20070276786-$).did. or (US-7114403-$

or US-5511654-$ or US-5422273-$ or
US-4278437-$ or US-3841973-$ or
US-1853238-$ or US-8486717-$ or
US-6924153-$ or US-6382036-$ or
US-5823592-$ or US-5798273-$ or
US-5511934-$ or US-5373748-$ or
US-4956302-$ or US-4724307-$ or
US-9488585-$ or US-8128871-$).did.

US-PGPUB;
USPAT

AD]

ON

2020/10/20 17:59

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 3




EAST Search History (Prior Art)

S8 63
SO 0
S10 7
S11 8

(US-20160041167-$ or US-20150132795-$
or US-20140309556-$ or US-20120264229-$
or US-20100077843-$ or US-20050136553-$
or US-20050106753-$ or US-20040018634-$
or US-20190120727-$ or US-20190088026-$
or US-20190086431-$ or US-20190086305-$
or US-20190086296-$ or US-20190086295-$
or US-20190035153-$ or US-20180293350-$
or US-20180247024-$ or US-20170154438-$
or US-20170016045-$ or US-20160258874-$
or US-20160078680-$ or US-20160077013-$
or US-20160019716-$ or US-20150302662-$

or US-20140210857-$ or
US-20140121487-$).did. or

(US-20140080129-$ or US-20140017812-$
or US-20130280143-$ or US-20120282154-$
or US-20120107956-$ or US-20120011944-$
or US-20110117025-$ or US-20090223635-$
or US-20090015273-$ or US-20080118397-$
or US-20050250141-$ or US-20050181517-$
or US-20050136540-$ or US-20050084842-$
or US-20040248106-$ or US-20020035869-$
or US-20200241020-$ or US-20140183256-$

or US-20110201099-$ or

US-20070276786-$).did. or (US-7114403-$

or US-5511654-$ or US-5422273-$ or
US-4278437-$ or US-3841973-$ or
US-1853238-$ or US-8486717-$ or
US-6924153-$ or US-6382036-$ or
US-5823592-$ or US-5798273-$ or
US-5511934-$ or US-5373748-$ or
US-4956302-$ or US-4724307-$ or
US-9488585-$ or US-8128871-$).did.

S8 and cartidge and sensor and
contaminant

S8 and cartridge and sensor and
contaminant

S8 and cartridge and sensor and
(contaminant or analyte)

US-PGPUB;
USPAT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

AD]

AD]

AD]

AD]

ON

ON

ON

ON

2020/10/21 13:26

2020/10/21 13:26

2020/10/21 13:27

2020/10/21 13:37

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 4




EAST Search History (Prior Art)

S12

S13

514

S15

42

42

63

12

S8 and (contaminant or analyte) and
surface

S8 and (electronic or computer)

(US-20160041167-$ or US-20150132795-$
or US-20140309556-$ or US-20120264229-$
or US-20100077843-$ or US-20050136553-$
or US-20050106753-$ or US-20040018634-$
or US-20190120727-$ or US-20190088026-$
or US-20190086431-$ or US-20190086305-$
or US-20190086296-$ or US-20190086295-$
or US-20190035153-$ or US-20180293350-$
or US-20180247024-$ or US-20170154438-$
or US-20170016045-$ or US-20160258874-$
or US-20160078680-$ or US-20160077013-$
or US-20160019716-$ or US-20150302662-$

or US-20140210857-$ or
US-20140121487-$).did. or

(US-20140080129-$ or US-20140017812-$
or US-20130280143-$ or US-20120282154-$
or US-20120107956-$ or US-20120011944-$
or US-20110117025-$ or US-20090223635-$
or US-20090015273-$ or US-20080118397-$
or US-20050250141-$ or US-20050181517-$
or US-20050136540-$ or US-20050084842-$
or US-20040248106-$ or US-20020035869-$
or US-20200241020-$ or US-20140183256-$

or US-20110201099-$ or

US-20070276786-$).did. or (US-7114403-$

or US-5511654-$ or US-5422273-$ or
US-4278437-$ or US-3841973-$ or
US-1853238-$ or US-8486717-$ or
US-6924153-$ or US-6382036-$ or
US-5823592-$ or US-5798273-$ or
US-5511934-$ or US-5373748-$ or
US-4956302-$ or US-4724307-$ or
US-9488585-$ or US-8128871-$).did.

S14 and valve

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

AD]

AD]

AD]

AD]

ON

ON

ON

ON

2020/10/21 16:12

2020/10/21 16:30

2020/10/22 13:56

2020/10/22 13:56

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 5




EAST Search History (Prior Art)

S16

517

S18

S19

S20

S21

32

32

S14 and luer

"10525469".pn.

("7837939", "20120082977",
"20120009588", "20110293750",
"20110256531", "20090024055",

"5256537", "2009067513", "2007098184").

pn.

("7837939", "20120082977",
"20120009588", "20110293750",
"20110256531", "20090024055",

"5256537", "2009067513", "2007098184").

pn.

S19 and luer

"7932099".pn.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

AD]

AD]

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2020/10/22 14:06

2020/10/22 14:14

2020/10/23 10:55

2020/10/28 10:29

2020/10/28 10:29

2020/10/28 10:30

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 6



EAST Search History (Prior Art)

S22

S23

S24

73

10

(US-20160041167-$ or US-20150132795-$
or US-20140309556-$ or US-20120264229-$
or US-20100077843-$ or US-20050136553-$
or US-20050106753-$ or US-20040018634-$
or US-20190120727-$ or US-20190088026-$
or US-20190086431-$ or US-20190086305-$
or US-20190086296-$ or US-20190086295-$
or US-20190035153-$ or US-20180293350-$
or US-20180247024-$ or US-20170154438-$
or US-20170016045-$ or US-20160258874-$
or US-20160078680-$ or US-20160077013-$
or US-20160019716-$ or US-20150302662-$

or US-20140210857-$ or
US-20140121487-$).did. or

(US-20140080129-$ or US-20140017812-$
or US-20130280143-$ or US-20120282154-$
or US-20120107956-$ or US-20120011944-$
or US-20110117025-$ or US-20090223635-$
or US-20090015273-$ or US-20080118397-$
or US-20050250141-$ or US-20050181517-$
or US-20050136540-$ or US-20050084842-$
or US-20040248106-$ or US-20020035869-$
or US-20200241020-$ or US-20140183256-$
or US-20110201099-$ or US-20070276786-$
or US-20120082977-$ or US-20120009588-$
or US-20110293750-$ or US-20110256531-$

or US-20090024055-$).did. or
(US-7114403-$ or US-5511654-$ or
US-5422273-$ or US-4278437-$ or
US-3841973-$ or US-1853238-$ or
US-8486717-$ or US-6924153-$ or
US-6382036-$ or US-5823592-$ or
US-5798273-$ or US-5511934-$ or
US-5373748-$ or US-4956302-$ or
US-4724307-$ or US-9488585-$ or
US-8128871-$ or US-7837939-$ or

US-5256537-$).did. or (WO-2009067513-$

or WO-2007098184-%$).did.

S22 and coupl$3 and lock

S22 and luer

US-PGPUB;
USPAT;
FPRS

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

AD]

AD]

AD]

ON

ON

ON

2020/10/29 11:06

2020/10/29 11:06

2020/10/29 11:08

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 7




EAST Search History (Prior Art)

S25

526

S27

528

529

S30

S31

S32

16

57

5,650

24

704

865

S22 and coupling

S22 and (mechanical same (connect$3 or
link$3))

S22 and(connect$3 or link$3)

chambers same (connect$3) same luer

assay same chambers same (connect$3)
same luer

"20180001074".pn.

assay and chambers same (connect$3)
same luer

(fluid near conduit) same (connect$3) same
luer

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

AD]

AD]

AD]

AD]

AD]

AD]

AD]

AD]

ON

ON

ON

ON

ON

ON

ON

ON

2020/10/29 12:07

2020/10/29 12:20

2020/10/29 12:22

2020/10/29 12:38

2020/10/29 12:38

2020/10/29 12:41

2020/10/29 16:52

2020/10/29 17:02

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 8



EAST Search History (Prior Art)

S33

S34

S35

159

73

21

(fluid near conduit) same chamber$2 same
(connect$3) same luer

(US-20160041167-$ or US-20150132795-$
or US-20140309556-$ or US-20120264229-$
or US-20100077843-$ or US-20050136553-$
or US-20050106753-$ or US-20040018634-$
or US-20190120727-$ or US-20190088026-$
or US-20190086431-$ or US-20190086305-$
or US-20190086296-$ or US-20190086295-$
or US-20190035153-$ or US-20180293350-$
or US-20180247024-$ or US-20170154438-$
or US-20170016045-$ or US-20160258874-$
or US-20160078680-$ or US-20160077013-$
or US-20160019716-$ or US-20150302662-$

or US-20140210857-$ or
US-20140121487-$).did. or

(US-20140080129-$ or US-20140017812-$
or US-20130280143-$ or US-20120282154-$
or US-20120107956-$ or US-20120011944-$
or US-20110117025-$ or US-20090223635-$
or US-20090015273-$ or US-20080118397-$
or US-20050250141-$ or US-20050181517-$
or US-20050136540-$ or US-20050084842-$
or US-20040248106-$ or US-20020035869-$
or US-20200241020-$ or US-20140183256-$
or US-20110201099-$ or US-20070276786-$
or US-20120082977-$ or US-20120009588-$
or US-20110293750-$ or US-20110256531-$

or US-20090024055-$).did. or
(US-7114403-$ or US-5511654-$ or
US-5422273-$ or US-4278437-$ or
US-3841973-$ or US-1853238-$ or
US-8486717-$ or US-6924153-$ or
US-6382036-$ or US-5823592-$ or
US-5798273-$ or US-5511934-$ or
US-5373748-$ or US-4956302-$ or
US-4724307-$ or US-9488585-$ or
US-8128871-$ or US-7837939-$ or

US-5256537-$).did. or (WO-2009067513-$

or WO-2007098184-$).did.

S34 and wick$3

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
FPRS

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

AD]

AD]

AD]

ON

ON

ON

2020/10/29 17:05

2020/11/02 09:28

2020/11/02 09:28

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 9




EAST Search History (Prior Art)

S36

S37

S38

S39

540

541

542

543

171

38,655

38,655

262

145

2,168

(fluid near conduit) same (connect$3) same
luer same thread$2

(GO1N33/15 or B01L3/5029 or GO1N1/10 or
GO1N35/00029 or GO1N21/94 or
GO1N35/00871 or GO1N2001/028 or
GO1N2001/002).cpc.

S37 and S37

S37 and S36

(fluid near conduit) same (connect$3) same
luer same valve$2

5S40 and S37

chambers and(fluid near conduit) same
(connect$3) same luer same valve$2

436/514.ccls.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

AD]

AD]

AD]

AD]

AD]

AD]

AD]

AD]

ON

ON

ON

ON

ON

ON

ON

ON

2020/11/02 11:00

2020/11/02 11:34

2020/11/02 11:37

2020/11/02 11:37

2020/11/02 12:42

2020/11/02 12:42

2020/11/02 12:44

2020/11/02 16:15

11/2/2020 4:34:44 PM

C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 10



EAST Search History (Prior Art)

S44 5,652 chambers same (connect$3) same luer

545 9 543 and $44

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT

AD]

AD]

ON

ON

2020/11/02 16:16

2020/11/02 16:16

11/2/2020 4:34:44 PM
C:\Users\clang\Documents\EAST\Workspaces\16134038.wsp

Page 11
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DETAILED ACTION

Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Information Disclosure Statement
The information disclosure statements (IDS) filed on December 19 2018, June 17 2020,

and September 25 2020 have been received and are being considered.

Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and
distinctly claiming the subject matter which the applicant regards as his invention.

Claim 2 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second paragraph,
as being indefinite for failing to particularly point out and distinctly claim the subject matter
which the inventor or a joint inventor (or for applications subject to pre-AIA 35 U.S.C. 112, the
applicant), regards as the invention.

Claim 2 is vague and indefinite. Claim 2 recites the limitation of a demarcation guide for
specifying an area of the test surface to be tested. The test surface is not actively claimed as it is
part of an intended use limitation of the claimed buffer solution. Since the test surface is not a
claimed component of the detection system, it is unclear as to how the demarcation guide is

being applied. Therefore the claim is vague.
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Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness
rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.

The text of those sections of Title 35, U.S. Code not included in this action can be found
in a prior Office action.

The factual inquiries for establishing a background for determining obviousness under
35 U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date of
the later invention in order for the examiner to consider the applicability of 35 U.S.C.

102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention.

Claim 1-3, and 5-10 are rejected under 35 U.S.C. 103 as being unpatentable over
Anderson et al (US PGPub 2011/0201099), cited by applicant on IDS, in view of Pais et al (WO

2017/019598 with US equivalent US PGPub 2018/0372595).
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Regarding claim 1, Anderson et al, hereafter referred to as Andersen, teaches an assay
cartridge used to conduct a biological assay in a cartridge reader, wherein the assay can be used
for analytes including a hazardous contaminant (para. 0362). The system above includes
features to facilitate sample collection and processing. Specifically, Anderson teaches a sample
applicator stick for collecting a sample, having a shaft and an absorbent swab on one end (para
0010). In an embodiment, the whole swab is designed to fit within a sample chamber. Within
the sample chamber, an extraction reagent is introduced from a separate reagent chamber, for
extracting a target or analyte from the swab (para. 0191-0192). The sample chamber is
connected to a detection chamber via fluid conduits to allow fluid to flow from one chamber to
another. The detection chamber contains an area holding assay reagents for the detection of an
analyte from a sample and measuring a signal produced from the presence or absence of said
analyte (para. 0223). The cartridge is put into the cartridge reader for the detection of a signal
produced from the detection chambers. In an embodiment, the cartridge reader utilizes an
optical sensor to detect light generated from the chambers (para 0094). A programmable
computer system of the cartridge reader analyzes the raw data from the signal produced from
the detection chamber (para. 0309).

However, Anderson does not teach the fluid-tight container having a first coupling
biased closed and configured to release a volume of the buffer solution or a second coupling
configured to mechanically mate with and open the first coupling.

Pais et al, hereafter referred to as Pais, teaches devices and methods for sample
extraction from a swab. Specifically, Pais teaches a swab and sample extraction container, with
the swab being able to entirely into the sample container. The sample container has an outlet
port that connects to a fluidic well in a microfluidic device (para. 0045). A fitting connector is
used to make the connection between sample container and fluidic well. The outlet port of the

sample container has a seal material to keep liquid in the sample container. The seal material is
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made so that it can be easily broken with the outlet port is connected to the fluidic well (para.
0048).

It would have been obvious to one of ordinary skill in the art at the filing date of the
invention to take the sample collection kit of Anderson and include the coupling mechanism
taught by Pais because the coupling mechanism taught by Pais incorporates a seal material that
is able to keep the fluid in the sample container from entering the fluidic well of the microfluidic
device until the container and the microfluidic device are connected together (para. 0048). One
of ordinary skill in the art at the time of the invention would have been motivated to combine
these references because the coupling mechanism of Pais includes components that keep fluid in
the sample container until it has been connected with the fluidic well of the microfluidic device.
Additionally, one skilled in the art would have had a reasonable expectation of success of
incorporating the coupling mechanism of Pais within the sample collection kit of Anderson since
Anderson teaches that luer connectors may be used as a means of connecting chambers (para.
0212) and Pais teaches that connections such as a luer connection are advantageous for keeping
fluid in the sample container until it has been connected with the fluidic well of the microfluidic

device (paras. 0013 and 0048).

Regarding claim 2, Anderson teaches a barcode or label on the cartridge that displays
relevant information pertaining to the assays being performed or any information required to
perform the assay. Applicant’s claim provides no structure for the “demarcation guide” of claim
2. Additionally, the “test surface” of claim 2 is not a claimed component of the detection system

as a whole.

Regarding claim 3, Anderson teaches a computerized control system for controlling the
cartridge-based system (para. 0308). The system includes a cartridge reader with optical

detectors for measuring optical measurements of sample such as absorbance, light scattering,
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fluorescence, etc (para. 0172). In an embodiment, the computerized control system includes a
microprocessor for analyzing the acquired measurement data for the presence of an analyte or

identifying a target in a sample (para 0091, 0103).

Regarding claims 5 and 7, Anderson in view of Pais teaches the invention as applied
above to claim 1. Pais teaches a sample container that has an outlet port that connects to a
fluidic well in a microfluidic device. A sealing material covers the outlet port to prevent liquid
medium and the sample from leaking. The microfluidic device comprises a fitting connector for
connecting the sample container to the fluidic well of the microfluidic device. The fitting
connector may be a luer or screw fitting (Pais, para. 0048). The microfluidic device and fitting
connector contains a needle or pin for breaking or opening the seal once the connection is made
so as to enable the contents from the sample chamber to flow to the fluidic well of the
microfluidic device. In an embodiment, the microfluidic device may contain a check valve at the
fitting point between the sample container and the microfluidic well. The check valve is there to
prevent the backflow of contents flowing from the sample container to the fluidic well of the

microfluidic device (Pais, para. 0048).

Regarding claim 6, Anderson in view of Pais teaches the invention as applied above to
claim 1. Additionally, Pais teaches the fitting connector allows for a fluidic connection to be
made between the sample container and the fluidic well of the microfluidic device, allowing for
fluid and sample to flow through a fluidic conduit from the sample container to the fluidic well

(Pais, para. 0048).

Regarding claim 8 and 9, Anderson in view of Pais teaches the invention as applied

above to claim 1. Pais teaches in an embodiment, a luer fitting connector for fluidically
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connecting a sample container to a fluidic well in a microfluidic device. Additionally, Pais
teaches that a screw can also be used to mate the connector to the outlet on the sample
container. The connector on the microfluidic device contains a needle or pin to break or open
the seal once the connection is made so as to enable the contents from the sample chamber to
flow to the fluidic well of the microfluidic device. The luer connector may be twisted or pressed
in order to connect the sample container to the fitting on the microfluidic device (Pais, para.

0048).

Regarding claim 10, Anderson in view of Pais teaches the invention as applied above to
claim 1. Anderson teaches a programmable computer system of the cartridge reader analyzes the
raw data from the signal produced from the detection chamber. Additionally, the cartridge
reader can be configured with a communication interface for communicating with a network or

laboratory information system (Anderson, para. 0309, 0315).

Claim 4 is rejected under 35 U.S.C. 103 as being unpatentable over Anderson in view of
Pais as applied to claim 1 above, and further in view of Tung et al (US Patent 7,837,939 B2).

Regarding claim 4, Anderson teaches one or more detection chambers present on a
cartridge. Within the detection chambers is a surface with immobilized binding reagents for
binding with a target analyte within a sample (para. 0223). A fluidic pathway connects the
sample container to the detection chambers via fluid conduits, which allows for the extracted
sample in solution to flow from the sample container to be tested in the detection chambers. In a
preferred embodiment, the material used in the fabrication of the cartridge to allow for
monitoring and controlling the movement of liquid through the fluidic pathway (para. 0174).

However, Anderson in view of Pais does not teach a length of material extending

between the sample receiving zone and the at least one reaction zone and configured to wick at
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least the received buffer solution from the sample receiving zone to the at least one reaction
zone.

Tung et al., hereafter referred to as Tung, teaches a sample collection and analysis device
for determining the presence of analyte in a fluid sample. Specifically, Tung teaches a sample
applicator and a testing device for receiving a fluid sample from the sample applicator. Within
the testing device is an analyte test strip for testing if an analyte is present within a sample.
When a sample applicator is connected with the test device, the fluid sample is released into the
fluid collection well and comes into contact with a wicking material which moves the sample to
the test zones via capillary action (Col. 7, lines 14-30). The wicking material can be made of any
bibulous material capable of capillary flow (Col. 10, lines 50-60).

It would have been obvious to one of ordinary skill in the art at the filing date of the
invention to take the sample collection kit of Anderson in view of Pais and further include the
wicking material taught by Tung because the wicking material can be used to enhance the flow
of fluid sample to from the sample collection chamber to the test zones (Col. 10, lines 50-55).
One of ordinary skill in the art would have been motivated to combine references because both
Anderson in view of Pais and Tung teaches the use of solid phase assays (Anderson, para. 0223;
Tung, Col. 7, lines 58-65) and the incorporation of the wicking material to the assay helps to
control the flow of the sample from the receiving area of the test strip the test zone (i.e. the

fluidic pathway of the sample) in addition to the fabrication material as mentioned above.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Christopher Lang whose telephone number is (571)272-7116.

The examiner can normally be reached on Monday - Friday 7:30 am - 5:00 pm.
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Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Bao-Thuy Nguyen can be reached on 571-272-0824. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access
to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/CHRISTOPHER Q LANG/
Examiner, Art Unit 1641

/REBECCA M GIERE/
Primary Examiner, Art Unit 1641
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REMARKS
By this paper, Applicant amends Claims 1-10 and 13 and withdraws Claims 11, 12, and
14-21. Support for the claim amendments can be found throughout the application as originally
filed. No new matter has been added. Upon entry of these amendments, Claims 1-21 are

pending (of which Claims 11, 12, and 14-21 are withdrawn).

Response to Restriction Requirement

The Examiner identified the following groups of claims, and has required election to a
single group:
1. Claims 1-10, drawn to a hazardous contamination detection system,
classified in GO1N 33/53;
IL Claims 11-21, drawn to a method for testing for the presence of a
hazardous contaminant, classified in BO1L 3/5029.
In response, Applicant elects, without traverse, the claims identified by the Examiner as
Group I, Claims 1-10. Without agreeing that the original claims of the present application are
directed to independent or distinct inventions, Applicant has amended Claim 13 to depend
directly from Claim 1. Applicant respectfully requests reconsideration of the restriction with

regard to Claim 13 in view of the amendment presented herein.

