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FAST-BUILT TESTING LABORATORY FOR MEDICAL
TESTING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to Chinese Patent Application No.
202022482114.8, titled “FAST-BUILT TESTING LABORATORY FOR MEDICAL
TESTING” and filed on November 2, 2020, the content of which is incorporated herein by

reference in its entirety.
FIELD

[0002]  The present disclosure relates to the field of medical testing, particularly, to the
field of clinical medical testing and public health testing, and more specifically, to a fast-built
testing laboratory for medical testing, which is suitable for microbes, biochemical
immunology, molecular diagnostics, and other applications of technical routes that have

certain cleanliness requirements for the laboratory environment.
BACKGROUND

[0003] Since the outbreak of the Corona Virus Disease 2019 (Covid-19) pandemic in early
2020, virus testing laboratories (or biosafety laboratories) for virus testing and research have
also experienced serious shortages in addition to the huge demand for epidemic prevention
hospitals, shelter hospitals, and isolation places. Once a sudden infectious disease epidemic or
related event occurs, for example, when a new Covid-19 epidemic occurs, medical staffs need
to immediately reach the scene to collect relevant samples, which may include humans,
animals, environment, etc., and then transfer the relevant samples to a biosafety protection
laboratory (testing laboratory), in which the potential biological hazards (pathogens, toxins,
etc.) are detected and identified, so as to provide rapid laboratory diagnosis basis for the

anti-epidemic front line, thereby achieving rapid response and timely providing
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decision-making basis for epidemic prevention and control.

[0004] Currently, it is particularly important to develop the capability of constructing
large-scale and high-throughput temporary public health or clinical medical testing
laboratories in a short period of time. Most of the conventional testing laboratories adopt
prefabricated building structures, and a negative pressure system therein is required to treat
the polluted air, which in turn leads to high implementation costs, long construction periods,
difficulty in dismantling, as well as poor systematization and standardization of
manufacturing and operation methods. In addition, the conventional testing laboratories are
impossible to be packed and stored in advance, and a selection of a site thereof is also difficult.
Meanwhile, when rebuilding a set of new testing products in different places, a series of
measures must be taken to ensure a reliable testing quality. When the public health events and
medical testing requirements erupt on a large scale, the existing conventional virus testing
laboratories or biosafety laboratories obviously cannot meet the flexible and timely
construction requirements.

[0005] In addition, the conventional testing laboratory generally has a constant testing
throughput, requires a long time for transformation, and cannot be flexibly and temporarily

adjusted in response to different testing throughput requirements.

SUMMARY

[0006] The present disclosure aims to solve one of the above-mentioned technical
problems in the related art at least to a certain extent. For this purpose, the present disclosure
provides a fast-built testing laboratory for medical testing, which can be rapidly constructed in
an epidemic area and can also be rapidly adjusted according to a testing throughput, which is
beneficial to the prevention and control of the epidemic.

[0007] The fast-built testing laboratory for medical testing according to embodiments of
the present disclosure includes a plurality of cabins, cabins in the plurality of cabins being
fast-built cabins and the plurality of cabins forming one or more testing chains. Each of the
one or more testing chains includes: a sample unpacking zone; a sampling zone; a sample
extraction zone; and a nucleic acid amplification and testing zone. For each of the one or more

testing chains, extraction reagents required by the sample extraction zone and amplification
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reagents required by the nucleic acid amplification and testing zone are provided by a reagent
preparation zone. A cabin quantity of the plurality of cabins is adjustable to be adapted to a
testing throughput of the fast-built testing laboratory.

[0008] The fast-built testing laboratory for medical testing according to the embodiments
of the present disclosure can be quickly built at a target location, and thus the testing
laboratory can be put into use as soon as possible, which is conducive to the prevention and
control of clinical or public health epidemics. In addition, the testing throughput of the
fast-built testing laboratory can be flexibly changed by changing the number of cabins or
adjusting a distribution of the respective zones in the cabins.

[0009] According to some embodiments of the present disclosure, the cabin quantity of
the plurality of cabins is positively correlated with the testing throughput of the fast-built
testing laboratory.

[0010] According to some embodiments of the present disclosure, the fast-built testing
laboratory further includes a laboratory management system configured to manage sample
data in the plurality of cabins.

[0011] According to some embodiments of the present disclosure, the plurality of cabins
includes an unpacking cabin, a sampling cabin, an extraction cabin, an amplification cabin,
and a reagent preparation cabin; and the sample unpacking zone is provided in the unpacking
cabin, the sampling zone is provided in the sampling cabin, the sample extraction zone is
provided in the extraction cabin, the nucleic acid amplification and testing zone is provided in
the amplification cabin, and the reagent preparation zone is provided in the reagent
preparation cabin.

[0012] Optionally, the plurality of cabins includes an integrated unpacking and sampling
cabin; and the sample unpacking zone and/or the sampling zone is provided in the integrated
unpacking and sampling cabin, and the integrated unpacking and sampling cabin is
configured to supplement the unpacking cabin and/or the sampling cabin in quantity.

[0013] Further, the integrated unpacking and sampling cabin selectively serves as a
sample unpacking zone and/or a sampling zone depending on a sample unpacking progress
and a sampling progress as recorded in the laboratory management system.

[0014] According to some embodiments of the present disclosure, the cabin quantity of
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the plurality of cabins is sixteen, and the sixteen cabins include: a first unpacking cabin, a
second unpacking cabin, a third unpacking cabin, a fourth unpacking cabin, a first sampling
cabin, a second sampling cabin, a third sampling cabin, a forth sampling cabin, a first
extraction cabin, a second extraction cabin, a third extraction cabin, a fourth extraction cabin,
a first amplification cabin, a second amplification cabin, a reagent preparation cabin, and the
integrated unpacking and sampling cabin; the sixteen cabins form at least four testing chains:
a first testing chain including the first unpacking cabin, the first sampling cabin, the first
extraction cabin, and the first amplification cabin; a second testing chain including the second
unpacking cabin, the second sampling cabin, the second extraction cabin, and the first
amplification cabin; a third testing chain including the third unpacking cabin, the third
sampling cabin, the third extraction cabin, the second amplification cabin; and a fourth testing
chain including the fourth unpacking cabin, the fourth sampling cabin, the fourth extraction
cabin, and the second amplification cabin; the reagent preparation cabin is configured to
provide extraction reagents for the first to fourth extraction cabins and provide amplification
reagents for the first nucleic acid amplification and testing zone and the second nucleic acid
amplification and testing zone; and the integrated unpacking and sampling cabin is configured
to supplement the first to fourth unpacking cabins and/or the first to fourth sampling cabins in
quantity.

[0015] According to some embodiments of the present disclosure, a sample obtained in
the sample unpacking zone is marked with a sample code, and the laboratory management
system is configured to allow input of information of the sample only when the sample code
is verified.

[0016] According to some embodiments of the present disclosure, the laboratory
management system is a localized laboratory management system supporting a local working
mode, or a cloud platform laboratory management system supporting the local working mode
and a remote collaborative working mode.

[0017] According to some embodiments of the present disclosure, the laboratory
management system includes: a sample center, an experimental center, an analysis center, a
report center, and a statistics center. In the sample center, samples are received, registered, and

added with internal tracking numbers to form a package reception registration form. The
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experimental center includes the one or more testing chains, and in the experimental center,
sample unpacking, sampling, sample extraction, and amplification are performed and data
information generated in each process is recorded. The analysis center is configured to at least
analyze data in the nucleic acid amplification and testing zone. The report center is configured
to generate a report of a testing result of the nucleic acid amplification and testing zone. The
report center is configured to generate a report of a testing result of the nucleic acid
amplification and testing zone. The statistics center is configured to statistical obtain sample
testing progresses and sample testing results.

[0018] According to some embodiments of the present disclosure, the sample unpacking
zone and the sampling zone are located in different cabins or in a same cabin; the sampling
zone and the sample extraction zone are located in different cabins or in a same cabin; the
sample extraction zone and the reagent preparation zone are located in different cabins or in a
same cabin; and the nucleic acid amplification and testing zone is located in a different cabin
from any other zones.

[0019] According to some embodiments of the present disclosure, among the plurality of
cabins, a number of cabins corresponding zones requiring longer operation time is greater
than or equal to a number of cabins corresponding zones requiring shorter operation time.
[0020] According to some embodiments of the present disclosure, the plurality of cabins
is constructed as inflatable film structures, tents, containers, or any combination thereof.
[0021] According to some embodiments of the present disclosure, two adjacent cabins of
the plurality of cabins are configured to transfer materials there between through a transfer
unit.

[0022] According to some embodiments of the present disclosure, the fast-built testing
laboratory further includes a hazardous waste treatment system configured to treat medical
waste generated in the plurality of cabins into non-hazardous waste.

[0023] According to some embodiments of the present disclosure, each of the plurality of
cabins is a movable and fast-removable cabin.

[0024] According to some embodiments of the present disclosure, the fast-built testing
laboratory includes: at least one first throughput unit each including three cabins of the

plurality of cabins, the three cabins forming at least one of the one or more testing chains;
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and/or at least one second throughput unit each including four cabins of the plurality of cabins,
the four cabins forming at least one of the one or more testing chains; and/or at least one third
throughput unit each including five cabins of the plurality of cabins, the five cabins forming at
least one of the one or more testing chains; and/or at least one fourth throughput unit each
including eight cabins of the plurality of cabins, the eight cabins forming at least one of the
one or more testing chains.

