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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 19126831

Box No. Observations wherg certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons;

I D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the International application that do not comply with the prescribed requirements to such an
extent that no meaningful intemationat search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. [l Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Box

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search repont covers
only those claims for which fees were paid, specifically claims Nos.:

4, }E No required additional search fees were timely paid by the applicant. Consequently, this international search report is
{:_éslrzlgtgg to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

E] No protest accompanied the payment of additicnal search fees.

Form PCT/15A/210 {continuation of first sheet {2)) (January 2015)
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A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GUR 33M0; GO1R 33/12 (2019.01)
CPC - GO1R 33/10; GO1R 33/1276

According to International Patent Classification (1PC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched {classification system followed by classification symbeols)

See Search History Document
Documentation searched other than minimum documentation ta the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the intemmational search (name of data base and, where practicable, search terms used)
See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X LIS 2014/0097829 A1 (Wang et al.) 10 April 2014 (10.04.2014} para [0005]-[0006], [0008], 1,38
— [0015), [0025]{0030], [0035HOX38], [0040)-[0041), [G043], [0045], [0048], [0059], [0064), [0073]- | —-—-—-
A {0074], [0084], [0087], Figure 1; Figure 5; Figure 6A; and Figure 6B. 2, 21-22
A US 200570130292 A1 (Ahn et al.) 16 June 2005 {16.06.2015) Abstract, para [0011], [0044], 1
Figura 1A; and Figure 1B.
A Kim, at al. "Magnetic force-based multiplexed immd y using suparpar i 5
nanoparticles in microfluidic channet.” Lab on a Chip 5.6 (29 April 2005): 657-664. Abstract, pg
659 col 2 para 3; and pg 661 col 1 para 3.
A US 2013/0022969 A1 (Kim et al.) 24 January 2013 (24.01.2013) Abstract, para [0027], [0087). |8
A LS 2013/0079623 A1 {Rueckert et al.} 28 March 20H 3 (28.03.204 3) Abstract, para [0003], 2
[3023], [0041], [0061], [0073).
A US 2004/0248318 A1 (Weinberger ot al.) 9 Decamber 2004 (09.12.2004) Abstract, para [0008], | 2
[0021].
A US 2004/0130314 A1 (Bossoli st al.) 8 July 2004 (08.07.2004) Abstract, para [0023)-[0025), and | 22
Figure 2B.

ﬁ Further documents are listed in the continuation of Box C. |:| See patent family annex.

*  Special categories of cited documents: “T" later document published afier the international filing date or priority

the priority date claimed

“A” document defining the general state of the art which is not considered date and not in conflict with the uplﬁliqalion but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E" earlier application or patent but published an or after the ivtemational “X™ dpcument of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered o involve an inventive

“L dp&menl wl];ilghhmgy thr{;\l\_v x‘Il:_nulm‘I on p?nriry hnlairr](s)_ or whicrlinis step when the document is taken alone
cited 1o establish the publication dale of another citalion or O wy=  4ocyment of particular relevance; the claimed invention cannot be
spesial reason (as specified) o comsidered tg involve dn inwantive stiep when the document is

“0”  document referring to an oral disclosure, use, exhibition or other combined with one or more pther such documents, such combinasion
means being obvious to a person skilled in the arl

“P" document published prior 10 the inwermational filing date but later than  «g»  gocyment member of the same patent family

Date of the actual completion of the international search

29 July 2019

Date of mailing of the international search report

16 AUG 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lea W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 671-272-T7T4

Form PCT/ISA/210 (second sheet) {Janvary 2015)
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C (Continuation).  DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the releyant passages Relevant to claim No.
A US 2010/0301850 A1 {Luc Lenglet) 2 December 2010 (02.12.2010) Entire Documant, 18, 21-22
A US 2005/0100930 A1 (Wang et al.) 12 May 2005 {12.05.2005) Entire Document. 1-8, 21-22

Form PCTASA210 {contimation of second sheet) (January 2015}
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Lack of Unity Box lIl:

This application cantaing the fallowing inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In ordar for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: Claims 1-8 and 21-22, directed to & superparamagnetlc nanoparticle-based analytical method,
Group |I: Claims 9-18, directad o a 3-dimensional hybrid point of care chip.
Group [Il: Claims 17-20, directed 1o a superparamagnetic particle imaging analyzer.