No Disclaimers or Disavowals

Although the present communication may include alterations to the application or claims,
or characterizations of claim scope or referenced art, Applicant is not conceding in this
application that previously pending claims are not patentable. Rather, any alterations or
characterizations are being made to facilitate expeditious prosecution of this application.
Applicant reserves the right to pursue at a later date any previously pending or other broader or
narrower claims that capture any subject matter supported by the present disclosure, including
subject matter found to be specifically disclaimed herein or by any prior prosecution.
Accordingly, reviewers of this or any parent, child or related prosecution history shall not
reasonably infer that Applicant has made any disclaimers or disavowals of any subject matter

supported by the present application.
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Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1410.
Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

By: /Jordan E. Gottdank/
Jordan Gottdank
Registration No. 71,933
Attorney of Record
(858) 707-4000

Dated: September 29, 2020
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AMENDMENTS TO THE CLAIMS

(Currently amended) A hazardous eentamination contaminant detection system

a collection device comprising:

a buffer solution configured to lift a hazardous contaminant from a test
surface when the buffer solution is applied to the test surface,

an absorbent swab material configured to absorb at least a portion of the
buffer solution and contact the test surface to collect the hazardous contaminant,

a handle having a first end coupled to the absorbent swab material, a
second end spaced apart from the first end, and an elongate length extending
therebetween,

a fluid-tight container having an interior volume dimensioned to encase
the handle and the absorbent swab material and the buffer solution, the container
having a first coupling biased closed and configured to open to release a volume
of the buffer solution from the interior volume; and
a detection device comprising:

a cartridge comprising a second coupling configured to mechanically mate
with and open the first coupling;

an assay test strip contained in the cartridge and positioned to receive the
volume of the buffer solution released from the container, the assay test strip
comprising at least one reaction zone configured to produce an optically-
detectable change in appearance in the presence of the hazardous contaminant,
and

an image sensor positioned to receive light reflected from the at least one
reaction zone and configured to generate signals representing an intensity of the
received light, and

control electronics configured to analyze the signals and determine the

presence of the hazardous contaminant in the at least one reaction zone.
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2. (Currently amended) The hazardous contaminant test detection system of claim
1, further comprising a demarcation guide specifying an area of the test surface to be tested for
contamination by the hazardous contaminant.

3. (Currently amended) The hazardous contaminant test detection system of claim
2, wherein the control electronics are configured to determine whether the hazardous
contaminant is in contact with the at least one reaction zone based at least partly on the intensity
of the signals and the area of the test surface.

4. (Currently amended) The hazardous contaminant test detection system of claim
1, wherein the assay test strip further comprises:

a sample receiving zone for receiving the volume of the buffer solution, the
sample receiving zone positioned along a fluid path formed by the first and second
couplings; and

a length of material extending between the sample receiving zone and the at least
one reaction zone and configured to wick at least the received buffer solution from the
sample receiving zone to the at least one reaction zone.

5. (Currently amended) The hazardous contaminant test detection system of claim
1, wherein the first coupling comprises a flexible valve, and wherein the second coupling
comprises a male luer connector configured to open the flexible valve.

6. (Currently amended) The hazardous contaminant test detection system of claim
5, wherein the male luer connector comprises an interior lumen positioned to provide a fluid
pathway to a sample receiving zone of the assay test strip.

7. (Currently amended) The hazardous contaminant test detection system of claim
1, wherein the first coupling comprises a mechanical valve, and wherein the second coupling
comprises a nozzle configured to open the mechanical valve.

8. (Currently amended) The hazardous contaminant test detection system of claim
1, wherein the first and second couplings each comprise threads configured to mechanically mate
the first and second couplings.

9. (Currently amended) The hazardous contaminant test detection system of claim
8, wherein, when the first and second couplings are fully threaded together via the threads, a

nozzle of the second coupling opens a valve of the first coupling.

3.
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10. (Currently amended) The hazardous contaminant test detection system of claim
1, wherein the detection device comprises a network connection interface, and wherein the
control electronics are configured to send data representing whether the hazardous contaminant is
in contact with the at least one reaction zone to at least one remote computing device over a
network via the network connection interface.
11. (Withdrawn) A method of testing a test surface for the presence of a hazardous
contaminant, the method comprising:
wiping the test surface with an absorbent swab material coupled to an elongate
handle to collect particles of the hazardous contaminant from the test surface;
inserting the absorbent swab material into an open end of a container, the
container comprising a reservoir containing a volume of a buffer solution and a cap to
seal the reservoir;
sealing the container with the cap to isolate the absorbent swab material and the
buffer solution within the reservoir of the container;
agitating the container to release at least some collected particles of the hazardous
contaminant into the buffer solution;
mechanically mating a first coupling of the container to a second coupling on a
cartridge of an assay test strip, wherein mechanically mating the first and second
couplings opens a fluid path between the reservoir and a sample receiving zone of the
assay test strip;
transferring a volume of the buffer solution from the reservoir to the assay test
strip through the mechanically-mated first and second couplings;
inserting the assay test strip into an assay reader device; and
based on an output of the assay reader device, identifying that the hazardous
contaminant is present on the test surface.
12. (Withdrawn) The method of claim 11, further comprising identifying, based on
the output of the assay reader device, a concentration of the hazardous contaminant present on
the test surface.

13. (Currently amended) The methed hazardous contaminant detection system of

claim [[11]] 1, wherein the absorbent swab material is pre-moistened with a dilute version of the

4-
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buffer solution, and wherein the dilute version of the buffer solution is configured to lift the

hazardous contaminant from the test surface;—the—nethod—furthercomprisingremovingthepre-

14. (Withdrawn) The method of claim 13, further comprising:

expressing a portion of the buffer solution from the absorbent swab material onto
the test surface; and

wiping the test surface with the absorbent swab material to re-absorb the
expressed buffer solution into the absorbent swab material.

15. (Withdrawn) The method of claim 11, wherein mechanically mating the first and
second couplings causes a male luer connector of the second coupling to open a valve of the first
coupling.

16. (Withdrawn) The method of claim 15, further comprising uncoupling the first and
second couplings, wherein the valve closes after the uncoupling to re-seal a remaining volume of
the buffer solution within the reservoir.

17. (Withdrawn) The method of claim 16, further comprising mechanically mating
the first coupling of the container to a third coupling on a second cartridge of a second assay test
strip, wherein mechanically mating the first and second couplings opens a fluid path between the
reservoir and a second sample receiving zone of the second assay test strip.

18. (Withdrawn) The method of claim 17, further comprising:

transferring a volume of the remaining volume of the buffer solution from the
reservoir to the second assay test strip through the mechanically mated first and third
couplings;

inserting the second assay test strip into the assay reader device; and

determining a result of the second assay test strip using the assay reader device.

19. (Withdrawn) The method of claim 18, further comprising confirming the
presence of the hazardous contaminant on the test surface based on the result of the second assay
test strip.

20. (Withdrawn) The method of claim 18, further comprising determining that an
additional hazardous contaminant is present on the test surface based on the result of the second

assay test strip.
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21. (Withdrawn) The method of claim 18, further comprising determining a
concentration of the hazardous contaminant on the test surface based on the result of the second

assay test strip.
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DETAILED ACTION

Notice of Pre-AIA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AlA.
Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

[. Claim 1-10, drawn to a hazardous contamination detection system, classified in GO1N
33/53.

[I. Claims 11-21, drawn to method for testing for the presence of a hazardous
contaminant, classified in BO1L 3/5029.

Inventions | and Il are related as product and process of using said product. The
inventions can be shown to be distinct if either or both of the following can be shown: (1) the
process for using the product as claimed can be practiced with another materially different
product or (2) the product as claimed can be used in a materially different process of using that
product. See MPEP § 806.05(h). In the instant case, the detection system of Invention | can be
used in a materially different process, such as a process for separating and identifying a target
analyte from a sample. The method of Invention Il can be used in a materially different system
as well, such as a detection system that forgoes the use an absorbent swab material and
instead, combining the containment and the buffer solution and introducing said combination
directly to the assay cartridge.

Restriction for examination purposes as indicated is proper because all the inventions
listed in this action are independent or distinct for the reasons given above and there would be a
serious search and/or examination burden if restriction were not required because one or more

of the following reasons apply:
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The invention are classified separately. Group | is classified in GO1N 33/53 while Group
II'is classified in BO1L 3/5029. Different fields of search are required for each invention as well
(e.g., searching different classes/subclasses or electronic resources or employing different
search strategies or search queries).

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a invention to be examined even though the requirement may be
traversed (37 CFR 1.143) and (ii) identification of the claims encompassing the elected
invention.

The election of an invention may be made with or without traverse. To reserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and specifically
point out supposed errors in the restriction requirement, the election shall be treated as an
election without traverse. Traversal must be presented at the time of election in order to be
considered timely. Failure to timely traverse the requirement will result in the loss of right to
petition under 37 CFR 1.144. If claims are added after the election, applicant must indicate
which of these claims are readable upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the
inventions to be obvious variants or clearly admit on the record that this is the case. In either
instance, if the examiner finds one of the inventions unpatentable over the prior art, the
evidence or admission may be used in a rejection under 35 U.S.C. 103 or pre-AlA 35 U.S.C.
103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the
inventorship must be corrected in compliance with 37 CFR 1.48(a) if one or more of the
currently named inventors is no longer an inventor of at least one claim remaining in the

application. A request to correct inventorship under 37 CFR 1.48(a) must be accompanied by an
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application data sheet in accordance with 37 CFR 1.76 that identifies each inventor by his or her
legal name and by the processing fee required under 37 CFR 1.17(i).

The examiner has required restriction between product or apparatus claims and process
claims. Where applicant elects claims directed to the product/apparatus, and all
product/apparatus claims are subsequently found allowable, withdrawn process claims that
include all the limitations of the allowable product/apparatus claims should be considered for
rejoinder. All claims directed to a nonelected process invention must include all the limitations of
an allowable product/apparatus claim for that process invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the product/apparatus
claims and the rejoined process claims will be withdrawn, and the rejoined process claims will
be fully examined for patentability in accordance with 37 CFR 1.104. Thus, to be allowable, the
rejoined claims must meet all criteria for patentability including the requirements of 35 U.S.C.
101, 102, 103 and 112. Until all claims to the elected product/apparatus are found allowable, an
otherwise proper restriction requirement between product/apparatus claims and process claims
may be maintained. Withdrawn process claims that are not commensurate in scope with an
allowable product/apparatus claim will not be rejoined. See MPEP § 821.04. Additionally, in
order for rejoinder to occur, applicant is advised that the process claims should be amended
during prosecution to require the limitations of the product/apparatus claims. Failure to do so
may result in no rejoinder. Further, note that the prohibition against double patenting
rejections of 35 U.S.C. 121 does not apply where the restriction requirement is withdrawn by the

examiner before the patent issues. See MPEP § 804.01.

Conclusion
Any inquiry concerning this communication or earlier communications from the examiner
should be directed to Christopher Lang whose telephone number is (571)272-7116. The

examiner can normally be reached on Monday - Friday 7:30 am - 5:00 pm.
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Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Bao-Thuy Nguyen can be reached on 571-272-0824. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access
to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/CHRISTOPHER Q LANG/
Examiner, Art Unit 1641

/BAO THUY L NGUYEN/
Supervisory Patent Examiner, Art Unit 1641
August 10, 2020
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WHAT IS CLAIMED IS:

1.

2.

A hazardous contamination detection system comprising:
a collection device comprising:

a buffer solution configured to lift a hazardous contaminant from a test
surface when the buffer solution is applied to the test surface,

an absorbent swab material configured to absorb at least a portion of the
buffer solution and contact the test surface to collect the hazardous contaminant,

a handle having a first end coupled to the absorbent swab material, a
second end spaced apart from the first end, and an elongate length extending
therebetween,

a fluid-tight container having an interior volume dimensioned to encase
the handle and the absorbent swab material and the buffer solution, the container
having a first coupling biased closed and configured to open to release a volume
of the buffer solution from the interior volume; and
a detection device comprising:

a cartridge comprising a second coupling configured to mechanically mate
with and open the first coupling;

an assay test strip contained in the cartridge and positioned to receive the
volume of the buffer solution released from the container, the assay test strip
comprising at least one reaction zone configured to produce an optically-
detectable change in appearance in the presence of the hazardous contaminant,
and

an image sensor positioned to receive light reflected from the at least one
reaction zone and configured to generate signals representing an intensity of the
received light, and

control electronics configured to analyze the signals and determine the
presence of the hazardous contaminant in the at least one reaction zone.

The hazardous contaminant test system of claim 1, further comprising a

demarcation guide specifying an area of the test surface to be tested for contamination by the

hazardous contaminant.
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3. The hazardous contaminant test system of claim 2, wherein the control electronics
are configured to determine whether the hazardous contaminant is in contact with the at least one
reaction zone based at least partly on the intensity of the signals and the area of the test surface.

4. The hazardous contaminant test system of claim 1, wherein the assay test strip
further comprises:

a sample receiving zone for receiving the volume of the buffer solution, the
sample receiving zone positioned along a fluid path formed by the first and second
couplings; and

a length of material extending between the sample receiving zone and the at least
one reaction zone and configured to wick at least the received buffer solution from the
sample receiving zone to the at least one reaction zone.

5. The hazardous contaminant test system of claim 1, wherein the first coupling
comprises a flexible valve, and wherein the second coupling comprises a male luer connector
configured to open the flexible valve.

6. The hazardous contaminant test system of claim 5, wherein the male luer
connector comprises an interior lumen positioned to provide a fluid pathway to a sample
receiving zone of the assay test strip.

7. The hazardous contaminant test system of claim 1, wherein the first coupling
comprises a mechanical valve, and wherein the second coupling comprises a nozzle configured
to open the mechanical valve.

8. The hazardous contaminant test system of claim 1, wherein the first and second
couplings each comprise threads configured to mechanically mate the first and second couplings.

9. The hazardous contaminant test system of claim 8, wherein, when the first and
second couplings are fully threaded together via the threads, a nozzle of the second coupling
opens a valve of the first coupling.

10. The hazardous contaminant test system of claim 1, wherein the detection device
comprises a network connection interface, and wherein the control electronics are configured to
send data representing whether the hazardous contaminant is in contact with the at least one
reaction zone to at least one remote computing device over a network via the network connection

interface.
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11. A method of testing a test surface for the presence of a hazardous contaminant,
the method comprising:
wiping the test surface with an absorbent swab material coupled to an elongate
handle to collect particles of the hazardous contaminant from the test surface;
inserting the absorbent swab material into an open end of a container, the
container comprising a reservoir containing a volume of a buffer solution and a cap to
seal the reservoir;
sealing the container with the cap to isolate the absorbent swab material and the
buffer solution within the reservoir of the container;
agitating the container to release at least some collected particles of the hazardous
contaminant into the buffer solution;
mechanically mating a first coupling of the container to a second coupling on a
cartridge of an assay test strip, wherein mechanically mating the first and second
couplings opens a fluid path between the reservoir and a sample receiving zone of the
assay test strip;
transferring a volume of the buffer solution from the reservoir to the assay test
strip through the mechanically-mated first and second couplings;
inserting the assay test strip into an assay reader device; and
based on an output of the assay reader device, identifying that the hazardous
contaminant is present on the test surface.
12. The method of claim 11, further comprising identifying, based on the output of
the assay reader device, a concentration of the hazardous contaminant present on the test surface.
13. The method of claim 11, wherein the absorbent swab material is pre-moistened
with a dilute version of the buffer solution, wherein the dilute version of the buffer solution is
configured to lift the hazardous contaminant from the test surface, the method further comprising
removing the pre-moistened absorbent swab material from fluid-tight packaging.
14. The method of claim 13, further comprising:
expressing a portion of the buffer solution from the absorbent swab material onto
the test surface; and
wiping the test surface with the absorbent swab material to re-absorb the

expressed buffer solution into the absorbent swab material.

BDALV.031A (P-11073B) -65-



15. The method of claim 11, wherein mechanically mating the first and second
couplings causes a male luer connector of the second coupling to open a valve of the first
coupling.

16. The method of claim 15, further comprising uncoupling the first and second
couplings, wherein the valve closes after the uncoupling to re-seal a remaining volume of the
buffer solution within the reservoir.

17. The method of claim 16, further comprising mechanically mating the first
coupling of the container to a third coupling on a second cartridge of a second assay test strip,
wherein mechanically mating the first and second couplings opens a fluid path between the
reservoir and a second sample receiving zone of the second assay test strip.

18. The method of claim 17, further comprising:

transferring a volume of the remaining volume of the buffer solution from the
reservoir to the second assay test strip through the mechanically mated first and third
couplings;

inserting the second assay test strip into the assay reader device; and

determining a result of the second assay test strip using the assay reader device.

19. The method of claim 18, further comprising confirming the presence of the
hazardous contaminant on the test surface based on the result of the second assay test strip.

20. The method of claim 18, further comprising determining that an additional
hazardous contaminant is present on the test surface based on the result of the second assay test
strip.

21. The method of claim 18, further comprising determining a concentration of the

hazardous contaminant on the test surface based on the result of the second assay test strip.
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HAZARDOUS CONTAMINANT COLLECTION KIT AND RAPID TESTING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application
No. 62/561,571, filed on September 21, 2017, entitled “HAZARDOUS CONTAMINANT
COLLECTION KIT AND RAPID TESTING,” the contents of which are hereby incorporated by
reference herein.

TECHNICAL FIELD

[0002] The systems and methods disclosed herein are directed to environmental

contaminant testing, and, more particularly, to a test kit for detecting the presence and/or

quantity of antineoplastic agents.

BACKGROUND

[0003] Antineoplastic drugs are used to treat cancer, and are most often found in a
small molecule (like fluoruracil) or antibody format (like Rituximab).  Detection of
antineoplastic drugs is critical for determining if there is contamination/leakage in
hospital/pharmacy areas where the drugs are used and/or dispensed.

[0004] The nature of antineoplastic agents make them harmful to healthy cells and
tissues as well as the cancerous cells. Precautions should be taken to eliminate or reduce
occupational exposure to antineoplastic agents for healthcare workers. Pharmacists who prepare
these drugs and nurses who may prepare and administer them are the two occupational groups
who have the highest potential exposure to antineoplastic agents. Additionally, physicians and
operating room personnel may also be exposed through the treatment of patients. Hospital staff,
such as shipping and receiving personnel, custodial workers, laundry workers and waste
handlers, all have the potential to be exposed to these drugs during the course of their work. The
increased use of antineoplastic agents in veterinary oncology also puts these workers at risk for
exposure to these drugs.

[0004A] Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is not to be taken as an admission that any
or all of these matters form part of the prior art base or were common general knowledge in the
field relevant to the present disclosure as it existed before the priority date of each of the

appended claims.
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SUMMARY

[0005] Existing approaches to detecting a hazardous drug contamination require the
user to manually handle sample swabs directly by hand, press the swab material by hand when
wiping a test surface, place the sampled swabs into a test tube/vial, and send the sample-
impregnated swab to an outside laboratory for testing. Directly handling a swab embedded with
hazardous contamination is potentially dangerous for the test user. Further, these existing
approaches use a small cotton swabs on a stick which covers very little surface area, requiring
significant work and time from the user. Further, the results can come back weeks (sometimes
up to nine weeks) after when the test was taken, delaying any decontamination response.

[0006] These and other problems are addressed in embodiments of the collection and
testing kit described herein that avoids further spread and exposure of contamination during the
process of collecting the sample and quickly provides accurate test results at the site and time of
testing. The present technology provides a collection kit and detection system for testing of
various surfaces in healthcare settings for the presence of antineoplastic agents while minimizing
user exposure to these agents. The kit is capable of detecting even trace amounts of
antineoplastic agents and of providing results quickly (including immediately after collection).
Advantageously, testing and detection occur at the location of the collection. The kit provides a
swab that is simple to use, easy to hold and grip, allows for swabbing of large surfaces, and
keeps the user’s hands away from the surface being tested. Beneficially, the kit also provides a
collection kit that is fluid-tight and provides for leak-free transfer of the collected fluid from the
collection kit to the detection system.

[0007] One suitable detection system includes an immunoassay device.
Immunoassay devices play an important role in areas such as clinical chemistry and have been
made portable for use in the field. Immunoassay technology provides simple and relatively
quick means for determining the presence of analytes in a subject sample. Analytes are
substances of interest or clinical significance that may be present in biological or non-biological
fluids. The analytes can include antibodies, antigens, drugs, or hormones. The analyte of
interest is generally detected by reaction with a capture agent, which yields a device more easily
detected and measured than the original analyte. Detection methods can include a change in

absorbance, a change in color, change in fluorescence, change in luminescence, change in
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electrical potential at a surface, change in other optical properties, or any other easily measured
physical property indicating the presence or absence of an analyte in a sample.

[0008] Accordingly, one aspect relates to a hazardous contamination detection system
comprising a collection device comprising a buffer solution configured to lift a hazardous
contaminant from a test surface when the buffer solution is applied to the test surface, an
absorbent swab material configured to absorb at least a portion of the buffer solution and contact
the test surface to collect the hazardous contaminant, a handle having a first end coupled to the
absorbent swab material, a second end spaced apart from the first end, and an elongate length
extending therebetween, a fluid-tight container having an interior volume dimensioned to encase
the handle and the absorbent swab material and the buffer solution, the container having a first
coupling biased closed and configured to open to release a volume of the buffer solution from the
interior volume; and a detection device comprising a cartridge comprising a second coupling
configured to mechanically mate with and open the first coupling; an assay test strip contained in
the cartridge and positioned to receive the volume of the buffer solution released from the
container, the assay test strip comprising at least one reaction zone configured to produce an
optically-detectable change in appearance in the presence of the hazardous contaminant, and an
image sensor positioned to receive light reflected from the at least one reaction zone and
configured to generate signals representing an intensity of the received light, and control
electronics configured to analyze the signals and determine the presence of the hazardous
contaminant in the at least one reaction zone.

[0008A] In one embodiment there is provided a hazardous contaminant detection
system comprising:

a collection device comprising:

a buffer solution configured to lift a hazardous contaminant from a test surface when the
buffer solution is applied to the test surface,

an absorbent swab material configured to absorb at least a portion of the buffer solution
and contact the test surface to collect the hazardous contaminant,

a handle having a first end coupled to the absorbent swab material, a second end spaced
apart from the first end, and an elongate length extending therebetween,

a fluid-tight container having an interior volume dimensioned to encase the handle and

the absorbent swab material and the buffer solution, the container having a first coupling biased
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closed and configured to open to release a volume of the buffer solution from the interior
volume, wherein the first coupling is further configured to return to a closed position; and

a detection device comprising;:

a cartridge comprising a second coupling configured to mechanically mate with and open
the first coupling;

an assay test strip contained in the cartridge and positioned to receive the volume of the
buffer solution released from the container, the assay test strip comprising at least one reaction
zone configured to produce an optically-detectable change in appearance in the presence of the
hazardous contaminant, and

an image sensor positioned to receive light reflected from the at least one reaction zone
and configured to generate signals representing an intensity of the received light, and

control electronics configured to analyze the signals and determine the presence of the
hazardous contaminant in the at least one reaction zone.