[0025] Optionally, the fast-built testing laboratory is provided with different testing
throughputs by combining any one or more of the at least one first throughput unit, the at least
one second throughput unit, the at least one third throughput unit, or the at least one fourth
throughput unit.

[0026] Optionally, the fast-built testing laboratory includes one or more first throughput
units, one or more second throughput units, one or more third throughput units, and one or
more fourth throughput units.

[0027] According to some embodiments of the present disclosure, the three cabins in each
of the at least one first throughput unit include a first mixing cabin, a second mixing cabin,
and an amplification cabin; and the sample unpacking zone and the sampling zone are
provided in the first mixing cabin, the sample extraction zone and the reagent preparation
zone are provided in the second mixing cabin, and the nucleic acid amplification and testing
zone are provided in the amplification cabin.

[0028] According to some embodiments of the present disclosure, the four cabins in each
of the at least one second throughput unit include a first mixing cabin, a second mixing cabin,
a third mixing cabin, and an amplification cabin; and the sample unpacking zone and the
sampling zone are provided in the first mixing cabin, the sampling zone and the sample
extraction zone are provided in the second mixing cabin, the sample extraction zone and the
reagent preparation zone are provided in the third mixing cabin, and the nucleic acid
amplification and testing zone is provided in the amplification cabin.

[0029] According to some embodiments of the present disclosure, the five cabins in each
of the at least one third throughput unit include an unpacking cabin, a sampling cabin, an
extraction cabin, an amplification cabin, and a mixing cabin; and the sample unpacking zone

is provided in the unpacking cabin, the sampling zone is provided in the sampling cabin, the
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sample extraction zone is provided in the extraction cabin, the nucleic acid amplification and
testing zone is provided in the amplification cabin, and the sample extraction zone and the
reagent preparation zone are provided in the mixing cabin.

[0030] Optionally, the five cabins in each of the at least one third throughput unit include
an unpacking cabin, a sampling cabin, an extraction cabin, an amplification cabin, and a
mixing cabin; and the sample unpacking zone is provided in the unpacking cabin, the
sampling zone is provided in the sampling cabin, the sample extraction zone is provided in the
extraction cabin, the nucleic acid amplification and testing zone is provided in the
amplification cabin, and the sample extraction zone and the reagent preparation zone are
provided in the mixing cabin.

[0031] According to some embodiments of the present disclosure, the eight cabins in each
of the at least one fourth throughput unit include a first unpacking cabin, a second unpacking
cabin, a first sampling cabin, a second sampling cabin, a first extraction cabin, a second
extraction cabin, an amplification cabin, and a reagent preparation cabin; and the sample
unpacking zone is provided in the first unpacking cabin and the second unpacking cabin, the
sampling zone is provided in the first sampling cabin and the second sampling cabin, the
sample extraction zone is provided in the first extraction cabin and the second extraction
cabin, the nucleic acid amplification and testing zone is provided in the amplification cabin,
and the reagent preparation zone is provided in the reagent preparation cabin.

[0032] Optionally, the eight cabins in each of the at least one fourth throughput unit
include an unpacking cabin, a first sampling cabin, a second sampling cabin, a first extraction
cabin, a second extraction cabin, a first amplification cabin, a second amplification cabin, and
a mixing cabin; and the sample unpacking zone is provided in the unpacking cabin, the
sampling zone is provided in the first sampling cabin and the second sampling cabin, the
sample extraction zone is provided in the first extraction cabin and the second extraction
cabin, the nucleic acid amplification and testing zone is provided in the first amplification
cabin and the second amplification cabin, and the sample extraction zone and the reagent
preparation zone are provided in the mixing cabin.

[0033] The additional aspects and advantages of the present disclosure will be partly

given in the following description, and part of them will become obvious from the following
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description, or can be understood through the practice of the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIG. 1 is a schematic diagram of a first throughput unit according to an
embodiment;

[0035] FIG. 2 is a schematic diagram of a second throughput unit according to an
embodiment;

[0036] FIG. 3 is a schematic diagram of a third throughput unit according to an
embodiment;

[0037] FIG. 4 is a schematic diagram of a third throughput unit according to another
embodiment;

[0038] FIG. 5 is a schematic diagram of a fourth throughput unit according to an
embodiment;

[0039] FIG. 6 is a schematic diagram of a fourth throughput unit according to another
embodiment;

[0040] FIG. 7 is a schematic diagram of a testing throughput of 100,000 according to an
embodiment;

[0041] FIG. 8 is a schematic diagram of a testing throughput of 100,000 according to
another embodiment;

[0042] FIG. 9 is a schematic diagram of a testing throughput of 300,000 according to an
embodiment;

[0043] FIG. 10 is a schematic diagram of a testing chain with a testing throughput of
300,000 according to an embodiment;

[0044] FIG. 11 is a schematic diagram of quality control standards;

[0045] FIG. 12 is a schematic diagram of result evaluation criteria; and

[0046] FIG. 13 is a schematic diagram of an entire process of information flow
transmission with samples as a main line.

[0047] Reference numerals:

[0048] 1: sample unpacking zone; 2: sampling zone; 3: sample extraction zone; 4: nucleic

acid amplification and testing zone; 5: reagent preparation zone; 11: unpacking cabin; 12:
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sampling cabin; 13: extraction cabin; 14: amplification cabin; 15: reagent preparation cabin;

16: mixing cabin; 17: integrated unpacking and sampling cabin.

DESCRIPTION OF EMBODIMENTS

[0049] Embodiments of the present disclosure are described in detail below. Examples of
the embodiments are illustrated in the accompanying drawings, throughout which the same or
similar reference numerals represent the same or similar elements or elements with the same
or similar functions. The embodiments described below with reference to the drawings are
illustrative, and are intended to explain rather than limit the present disclosure.

[0050] In the present disclosure, it should be understood that terms "length”, "width",
"upper”, "lower", "front", "rear", "left", "right", "top", "bottom", "inner", "outer", etc. indicate
orientation or positional relationships based on the orientation or positional relationships
shown in the drawings, and are only for the convenience of description and simplifying the
description, rather than indicating or implying that a designated device or component must
have a specific orientation or must be constructed and operated in a specific orientation. In
this regard, these terms cannot be understood as limitations to the present disclosure.

[0051] In addition, terms "first" and "second" are merely used for descriptive purposes,
and cannot be understood as indicating or implying relative importance or implicitly
indicating the number of indicated technical features. Thus, the features defined with “first”
and “second” may explicitly or implicitly include one or more of these features. In the present
disclosure, “plurality of” means at least two, for example, two, three, etc., unless otherwise
specifically defined.

[0052] A fast-built testing laboratory for medical testing according to the embodiments of
the present disclosure is described in detail below with reference to FIG. 1 to FIG. 13.

[0053] Referring to FIG. 1 to FIG. 10, the fast-built testing laboratory for medical testing
according to the embodiments of the present disclosure can include a plurality of cabins. The
cabins are fast-built cabins. The plurality of cabins forms one or more testing chains. Each
testing chain includes: a sample unpacking zone 1, a sampling zone 2, a sample extraction
zone 3, a nucleic acid amplification and testing zone 4. In the sample unpacking zone 1, a

sample package can be unpacked and inactivated. In the sampling zone 2, the sample can be
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transferred to a plate. In the sample extraction zone 3, virus, nucleic acid and other test
substances in the sample can be extracted. In the nucleic acid amplification and testing zone 4,
the extracted virus, nucleic acid and other test substances can be amplified.

[0054] For each testing chain, extraction reagents required by the sample extraction zone
3 and amplification reagents required by the nucleic acid amplification and testing zone 4 are
provided by a reagent preparation zone 5. The extraction reagents are used to extract the virus,
nucleic acid and other test substances from the sample, and the amplification reagents are
used to amplify the extracted virus, nucleic acid and other test substances. The reagent
preparation zone 5 serves as a zone for providing reagents and is arranged inside the fast-built
testing laboratory, and the reagent preparation zone 5 may be close to the sample extraction
zone 3 and the nucleic acid amplification and testing zone 4, which facilitates the rapid
transfer of the extraction reagents and the amplification reagents to the corresponding sample
extraction zone 3 and nucleic acid amplification and testing zone 4. In addition, the reagent
preparation zone 5 provides the extraction reagents and the amplification reagents, which can
reduce the difference in reagents used in the respective cabins and facilitate source tracing of
the reagents.

[0055] In some alternative embodiments, according to the requirements on laboratory
testing quality and management system, a dedicated cabin can also be provided to complete
the verification, re-check, and retest operation of the sample.

[0056] Samples and information of each testing chain are only transferred within the
testing chain by an exclusive transfer personnel, thereby avoiding chaos that may occur in a
case of a large sample volume.