The groug of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Speclal Technical Features:

Group | requires the spacial technical feature of a method, comprising providing a sample comprising at least one or more analytes in a
sample matrix, providing a peint of care chip having at least one or more analytical regions, each of the analytical regions is a stationary
phase having at least one or more sections, providing an analytical device, plaging the point of care chip with the analytic regien
comprising the staticnary phase in the analytical device and exciting the superparamagnetic nancparticles in vitro, lyzing the
response of tha superparamagnelic nanoparticie and determining characteristic of the analytes, wherein the response of the
superparamagnetic nanoparticles comprises harmenics, not required by groups I-H.

Group [l requires the special technical feature of a 3-dimensional hybrid point of care chip, comprisingat least one or more sample
introduction region, fluid absorption area, and optionally, a reagent reservoir, wherein structure of the 3-dimensional hybrid point of care
chip is a laminate having a number of levels in a range of 1 to 10, and sampla introduction regions, the reagent reservoir, the analytical
ragions, and the fluid absorption area are sequentially connacted by microchannels that allow a sample comprising an analyta to be
divided and directed to the levels of the laminate, not required by groups | or lil,

Group I requires the speclal technical feature of an Imaging analyzer, comprising a housing being placed along a horizontal axis and
having an interior volume, a pair of permanent magnats fitted inside the interior volume of the housing along the hotizontal axls, and
each of the permanent magnets being held with a matching magnetic pole facing each other to create a field free region therebetween, a
pair of excitation coils being placed along on the horizontal axis between the pair of the permanent magnets, sach of the excitation coils
being close to the field free region for creating alternate current in the field free region, a pair of receive coils being placed aleng the
horizontal axis betwesn the pair of the excitation coils, each of the racaive colls being closa to the field free region, wherein a sample is
placed inside the interior volume of the housing and pass through the field frea ragion, and a paramagnetic response that is sensed and
transmitted by the pair of receive colls for analysis, not required by groups |1l

Common technical features:

Groups | and |1} share the technical feature of analyzing superparemagnatic particies, comprising a sample with suparparamagnetic
nanoparticie labaled analyta immebilized in an analytical region, whereln the suparparamagnatic nanoparticles are excited, and the
rasponse of the superparamagnetic nanoparticlas is sensed, transmitted, and analyzed.