[0009] Some embodiments of the system further comprise a demarcation guide
specifying an area of the test surface to be tested for contamination by the hazardous
contaminant. In some father embodiments, the control electronics are configured to determine
whether the hazardous contaminant is in contact with the at least one reaction zone based at least
partly on the intensity of the signals and the area of the test surface.

[0010] In some embodiments of the system, the assay test strip further comprises a
sample receiving zone for receiving the volume of the buffer solution, the sample receiving zone
positioned along a fluid path formed by the first and second couplings; and a length of material
extending between the sample receiving zone and the at least one reaction zone and configured
to wick at least the received buffer solution from the sample receiving zone to the at least one
reaction zone.

[0011] In some embodiments of the system, the first coupling comprises a flexible
valve, and wherein the second coupling comprises a male luer connector configured to open the
flexible valve. In some further embodiments, the male luer connector comprises an interior
lumen positioned to provide a fluid pathway to a sample receiving zone of the assay test strip.

[0012] In some embodiments of the system, the first coupling comprises a
mechanical valve, and wherein the second coupling comprises a nozzle configured to open the

mechanical valve.
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[0013] In some embodiments of the system, the first and second couplings each
comprise threads configured to mechanically mate the first and second couplings. In some
further embodiments, when the first and second couplings are fully threaded together via the
threads, a nozzle of the second coupling opens a valve of the first coupling.

[0014] In some embodiments of the system, the detection device comprises a network
connection interface, and wherein the control electronics are configured to send data representing
whether the hazardous contaminant is in contact with the at least one reaction zone to at least one
remote computing device over a network via the network connection interface.

[0015] Another aspect relates to a method of testing a test surface for the presence of
a hazardous contaminant, the method comprising wiping the test surface with an absorbent swab
material coupled to an elongate handle to collect particles of the hazardous contaminant from the
test surface; inserting the absorbent swab material into an open end of a container, the container
comprising a reservoir containing a volume of a buffer solution and a cap to seal the reservoir;
sealing the container with the cap to isolate the absorbent swab material and the buffer solution
within the reservoir of the container; agitating the container to release at least some collected
particles of the hazardous contaminant into the buffer solution; mechanically mating a first
coupling of the container to a second coupling on a cartridge of an assay test strip, wherein
mechanically mating the first and second couplings opens a fluid path between the reservoir and
a sample receiving zone of the assay test strip; transferring a volume of the buffer solution from
the reservoir to the assay test strip through the mechanically-mated first and second couplings;
inserting the assay test strip into an assay reader device; and based on an output of the assay
reader device, identifying that the hazardous contaminant is present on the test surface.

[0015A] In one embodiment there is provided a method of testing a test surface for the
presence of a hazardous contaminant, the method comprising:

wiping the test surface with an absorbent swab material coupled to an elongate handle to
collect particles of the hazardous contaminant from the test surface;

inserting the absorbent swab material into an open end of a container, the container
comprising a reservoir containing a volume of a buffer solution and a cap to seal the reservoir;

sealing the container with the cap to isolate the absorbent swab material and the buffer

solution within the reservoir of the container;
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agitating the container to release at least some collected particles of the hazardous
contaminant into the buffer solution;

mechanically mating a first coupling of the container to a second coupling on a cartridge
of an assay test strip, wherein mechanically mating the first and second couplings opens a fluid
path between the reservoir and a sample receiving zone of the assay test strip;

transferring a volume of the buffer solution from the reservoir to the assay test strip
through the mechanically-mated first and second couplings;

uncoupling the first and second couplings, wherein uncoupling the first and second
couplings reseals a remaining volume of the buffer solution within the reservoir;

inserting the assay test strip into an assay reader device; and

based on an output of the assay reader device, identifying that the hazardous contaminant
is present on the test surface.

[0016] Some embodiments of the method further comprise identifying, based on the
output of the assay reader device, a concentration of the hazardous contaminant present on the
test surface.

[0017] In some embodiments, the absorbent swab material is pre-moistened with a
dilute version of the buffer solution, the dilute version of the buffer solution is configured to lift
the hazardous contaminant from the test surface, and the method further comprises removing the
pre-moistened absorbent swab material from fluid-tight packaging. Some further embodiments
of the method comprise expressing a portion of the buffer solution from the absorbent swab
material onto the test surface; and wiping the test surface with the absorbent swab material to re-
absorb the expressed buffer solution into the absorbent swab material.

[0018] In some embodiments of the method, mechanically mating the first and
second couplings causes a male luer connector of the second coupling to open a valve of the first
coupling. Some further embodiments of the method comprise uncoupling the first and second
couplings, wherein the valve closes after the uncoupling to re-seal a remaining volume of the
buffer solution within the reservoir. Some further embodiments of the method comprise
mechanically mating the first coupling of the container to a third coupling on a second cartridge
of a second assay test strip, wherein mechanically mating the first and second couplings opens a
fluid path between the reservoir and a second sample receiving zone of the second assay test

strip. Some further embodiments of the method comprise transferring a volume of the remaining
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volume of the buffer solution from the reservoir to the second assay test strip through the
mechanically mated first and third couplings; inserting the second assay test strip into the assay
reader device; and determining a result of the second assay test strip using the assay reader
device. Some further embodiments of the method comprise confirming the presence of the
hazardous contaminant on the test surface based on the result of the second assay test strip Some
further embodiments of the method comprise determining that an additional hazardous
contaminant is present on the test surface based on the result of the second assay test strip. Some
further embodiments of the method comprise determining a concentration of the hazardous
contaminant on the test surface based on the result of the second assay test strip.

[0018A] In another embodiment there is provided a method of testing a test surface for
the presence of a hazardous contaminant, the method comprising;:

wiping the test surface with an absorbent swab material coupled to an elongate handle to
collect particles of the hazardous contaminant from the test surface;

inserting the absorbent swab material into an open end of a container, the container
comprising a reservoir containing a volume of a buffer solution and a cap to seal the reservoir;

sealing the container with the cap to isolate the absorbent swab material and the buffer
solution within the reservoir of the container;

agitating the container to release at least some collected particles of the hazardous
contaminant into the buffer solution;

mechanically mating a first coupling of the container to a second coupling on a cartridge
of an assay test strip, wherein mechanically mating the first and second couplings opens a fluid
path between the reservoir and a sample receiving zone of the assay test strip;

transferring a volume of the buffer solution from the reservoir to the assay test strip
through the mechanically-mated first and second couplings;

uncoupling the first and second couplings, wherein uncoupling the first and second
couplings reseals a remaining volume of the buffer solution within the reservoir;

mechanically mating the first coupling of the container to a third coupling on a second
cartridge of a second assay test trip, wherein mechanically mating the first and third couplings
opens a fluid path between the reservoir and a second sample receiving zone of the second assay

test strip;
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inserting the first assay test strip into an assay reader device configured to detect optical
changes of the first assay test strip and to generate an output based on the detected optical
changes; and

based on the output, identifying that the hazardous contaminant is present on the test
surface.

[0018B] In a further embodiment there is provided a system comprising:

a collection device comprising:

an absorbent material coupled to a handle, the absorbent material configured to contact a
test surface to collect a hazardous contaminant, and

a container having a first portion shaped to receive the absorbent material and a second
portion shaped to receive at least a portion of the handle, the container having a valve biased
closed and configured to open to release a volume of buffer solution, wherein the valve is further
configured to return to a closed position;

an assay test strip configured to receive the volume of the buffer solution released from
the container, the assay test strip comprising at least one reaction zone configured to produce an
optically-detectable change in appearance in the presence of the hazardous contaminant;

an image sensor configured to receive light reflected from the at least one reaction zone
and configured to generate signals representing an intensity of the received light; and

control electronics configured to analyze the signals and determine the presence of the
hazardous contaminant in the at least one reaction zone.

[0018C] Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising”, will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other

element, integer or step, or group of elements, integers or steps.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] The disclosed aspects will hereinafter be described in conjunction with the
appended drawings, provided to illustrate and not to limit the disclosed aspects, wherein like
designations denote like elements.
[0020] Figure 1A illustrates an example of an open system contaminant collection

device and open system detection device.
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[0021] Figures 1B-1D illustrate various views of an example handle of the collection
device of Figure 1A.

[0022] Figure 1E illustrates an example collection container of the collection device
of Figure 1A.

[0023] Figures 1F-1G illustrate various views of an example snap fit removable top
of the collection device of Figure 1A.

[0024] Figure 1H illustrates an example of the detents discussed with respect to
Figures 1F-1G in a threaded embodiment of an example removable top.

[0025] Figures 11 through 1K illustrate various views of the handle of Figures 1B-1D
positioned within the collection container of Figure 1E.

[0026] Figure 1L illustrates a cross-sectional view of an example removable cap of
the collection device of Figure 1A.

[0027] Figures 1M-10 illustrate various views and components of a collection kit.

[0028] Figure 1P illustrates an example stability foot that can be used with the
collection container of Figure 1E.

[0029] Figure 2 illustrates another example of an open system contaminant collection
device.

[0030] Figures 3A and 3B illustrates example steps of a testing method using an open
system contaminant collection device.

[0031] Figure 4 illustrates an example of a closed system contaminant collection
device.

[0032] Figures 5A-5D illustrate another example of a closed system contaminant
collection device and an example of a closed system detection device.

[0033] Figure 6 illustrates example steps of a testing method using a closed system
contaminant collection device.

[0034] Figures 7A through 7C illustrate an example testing device.

[0035] Figure 8 depicts a high level schematic block diagram of an example testing
device.

[0036] Figures 9A and 9B illustrate another example of a contaminant collection
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[0037] Figures 10A-10B illustrate another example of a contaminant collection
device.

[0038] Figure 11 illustrates an example of a pivoting collection device swab.

[0039] Figure 12 illustrates an example of a collection device including a squeegee.

[0040] Figures 13A and 13B illustrate another example of a collection device
including a squeegee.

[0041] Figures 14A-14D illustrate various embodiments of a collection device with a
built-in odometer.

[0042] Figure 15 illustrates various examples of removal of fluid from a collection
device swab.

[0043] Figure 16 illustrates an example of a dissolvable swab.

[0044] Figure 17 illustrates example steps for absorbing and removing fluid from a
collection device swab.

[0045] Figure 18 depicts a high level schematic block diagram of an example
networked test system environment.

[0046] Figure 19 depicts a flow chart of an example process for test data generation,

analysis, and reporting.

DETAILED DESCRIPTION

Introduction

[0047] Embodiments of the disclosure relate to systems and techniques for detection
of hazardous environmental contaminants, such as but not limited to antineoplastic drugs used in
the treatment of cancer, while minimizing exposure of the test operator to the contaminants. A
kit for such testing can include a collection device and a testing device. Throughout this
disclosure, example systems, kits, and methods will be described with reference to collection,
testing, and detection of antineoplastic agents, but it will be understood that the present
technology can be used to collect, test, and detect any particle, molecule, or analyte of interest.

[0048] A collection device can include a swab and a container for sealing the swab
after collection of the antineoplastic agent. The swab can be constructed from a special material
having desired pickup efficiency and shedding efficiency for detecting trace amounts of

antineoplastic agents, and is provided on a handle having sufficient length so that the user can
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swab a surface without physically contacting the surface or the swab. A liquid, for example a
buffer solution, can be provided within the container so that the user removes a pre-wetted swab
to swipe the surface in one implementation. In another implementation, the user sprays the
surface with a liquid and collects this liquid with the swab.

[0049] The collection kit can further include a template, guide, or instructions to
delineate a specific dimensional area for testing. In order to obtain an accurate test result for
contaminants that are hazardous even in trace amounts, a precise method of marking
(demarcation) and then performing the sampling procedure (for example, to sample all of the
demarcated area and only the demarked area) can be a very important step to ensure an accurate
result. There are several factors that can be key to obtaining an accurate drug concentration
measurement given in the following formula:

. o0k A * 1, * 1y
Vi

where C is the concentration, a is the contamination surface density (ng/ft*2), A is the surface
area swabbed and tested, 1, is the pick-up efficiency, 1. is the extraction from the swab density,
and Vy is the fluid volume of the buffer solution used to help extract and carry the contamination
to the test strip. A goal of the described testing can be to have a high concentration signal with
low variability. Excessive “noise” or variation in the variables may cause the test to either give
false positive or false negative results. Test kits described herein can include mechanisms and/or
instructions to users to assist in reducing the variation of each term in the above concentration
equation.

[0050] After swabbing the surface, the user places the swab into the container and the
handle forms a liquid-tight seal when engaged with the container. The handle can additionally
lock to the container. The container can contain a buffer or diluent solution used as an agent to
help remove the particles of interest embedded on the swab material into the fluid of the
container. The container advantageously prevents liquid from spilling and contaminating
surfaces or users, but provides for controlled release of fluid to a detection system. Non-limiting
examples of such systems are referred to herein as “open system contaminant collection devices”
and “open system detection devices.” Some implementations of the container can provide a fluid
tight seal between the sample vial and the test strip so that harmful fluids, drugs or vapors would

be contained and not vented into the atmosphere and possibly creating additional harm to the
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user. For example, the container can be structured to attach and/or seal to the detection system to
provide a closed path for fluid transfer between the container and the detection system. Non-
limiting examples of such systems are referred to herein as “closed system contaminant
collection devices” and “closed system detection devices.”

[0051] The testing device can be an immunoassay reader, for example a lateral flow
assay and reader device, with an interface that alerts the user to the presence and/or degrees of
contamination. Fluid can be released from the container onto a receiving zone of an assay test
strip in some embodiments. The assay test strip can then be inserted into a reader to image the
indicators on the strip, analyze the image(s), determine a level of contamination, and report the
determined level of contamination to the user. The reader can have more than one method of
entering data regarding the sample and can have various ways of saving, storing, displaying,
uploading and alerting the appropriate personnel when unacceptable levels of contamination are
detected.

[0052] In one example, after detecting contamination in an initial test there can be
several possible next steps. A first option can be to remove the fluid tight connector and place
the sample onto another more sensitive test strip to determine an advanced level of detection. A
second option can be to further dilute the sample to provide one or more additional levels of
dilution, and to then take a hot or high magnitude signal. Once measured the dilution amount
can be taken into effect and an actual concentration can be calculated based on the result and
dilution amount.

[0053] The described swabs, buffer solutions, and test devices can be configured to
pick up and detect trace amounts of antineoplastic agents and/or chemotherapeutic drugs in some
embodiments. It will be appreciated that the described systems can be adapted to collect and
detect quantities of other biohazardous chemicals, drugs, pathogens, or substances in other
embodiments. Further, the disclosed systems can be used in forensic, industrial, and other
settings.

[0054] Specific collection device embodiments illustrated and described herein are
characterized as having either an “open” or “closed” fluid transfer mechanism. However, it will
be appreciated that the illustrated fluid transfer mechanisms are provided as non-limiting

examples and that the disclosed swabs, containers, and other collection device aspects of each
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embodiment can, in various implementations, have either an open or a closed fluid transfer
mechanism.

[0055] Although the disclosed detection devices are typically described herein with
reference to test strips and lateral flow assay reader devices, it will be appreciated that the
described hazardous contaminant detection aspects described herein can be implemented in any
suitable detection system. For example, features described herein can be implemented in reader
devices that analyze other types of assays, such as but not limited to molecular assays, and
provide a test result. Further, the collected fluid can be transferred to a centrifuge, spectrometer,
chemical assay, or other suitable test device to determine the presence and/or concentration of
one or more hazardous substances in the sample.

[0056] Drugs successfully treat many types of illnesses and injuries, but virtually all
drugs have side effects associated with their use. Not all adverse side effects classify as
hazardous, however. In the present disclosure, the term "hazardous drugs" is used according to
the meaning adopted by the American Society of Health-System Pharmacists (ASHP), which
refers to a drug as hazardous if studies in animals or humans have indicated that exposures to
them have any one of four characteristics: genotoxicity; carcinogenicity; teratogenicity or
fertility impairment; and serious organ damage or other toxic manifestation at low doses in
experimental animals or treated patients.

[0057] Although described in the example context of ascertaining the concentration
of hazardous drugs such as antineoplastic agents, it will be appreciated that the disclosed test
strips and reading techniques for extending competitive assay dynamic range can be used to
detect the presence and/or concentration of any analyte of interest. An analyte can include, for
example, drugs (both hazardous and non-hazardous), antibodies, proteins, haptens, nucleic acids
and amplicons.

[0058] Various embodiments will be described below in conjunction with the
drawings for purposes of illustration. It should be appreciated that many other implementations
of the disclosed concepts are possible, and various advantages can be achieved with the disclosed

implementations.
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Overview of Example Open System Contaminant Collection Devices

[0059] A hazardous contamination detection kit can be used to identify and measure a
specific area of surfaces to be tested and collect hazardous drugs from those surfaces, for
example in a pharmacy or in patient care/nursing areas. This kit includes a collection device for
sampling the surfaces for possible contamination due to hazardous drugs. After sampling, fluid
from the collection kit can be transferred to a detection device. The detection device can include
a lateral flow assay test strip that has been developed with the proper chemistry to detect the
desired contamination in the surface sample and an assay reader configured with instructions for
imaging the assay, analyzing the images, and determining a concentration level of the
contaminant. Some embodiments of the collection device can be “open,” referring to the transfer
of fluid from the collection device to the detection device without use of a liquid-tight transfer
mechanism. For example, fluid can be squeezed, poured, or dripped from the collection device
onto an assay test strip.

[0060] Figure 1A illustrates an example of an open system contaminant collection
device 100 and an open system detection device 145. In this example, detection device 145 is a
test strip 145 that includes a lateral flow assay. The collection device 100 can include a
container 130, a handle 120 with a swab 125, a removable top 115, and a removable cap 105. In
some examples, components of the collection device 100 are packaged separately. For example,
as will be described in greater detail below, the collection device 100 can include a first package
and a second package. The first package includes a buffer-filled container 130 in sealed
assembly with a removable top 115 and a removable cap 105. The second package includes a
handle 120 and a swab 125 that has been pre-moistened with buffer fluid. The first package and
the second package can be individually sealed (in some cases, hermetically sealed) and can be
provided to the user in a kit described in greater detail below.

[0061] The container 130 can be liquid-tight when the container 130, removable top
115, and removable cap 105 are coupled together, and can contain buffer fluid. The removable
top 115 and container 130 can include threads for coupling as illustrated, or can include other
suitable fluid-tight coupling structures, for example a snap fit. The container 130 can include a
stability foot 135 to keep it oriented upright when positioned on a flat surface. The cap 105 can
be threaded or configured to securely snap to the nozzle 110 of the removable top 115. The

removable top 115 can be removed to provide access to the interior 140 of the container 130,
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allowing a user to remove the handle 120 and swab 125 from the container 130 and/or insert the
handle 120 and swab 125 into the container 130. The removable top 115 also allows a user to
pour fluid from the container 130 onto a test surface. In other embodiments in which the user
uses the container 130 with a pre-moistened swab 125, the user may not pour any fluid from the
container 130, thereby maintaining a known volume of fluid in the container 130. This feature
can be beneficial for accurate assessment of collected contaminant concentration.

[0062] Components of the collection device 100 can be provided in any suitable
configuration, depending on the needs of the user and the particular sample collection context.
Components of the collection device 100 are described herein with reference to an example kit in
which a pre-moistened swab material 125 and a handle 120 are provided in a first sealed
package, and a container 130 filled with buffer, a removable top 115, and a removable cap 105
are provided in a second sealed package. Features of the example kit described herein
advantageously limit exposure of the user to hazardous contaminants that are potentially present
on a test surface while also very precisely controlling factors that can affect the accuracy of
detection results (and in particular concentration measurements). It will be understood, however,
that other configurations are possible. Some configurations are suitable for sample collection
contexts where the analyte of interest is not a hazardous contaminant. For example, swab
material 125 may be provided within the body of the container 130 and removed by the user
prior to sample collection. Buffer fluid may be included or not included within the body of the
container 130. If buffer fluid is not provided within the body of the container 130, a user can add
buffer to the container 130 prior to sample collection (before or after removing the swab material
125 from the body of the container 130). A handle 120 may be provided within the body of the
container 130 (for example, already coupled to the pre-moistened swab material 125), or it can
be provided separately. If the handle 120 is provided separately, the user can remove the swab
material 125 from the container 130 and attach it to the handle 120 prior to sample collection.

[0063] Though not illustrated, the container 130 can contain a certain volume of a
buffer solution which will help lift the contamination from the swab material, keep the
contaminate stable until it is ready to be transferred to the test strip 145, and provide a fluid
suitable for transferring the contaminant to the test strip and for cooperating with the capillary
action of the test strip to carry the contaminant to reaction zone(s) on the test strip. Possible

buffer solutions are described in more detail below.
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[0064] The handle 120 can have a “T-shaped” cross section with the “top” of the T
for use in securing the swab 125 and the “downwardly-extending” portion of the T used as a
grip. The size of the handle 120 can be selected to minimize usage of material while still
providing a sufficient handle size to prevent contact between the hand of the user and the test
surface. Some embodiments of a test kit can include protective gloves to provide a safeguard in
addition to the handle 120 for preventing contact between the test operator and the test surface
and/or testing fluids. Even where a kit does not include gloves, users can be instructed to use
protective gloves during sampling and/or handling of samples.

[0065] The swab 125 can be constructed from a special material having desired
pickup efficiency and shedding efficiency for detecting trace amounts of contaminants.
Examples of swab materials are discussed in more detail below. Though shown in exploded
view to illustrate the various components, the swab 125 can be coupled to the handle 120,
thereby providing the user with a mechanism to wipe a test surface without contacting the
surface and buffer fluid. The swab 125 and handle 120 can be coupled, for example by
ultrasonic welding to melt material of the handle 120 into portions of the swab material, a
clamping mechanism built into the handle 120, by adhesive, or by any other suitable attachment
mechanism. There may be one or multiple layers of swab material provided on the handle 120.
The swab material may be attached to the handle 120 in a taut manner or may be loosely attached
to the handle 120. The swab 125 can include two layers of fabric. In one advantageous
embodiment described in detail below, the swab is attached to the handle 120 in a configuration
where portions of the swab material that are not directly fastened to the handle 120 remain loose
relative to the handle 120.