[0057] Instruments, devices, etc. required for the respective steps can be placed in the
sample unpacking zone 1, the sampling zone 2, the sample extraction zone 3, the nucleic acid
amplification and testing zone 4, and the reagent preparation zone 5. As an optional
embodiment, configurations of the instruments and devices in the zones are listed in Table 1:
[0058] [Table 1] Device configurations of sample unpacking zone 1, the sampling zone 2,
the sample extraction zone 3, the nucleic acid amplification and testing zone 4, the reagent

preparation zone 5

10



Number of

_ Nur_nber of _ devices
Spatial Name of key devices for Spatial N .
function devices verification function ame of key devices _fgr .
verificatio
scheme n scheme
Biosafety cabinet 4 Biosafety cabinet 6
General 4 General experiment 2
experiment table table
Sample High-pressure 1 . High-pressure 1
unpacking sterilizer Sampling sterilizer
zone 1 Barcode scanner 4 zone 2 Printer 1
Printer 1 Barcode printer 1
Barcode printer 1 Barcode scanner 1
Laptop 5 Laptop 1
MGISP-960 MGISP-960
(including 7 (including 6
computer) computer)
Equipment table 7 Equipment table 6
General General experiment
Sample experiment table . Reagent tabllz !
extraction Vertical preparation

zone 3 refrigerator 1 zone 5 Vertical refrigerator 1

High-pressure High-pressure

- 1 I 1
sterilizer sterilizer
Barcode scanner 1 Barcode scanner 1
Laptop 1 Laptop 1
PCR machine
(including 34
computer)
Nucleic acid Three-tier shelf 6
amplification General 3
and testing experiment table
zone 4 Vertical 1
refrigerator
Laptop 1
[0059] In some other embodiments, in order to maximize the use of the space in the

cabins and enhance the testing throughput, the high-pressure sterilizer may be not provided
inside the cabins, but provided collectively at a special position and managed by a dedicated
person.

[0060] The cabin quantity of the plurality of cabins is adjustable to be adapted to a testing
throughput of the fast-built testing laboratory. For example, the testing throughput of the
fast-built testing laboratory is designed based on the severity of the Covid-19 epidemic, and
the number of cabins is adjusted according to the testing throughput of the fast-built testing

laboratory, allowing the number of cabins to match the testing throughput of the fast-built
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testing laboratory. In other words, according to the requirements on the testing throughput of a
large-scale laboratory, the above-mentioned sample unpacking zone 1, sampling zone 2,
sample extraction zone 3, nucleic acid amplification and testing zone 4, and reagent
preparation zone 5 are arbitrarily combined by taking the cabin as unit, and proportions of the
respective functional cabins are flexibly adjusted, to reach the optimal throughput and
productivity of the laboratory.

[0061] The outbreak of epidemic is very sudden. Taking the sudden Covid-19 outbreak as
an example, it is difficult to predict the city where the epidemic will break out. Once the
epidemic breaks out, it is necessary to quickly establish nucleic acid testing laboratories at the
outbreak site. The fast-built testing laboratory for medical testing according to the
embodiments of the present disclosure can be used as a temporary emergency facility, which
can be rapidly and flexibly constructed at different target locations (where the epidemic
occurs), and a P2 or P2+ level laboratory can be built in a few days, which can save the time
of constructing a testing laboratory and enable the testing laboratory to be putted into use as
soon as possible. In this way, the time for testing and identifying relevant samples can be
shorten, which is conducive to the prevention and control of clinical or public health
epidemics. In addition, the number of cabins or adjusting a distribution of respective
functional zones in the cabins (i.e., the sample unpacking zone 1, the sampling zone 2, the
sample extraction zone 3, the nucleic acid amplification and testing zone 4, and the reagent
preparation zone 5) can be changed to adapt to the testing processes of different technical
routes and flexibly change the testing throughput of the fast-built testing laboratory.
Furthermore, the fast-built testing laboratory also has extremely high flexibility and strong
environmental adaptability. It is not only suitable for various indoor places, but also resistant
to all kinds of outdoor wind, frost, rain and snow weathers, and is of great significance for the
sudden public health and clinical testing needs, epidemic prevention and control, large
population molecular testing or nucleic acid testing, etc.

[0062] The fast-built testing laboratory has good airtightness, and is equipped with a
high-efficiency fresh air filtration system. The air passing through an air inlet and an air outlet
is subjected to a high-efficiency filtration, and the air is discharged after harmless disposal,

thereby ensuring the cleanliness of the air inside and outside the cabin. In this way, it is
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guaranteed that the temperature and humidity in the cabins meet the requirements.

[0063] A sample management zone, a warehouse and material transfer zone, a waste
treatment zone, an IT storage zone, a data analysis office zone and other auxiliary zones may
be provided outside the sample unpacking zone 1, the sampling zone 2, the sample extraction
zone 3, the nucleic acid amplification and testing zone 4, and the reagent preparation zone 5,
so as to support smooth progresses of works in the sample unpacking zone 1, the sampling
zone 2, the sample extraction zone 3, the nucleic acid amplification and testing zone 4, and
the reagent preparation zone 5 from the outside. The auxiliary zones may be provided in some
cabins, or in additional rooms outside the cabins.

[0064] In some embodiment of the present disclosure, the number of the plurality of
cabins is positively correlated with the testing throughput of the fast-built testing laboratory.
In other words, the testing throughput of the fast-built testing laboratory can be enhanced by
increasing the number of cabins, so as to accelerate the testing.

[0065] The fast-built testing laboratory further includes a laboratory management system,
and the laboratory management system is configured to manage sample data in the plurality of
cabins.

[0066] In some embodiment of the present disclosure, the plurality of cabins includes: an
unpacking cabin 11, a sampling cabin 12, an extraction cabin 13, an amplification cabin 14,
and a reagent preparation cabin 15. The sample unpacking zone 1 is provided in the
unpacking cabin 11, the sampling zone 2 is provided in the sampling cabin 12, the sample
extraction zone 3 is provided in the extraction cabin 13, the nucleic acid amplification and
testing zone 4 is provided in the amplification cabin 14, and the reagent preparation zone 5 is
provided in the reagent preparation cabin 15. In the embodiment as illustrated in FIG. 9 and
FIG. 10, in view of the correspondence relationship between the cabins and the functional
zones, each cabin has one single zone. That is, only the sample unpacking zone 1 is provided
in the unpacking cabin, only the sampling zone 2 is provided in the sampling cabin, only the
sample extraction zone 3 is provided in the extraction cabin, only the nucleic acid
amplification and testing zone 4 is provided in the amplification cabin, and only the reagent
preparation zone 5 is provided in the reagent preparation cabin.

[0067] Of course, it should be noted that the cabins may be provided with other auxiliary
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zones inside in addition to the functional zones, for example, a disinfection zone, a waste
disposal zone, etc., which will not be individually listed herein. “Only the sample unpacking
zone 1 is provided in the unpacking cabin” should be construed as that only one functional
zone (i.e., the sample unpacking zone 1) is provided in the unpacking cabin, and other
functional zones such as the sampling zone 2, the sample extraction zone 3, the nucleic acid
amplification and testing zone 4, and the reagent preparation zone 5 are not provided in the
unpacking cabin. Other similar expressions shall be construed in the same way, and are not
individually explained herein.

[0068] Optionally, as illustrated in FIG. 9 and FIG. 10, the fast-built testing laboratory
further includes an integrated unpacking and sampling cabin 17; the sample unpacking zone 1
and/or the sampling zone 2 are provided in the integrated unpacking and sampling cabin 17;
the integrated unpacking and sampling cabin 17 is configured to supplement the unpacking
cabin and/or the sampling cabin in quantity. In other words, according to the requirements on
the testing throughput of the fast-built testing laboratory, the integrated unpacking and
sampling cabin 17 can optionally serve as the unpacking cabin and/or the sampling cabin, so
as to accelerate the unpacking and/or sampling.

[0069] The testing laboratory illustrated in FIG. 9 and FIG. 10 includes sixteen cabins in
total. The sixteen cabins include: first to fourth unpacking cabins, first to fourth sampling
cabins, first to fourth extraction cabins, first to second amplification cabins, a reagent
preparation cabin, and an integrated unpacking and sampling cabin. The sixteen cabins form
at least four testing chains, i.e., a testing chain 1 including an unpacking A cabin 111, a
sampling B cabin 121, an extraction C cabin 131, and an amplification E cabin 141; a testing
chain 2 including an unpacking F cabin 112, a sampling G cabin 122, an extraction D cabin
132, and an amplification E cabin 141; a testing chain 3 including an unpacking H cabin 113,
a sampling L cabin 123, an extraction M cabin 133, and an amplification R cabin 142; and a
testing chain 4 including an unpacking O cabin 114, a sampling P cabin 124, an extraction Q
cabin 134, and an amplification R cabin 142.

[0070] A reagent preparation N cabin 15 is configured to provide extraction reagents for
the extraction C cabin 131, the extraction D cabin 132, the extraction M cabin 133, and the

extraction Q cabin 134, and provide amplification reagents for the amplification E cabin 141
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and the amplification R cabin 142.

[0071] An integrated unpacking and sampling S cabin 17 is configured to supplement the
first to fourth unpacking cabins 111 to 114 and/or the first to fourth sampling cabins 121 to
124. In other words, the sample unpacking zone 1 and/or the sampling zone 2 may be
optionally provided in the integrated unpacking and sampling S cabin 17.

[0072] In addition, a specific zone, responsible for sampling operations of all samples that
are required to be re-extracted and re-amplified, may be provided in the sampling G cabin
122.