These shared technical faatures, however, do not provide a contribution over the prior ant, as being anticipated by US 2014/0097829 A1
to Wang et al. {hereinafter Wang). Wang teaches analyzing suparparamagnetic particles (para [3005], Real-time Brownlan relaxation of
magnetic nancparticlas (MNPs) can be detected by a mixing-frequency method; and para [0038], In one example, MNPs having different
Langevin M-H curves are salected for binding and analysis of a target substance; and para [0045], Superparamagnetic nanoparticles
with small sizes can be used for biclogical applications) comprising & sample with a suparparamagnetic nanoparticle labsled analyte
immobilized in an analytical region {Figure 8A; and Figure 6B; and para [0045], Superparamagnetic nanoparticles with small sizes cen
be used for binlogical applications; and para (00371, The magnetic nancparticle can be bonded or affined to a target meleculein a
manner known as labeling. As such, the labeled moleculs can be idantified based on the MNP tag affixed therelo; and para [0059), FIG.
BA llustrates a sponge diagnostic schematic... In the figure, the sample container is depictad as a cyfindrical membar having a plurality
of windings 120 around a circumfersnce. The windings are directed 1o exciting a specimen in the volume of the cylinder. In the figure,
the sample is located in portion 110B... A porfion aligned with the excitation cail is filled with a loaded sponge and includes MNPs. As
shown in the figure, the sample container includes a sponge. The aponge |s selectad to facilitate binding of the targeted microbe and
MNMPs. FIG, 6B includes a legend indicating that targeted micrabas and other alements are selactad and identified using MNP-loaded
sponge. Fluid flow direction is indicated in a downward direction as shown by an arrow in FIG. 6A; As can be seen in Figure 6A, the
bonded microbe-MNP complexes are immaobilized within the sponge saction, and cannot be washed away like the free unbonded MNPs;
See Instant Specification, para [(42), The analytical region has sections of stationary phases... that immebilize the recognized analytes,
and para [0143), Stationary phase... are porous materials); wherein the supsrparamagnetic nanoparticles are excited, and the respanse
of the superparamagnelic nanoparticles is sensed, transmitted, and analyzed (Figure 1, 100; and Figure &; and para [0015], FIG. 5
llustrates a flowchart of a method; and Figure 8A, 120; and para [0005), Real-time Brownian relaxation of magnetic nanoparticles
(MNPs} can be detected by a mixing-frequency mathod; and para [0045), Superparamagnetic nanoparticles with small sizes can be
usad for biological applications; and para {0025]-|[0026), FIG. 1 illustrates device 100.., Device 100 includes sampla container 1104,
axcitation coil 120, detection coil 130, and processor 140. Sample container 110A is configurad 1o receive a fluid under test within a
volume; and para [0028], Detaction coil 130 includes a sensitive ¢oil configured to detact presence of a magnetic nanoparticle within the
volume; and para [0030], Processor 140 can includa... a transmitter; and para [0036], Generating the plurality of hammanics can also
Include delivering low fraquency sinusoidat excitation configured to saturate a magnetic nanoparticle in the volume; and para [0037], A
specimen under lest can be delivered to the volume using a fluidic channel... The magnetic nanoparticle can be bonded or affixed to a
targat moleculs in a manner known as labeling. As such, the labsled molecule can be identified based oh the MNF tag affixed thereto.
Processing of the signal can include solving equaltions... Processing can include analysis of a delay in phase as between the magnetic
field and a detected signal. In one example, processing provides a quantitative assessment of magnetic relaxation. The relaxation time
{or frequency) can ba to identify a spacimen; and para [0059], FIG. 6A illustrates a sponge diagnostic schemaltic... a plurality
of windings 120... are directed to exclting a specimen In the volumae of the cylinder).
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Groups |-l shara the technical featura of providing a sample cemprising at least one or more analytes, and providing a peint of care
chip comprising least one or more analytical regions, and wherein the one or more analytical regions may recsive the sample comprising
at least one analyte.

These shared technical features, howaver, do not provide a contribution ovar the prior art, as baing anticipated by US 2005/0130292 A1
to Ahn et al. (harainafter Ahn). Ahn teaches providing a sample comprising at least one or mora anatytes, and providing a point of care
chip comprising least one or more analytical regions, and wherein the one or mora analytical regions may receive the sampla comprising
at least one analyte (Figure 28; and Figure 2E; and Abstract, Disclosed herein is a fully-integrated, disposabte biochip for point-of-care
testing of clinically relevant parameters. Specifically, in accordance with an embodiment of the present invention, the biochip is
deslgned for POCT (point-of-care tasting) of an array of metabolic parametars including partial pressure of oxygan, Glucose, and
Lactate concentration from venous blood samptes; ang para [0012], The microfluidic system is designad to sample a specific volume of
sample via the integrated microneedle and store it in a sampling channel; and para [0071), FIG. 2b shows the sampling sequence using
the integrated micro-needle 202. The micro-needle is inserted into the desired sampling location, which is a venous sampling source...
The sample 235 will flow through the microchannel; and para [3074}, Finally, as shown in FIG. 28, tha sarmple 235 is delivered to the
genslng chamber 222 for measurement of the relevant parameters... &.9., patial exygen concentration, glucasa lavel, lactate leval, pH,
hematocrit, Sansing chamber 222 is interprated to mean an analytical ragion, as it analyzes concentrations of analytes such as glucose
and lactate).

As the technical features ware known in the ar at the time of the invention, this cannot be cansidered a special tachnical feature that
would otherwise unify the groups.

Groups I-lEl therefore lack unity under PCT Ruls 13 becauss they do not share a same or comesponding special technical feature.
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