[0066] The interior 140 of the container 130 can be shaped to substantially conform
to the outer dimensions of the coupled handle 120 and swab 125 in some embodiments so that
the swab 125 and handle 120 can be securely fitted within the interior 140. In the illustrated
example, the interior 140 has a “T-shaped” cross section that fits the profile of the handle 120
and swab 125. This shape of the container can minimize the volume of buffer fluid needed to
submerse a given portion of the handle in the buffer fluid. It is also shaped to minimize the
buffer fluid that can reside around the grip portion of the “T” of the handle, thereby ensuring that
most of the buffer fluid will be in the portion of the interior 140 where the swab 125 is located.

The shape of the interior 140 is designed such that most of the fluid volume will be around the
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swab 125 and the container/handle design may not allow the swab 125 to be compressed against
the inside wall of the container 130, for example by providing additional space in the interior 140
around the swab 125.

[0067] In some embodiments, the length of the container interior 140 may be just
long enough for the handle 120 to be fully enclosed in the interior 140, thus minimizing
movement of the handle 120 when the container 130 is inverted. As such, as the container 130 is
inverted the buffer fluid moves back and forth across the swab 125. In another embodiment, the
container 130 can be up to two times longer than the handle 120. This allows the handle 120 to
slide back and forth with the buffer fluid as the container 130 is inverted. This movement may
aid in better flushing of the fluid through the swab 125.

[0068] In some embodiments the container 130 can contain a volume of buffer
solution suitable for wetting a determined test area, for example corresponding to an area
template or area instructions provided with the kit. A user can pour buffer solution from the
container 130 onto the test surface and then wipe the test surface with swab 125. In some
embodiments the buffer solution can be provided in a separate container. After being applied to
the test surface, the buffer solution can be absorbed, together with any contaminants contained
therein, by the material of the swab 125. As described herein, in some embodiments no buffer
solution may be poured from the container 130, and instead the swab material 125 can be pre-
moistened with the buffer solution (or a dilute version of the buffer solution).

[0069] In some embodiments the volume of buffer solution and swab 125 can be
provided together within the container 130 before use so that swab 125 is pre-wetted with the
volume sufficient for wetting the test area of the designated dimensions. In other embodiments
the swab 125 can be provided separately in a sealed package to maintain its pre-moistened state.
A user can remove the swab 125 and handle 120 and wet the test surface by wiping the swab 125
across the test surface, such as by applying pressure to release the buffer solution from the pre-
wetted swab 125. The user can in some embodiments perform additional wiping of the test
surface with the swab 125 after release of the buffer solution, for example until most or all of the
buffer solution is re-absorbed into the swab 125.

[0070] After completing wiping of the test area of the test surface, the user can insert
the handle 120 and swab 125 into the container 130 and couple the removable top 115 and
removable cap 105 with the container 130 to enclose the buffer fluid within the fluid-tight
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interior 140. The user can agitate the swab 125 within the sealed container 130 to shed collected
particles from the swab material into the buffer solution. To transfer fluid from the interior 140
to the test strip 145, the user can remove the cap 105 and expel fluid through the nozzle 110, for
example by inverting the container 130 and allowing fluid to drip through nozzle 110. The
nozzle 110 can be sized and shaped for controlled release of a drop (or other volume) at a time of
fluid onto the test strip 145. A drop is an approximated unit of measure of volume corresponding
to the amount of liquid dispensed as one drop from a dropper or drip chamber via gravitational
pull (sometimes aided by a positive pressure created within the container holding the liquid).
Though the precise volume of any given drop depends upon factors such as the surface tension of
the liquid of the drop, the strength of the gravitational field pulling on the drop, and the device
and technique used to produce the drop, it is commonly considered to be a volume of 0.05 mL.
[0071] In some embodiments, the interior volume 140 of the container 130 can be
reduced in order to dispense the fluid onto the test strip 145 for testing. This can be
accomplished in several ways. In a first embodiment, the material of the container 130 is
flexible enough to allow the user to squeeze the sides of the container 130 to expel controlled
drops of fluid onto the test strip through the orifice of the nozzle 110. The flexibility can come
from a combination of container wall thickness and material modulus optimized so that the entire
container 130 can be squeezed. In a second embodiment, the container 130 can have thin
sections in the container wall, running either axially or radially, that give the container 130 hinge
points where it can flex while the rest of the wall is thicker and stiffer. The user can then
squeeze the container 130 which flexes at the thin hinge points thus reducing the interior volume
forcing the fluid out through the drip orifice without the entire wall being thin enough to flex. In
a third embodiment, a portion of the cap 115 that contains the nozzle 110 drip orifice is flexible
to allow a change in volume while leaving the container inflexible. The whole cap 115 or part of
the cap may be made flexible. The flexible portion may only be a single section or spot that
allows enough deflection to push a drop of fluid out when compressed or deflected. Other
configurations to expel a drop or other volume of fluid from the container 130 through the nozzle
110 in a controlled manner are possible. In other embodiments, the container 130 may not
require squeezing to dispense fluid from the container, and may dispense drops of fluid upon

inversion with cap 105 removed.
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[0072] Test strip 145 can include a sample receiving zone 150 and reaction zone 155.
The user can transfer the fluid from container 130 to sample receiving zone 150, and the test strip
can wick the fluid and any contaminants contained therein along the length of the test strip to
and/or through the reaction zone 155. Reaction zone 155 can include one or more analyte
binding regions. As illustrated, the actual capillary test strip can be housed within a cartridge
with windows corresponding to the locations of the sample receiving zone 150 and reaction zone
155.

[0073] Figure 1B illustrates a perspective view of an example handle 120 of the
collection device 100 of Figure 1A. The handle 120 includes a base portion 122 for securing
swab material (not illustrated in Figure 1B) and a grip portion 121 extending from the base
portion 122. The grip portion 121 and base portion 122 can be formed as a unitary structure, for
example via injection molded plastic. The base portion 122 includes a first portion 122A
adapted to fasten to the swab material and a second portion 122B adapted to support the swab
material 125 as it contacts the test surface. The first portion 122A and the second portion 122B
can be on opposite sides of the base portion 122 as in the illustrated implementation, but other
configurations are possible.

[0074] As illustrated, the grip portion 121 extends perpendicularly from the center of
one face of the base portion 122. The grip portion 121 can extend away from the base at other
angles and/or from other locations along the width of the base portion 122 in other embodiments.
The grip portion 121 can have a height sufficient to keep the fingers of a user away from a
surface in contact with the swab material secured to the base 122, for example 0.25 inches or
more, or 0.5 inches or more, in various embodiments. In one non-limiting example, the height of
the grip portion 121 is about 0.525 inches. The grip portion 121 can extend along the full length
of the base portion 122 as illustrated, or can extend along just a portion of the length of the base
portion 122. In some embodiments the width of the base portion can also assist in shielding the
fingers of the user from the test surface, and the width can be for example 0.25 inches or more,
or 0.5 inches or more, in various embodiments. In one non-limiting example, the width of the
base portion 122 is about 0.55 inches. Embodiments of the base portion 122 with a width of
about 0.55 inches can include about 0.2 inches clearance on each side of the grip portion 121 for
the user’s fingers to grip the handle 120. This can shield the user’s fingers from the test surface

below the base portion 122 during use of the handle 120, and can, for example, act as a stop to
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prevent the user’s fingers from contacting the test surface. These example dimensions are
illustrated in Figure 1C for illustrative purposes only; other dimensions are possible and the
handle 120 may not be drawn to scale. In some embodiments, the base portion 122 extends at
least 0.1 inches beyond the user’s finger on either side of the handle 120 when the user grips the
handle 120.

[0075] The base portion 122 has a number of securing features 123 extending along
at least a portion of the length of the base portion 122 from the same surface as the grip portion
121. As depicted, the securing features 123 can be a number of triangular prisms, for example
two rows each having three axially-aligned triangular prisms. Other shapes, numbers, and
configurations of the securing features are possible in other embodiments. Figures 1B and 1C
depict the securing features 123 prior to attachment of the swab material. The swab material can
be attached to these features 123 via ultrasonic welding in some embodiments. For example, the
swab material can be positioned with a center portion along a face of the base portion 122
opposing the face with the securing features 123 with opposing edges of the swab material
wrapped around the sides of the base portion 122 and positioned over the securing features.
Ultrasonic energy can be applied to the securing features 123, causing the material of the features
to melt or liquefy and flow into the fabric of the swab material. When the energy is removed the
melted material solidifies, providing a mechanical attachment between the handle 120 and the
swab material. Other mechanisms to attach the swab material to the base portion 122 are
possible. In other embodiments the securing features 123 can be omitted and other mechanical
fasteners (e.g., pins/screws) and/or adhesive can be used in place of the securing features.

[0076] Figure 1C depicts a cross-sectional view of the handle 120 having swab
material 125 secured to the securing features 123 as described above, and Figure 1D depicts a
perspective view of the handle 120 and secured swab material 125. As depicted in Figure 1D, in
this non-limiting example the swab material 125 is formed from a material, for example woven
polyester, folded or stacked into two layers 125A, 125B. The opposing edges of this dual-layer
fabric are positioned over the securing features 123 (shown in cross-section Figure 1C but
obscured by the fabric in Figure 1D) with the melted material of the securing features 123
solidified within the open space of the weave, thereby securing some of the woven fibers of the
swab material 125 within the solidified securing feature material. Although Figure 1C depicts

the solidified securing features 123 in their original triangular configuration, due to the melting
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and solidification process other shapes are possible.  Portions of the swab material 125 can be
secured to first portion 122A of the base portion 122 of the handle 120 such that other portions of
the swab material proximal to the second portion 122B of the base portion 122 remain loose
relative to the handle 120. The swab material is configured to be loose enough to form a gap
126 between the surface 127A of the swab material 125 and the surface 127B of the second
portion 122B of the base portion 122. The gap 126 can enable the swab material 125 to be
agitated by buffer solution to extract collected contaminants from the swab material 125, and can
be between 0.25 inches and 0.75 inches in some embodiments. The swab material 125 may be
longer than the base 122 of the handle such that around 0.25 inches extends beyond the edges of
the base 122. Other embodiments can use greater or fewer than two layers for the swab material
125, and can use separate pieces of fabric (for example, layered and then cut and sealed along the
opposing edges that are wrapped over the securing features) or a single length of folded material.

[0077] Figure 1E illustrates an example collection container 130 of the collection
device of Figure 1A. The collection container 130 has a circular upper rim 141 and a well wall
142 extending from the rim 141 and forming a well 140. The collection container 130 can be
formed from an injection-molded plastic in some embodiments. The rim 141 can include a
recessed portion between ridges for securing a retaining ring of a snap top as in the illustrated
embodiment, with the ridges used to secure the snap top in place. In another embodiment, the
rim 141 can be threaded in a corresponding manner with a threaded top. The well 140 can be
formed with a T-shaped cross-section as illustrated to substantially match the shape of the handle
120. The well wall 142 can have uniform or substantially uniform (e.g., within acceptable
manufacturing tolerances) walls in some embodiments such that the outer shape of the container
130 matches the cross-section of the well 140.

[0078] Figure 1F illustrates a perspective view of the top of an example removable
top 115 of the collection device of Figure 1A, and Figure 1G illustrates a cross-sectional side
view of the removable top 115. The illustrated removable top 115 is configured to snap or press-
fit onto the ridges of the upper rim 141 of the container 130. Other embodiments can include a
threaded or other suitable connection rather than a snap or press-fit connection. For instance, the
example collection device 100 described below with reference to Figure 1H includes a threaded
removable top 115 configured to engage a threaded container 130. Embodiments of collection

devices 100 according to the present disclosure can advantageously create a fluid-tight seal
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between the removable top 115 and the container 130 with minimal user force and with the
fewest number of components, thereby reducing risk that the user will not create a fluid-tight seal
when the user engages the removable top 115 to the container 130.

[0079] The removable top 115 includes a frustoconical body with, a threaded nozzle
110 at the tip of the frustoconical body including fluid outlet channel 116, a tab 113 to assist a
user in removing the top 115, and interior features including a cylindrical wall 117 and one or
more detent(s) 118. The nozzle 110 need not be threaded and may interact with a removable cap
105 via a snap or press-fit connection, or any other suitable mechanism. The removable top
includes a hinge 114 attaching a retaining ring 111 to the frustoconical body. Some
embodiments can omit the tab 113, the retaining ring 111, and the hinge 114.

[0080] On the underside of the frustoconical body is the cylindrical wall 117 spaced
apart from the detent(s) 118. The detent(s) 118 can include one or more protrusions extending
from the inner rim of the top 115 towards the wall 117 or can be formed as a continuous annular
feature. The cylindrical wall 117 includes a protrusion 119 that faces the detent(s) 118. Similar
to the detent(s) 118, the protrusion 119 can include one or more protrusions or a continuous
annular feature. The detent(s) 118and cylindrical wall 117 are configured to secure the
removable top 115 to the upper rim 141 of the container by positioning the upper rim 141 of the
container 130 between the detent(s) 118and the protrusion 119. For example, the protrusion 119
can be pressed into the inside of the mouth of the container opposite the rim 141 that extends
around the exterior of the mouth of the container. This can seal the top 115 to the container 130.
In one non-limiting example, the hoop strength of the cylindrical wall 117 and protrusion 119
combined with the deflection of the cylindrical wall 117 provides a normal force that seals the
protrusion 119 to the inside wall of the container 130. The detent(s) 118 can secure to
corresponding detents in the upper rim 141 of the container 130 to securely hold the top 115 onto
the container 130, as well as to provide tactile and/or audible “click” feedback to the user to
indicate that the top 115 is securely in place. Similar detents can be provided in a threaded
embodiment of the top 115. Securing the top 115 to the container 130 beneficially prevents
spillage of the buffer fluid, which potentially contains hazardous materials after the handle 120 is
inserted into the container 130. Beneficially, embodiments of collection devices 100 described
herein that include the wall 117, protrusion 119, and detent 118 can mitigate spillage of liquids

from within the well 140 of the container 130 without the use of a separate sealing member or
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gasket.  Accordingly, the collection devices 100 according to the present disclosure
advantageously limit the number of total number of individual, separate components while also
providing a fluid-tight seal, thereby limiting the risk of failure of components, the risk that
components will not be aligned properly when assembled, and the risk that components will not
operate as intended to create a fluid-tight seal. As one example, conventional collection devices
that use sealing gaskets to create fluid-tight seals may fail if the gasket is cracked, torn,
misaligned, or has even a minute defect or flaw due to chemical breakdown (which can occur
with age) or faulty manufacturing. Embodiments of the collection device 100 advantageously
mitigate these and other risks to minimize the potential that a user will be exposed to hazardous
materials, including highly toxic contaminants that are extremely hazardous to human health
even in minute amounts.

[0081] As shown in Figure 1G, the inner aperture 116A of the channel 116 can be
smaller than the outer aperture 116B of the channel 116. Accordingly, the channel 116 in this
non-limiting embodiment is a tapered channel within the nozzle 110. The taper of the channel
116 can advantageously promote consistent drop sizes (consistent volume, consistent shape, etc.)
for dripping fluid out of the well 140 through the nozzle 110, for example onto a test strip as
shown in Figure 1A.

[0082] Figure 1H illustrates an example collection device 100 in which the
removable top 115 and the container 130 are coupled using a threaded engagement rather than a
snap- or press-fit engagement. Figure 1H also illustrates an example of the detents discussed
with respect to Figures 1F-1G in a threaded embodiment of the removable top 115. The
removable top 115 includes threads 112A positioned along the internal surface of its lower rim.
The container 130 includes corresponding threads 112B positioned along the external surface of
its upper rim. The threads 112A, 112B are configured to engage and mechanically mate with
one another. The threads 112A of the removable top 115 have at least one gap 149A where the
axial spiral of the threads 112A are interrupted and a negative space is formed. The container
130 includes a corresponding number of bump(s) 149B that align with the position of the gap
149A when the top 115 is screwed onto the container 130. The gap 149A and the bump 149B
thus function as the detent described above to provide tactile and/or audible feedback to the user
when the top 115 is correctly aligned with and fully threaded onto the container 130. In one
example, the top 115 is provided with two gaps 149A on opposing sides of the threads 112A and
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the container 130 is provided with two corresponding bumps 149B. Thus, in some embodiments
the described detent can be a combination of one or more gaps in the top threads that correspond
with one or more bumps on the container to cause a snap or click when the top is fully screwed
on.

[0083] Figure 11 illustrates a cutaway side view of the collection container 130 of
Figure 1E with the handle 120 of Figures 1B-1D positioned within the collection container 130.
Figure 11 shows the rim 141 forming a cylindrical opening leading into the T-shaped well 140.
The handle 120 is depicted without the swab material attached in Figure 11. As illustrated, in
this non-limiting embodiment the length Ly of the handle 120 is less than the length Lr of the
interior of the well 140 that extends from the highest point of the well Wup to the lowest point of
the well Wrp. In some embodiments, the difference between the length Ly of the handle 120 and
the length Lr of the interior of the well 140 can be at least 1/8th inches, and preferably between
1/8th inches and 1/4 inches. In one example implementation, the length Ly of the handle 120 is
2 inches and the length Lr of the interior of the well 140 is 2.25 inches. Providing a well with a
greater length than the handle advantageously increases the amount of contaminant flushed from
the surface of the swab material, for example when the user inverts container 130 and buffer
fluid in the container 130 washes back and forth across the swab material to remove any picked-
up contaminants. While the user inverts the container the handle 120 slides back and forth
within the well 140 to provide for better washing of the fabric than in implementations having
the same length for the handle and well.

[0084] Figure 1J illustrates a top view of the handle 120 positioned within the well
140, and depicts a representation of the swab material 125 (shown in two layers 125A, 125B)
secured to the handle. As illustrated, the swab material 125 can be secured loosely to the base
portion 122 of the handle 120 such that there can be a gap between the inner layer 125B of swab
material and the surface of the base portion 122 facing the inner layer 125B.  For example, the
swab material 125 can be between 0.050 inches and 0.220 inches longer than the width of the
handle. This results in portions of the fabric remaining loose relative to the surface 127B of the
handle 120 and forming a gap 126 between the swab material and the handle 120 in which buffer
fluid can freely flow, thereby allowing fluid to efficiently pass through and agitate the portion of
the swab material that made direct contact with the test surface. The layers 125A, 125B can

have the same or different widths across the width of the base portion 122.
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[0085] The well 140 includes a first portion 140A sized to receive the base portion
122 of the handle 120 with the swab material 125, and the well further includes a second portion
140B sized to receive the grip portion 121 of the handle 120. In examples such as that illustrated
in Figure 1J, the second portion 140B is sized to snugly receive the grip portion 121 of the
handle 120 (in other words, there is very little space between the second portion 140B and the
grip portion 121 such that their surfaces are in constant contact or near constant contact). As
illustrated, the second portion 140B has a substantially similar cross-section to the grip portion
121, where “substantially” refers to a cross-section of the second portion 140B being slightly
larger to allow the grip portion 121 to slide into the second portion 140B. The cross-section of
the first portion 140A corresponds to the cross-sectional area occupied by the base portion 122 of
the handle 120 with the swab material 125 with a small gap to allow the swab material 125 to
flow freely in the buffer solution in the well 140. Beneficially, providing the second portion
140B to have a similar interior volume to the volume occupied by the grip portion 121 causes the
grip portion 121 to push most if not substantially all fluid in the well 140 out of the second
portion 140B and into the first portion 140A when the handle 120 is inserted into the container.
This can reduce the amount of buffer solution required to be placed in the well 140 in order to
wash the desired amount of contaminants from the swab material 125, which beneficially
increases the concentration of the contaminants in the solution compared to other embodiments
that require greater amounts of buffer solution. The first portion 140A can be sized to
substantially match the shape of the handle’s base portion 122 with swab material attached,
though the first portion 140A can (as illustrated) be slightly larger in order to facilitate agitation
of the loose swab material during inversion of the container 130.

[0086] As such, the complementary shapes of the well 140 and handle 120 (including
swab material 125) provide at least the following benefits: (1) minimizing unneeded “dead
space” (e.g., space not occupied by handle 120 or swab material 125) inside the well 140 when
the handle is inserted into the well 140, thus reducing the volume of buffer solution needed to
extract contaminants from the swab material; and (2) maximizing concentration of the
contaminant in the solution by promoting agitation of the material to extract the contaminant.
Regarding unneeded “dead space” and the first portion 140A, a small amount of space is
beneficial around the swab material 125 in order to allow the swab material to flow within the

buffer solution and be agitated by turbulence during container inversions, thereby releasing the
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maximum quantity of collected contaminant from the swab material 125 into the solution.
However, providing too much dead space creates a requirement for a greater amount of buffer
solution to contact the swab material 125, thereby reducing the concentration of collected
contaminant in the buffer solution. The complementary shapes of the well 140 and handle 120
thus enable accurate detection of even minute quantities of collected contaminants by
maximizing both contaminant shedding from the swab material 125 and contaminant
concentration in the buffer solution.

[0087] Although the sides of the grip portion 121 and second portion 140B of the
well 140 are depicted as being straight, in other embodiments the sides of the grip portion 121
and the inner walls of the second portion 140B of the well 140 can be “keyed,” that is, have
corresponding features (e.g., curved or angled portions). Embodiments having a keyed grip
portion 121 and second portion 140B beneficially can maintain the positioning of the grip
portion 121 fully within the second portion 140B rather than allowing the base portion 122 to
slide toward the far side of the first portion 140A of the well.