[0073] Further, the integrated unpacking and sampling cabin 17 optionally serves as the
sample unpacking zone 1 and/or the sampling zone 2 based on a sample unpacking progress
and a sampling progress that are recorded in the laboratory management system. That is, by
querying the sample unpacking progress and the sampling progress recorded in the laboratory
management system, the speeds of unpacking and sampling can be known timely. When the
speed of sample unpacking is relatively slow, the integrated unpacking and sampling cabin 17
can serve as the sample unpacking zone 1. When the speed of sampling is relatively slow, the
integrated unpacking and sampling cabin 17 can serve as the sampling zone 2. When the
speed of sample unpacking is basically the same as the speed of sampling, a part of the
integrated unpacking and sampling cabin 17 can serve as the sample unpacking zone 1, and
the other part of the integrated unpacking and sampling cabin 17 can serve as the sampling
zone 2.

[0074] In some embodiment of the present disclosure, a sample obtained in the sample
unpacking zone 1 is marked with a sample code, and the laboratory management system is
configured to allow an input of sample information only when the sample code is verified.
[0075] Specifically, in order to ensure the accuracy and safety of transmission of a
laboratory testing information flow, settings can be made when the sample code is inputted.
Further, in order to protect personal information from being leaked, the sample code is used as
a unique identification in the entire testing process, without leaking any personal information.
[0076] In some embodiment of the present disclosure, the sample code is in a form of a
9-digit code + a 1-digit check code, the first digit is an English letter, which represents a name

of an organization, and the following 9 digits vary with different sample tubes. The
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calculation of the check code is explained by taking the code “B43819206” as an example.
"B" represents the BGI GENOMICS CO., LTD.,
10>2(B=2)+9>4+8>3+7>8+6 <1 +5>0+42+3>0+2>6=207, then 207 is divided by 11 to
obtain a remainder, 9, a check number=11-9(remainder)= 2, and thus the complete code of the
sample is B438192062. If the obtained check number is “10”, “A” is used to represent the
check number; and if the remainder after the division by 11 is 0, then the check number is 0.
The laboratory management system will check the uniqueness of the sample code, and only
the sample information meeting the rules can be inputted, thereby preventing the unknown
and abnormal source samples from entering the testing process.

[0077] Subsequently, the code information transmission of a single sample is switched to
96-well plate information transmission. That is, every 96 reactions are arranged in one task
list, and the 96 reactions include 92 test samples, 2 negative controls, 1 positive control, and 1
blank control. The task list follows such a coding rule: place name + date + a name of an
unpacking cabin + a 3-digit serial number name, and if digits of the serial number are less
than 3 digits, 0 can be made up, such as ZS-0901-A-001. When multiple samples are mixed to
be tested, the samples need to be mixed on a pooling plate. The Pooling plate follows such a
coding rule: place name + date + a name of an extraction cabin + P plus 3 digits serial number
name, and if digits of the serial number are less than 3 digits, O can be made up, for example,
ZS-0901-C-P001.

[0078] In some embodiment of the present disclosure, the laboratory management system
is a localized laboratory management system or a cloud platform laboratory management
system. The localized laboratory management system supports a local working mode, can
realize a physical isolation, and can customize data access authority and information security
protocol. The cloud platform laboratory management system supports a local working mode
and a remote collaborative working mode. The cloud platform laboratory management system
needs to use a cloud platform to realize data information management. With the increase of
testing volume, when the data volume in the middle and late stages rises rapidly, a volume
expansion load plan for the cloud platform is adopted to ensure a rapid transfer of data and
information. In addition, cloud-native full-link encryption is used to protect data to ensure

data security on the cloud. Further, the cloud platform laboratory management system can
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also use resources flexibly. Furthermore, an automatic data backup processing can be
performed on the cloud, which further guarantees data security.

[0079] That is, the laboratory management system of the fast-built testing laboratory can
be deployed offline, supporting offline production and use, and it can manage the whole
process information of the experiments, ensure smooth information transfer and data security.
The laboratory management system can also be used on the cloud, so as to facilitate the
unified management and data exchange of the fast-built testing laboratories in various
regions.

[0080] When data of the fast-built testing laboratory is delivered, the system supports a
manual delivery mode of locally exporting an Excel file, and also supports an API delivery
mode, which can be connected to other local laboratory management systems to automatically
transmit data.

[0081] In some embodiment of the present disclosure, the laboratory management system
includes a sample center, an experimental center, an analysis center, a report center, and a
statistics center. In the sample center, a sample is received, registered, and added with an
internal tracking number to form a package reception registration form. The experimental
center includes the testing chains, and in the experimental center, sample unpacking, sampling,
sample extraction, and amplification are performed and data information generated in each
process is recorded. The analysis center is configured to at least analyze data in the nucleic
acid amplification and testing zone 4. The report center is configured to generate a report of a
testing result of the nucleic acid amplification and testing zone 4. The statistics center is
configured to statistically calculate sample testing progresses and sample testing results, and
the statistical data can be retrieved from the statistics center every 2 hours to obtain data such
as the number of samples received, the number of unpackings, the number of samples, the
number of extractions, the number of amplifications, and the number of data analysis. The
data can help the coordinator to pay close attention to the progress of the experiments at any
time, and monitor the efficiency of the experiment of each cabin, ensuring that problems can
be found and solved in time. If an abnormality occurs, the actual sample tube or task list can
be found and reconfirmed by tracing the information source.

[0082] The transfer of data information among the sample unpacking zone 1, the sampling
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zone 2, the sample extraction zone 3, the nucleic acid amplification and testing zone 4, and
the reagent preparation zone 5 can be achieved through the laboratory management system.
[0083] Data of all experimental processes is collectively processed in the laboratory
management system, and experimenters record data, retrieve data, manage experimental
progresses, and trace information in the laboratory management system. Each experimenter
has a unique account. A person in charge of the laboratory assigns the accounts and sets user
permissions. Personnel in different posts can only see relevant data information required by
their posts, thereby preventing data from being tampered or leaked at will.

[0084] FIG. 13 illustrates a schematic diagram of an entire process of information flow
transmission with samples as the main line. Samples are first received, registered and added
with internal tracking numbers in the sample center. This step generates a package reception
registration form. A sample delivery box number, a seal number, the internal tracking numbers,
and the number of the samples are required to be filled into the registration form. The package,
after being registered, will be transferred to the sample unpacking zone 1 for unpacking and
scheduling, and meanwhile, the sample information is inputted in the laboratory management
system. This step can check whether the number of samples with the corresponding internal
tracking number is correct. After the scheduling, a task list is generated and a task list code is
assigned to the task list. The task list has a check formula, in order to check whether the
sample code conforms to the following rules: the sample code has 10 digits, starting with a
capital letter B, and the last digit can be a number or capital letter. If the sample code fails to
conform to the rules, it is necessary to check whether the inputted sample code is wrong. A
paper sheet of the task list will be generated and transferred to a subsequent step. In the
sampling step, a barcode of the task list code is required to be pasted on the paper sheet, to
check whether the task list code is consistent with the sample tube code, thereby preventing
code or position mistakes caused by errors in the scheduling. In the meantime, the real-time
sampling registration form is registered to confirm whether the sampling has been completed.
After the sampling is completed, the paper sheet and sample deep-well plates are transferred
to the sample extraction zone 3. Regarding the samples for pool testing, 3 sample plates are
pooled and mixed in the sample extraction zone 3, and then the mixed samples are extracted.

In this step, the task list codes of 3 pooling plates are scanned and inputted in an extraction
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functional module of the system. The system generates post-pooling plate codes and matches
information of the four plate codes, and the corresponding 3 paper sheets are bound and
pasted with barcode of the post-pooling plate codes, extraction reagent batches, and
QPCRmix reagent batches. After the extraction is completed, the extracted information is
automatically online synchronized to the amplification step. The extracted nucleic acid is
mixed with QPCRmix and transferred with the bound paper sheets to the nucleic acid
amplification and testing zone 4. In the nucleic acid amplification and testing zone 4, a QPCR
task schedule is required to be registered, and at the same time, it is checked whether the task
list code is consistent with the online electronic task list code. After the amplification is
completed, the analysis center will analyze the results and generate the test results of each
sample. The result information will be stored in the online system. After the results are
confirmed to be correct, the data coordinator can issue a sample destruction instruction. After
receiving the destruction instruction, the sample center will package the samples to be
destroyed and deliver them to the on-site team to complete the final destruction. The report
center sends the sample results to the government.

[0085] In the entire process, each step can check whether the information generated in the
previous step is accurate, so as to effectively find problems and promptly report the problems
to a superior for solution. In every important step, such as sampling, extraction, or other
error-prone steps, two people perform double-check to reduce errors caused by manual
operations. In addition, paper sheets, such as a task list, a transfer and delivery form, a reagent
preparation form, and a computer record form, are generated. On the one hand, the paper
sheets facilitate the information check in the subsequent processes, and on the other hand,
original records can be reserved to trace the source and correct the information errors that may
be caused by mis-operation of the electronic record sheets. In addition, when the sample
codes and plate codes are inputted into the online system, the field rules will also be checked.
The codes failing to conform to the rules cannot be input into the system, thereby preventing
result errors caused by code errors.

[0086] As illustrated in FIG. 1 to FIG. 10, in some embodiment of the present disclosure,
the sample unpacking zone 1 and the sampling zone 2 are located in different cabins or in the

same cabin; the sampling zone 2 and the sample extraction zone 3 are located in different
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cabins or in the same cabin; the sample extraction zone 3 and the reagent preparation zone 5
are located in different cabins or in the same cabin; and the nucleic acid amplification testing
zone 4 is located in a cabin different from the other zones.