[0088] Figure 1K illustrates example dimensions of portions of the handle 120, well
140, and swab material 125 in order to illustrate and not limit the described complementary
shapes of the handle and the well. In one embodiment, the base portion 122 of the handle 120
has a width HBw of about 0.55 inches, the swab material 125 has a thickness SMt of about 0.06
inches and thus the combined width of the handle (between the base portion 122 and the four
layers of swab material 125) is about 0.67 inches. The greatest width Cw of the first portion
140A of the container well is about 0.73 inches at a highest point Wup (see Figure 11) along the
height of the well. The width of the well can taper along the height of the well to be about 0.67-
0.69 inches at a lowest point Wip (see Figure 11) of the well. Thus, the width Cw of the first
portion 140A can match or substantially match (e.g., at a smallest point along a tapered width)
the total width of the handle base 122 and layers of swab material 125. In this embodiment, the
platform of the base portion 122 of the handle 120 has a thickness HB1 (with this thickness
measured along the height of the handle) of about 0.1 inches and the two layers of swab material
125 positioned between the base 122 and the opposing wall of the well 140 have the thickness
SMr of about 0.06 inches. The greatest depth Cp of the first portion 140A of the container well
is about 0.338 inches, which gives the 0.06 inches of swab material 125 about 0.238 inches (at

the deepest point of the first portion 140A) through which the material can move loosely and
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freely during agitation. Buffer fluid can flow freely through this portion of the material, passing
back and forth between the surface of the material that made direct contact with the test surface
and the opposing surface of the material, thereby releasing analytes of interest captured in the
material into the buffer fluid with greater efficiency and in greater numbers. As described above,
in some embodiments the handle 120 and well 140 can be “keyed” by providing corresponding
features along the cross-section of the second portion 140B of the well 140 and the grip portion
121. This keying can ensure that the relative positioning of the handle 120 along the depth of the
well is maintained as shown with the grip portion 121 positioned fully back into the second
portion 140B, causing all or substantially all fluid to be forced out of the second portion 140B of
the well 140 by the grip portion 121 and maintaining the distance of 0.238 inches (at the deepest
point) through which the buffer fluid can flow freely through the swab material 125.

[0089] Figure 1L illustrates a cross-sectional view of an example removable cap 105
of the collection device of Figure 1A secured onto the threaded nozzle 110 of the top 115. The
cap 105 can include grip features 103 to facilitate a user turning the cap. As described above, the
cap 105 need not be threaded and can interact with the top 115 using other suitable mechanisms,
such as but not limited to a snap or press-fit mechanism. The removable cap 105 includes a
cavity 106 lined with threads 104 for screwing onto the threaded nozzle 110 of the top 115. The
cap 105 also includes a protrusion 101 extending into the cavity 106. The protrusion 101 is
configured to plug the orifice 116 of the nozzle 110 of the top 115 with the upper wall 107 of the
cavity sealing against the top surface of the nozzle 110. The protrusion 101 can be tapered to
match the tapered contours of the channel 116. The protrusion 101 has at its lowest region (e.g.,
the region positioned furthest within the channel 116 when the cap 105 is screwed onto the
nozzle 110) a post 102 that extends into the inner aperture 116A of the channel 116. This
shaping of the cap 105 can serve to minimize any “dead space” in the channel 116 of the top 115
that could collect buffer solution in a manner that interferes with test result accuracy. For
example, without the described features of the cap 105, buffer solution could collect within the
channel 116 of the top 115 and stay in the channel 116 as the swab material 120 is agitated to
release collected contaminants. This “trapped” buffer would be the first liquid to drip out of the
container 130 due to its positioning in the channel 116, but it may not have mixed with the rest of
the solution during agitation and thus would not contain any (or a great quantity of) collected

contaminants.  Additional features of the cap 105 according to the present disclosure
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advantageously avoid these potential issues. For example, the protrusion 101 of the cap 105 has
an exterior shape that corresponds to the inner shape of the channel 116, thereby preventing
buffer solution from accumulating within the channel 116 of the top 115. In one example, the
protrusion 101 and the channel 116 have a first segment 101 A angled at around 3.7° relative to a
central axis A of the channel 116, with the first segment 101A forming a primary/largest sealing
surface between the protrusion 101 and the channel 116. The first segment 101A can be
followed by a second segment 101B angled at around 60° relative to the central axis A of the
channel 116, where this second segment 101B acts as a stop to indicate to the user that the cap
105 has been fully threaded onto the nozzle 110. One or more detents may be included to
facilitate providing such an indication to the user. The post 102 is sized to fill the inner aperture
116A of the top 115 without interference, and the post 102 and engaged surfaces of the second
segment 101B cooperate to prevent fluid from entering the channel 116 when the cap 105 is fully
screwed onto the nozzle 110 of the top 115.

[0090] Figure 1M illustrates an example set 160 of the components of Figures 1A-1L
that can be included in a collection device kit. The set 160 includes the container 130, top 115,
cap 105, and handle 120 (including swab material). The kit can be packaged such that the
container 130 is provided with a specified volume of buffer solution in the well and then sealed
with the top 115 and the cap 105. The handle 120 can be packaged separately within the kit, and
can be pre-moistened with a diluted version of the buffer solution within the container 130.
Figure 1L1M depicts a threaded version of the container 130 and top 115.

[0091] Figure 1IN illustrates an example collection kit 170 including the set 160 of
components of Figure 1M. The collection kit 170 includes a first container 171 that houses
assembled container 130, top 115, and cap 105 (containing a volume of buffer solution as
described herein) and also houses a second container 173. The first container 171 can be a heat-
sealed polymer pouch with tear slits 172 in some embodiments. The second container 173 is a
sealed enclosure housing the assembled and pre-moistened swab material 125 and handle 120.
The second container 173 can be a heat-sealed polymer pouch with tear slits 174 in some
embodiments. For example, the assembled swab material 125 and handle 120 can be placed on a
portion of the film that forms the second container 173, sprayed or otherwise provided with a
dilute version of the buffer fluid in the container 130, and then the second container 173 can be

sealed around the moistened swab. The second container 173 can be a metalized polymer that
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includes a foil or metal in the material forming the pouch of the second container 173. Metalized
polymer containers can advantageously maintain and preserve fluid, such as fluid that has been
provided to the swab material 125, during shipping and storage.

[0092] In order to use the set 160 of components to perform wiping of a test surface
as described herein, the user can open the first container 171 of the collection kit 170 and remove
the container 130 with the top 115 and cap 105 attached and with the reagent and buffer solution
already within the well of the container 130. The user can remove the second package 173 with
the separately packaged handle 120 with the swab material pre-attached and pre-moistened with
the dilute version of the fluid in the container 130, open the second package 173, and wipe the
test surface with the pre-moistened swab material. The user can remove the top 115 from the
container 130 to provide access to the well 140. After completing the wiping of the test surface,
the user can slide the handle 120 into the well 140 of the container 130, close the top 115 onto
the container 130, and invert the container 130 (e.g., flip it 180 degrees) a number of times, for
example 5 or more times. As discussed above, inverting the container 130 washes the swab
material with the buffer solution and extracts any contaminants picked up from the test surface.
After completing the recommended number of inversions of container 130, the user can remove
the cap 105 and drip the buffer solution (and any contained contaminant particles) onto a test
strip through the orifice 116.

[0093] Figure 10 illustrates an example package 180 that includes a number of
collection kits 170. The package 180 includes two shelf boxes 181A, 182B that each can house,
for example, ten collection kits 170. The shelf boxes 181A, 182B are provided within a larger
shipping container 182. Optionally, the shipping container 182 can also include templates to
demarcate the test surface and assist the user during sample collection, assay test strips, and/or
assay reader devices as described herein.

[0094] Figure 1P illustrates an example stability foot 135 that can be used with the
collection container of Figure 1E. In Figure 1A, the stability foot 135 is shown as integrated into
the collection container 130. However, in other embodiments the collection container 130 can be
formed separately from the stability foot 135, as shown in Figure 1P. The stability foot 135 can
include a T-shaped wall 136A defining a T-shaped aperture 136B sized to snugly receive the
bottom of the container 130, with the T-shaped wall 136A extending upwardly from a wider base

portion 136C. The base portion 136C can contact a surface on which the container 130 is set and
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provide stability so that the container 130 is not as easily tipped. The bottom of the container
130 can be press fit into the aperture 136B, or it can have snap features such as a bump on the
container that fits into a recess on the interior of the T-shaped wall 136A (or vice-versa) to
provide the user with tactile and/or audible feedback of the container 130 being positioned
correctly within the stability foot 135.

[0095] Figure 2 illustrates perspective views of another example of an open system
contaminant collection device, with two such devices 200A, 200B shown. FEach device 200A,
200B can include a swab 230 and a container 220 for sealing the swab 230 after collection of
contaminant particles.

[0096] The swab 230 can be constructed from a material having desired pickup
efficiency and shedding efficiency for detecting trace amounts of contaminants, for example
antineoplastic agents. Examples of swab materials are discussed in more detail below. The
swab 230 is provided on a handle 225 having sufficient length so that the user can swab a surface
without physically contacting the surface or the swab 230. The swab 230 can be pivotably
coupled to the handle 225 in some embodiments. The handle 225 can be coupled to or part of a
cap 210 in some embodiments. As such, cap 210 can include a portion 205 extending from the
body of the cap 210 for grasping by a user.

[0097] A liquid, for example a buffer solution, can be provided within the container
220 so that the user removes a pre-wetted swab to wipe the surface (and optionally pours
additional fluid onto the surface from the container 220) in one implementation. In another
implementation, the user can spray the surface with a liquid and collects this liquid with the
swab.

[0098] After swabbing the surface, the user places the swab 230 into the container
220 and the cap 210 forms a liquid-tight seal when engaged with the container 220. The cap 210
can additionally lock to the container. As illustrated, cap 210 can include one or more tabs 215
that securely couple the cap 210 to the container 220 to provide a fluid-tight enclosure within the
container 220. The tabs 215 can releasably engage corresponding features of the container 220
to both provide the fluid-tight seal and allow for removal and use as the handle of the swab 230.
A base 235 of the container 220 can be shaped to allow the container 220 to stand upright on a
surface, further preventing fluid spillage from container 220. The lower interior portion of the

container 220 can include steps 245, wedges, or other structures along its interior to squeeze
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fluid from the swab 230 when inserted fully into the container 220. Thus, the length of handle
225 can be selected to force swab 230 onto the steps 245 when the cap 210 is coupled to the
container 220.

[0099] The container 220 advantageously prevents liquid from spilling and
contaminating surfaces or users, but provides for controlled release of fluid to a detection system.
The detection system can be an immunoassay, for example a lateral flow assay, with an interface
that alerts the user to the presence and/or degrees of contamination. Controlled release of the
fluid can be provided through a release mechanism, such as valve 240. Valve 240 can be a one-
way valve in some embodiments. In some embodiments, the body of the container 220 can be
flexible to allow a user to squeeze fluid through the valve 240. In some embodiments, the base
235 of container 220 can be flexible to allow a user to squeeze the valve 240 open to allow fluid
to drop through while keeping the hands of the user away from the fluid. In other embodiments
the valve 240 can be incorporated into a coupling mechanism for coupling to a closed system
detection device and the collection device 200A, 200B can be a closed system contaminant
collection device as discussed in more detail below.

[0100] In some embodiments, a user can shake or otherwise agitate the collection
devices shown in Figures 1A- 2 prior to transferring the fluid to a detection device to release
collected contaminants from the swab 125, 230 into the buffer fluid in the container. For
example, the container can be inverted a number of times to allow the buffer fluid to flow back
and forth across the material of the swab. The buffer fluid can have properties that assist in
releasing collected contaminants from the swab material in some implementations, as discussed
in more detail below. As such, the flow of the buffer fluid can extract the contamination from
the material of the swab and mix it into a homogeneous solution for testing.

[0101] Figure 3A illustrates example steps of a testing method 300A using an open
system contaminant collection device, such as but not limited to those shown in Figures 1A- 2.
One, some, or all of the depicted blocks of Figure 3A can be printed as graphical user interface
instructions on the packaging of an assay and/or collection kit, for example the packaging shown
in Figures 1IN and 10, or can be presented on a display screen of an assay reader device, a test
area terminal, or a personal computing device of the user.

[0102] At block 340, the user can identify a sample location and gather a collection

kit, assay cartridges, and a template. The collection kit can be the kit 170 described above and
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can include container 130, top 115, and cap 105 assembled and containing buffer solution, and
can include a sealed package with handle 120 and pre-moistened swab material 125. The
collection kit can include a swab attached to a handle and a collection container. In some
examples, the swab is pre-wetted with buffer solution and packaged together with the handle in a
first sealed pouch and the collection container is packaged in a second sealed pouch. The assay
cartridge may include an assay device housed inside a cartridge having a window or port aligned
with a sample receiving zone of the assay device. In one implementation, the assay device is a
test strip, for example but not limited to a lateral flow assay test strip. Also at block 340 the user
can put on clean gloves prior to each sample collection and/or opening of the collection kit, both
to protect the user from potential contamination on the surface and to protect the collected
sample from contamination on the user’s hands.

[0103] At block 345, the user can establish a test area on the test surface. For
example, the user can place a template (physical or augmented reality) over the intended location
to clearly demarcate the area that will be swabbed. Also at block 345 the user can open the
collection kit packaging, including opening the separately-packaged swab and handle. The test
area may be one square foot in some embodiments, for example demarcated as a 12 inches by 12
inches (144 square inches) region. Other examples can use greater or smaller areas for collection
including 10 inches by 10 inches, 8 inches by 8 inches, 6 inches by 6 inches and 4 inches by 4
inches, non-square rectangular regions (e.g., a 9 inches by 16 inches rectangle), and non-
rectangular regions (e.g. circles). Different-sized templates may be specified for usage with
different test surfaces. The particular template used can be indicated to a reader device, for
example via a manual user input or via a barcode or other identifying pattern on the template
scanned by the reader device. For example, a template providing a swab area of a 12 inches by
12 inches region can be indicated for use in sampling a countertop, while a smaller template
demarcating a smaller swab area can be indicated for swabbing an IV pole. The reader device
can adjust its test result calculations to account for the actual area tested, as indicated by the
particular template used for the sampling procedure.

[0104] At block 350, the user can swab the entire test area with the pre-moistened
swab. The user can swab the test area using slow and firm strokes. As shown, the user can
methodically pass the swab in straight lines along the height of the test area all the way across

the width of the test area.
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[0105] At block 355, the user can insert the swab into the collection container. In
some examples, the collection container includes a t-shaped well. Though not illustrated, the
swab may have a t-shaped cross-section that substantially matches that of the container well.
The user seals the container with a top that includes a dripper cap, and fully inverts (e.g., turn
upside down and then return to right-side-up) the sealed container five times. During these
inversions, the liquid in the well of the container washes primarily over the swab material due to
the cross-sectional shape and other features of the well, and the handle slides within the well due
to the well having a greater height than the handle. As described herein, the inversion combined
with the geometries of the container and handle and the flow of the buffer solution can extract
collected contaminants from the swab material. In one non-limiting example, the user does not
invert or agitate the container before moving to the next step.

[0106] At block 360, the user can leave the swab and handle inside the container,
remove the dripper cap, and squeeze (or allow gravity to draw) one or more drops (for example
but not limited to four drops) into the sample well on one or more assay cartridges. For example,
in some embodiments the user may drop sample onto multiple assays each designed to test for a
different drug. In some examples anywhere between three and ten drops can produce suitable
results on the assay. In alternate embodiments the user may mechanically couple a fluid transfer
portion of the collection device to a fluid transfer portion of the assay device to release a
controlled volume of sample through a closed fluid pathway, for example as shown in Figure 5C.

[0107] At block 365, the user can use a timer to allow the sample to develop for a
period of time. For example, the sample can develop for about one minute, about two minutes,
about three minutes, about four minutes, about five minutes, about six minutes, or some other
amount of time. Other development times are possible. In some embodiments the timer can be
built in to the programming of the reader device that reads the assay. The development time can
vary depending on the particular test that is being performed and the particular operating
parameters of the assay device.

[0108] At block 370, the user can insert the assay cartridge into an assay reader
device. The assay cartridge can be inserted into the ready device prior to or after the sample is
developed, depending upon the operational mode of the device. In some embodiments, the user
may sequentially insert multiple cartridges for testing different aspects of the sample or for

ensuring repeatability of test results.
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[0109] At block 375, the assay reader device reads portions of the inserted cartridge
(including, for example, detecting optical signals from exposed areas of a capture zone of a test
strip housed in the cartridge), analyzes the signals to determine optical changes to test zone
location(s) and optionally control zone location(s), determines a result based on the optical
changes, and displays the result to the user. The device can optionally store the result or transmit
the result over a network to a centralized data repository. As illustrated, the device displays a
negative result for the presence of Doxorubicin in the sample. In other embodiments the device
can display a specific detected concentration level in the sample and/or determined for the test
area, and optionally can display confidence values in the determined result.

[0110] After testing the user can re-seal the container with the dripper cap and
dispose of the collection device and assay (for example in compliance with hazardous waste
regulations). Optionally, the user can reconnect the reader device to its power supply, execute
any needed decontamination procedures, re-test a decontaminated surface, and perform required
reporting of the result.

[0111] Figure 3B illustrates another testing method 300B that depicts details of steps
350, 355, and 360 of the process 300A using an alternate embodiment of the collection device.

[0112] At step 305 the user can remove the handle and swab from the container. As
described above, the swab can be pre-wetted for wetting the test surface with a buffer fluid that
helps lift contaminants from the test surface into the swab and/or the user can separately apply
fluid to the test surface.

[0113] At step 310, optionally in some embodiments the swab head can rotate to
assist in maintaining contact between the swab and the test surface.

[0114] At step 315, the user can swab a designated test area of the test surface. It can
be preferable in some implementations to swab the entirety of the test area and only within the
test area so as to generate an accurate measurement of the concentration of the contaminant,
particularly for contaminants where small quantities per area are harmful to users. Swabbing the
entirety of the test area and only within the test area can also generate an accurate measurement
of the concentration of the contaminant in situations where a very small amount of contaminant
is present. Even if the amount of contaminant detected is very small and not immediately
harmful to persons in the immediate area, detection of contaminant in any amount can alert the

user to a leak or unintended release of hazardous material. As such, some embodiments can
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include placing a guide or template over the test area to assist the user with swabbing only the
test area.

[0115] At step 320, the user can replace the swab and handle into the collection
container. Optionally, the user and/or structure of the container can agitate the swab to release
collected contaminants into the fluid within container. For example, step 330 shows the user
squeezing the sides of the container against the swab head.

[0116] At step 325, the user can transfer fluid to a cartridge containing a test strip, or
to another test device. For example, the user can drip fluid from the container onto a sample
receiving zone.

[0117] Though not illustrated, further steps can include inserting the cartridge into a
reader device, operating the reader device to perform analyze the test strip, and viewing results

of the test.

Overview of Example Closed System Contaminant Collection Devices

[0118] Some embodiments of the contaminant collection device can be “closed,”
referring to the transfer of fluid from the collection device to the detection device via a liquid-
tight transfer mechanism. For example, the collection device and detection device (such as a test
strip or cartridge holding the test strip) can be structured to couple together to provide a fluid
tight seal between the liquid-containing portion of the collection device and the test strip so that
harmful fluids, drugs, or vapors are completely contained and not vented into the atmosphere and
possibly creating additional harm to the user. Fluid-tight can refer to being liquid impermeable,
gas or vapor impermeable, or both, depending upon the properties of the contaminant that the
collection kit is designed to detect. Beneficially, this can provide protection to a user of the kit
from the potential contaminants in the fluid of the collection device.

[0119] Figure 4 illustrates an example of a closed system contaminant collection
device 400. The collection device 400 can include a handle 405 that can be releasably coupled
with container 420 to provide a fluid-tight enclosure. Figure 4 shows the handle both coupled
with container 420 and separate from container 420. Mechanisms to couple the handle 405 with
the container 400 can include those described above with reference to Figures 1A-, or other

suitable mechanisms.
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[0120] The handle 405 can include cap 415 and grasping tab 410 of cap 415, an
elongate handle 425 extending from cap 415 to swab 430, swab 430, and a pivot 440. The swab
430 can be constructed from a material having desired pickup efficiency and shedding efficiency
for detecting trace amounts of contaminants, examples of which are discussed in more detail
below. Handle 425 can have sufficient length so that the user can swab a surface without
physically contacting the surface or the swab 430. The swab 430 (or a base to which swab 430 is
coupled) can be pivotably coupled to the handle 425 via pivot 440. The handle 425 can be
coupled to or an integral part of the cap 415 in some embodiments. A user can hold the handle
405 by the tab 410 during wiping of a test surface.

[0121] A liquid, for example a buffer solution, can be provided within the container
420 so that the user removes a pre-wetted swab to wipe the surface (and optionally pours
additional fluid onto the surface from the container 420) in one implementation. In another
implementation, the user can spray the surface with a liquid and collects this liquid with the
swab.

[0122] After swabbing the surface, the user places the swab 430 into the container
420 and the cap 415 forms a liquid-tight seal when engaged with the container 420. The cap 415
can additionally lock to the container.

[0123] The container 420 advantageously prevents liquid from spilling and
contaminating surfaces or users, but provides for controlled release of fluid to a detection device.
The detection device can be an immunoassay, for example a lateral flow assay, with an interface
that alerts the user to the presence and/or degrees of contamination. Controlled release of the
fluid can be provided through a release mechanism, such as valve 435, when the container 430 is
coupled to a detection device. Thus, valve 435 can be incorporated into a coupling mechanism
for coupling the collection device 400 to a portion of a detection device to create a closed fluid
transfer system.

[0124] Figures 5A-5D illustrate another example of a closed system contaminant
collection device 500 and an example of a closed system test strip 525. Figure 5A illustrates a
cut-away view of the collection device 500. Figure 5B illustrates the collection device 500 and
test strip 525 in a separated configuration. Figure 5C illustrates the collection device 500 and
test strip 525 in a coupled configuration. Figure 5D illustrates an example set of fluid transfer

couplings for providing a closed fluid path between the container 505 and test strip 525.
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[0125] The collection device 500 includes a fluid-tight container 505 containing a
volume of fluid 510 and swab 515. Collection device 500 further includes fluid transfer coupling
520 for providing a fluid-tight mechanical coupling to test strip 525 such that fluid can be
transferred between the collection device 500 and the test strip 525 without escaping from the
coupled closed system. A valve 560 of fluid transfer coupling 520 can be biased closed when the
collection device 500 and test strip 525 are separated, and Figure SA shows the valve 560 in the
closed position. The valve 560 can include a tapered or contoured lower surface 565. In some
embodiments, the valve 560 can be a split septum valve, and in some embodiments valve 560
may be a mechanical valve.

[0126] The test strip 525 can be housed within a cartridge that includes coupling 530
for mechanically and fluidically coupling to the fluid transfer coupling 520 of the collection
device 500. As illustrated, some implementations of the coupling 530 can include threads 540
along an interior of sleeve 545 for mechanically mating the coupling 530 with the threads 550 of
the fluid transfer coupling 520. The coupling 530 can also include a nozzle 555 having an
internal lumen for providing a fluidic pathway between the fluid transfer coupling 520 and the
coupling 530. Nozzle 555 may be a male leur tip in some embodiments. The contoured or
tapered lower surface 565 of fluid transfer coupling 520 may ease connection with the nozzle
555 of the cartridge coupling 530 by guiding the nozzle 555 into the center of the fluid transfer
coupling 520. In embodiments of the fluid transfer coupling 520 that implement a mechanical
valve 560, a portion of the valve may open upon contact with the nozzle 555, either by
displacement along the longitudinal axis of the fluid transfer coupling 520 or by radial
displacement towards the circumferential edges of the fluid transfer coupling 520. In the open
configuration, fluid flows through the valve 560 and into the nozzle 555.

[0127] As the collection device 500 is screwed into the coupling 530, the nozzle 555
can contact the lower surface 565 of the valve 560, thereby opening the valve 560 to release fluid
into the nozzle 555. The fluid transfer coupling 520 can be a needleless connector, for example
the MaxPlus™ needleless connector, MaxZero™ needleless connector, BD Q-Syte™ luer
activated split septum, or SmartSite™ needle-free connectors available from Becton, Dickinson
and Company (BD). Some embodiments of nozzle 555, container 510, and/or fluid transfer
coupling 520 can be structured to allow only a controlled volume of fluid to pass, such as a

volume suitable for flowing along the length of the test strip from a sample receiving zone to an
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analyte binding region 535 of the test strip. In some examples, the desired volume can include
three to four drops of fluid. Nozzle 555 can be positioned to transfer fluid to the sample
receiving zone of the test strip within the cartridge.

[0128] As shown in Figure 5C, when coupled the sleeve 545 of the coupling 530
surrounds the fluid transfer coupling 520. Some embodiments of sleeve 545 can optionally
provide a fluid-tight seal with a lower portion of the container 510. In the configuration shown
in Figure 5C, a sealed fluid pathway is established between the container 510 and the sample
receiving zone of the assay test strip via the mated container fluid transfer coupling 520 and
cartridge coupling 530.

[0129] Figure 5D illustrates cross-sections of one example of suitable closed-path
fluid transfer couplings in uncoupled 570 and coupled 580 states. The cartridge coupling 530 is
illustrated at a high level without the sleeve 545 or threads 540. As illustrated, in the uncoupled
state 570 the valve 560 is closed and the nozzle 555 (e.g., a male luer tip) approaches the
contoured or tapered lower surface 565. In the uncoupled state 570 the valve 560 extends across
the entire cross-section of the fluid transfer coupling 520, preventing egress of any fluid from the
container 505. Pushing the nozzle 555 into the valve 560 (for example by threading the fluid
transfer coupling 520 and coupling 530 into the configuration of Figure 5C) forces the valve 560
to open around the nozzle 555, thereby establishing an enclosed fluid path 590 from the
container 505 through the lumen of the nozzle 555. The illustrated valve 560 is made from a
flexible material that enables it to deform around the nozzle 555. Upon removal of the nozzle
555, the valve 560 automatically returns to the closed position shown in the uncoupled state 570,
closing the fluid pathway and preventing spillage of potentially contaminated liquid from the
container 505. The couplings shown in Figure 5D can be incorporated into any of the collection
devices shown herein, for example into the nozzle 110 of the container 130.

[0130] In some embodiments, a user can shake or otherwise agitate the collection
devices shown in Figures 4 and 5A-5C prior to transferring the fluid to a detection device in
order to release collected contaminants from the swab into the buffer fluid in the container. For
example, the container can be inverted a number of times to allow the buffer fluid to flow back
and forth across the material of the swab. The buffer fluid can have properties that assist in

releasing collected contaminants from the swab material in some implementations, as discussed
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in more detail below. As such, the flow of the buffer fluid can extract the contamination from
the material of the swab and mix it into a homogeneous solution for testing.

[0131] Figure 6 illustrates example steps of a testing method 600 using a closed
system contaminant collection device and closed system detection device, such as those
described above with respect to Figures 4 and 5A-5C.

[0132] At step 605, a swab can be inserted into the vial. In some embodiments the
swab can be integrated into a vial. The vial can be for example, the container 420 illustrated in
Figure 4, the fluid-tight container 505 illustrated in Figure 5, or another suitable structure.

[0133] At step 610, a cap can be closed to seal the vial. The cap can include a
needleless connector or other closed fluid transfer mechanism as described above.

[0134] At step 615, the vial can be inverted above a test strip. Because the vial is
fluid-tight, no fluid escapes from the vial during inversion.

[0135] At step 620, the vial is coupled, mechanically and fluidically, to the closed
system detection device, in this non-limiting example a test strip cartridge. A volume of fluid
can be expressed from the vial onto a sample receiving zone of the test strip in the cartridge.

[0136] At step 625, the vial is removed from the test strip cartridge and the integrated
needleless connector re-closes and re-seals to prevent fluid from escaping from the closed system
contaminant collection device.

[0137] Optionally, as shown at step 630, the vial can be disconnected from the test
strip to allow the vial to be coupled to additional test strips using the original collected sample.
Advantageously, in some embodiments a test kit can include multiple test strips for testing for

different contaminants and/or different concentrations of the same contaminant.

Overview of Example Assay Reader Devices and Operations

[0138] Figures 7A and 7B illustrate an example testing device 700 that can be
included in or used with hazardous contamination detection kits described herein. Figure 7A
illustrates the testing device 700 with an assay cartridge 720 inserted into the cartridge receiving
aperture 705, and Figure 7B illustrates the testing device 700 without an inserted cartridge.
Examples of the assay cartridge 720 include but are not limited to the test strip 145 illustrated in
Figure 1A, the test strip illustrated in Figures 3A and3B, the test strip 525 illustrated in Figures
5B and 5C, and the test strips 630 illustrated in Figure 6.
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[0139] The testing device 700 can be an assay reader device having an aperture 705
for receiving an assay test strip and cartridge 720 and positioning the test strip so that analyte
binding regions are positioned in the optical path of imaging components located inside of the
device 700. The device can also use these or additional imaging components to image a bar code
on the cartridge, for example to identify which imaging techniques and analysis to perform.

[0140] Some embodiments of the device 700 can be configured to perform an initial
scan, for example using a bar code scanner to image one or more bar codes. A bar code can
identify the type of test to be performed, the person conducting the test, the location of the test,
and/or the location in the facility of the test surface (for example pharmacy, nursing area, cabinet
#, bed #, chair #, pump #, etc.). After reading the bar code identifier the cartridge is then inserted
into the reader as shown in Figure 7A.

[0141] The device 700 can have a button 710 that readies the device for use and
provides an input mechanism for a user to operate the device. In some embodiments device
operation mode can be set via a number or pattern of clicks of the single button 710 of the device
700. For example, in some implementations a single press of the button 710 can power on the
device 700 and set the device 700 to a default operation mode, and the device 700 can implement
the default operation mode upon insertion of a cartridge. A double-click of the button 710 can
initiate an alternate operation mode that is different than the default operation mode. Other
numbers or patterns of pressing the single button 710 by a user can provide instructions to the
processor of the device regarding a desired operation mode. Embodiments of a device 700 are
described herein with reference to a single button, but other features allowing a user to select and
switch between device operation modes are possible (such as but not limited to a single switch,
knob, lever, or handle).

[0142] One example of a device operation mode is end-point read mode. In the end-
point read mode, the user prepares and incubates the assay outside of the device 700 and tracks
the development time of the assay. For example, an assay for determining Methotrexate or
Doxorubicin concentration can have a development time of 5 minutes, so the user would apply
the fluid to the assay from a collection device as described herein and wait for 5 minutes. At the
end of the 5 minutes the user would insert the assay 720 into the device 700 to obtain a test
result. Accordingly, when operating in end-point read mode the device 700 can provide

instructions, for example audibly or on a visual display, that instruct a user to wait for a
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predetermined time after applying a sample to an assay before inserting the assay in the device
700. In other embodiments, when operating in end-point read mode the device 700 may not
display any instructions but may simply read an assay upon insertion into the device 700. Upon
insertion of the assay into the base device 700, an optical reader of the device can collect data
(for example, image data) representing the assay for analysis in determining a result of the assay.
In some embodiments end-point read mode can be the default operation mode of the device 700.

[0143] Another example of a device operation mode is walkaway mode. When
operating in walkaway mode, the device 700 can provide instructions for the user to insert the
assay immediately after or during application of the sample. In the walkaway mode according to
one embodiment, the user can apply the specimen to the assay and immediately insert the assay
into the device 700. The assay will develop inside the device 700 and the device 700 can keep
track of the time elapsed since insertion of the assay 720. At the end of the predetermined
development time, the device 700 can collect data (for example, image data) representing the
assay. In implementations where the device 700 is an imaging reader, the device 700 can
analyze the image data to determine a test result, and report the test result to the user. The assay
development time can be unique to each test. In some embodiments walkaway mode can be set
by double-clicking the single button 710 of the device 700. Further input can indicate the assay
development time to the reader device. For example, a barcode scanned by a barcode reader, or
a barcode provided on the assay or on a cartridge used to hold the assay, can indicate to the
device 700 a type of assay that is inserted and a development time for that assay. Based upon the
type of assay, the device 700 can wait for the predetermined amount of time after sample
application and insertion before collecting image data representing the assay.

[0144] There are many advantages associated with the ability of a user to select and
switch between device operation modes in implementations of base assay analyzers described
herein. The endpoint read mode can be convenient in large laboratories or medical practice
facilities where personnel typically batch process a number of tests. The walkaway mode can be
useful when a single test is being performed, or when the end user does not want to have to track
the assay development time (or is not knowledgeable or not trained on how to track the assay
development time accurately). The walkaway mode can advantageously reduce or eliminate the
occurrence of incorrect test results due to an assay being inserted and read (for example, imaged)

too quickly (too soon before the development time of the assay has elapsed) or too slowly (too
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long after the development time of the assay has elapsed). Further, in walkaway mode the assay
reader can operate to capture multiple images of the assay at predetermined time intervals, for
example when a kinetic graph of the assay readings is desired.

[0145] One embodiment of the disclosed device 700 includes only a single button
710 on its exterior housing, such as a single power button that powers the device 700 off and on.
Embodiments of the disclosed device 700 also implement two different device operation modes
(although more than two device operation modes are possible). In order to enable the end user to
select and switch between the two device operation modes, the device 700 can include
instructions to implement a double-click function on the power button. After receiving input of a
single press of the button to power on the device, insertion of an assay cartridge can
automatically trigger end-point read mode. When the processor of the device receives input
from a user double-clicking the power button, this can initiate the stored instructions to
implement the walkaway mode. This double-click functionality offers a simple and intuitive
way for the end user to switch between different operation modes of the base assay analyzer.
The double-click functionality also enables the user to configure the device in real time to
operate in the walkaway mode without requiring any additional configuration steps or additional
programming of the device 700 by the user. It will be appreciated that the device 700 can be
provided with instructions to recognize other click modes instead of or in addition to the
double-click to trigger secondary (non-default) device operation modes, for example to recognize
a user pressing the button any predetermined number of times, pressing the button in a
predetermined pattern, and/or pressing and holding the button for a predetermined length of time.

[0146] The device 700 can also include a display 715 for displaying instructions
and/or test results to the user. After insertion of the test strip, the device 700 can read a bar code
on the assay test strip to identify the name and/or concentration range of the drug. The device
700 can image the inserted test strip, and analyze the signals representing the imaged test strip to
calculate results, display the results to the user, and optionally transmit and/or locally store the
results. The results can be calculated and displayed as contamination with an indication of
positive or negative (for example, +/-; yes/no; etc.), and/or the actual contamination per area (for
example, Drug Concentration = 0.1 ng/cm2) and/or per volume (for example, Drug

Concentration = 3 ng/ml)
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[0147] Some embodiments of the device 700 may simply display the result(s) to the
user. Some embodiments of the device 700 may also store the result(s) in an internal memory
that can be recalled, for example, by USB connection, network connection (wired or wireless),
cell phone connection, near field communication, Bluetooth connection, and the like. The
result(s) can also automatically be logged into the facility records and tracking system. The
device 700 can also be programmed to automatically alert any additional personnel as required,
without further input or instruction by the user. For example, if the device 700 reads
contamination levels that are above the threshold of human uptake and considered hazardous to
for human contact, a head pharmacist, nurse, manager, or safety officer can be automatically
notified with the results and concentration of contamination to facilitate a rapid response. The
notification can include location information, such as but not limited to a geographic position
(latitude/longitude) or description of location (Hospital A, Patient Room B, etc.). That response
may include a detailed decontamination routine by trained personnel or using a decontamination
kit provided together or separately from the hazardous contamination detection kit.

[0148] In some embodiments, device 700 can be a special-purpose assay reader
device configured with computer-executable instructions for identifying trace concentrations of
contaminants in the samples applied to test strips. Further components of the device 700 are
discussed below with respect to the diagram of Figure 8.

[0149] Figure 7C illustrates a cut-away view showing interior features of an example
of the assay cartridge 720. An assay test strip 723 including sample receiving zone 724 at a
proximal end and analyte binding zone 722 at a distal end. The analyte binding zone 722 can be
secured within a first region 721 of the cartridge housing 725. Capillary action can cause applied
liquid to flow from the sample receiving zone 724 to the analyte binding zone 722 along a lateral
flow direction 755. The first region 721 includes an exit aperture 745 through which any excess
fluid overflowing backwards relative to the lateral flow direction 755 from the sample receiving
zone 724 is directed. An overflow pad 726 can be secured in a second region 750 (e.g., within a
grip portion of the cartridge 720) that is positioned upstream of the first region 721, where
“upstream” refers to the second region 750 being positioned closer to the proximal end of the test
strip 723 than the first region 721 along the lateral flow direction 755. For example, the

overflow pad 726 can be secured via an aperture 727 and corresponding protrusion 729 on the
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cartridge housing 725 or by other suitable fixing features (e.g. clips, adhesives, and/or clamping
together of two halves of the cartridge housing 725).

[0150] The overflow pad 726 can be made from an absorbent material, and can
operate to absorb any excess fluid that flows out of the assay test strip 723, thereby preventing
such fluid from escaping the housing 725 and protecting the user from contacting potentially
hazardous fluid. For example, if the user drips too much fluid onto the sample receiving zone
724, some fluid can run out of the exit aperture 745 and out of the assay strip 723 into the
cartridge interior. This fluid can then leak out of the cartridge, spreading any contamination
present in the fluid. Embodiments of assay cartridge 720 that include overflow pad 726 can
collect such fluid and contain it within the cartridge 720. If the overflow pad 726 is placed too
close to the assay strip 723 (e.g., in contact with the assay test strip 723) then the overflow pad
726 may reverse the intended lateral flow direction by drawing out fluid that would flow along
the assay test strip 723 from the sample receiving zone 724 to the analyte binding zone 722
during normal operation. Embodiments of assay cartridge 720 allow at least some fluid needs to
flow away from the overflow pad 726 to the analyte binding zone 722 for development of test
results. Accordingly, in some embodiments, the overflow pad 726 can be spaced apart from the
proximal end of the assay test strip 723 by a gap 730.

[0151] The overflow pad 726 can also be shaped to have a contoured end 740 that
faces the assay test strip 723, for example shaped as two prongs 740A, 740B and a curved edge
740C forming a negative space between the two prongs 740A, 740B as in the illustrated
example. The curved edge 740C wraps around the exit aperture 745 to block fluid paths of
excess fluid traveling out of the exit aperture 745. Thus, the design of the contoured end 740
encapsulates the space around the exit aperture 745, thereby absorbing any excess fluid that
travels out of the exit aperture 745 take so that it cannot escape from the cartridge 720. At the
same time, the curved edge 740C keeps the overflow pad 726 far enough away from the
proximal end of the assay test strip 723 to ensure that the overflow pad 726 does not wick fluid
out of the assay test strip 723.

[0152] Figure 8 illustrates a schematic block diagram of one possible embodiment of
components of an example assay reader device 800. The components can include a processor
810 linked to and in electronic communication with a memory 815, working memory 855,

cartridge reader 835, connectivity module interface 845, and display 850.
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[0153] Connectivity module 845 can include electronic components for wired and/or
wireless communications with other devices. For example, connectivity module 845 can include
a wireless connection such as a cellular modem, satellite connection, or Wi-Fi, or via a wired
connection. Thus, with connectivity module 845 the assay reader device can be capable of
sending or uploading data to a remote repository via a network and/or receiving data from the
remote repository. As such, the test data of such assay reader devices can be stored and
analyzed, alone or in the aggregate, by remote devices or personnel. A module having a cellular
or satellite modem provides a built-in mechanism for accessing publicly available networks, such
as telephone or cellular networks, to enable direct communication by the assay reader device
with network elements or other testing devices to enable electronic test result transmission,
storage, analysis and/or dissemination without requiring separate intervention or action by the
user of the device. In some embodiments connectivity module 845 can provide connection to a
cloud database, for example a server-based data store. The cloud based connectivity module can
enable ubiquitous connectivity of assay reader devices without the need for a localized network
infrastructure.

[0154] The cartridge reader 835 can include one or more photodetectors 840 for
reading an assay held in an inserted cartridge and optionally any information on the inserted
cartridge, for example a barcode printed on the cartridge, and one or more light emitting devices
842 for illuminating the inserted cartridge at one or more wavelengths of light. The cartridge
reader 835 can send image data from the one or more photodetectors to the processor 810 for
analysis of the image data representing the imaged assay to determine a test result of the assay.
The cartridge reader 835 can further send image data from the one or more photodetectors
representing the imaged cartridge for use in determining which one of a number of automated
operating processes to implement for imaging the assay and/or analyzing the image data of the
assay. The photodetector(s) 840 can be any device suitable for generating electric signals
representing incident light, for example a PIN diode or array of PIN diodes, a charge-coupled
device (CCD), or a complementary metal oxide semiconductor (CMOS) sensor, to name a few
examples. The cartridge reader 835 can also include a component for detecting cartridge
insertion, for example a mechanical button, electromagnetic sensor, or other cartridge sensing
device. An indication from this component can instruct the processor 810 to begin an automated

assay reading process without any further input or instructions from the user of the device 800.
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[0155] Processor 810 can be configured to perform various processing operations on
image data received from the cartridge reader 835 and/or connectivity module interface 845 in
order to determine and store test result data, as will be described in more detail below. Processor
810 may be a general purpose processing unit implementing assay analysis functions or a
processor specially designed for assay imaging and analysis applications. The processor 810 can
be a microcontroller, a microprocessor, or ASIC, to name a few examples, and may comprise a
plurality of processors in some embodiments.

[0156] As shown, the processor 810 is connected to a memory 815 and a working
memory 855. In the illustrated embodiment, the memory 815 stores test result determination
component 825, data communication component 830, and test data repository 805. These
modules include instructions that configure the processor 810 of device 800 to perform various
module interfacing, image processing, and device management tasks. Working memory 855
may be used by processor 810 to store a working set of processor instructions contained in the
modules of memory 815. Alternatively, working memory 855 may also be used by processor
810 to store dynamic data created during the operation of device 800.

[0157] As mentioned above, the processor 810 may be configured by several modules
stored in the memory 815. The test result determination component 825 can include instructions
that call subroutines to configure the processor 810 to analyze assay image data received from
the photodetector(s) 840 to determine a result of the assay. For example, the processor can
compare image data to a number of templates or pre-identified patterns to determine the test
result. In some implementations, test result determination component 825 can configure the
processor 810 to implement adaptive read processes on image data from the photodetector(s) 840
to improve specificity of test results and to reduce false-positive results by compensating for
background and non-specific binding.

[0158] The data communication component 830 can determine whether a network
connection is available and can manage transmission of test result data to determined personnel
and/or remote databases. If the device 800 is not presently part of a network, the data
communication component 830 can cause local storage of test results and associated information
in the test data repository 805. In some case, the device 800 can be instructed to or automatically
transmit the stored test results upon connection to a network. If a local wired or wireless

connection is established between the device 800 and another computing device, for example a
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hospital, clinician, or patient computer, the data communication component 830 can prompt a
user of the device 800 to provide a password in order to access the data in the repository 805.

[0159] The processor 810 can be configured to control the display 850 to display
captured image data, imaged barcodes, test results, and user instructions, for example. The
display 850 may include a panel display, for example, a LCD screen, LED screen, or other
display technologies, and may implement touch sensitive technologies.

[0160] Processor 810 may write data to data repository 805, for example data
representing captured images of assays, instructions or information associated with imaged
assays, and determined test results. While data repository 805 is represented graphically as a
traditional disk device, those with skill in the art would understand that the data repository 805
may be configured as any storage media device. For example, data repository 805 may include a
disk drive, such as a hard disk drive, optical disk drive or magneto-optical disk drive, or a solid
state memory such as a FLASH memory, RAM, ROM, and/or EEPROM. The data repository
805 can also include multiple memory units, and any one of the memory units may be configured
to be within the assay reader device 800, or may be external to the device 800. For example, the
data repository 805 may include a ROM memory containing system program instructions stored
within the assay reader device 800. The data repository 805 may also include memory cards or
high speed memories configured to store captured images which may be removable from the
device 800.

[0161] Although Figure 8 depicts a device having separate components to include a
processor, cartridge reader, connectivity module, and memory, one skilled in the art would
recognize that these separate components may be combined in a variety of ways to achieve
particular design objectives. For example, in an alternative embodiment, the memory
components may be combined with processor components to save cost and improve
performance.

[0162] Additionally, although Figure 8 illustrates a number of memory components,
including memory 815 comprising several modules and a separate memory 855 comprising a
working memory, one of skill in the art would recognize several embodiments utilizing different
memory architectures. For example, a design may utilize ROM or static RAM memory, internal
memory of the device, and/or an external memory (e.g., a USB drive) for the storage of

processor instructions implementing the modules contained in memory 815. The processor
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instructions may be loaded into RAM to facilitate execution by the processor 810. For example,
working memory 855 may comprise RAM memory, with instructions loaded into working

memory 855 before execution by the processor 810.