[0087] As illustrated in FIG. 1, the sample unpacking zone 1 and the sampling zone 2 are
located in the same cabin (mixing cabin 161), the sample extraction zone 3 and reagent
preparation zone 5 are located in the same cabin (mixing cabin 162). As illustrated in FIG. 2,
the sample unpacking zone 1 and the sampling zone 2 are located in the same cabin (mixing
cabin 161), the sampling zone 2 and the sample extraction zone 3 are located in the same
cabin (mixing cabin 162), and the sample extraction zone 3 and the reagent preparation zone 5
are located in the same cabin (mixing cabin 163). As illustrated in FIG. 4, FIG. 6, and FIG. 8,
the sample extraction zone 3 and reagent preparation zone 5 are located in the same cabin
(mixing cabin 16). As illustrated in FIG. 7, the sample unpacking zone 1 and the sampling
zone 2 are located in the same cabin (mixing cabin 16). In FIG. 1 to FIG. 9, one single
functional zone is provided in each of the cabins except for the mixing cabin 16. For example,
only the sample unpacking zone 1 is provided in the unpacking cabin 11, only the sampling
zone 2 is provided in the sampling cabin 12, only the sample extraction zone 3 is provided in
the extraction cabin 13, only the nucleic acid amplification and testing zone 4 is provided in
the amplification cabin 14, and only the reagent preparation zone 5 is provided in the reagent
preparation cabin 15.

[0088] As illustrated in FIG. 1 to FIG. 10, the nucleic acid amplification and testing zone
4 is located in a different cabin from the sample unpacking zone 1, the sampling zone 2, the
sample extraction zone 3, and the reagent preparation zone 5. Since the nucleic acid
amplification and testing zone 4 requires performing an exponential amplification on a
product to be tested, if the product to be tested is a hazardous substance, it is likely to cause
leakage and personnel infection accidents. Therefore, the nucleic acid amplification and
testing zone 4 is provided in a separate cabin, which is conducive to the use safety of the
fast-built testing laboratory.

[0089] In some embodiment of the present disclosure, a number of cabins corresponding
to a zone for a step requiring longer time is greater than or equal to a number of cabins

corresponding a zone for a step requiring shorter time. In other words, the zone for a step
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requiring longer time has a slower progress. By increasing the number of the cabins
corresponding to the zone for a step requiring longer time, the efficiency of the step can be
improved. For example, the speeds of unpacking and sampling are relatively slow, by
increasing the number of sample unpacking zones 1 and the number of sampling zones 2, the
unpacking and the sampling can be speeded up, so as to provide sufficient sample volume for
the subsequent sampling and amplification, thereby ensuring the smooth testing process
without interruption.

[0090] In some embodiment of the present disclosure, the plurality of cabins is
constructed as inflatable film structures, tents, containers, or combinations thereof. The
inflatable film structures and the tents can be folded for transportation, and after the testing is
completed, they can be quickly dismantled and transported to other places for use. The
containers can also be designed as foldable or drawing-type containers, which are convenient
to be transported to other places after being dismantled. A single cabin has the advantages of
moderate volume and easy transportation. The number of cabins can be changed arbitrarily
according to the requirements, in order to realize the flexible arrangement of the testing
laboratory. Undoubtedly, with the development of the technology, the cabin may also be
developed into a fast-built cabin in other forms.

[0091] In some embodiment of the present disclosure, every two adjacent cabins of the
plurality of cabins are adapted to transfer materials there between through a transfer unit. The
delivery unit can be a delivery box. For example, the virus, nucleic acid and other test
substances extracted in the sample extraction zone 3 can be delivered to the nucleic acid
amplification and testing zone 4 via the transfer unit, without requiring the experimenter to
enter the nucleic acid amplification and testing zone 4 from the sample extraction zone 3,
thereby reducing the flow of personnel. Thus, the safety of the testing process can be
improved and the time for personnel walking is saved, thereby improving the testing
efficiency.

[0092] In some embodiment of the present disclosure, the fast-built testing laboratory
further includes a hazardous waste treatment system. The hazardous waste treatment system is
configured to treat medical waste generated in the cabins into non-hazardous waste, and then

discharge the harmless solid waste, waste water, etc. out of the laboratory.
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[0093] In some embodiment of the present disclosure, the cabins are movable and
fast-removable cabins. In this way, when the epidemic in the target place is eliminated, the
laboratory can be dismantled into the smallest cabins, and then the cabins can be transported
to a new target site, which is conducive to the reuse of respective devices. After the laboratory
is dismantled, the occupied space is released and thus can be re-used.

[0094] In some embodiments of the present disclosure, the fast-built testing laboratory
include: at least one first throughput unit, each including three cabins, the three cabins
forming at least one testing chain; and/or at least one second throughput unit, each including
four cabins, the four cabins forming at least one testing chain; and/or at least one third
throughput unit, each including five cabins, the five cabins forming at least one testing chain;
and/or at least one fourth throughput unit, each including eight cabins, the eight cabins
forming at least one testing chain.

[0095] In a specific embodiment, the first throughput unit can reach a testing throughput
of 10,000 per day, the second throughput unit can reach a testing throughput of 20,000 per day;,
the third throughput unit can reach a testing throughput of 30,000 per day, and the fourth
throughput unit can reach a testing throughput of 50,000 per day.

[0096] As illustrated in FIG. 1, the first throughput unit includes three cabins, i.e., a first
mixing cabin 161, a second mixing cabin 162, and an amplification cabin 14. In view of a
correspondence relationship between the cabins and the functional zones, the sample
unpacking zone 1 and the sampling zone 2 are provided in the first mixing cabin 161; the
sample extraction zone 3 and the reagent preparation zone 5 are provided in the second
mixing cabin 162; and only the nucleic acid amplification and testing zone 4 is provided in
the amplification cabin 14. These three cabins, i.e., the first mixing cabin 161, the second
mixing cabin 162, and the amplification cabin 14 form one testing chain. A flow direction of
samples, a flow direction of personnel and materials, and a flow direction of waste each can
be: the first mixing cabin 161 — the second mixing cabin 162 — the amplification cabin
14.

[0097] As illustrated in FIG. 2, the second throughput unit includes four cabins: a first
mixing cabin 161, a second mixing cabin 162, a third mixing cabin 163, and an amplification

cabin 14. In view of a correspondence relationship between the cabins and the functional
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zones, the sample unpacking zone 1 and the sampling zone 2 are provided in the first mixing
cabin 161, the sampling zone 2 and the sample extraction zone 3 are provided in the second
mixing cabin 162, the sample extraction zone 3 and reagent preparation zone 5 are provided
in the third mixing cabin 163, and only the nucleic acid amplification and testing zone 4 is
provided in the amplification cabin 14. These four cabins, i.e., the first mixing cabin 161, the
second mixing cabin 162, the third mixing cabin 163, and the amplification cabin 14 form at
least one testing chain. A flow direction of samples, a flow direction of personnel and
materials, and a flow direction of waste each can be as follow: the first mixing cabin 161 —
the second mixing cabin 162 — the third mixing cabin 163 — the amplification cabin 14.
[0098] As illustrated in FIG. 3, the third throughput unit according to a first embodiment
includes five cabins: an unpacking cabin 11, a sampling cabin 12, an extraction cabin 13, an
amplification cabin 14, and a reagent preparation cabin 15. In view of a correspondence
relationship between the cabins and the functional zones, only the sample unpacking zone 1 is
provided in the unpacking cabin 11, only the sampling zone 2 is provided in the sampling
cabin 12, only the sample extraction zone 3 is provided in the extraction cabin 13, only the
nucleic acid amplification and testing zone 4 is provided in the amplification cabin 14, and
only the reagent preparation zone 5 is provided in the reagent preparation cabin 15. A flow
direction of samples, a flow direction of personnel and materials, and a flow direction of
waste each can be as follow: the unpacking cabin 11 — the sampling cabin 12 — the
extraction cabin 13 — the amplification cabin 14. These five cabins form one testing chain:
the unpacking A cabin 11 — the sampling B cabin 12 — the extraction C cabin 13 — the
amplification D cabin 14.

[0099] As illustrated in FIG. 4, the third throughput unit according to a second
embodiment includes five cabins: an unpacking cabin 11, a sampling cabin 12, an extraction
cabin 13, an amplification cabin 14, and a mixing cabin 16. In view of a correspondence
relationship between the cabins and the functional zones, only the sample unpacking zone 1 is
provided in the unpacking cabin 11, only the sampling zone 2 is provided in the sampling
cabin 12, only the sample extraction zone 3 is provided in the extraction cabin 13, only the
nucleic acid amplification and testing zone 4 is provided in the amplification cabin 14, and the

sample extraction zone 3 and the reagent preparation zone 5 are provided in the mixing cabin
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16. A flow direction of samples, a flow direction of personnel and materials, and a flow
direction of waste each can be as follow: the unpacking cabin 11 — the sampling cabin 12 —
the extraction cabin 13 — the mixing cabin 16 — the amplification cabin 14. These five
cabins at least form one testing chain: the unpacking A cabin 11 — the sampling B cabin 12 —
the extraction C cabin 13 — the amplification E cabin 14. In addition, some of the operations
in the extraction C zone can be performed in the extraction D zone.