Overview of Further Examples of Contaminant Collection Devices

[0163] Figures 9A and 9B illustrate examples of a contaminant collection device
900A, 900B that can be used in hazardous contamination detection kits described herein. Figure
9A illustrates a cross-sectional view of a first embodiment of the collection device 900A with a
handle 905 removed from a container 925. Figure 9B illustrates another embodiment of the
collection device 900B with the handle 905 removed from the container 925 and a cap 935 in the
container 925.

[0164] The collection device 900A, 900B includes a swab 915 attached to a handle
905 that allows the user to wipe the surface to be tested by holding only the handle 905 and not
contacting the surface. After wiping the surface, the handle is inserted into a container 925 with
additional buffer solution (not illustrated). When the handle 905 is inserted into the container
925, the sides of the handle seal with the interior of the container, for example by O-ring 910.
As the handle approaches the bottom of the container, either by simply pressing or with the
assistance of a threaded engagement between the handle 905 and the container 925, the buffer
solution is pressurized and forced through the swab fabric, through small holes 920 in the handle,
and into the handle interior. Partial removal of the handle can create a vacuum, sucking the
buffer solution back through the swab fabric again. Repeating this process multiple times helps
to flush the collected contaminations from the fabric creating a homogeneous solution. The
structure of the collection device 900A, 900B positively forces the buffer fluid through the fabric
as a means of extracting the contamination from the fabric.

[0165] A needleless connection system, such as that discussed above with respect to
Figures SA-5C, can be incorporated into the handle 905 to allow for the closed transfer of buffer
solution from the interior of the handle to a test device. The embodiment 900A of Figure 9A
does not show a needleless connection system. The embodiment 900B of Figure 9B includes
threads 930 to assist in the creation of the pressure and vacuum as well as an attachment point for
the needleless connector. Figure 9B also shows a cap 935 for the container 925 to contain the

buffer solution until use.
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[0166] Figure 10A illustrates another example of a contaminant collection device
1000A that can be used in hazardous contamination detection kits described herein. In this
embodiment, a swab material 1010 is attached to a detachable base 1020 of a handle 1005, which
is then attached to the handle 1005 using a releasable attachment mechanism similar to a razor
handle. After the user swabs a surface (using a motion similar to using a razor to shave), the
swab base 1020 can be disconnected from the handle 1005 and dropped into a container 1015
containing a buffer solution. The container can be capped and then inverted a number of times to
flow the buffer solution back and forth across the swab 1010 to extract any contaminants. The
container 1015 can include an interior portion shaped to correspond to the shape and size of the
swab 1010, similar to the Figures 1A-1L configuration. In one example where device 1000A is a
closed system contaminant collection device, the container 1015 may contain a needleless
connection system as described above, either in the bottom of container 1015 or as part of a cap
(not shown), in order to transfer the buffer mixture to a test device. In another example where
device 1000A is an open system contaminant collection device, the cap may also contain an
orifice that allows for single drops of the buffer mixture to be dripped out of the container onto
the test strip.

[0167] Figure 10B illustrates another example of a contaminant collection device
1000B that can be used in hazardous contamination detection kits described herein. Similar to
collection device 1000A, collection device 1000B includes a swab material 1010 attached to a
handle 1005. A tray 1035 having a number of swab cartridges 1025 can be provided with the
handle 1005. Each cartridge 1025 can secure a swab material to a first surface, and a second
surface opposing the first surface can include an attachment device 1030 for releasably attaching
to the handle 1005. As illustrated, attachment device 1030 can be a pair of prongs, or in other
embodiments can be any suitable structure for press-fitting, snapping, hook-and-eye latching, or
otherwise attaching to the handle. Handle 1005 can be provided with a release mechanism 1040,
for example a button or lever, so that the user can release the cartridge 1025 and attached swab
1010 without contacting the swab 1010.

[0168] The contaminant collection device 1000B of Figure 10B also includes a
closed fluid transfer system 1050 for containing a used swab cartridge 1025 and attached swab
1010 between wiping the test surface and performing a test to analyze the sample. The closed

fluid transfer system 1050 can include a handle 1060 having a grip portion 1055 and a cartridge
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well 1065 spaced away from the grip portion 1055 for securing a used cartridge 1025 away from
the fingers of a user. The handle 1060 can be inserted into a fluid-tight container 1070 that
sealingly engages the handle to prevent escape of enclosed fluids. The closed fluid transfer
system 1050 can further include a fluid-tight fluid transfer mechanism 1045 in some
embodiments, for example a needleless connector as described above, for transferring the
enclosed fluid to a test device. Fluid can be expelled from the fluid-tight container 1070 in some
embodiments by the user pressing or twisting the grip portion 1055 to compress or wring the
enclosed cartridge 1025.

[0169] Figure 11 illustrates an example of a pivoting collection device swab 1100
that can be used in hazardous contamination detection kits described herein. A handle 1110
includes a grip portion 1105, an elongate swab handle 1115 having a pivot 1120 connected to a
swab head 1125, and a swab 1130. Such a pivoting head can be used, in some examples, in the
collection device 400 described above.

[0170] The benefits of a pivoting head are two-fold. First, the pivoting head enables
the user to have access to a large swab head reducing the need for multiple passes when
swabbing the potentially contaminated surfaces. Second, the pivoting head creates a compact
swab handle/vial system when the handle is inserted into the buffer vial enabling a minimal
amount of buffer required as well as requiring minimal storage space. The buffer vial (not
shown, see Figure 4 for an example) can also be designed to be long and slender and interact
with the swab-head such that when the swab-head handle is inserted into the buffer vessel it will
serve to agitate the swab material facilitating a more efficient release of the collected sample into
the buffer material. This can be accomplished via a snug-fit as well as internal geometry
(ribbing, bumps, bottle-neck, etc.) to compress/agitate the swab 1130 when the handle is inserted
into the container. A variation on the design is to mold the vial out of a softer compliant plastic
allowing the user to squeeze the tube against the inserted swab head facilitating a greater release
of sample from the swab head.

[0171] The pivoting joint 1120 that connects the swab head to the handle can be
located anywhere along the swab head. Another aspect of this embodiments involves moving
the pivoting location away from the center toward one end of the swab head 125. This can cause
the swab head to rotate from the horizontal wiping/sampling position into a more vertical

position to more easily present the swab head into the more compact vial. This also has the
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advantage that any residual fluid would pool up at the distal end of the swab head when it is
rotated and drip into the vial,as opposed to dripping on the table or sampling surface. Reducing
lost volume of captured fluid and drug is also beneficial for more accurate sampling results. In
the illustrated embodiment, the preferred position of the pivoting joint ranges from about 25% to
75% of the distance from the center of the swab/wipe head to the end of the swab head. This can
provide enough stability when wiping and an increased tipping moment when lifted from the
surface and presented at the vial to complete the remainder of the process.

[0172] When pressed against the surface to be swabbed, the swab head 1125
complies in a rotating motion to lay flat against the surface, thereby providing contact between a
larger surface area of the swab material and the test surface compared to non-pivoting
embodiments that may be positioned at an angle to the test surface. Upon completion of
swabbing, the handle can be inserted into the vial and the swab head can rotate in-line axially
with the handle, enabling it to slide into a slender buffer vial. The insertion of the handle into the
buffer vial can simultaneously agitate the swab material to express out both diluent and collected
sample substances into the vial.

[0173] The embodiment of Figure 11 can provide several advantages: 1) a larger
swab-head surface reducing the number of passes along the surface that would be required to
collect the sample, 2) a matching vial which can continue to be slender and compact reducing the
need for a large amount of diluent, and 3) providing a more robust handle configuration so the
user can press against the surface with an adequate amount of pressure (test results indicate that
pressure and friction are the leading success factors to obtaining an adequate amount of
substances from the surface).

[0174] An example of using the swab 1100 of Figure 11 is shown in Figures 3A and
3B.

[0175] Contamination collection devices described herein can be designed to improve
the efficiency terms of the concentration equation above, for example as illustrated in Figures 12
and 13A-13B. If the pick-up efficiency level can be increased, and the variation in pick up
efficiency can be lowered, then efficiency can be increased to its highest possible level (with low
variability) and the determined concentration will be more accurate. If the pick-up efficiency is
too low the result would be a false negative result to the end user. If the user thinks that their

collection kit picked up all of the drug on the contaminated surface for testing but in reality it did
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not, then contamination would remain on the test surface, and the reader would read a value that
is lower than it should be. This lower value could lead to a false reading, and individuals in the
contaminated environment could be exposed to possibly more hazardous values.

[0176] The embodiments of Figures 12 and 13A-13B reduce the number of collection
steps by utilizing and combining two technologies in the pick-up process. A swab can be used to
dispense liquid buffer solution onto the test surface, then a squeegee can be used to collect the
buffer and wiped solution and concentrate it into a pool for the swab to re-absorb. The
combination of these two elements integrated in the same device in close proximity can simplify
the workflow of wetting and wiping the wetted surface. As a result of having a combined
squeegee feature directly behind or in close proximity to the swab, the squeegee feature wipes
the surface and the swab is in such close proximity that it automatically re-absorbs the fluid.

[0177] The friction and pressure generated by the squeegee can leave a potentially
contaminated surface more “clean” from contaminants than it was prior to testing by wiping and
concentrating the contaminated drug and providing the solution in close proximity to the swab
for pick-up. The use of the squeegee and swab together can allow the user to use fewer steps in
the collection and wiping process and provide higher pick-up efficiencies with lower variation.

[0178] Figure 12 illustrates an example of a squeegee collection device 1200 that can
be used in hazardous contamination detection kits described herein. The squeegee collection
device 1200 includes a handle 1205, a swab 1210 coupled to one end of the handle, and a
squeegee 1225 that trails behind the swab 1210 when wiped across a surface in order to collect
liquid 1220 not initially picked up by the swab between the squeegee 1225 and swab 1210. The
handle 1205 can be held by a user manually operating the squeegee collection device 1200 in
some embodiments. In other embodiments, handle 1205 can be modified or omitted in order to
couple the squeegee collection device 1200 to an automated system for wiping a test surface
automatically and autonomously. The automated system can be provided with a motorized drive
mechanism and instructions for traveling across, and collecting sample from, a predetermined
area.

[0179] Figures 13A and 13B illustrate another example of a squeegee collection
device 1300 that can be used in hazardous contamination detection kits described herein. Figure
13A illustrates a top view of the squeegee collection device 1300 and Figure 13B illustrates a

perspective view of the squeegee collection device 1300. The squeegee collection device 1300
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includes a handle 1320 and a swab 1315 coupled to one end of the handle. Squeegee collection
device 1300 also includes a trailing squeegee 1310 that trails behind the swab 1315 when wiped
across a surface in order to collect any liquid not initially picked up by the swab between the
squeegee 1310 and swab 1315. Squeegee collection device 1300 also includes a pair of lead
directing squeegees 1305 that direct fluid in front of the device 1300 inward (toward a center
axis of the device) toward the swab 1315. This can allow for a decreased size of the swab 1315
and trailing squeegee compared to the embodiment of Figure 12.

[0180] Providing at least a trailing squeegee as shown in Figures 12 and 13A-13B
can improve collection efficiency by collecting fluid that the swab would not ordinarily absorb as
it travels over the fluid, thus exposing the swab to the fluid for a longer time and allowing the
swab to absorb the excess fluid. Thus, in the embodiments of Figures 12 and 13A-13B, the
absorbent swab and squeegees can contact different portions of the test surface simultaneously
when in use.

[0181] In order to track the area swabbed for more accurate test result calculations,
some embodiments of the disclosed collection devices can include an odometer to track the
distance that the collection device has traveled. This distance can be displayed to the user and
manually entered into a detection device or electronically transmitted from the contaminant
collection device to the detection device in various embodiments. Figures 14A-14D illustrate
various embodiments of a contaminant collection device with a built-in odometer. Figure 14A
illustrates a distance-tracking collection device 1400A that has a wheel 1410 configured to track
the distance that the device 1400A travels as it is rolled across a surface, and also includes a
display 1405 for providing an odometer reading. Figure 14B illustrates a distance-tracking
collection device 1400B that includes a handle 1425, swab 1420, and a roller ball 1415
integrated into the swab area to provide for tracking of the distance traveled by the swab.
Although not illustrated in Figure 14B, a distance-tracking collection device 1400B can include a
display for displaying an odometer reading to the user. Figure 14C illustrates a top view of a
distance-tracking collection device 1400C that includes a handle 1430, a swab 1440, and an
integrated roller wheel 1435 centrally located in a swab 1440. Figure 14D illustrates a front
perspective view of the distance-tracking collection device 1400C.

[0182] Another embodiment can include a swab provided integrally with an assay

test strip such that a user can directly capture a sample from a surface using the test strip.
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Overview of Example Fluid Removal

[0183] Figure 15 illustrates various examples of removal of fluid from swabs in
contaminant collection devices 1500A, 1500B, and 1500C. One embodiment of a contaminant
collection device 1500A can include ridges 1505 along an interior of a container sized such that,
when a swab 1510 is inserted into the container, the ridges compress the material of the swab
1510 in order to expel collected fluid from the swab 1510. Another embodiment of a
contaminant collection device 1500B can include one or more layers of circumferentially
disposed protrusions 1515 at or near an entrance to the interior of the container and/or disposed
along the interior sides of the container. The protrusions 1515 can squeeze and scrape the swab
1510 as it is inserted into the container in order to expel collected fluid from the swab 1510.
Another embodiment of a contaminant collection device 1500C can include a flexible container
1525 sized to receive a swab 1520 and configured to be wrung, where sides of the swab are
rotated in opposing directions, in order to expel fluid from the swab 1520. In some cases, a
controlled volume of fluid can be expelled from one end of the flexible container 1525 as the
ends are twisted in opposing directions.

[0184] Figure 16 illustrates an example of a dissolvable swab system 1600 that can
be used in hazardous contamination detection kits described herein. In some embodiments, swab
1610 can be constructed from a material that dissolves upon contact, or after prolonged contact,
with a buffer solution or other liquid. In some embodiments, a first buffer solution can be
provided to the test surface for lifting contaminants off of the surface for pick-up by the swab,
and the swab may not dissolve in contact with the first buffer solution so that the swab can be
used to wipe the entire demarcated area. A second buffer solution or other liquid 1615 can be
contained within container 1605 to dissolve the swab 1610 into the liquid of the container after
the swab 1610 is introduced into the container. Dissolving the swab into the liquid in the
container can provide the benefits of a more homogenous mixture for testing and of not retaining
any contaminant in the swab when the container liquid is transferred to a detection device.

[0185] Figure 17 illustrates example steps for a method 1700 of collecting
contaminant from a test surface using an oversaturated collection device swab. The method

1700 can be implemented by any of the contaminant collection devices described herein.
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[0186] At step 1705, a user can obtain a fully saturated swab attached to a handle, for
example by withdrawing the swab from its own packaging or from a pre-filled collection
container. Fully saturated as used herein refers to the swab containing a sufficient volume of
fluid such that, when compressed, the swab material will release the fluid to a relatively large
area (larger than the area directly contacted by the swab) of the test surface. Fully saturated
swabs can contain all of a desired volume of liquid such that the liquid does not drip out of the
material. In other embodiments a swab that is oversaturated (such that liquid is intended to drip
out of the material) can be provided.

[0187] At step 1710, the user can squeeze the swab, such as by pressing the swab
against the test surface while holding the handle, causing fluid to be expelled from the swab.

[0188] At step 1715, after (or as) the fluid is expelled the user can scrub or wipe the
surface, passing the swab material over the expelled fluid, until it is completely or almost
completely absorbed into the swab again. In some embodiments, steps 1710 and 1715 can be
repeated over different areas of a demarcated test surface area until the entire area has been
swabbed.

[0189] At step 1720, after acquiring the sample from the test surface, the user can
place the swab into a vial in order to contain the fluid.

[0190] At step 1725, the user can squeezing the swab again by compressing the
material into the bottom of the vial, thereby expelling the sample. In some embodiments, the
vial can be coupled to a separate collection chamber so that the expelled fluid is stored for testing
and not re-absorbed into the swab. The user can subsequently transfer the fluid from the vial or
collection chamber to a detection device via any of the open or closed fluid transfer systems

described herein.

Overview of Example Networked Testing Environment

[0191] Aspects of the present disclosure relate to a contamination test data
management system. There are drug preparation systems, surface contamination tests, and
healthcare worker safety procedures in the hospital and other healthcare delivery environments.
These three areas are connected only to the extent that they have a common goal: to reduce or
eliminate healthcare worker exposure to hazardous drugs, and to ensure patients are provided

correct drug doses. The described hazardous contamination detection kits, systems and
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techniques improve upon existing approaches by linking these three areas, sensing patterns and
trends, and targeting worker feedback and training. By creating and analyzing associations
between data regarding dose preparation, personnel activities, and contamination test results, the
disclosed systems can provide information to healthcare workers and management targeted at
risk identification, feedback, and training. A beneficial outcome can include behavioral and/or
workflow changes to reduce exposure risk in the test areas.

[0192] There are several existing solutions for assisting with pharmacy (or other
clinical setting) drug preparation workflow. Each of these systems is designed to enhance
patient safety through automated preparation or verification steps in compounding drugs. These
systems are often used with hazardous drugs, such as chemotherapy agents, because there is little
room for error with these drugs due to the health risks of exposure to even trace amounts. One
such system performs automated dose calculation, weight-based (gravimetric) preparation and
verification, integrated drug and consumable barcode verification, real-time automated
documentation of the compounding process, and step-by-step compounding guidance. Other
examples can employ a camera that captures images of products used in dose preparation and
optionally an integrated weighing scale design with step-by-step guidance and automatic
documentation.

[0193] While these systems help automate several aspects of drug preparation, they
do not address pre- and post-preparation issues in the pharmacy, such as managing data
associated with surface contamination testing (for example, floors, walls, hoods, etc.). They also
do not manage data associated with air testing, nor data from testing individuals via fingertip,
urine, blood or any other personal exposure monitoring.

[0194] Surface wipe tests are available from companies such as ChemoGLO™ which
provide quantitative analysis of the antineoplastic agents 5-fluorouracil, ifosfamide,
cyclophosphamide, docetaxel and paclitaxel. An example existing kit contains enough materials
to conduct six surface wipes. The wipes and samples are sent to an outside laboratory, and
reports are provided back to the test location within three to four weeks. Such tests and delayed
reports are disconnected processes from day to day activities in the pharmacy.

[0195] Hazardous drugs, particularly chemotherapy drugs, are known to contaminate
surfaces and air in pharmacies and other patient care settings, which presents a significant health

risk to pharmacy and other healthcare workers. Further, the United States Pharmacopeia (Cpater
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797, 28th Rev) recommends sampling of surfaces for contamination with hazardous drugs at
least every six months.  With improved testing technology, better feedback and improved
outcomes, the frequency of testing is expected to become a more routine activity.

[0196] Figure 18 depicts a high level schematic block diagram of an example
networked test system environment 1800. Hazardous contamination detection kits described
herein can be used in the networked test system environment 1800 to improve contamination
detectin, risk identification, feedback, and training. The networked environment 1800 includes a
user interface 1805, dose preparation system 1820, surface contamination test 1825, and
reporting system 1815 in network communication with a central server 1810 (and/or one
another) via a network. The network can be any suitable data transfer network or combination of
networks including wired networks and/or wireless networks such as a cellular or other publicly
accessible network, WiFi, and the like.

[0197] The user interface 1805 supports system interaction by the test operator and
can be located in the work area, for example in or near the testing environment. This facilitates
interaction without the test operator having to remove and reapply personal safety equipment in
order to use the system.

[0198] The dose preparation system 1820 can be hardware associated with a
gravimetric dose preparation system, a scale, robotics, or devices that are designed to assist in the
preparation of safe drug doses for the patient.

[0199] The surface contamination test 1825 can include a local test processing system
which is in network communication with at least the central server 1810. For example, the local
test processing system can be the assay reader device 800 of Figure 8.

[0200] Central server 1810 can implement the algorithms, decisions, rules, and
heuristics involved with management of contaminant testing data, and can store data (individual
and aggregate), handle data input and/or output, generate reports, provide the user interface, and
the like. Though referred to as a central server, these functions could be carried out in a
distributed fashion, virtually, in any location.

[0201] The reporting user interface 1815 can provide raw and processed data to the
user or safety manager regarding the relationship between activities in the pharmacy and test

results.
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[0202] In some implementations, the above descriptions apply to tests that are
performed immediately in a pharmacy, hospital, or other clinical setting. However, the described
testing is not limited to architectures where instant, immediate, or real-time connectivity is
available. For example, if a local wipe test processing system is not available, data from a
remote system can be transmitted to the central server using any number of methods. Results
from tests may be fed in to an interface manually, electronically encoded, or in machine readable
format. Data networks (e.g., internet, wireless, virtual private, cloud-based) can be used to input
data from a remote lab (outside the pharmacy, hospital, or clinic) that performs testing either
immediately or at a later time. The main difference between immediate local contamination
detection versus remote testing is a potential time delay. As described above, current
contaminant detection occurs in a two-step process with the steps performed at different
locations. First, collection happens at site of possible contamination. Collection occurs a time
A. Second, detection of the contamination occurs in a laboratory facility geographically separate
from the contamination. Detection occurs at a time B, which is weeks or even months after
collection occurred. The present disclosure provides a system including collection device and
detection device in one kit. Using the disclosed kit, collection and detection occur at the site of
possible contamination, and detection occurs within minutes of collection. For example,
collected fluid can be provided onto an assay immediately (for example, within seconds such as
but not limited to within 1, 2, 3, 4, 5, 10, or 15 seconds) after agitation of the fluid within a
container as described herein. The collected fluid can be provided to the assay for up to 3 hours
(360 minutes) after agitation in some embodiments. In some embodiments, instructions for use
include a recommendation to the user not to apply the collected fluid to the assay more than 3
hours after collection because accuracy may decrease after 3 hours. After the fluid is added to
the assay it can take around five minutes to fully develop in some non-limiting examples. In one
advantageous implementation, the assay is read by a detection system around the time of its
complete development. As such, the disclosed kits can provide test results indicating the
presence, absence, and/or degree of contamination between 2-365 minutes after completion of
sample collection, in some embodiments. Laboratory testing of embodiments of test Kkits
described herein has demonstrated that reliable results can be obtained within about 5 minutes of
completion of sample collection, and in some cases in as little as 2 minutes of completion of

sample collection. This represents a dramatic improvement in the time to obtain a test result
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indicating the presence, absence, and/or degree of contamination of a hazardous drug over prior
systems.