[0100]  As illustrated in FIG. 5, the fourth throughput unit according to a first embodiment
includes eight cabins: a first unpacking cabin 111, a second unpacking cabin 112, a first
sampling cabin 121, a second sampling cabin 122, a first extraction cabin 131, a second
extraction cabin 132, an amplification cabin 14, and a reagent preparation cabin 15. In view of
a correspondence relationship between the cabins and the functional zones, only the sample
unpacking zone 1 is provided in the first unpacking cabin 111 and the second unpacking cabin
112, only the sampling zone 2 is provided in the first sampling cabin 121 and the second
sampling cabin 122, only the sample extraction zone 3 is provided in the first extraction cabin
131 and the second extraction cabin 132, only the nucleic acid amplification and testing zone
4 is provided in the amplification cabin 14, and only the reagent preparation zone 5 is
provided in the reagent preparation cabin 15. These eight cabins form two testing chains, i.e.,
a testing chain 1 including the unpacking Al cabin 111, the sampling B1 cabin 121, the
extraction C1 cabin 131, and the amplification D2 cabin 14; and a testing chain 2 including
the unpacking A2 cabin 112, the sampling B2 cabin 122, the extraction C2 cabin 132, and the
amplification D2 cabin 14.

[0101] As illustrated in FIG. 6, the fourth throughput unit according to a second
embodiment includes eight cabins: an unpacking cabin 11, a first sampling cabin 121, a
second sampling cabin 122, a first extraction cabin 131, a second extraction cabin 132, a first
amplification cabin 141, a second amplification cabin 142, and a mixing cabin 16. In view of
a correspondence relationship between the cabins and the functional zones, only the sample
unpacking zone 1 is provided in the unpacking cabin 11, only the sampling zone 2 is provided
in the first sampling cabin 121 and the second sampling cabin 122, only the sample extraction
zone 3 is provided in the first extraction cabin 131 and the second extraction cabin 132, only

the nucleic acid amplification and testing zone 4 is provided in the first amplification cabin
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141 and the second amplification cabin 142, and the sample extraction zone 3 and the reagent
preparation zone 5 are provided in the mixing cabin 16. These eight cabins at least form two
testing chains, i.e., a testing chain 1 including the unpacking A cabin 11, the sampling B1
cabin 121, the extraction C1 cabin 131, and the amplification E1 cabin 141; and a testing
chain 2 including the unpacking A cabin 11, the sampling B2 cabin 122, the extraction C2
cabin 132, and the amplification E2 cabin 142. In addition, some of the operations in the
extraction C1 zone and the extraction C2 zone can be performed in the extraction D zone.
[0102] The laboratory shown in FIG. 7 is formed by splicing the fourth throughput unit of
FIG. 5 and is a laboratory with a testing throughput twice that of the fourth throughput unit,
i.e., 100,000 per day. The types of functional zones in respective cabins may vary. For
example, the sample unpacking zone 1 and the sampling zone 2 are provided in the mixing
cabin 16. The laboratory includes sixteen cabins, i.e., unpacking cabins 111 to 114, sampling
cabins 121 to 124, extraction cabins 131 to 134, amplification cabins 141 to 142, a reagent
preparation cabin 15, and a mixing cabin 16. Only the sample unpacking zone 1 is provided in
the unpacking cabins 111 to 114; only the sampling zone 2 is provided in the sampling cabins
121 to 124; only the sample extraction zone 3 is provided in the extraction cabins 131 to 134;
only the nucleic acid amplification and testing zone 4 is provided in the amplification cabins
141 to 142; only the reagent preparation zone 5 is provided in the reagent preparation cabin
15; and the sample unpacking zone 1 and the sampling zone 2 are provided in the mixing
cabin 16. These sixteen cabins at least form four testing chains, i.e., a testing chain 1
including the unpacking Al cabin 111, the sampling B1 cabin 121, the extraction C1 cabin
131, and the amplification D1 cabin 141; a testing chain 2 including the unpacking A2 cabin
112, the sampling B2 cabin 122, the extraction C2 cabin 132, and the amplification D1 cabin
141; a testing chain 3 including the unpacking A3 cabin 113, the sampling B3 cabin 123, the
extraction C3 cabin 133, and the amplification D2 cabin 142; and a testing chain 4 including
the unpacking A4 cabin 114, the sampling B4 cabin 124, the extraction C4 cabin 134, and the
amplification D2 cabin 142. In addition, some of the operations in the unpacking Al cabin
111, the unpacking A2 cabin 112, the sampling B1 cabin 121, and the sampling B2 cabin 122
can be performed in the unpacking and sampling E zone (the mixing cabin 16).

[0103] FIG. 8 is another layout of the laboratory with a testing throughput of 100,000, and
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the laboratory includes sixteen cabins, i.e., unpacking cabins 111 to 114, sampling cabins 121
to 124, extraction cabins 131 to 135, amplification cabins 141 to 142, and a mixing cabin 16.
Only the sample unpacking zone 1 is provided in the unpacking cabins 111 to 114; only the
sampling zone 2 is provided in the sampling cabins 121 to 124; only the sample extraction
zone 3 is provided in the extraction cabins 131 to 135; only the nucleic acid amplification and
testing zone 4 is provided in the amplification cabins 141 to 142; and the sample extraction
zone 3 and the reagent preparation zone 5 are provided in the mixing cabin 16. These sixteen
cabins at least form four testing chains, i.e., a testing chain 1 including the unpacking Al
cabin 111, the sampling B1 cabin 121, the extraction C1 cabin 131, and the amplification E1
cabin 141; a testing chain 2 including the unpacking A2 cabin 112, the sampling B2 cabin 122,
the extraction C2 cabin 132, and the amplification E1 cabin 141; a testing chain 3 including
the unpacking A3 cabin 113, the sampling B3 cabin 123, the extraction C3 cabin 133, and the
amplification E2 cabin 142; and a testing chain 4 including the unpacking A4 cabin 114, the
sampling B4 cabin 124, the extraction C4 cabin 134, and the amplification E2 cabin 142. In
addition, some of the operations in the extraction C3 cabin 133 and the extraction C4 cabin
134 can be performed in the extraction D5 zone 135, and some of the operations in the
extraction C1 cabin 131 and the extraction C2 cabin 132 can be performed in the extraction D
zone.

[0104] Optionally, any one or more of the first throughput unit, the second throughput unit,
the third throughput unit, or the fourth throughput unit can be combined and spliced into
fast-built testing laboratories with different testing throughputs.

[0105] Optionally, a number of the at least one first throughput unit, a number of the at
least one second throughput unit, a number of the at least one third throughput unit, and a
number of the at least one fourth throughput unit are each one or more.

[0106] By designing the first throughput unit, the second throughput unit, the third
throughput unit, and the fourth throughput unit as basic configuration units, the fast-built
testing laboratory for medical testing according to the present disclosure can be formed by
selecting and splicing the throughput units of different types in accordance with the
requirement on the testing throughput. In this way, a laboratory management system, which

can manage the testing of a daily throughput of 10,000 samples to 1 million samples, can be
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rapidly constructed and the safe and effective circulation of experimental data is guaranteed.
[0107] For example, the testing throughput of the first throughput unit is 10,000, the
testing throughput of the second throughput unit is 20,000, the testing throughput of the third
throughput unit is 30,000, and the testing throughput of the fourth throughput unit is 50,000.
When a laboratory with a testing throughput of 100,000 is needed, two fourth throughput
units can be directly spliced together. When a laboratory with a testing throughput of 60,000
is needed, two third throughput units can be directly spliced together, or one first throughput
unit and one fourth throughput unit can be spliced together. When a laboratory with a testing
throughput of 40,000 is needed, two second throughput units can be directly spliced together.
When a laboratory with a testing throughput of 300,000 is needed, two fourth-throughput
units can be directly spliced together to form a laboratory with a testing throughput of
100,000, and then the testing throughput of 300,000 can be reached through "one drag three"
pool testing.

[0108] As the basic configuration units, the numbers of devices of the first throughput
unit, the second throughput unit, the third throughput unit, and the fourth throughput unit (the
testing throughputs of 10,000, 20,000, 30,000, 50,000, and 100,000) are listed in Table 2.
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[0110] For example, in the nucleic acid testing of Covid-19, the main steps limiting the
throughput are unpacking and sampling, and enough personnel is required for these two steps.
[0111] In a specific embodiment, the testing throughput of the fast-built testing laboratory
can be increased through multiple-sample mixed sampling or pool testing. For example, when
the testing throughput is 300,000, the testing efficiency can be enhanced through the “one
drag three” solution, i.e., three samples are mixed for testing. In this way, the number of
cabins for the testing throughput of 300,000 can be the same as that for a testing throughput of
100,000, but the testing capability can be increased three times. It can be seen that the testing
capability of the fast-built testing laboratory can be changed by rationally designing the
testing manners, and thus the fast-built testing laboratory has better flexibility.

[0112] In other words, for samples exceeding 100,000, the mixed sampling or the pool
testing can be used to control the overall testing volume at about 100,000. For example, if
300,000 samples need to be tested, a “3pooll” pool testing can be adopted, i.e., certain
volumes are respectively taken from 3 samples and mixed into a new tube of sample. If the
test result is negative, it indicates that no virus has been detected in these 3 samples. If it is
found to be positive, these 3 samples are re-tested separately to find out which sample the
virus originated from.