[0203] Embodiments of the system 1800 described herein directly link activities
performed in the test environment to test results. For example, the system 1800 can directly link
contaminant test results to when activities (for example, during antineoplastic drug preparation,
dosing, and the like) were performed, who performed these activities (for example, through
authentication), where the activities occurred (which hood, nearby floor, air test), and other
events (such as spills, wasting of materials, or improper waste disposal) which can be manually
or automatically recorded. In some embodiments, the central server 1810 can perform analysis
of the related information to identify trends in hazardous contamination levels, and can output
recommendations for preventing or mitigating hazardous contamination levels in certain areas.

[0204] Figure 19 depicts a flow chart of an example process 1900 for test data
generation, analysis, and reporting that can be implemented in some embodiments of the system
1800 of Figure 18.

[0205] The dose preparation system 1820, whether volumetric, gravimetric,
photographic, or bar code scanning, can be capable of keeping a record of every dose that was
prepared in a particular pharmacy hood or other work area or clinical care area, when the dose
was prepared and/or administered, and who prepared and/or administered the dose (for example,
the identity of the pharmacy technician). As described above, this information can be correlated
with the results of the contamination test.

[0206] The correlation algorithm can, in some embodiments, match detected
contamination with specific personnel who might have created or contributed to the
contamination. For example, if three technicians worked in a hood, and only one worked with
compound x, and compound x was identified in a contamination test, then the technician who
worked with compound x might be targeted for training or follow up testing.

[0207] The correlation algorithm can, in some embodiments, provide contamination
test guidance by limiting tests to compounds that were actually used over a period of time, or
used since the last contamination test. In a scenario where more than one test is required to
screen for multiple possible contaminants, the cost may increase for a number of reasons. For
example, it may take a longer period of time to perform testing due to more samples being

needed. The time it takes to run a test may be longer. Sample preparation may be more
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complex. Each test may have an incremental cost, so tailoring tests may lower the overall cost.
Advantageously, the dose preparation system could direct the user, or an automated system, to
perform only contamination tests for drugs that were prepared in a specific location or hood.

[0208] The correlation algorithm can, in some embodiments, improve the specificity
of contamination tests by utilizing a priori knowledge of drugs that were prepared in the hood.
For example, if a contamination test shows a positive result, but is not capable of indicating
which of a family of possible contaminants actually has been identified, the database of drugs
prepared in the hood could be queried for all of those possible drugs, and the test result narrowed
to the ones actually prepared. In some implementations, further testing can be performed for
those specific drugs.

[0209] The correlation algorithm can, in some embodiments, determine systematic
issues with devices used in preparing drugs. Drug preparation systems can have the capability to
store information representing the products and devices used in drug preparation. For example,
information on syringe types (manufacturer, volume etc.), closed system transfer devices,
connectors, spikes, filters, needles, vials, and IV bags, to name a few examples, can be stored
along with the drug and diluent data in the preparation systems database. Failures can be linked
to specific devices and directly help with risk mitigation.

[0210] The correlation algorithm can, in some embodiments, identify drug
manufacturers, dose and containers that systematically fail, resulting in detected contamination.
The correlation algorithm can identify procedures that commonly cause contamination, such as
reconstitution steps.

[0211] The system 1800 can provide some or all of these analytics, alone or in
combination, in various embodiments.

[0212] The system 1800 can be designed to implement workflows that are initiated
based on a set of conditions. For example, one condition that can trigger a workflow is the
detection of contamination. Examples of workflows are described below.

[0213] A decontamination workflow can include the following procedures. The
system 1800 can instruct a user how to contain and decontaminate a specific area, depending on
what area the test was performed in. Instructions can include audio, text, video, and the like.

After decontamination, the workflow can continue to instructions on performing repeat
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contamination tests to ensure the area was properly decontaminated. If testing fails again, the
decontamination procedure can be repeated.

[0214] The system 1800 can be configured to provide instructions through the user
interface 1805 and/or dose preparation system 1820 (or any other means of communication,
including printed instructions, other displays, voice output and input, direct messages to
designated users, etc.). These instructions can be configured to be specific for certain sources of
contaminants.

[0215] Another example workflow is repeat testing of the area of contamination,
prior to decontamination. This may be a useful workflow if the specificity of a particular test is
not high. The objective could be to re-test with the same test, or perform further tests to identify
more specifically, what the source and/or level of contamination is. A follow-on step could be
specific decontamination instructions, already described above.

[0216] In various workflows, system 1800 can be configured to receive, prompt,
and/or wait for input during the workflow to acknowledge completion of each step. The system
1800 can be configured to capture decontamination procedure evidence, such as photographic,
video, audio, proximity information for future review, training, documentation, and the like.

[0217] System 1800 can be configured to identify risks from preparation issues. For
example, the system 1800 can analyze data already captured by a drug preparation system, or
provide means to capture data regarding drug preparation issues, problems or errors. For
example, when material is wasted, the user involved can be questioned about whether there was
a spill or any surface contamination that caused the wasting. System 1800 can link wasting with
positive contamination tests, if wasting is commonly caused by spills.

[0218] System 1800 can be adapted for use in non-pharmacy healthcare environments
including, but not limited to, hospitals, clinics, hospice environments, and veterinary treatment
centers. The system 1800 can be adapted to other areas of patient care, such as the patient floor,
nursing, drug delivery (e.g., infusion, injection), patient room, bathroom, etc. Contamination
tests can be performed in any of these settings, and this data can be fed back to the system 1800.
As described above, detected contamination can be correlated with personnel, protocols
followed, specific drugs, devices, locations, and any other parameter of interest. Any parameter
around the delivery of drugs that can be encoded can be correlated with the presence of

contamination to provide feedback to risk managers, clinical and pharmacy personnel. Further,
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dose preparation and dispensing can occur in many locations outside the pharmacy, and similar
workflows can be employed in those areas, including remote contamination test preparation and
execution.

[0219] The physical location of specific functions performed by the system 1800 are
not restricted to the pharmacy or hospital data center. Any structure or function of the system
1800, including the database, correlation and analysis, data entry, data display, reporting, etc.,
can be carried out in any system in any location. A system model may be to have a central web-
based service, for example. Another model may be to have remote reporting and notification
capability through remote devices like smart phones, pagers, computers, displays, applications
cte.

[0220] Supply of devices can be automated through any of the previously described
systems. For example, pharmacies may be provided resupply of test kits by system 1800, and
such resupply can be automated in some embodiments by managing an inventory of kits and

initiating a resupply when stock falls below a certain level.

Overview of Example Swab Materials and Buffer Solutions

[0221] Considerations in the development and selection of swab materials and buffer
solutions will not be described. Optimal swab materials and buffer solutions will be identified,
but it will be understood that hazardous contamination detection kits described herein can use
any suitable swab material and buffer solution. Three criteria for choosing a swab for use with
the described contamination collection devices include the following. (1) Minimal background -
Background is the amount of contaminant on a swab measured by the analytical technique after
testing has been performed according to the analytical protocol before sampling. Blank
contribution from the swab must be minimal. (2) High recovery rate - Recovery means the
percentage of contaminant actually measured by the analytical technique when the swab is
spiked with a known quantity of that species. In one non-limiting example, a sixty-percent
recovery rate is deemed acceptable; however, higher recovery rates are desirable. (3) Low
particle generation - It is desirable that the swabbing material leave the swabbed surface free
from particles which would further contaminate the surface.

[0222] Through extensive testing, some of which is summarized below, it has been

discovered that cleanroom-laundered, 100 percent continuous-filament, double-knit polyester
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materials can meet all the requirements for swabbing: minimal background, high recovery rates,
and low particle generation. Swabs made with cleanroom-laundered 100 percent polyester-knit
heads feature low particle generation and extremely low nonvolatile residues. Thus, some
embodiments of the swabs described herein can include one or more layers of such material.
[0223] In some embodiments, swab material can be interrclated with the buffer
solution. For example, polyester swabs can exhibit high collection efficiencies, but for buffer
solution types with no surfactant, foam swabs can perform better than polyester swabs. Tris
buffer and ChemoGlo solution are two suitable buffer solutions that can be implemented in
contamination collection devices described herein. Other buffer solutions are also suitable, for
example HEPES buffer. Polyester swabs can be used with Tris buffer and other solutions with
surfactant, while foam swabs can be used with ChemoGlo or other drying solutions, such as

those containing alcohol.

Implementing Systems and Terminology

[0224] Implementations disclosed herein provide systems, methods and apparatus for
detection of the presence and/or quantity of antineoplastic agents or other environmental
contaminants. One skilled in the art will recognize that these embodiments may be implemented
in hardware or a combination of hardware and software and/or firmware.

[0225] The assay reader device may include one or more image sensors, one or more
image signal processors, and a memory including instructions or modules for carrying out the
processes discussed above. The device may also have data, a processor loading instructions
and/or data from memory, one or more communication interfaces, one or more input devices,
one or more output devices such as a display device and a power source/interface. The device
may additionally include a transmitter and a receiver. The transmitter and receiver may be
jointly referred to as a transceiver. The transceiver may be coupled to one or more antennas for
transmitting and/or receiving wireless signals.

[0226] The functions described herein may be stored as one or more instructions on a
processor-readable or computer-readable medium. The term “computer-readable medium” refers
to any available medium that can be accessed by a computer or processor. By way of example,
and not limitation, such a medium may comprise RAM, ROM, EEPROM, flash memory, CD-

ROM or other optical disk storage, magnetic disk storage or other magnetic storage devices, or
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any other medium that can be used to store desired program code in the form of instructions or
data structures and that can be accessed by a computer. It should be noted that a computer-
readable medium may be tangible and non-transitory. The term “computer-program product”
refers to a computing device or processor in combination with code or instructions (e.g., a
“program”) that may be executed, processed or computed by the computing device or processor.
As used herein, the term “code” may refer to software, instructions, code or data that is/are
executable by a computing device or processor.

[0227] The various illustrative logical blocks and modules described in connection
with the embodiments disclosed herein can be implemented or performed by a machine, such as
a general purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination thereof
designed to perform the functions described herein. A general purpose processor can be a
microprocessor, but in the alternative, the processor can be a controller, microcontroller, or state
machine, combinations of the same, or the like. A processor can also be implemented as a
combination of computing devices, e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microprocessors in conjunction with a DSP core, or
any other such configuration. Although described herein primarily with respect to digital
technology, a processor may also include primarily analog components. For example, any of the
signal processing algorithms described herein may be implemented in analog circuitry. A
computing environment can include any type of computer system, including, but not limited to, a
computer system based on a microprocessor, a mainframe computer, a digital signal processor, a
portable computing device, a personal organizer, a device controller, and a computational engine
within an appliance, to name a few.

[0228] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged with one
another without departing from the scope of the claims. In other words, unless a specific order
of steps or actions is required for proper operation of the method that is being described, the
order and/or use of specific steps and/or actions may be modified without departing from the

scope of the claims.
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[0229] It should be noted that the terms “couple,” “coupling,” “coupled” or other
variations of the word couple as used herein may indicate either an indirect connection or a direct
connection. For example, if a first component is “coupled” to a second component, the first
component may be either indirectly connected to the second component or directly connected to
the second component. As used herein, the term “plurality” denotes two or more. For example,
a plurality of components indicates two or more components.

[0230] The term “determining” encompasses a wide variety of actions and, therefore,
“determining” can include calculating, computing, processing, deriving, investigating, looking
up (e.g., looking up in a table, a database or another data structure), ascertaining and the like.
Also, “determining” can include receiving (e.g., receiving information), accessing (e.g.,
accessing data in a memory) and the like. Also, “determining” can include resolving, selecting,
choosing, establishing and the like. The phrase “based on” does not mean “based only on,”
unless expressly specified otherwise. In other words, the phrase “based on” describes both
“based only on” and “based at least on.”

[0231] The previous description of the disclosed implementations is provided to
enable any person skilled in the art to make or use the present invention. Various modifications
to these implementations will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other implementations without departing from the
scope of the invention. Thus, the present invention is not intended to be limited to the
implementations shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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CLAIMS

A hazardous contaminant detection system comprising:
a collection device comprising:

a buffer solution configured to lift a hazardous contaminant from a test
surface when the buffer solution is applied to the test surface,

an absorbent swab material configured to absorb at least a portion of the
buffer solution and contact the test surface to collect the hazardous contaminant,

a handle having a first end coupled to the absorbent swab material, a
second end spaced apart from the first end, and an elongate length extending
therebetween,

a fluid-tight container having an interior volume dimensioned to encase
the handle and the absorbent swab material and the buffer solution, the container
having a first coupling biased closed and configured to open to release a volume
of the buffer solution from the interior volume wherein the first coupling is
further configured to return to a closed position; and
a detection device comprising:

a cartridge comprising a second coupling configured to mechanically mate
with and open the first coupling;

an assay test strip contained in the cartridge and positioned to receive the
volume of the buffer solution released from the container, the assay test strip
comprising at least one reaction zone configured to produce an optically-
detectable change in appearance in the presence of the hazardous contaminant,
and

an image sensor positioned to receive light reflected from the at least one
reaction zone and configured to generate signals representing an intensity of the
received light, and

control electronics configured to analyze the signals and determine the

presence of the hazardous contaminant in the at least one reaction zone.
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2. The hazardous contaminant detection system of claim 1, further comprising a
demarcation guide specifying an area of the test surface to be tested for contamination by the
hazardous contaminant.

3. The hazardous contaminant detection system of claim 2, wherein the control
electronics are configured to determine whether the hazardous contaminant is in contact with the
at least one reaction zone based at least partly on the intensity of the signals and the area of the
test surface.

4. The hazardous contaminant detection system of claim 1, wherein the assay test
strip further comprises:

a sample receiving zone for receiving the volume of the buffer solution, the
sample receiving zone positioned along a fluid path formed by the first and second
couplings; and

a length of material extending between the sample receiving zone and the at least
one reaction zone and configured to wick at least the received buffer solution from the
sample receiving zone to the at least one reaction zone.

5. The hazardous contaminant detection system of claim 1, wherein the first
coupling comprises a flexible valve, and wherein the second coupling comprises a male luer
connector configured to open the flexible valve.

6. The hazardous contaminant detection system of claim 5, wherein the male luer
connector comprises an interior lumen positioned to provide a fluid pathway to a sample
receiving zone of the assay test strip.

7. The hazardous contaminant detection system of claim 1, wherein the first
coupling comprises a mechanical valve, and wherein the second coupling comprises a nozzle
configured to open the mechanical valve.

8. The hazardous contaminant detection system of claim 1, wherein the first and
second couplings each comprise threads configured to mechanically mate the first and second
couplings.

9, The hazardous contaminant detection system of claim 8, wherein, when the first
and second couplings are fully threaded together via the threads, a nozzle of the second coupling

opens a valve of the first coupling.
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10. The hazardous contaminant detection system of claim 1, wherein the detection
device comprises a network connection interface, and wherein the control electronics are
configured to send data representing whether the hazardous contaminant is in contact with the at
least one reaction zone to at least one remote computing device over a network via the network
connection interface.

11. A method of testing a test surface for the presence of a hazardous contaminant,
the method comprising:

wiping the test surface with an absorbent swab material coupled to an elongate
handle to collect particles of the hazardous contaminant from the test surface;

inserting the absorbent swab material into an open end of a container, the
container comprising a reservoir containing a volume of a buffer solution and a cap to
seal the reservoir;

sealing the container with the cap to isolate the absorbent swab material and the
buffer solution within the reservoir of the container;

agitating the container to release at least some collected particles of the hazardous
contaminant into the buffer solution;

mechanically mating a first coupling of the container to a second coupling on a
cartridge of an assay test strip, wherein mechanically mating the first and second
couplings opens a fluid path between the reservoir and a sample receiving zone of the
assay test strip;

transferring a volume of the buffer solution from the reservoir to the assay test
strip through the mechanically-mated first and second couplings;

uncoupling the first and second couplings, wherein uncoupling the first and
second couplings reseals a remaining volume of the buffer solution within the reservoir;

inserting the assay test strip into an assay reader device; and

based on an output of the assay reader device, identifying that the hazardous
contaminant is present on the test surface.

12. The method of claim 11, further comprising identifying, based on the output of
the assay reader device, a concentration of the hazardous contaminant present on the test surface.

13. The method of claim 11, wherein the absorbent swab material is pre-moistened

with a dilute version of the buffer solution, wherein the dilute version of the buffer solution is
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configured to lift the hazardous contaminant from the test surface, the method further comprising
removing the pre-moistened absorbent swab material from fluid-tight packaging.

14. The method of claim 13, further comprising:

expressing a portion of the buffer solution from the absorbent swab material onto
the test surface; and

wiping the test surface with the absorbent swab material to re-absorb the
expressed buffer solution into the absorbent swab material.

15. The method of claim 11, wherein mechanically mating the first and second
couplings causes a male luer connector of the second coupling to open a valve of the first
coupling.

16. The method of claim 15, further comprising uncoupling the first and second
couplings, wherein the valve closes after the uncoupling to re-seal a remaining volume of the
buffer solution within the reservoir.

17. The method of claim 16, further comprising mechanically mating the first
coupling of the container to a third coupling on a second cartridge of a second assay test strip,
wherein mechanically mating the first and second couplings opens a fluid path between the
reservoir and a second sample receiving zone of the second assay test strip.

18. The method of claim 17, further comprising:

transferring a volume of the remaining volume of the buffer solution from the
reservoir to the second assay test strip through the mechanically mated first and third
couplings;

inserting the second assay test strip into the assay reader device; and

determining a result of the second assay test strip using the assay reader device.

19. The method of claim 18, further comprising confirming the presence of the
hazardous contaminant on the test surface based on the result of the second assay test strip.

20. The method of claim 18, further comprising determining that an additional
hazardous contaminant is present on the test surface based on the result of the second assay test
strip.

21. The method of claim 18, further comprising determining a concentration of the

hazardous contaminant on the test surface based on the result of the second assay test strip.
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22. A method of testing a test surface for the presence of a hazardous contaminant,
the method comprising:

wiping the test surface with an absorbent swab material coupled to an elongate
handle to collect particles of the hazardous contaminant from the test surface;

inserting the absorbent swab material into an open end of a container, the
container comprising a reservoir containing a volume of a buffer solution and a cap to
seal the reservoir;

sealing the container with the cap to isolate the absorbent swab material and the
buffer solution within the reservoir of the container;

agitating the container to release at least some collected particles of the hazardous
contaminant into the buffer solution;

mechanically mating a first coupling of the container to a second coupling on a
cartridge of an assay test strip, wherein mechanically mating the first and second
couplings opens a fluid path between the reservoir and a sample receiving zone of the
assay test strip;

transferring a volume of the buffer solution from the reservoir to the assay test
strip through the mechanically-mated first and second couplings;

uncoupling the first and second couplings, wherein uncoupling the first and
second couplings reseals a remaining volume of the buffer solution within the reservoir;

mechanically mating the first coupling of the container to a third coupling on a
second cartridge of a second assay test trip, wherein mechanically mating the first and
third couplings opens a fluid path between the reservoir and a second sample receiving
zone of the second assay test strip;

inserting the first assay test strip into an assay reader device configured to detect
optical changes of the first assay test strip and to generate an output based on the detected
optical changes; and

based on the output, identifying that the hazardous contaminant is present on the
test surface.
23. The method of claim 22, further comprising uncoupling the first and third

couplings, wherein uncoupling the first and third couplings reseals a remaining volume of the

buffer solution within the reservoir.
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24, The method of claim 22, further comprising identifying, based on the output of
the assay reader device, a concentration of the hazardous contaminant present on the test surface.

25. The method of claim 22, wherein the absorbent swab material is pre-moistened
with a dilute version of the buffer solution, and wherein the dilute version of the buffer solution
is configured to lift the hazardous contaminant from the test surface.

26. The method of claim 25, further comprising:

expressing a portion of the buffer solution from the absorbent swab material onto
the test surface; and

wiping the test surface with the absorbent swab material to re-absorb the
expressed buffer solution into the absorbent swab material.

27. The method of claim 22, further comprising;:

transferring a volume of the remaining volume of the buffer solution from the
reservoir to the second assay test strip through the mechanically mated first and third
couplings;

inserting the second assay test strip into the assay reader device configured to
detect optical changes of the assay test strip; and

based on the detected optical changes, determining a result of the second assay
test strip using the assay reader device.

28. The method of claim 27, further comprising confirming the presence of the
hazardous contaminant on the test surface based on the result of the second assay test strip.

29. The method of claim 27, further comprising determining that an additional
hazardous contaminant is present on the test surface based on the result of the second assay test
strip.

30. The method of claim 27, further comprising determining a concentration of the
hazardous contaminant on the test surface based on the result of the second assay test strip.

31. A system comprising:

a collection device comprising:

an absorbent material coupled to a handle, the absorbent material
configured to contact a test surface to collect a hazardous contaminant, and

a container having a first portion shaped to receive the absorbent material

and a second portion shaped to receive at least a portion of the handle, the
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container having a valve biased closed and configured to open to release a volume
of buffer solution, wherein the valve is further configured to return to a closed
position;
an assay test strip configured to receive the volume of the buffer solution released
from the container, the assay test strip comprising at least one reaction zone configured to
produce an optically-detectable change in appearance in the presence of the hazardous
contaminant;
an image sensor configured to receive light reflected from the at least one reaction
zone and configured to generate signals representing an intensity of the received light;
and
control electronics configured to analyze the signals and determine the presence
of the hazardous contaminant in the at least one reaction zone.
32. The system of claim 31, further comprising a demarcation guide configured to
specify an area of the test surface to be tested for contamination by the hazardous contaminant.
33. The system of claim 31, wherein the control electronics are configured to
determine a concentration of the hazardous contaminant based at least partly on the intensity of
the signals and an area of the test surface.
34, The system of claim 31, wherein the assay test strip comprises:
a sample receiving zone for receiving the volume of the buffer solution released
from the container; and
a length of material extending between the sample receiving zone and the at least
one reaction zone and configured to wick at least the received buffer solution from the
sample receiving zone to the at least one reaction zone.
35. The system of claim 31, wherein at least a portion of the container is flexible such
that an interior volume of the container can be compressed.
36. The system of claim 31, wherein at least a portion the absorbent material is

wrapped around one or more sides of the handle.
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