[0113] Auxiliary functions of the fast-built testing laboratory for medical testing
according to the present disclosure are introduced below.

[0114]

[0115]

() Laboratory site selection
1) Large indoor spaces or large semi-outdoor spaces are preferred, such as large

warehouses, factories, and gymnasiums.

[0116] [Table 3] Correspondence table between testing throughput and site area size
Daily . Daily
Index throughput of Da'gctréoé&h put throughput of
5,000 ’ 100,000
Site area size 18.5m>20m 35m>20m 54m>36m
Examples Large factory/basketball Gymnasium
warehouse court
[0117] 2) Second preferred are outdoor flat grounds, such as playgrounds of universities,

middle schools, and elementary schools, airport outdoor grounds, sheltered parking lots.

[0118] 3) The selected site should be convenient for entering and exiting of the flow of
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personnel and trucks, where a truck passage channel along the line should be 4m>4m. The site
shall meet fire-fighting requirements and be equipped with fire-fighting facilities (such as
heptafluoropropane).

[0119] 4) A size of entry and exit logistics passage channels and a size of a freight
elevator are required to be determined. A minimum passage channel size is 2.15m>1.2m.
Optionally, forklifts are allowed in or out, so as to further accelerate the transportation
efficiency.

[0120] 5) It is recommended that water can be supplied on site. If cannot, barreled
drinking water can be used. The site should have convenient drainage, no water accumulation,
and there should be public toilets nearby.

[0121] 6) Not preferred are uneven outdoor terrains, wind valleys with wind above level 8,
or sites with strong surface runoff in history. Preferably, a land surface seeper does not exceed
10cm after a heavy rain.

[0122] 7) A minimum size of the site for a throughput of 1,000 to 5,000 is 18.5m>20m, a
minimum size of a site for a throughput of 6,000 to 10,000 is a standard basketball court
(35m>20m), and a minimum size of a site for a throughput of 100,000 is a standard
gymnasium (54m>36m).

[0123] 8) The laboratory is as close as possible to the place where the epidemic occurred,
which is conducive to increase the testing efficiency and reducing logistics. For example, in
the cities with an imported epidemic, the laboratory is recommended to be placed in external
transportation hubs such as airports and railway stations.

[0124] 9) For endogenous epidemics, epidemic-concentrated regions are selected, which
is convenient for population testing and sample delivery.

[0125] 10) After the epidemic is eliminated, the laboratory may be relocated.

[0126] (11) Personnel post and responsibility allocation

[0127] The technical posts of the testing laboratory according to the present disclosure
can be divided into in-cabin posts and external support posts. Through the above settings,
dedicated personnel are responsible for dedicated posts, with comprehensive coverage,
thereby ensuring ordered and efficient industrialized operations of the laboratory. The posts

are clearly distinguished, i.e., divided into experimental groups and non-experimental groups.
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The requirements for personnel are diversified to ensure that personnel can be quickly trained,
quickly start to work, and be quickly grouped. The personnel in key posts shall have relevant
qualifications, and those in ordinary posts can obtain post permit after specific training, so as
to meet the deployment of personnel in emergency. For example, the sample unpacking work
requires less professionalism of personnel, and the personnel can be quickly trained to meet
the requirements of unpacking work. Also, since the entire testing process is refined into
individual steps, the personnel can quickly start the work after specific training. The specific
functions of the posts are listed in Table 4 below.

[0128] [Table 4] Allocation of technical posts and responsibilities in testing laboratory

Grouping Group Responsibilities

Sample receiving, registration, transfer, management,
and destruction
Responsible for on-site 5S, waste transfer and

Sample center

On-site group

sterilization
Material Group Responsible for the supply of materials on duty
Non-experimental On-site experiment coordinator being responsible for
groups Co-ordination | the overall work of experimental groups on duty, and
group data coordinator being responsible for data statistics
on duty
Data analysis Responsible for QPCR data analysis
Responsible for uploading the result data to the
Report group
government system
Unpackin . . .
P g Sample unpacking, task list scheduling
group
Samplin .
grc|>oup g Transferring sample from tube to deep well plate
_ Extraction Operating MGISP-960 to complete sample nucleic
Experimental group acid extraction
roups e . : .
group Amplification Operating QPCR machine to complete sample
group nucleic acid amplification
Reagent : . o
g . Responsible for preparation and distribution of
preparation .
aroup extraction reagents and QPCR reagents

[0129] (111) Material Supply
[0130] The details and quantities of various materials are determined by calculating the

required quantity for testing. When a batch of a key material is to be changed, the
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performance of the batch should be confirmed in advance.

[0131] (V) Device performance verification

[0132] The device performance and testing methods in each cabin are determined with
standard products, and the operation manual is standardized to form a standardized process.
[0133] (V) Quality Control

[0134] As an example, in the real-time fluorescent quantitative PCR nucleic acid testing
of Covid-19, the data analysis post can ensure that the testing results meet the testing
requirements, and corresponding solutions are provided for the samples failing to meet the
requirements. Negative quality control: VIC Ct>32, FAM Ct>38, indicating no internal
reference gene or Covid-19 RNA; positive quality control: VIC Ct<32, FAM Cit<32,
indicating high expression of internal reference gene and Covid-19 RNA. Negative and
positive quality control samples are fixed in middle sample holes and participate in the whole
testing process in the same batch as the sample to be tested. The positive quality control
sample is positive, and the 3 blank controls are all negative, which is deemed to be in control;
otherwise, it is out of control and no report should be issued. The cause of the out-of-control
occurrence is analyzed immediately, and the testing is performed again if necessary. The
quality control standard is shown in FIG. 11, and the criteria for result evaluation are shown in
FIG. 12, in which re-Q" refers to re-amplification, and "re-E" refers to re-extraction.

[0135] The fast-built testing laboratory for medical testing according to the present
disclosure has the following beneficial effects:

[0136] (1) Diversity, flexibility and portability, not only suitable for the testing of
Covid-19 nucleic acid samples, but also suitable for the testing of infectious viruses such as
influenza A virus and influenza B virus or other products to be tested, solving the problem of
medical testing resources required by different locations for public health security.

[0137] (2) By using the fast-built cabins, the testing laboratory can be rapidly constructed,
the laboratory hardware is detachable and movable, and the laboratory software can be
quickly copied.

[0138] (3) Through a large-scale application of fast-built testing laboratories to test
Covid-19 virus, verified is a novel solution for rapidly, flexibly, and efficiently constructing

and operating the laboratories in response to public health incidents.
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[0139] (4) The laboratory management system can manage a large amount of data
circulating in the laboratory, and can be flexibly configured and quickly implemented
according to different application scenarios.

[0140] (5) The personnel training time is short, and multiple people operate together to
speed up the testing.

[0141] (6) In the laboratory, multiple re-check measures are adopted, thereby having the
functions of error avoidance and error prevention.

[0142] (7) Good reusability is provided, and the laboratory construction, personnel
training and quality system establishment can be completed in a very short time; it is also very
convenient for quick dismantling after use; and the dismantled independent structures and
devices can also be transferred to other places for further use, thereby avoiding idle waste of
resources.

[0143] (8) With respect to different testing throughputs, different site sizes, different fund
allocations, and different professional staff allocations, corresponding solutions can be
provided based on this system, so as to solve emergent public health incidents and provide the
foundation for constructing a movable medical testing laboratory.

[0144] In the specification, the description with reference to the terms "an embodiment”,
"some embodiments”, "examples"”, "specific examples”, "some examples”, etc. means that the
specific features, structures, materials or characteristics described in conjunction with the
embodiment(s) or example(s) are included in at least one embodiment or example of the
present disclosure. In this specification, the schematic expressions of the above terms do not
necessarily refer to the same embodiment or example. Moreover, the described specific
features, structures, materials or characteristics can be combined in any one or more
embodiments or examples in a suitable manner. In addition, those skilled in the art can
integrate and combine different embodiments or examples described in this specification.
[0145] Although the embodiments of the present disclosure have been illustrated and
described above, it can be understood that the above-mentioned embodiments are exemplary
and cannot be construed as limiting the present application, and within the scope of the
present disclosure, those skilled in the art can make variations, modifications, substitutions

and modifications to the above-mentioned embodiments.
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What is claimed is:

1. A fast-built testing laboratory for medical testing, comprising a plurality of cabins,
cabins in the plurality of cabins being fast-built cabins, the plurality of cabins forming one or
more testing chains, and each of the one or more testing chains comprising:

a sample unpacking zone;

a sampling zone;

a sample extraction zone; and

a nucleic acid amplification and testing zone,

wherein, for each of the one or more testing chains, extraction reagents required by the
sample extraction zone and amplification reagents required by the nucleic acid amplification
and testing zone are provided by a reagent preparation zone, and

wherein a cabin quantity of the plurality of cabins is adjustable to be adapted to a testing

throughput of the fast-built testing laboratory.

2. The fast-built testing laboratory for medical testing according to claim 1, wherein the
cabin quantity of the plurality of cabins is positively correlated with the testing throughput of
the fast-built testing laboratory.

3. The fast-built testing laboratory for medical testing according to claim 1, further
comprising a laboratory management system configured to manage sample data in the
plurality of cabins.

4. The fast-built testing laboratory for medical testing according to claim 3, wherein the
plurality of cabins comprises an unpacking cabin, a sampling cabin, an extraction cabin, an
amplification cabin, and a reagent preparation cabin, wherein the sample unpacking zone is
provided in the unpacking cabin, the sampling zone is provided in the sampling cabin, the
sample extraction zone is provided in the extraction cabin, the nucleic acid amplification and
testing zone is provided in the amplification cabin, and the reagent preparation zone is
provided in the reagent preparation cabin.

5. The fast-built testing laboratory for medical testing according to claim 4, wherein the

plurality of cabins comprises an integrated unpacking and sampling cabin, wherein the sample
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unpacking zone and/or the sampling zone is provided in the integrated unpacking and
sampling cabin, and the integrated unpacking and sampling cabin is configured to supplement
the unpacking cabin and/or the sampling cabin in quantity.

6. The fast-built testing laboratory for medical testing according to claim 5, wherein the
integrated unpacking and sampling cabin selectively serves as a sample unpacking zone
and/or a sampling zone depending on a sample unpacking progress and a sampling progress
as recorded in the laboratory management system.

7. The fast-built testing laboratory for medical testing according to claim 5, wherein the
cabin quantity of the plurality of cabins is sixteen, and the sixteen cabins comprise: a first
unpacking cabin, a second unpacking cabin, a third unpacking cabin, a fourth unpacking
cabin, a first sampling cabin, a second sampling cabin, a third sampling cabin, a forth
sampling cabin, a first extraction cabin, a second extraction cabin, a third extraction cabin, a
fourth extraction cabin, a first amplification cabin, a second amplification cabin, a reagent
preparation cabin, and the integrated unpacking and sampling cabin,

wherein the sixteen cabins form at least four testing chains: a first testing chain
comprising the first unpacking cabin, the first sampling cabin, the first extraction cabin, and
the first amplification cabin; a second testing chain comprising the second unpacking cabin,
the second sampling cabin, the second extraction cabin, and the first amplification cabin; a
third testing chain comprising the third unpacking cabin, the third sampling cabin, the third
extraction cabin, the second amplification cabin; and a fourth testing chain comprising the
fourth unpacking cabin, the fourth sampling cabin, the fourth extraction cabin, and the second
amplification cabin,

wherein the reagent preparation cabin is configured to provide extraction reagents for the
first to fourth extraction cabins and provide amplification reagents for the first nucleic acid
amplification and testing zone and the second nucleic acid amplification and testing zone, and

wherein the integrated unpacking and sampling cabin is configured to supplement the
first to fourth unpacking cabins and/or the first to fourth sampling cabins in quantity.

8. The fast-built testing laboratory for medical testing according to claim 3, wherein a
sample obtained in the sample unpacking zone is marked with a sample code, and the
laboratory management system is configured to allow input of information of the sample only

when the sample code is verified.
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9. The fast-built testing laboratory for medical testing according to claim 3, wherein the
laboratory management system is a localized laboratory management system supporting a
local working mode, or a cloud platform laboratory management system supporting the local
working mode and a remote collaborative working mode.

10. The fast-built testing laboratory for medical testing according to claim 3, wherein the
laboratory management system comprises:

a sample center where samples are received, registered, and added with internal tracking
numbers to form a package reception registration form;

an experimental center comprising the one or more testing chains, wherein in the
experimental center, sample unpacking, sampling, sample extraction, and amplification are
performed and data information generated in each process is recorded,;

an analysis center configured to at least analyze data in the nucleic acid amplification and
testing zone;

a report center configured to generate a report of a testing result of the nucleic acid
amplification and testing zone; and

a statistics center configured to statistically obtain sample testing progresses and sample
testing results.

11. The fast-built testing laboratory for medical testing according to claim 1, wherein the
sample unpacking zone and the sampling zone are located in different cabins or in a same
cabin; the sampling zone and the sample extraction zone are located in different cabins or in a
same cabin; the sample extraction zone and the reagent preparation zone are located in
different cabins or in a same cabin; and the nucleic acid amplification and testing zone is
located in a different cabin from any other zones.

12. The fast-built testing laboratory for medical testing according to claim 1, wherein
among the plurality of cabins, a number of cabins corresponding zones requiring longer
operation time is greater than or equal to a number of cabins corresponding zones requiring
shorter operation time.

13. The fast-built testing laboratory for medical testing according to claim 1, wherein the
plurality of cabins is constructed as inflatable film structures, tents, containers, or any
combination thereof.

14. The fast-built testing laboratory for medical testing according to claim 1, wherein two
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adjacent cabins of the plurality of cabins are configured to transfer materials there between
through a transfer unit.

15. The fast-built testing laboratory for medical testing according to claim 1, further
comprising a hazardous waste treatment system configured to treat medical waste generated
in the plurality of cabins into non-hazardous waste.

16. The fast-built testing laboratory for medical testing according to claim 1, wherein
each of the plurality of cabins is a movable and fast-removable cabin.

17. The fast-built testing laboratory for medical testing according to any one of claims 1
to 16, comprising:

at least one first throughput unit each comprising three cabins of the plurality of cabins,
the three cabins forming at least one of the one or more testing chains; and/or

at least one second throughput unit each comprising four cabins of the plurality of cabins,
the four cabins forming at least one of the one or more testing chains; and/or

at least one third throughput unit each comprising five cabins of the plurality of cabins,
the five cabins forming at least one of the one or more testing chains; and/or

at least one fourth throughput unit each comprising eight cabins of the plurality of cabins,
the eight cabins forming at least one of the one or more testing chains.

18. The fast-built testing laboratory for medical testing according to claim 17, wherein
the fast-built testing laboratory is provided with different testing throughputs by combining
any one or more of the at least one first throughput unit, the at least one second throughput
unit, the at least one third throughput unit, or the at least one fourth throughput unit.

19. The fast-built testing laboratory for medical testing according to claim 18, wherein
the fast-built testing laboratory comprises one or more first throughput units, one or more
second throughput units, one or more third throughput units, and one or more fourth
throughput units.

20. The fast-built testing laboratory for medical testing according to claim 17, wherein
the three cabins in each of the at least one first throughput unit comprise a first mixing cabin,
a second mixing cabin, and an amplification cabin, and wherein the sample unpacking zone
and the sampling zone are provided in the first mixing cabin, the sample extraction zone and
the reagent preparation zone are provided in the second mixing cabin, and the nucleic acid

amplification and testing zone are provided in the amplification cabin.
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21. The fast-built testing laboratory for medical testing according to claim 17, wherein
the four cabins in each of the at least one second throughput unit comprise a first mixing
cabin, a second mixing cabin, a third mixing cabin, and an amplification cabin, wherein the
sample unpacking zone and the sampling zone are provided in the first mixing cabin, the
sampling zone and the sample extraction zone are provided in the second mixing cabin, the
sample extraction zone and the reagent preparation zone are provided in the third mixing
cabin, and the nucleic acid amplification and testing zone is provided in the amplification
cabin.

22. The fast-built testing laboratory for medical testing according to claim 17, wherein
the five cabins in each of the at least one third throughput unit comprise an unpacking cabin, a
sampling cabin, an extraction cabin, an amplification cabin, and a reagent preparation cabin,
wherein the sample unpacking zone is provided in the unpacking cabin, the sampling zone is
provided in the sampling cabin, the sample extraction zone is provided in the extraction cabin,
the nucleic acid amplification and testing zone is provided in the amplification cabin, and the
reagent preparation zone is provided in the reagent preparation cabin; or

wherein the five cabins in each of the at least one third throughput unit comprise an
unpacking cabin, a sampling cabin, an extraction cabin, an amplification cabin, and a mixing
cabin, wherein the sample unpacking zone is provided in the unpacking cabin, the sampling
zone is provided in the sampling cabin, the sample extraction zone is provided in the
extraction cabin, the nucleic acid amplification and testing zone is provided in the
amplification cabin, and the sample extraction zone and the reagent preparation zone are
provided in the mixing cabin.

23. The fast-built testing laboratory for medical testing according to claim 17, wherein
the eight cabins in each of the at least one fourth throughput unit comprise a first unpacking
cabin, a second unpacking cabin, a first sampling cabin, a second sampling cabin, a first
extraction cabin, a second extraction cabin, an amplification cabin, and a reagent preparation
cabin, wherein the sample unpacking zone is provided in the first unpacking cabin and the
second unpacking cabin, the sampling zone is provided in the first sampling cabin and the
second sampling cabin, the sample extraction zone is provided in the first extraction cabin and
the second extraction cabin, the nucleic acid amplification and testing zone is provided in the

amplification cabin, and the reagent preparation zone is provided in the reagent preparation
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cabin; or

wherein the eight cabins in each of the at least one fourth throughput unit comprise an
unpacking cabin, a first sampling cabin, a second sampling cabin, a first extraction cabin, a
second extraction cabin, a first amplification cabin, a second amplification cabin, and a
mixing cabin, wherein the sample unpacking zone is provided in the unpacking cabin, the
sampling zone is provided in the first sampling cabin and the second sampling cabin, the
sample extraction zone is provided in the first extraction cabin and the second extraction
cabin, the nucleic acid amplification and testing zone is provided in the first amplification
cabin and the second amplification cabin, and the sample extraction zone and the reagent

preparation zone are provided in the mixing cabin.
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